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85% yield

1. Raney Ni, MeOH
2. 4-nitropheny!
chloroformate; KOH
3. 60% aq. AcOH, heat
4. Buo,SnO, MeOH; NBS

Y 74% yield in 4 steps

1. TIPSOTH,
1. Pdy(dba)s, 2,6-lutidine
dppf, MeOH, Tio H 2. LHMDS,

DIPEA, CO, 65°C wMe | selectride, -78°C

2. MeMgBr, CeCly TIPso’ Me then PhNTf,
- p -
66% yield o 78% yield
in 2 steps
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T —_—
78% yield 82% yield HO
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55% yield
in 4 steps

welwitindolinone A isonitrile — —
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The Debut Era



The Debut Era: Cyclopropanation

H « Important structural motifs in natural products and drugs
H H . Strain energy ~ 28 kcal/mol

. Versatile intermediates in synthesis

H
General methods for cyclopropane synthesis
0
R O sV twe R
R X-ZNnCHoX EWG H,C™ ® Me % R HCCl,, base

ﬂ > b ] > [> ﬂ > Cl
Cl

Simmons-Smith carbenoids Michael initiated ring closures dihalocarbene

Chem. Rev. 2003, 703, 977.



The Debut Era: Cyclopropanation

H « Important structural motifs in natural products and drugs
H H . Strain energy ~ 28 kcal/mol

. Versatile intermediates in synthesis

H
General methods for cyclopropane synthesis
i
R © sV e R
R X-ZNnCH,X EWG H,C™ ® Me % R HCCl,, base

ﬂ > b ] > [> ﬂ > Cl
Cl

Simmons-Smith carbenoids Michael initiated ring closures dihalocarbene

Me o (@)
M=Rh, Pd, Cu...
Me)\/\o)J\H/H - Me
N,

(@)
Me

metal carbenoids

Chem. Rev. 2003, 703, 977.



Arene Cyclopropanation

O
Y
n
N,
© )n metal catalyst /(/')n\:_
- > 0=,
Y C-H insertion cyclopropanation v .

J. Am. Chem. Soc. 2013, 135, 7304-7311.
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J. Am. Chem. Soc. 2013, 135, 7304-7311.

Arene Cyclopropanation

o)
Y
n
N,
metal catalyst /'(/-)n\:_
—, -
< > O l‘.

C-H insertion cyclopropanation v .

O

salvileucalin B
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Total Synthesis of salvileucalin B

\ |

(0

salvileucalin B

. Isolated in 2008 from Salvia leucantha
. Cytotoxic against A549 and HT-29 TMS
« Unusual norcaradiene core

o I+

N

J. Am. Chem. Soc. 2011, 133 774-776; Org. Lett. 2010, 7144), 780-783.

(0)
intramolecular
arene
o) cyclopropanation
> 4 >
N
0 0 :
o CN
metal-catalyzed
cycloisomerization
\v/
OTBS o
<
| A\
(o)

10



Total Synthesis of salvileucalin

Br

O

\ !

\
0

LHMDS, LiCl, -78°C to r.t.
Me O

OH Me TMS

(2 steps from comm. avail. SM)
90% yield

MeoZn,
40mol% O  Me
Ph N Ph 1. NaH, propargy!l
H bromide
OH 0 2 1M HCI, MeOH
70°C; 3-furaldehyde 3. MsCl, Et3N; then
TBSO 0°Ctort. \ LiBr
— » TBSO >
;— 85% yield, N — 80% yield in 3 steps
93% ee -
OH
1. TBAF Me O
2. 8 mol% ph\/'\
RuCp*(cod)Cl, 45°C : N NN
3. n-Bu,NOH, : | X
t-BUOH/H,0 OH  Me S TMS _
-~ AN 0// -
74% yield in 3 steps :
>10:1d.r. @
(@)

J. Am. Chem. Soc. 2011, 133 774-776.



Total Synthesis of salvileucalin B

1. (COCI),, cat. DMF: 1. NaHMDS, MeCN,

then CHoN, -78°C to r.t. 10 mol% Cu(hfacac),
2. AgTFA, MeOH, 2. (imid)SO3N3, DCM, 120°C pwave
EtsN, -30°C to r.t. pyridine 1min
> >
69% yield in 2 steps 78% yield in 2 65% yield
steps
HO,C
D " D °
\ N \ /
o C0s r\?j\ O 5mol% Pd,(dba)s, \ o
N~ Me 10 mol% dppf, CO, DIBAL, -40°C;
O -35°C H DIPEA then ag. AcOH
- - -
n 17% yield 1 98% yield  y 51% yield in
3 steps
OH
(0 (0
Tf
(o) (0 ©

salvileucalin B

J. Am. Chem. Soc. 2011, 133 774-776.
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1. NaHMDS,-78°C;
then TfsNPh
2. DIBAL, -40°C;
then ag. AcOH
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OTf



J. Am. Chem. Soc. 2013, 135, 7304-7311.

Beyond salvileucalin

(@)
10 mol% Cu(hfacac),, \ /
DCM, 120°C, pwave,
1min
>
65% yield H
CN

19



Rhodium vs Copper

O . Electron-deficient catalysts performed the best

- Copper better for hindered substrates (salvileucalin B)

- Rhodium better for unencumbered arenes

Me
Me Me
Meo O\

i T g \Rh/ [ o] (o] i

0 O@ 0. 0" | ~/-o F F F F

2+ \ 0 _Rh
_— Cu N Rh_ ~ F3C O O CF;
F3C CF3 O’ \O F F F F
- -2 Me Me Me . -
Me
5 mol% Cu(hfacac), 2 mol% Rho(esp), 2 mol% Rhs(pfb),
54% yield 70% yield 70% yield

J. Am. Chem. Soc. 2013, 135, 7304-7311.



Influence of Substitution

A\

R4

(0]
N> slow addition
H
A
entry R1 yield A (%)

1 H >95

2 Me n.d.

3 COMe n.d.

4 CO2Me n.d.

5 NO2 n.d.

6 CN 70

J. Am. Chem. Soc. 2013, 135, 7304-7311.

(o)
R1 1 mol% Rhg(esp)g = R1
DCM/DCE, -40°C :
3 ©>\ Yot
B

yield B (%)
n.d.
43
32
45
28
n.d.

(o)
Me cat. Rhy(OAc), N
DCM, 40°C : /\QO
N > o —
2 67% yield ~ Me

4

H

Kennedy and co-workers J. Chem. Soc., Perkin Trans. 11990, 12, 1047.
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Influence of Substitution

s/ R
—Rh;’

Cs
<L

N

nitrile and carbenoid
are coplanar

/ R

—Rh\—)‘/OR

~112° O

ester and carbenoid
are out-of-plane
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Cyclopropanation of Alkenes

1 mol% Rhs(esp)s

slow addition

N, .
R, DCM/DCE. -40°C  R1a{
CN - :j:>‘f\\o
o = CN
R, R; Rz

E/\\\L :/\‘\L o
(D o :
~. CN XH CN Me~ | CN

H Me
82% yield 93% vyield 90% vyield

J. Am. Chem. Soc. 2013, 135, 7304-7311.

R3

Me =

CN
|(Me

79% yield

O

Me =—

r/ CN
Me

TBSO
93% yield
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The Indoline Era

HN

(-)-lansai B NH

(+)-naseseazine A

asperazine

(+)-nocardioazine A

gliocladine C

J. Am. Chem. Soc. 2010, 7132, 14418-14420; J. Am. Chem. Soc. 2012, 134, 5131-5137; J. Am. Chem. Soc. 2013, 135, 5557-5560; Angew. Chem. Int. Ed. 2014, 55, 6206-6210.
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The Indoline Era

(\ H
N |

NH

(-)-lansai B

(+)-naseseazine A

(+)-nocardioazine A

J. Am. Chem. Soc. 2013, 135, 5557-5560; Angew. Chem. Int. Ed. 2014, 53, 6206-6210.
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J. Am. Chem. Soc. 2010, 71532, 14418-14420.

