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HO

S-Enz

O

NH2

HO

OMe

NHMe

O S-Enz

O HO

OMe

O

Me
N

OH

+

2 X SAM
+

malonyl CoA

OH
HO

MeN

MeO

OHO
HO

MeN

MeO

OH

cyclization &
amide reduction

O

OH
HO

2-O3PO X

+H2O/-H2O

O O
O

RN

MeO

OH

HO OH

X H

Proposed biosynthesis:

methylations/
malonyl CoA
condensation

PRPP

O

O

O

HO
OH

P O
P OO

O

O

O

P

O

O
O

PRPP: Phosphoribosyl pyrophosphate
[common activated form of ribose]

1.1-1.3

cyclization,
further 

manipulations
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 5 

OTHP

O

OPMB

7 steps 
from dimethyl tartrate

8. NaN3
9. BnBr

95% 
two steps

OTHP

OBn

OPMB
N3

OTHP

OBn

OH
BocHN

10. Ph3P
11. Boc2O

94%
two steps

12. DDQ
95%

BocHN

OTHP

OBn

13. Swern
14. Wittig

68%
two steps

BocN

OTHP

OBn
O

15. mCPBA;
BF3·OEt2

60%
3:1 dr

16. Swern
82%

17. n-BuLi
4-Br

anisole

BocN

OTHP

OBn

O

MeO
80%

18. Swern
88%

CbzN

OTHP

OBn

OH

MeO

19. TFA
20. CbzCl
21. DHP,

CSA

22. DIBAL
77% 

four steps

23. xylose 4
n-BuLi, DMF

O

CbzN

MeO

OH

OBn

OHHO

O

SPh

24. CSA

68%
two steps

26. H2
Pd(OH)2

HCl25. NBS

O

CbzN

MeO

O

OBn

OHHO

O
O

HN

MeO

O

OH

OHHO

O

H

64% then resin 
purification

80%

Linear sequence:

Synthesis of xylose 1.6

AB3217-A
1.4

1.5

O

O

O

Me
Me

OAc

BnO

5 steps

O

OBn

SPh

OTf

BnO

7 steps

1.6
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αα

α

HN

OAc

OHMeO

1. Boc2O
2. K2S2O8

CuSO4

62-65%
N

OAc

OHO

O

MeOSyngenta’s formal of AB3217-A

3. K2CO3
MeOH

77%
N

OH

OHO

O

MeO
4. TBSCl
5. DHP
6. TBAF
7. BnBr

82%
four steps

N

OTHP

OBnO

O

MeO

CbzN

OTHP

OBn

OH

MeO
CbzN

OTHP

OBn

OH

MeO

8. NaOH
9. CbzCl

10. Swern
11. DIBAL

quant.65%

11 total steps

anisomycin

1.5
Nakata’s intermediate

OR

RN

OR

anionic synthon
OR

RN

OR

radical synthon

OR

RN

OR

cationic synthon

C-2



7

α

OTBS

BocN

OTBS

1. s-BuLi/TMEDA
-78 °C

2. TMSCl

BocN

OTBSTMS

Mordini and coworkers lithiation studies

BocN

OTBSH

1.7

1.8

1.9

Me
N

TBSO
OTBS

MeO

CHO No reaction, even in 100 
equiv of neat Et3B, nearly 

burst into flames

Et3B
(neat or hexane solution)

air bubbling
+

1.10

Attempting triethylborane chemistry on actual substrate
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H
N

TBSO
OTBS

MeO

H
N

TBSO
OTBS

n-BuLi, -78 °C, Et2O
then trifluoroacetophenone 

-78 °C
then PMBMgCl then

TMSOTf, -78 °C to rt, 3 h

Seidel’s hydride transfer/imine formation approach

20%; d.r. 1.1:1 trans:cis

1.11 1.12
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H
N

HO
OH

MeO

O

BPin

OMe
MeO

·HCl K2CO3
TFE

10%

Multicomponent Petasis-type reaction 
(She and coworkers)

+
N

O

OH

MeO

OMe

B
O O

Me
Me

Me
Me

1.151.13 1.14
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t-Bu
+ (cat)B

B(cat)
Δ; [O] t-Bu

OH

OH

MeN

MeO

O

(pin)B

B(pin)

Δ; [O]
MeN

MeO

OR

OR
2.1

2.2

O

2.3

2.4 2.5 2.6
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(pin)B B(pin)

Me
N

O

MeO

‡

2.1

2.2

desired TS leads to steric clashing

(pin)B B(pin)

Me
N

O

MeO

‡

2.1

2.2

desired TS leads to steric clashing

2.9 X-ray; HCl omitted for clarity

O

MeN

MeO

B(pin)

B(pin)

MeO

O NHMe
·HCl

4 Å M.S., (CH2O)n

Et3N, LiBr,THF, 80 °C
sealed tube

(pin)B
B(pin)

then 
NaBO3·4H2O,
THF:H2O (1:1)