Indoles and Pyrroloindolines

3

\ . Very weak bases (pKa protonated indole ~ -3.5)
2« (C-2 functionalization possible though lithiation

N - Electron-rich at C-3

' iminium trapping and
' enolate protonation

27



Pyrroloindolines though a Formal [3+2]

H o)
R,0
R N 2
Me 1\n/ \”)kORz
Me (0)
A\ (0)
R v N =0
N (R)-BINOL, 1.2 equiv.
\ SnCI4, rt. N H
Me \ 1
Me o
I
H/Olnsn-\CI
(o] A IR o]
. Chlorinated solvents gave best results Cl

. , o , Lewis acid-assisted Brgnsted acid
. Catalytic quantities of BINOL provide the product in high yield

« Reaction yield improves when acrylate substituents are electron-deficient

J. Am. Chem. Soc. 2010, 71532, 14418-14420.



Pyrroloindolines though a Formal [3+2] 29

BnO

Me o
MeO

N

0
"N

\ F-C
Me 3

93% vield

3:1dr.
93/92 %ee (exo/endo)

J. Am. Chem. Soc. 2010, 71532, 14418-14420.

H o
BnO
F.C N
R1 3 \n/ OBn
R; o
\/ R2
N 0.2 equiv. (R)-BINOL,
R4 \ 1.2 equiv. SnCly, rt.
Rs
BnO BnO TBSO BnO BnO
Me o Me o (@)
N H \f N H \Ié \[é N \Ié
\ o FiC Me \ FiC N Hee o FsC
e e Me e
51% yield 91% vield 54% yield 65% yield
3:1dr. 4:1 dur. 6:1d.r >18:1 d.r.

87/85 %ee (exo/endo) 94/90 %ee (exo/endo) 86 %ee (exo/endo)

92/90 %ee (exo/endo)



H
R,. _N
OR
R L\ T 7\* :

R, 20 mol% (R)-3,3-dibromo-BINOL,
1.0 equiv. SnCly, 4A MS, rt.

conjugate addition/
rearomatization

J. Am. Chem. Soc. 2012, 134, 5131-5137.

—xpanding (R)-BINOL-SnCl, Catalysis

asymmetric
protonation

30



Iz

—xpanding (

R)-

BINOL-SnCl, Catalysis

H O
R4 N O
OR
\n/ \’HJ\ 3 OR, OO Br
° >

DCM, additive, r.t.

o
Ph 20 mol% catalyst, 1.0 equiv. SnCly, \ HN\(
N Ph R4

OH

” 99 )
Br

« The use of methyl 2-acetamidoacrylate improves yield drastically

- Water scavangers were tested and 4A MS was the best performing one

J. Am. Chem. Soc. 2012, 134, 5131-5137.

(R)-BINOL
derived catalyst

« Dibromo substitution on BINOL gives highest of 93% ee

31



Bis(pyrroloindolines) Total Synthesis

Me
Me
/ Me
Me OR
— OrR *
N N\ (0
NTITN o e " TFA
Me 1 TFA
- Isolated from Streptomyces sp. SUC1 (S,S,5)-exo-A (S,S,S)-exo-B

« Anticancer activity against lymphoma

Me oR
N N\ (o]
TFA

/" H
endo o Rlne allyl

(R,S,5)-endo-C (R,R,R)-exo-D

. Isolated from the bacteria genus
Nocardiopsis
- Nocardioazine A is an inhibitor of N H H \3 ’\>—Me
P-glycoprotein, a transmembrane Me (o] exo
protein overexpressed in many Me
tumors

(+)-nocardioazine B

.
\J
\\

Angew. Chem. Int. Ed. 2014, 53, 6206-6210.
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Total Synthesis of (-)-lansai B

1. 1.2 equiv.
Me 1o TFAL OMe
H Me
M B Me M o Me
Br ew Me S Me 1.2 equiv. SNCl,,
Me ye 20MOI% (R)-83-Cly-BINOL Me
Me € 0.4 equiv. 2,6-Bry-phenol
\ > / d 2P - OH
N i mﬂl%l[(allng}gCPI](%, \ 2. AcCl, MeOH, 60°C
mol% ligand, KsPOy4 3. LIOH N
Me aq., THF, 40°C N NAH o
52% yield over 3 steps Me
83% yield
(S,S,5)-exo-A
Me 1. 1.2 equiv. SnCly, Me
20 mol% (R)-3,3-Cl,-BINOL OH
\ TFA _ OMe 0.4 equiv. 2,6-Bro-phenol
+ N '
H 2. AcCl, MeOH, 60°C N N (o)
N 0 3 LiOH ul HH BOP-CI, DIPEA
1.2 equiv. 69% yield over 3 steps (S,S,5)-exo-B 38% yield

. Six steps enantioselective synthesis (LLS)

Angew. Chem. Int. Ed. 2014, 53, 6206-6210.

« 20% overall yield
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Total Synthesis of (+)-nocardioazine

1.6 equiv. SnCly,
20 mol% (S)-BINOL; TfOH,
MeOH

39% yield in 2 steps

//
TFA _ OMe
\ * N
H
N o)
Me

34

LiOH: then 1M HCI
74% yield

\
1.2 equiv.
S
OH
| L0
1.2 equiv. IN : N\ (0]
Me TFA_ OBn Me 1. MeOH, K,COyq Me Me N TFA
OBn 2. LHMDS, -78°C; AcOH OH v
\ H 5 3. BBrg; then H,0 (R R)-exo-D
> --|I|\ > -.|||\ — >
ril 201 6 (la?u(i/\% Ssng%l IN N\ (o) 79% yield in 3 steps IN N\ o) BOP-CI, collidine
mol% (F)-3,3'-Clo- H H
allyl BINOL, 0.4 equiv. 2,6-Br,-  allyl TFA allyl TFA 84% yield
phenol (R,S,S)-endo-C
57% yield
(o) Me
H H N Me%Me 10 mol% Pd,(dba)s,
Me g 20 mol% dppb, DMBA,
Me Me 80°C
- -
N < \ 10 mol% HG'”, 38°C quanz" y/'e/o’
N H H ’>—Me .
Me (o) 83% yield N
Me H

(+)-nocardioazine B

Angew. Chem. Int. Ed. 2014, 53, 6206-6210.




Total Synthesis of (+)-nocardioazine A

Me
: . Me OMe
o) 1. NaBH4, CeCI3{7ngO, 0°C OMe .
2. 10 mol% Ti(O'Pr)y, Me .< \
Me y 12mol% (+)-diethyltartrate, o OMs N \ N N\ o
| 3 equiv. t-BUOOH, -20°C N A 0 Me H  Tea 1. LIOH
3. MsCl, EtzN H TFA 2. PyBroP, DIPEA
> > o >
77% yield in 3 steps TBAI, DIPEA, 90°C 44% yield

74% yield

Angew. Chem. Int. Ed. 2014, 53, 6206-6210.

(+)-nocardioazine A



Copper-Catalyzed Arylation of Tryptophan Derivatives 36

Ar
A
o \ ML, Mm:'-" r \
ArX s
H < R \ or Ar
N 1 N / N N
\ \
TR R @N\ \ R
- R
O

NHR, _ _
Ar Ar
ML T M™2Ln
ArX
\ N — N\
R
(+)-naseseazine A N \Rz r\{ H 2
'\{ |‘;< § R4
R 1

Chem. Sci. 2012, 3, 3170-3174; J. Am. Chem. Soc. 2013, 735, 5557-5560.



Copper-Catalyzed Arylation of Tryptophan Derivatives 37

NHTs
10 mol% copper Ph
catalyst
> N
1.1 equiv. [Phol]X, N
\ DCM, rt. Nuw °

Iz

« Both Cu(l) and Cu(ll) work

« Cu(OAc), best for arylation with [Ph,l]1BF,4 or other symmetric
iodonium salts (64% vyield, 2.9:1 C3:C2)

- Cu(OTf), better for arylation with less reactive, mesityl-
substituted iodonium salts (65% yield, 2.6:1 C3:C2)

Chem. Sci. 2012, 3, 3170-3174; J. Am. Chem. Soc. 2013, 735, 5557-5560.

Ar

@AQ
N
N Ts

H H Cu'Ln [Ar,I]X
Arl

N ArCu"XLn NHTs

L
>
Iz



Total Synthesis of (+)-naseseazine A

10 mol% (CuOTf),PhMe H
40 mol% Me Me Br \ o
N
Mes\l/PFG />—<\ \(
Ar—N N—Ar CF;
Ar=3,5-(t-Bu)CgHs cat. Pd[Pgo-tol)s]»,
> I_-I 0 o
59% yield Na,COs3, 100°C; then
H NH 1M HCI, MeOH
Br N 2 N 45% yield in 2 steps
H H : "Me
2 steps from o H

2-bromo-5-iodoaniline

- Bidentate ligands which permit transmission of the stereochemical information (di-imine ligands are best)
« Reaction yield is limited by C2 competitive arylation

. 5 steps sequence (LLS) from comm. avail. starting materials

J. Am. Chem. Soc. 2013, 135, 5557-5560; J. Am. Chem. Soc. 2013, 7135, 1600-1606.

Lantl

(+)-naseseazine A

38
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The Cyclobutane Era

Me

Me''" (+)-rumphellaone A

OMe
o) \ OH

Me Cl

Me
MeO OMe \Me
acutumine (+)-psiguadial B

Cyclobutanes as “storage devices”

Cyclobutanes as built-in natural product motifs

Org. Lett. 2012, 74(7), 4354-4357; Angew. Chem. Int. Ed. 2022, 67, e202117480; J. Am. Chem. Soc. 2016, 7138, 9803-9806; Chem. Sci. 2019, 70, 2315-2319.
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The Cyclobutane Era

OMe
0™ N\
Me
0 — > H
N > O ﬁ
\ N
Me MeO OMe \Me

acutumine

Cyclobutanes as “storage devices”

Org. Lett. 2012, 74(7), 4354-4357; Angew. Chem. Int. Ed. 2022, 67, €202117480.
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Total Synthesis of (-)-10-hydroxyacutuminine

deoxych/or/nat/on
Dieckmann
condensation

(-)-acutuminine (-)-10-hydroxyacutuminine
OTBS MeO
OTBS OTBS
Me H [2+2] Me retro aldo/  Me
o)
O\ Me : R
o Me OMe Me
. Isolated from the Chinese moonseed plant 1,2-addition/
Sinomenium acutum pyrrolidine formation tBu N (o)
- Member of the same family, (-)-acutumine, | o S=0
selectively T cell cytotoxic and anti-amnesic _N/ . Me
:o [\
Br o Me

Org. Lett. 2012, 74(7), 4354-4357; Angew. Chem. Int. Ed. 2022, 67, €202117480.
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Total Synthesis of (-)-10-hydroxyacutuminine

.

3
-

.

Br NaHMDS, -78°C
>

(o)
Me
?I (0 MR tBu
/S\ / \ — OQS.
tBu N o Me Me ’ \
(0

90% yield,
>982d.r

1. L-selectride, 0" R
-78°C; then TBSCI —
LIHMDS, then Mel Mme

NH 2.
Br 3 IN(OTf)3, acetone

> TBSO
74% in 3 steps

——
EtO SnBu3
Pd2(dba)3, ASPhs, r.t.
94% yield
Y
0" X 1.1, acetone, r.t. 0" X
O~ \\\ OTBS hy (315-400nm) — 2. NaBH,4, AcOH, —
Me 1% PhH/pentane Me MeOH Me
H 0.001M 3. LIOH, H>05
o - TBSO - TBSO
~ 60% yield 53% yield in 3 steps
— N y 0 y o
PR \
o) Me

Org. Lett. 2012, 74(7), 4354-4357; Angew. Chem. Int. Ed. 2022, 67, €202117480.

photolytic
oxa-di-m--methane
rearrangement

Me




Total Synthesis of (-)-10-hydroxyacutuminine

OMe OH
0~ \\| OTBS 1. LiOH, MeOH then 1. BF5Et,0,
Me H,0,, MeOH OTBS m-CPBA OTBS
H 2 BF3'Et20, MeOH Me 2. K2CO3, MeOH
o > » Y/ T /~H —m—------ > o H
_ . 61%yieldin 2 steps 0O 90% vyield in 2 steps 0
= N > MeO N

K>CO3, MeOH,
rt., 3d

88% vyield

base

MeO :OH Me

: = \
MeO OH Me MeO OH Me

lower pKa in a to promote reversible reaction

Org. Lett. 2012, 74(7), 4354-4357; Angew. Chem. Int. Ed. 2022, 67, €202117480.
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Total Synthesis of (-)-10-hydroxyacutuminine 45

(o) O OMe OMe
o MeO 20 mol% Pd(OAc),,
Me 1. TESOTH, OTBS Br OTBS 40 mol% SPhos, OTBS
OTBS 2 g utidine 1. KOtBu, t-AmOH K,COs, N-BUOH,
2 NBS Br H 2. Mel, K2C03 H 60°C H
H > > > (@)
44% yield in 2 steps O 57% yield in 2 step O N 91% yield O N
O ¢ P >~ MeO N Y MeO N
MeO MeO N, MeO  » \ MeO - \
MeO OH M MeO O  Me O Me 0 Me
e TES TES TES
1, BClg, -40°C
2. TMSCHN,
38% yield in
2 steps
Y
OMe OMe
Cl
chlorination TASF, H,0
3 H @ -cceeoaaaaanas - ’
o o 87% yield
> >
MeO \ MeO \
OMe Me OMe Me
(-)-acutuminine (-)-10-hydroxyacutuminine

Angew. Chem. Int. Ed. 2022, 67, e202117480.



Total Synthesis of (-)-10-hydroxyacutuminine 46

1. TESOTHT,
2,0-lutidine

never observed
OMe

H

(@) _B
MeO N\

OMe Me

(-)-acutuminine

Angew. Chem. Int. Ed. 2022, 67, e202117480.

44% yield in 2 steps O

o OMe OMe
MeO 20 mol% Pd(OAc),,
OTBS 40 mol% SPhos, OTBS
OTBS 4 kotBu, t-AmOH °F K,COs, n-BUOH.
Br H o2 Mel, K,COgq4 H 60°C H
» o o
—_ 57% yield in 2 step O ﬁ 91% vield o) —_
MeO N MeO - N g MeO . N
. - \ - \
MeO O \Me MeO 0 Me MeO 0 Me
TES TES TES
1, BCl,, -40°C
2. TMSCHN,
38% yield in
2 steps
Y
MeO OMe
H
Martin sulfurane TASF, H,0O
(0] -« H -«
o 90% yield o 87% yield
> N>
MeO \ MeO \
OMe Me OMe Me

(-)-10-hydroxyacutuminine



Total Synthesis of (-)-10-hydroxyacutuminine

OTBS

e
Martin sulfurane
3 )
Me™: | 99% yield Me—:
- H \

OH

OMOM

D. Trauner J. Am. Chem. Soc. 2017, 139, 9491-9494

Angew. Chem. Int. Ed. 2022, 67, e202117480.



The Cyclobutane Era

Me

Me''" (+)-rumphellaone A

(+)-psiguadial B

Cyclobutanes as built-in natural product motifs

J. Am. Chem. Soc. 2016, 138, 9803-9806; Chern. Sci. 2019, 70, 2315-2319.
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Total Synthesis of (+)-psiguadial B

C-O bond
formation
> OMe >
OMe
(+)-psiguadial B
OMe
. Isola;es?o]‘/ro;vn thzllae\flaves of C(sp®)-H Me \
Y gu j Me o I 0 a/keny/atlon Mel.,. Lot RCM/a/dO/
- Potent antiproliferative activity Me:,, N + E H A
against human hepatoma cells H S <
(HepG2 IC5p=46 NM) N s Me o

« Mechanism of action unknown

J. Am. Chem. Soc. 2016, 738, 9803-9806.



Total Synthesis of (+)-psiguadial

3

K. Wiberg J. Am. Chem. Soc. 1979, 101, 7675-7679 G. Fu J. Am. Chem. Soc. 2005, 127, 6176-6177

@/CHZOTBS

Me. F& mMe

10 mol% d)
CH-Ph o Me Me
CH,Ph 2 I
2 I\/IeOH hv C Me
i : >
45% y/e/d CO,Me )]\ MeOH, PhMe, -78°C, 12 mol%

Ar R 2,6-di-t-butylpyridinium triflate

(0

R
MeO

H Ar
up to 80% ee

« Synthesis of racemate by Wolff rearrangement - Catalytic asymmetric nucleophilic addition to ketenes

10 mol%

o NH, N o
N (+)-cinchonine Me
Me N, + DN » Me:..! N
Me*" hv (254 nm), THF, r.t. H
= N |

up to 4.12g scale
46% overall yield
after recrystallization

J. Am. Chem. Soc. 2016, 738, 9803-9806.
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Total Synthesis of (+)-psiguadial B