O

MeN

MeO

OH

OH

2.7 2.8 2.9
confirmed
via X-ray
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O

O

MeO

TBSO

O O

Me Me

O

R
MeN

O

CHO
O

MeO

TBSO

O O

Me Me

O

R

O

HO

MeO

TBSO

O O

Me Me

OR

OTf

OEt

OEt

+

MeHN CO2H

-CO2

[3+2];
FGI SN2; FGI

dragocin 
core

2.10

2.11

2.12

2.13

2.14
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α

MeO

OEt

OH

OEt
MeO

Me

O
1. SeO2

2. HC(OEt)3,
TsOH
70%

two steps

MeO

O

OEt

OEt

2.20
93% ee;

absolute confirmed by
Mosher analysis

3. (R)-Me-CBS 
BH3·THF

THF, -20 °C

88%

2.18 2.19

1. Acetone, H2SO4
then AllylOH

O

O O

Me Me

O
HO

O
HO

O O

Me Me

Oallyl

OH

O
TBSO

O O

Me Me

Oallyl

OTf

2. TEMPO, 
PIDA

3. NaOH,
formalin

4. TBSCl, pyr.

5. Tf2O, pyr.

40-50% 
two steps

used crude

ca. 72%
two steps

40%
D-ribose

2.15 2.16 2.17
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O
TBSO

O O

Me Me

O

OTf

O

O

OEt

MeO

TBSO

O O

Me Me

O

OEt

70%

HO

OEt

MeO

OEt

NaH 
THF/DMSO (5:1)

O

O

OEt

MeO

TBSO

O O

Me Me

OH

OEt

Ir(cod)(Ph2MeP)2PF6
H2, THF

quant., then
I2, pyr., H2O

40-50%

O

CHO
O

MeO

TBSO

O O

Me Me

O

CO2MeMeHN CO2H

solvents, 90 °C or 110 °C
(excess)

O O
O

MeN

MeO

CO2Me

HTBSO

O O

Me Me

O

O

TBSO

O O

Me Me

O

CO2Me

O

OMe

2.25
only observed product

NMM, Me-propiolate
then TMSOTf

2,6-lutidine; H2O

2.20

2.17

2.21 2.22

2.11

2.232.24
not observed
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RO

MeO

OH

O ORO

MeO

OH

O
O

RO

MeO

OH

[enolization of aldehyde] [triplet O2 trapping]

2.25
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O OH
O

N

MeO

OH

LG
R

O O

Me Me

PG

O

OR
HO

N

MeO

OR

LG
R

O O

Me Me PG

X

glycosylate

MeO2C

N

PG
controlled

dearomatization?

then FGISN2

1,2-add’n

dragocin 
core

3.1

3.2

3.3

3.4
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α

Cbz
NMeO

O
1. CuCl, IAd·BF4
B2pin2, t-BuOK,

t-BuOH, THF, 30 °C

2. NaBO3·4H2O
THF/H2O

57% two steps

Cbz
NMeO

O

TBSO

Cbz
NMeO

O

HO
OH

BH3·SMe2
then 

NaBO3·4H2O

1. TBAF
2. H2, Pd/C

3. HCl in Et2O

>50% yield

3.4 3.5 3.6
3.7

X-ray
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Cbz
NMeO

O
 CuCl, IAd·BF4
B2pin2, t-BuOK,

t-BuOH, THF, 30 °C
Cbz
NMeO

O

(pin)B
3.9

used crude

1. BH3·SMe2
then NaBO3·4H2O

Cbz
NMeO

O

TMSO
OTMS

2. TMSCl, imidazole

1. LDBBA

Cbz
N

OH

TMSO
OTMS

MeO

2. PMPMgBr
-78 °C

72%
single

diastereomer

1. (COCl)2, 
DMSO, then

Et3N

54%

61% over three steps

chelation-controlled product
-incorrect stereochemistry!

2. DIBAL,
-78 °C
<50% 

two steps

Cbz
N

OH

TMSO
OTMS

MeO
Bases screened:

nBuLi/DMF
 NaHMDS

DBU
NaH 

KHMDS
LiHMDS
 EtMgBr

O OTMS
O

CbzN

MeO

OTMS

O

O O

Me Me

chelation-controlled
reduction product

-correct stereochemistry

Ribose-OTf,
bases

O

TMSO
OTMS

MeO

N

O
O

OTMS

N

OTMS

O

O

MeO

base

cyclization

-BnOH

3.14
detected

3.8 3.10

3.113.12

3.13

X-ray

N
N

BF4

IAd·BF4

Al Hi-Bu

Ot-Bu

i-Bu

Li

LDDBA

MeO

MgBr

PMPMgBr

OTfO
O

O O

Me Me
Ribose-OTf
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N

OTMS

OTMS
O

BnO

OMg

N

OTMS

OTMS
OH

BnO

O

PMP

Cbz
N

OH

TMSO
OTMS

MeO
PMP

Br

OHPMP

H

O
BnO

O

H

BnO2C
[M]

Nu RL (OTMS)
RL (OTMS)

RS
RS

H

3.11
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R
NMeO2C

 1. 5 mol% CuCl, 
10 mol%

Iigand, B2pin2, 
t-BuOK, t-BuOH, 

THF, 30 °C
R
NMeO2C

(pin)B

used crude

2. BH3·SMe2
then NaBO3·4H2O

Cbz
NMeO2C

MOMO
OMOM

3. MOMCl, DIPEA
DMAP

4. H2, Pd(OH)2/C
5. TsCl, Et3N

Ts
NMeO2C

MOMO
OMOM

6. LAH
7. TPAP, NMO
8. PMPMgBr

OMOM
HO

TsN

MeO

OMOM

3.18
2:1 dr (undesired major pdt)

selectivity could not be inverted

50%, 93% ee
three steps

O OMOM
O

TsN

MeO

OMOM

OTBSO

O O

Me Me

9. Ribose-OTf, NaH
THF/DMSO

O OH
O

TsN

MeO

OH

OTBDPSO

O O

Me Me

10. TBAF
11. TBDPSCl, imid.
12. BF3·OEt2, DMS

80%

33%
overall

54%; 2:1 dr
at benzylic

<20%

3.8 R = Cbz
3.15 R = Ts:
no reaction

3.16 3.17

3.193.20

PAr2PAr2

MeMe
Ar = Me

Me

OHOH

MeMe

“Ligand”

$$$

Ar
P
H Ar

O

-multi-step
-low throughput

3.23
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O OH
O

TsN

OH

OHTBDPSO

O O

Me Me

O OH
O

TsN

MeO

OH

OTBDPSO

O O

Me Me

[Ir(COD)(PMePh2)2]PF6,
then NIS, MeCN, rt

O

O O

Me Me

TBDPSO

O

+
decomposed 

pyrrolidine

3.22
only isolable material

cyclization attempt

PdCl2, MeOH

Sn(OTf)2
TMS2O
MeNO2

MeO

3.20

3.21
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O

HN

MeO

O

OH

OHHO

O

Cl

O

MeN

MeO

O

OH

OHHO

O

Cl

O

MeN

MeO

O

OH

OHHO

O

MeO
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O

O

RN

MeO

OH

OPG

[O]
[O]

cyclization 1O2

O

O

RN

MeO

OH

OPG

O

CHOO

NHR

MeO

epoxide
opening

“[3+2]”
1,2-add’n;
FGI’s

dihydroxylate

4.4
Ts

Garner’s
aldehyde

dragocins

4.24.1 4.3
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HO
O

TsN

MeO

Me
Me

O

TsN Me
Me

OHC

1. PMPMgBr
THF, -78 °C to rt

2. furfuryl-Cl
NaH, DMF

then 
p-TsOH

MeOH/EtOH

3. Pyr·SO3
Et3N

DMSO/DCM

SPh2OTf

DBU
60% 

1.4:1 dr

4.4
3 steps from serine

[scalable]

4.7
X-ray

4.71%
>10:1 dr

77%

67%

O

NHTs

MeO

O
OH

4 7

O

O

TsN

MeO

OH

SiMe2Ph

LiSiMe2Ph
37%

O

O

TsN

MeO

OH

SiMe2Ph

O

O2, hν
MB

 MeCN
H2O

SnCl4
rt

O

O

TsN

MeO

OH

SiMe2Ph

O
Cl3SnO

Ts
N

MeO

O SiMe2Ph

O[O]

40-50%

·6-exo cyclization
exclusive product

6-exo

9-endo

4.10
hypothesized intermediate

4.5

4.6

4.84.9

4.11

OCl

furfuryl-Cl

MeO

MgBr

PMPMgBr

MB = methylene blue
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γ
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O

O

MeN

MeO

OTMS

OBn

MeO
O

O

O

MeN

MeO

OTMS

OBn

MeO
O

+

vide supra

vide supra

O

O

MeN

MeO

OH

OBn

MeO

separated via
pTLC

4.18
plausible intermediate

4.17

Mg0

MeOH
Sonication

Yb(OTf)3 
neat BnOH

100 °C

hν, O2, MB
PTSA

MeOH, 0 °C
then Ac2O/pyridine

O

O

MeN

MeO

OTMS

OBn

MeO
O

CH2O
NaHB(OAc)3

50% two steps
ca. 5:1 r.r.