(0) (0)
2 equiv. | O 1, Cp,Zr(H)Cl Me \\
o 15 mol% Pd(OAC),, Me \ 2. KOH, MeOH Me:n.\ -
Me AgCOg, TBME, 90°C  Me.. ! N N=/ 3.PhgP=CH, then 5M HCI
e N 2% yield 62% yiold in 3 stops.
N " _ Oj 0y P =\_-0
0
desired enantiomer
confirmed by X-Ray
oL
.aMe | © mol% CuTC,
- O\P—N> ¢ 30 mol% L
- o MegAl
>—Me
Ph 94% yield,
19:1 d.r.
Meltne H Ve \ o) \
"X, oH PN . OMe \
- . Z L, -78°C Me:... o H Me \
H‘: B 2.10 mol% HG-II, 1,4-BQ o H Br OMe Me..\
— r < ‘ _.\\H
Me / \ 74% yield in 2 steps Me o KOH, MeOH, 80°C
(o)
MeO N 92% yield Me
OMe Ar

J. Am. Chem. Soc. 2016, 738, 9803-9806.
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Total Synthesis of (+)-psiguadial B

Me H
Me 1,
. OH
H — gr °Mol% Crabtree’s cat., 12
Me
90% yield

MeO/\

OMe

1. pyrHCI, 200°C
2. MeOCHCl,, TiCl,

31% yield in 2 steps

Ph OH H
(+)-psiguadial B

J. Am. Chem. Soc. 2016, 738, 9803-9806; J. Org. Chem. 2018, 83, 6066-6085.

Me
Mel:,_

H

. OH
- Cul, 20 mol% 2,2-bipy,
KOt-Bu, 120°C
- u - OMe
H 75% yield
MeO / \
OMe
OMe G Cl

via charge
transfer

complex 2 cycles

60% yield, 4.8:1 d.r.

Me
HO
Me H S OEt

thCU(CN)L|2, BFsoEt2

OMe = OMe

90% yield, 2:1 d.r.

O OMe
Et0”

DDQ, EtO(CH,),0H,

52



2.0 equiv. Ar-l O
15 mol% Pd(OAc),  Me
) 1.0 equiv. Ag,CO,; Meu... N
Me TBME, 90°C H
Mel:.. N » N \
H 54-88% yield AN
NS / \

- Both EWG and EDG are well tolerated in the arylation
« ortho, meta, para substitutions are tolerated as well

. Two sites for diversification: C-H arylation and decarboxylative cross-coupling

Chem. Sci. 2019, 70, 2315-2319.

Beyond (+)-psiguadial B

NaOH, EtOH,
130°C

>99% yield

Me ”\
Me 1, .“‘\

O

\L
Me'l:. “‘\

/

OH

N

R

NHPI, EDC,
DMAP

>82% yield

53



Total Synthesis of (+)-rumphellaone A

2.0 equiv.

o
)

7.5 mol% Pd(OAC), Me

o) 1.0 GQUiV. AgQCOQ,
Me TBME. 70°C  Mer.
Mell., N
H 90% yield
N

(@)
Me 1. H2, Pd/C, MeOH Me
Me:., o 2. 1mol% [Ir], MVK, " Me...
' H Me  K,HPO,, blue LED '
5\ <
N—O 68% yield in 2 steps
Me"

o)

(+)-rumphellaone A

Chem. Sci. 2019, 70, 2315-2319.

N\ _.O T=

NaOH, EtOH,

130°C

Me
Me'l'.

'

96% yield

6 equiv. TiCly,

24 equiv. Mel,

-78°C

60% yield,
9:14d.r

Me
Mel:.,

O

\J\
A
“‘

OH

0
! Y

NaH,PO,,
NaC|02,
t-BUOH/H,0

\L
AN
“‘

1,,

65% yield

O

OH
OH
o

~ o
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, |
HO /Me OH
HO e OH

The Terpene Era



(-)-maoecrystal Z

Acc. Chemn. Res. 2021, 54, 1360-1373.

Me

The Terpene

(-)-trichorabdal A

OH N H
M

(+)-ryanodol

—ra

(-)-longikaurin E

1 |
HO /md OH
Ho ¢ ' OH

(+)-perseanaol

(+)-pleuromutilin

56



Dissonant Charge Affinity Patterns 57

(-)-maoecrystal Z (-)-trichorabdal A (-)-longikaurin E

o=0® (+)-pleuromutilin
o=0

dissonant charge affinity pattern of y-hydroxy ketone suggests a reductive cyclization

(o)
(0) OH /u\‘/‘ . O /Z - o ,/' ] R
AL - = I — I
R R
OH OH OH
consonant dissonant bond formation via umpolung reactivity

Acc. Chem. Res. 2021, 54, 1360-1373; J. Am. Chem. Soc. 2011, 133, 14964-14967; J. Am. Chem. Soc. 2013, 135, 11764-11767; J. Am. Chem. Soc. 2018, 740, 1267-1270.



entkauranoid Diterpenes

- Over 600 of ent-kauranoid diterpenes isolated from /sodon genus plants
. (-)-trichorabdal A has potent inhibitory activity of tumor growth in vivo

« (-)-longikaurin E and (-)-maoecrystal Z exhibit in vitro cytotoxicity against several
human cancer cell lines

Me

Me Me
ent-kaurene (-)-maoecrystal Z (-)-longikaurin E (-)-trichorabdal A
rearranged C20-oxidized 6, 7-seco-ent-kauranoid
6, 7-seco-ent-kauranoid ent-kauranoid
H
H H
B 2 Me . ~OH
% e
‘ <— T1BSO : — ,
| OH OA
Me / Me K ¢
o) (0) (o) 0o o OH
(-)-maoecrystal Z (-)-trichorabdal A (-)-longikaurin E

Acc. Chem. Res. 2021, 54, 1360-1373; J. Am. Chem. Soc. 2011, 135, 14964-14967; J. Am. Chem. Soc. 2013, 135, 11764-11767.
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Total Synthesis of (-)-maoecrystal Z 59

1. 7BSCI, 27 CO,CH,CF;_ _
imidazole Cp,TiCly, Zn, H _
2. m-CPBA, o 2.4,6-colidineHCl, H — Me 1NN
Me NaHCO,3 Me THF o :
_ - _ Me oen.cr. [ TBSO— _0TBS
Me : 91% in 2 steps Me 5 74% yield TBSO- zens We
NOH NoTBS Me oTiV 07Xy LHMDS,
(-)-y-cyclogeraniol - - 4:1 THF/HMPA
74% yield
- _1.Sml,, LiBr, 1. KHMDS, PhSeBr Y
t-BuOH, -78°C then H,0, H
2. Ac,0, 2. H,SiFg Me
TMSOTY 3. DMP

- TBSO :
70% yield in 3 steps Me o o ﬁ

40% in 2 steps

1. O3, DCM,
then Et;N Me
2. EtzN, DCM

1M ag. NaOH,
1:1 MeOH/H,0
H B
38% yield

>  Ac7®
Me \ﬁ& ) Me
|1 0 o
Me (-)-maoecrystal Z
80% yield in
2 steps

J. Am. Chem. Soc. 2011, 133, 14964-14967; Acc. Chem. Res. 2021, 54, 1360-1373.



Total Synthesis of (-)-longikaurin

1. "BuyNHSO,, H H
p-TsOH, MeOH H\n/ Smi,, LiBr, Me
Me 2. DMP Me % t-BuOH, -78°C
> > TBSO
Me : 77% yield in2 ~ 1850 57% yield |\|n .
~N steps Me (o) (0] o
OH OTBS 0
(-)-y-cyclogeraniol
Pd(OAC),, H
AcOH, DMSO, KHMDS, TBSC], Me MOMCI, "BU,4NI,
Me 45°C, air DMPU, -78°C iProNEt
— — TBSO —
TBSO . o % vi | . H o
{ OMOM 56% yield 85% yield Ve OMOM 91% yield
(6 oxidative cyclization o o
1. O, -94°C
1. 6M HCI H then PPhs H o)
2. TEMPO, PIDA ~OH 2. Meo,NCHoNMes, ,\OH
3. Ac,0O, DMAP Smi, Me Ac,0, 95°C Me
' ' ’
52% yield in 55% yield Me K OAc 44% in 2 steps o K OAc
3 steps reductive cyclization o OH o OH