O

O

MeN

MeO

OTMS

OBn

MeO
OAc

O
OO

HN

MeO

O

O

MeN

MeO

OH

OBn

MeO
OAc

SnCl4

9. TMSOTf

O

MeN

MeO

O

OBn

MeO O

or Tsuji-
Trost type
conditions

>12 
dihydroxylation

conditions

4.17
strong nOe correlation

90%

32% 
four steps

4.13
X-ray

ca. 1:1 dr

4.7

TBAF

4.12 4.14

4.15
4.16

DIBAL;
Ac2O

no
[O] pdt
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O

HN

MeO

O

OH

OHHO

O

Cl

O

MeN

MeO

O

OH

OHHO

O

Cl

O

MeN

MeO

O

OH

OHHO

O

MeO
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O

MeN

MeO

O

OH

OHHO

O

Cl

α-functionalization
·stereochemical and
reactivity challenges

[3+2] approaches
·wrong stereochemistry (inter)

·unstable aldehyde (intra)

Intramolecular glycosylation
·Collapse of ribose to form 5-membered ring

·Exhaustive concession steps required

Furan-based approaches
·6-exo favored over 9-endo

·wrong endo cyclization product

New disconnection:
oxidative cyclization

O

Moc
N

MeO

O
OBz

OBzBzO

OH

R

restricted rotation 
about glycosyl position

plastic models
suggest termini
within proximity
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O

RN

MeO

O

OPG

OBzBzO

OH
RN

MeO

OH

OPG

RN

MeO

CHO

NHR

MeO

“[3+2]”
annulation

epoxide
opening

glycosylate;
PG’s

“oxidative
cyclization”

C-H
oxidation;

deprotections

O

dragocins

O

N

MeO

O

OBz

OBzBzO

OH

R

Moc

5.5
key intermediate for cyclization

5.1

5.2 5.3 5.4
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OH

NHTs

MeO

1. TEMPO, NaOCl,
KBr, NaHCO3

O

NHTs

MeO 2. SPh2OTf
DBU

50%, 1:1 d.r.

3. Na-Naphthalide
70%

HN

MeO

O
5. Yb(OTf)3, 

BnOH
100 °C

6. MocCl

MocN

MeO

OH

OBn
O

MocN

MeO

O

OBz

OBzBzO

HO
9. BzCl

10. TBAF
AcOH

30% over
4 steps

O

MocN

MeO

O

OBz

OBzBzO

O

8. H2, 
Pd(OH)2/C

O

MocN

MeO

O

OBn

OBzBzO

TIPSO

80-90%, 5:1 rr

5.6
two steps

from commercial

quant.

90-95%

O O

OBzBzO

TIPSO CCl3

NH

+

5.8
X-ray

10. DDQ, DCE,
μW, 100 °C

ca. 5-10%

5.7

5.9

5.10

5.11

5.11

TMSOTf

N
Me
Me Me

Me

O
TEMPO

5.125.135.14
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PIFA
390 nm LED

(+)-CSA
45%, 5:1 dr
two steps

NaOMeNaOMe

5.16
X-ray

56%
O

MocN

MeO

O

OBz

OBzBzO

HO

5.13

O

MocN

MeO

O

OBz

OBzBzO

HO

TFAO

5.15

O

MocN

MeO

O

OBz

OBzBzO

O

5.14
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O

N

MeO

O

OR

OBzBzO

O

H

Moc

R = Bz

Mn(TPP)Cl, TBACl, NaOCl

O

N

MeO

O

OBn

ORRO

O

H

Moc

O

N

MeO

O

OH

OHHO

O

H

Me

R = H

R = Ac or Bz

O

N

MeO

O

OBz
O

H

O O

Me Me

Me O

Me

O

N
Me

Cl

R = Bz

Conditions: Result

Mn(TPP)Cl, TBACl, 
NaOCl

rearranged 
chlorinated 

material

NBS, hν, CCl4 decomp

dimethylpiperidine, 
NCS

HClO4, blue LED
decomp

Alexanian 
chloramide, hν No rxn

Mn(TPP)Cl, TBACl, 
NaOCl

complex mixture

NBS, hν, CCl4 decomp

Br2, K2CO3, CCl4, 
sunlamp decomp

NCS, BPO, CCl4/
MeCN

sunlamp, 75 °C
overchlorination

Fe(PDP), H2O2, 
MeCN, rt No rxn

R = H

Conditions: Result

Alexanian chloroamide, 
hν

methylene 
oxidation

Hartwig C-H chlorination trace reactivity (2 d)

AIBN, NCS, CCl4
UV light, 0 °C to rt arene functionalization

AIBN, NCS, MeCN
UV light

decomp, trace 
chlorination remained

AIBN, NCS, heat trace chlorination 
products

V-70, NCS, heat trace chlorination 
products

DMDO, acetone trace overoxidation after 2 
d

NBS, V-70, 40 °C several brominated 
fragments

NBS, Ph2CO, HFIP
390 nm LED

complex mixture after 30 
min

Acr-Mes photoredox, 
NCS

decomp

TBADT, DIAD, 390 nm 
LED

decomp

TBADT, acrylnitrile, 390 
nm LED

decomp

(BzO)2, ABX, heat complex mixture

(BzO)2, O2, THF reflux No reaction

O2, NHPI, V-70 decomp

NBS, CCl4, sunlamp
90 °C

immediate decomp

BPO, heat No reaction

Collidine, hν No reaction

Cs2CO3, hν No reaction

hν No reaction

Conditions: Result

dimethylpiperidine, NCS
HClO4, blue LED decomp

NCS, BPO, sunlamp,
70-80 °C EAS

Acr-Mes photoredox, 
NCS

decomp

NCS, (BzO)2, MeCN 
reflux

decomp

NCS, (BzO)2, 
various solvents,

reflux

decomp or
no reaction

Conditions: Result

HBF4 then 
[Fe((R,R)-PDP)

(MeCN)2]+
decomp

Alexanian complex mixture

NBS, V-70 lactam formation

TFA then NBS, V-70 lactam formation

Hartwig 
chlorination

complex mixture

TFDO complex mixture

O

N

MeO

O

OR

ORRO

O

H

Me

R = Ac

O

N

MeO

O

OBz
O

H

Me

O O

Me Me

O

N

MeO

O

OH

OHHO

O

H

Moc

Conditions: Result

ABX, (phen)CuCl2
complex 
mixture

BF3·Et2O then DMDO or 
TFDO

N-oxide 
formation

MeCN:PO4 buffer
EDTA, trifluoroacetone N-oxide 

formation

Conditions: Result

F-TEDA-PF6, CuBr2
Zn(OTf)2, MeCN decomp

TPP-Meso, blue LED, 
O2,

blue LED
No reaction

TsCN, benzophenone
UV light decomp

Conditions: Result

NBS, V-70 decomp

DMDO No 
reaction

N

O

Me

Me
Me

Cl

F3C

CF3

Alexanian chloroamide
For full conditions see:
JACS, 2016, 138, 696

I
O

O

N3ABX

Hartwig chlorination conditions:
ABX (2.5 equiv.) and (phen)CuCl2

Angew. Chem. Int. Ed. 2021, 60, 8276

-Chen’s photoredox method was deemed impractical
due to the requirement of a high reaction concentration:
Chem. Sci. 2016, 7, 2679

-Kanai’s silver-mediated method also required high concentrations 
and did not tolerate electron-rich arene systems such as para-
methoxy phenyl substrates: Org. Lett. 2017, 19, 1430

Groves’ Mn-based C–H halogenations: 
JACS 2010, 132, 12847

Dimethylpiperidine aminium radical C–H chlorination:
Angew. Chem. Int. Ed. 2021, 60, 7132

C–H oxidations with free amines using HBF4 as a 
protecting agent: JACS 2015, 137, 14590

Precedent for HFIP/hν mediated C–H bromination:
JACS 2021, 143, 3256
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O

MeN

MeO

O

OBz

O

O

O
OTIPS

Cl3C

HN

O

MeN

MeO

O

OBz

O

O

O
OTIPS

EtHN

O

O

MeN

MeO

O

OBz

O

O

O
OTIPS

H2N

O

O OMe

O

TBDPSO

O
OTIPS

O

O
Ph

O OMe

O

TBDPSO

O
OTIPS

O

O OMe

O

TBDPSO

O
OTIPS

O

N3

Br

NaI, PIDA, blue LED: decomp
JACS 2017, 139, 10204

HLF: no N-Br formation
JACS 2008, 130, 7247 

sBuLi: benzoate removal
directed lithiation precedent,

see: Angew. Chem. Int. Ed. 2017, 
56, 10830

PIDA, Rh2(OAc)4, DCM: decomp
For a review on rhodium catalyzed
C–H amination, see: OPRD 2011, 
15, 758

TCE, 150 °C: complex mixture UV light: decomp.

AIBN, AllylSnBu3: no reaction

O

MeN

MeO

O

OBz
O

O O

Br

O

RN

MeO

O

OTBS
O

O O

PIDA,
I2, hν

decomp.

HO

R = Me, Moc

(w/ or w/out
TFA for free

amine

1,8-Suarez type HAT

1,6-HAT: No HAT observed, only arene deuteration
 AIBN, Bu3SnD, PhH, reflux: Org. Lett. 2006, 8, 3291

Directing group approaches:

O

MocN

MeO

O

OBz

OBzBzO

O

H

General route to directing group intermediates:

O

MeN

MeO

O

OBz
O

H

O O

Me Me

1. RedAl
2. 2,2-DMP

TsOH
3. BzCl

O

MeN

MeO

O

OBz
O

H

DGO OTOM

4. TFA
5. TOMCl

6. DG install.



46

O STolO

O
O

Me Me

O STol
OBn

BnO

O
O

Me Me

5.18
known compound

1. formalin,
NaOH

2. BnBr, NaH

O STol

OBz
BzO

OBn

BnO

3. TFA
4. BzCl

89%

74%

5.20
2:1 dr

45%
two steps

5.19

O

MocN

MeO

O

OBz

OBzBzO

O

[C]