J. Am. Chem. Soc. 2013, 135, 11764-11767; Acc. Chemn. Hes. 2021, 54, 1360-1373; J. Am. Chem. Soc. 1979, 107, 494-496.

(-)-longikaurin E

OH
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Total Synthesis of (-)-trichorabdal A

. O Me,NCH,NMes, (o o
Og, -94°C Ac,0, 95°C 1. 6M HCI, 45°C
then PPhj Me » Me 2. TEMPO, PIDA Me
- . '
, 82% yield TBSO . o H O
69% yield TBSO ' OMOM  73% yield in !
Ve ko OMOM Me Ko 2 e Me' \0

(-)-trichorabdal A

J. Am. Chem. Soc. 2013, 135, 11764-11767; Acc. Chem. Res. 2021, 54, 1360-1373.
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Total Synthesis of (+)-pleuromutilin

(+)-pleuromutilin

. Isolated in 1951 from the fungus Clitopilus
passeckerianus

« Derivatives of pleuromutilin have been

developed as broad-spectrum antibiotics <

Me

- Retapamulin, FDA approved for bacterial o
skin infections

J. Am. Chem. Soc. 2018, 740, 1267-1270; Acc. Chem. Res. 2021, 54, 1360-1373.

Me
MOMO\ 7
reductive
cyclization -
N -
D (o)
Me
Me
o)
\v/
(o) Me
MOMO\ ~
H
crotylation =
Me & OTrt
Me *
TrtO Me
Me
Z
(HO),B Me (0]
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Total Synthesis of (+)-pleuromutilin 63

o

1. cl. cl

o r X
o %MgBr 0~ "N" 70

CUCN-2LiCl, TMSCI Cul. -78°C to -50°C ci _
> 0 (0] Me

Me o

2. 10 mol% Pd(OAc)s, 71% yield, 4.8:1 d.r. Me 2.6MHCI 70°C
o DMSO, O, 0

40% yield in 2 steps
91% yield in 2 steps

OH\ P o cl Py
(HO),B Me cl '
z H KHoPOy4, Nal, " 78% yield in
(R)-3,3-Br,-BINOL, DMSO, 95°C — P S};'eps
omt - - )\1 Me
Me t-BuOH, 3AMS, 0°C Me 69% yield Me Y0 W
" Me o) Cr
e Me HO~ W
80% yield, 1.2:1 d.r. o) B o) |

favored 2 disfavored

J. Am. Chem. Soc. 2018, 740, 1267-1270; Acc. Chem. Res. 2021, 54, 1360-1373; J. Am. Chern. Soc. 2015, 157, 11262-11265



Total Synthesis of (+)-pleuromutilin 64

1. MOMCI, iProNEt T

Me Me
2. HCO,H
OH\ /7 3 [cuMecN)joTr, MOMO L Sl
N +OMeppy, ABNO, 5 6 equiv. H,0
= NMI, MeCN - then TMSCI
o g = 93% yield, 23:1 d
% vield i % yield, 23:1 d.r.
Me 64% yield in 3 steps Me
Me Me
o o sm'o

TFAO.__COH

EDCI, DMAP
then MeOH, Et3N

then HCI/THF, 50°C Li/NH3, EtOH
€

80% yield 61% yield, 14:1 d.r.

TIPSO

(+)-pleuromutilin

J. Am. Chem. Soc. 2018, 740, 1267-1270; Acc. Chem. Res. 2021, 54, 1360-1373.

OTIPS

[1,5]-HAT

LIHMDS, TIPSOTH,
-78°C to 0°C

76% yield

TIPSO

10 mol% Mn(dpm)a,
1.5 equiv. PhSiH3,
2.0 equiv. TBHP,
i-PrOH

55% yield, >98:2 d.r.

TIPSO



Complex Oxidation Topology

; |
HO / Me OH OH

HO
(+)-ryanodol (+)-perseanol
@ oxidation at early stage @ oxidation at late stage

Acc. Chem. Res. 2021, 54, 1360-1373; Science 2016, 353, 912-915; Org. Lett. 2018, 20, 3793-3796; ACS Cent. Sci. 2017, 3, 278-282; Nature 2019, 573, 563-567 .
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Ryanodane Diterpenes 66

(+)-ryanodol (+)-ryanodine (+)-20-deoxyspiganthine
reductive
cyclization
O Me o) (0]

Cross C-H o Me
Me coupling OTt oxidiation BOMO 0
. Isolated from the tropical Me o Me
shrub Ryania speciosa Vahl Me OH
e Me
BOMO R BOMO H
+ Ryanodine studied for its R=H for (+)-20-deoxyspiganthine
insecticidal properties R=OH for (+)-ryanodol and
+)-ryanodine Pauson-
Helped in the o Khand
characterization of 0
intracellular Ca* ion BOMO
channels known now as = <
ryanodine receptors (RyRs) Me —_"Me
pulegone BOMO Me

Acc. Chem. Res. 2021, 54, 1360-1373; Science 2016, 353, 912-915; Org. Lett. 2018, 20, 3793-3796; ACS Cent. Sci. 2017, 5, 278-282.



Total Synthesis of (+)-ryanodol

KHMDS, then — — — -
Ph _SO,Ph OK O -
Me.,, ) \T/N Me 4) Me
(@) Me
THF, -78°C 0 Ph_O me
Vi | (N )
50% yield PhO,S”~ Ph ON L
(5)-(-)-pulegone B _ B ~SO,Ph _
OEt
OH BOMO % 05/0,, DCM/MeOH
— (@) 3/Y2, elhn,
BOMO | /| / EtO———MgBr —~ -78°C, then PPhs
\ - Me \Me -
Me T~ Me 75% yield Me 91% yield

BOMO

Acc. Chem. Res. 2021, 54, 1360-1373; Science 2016, 353, 912-915; Org. Lett. 2018, 20, 3793-3796; ACS Cent. Sci. 2017, 5, 278-282.

Me

OH Me

BOMO

BOMO

Me

2nd oxidation

OH

=, <«

Me

6/

OH_O

OH Me

1. BOMCI, iProNEt,
TBAI

AN

MgBr
53% yield in 2
steps

2_Me



Total Synthesis of (+)-ryanodol

OEt
OH 2 mol% Ag(OTf),,
BOMO // PhMe, 0°C
==, . P
Me Me 90% yield
M OH
BOMO ¢
(o)
Bomo ©
/\ e ?
Me T"~Me
Me
BOMO

Acc. Chem. Res. 2021, 54, 1360-1373; Science 2016, 353, 912-915; Org. Lett. 2018, 20, 3793-3796; ACS Cent. Sci. 2017, 5, 278-282.



Total Synthesis of (+)-ryanodol

®
OEt OEt Ot
OH 2 mol% Ag(OTf)s, OH H (\\\
Bomo | /I PhMe, 0°C BOMO | /<~~~ Ag(OTN, ~o ¢
= = BOMD AgOTf
Me —Me 0% yield Me e xg
OH OH Me Me
Me Me OH
M
BOMO | BomO | | BOmO ° _
_ _ _ ) _
0 0 (O OEt
o o
BOMO / - protonation BOMO / AgOTf BoMo © AQOTS
S — g
Me e Me e | ( Me 7 e
EtOH
Me Me Me
BOMO BOMO BOMO
o)
BrMg __~ 1 mol% [RhCI(CO),
o) 1 atm CO, m- xylene
Cul, -78°C to 0°C BOMO 110°C BOMO
s —_—
84% yield Me \/Me 85% yield, >20:1 dr Me
M
BOMO © Bomo M

Acc. Chem. Res. 2021, 54, 1360-1373; Science 2016, 353, 912-915; Org. Lett. 2018, 20, 3793-3796; ACS Cent. Sci. 2017, 5, 278-282.