O

MeN

MeO

O

OH

OHHO

O

Cl

C–C
cleavage
logic

5.171.3
dragocin C
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O

NHTs

MeO

5.7

PPh3Br
NaH

ca. 60%
TsN

MeO

olefin [O]
poor reactivity and/or diastereoselectivity

5.21

HN

MeO

5.22

HN

MeO

O

N
PMP

H

H

S

Me

O

O
O

OO
H

O Me

salt pair
forms anti to PMP group

epoxidation
directed anti to

tosylate

Li-Naphthalide
70%

TsOH;
peracetic acid

62%
(4.5:1 crude dr)

epoxidation rationale
5.23
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HN

MeO

O

5.23

BF3·OEt2
BzOH, DCE

50 °C
HN

MeO

OH

OBz
72%, 3.1:1 rrDCE optimal

solvent

5.25
in situ

Na2CO3 (aq.);
MocCl MocN

MeO

OH

OBz

5.26

NO
PMP[B]

H

BzOH

nucleophilic attack
from least hindered side

5.24
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NIS, AgOTf

O

MocN

MeO

O

OBz

OBzBzO

OH

HO

 H2, Pd(OH)2/C

82%

O STol

OBz
BzO

OBn

BnO

81%

MocN

MeO

OH

OBz

5.26

5.20

O

MocN

MeO

O

OBz

OBzBzO

O

HO

 PIFA, 390 nm;
(+)-CSA, MeCN,

60 °C

32%, 1.5:1 dr

5.27

5.28
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O

HN

MeO

O

OH

OHHO

O

Cl

4. LAH then
aq. TFA; HPLC

1.2
dragocin B; 23%

84% (50 equiv. LAH)

O

MeN

MeO

O

OH

OHHO

O

Cl

1.3
dragocin C; 27%

+

O

MocN

MeO

O

OBz

OBzBzO

O

HO

O

MocN

MeO

O

OBz

OBzBzO

O

HO2C

1. DMP
2. NaClO2, t-BuOH

2-Me-2-butene
NaH2PO4

46% over
two steps

O
I

O

OAc
OAc

AcO

DMP

O

MocN

MeO

O

OBz

OBzBzO

O

Cl

3. HOTT
DMAP, Et3N,

dark then
CCl4, hν

ca. 20-30%

N

O

S

NMe2

NMe2

PF6
HOTT

5.28 5.29 5.30
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O

MeN

MeO

O

OH

OHHO

O

Cl

O

MeN

MeO

O

OH

OHHO

O

MeO

methanolysis?

1.3
dragocin C

1.1
dragocin A
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[two-steps; previous]

1. PIFA, 390 nm
LED, PhH

2. (+)-CSA, MeCN,
60 °C

O

MocN

MeO

O

OBz

OBzBzO

OH

HO
32%, 1.5:1 dr O

MocN

MeO

O

OBz

OBzBzO

O

HO

O

MocN

MeO

O

OBz

OBzBzO

OH

HO

anodic oxidation

O

N

MeO

O

OBz

OBzBzO

OH

HO

Moc

-2 e O

MocN

MeO

O

OBz

OBzBzO

O

HO-2H

5.27 5.28

5.27 5.31 5.28
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β

solvents

electrolyte, 1 mA
2 F/mol, (+)RVC/(–)RVC

+
O

MocN

MeO

O

OBz

OBzBzO

OH

HO

5.27

O

MocN

MeO

O

OBz

OBzBzO

O

HO

5.28

O

MocN

MeO

O

OBz

OBzBzO

O

HO

5.28B
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HO

5.27

O

MocN

MeO

O

OBz
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O

HO

5.28
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O

MocN

MeO

O

OBz

OBzBzO

OH

HO

O

N

MeO

O

OBz

OBzBzO

OH

HO

Moc

O

N

MeO

O

OBz

OBzBzO

OH

HO

Moc

– e–

O

N

MeO

O

OBz

OBzBzO

OH

HO

Moc

β-scission

and/or

further
oxidation

MeO

O

O

N

O

OBz

OBzBzO

OH

HO

Moc

+

β-scission
– e–

Potential Pathways of Side-Product Formation

putative side products
(not isolated)

O

MocN

MeO

O

OBz

OBzBzO

O

HO

desired macrocycle
15

– e–

acyclic precursor 
14
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O

MocN

MeO

O

OBz

OBzBzO

O

HO2C

O

MocN

MeO

O

OBz

OBzBzO

O

HO

TPAP
NMO·H2O

68%

TEMPO, PIDA
or PDC: no rxn

[previous 46%
two steps]5.28

NEt4RuO4
TPAP

N

O

O Me
NMO

N
Me
Me Me

Me

O
TEMPO

PhI(OAc)2
PIDA

5.29
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O

MocN

MeO

O

OBz

OBzBzO

O

HO2C

O

MocN

MeO

O

OBz

OBzBzO

O

Cl

HOTT, CCl4,
MeCN, DMAP,

Et3N, 80 °C

48%

Discrete acid activation before hν: 20-30% product,
thiopyridine trapping observed, poor conversion