Pauson-Khand

Reaction

¢ Reported by Pauson and Khand in 1973

¢ Reactions can be accelerated by additives such as
NMO and Lewis bases

¢ |[ntramolecular reactions proceed with excellent regio-
and stereoselectivity

e |t is possible to run the reaction catalytically under high
pressure of CO

e Other TM that catalyze the reaction are Fe(CO)s,
RUQ(CO)12, W(CO)@, MO(CO)g, Cpger|2

J. Chem. Soc., Perkin Trans. 1973, 9/77.

R, R;
Co(CO), 2CO
R, l
Co(CO); Icl)
(CO)3Co(C0O)3Co R, /C\
R, (OC)3Co\—/Co(CO)3

o C

|

o

R3 18 e” complex Ri \
R2
alkyne insertion
2CO
Co(CO);
Co(CO), Ri
R
2 —,Co(CO);
Co(CO);
CO insertion 18 e” complex
R4
Rz ‘s,
- Fo(CO)p, loss of CO
Co(CO);
R, R, CcO

18 e complex alkene
insertion R,
R, —,C0o(CO);

co

alkene Co(CO
coordination o(CO),
R 16 e complex
2 I,CO(CO)3 4/( P
C|>0(CO)2

_j
—/\ R3
R3

18 e complex
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Total Synthesis of (+)-ryanodol

BOMO 0 10 equiv. SeO,, 110°C

_____________________

Me

Acc. Chem. Res. 2021, 54, 1360-1373; Science 2016, 353, 912-915; Org. Lett. 2018, 20, 3793-3796; ACS Cent. Sci. 2017, 5, 278-282.

/1



BOMO

Me

BOMO

Me |

1. Comins’ reagent,
iProNEt

2. PACIy(PPh)s, LICI | 529 yield
in 2 steps

Me SnBus;

Total Synthesis of (+)-ryanodol

Me 0
10 equiv. Se0,, 110°C

34% yield

Me H

OH
aqueous work-up
-«
(0]
o)
(o)
BOMO

|

Me

1. LIBH, then KHF,/
MeOH
2. H,, PA(OH),/C

r o

61% yield in 2 steps Me

Me

I
HO Me OH

OH

BOMO

BOMO

Me

Me

Acc. Chem. Res. 2021, 54, 1360-1373; Science 2016, 353, 912-915; Org. Lett. 2018, 20, 3793-3796; ACS Cent. Sci. 2017, 5, 278-282.

1. CF4CO4H, Nay,HPO,
2. Li% NHg, -78°C
r

33% yield in 2 steps

(+)-ryanodol

/2



Total Synthesis of (+)-ryanodine

o)
o Me
Me.,,, BOMO Me
MeB(OH), LiBH,
» Me | 0
84% yield 71% yield
] Bomo Me O Y
Bomo Ve OH ’
(S)-(-)-pulegone OH /B
Me
aq. KHF,, N
PtO,, Hs MeOH, 40°C o) H
-« -«
90% yield 90% yield NaH, DMF
57% yield
Y
OH
Me
Me
VO(acac),, TBHP LiDBB, -78°C
> > / \
60% yield 65% yield Me - .

(+)-ryanodine

same strategy for (+)-20-deoxyspiganthine (check out their paper for details)

Acc. Chem. Res. 2021, 54, 1360-1373; ACS Cent. Sci. 2017, 3, 278-282.



Total Synthesis of (+)-perseanol 74

OH
M ,
© reductive
cyclization
H Me Y N H
D
! | ] |
HO OH HO /Me OH
o Me OH HO OH
(+)-perseanal
OPMB Pd-catalyzed
H Me o H Me carbonylative
< cyclization
e & &
H
. Isolated from the tropical shrub \
Persea indica R%o Me g,
. Potent antifeedant and
insecticidal properties
couplin
. Structurally related to ping PMBO Me H Me o Me o)
ryanodine early stage [O]
N | N
> + : >
- Mechanism of action unknown 7 Me H 7 X Me
but related to ryanodine Rd
receptors (RyRs) Br RO Me Me

(R)-(+)-pulegone

Nature 2019, 575, 563-567; Acc. Chem. Res. 2021, 54, 1360-1373.



Total Synthesis of (+)-perseanol

Bro, NaHCO5 then
NaOMe, 55°C

/8% y/e/o’ 1.3: 7

RS

(R)-( pulegone
5 mol%
Ho Ve o Cu(MeCbpy)OTH, |y Me
1 mol% ABNO,
“H 10% NMI
M -

O © 98% yield O
Ph+0 ph+0
H H

fragment A

Nature 2019, 575, 563-567; Acc. Chem. Res. 2021, 54, 1360-1373.

1. KHI\/IDS then
P(OMe)s
2. m- CPBA NaHCOS

COzMe

X _Me oy yield in 2 steps

Me
OH H
then DIBAL
< 1
Me 87% yield (@)
Ph%o
B H

2.4 equiv.
Me Me
Et,AlI—N

Me \e

68% yield

H
OMe|PhCH(OMe),, CSA
Me

75

Me o)
"OMe
HO
HO Me



Total Synthesis of (+)-perseanol

&*

Me
I
(@)
LDA, EtZZn HI\/IPA

70% yield

EtO
20 mol% CSA

PMBO Me | N
| PMBO” ~N°

Me <

81% yield
Br
fragment B

Nature 2019, 575, 563-567; Acc. Chem. Res. 2021, 54, 1360-1373.

HO

1. 15, CAN
2 ag. NaOH
. (COBr),, DMF

5:1 regioselectivity

Me

>
50% yield in 3 steps

O Me
|
ﬁ*me
Br

kinetic resolution

40 mol%
(R)-(+)-2-Me-CBS,
BH3'NEt,Ph

44% yield, 91% ee




Total Synthesis of (+)-perseanol

Me OPMB

H Me
PMBO wH
_ 05 eauiv. Pd(PPh);
nBuLi 100°C
o %%wmd327dr

Ph-]l/O
H

fragment B H
fragment A — -
(0]
EsN, KF
s 4
57% yield Sy H
/O
Me (o) 0 Me
H DMDO, Na,SOy,
acetone DDQ, pH 7 buffer
H Me ¢ -
: 80% yield, 3:1 80% yield
Ph HO o Me regioselectivity
o MeMgCl,
CeCly2LiCl
68% yield
oxygen
transposition
5 equiv. TFA
90% yield

Nature 2019, 575, 563-567; Acc. Chem. Res. 2021, 54, 1360-1373.




Total Synthesis of (+)-perseanol

/O
Me o—7/ Me Me Me o
H , H
5 equiv. Se0y,
100°C
H Me -
- 78% yield -
0. Me Y O
0\/0
Ph
OH

Me Pd(OH)Q, H2

90% yield
, |
HO /Me OH
(+)-perseanol

Nature 2019, 575, 563-567; Acc. Chem. Res. 2021, 54, 1360-1373.

VO(On-Pr)s,
t-BuOOH, 60°C

68% yield

/8



The Nickel Era




The Nickel Era

transition-metal
catalyzed

M + v >

enantioselective

enantioenriched

. Ni (N9 Eq=-0.26 V vs SHE) offers facile oxidative addition compared to Pd (Pd?!! Ey= 0.95V vs SHE)
- Ni has access to a wide range of oxidation states (Ni%!!\!IL1V)

G. Fu J. Am. Chem. Soc. 2005, 127,10482-10483

0
Br 10 mol% NiBrodiglyme j
0/> 13 mol% ligand, DMA (2 0
+ >
BrZn
2
cl
0 o Cl
I \ % Vi %

rac &N NQ 82% vield, 91% ee

iPr iPr

Acc. Chemn. Res. 2024, 57, 751-762.



The Nickel

—ra

Y X ’¢’ ~
¢
General reductive I’\ [Ni], reductants» NP
cross-coupling (RCC) [: | enantioselective *
\\/\
X
enantioenriched

M. Kumada Tetrahedron Lett. 1977, 18, 4089-4091

« First Ni-catalyzed homodimerization

« Zn powder as stoichiometric reductant

Acc. Chemn. Res. 2024, 57, 751-762.

5 mol% Ni(PPh3),Clo,
Br 40 mol% PPh, O
'
1 equiv. Zn9, O
DMF, 50°C

89% vield
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General reductive :
cross-coupling (RCC) [-

I\/\X

The Nickel Era 82

”’

M. Durandetti Tetrahedron 2007, 63, 1146-1153

o

Cl
MeO)J\(

Me

Acc. Chemn. Res. 2024, 57, 751-762.

7 mol% NiBrobpy
2 equiv. Mn©,

3mol% TFA,  MeO

DMF r.t.

« Mn° can also work as reductant

Me

rac
87% yield

| :
[Ni], reductants NS ,]

enantioselective *

enantioenriched

D. Weix J. Am. Chem. Soc. 2010, 132, 920-921

11 mol% Ni|2'XH20,
5 mol% dtbbpy,
5 mol% dppbe,

| > CsHyq
CsHi Br 10 mol% pyridine,
Y 2 equiv. Mn® DMPU, Me
Me 60°C rac
88% yield

. First Ni-catalyzed RCC of unactivated C(sp?3) electrophiles



-nantioselective Reductive Cross-Coupling 83

I W
~_-OTBS

from synthesis of (-)-maoecrystal Z

|

enolate alkylatior/ \ acyl cross-coupling
(0)

B °

X—0

Acc. Chemn. Res. 2024, 57, 751-762; J. Am. Chemn. Soc. 2013, 135, 7442-7445.



—nantioselective Reductive Cross-Coupling

10 mol% NiCl,dme,

22 mol% ligand, PMP O Me Me
PMP O Cl Ph 3 equiv. Mn9, o) o)
L\,/u\ ¥ \T/ > L\«/H\T/Ph 7T><Ti~>
cl Me 0.75 equiv. DMBA, "H S/N N/
30% DMA/THF (v/v), Me Ph Ph
1.2 equiv. 1.0 equiv. 3A MS, r.t.. 24h 85% vyield, 92% ee

- Mild conditions avoid racemization of the a-aryl ketone product

- Wide functional group tolerance

PMP O o
H ."'H
OTBS Me
51% vyield, 89% ee 76% yield, 92% ee 64% yield, 14:1 d.r.

Acc. Chemn. Res. 2024, 57, 751-762; J. Am. Chemn. Soc. 2013, 135, 7442-7445.
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Ni-Catalyzed Asymmetric

10 mol% NiCl,-dme,
11 mol% ligand,

B Me 0.5 equiv. Nal,
PP X /l\ >
Cl Ph 3 equiv. Mn?,
DMA, 0°C, 6h
1.0 equiv. 1.0 equiv.
(0 (0
</: \
\—N N
10 mol% NiClyligand,
B SiMe; 5 mol% CoPc,
PP X+ /l\ >
Cl Ph 3 equiv. Mn?,
, _ NMP, 5°C, 2d
2.0 equiv. 1.0 equiv.

Reductive Alkenylation

- Nal empirically found to
Me increase yield

PP~ X" pp

91% vyield, 93% ee

« Broad scope but trisubstituted
olefins are still a limitation

§iMe3 - Use of CoPc as co-catalyst
: increases the yield though facile
pMp/\/\ Ph radical generation

70% vyield, 97% ee

Acc. Chem. Res. 2024, 57, 751-762; J. Am. Chem. Soc. 2014, 136, 14365-14368; J. Am. Chem. Soc. 2018, 740, 139-142; Chem. Sci. 2015, 6, 1115-1119.
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Ni-Catalyzed Asymmetric

10 mol% NiBry-diglyme,

Et ' N 20 mol% ligand BiOX,
/l\ + | > Ph
Ph cl N/ OMe 3 equiv. Mn©,

0.75 equiv. TMSCI

1,4-dioxane, r.t., 18h
1.2 equiv. 1.0 equiv.

Reductive Alkenylation

Et

(o) (@)
[ /> <\
AN n-P r\\\\«‘ N N
s,

N OMe n-Pr n-Pr
BiOX

84% vyield, 91% ee

- Reaction tolerates aryl triflates and boronates

. Steric bulk at the benzylic carbon not tolerated

Me 10 mol% NiBryligand,

N 1.5 equiv. TDAE, y
0.5 equiv. Nal, vie
- Ph _ :
PMP/\/ :
PP X" p,

o) 1 equiv. TMSBr
DMA, -7°C, 16h

1.0 equiv. 1.0 equiv.

</: \
\—N N

80% vyield, 96% ee

« NHPI esters as a method to overcome alkyl halides synthesis

. tetrakis(N,N-dimethylamino)-ethylene (TDAE) better performing than heterogeneous reductants

Acc. Chem. Res. 2024, 57, 751-762; J. Am. Chem. Soc. 2017, 139, 5684-5687; Org. Lett. 2017, 79, 2150-2153.
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Ni-Catalyzed ARA: Mechanistic Insights

Me
NHP

/\/Br + B </ —
PMP @ \% PMP/\/\Ph
Me

c| reductant, additive, DMA

Acc. Chem. Res. 2024, 57, 751-762; Org. Lett. 2017, 19, 2150-2153; J. Am. Chem. Soc. 2023, 745, 14705-14715.
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Ni-Catalyzed ARA: Mechanistic Insights 88

Me
pmp” X Br + 0 — </
PMP/A\V/A\Ph
Me
CI reductant, additive, DMA
|. BOX-Ni"" and BiOX-Ni'' complexes reduce at very negative potentials - Ni% is not accessible under Mn®, Zn°, or TDAE conditions.
(Ni'" = Ni', then Ni' = Ni® require E < —2.0 V) . The cycle must start with Ni'=Nil'=N;i'l.

II. When L,Ni""X, is reduced in presence of alkenyl bromide, CV shows
increased current with increased SM concentration. Same trend with - Ni! can activate both vinyl bromide and benzylic chloride.
benzylic chloride.

Ill. When NHP ester is treated with TDAE and TMSBr with no Ni, the

homodimer product is observed. . The radical formation for NHP ester does not involve nickel.

IV. Ni''(alkeny)X is observed though NMR. - Most likely this is the resting state.

Acc. Chem. Res. 2024, 57, 751-762; Org. Lett. 2017, 19, 2150-2153; J. Am. Chemn. Soc. 2023, 745, 14705-14715.



Ni-Catalyzed ARA: Mechanistic Insights

Ni-independent electrophile activation

™S
o) x> o
0 TMSX o N
0 .
\ o
o

*

T Y RS e
N " Br reductant TDAE
reductant[Br]
N X ductant N N [TDAE]X
7" reductan
~  ONil ——— ¢ ONil—X \N'"
7~ ~N 7~ 7~ I\
N X N N
| \V; - CO,
/\ k\ - TI\/IS phthalimide
@

X
! <N\Ni"“‘
NTN
X
|
XAT
o
N/

Ni-dependent electrophile activation

Mn©

Ci 1/2 MnCl,

Acc. Chem. Res. 2024, 57, 751-762; Org. Lett. 2017, 19, 2150-2153; J. Am. Chemn. Soc. 2023, 745, 14705-14715.
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The Modern Era

ritterazine B

ACS Cent. Sci. 2021, 7,1311-1316; J. Am. Chern. Soc. 2021, 743, 4187-4192; J. Am. Chem. Soc. 2025, 147, 42170-42174.

OMe

MeO
_—NEt

HO
OH OMe

(-)-talatisamine

(+)-auriculatol A

91



Total Synthesis of (-)-talatisamine 92

OMe
OMe MeO OMe £
MeO __NEt Neadical _-NEt fy E °
cascade \X amination
I
E— E— —
~—
HO Owa:-0

OH OMe

(-)-talatisamine

semipinacol
rearrangement

. Isolated from the flowering plant
Aconitum talassicum

. Selectively inhibits K* channels
over Na* and Ca* in rat neurons

. Attenuates neurotoxicity induced
by B-amyloid oligomers

ACS Cent. Sci. 2021, 7, 1311-1316.



Total Synthesis of (-)-talatisamine

o
_B
N r
1. MeO,C.___CO,Me

o) . d_o
10 mol% o/\| 1. [ >_\_ 1\
O  Ga-Na-(S)-BINOL, o) o | o

7 mol% NaOtBu NaH, TBAI MeO,C'+:; MeCN/H,O
-
2 ethglgergce) Igjilycol, MeO,C._ . 2. aq. HCl, acetone MeO,C y 0 2. Et5N
\\ 67% yield in 2 steps 62% yield in 2 steps
75% yield in 2 steps COzMe

recrystallized to >99% ee

H B H Me Me
H | Y\r
| m-CPBA then i o O
hv (254 nm) 2M HCI
o o >

&5 i (o) o o | ~
)\)\ 67% yield H (o) H 82% yield A 05 !
Me Me Me Me &
Me [ Me _ OH
1. NaBH,, CeCl37H,0
2. 'Bu,Si(OTf),, 2,6-lutidine
MeO
Br 5 mol% Ni(OAc),4H,0 TfO 1. Cu(MeCN),OTf, NMI, HO 3. Cu(MeCN),OTf, NMI, ®=bpy,
10 mol% NMI, Zn9, MeObpy’ ABNO ABNO then K,CO3, MeOH
~ 1.5 equiv. LiBr ~ 2. Comins’ t —
- - ormine Teasen -« 77% yield in 3 steps
87% yield % vield |
0-g;-O0 y °~sr° 87% yield in 2 steps O-g;-O
7 N\
tBu” “t-Bu t-Bu” “t-Bu tBu” “t-Bu