HOTT w/ CCl4, base, and heat: 48%, cleaner profile

20-30%
[irreproducible]

5.29 5.30
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O

MeN

MeO

O

OH

OHHO

O

Cl

1.3
dragocin C

O

MeN

MeO

O

OH

OHHO

O

MeO

1.1
dragocin A

“MeOH”

conditions result

MeOH, rt no reaction

MeONa
-Cl product
(structure 

not elucidated)
MeOH, TFA,
several days no reaction

MeOH, AgOTf,
reflux, overnight

MeOH, reflux traces

full conversion,
dragocin A detected

(51%)

drag. C

drag. A

drag. A
isomer?

O

MeN

MeO

O

OH

OHHO

O

Cl

activation/
heterolysis

O

MeN

MeO

O

OH

OHHO

O

Cl

MeOH

hypothesized pathways

O

MeN

MeO

O

OH

OHHO

O

MeO
O

MeN

MeO

O

OH

OH
HO

O+

OMe

5.31
putative structure

(not fully elucidated)

MeOH
substitution

undesireddesired
1.3

dragocin C
1.1

dragocin A



74

NHTs

MeO

3. TEMPO, NaOCl
HN

MeO

4. NaH, PPh3Br
68%, 94% ee, two steps 

[decagram scale]

5. Li-Naphthalide
6. TsOH;

peracetic acid

HN

MeO

O

7. BF3•OEt2, BzOH
then MocCl

78%, 3.1:1 rr
[gram scale]

MocN

MeO

OH

OBzO

MocN

MeO

O

OBz

OBzBzO

OH

HO

O

MocN

MeO

O

OBz

OBzBzO

OH

O

MocN

MeO

O

OBz

OBzBzO

O

C–H oxidations
 (see SI)

O STol

OBz
BzO

TIPSO

8. 5.20, NIS, AgOTf
81%

[single diastereomer]

9. H2, Pd(OH)2/C
82%

10. HFIP/DMSO
 Et4N•FSO3

(+)RVC/(–)RVC

11. TPAP
NMO•H2O

68%
12. HOTT
CCl4, 48%

13. LAH

Decarboxylative 
halogenation approach

C–H oxidation 
approach

8b. 5.31, NIS,
 AgOTf
79%

9b. TBAF/AcOH
    83%

HN

MeO

5. Li-Naphthalide
6. TsOH;

peracetic acid

HN

MeO

O

7. BF3•OEt2, BzOH
then MocCl

78%, 3.1:1 rr
[gram scale]

MocN

MeO

OH

OBzO

MocN

MeO

O

OBz

OBzBzO

OH

HO

O

MocN

MeO

O

OBz

OBzBzO

OH

O

MocN

MeO

O

OBz

OBzBzO

O

C–HCC  oxidations
 (see SI)

O STol

OBz
BzO

TIPSO

8. 5.20, NIS, AgOTf
81%

[single diastereomer]

9. H2, Pd(OH)2/C
82%

Decarboxylative 
halogenation approach

C–CC H oxidation 
approach

8b. 5.31, NIS,
 AgOTf
79%

9b. TBAF/AcOH
    83%

HH

TsN

MeO

150 mg scale
[25 mg x 6 carousel]

O

RN

MeO

O

OH

OHHO

O

Cl

O

MocN

MeO

O

OBz

OBzBzO

O

Cl

O

MocN

MeO

O

OBz

OBzBzO

O

HO

10b. PIFA, hν
11b. (+)-CSA

70%

N

O

S

NMe2

NMe2

PF6HOTT

dragocin C (1.3)
 R = Me, 27%b

dragocin B (1.2)
R = H, 23%b, 84%c

52% two cycles, 
5.5:1 dr 

+ 11% 5.26

>60 conditions
surveyed over
10 substrates

+

5.8
X-ray

- or -

[decagram scale]
[gram scale]OH

two steps
(see SI)

14. MeOH
AgOTf
51%

5.16

O STol

OBz
BzO

OBn

BnO

62% 6
(4.5:1 crude dr)

5.6 5.21 5.22 5.23

5.26

5.275.28

5.30 5.135.14

NaOMe
56%

O

MeN

MeO

O

OH

OHHO

O

MeO

R = Me

dragocin A (1.1)

5.31
5.20

MeOH/THF
pyrrolidine
Me4N•BF4

(+)RVC/(–)RVC

45% (5:1 dr),
 two steps

O

MocN

MeO

O

OH

OHHO

O

H

X-ray

60 mA
 rAP 100 ms

50% (60% NMR)

+ 12% 4

rAP
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CO2H

MeO
NH2

CO2H

MeO
NHTs

NaOH (aq.)
DIPEA, TsCl

Acetone 0 °C→ rt

SI-2
used crude

SI-1

MeO
NHTs

THF, 0 °C→ rt
(86%, 2 steps)

OH

5.6

BH3•SMe2
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MeO
NHTs

OH

MeO
NHTs

O

NaHCO3, KBr
NaOCl, TEMPO

CH2Cl2, H2O, 0 °C

NaH

MeCN/THF (4:1)
(68%, 94% ee)

(2 steps)SI-3
used crude

PPh3
Br

Ts
N

MeO

5.6 5.21
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 87 

Li/Napthalene

THF, – 78 °C
(70%)

Ts
N

MeO

5.21

H
N

MeO

5.22
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Ts
N

MeO

5.21

H
N

MeO

5.22

pyrrolidine
Me4N•BF4, 60 mA

37 F/mol, (+)RVC/(–)RVC

rAP

MeOH/THF (15:1)
(50%, 57% brsm))
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 91 

PTSA, CH2Cl2, rt

then PAA, 0 °C to rt
(4.5:1 dr crude NMR)

(6, 62%)

H
N

MeO

5.22

H
N

MeO

5.23 O

H
N

MeO

5.8 O

+
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 95 

BzOH, BF3•OEt2
DCE, 40 °C

then Na2CO3 (aq) 
methyl chloroformate

0 °C to rt
(78% 4.5:1.0 rr)

H
N

MeO

5.23

O

Moc
N

MeO

5.26

HO OBz

Moc
N

MeO

SI-4

BzO OH

+
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TIPSCl, imid.

DMF, 0 °C

O STol

OH
OH

O STol

OH
OH

TIPSO BzCl, DMAP

CH2Cl2, 0 °C to rt
(96%, 2 steps)

O STol

OBz
OBz

TIPSOHO

SI-5 SI-6 SI-7
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MocN

MeO

O

OBz

O

OBz
BzO

NIS
AgOTf (30 mol %)

CH2Cl2, – 40 °C
(79%)

Moc
N

MeO

5.26

HO OBz

+

O STol

OBz
OBz

TIPSO

TIPSO

SI-7

SI-8
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MocN

MeO

O

OBz

O

OBz
BzO

TBAF/AcOH (1:1)

THF, 0 °C to rt
(83%)

HO

MocN

MeO

O

OBz

O

OBz
BzO

TIPSO

SI-8 5.13
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MocN

MeO

O

OBz

O

OBz
BzO

PIFA, PhH, rt

hν (390 nm LED)

MocN

MeO

O

OBz

O

OBzBzO

O

MocN

MeO

O

OBz

O

OBzBzO

O

+HO
MeCN, 60 °C
(45%, 2 steps)

(+)-CSA

MocN

MeO

O

OBz

O

OBz
BzO

TFAO

HO

5.13 5.15 5.14 (5:1 dr)
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CH2Cl2/MeOH (1:1), rt
(56%)

NaOMe

MocN

MeO

O

OBz

O

OBzBzO

O

MocN

MeO

O

OH

O

OHHO

O

5.14 5.16
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O

O
O

Me Me

OH

STol
O

O
O

Me Me

O

STol
O

O
O

Me Me

OH

STol

HO

DMP, MgSO4 HCOH, NaOH

SI-9 5.18
used crude

SI-10

CH2Cl2, rt Dioxane
0 °C to rt

(74%, 2 steps)
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O

O
O

Me Me

OH

STol

HO
BnBr

TBAI, NaH

SI-10

DMF, 0 °C to rt
(89%)

O

O
O

Me Me

OBn

STol

BnO

5.19
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O

O
O

Me Me

OBn

STol

BnO

5.19

O

BzO
OBz

OBn

STol

BnO

SI-11
ca. 2:1 dr

9:1 TFA/H2O BzCl, DMAPO

HO
OH

OBn

STol

BnO

5.20

0 °C CH2Cl2, rt
(45%, 2 steps

2:1 dr)
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O

BzO
OBz

OBn

STol

BnO

MocN

MeO

OH

OBz

+

O

MocN

MeO

O

OBz

OBzBzO

OBn

BnO

NIS, 4 Å MS
AgOTf (30 mol %)

CH2Cl2, – 40 °C
(81%, > 20:1 dr)

5.26 5.20

SI-12
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MocN

MeO

O

OBz

O

OBz
BzO

OBn

BnO

MocN

MeO

O

OBz

O

OBz
BzO

OH

HO

Pd(OH)2, H2 (1 atm)

THF, rt
(82%)

SI-12 5.27
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MocN

MeO

O

OBz

O

OBz
BzO

OH

HO
HFIP/DMSO (2:1)
(52% 5.5:1.0 dr,

11% RSM, 2 cycles)

Et4N•FSO3, 2 mA
2 F/mol, (+)RVC/(–)RVC

MocN
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Natural and Synthetic Dragocins Stacked Spectra:
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