ACS Cent. Sci. 2021, 7, 1311-1316; Angew. Chem. Int. Ed. 2019, 58, 14901-14905.
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Total Synthesis of (-)-talatisamine 94

. OTMS
o Mete? O Me0,c7 | CO20 ' TCA&Z%HKZCOS’ MeO,C
OTMS e e
tBuli,g4c  MeOL H 10 mol% TMSNTf, i 2. KHMDS, i
— then TMSCI -78°C Comins’ reagent
+ > > . >
77% yield 97% yield — 3. PA(OAc),, PPhg,
0-gi-0 HCO,H, EtsN
VRN
tBu  tBu O-g;-O O~gi-O  72% yield in 3 steps
t-Bu” “t-Bu t-Bu” “t-Bu t-Bu
(ally)NH,HCI, sodium
2-ethyl-hexanoate,
80°C, 3d
54% yield Y
1. 0.5 mol%
MeO OMe PhI(OAC)2, KsCOs,  meo OL"S [MCOB)Cll, EloSiHai yeg OMe OH
~—N SiO,, 50°C ~—NHz2 - then LIBAEL; NH(ally! | M NH(ally!
S 2. 10 mol% Pd(PPhy),, TNHR@IYD - ere, e0,C" /_Jr—NA(allyl)
through iodonitrene I 1 3-DMBA ol 2. MesO*BF, ol
- . — - -
~< Ph \(?/N : ~ 95% yield in 2 steps 63% yield in 2 steps —
O-g;-O 74% yield O-g;-O O-g;-O O-g;-O
t-Bu/ “t-Bu t-Bu/ “t-Bu t-Bu/ “t-Bu t-Bu/ “t-Bu

ACS Cent. Sci. 2021, 7,1311-1316; J. Am. Chem. Soc. 2012, 134, 11304-11307.



Total Synthesis of (-)-talatisamine

MeO e MeO s e om
N _Nac 2 CUMECN),OT!, yoq e MeO
NMI, Y*“bpy, ABNO ~—NAc
AcBr 3. MOMCI, TBAI AIBN, n-BusSnH
o Br Fou- B Yo
~= o . —— o ;
83% yield 75% yield in 3 steps = 99% yield
Owe:-0 Owe;-0
Si Si (o)
MOMO
t-Bu/ \t-Bu t-Bu/ \t-Bu MOMO

_— LIHMDS
MeO 1. BF5Et,0, MeO MeO Cl MeO
~—NEt MesO*BF t-Bu s':
. - 2. aq. Hy,SO, Red-Al, Et,O - SN“">Ph H
L—
77% yield in 2 steps 58% yield then H,0, pyr.
97% yield
HO HO HO
HO OMe MOMO MOMO o MOMO

(-)-talatisamine

ACS Cent. Sci. 2021, 7, 1311-1316.

OMe
~—NAc

Ho, Pd/C
84% yield

OMe
~—NAc
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Total Synthesis of ritterazine B

. Bis-steroidal pyrazine (BSP)
isolated in 1995 from Riterella
tokioka in Japan

«NClI recognizes it as one of
the most potent growth
inhibitors ever tested
(0.17 nM 1Cgq for P388
leukemia cells and an average
Glgg of 3.2 nM in the NCI-60
cell line screen)

divergent
propargylation

HO

western fragment eastern fragment

frans-dehydroandrosterone

J. Am. Chem. Soc. 2021, 743, 4187-4192.



HO

2 steps from
trans-dehydroandrosterone

J. Am. Chem. Soc. 2021, 743, 4187-4192.

Total Synthesis of ritterazine B

1. TBSOTH, EtzN

then NBS TBSO

2. Li,COg, LiBr,

150°C
3. TMSOTHf, Et3N
9 - 20N
70% yield in 3 steps
H
TBSO

Me
“OTBS

western fragment ’ OPMP

TBSO
Me
. . i i Me
nBuLi, Ti(Oi-Pr),, i-PrMgCl — A
54% yield, >20:1 d.r. C17, Bf
1:1d.r. C20 OPMP
DMDO, acetone/H,0

then TBAF

92% yield ‘@
TBSO
nBuLi, Ti(Oi-Pr),, i-PrMgCl _— Me
>/\/ M
'Me

56% yield, >20:1 d.r. C17,
1:1d.r. C20

OTMS

Me

eastern fragment

97



Total Synthesis of ritterazine B 98

Me Me Me Me
1. Stahl ox. conditions

“OTBS 2. Ag(DPAH),
3. NaBH(OAc),
OPMP »

60% yield in 3 steps

“OTBS 10 mol% JohnPhos-AuCl.
OH 5 mol% AgBF4

68% yield,
single isomer

1. Cr(V), MnO, Et o |0 Et
2. Sml,, 2-naphthalenethiol c;’
/7 \

51% yield in 2 steps

1. TIPSOTH,
2,6-lutidine
then EtsN-3HF

2. Stahl ox. conditions
e

1. PhNMe,Br,, THF

2. TMGN3, n-PrNO,
-

64% yield in 2 steps

95% yield

J. Am. Chem. Soc. 2021, 743, 4187-4192.



Total Synthesis of ritterazine B

H2N'l gj N'l
',Ns o’
_ . _ _—
\ Wl
OMe 3 OMe

-~ QQNQ

NHOMe

)

H OMe

J. Am. Chem. Soc. 2021, 743, 4187-4192.

1. MeONHyHC
2. PPha,

H,O

99% yield in 2 steps

HO"';
Me

1. BUZSHC|2, PVPy
2. TBAF

47% yield in 2 steps

ritterazine B

99

Me
..\\OTBS




Total Synthesis of (+)-auriculatol A 100

Ni-catalyzed
enolate

(+)-auriculatol A alkenylation

U

Mukaiyama
aldol
. First isolated in 2019 from the /
leaves of Rhododendron S
auriculatum Sio

- Shown to possess antinociceptive
properties

« No prior synthesis

J. Am. Chem. Soc. 2025, 747 42170-42174.



Total Synthesis of (+)-auriculatol A 101

0)
1. LHMDS, HMPA,
2. LIOH . , Et
TBSO ! _ TBSO 0% cl -
Ny 92% yield in 77% yield o 64% yield in
Me’ : 2 steps e 2 steps TBSO
Me TBSO  Me
2 steps
>99%pee fragment A
1.5 mol% Pd,dbas,
o 12.5 mol% 5 mol% Ni(COD)y,
allylO,C (R)-(CF3)5-'Bu-Phox 5 mol% bphen, 0
2. p-TsOHH,0, 2 equiv. Mn©
> >
Br 69% yield in 2 steps, 25% yield
(0) (o) 85% ee Ph Ph
2 steps / ':l ;\l_/
bphen

J. Am. Chem. Soc. 2025, 147, 42170-42174; J. Am. Chem. Soc. 2019, 747, 1823-1827.



Total Synthesis of (+)-auriculatol A 102

0)
1. LHMDS, HMPA,
BreHac O-Et S0 o > QBECH)%,D;SN
TBSO > TBSO i - Cl
92% yield in 77% yield e | 04% vield in
Me™ = 2 steps 2 steps
Me TBSO  Me
2 steps
>99% ee
1. 5 mol% szdbag,
12.5 mol% 5 mol% NiBry,dme,
allylo,C (R)-(CF3)s-Bu-Phox 5 mol% terpy,
2. p-TsOHH,0, 2 equiv. Mn©
- > e "”OH +
Br 69% yield in 2 steps, 68% yield
(o) (o) 85% ee
2 Steps 1. MEMC', E’[QNiPI’
2. KHMDS, N-Ph bistriflimide
76% yield in 2 steps
Y
Br 1OLmBO|O/?HNFi§8|\aE)2’ 0 1 mol% OsO,, NalOy,,
IDr, 2,6-lutidine
0=\ . 1OMEM ¢ 0= \...- 1OMEM =
68% yield 65% yield

fragment B

J. Am. Chem. Soc. 2025, 747 42170-42174.
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1. TMS:imidazole
2. 7.5 mol% CuCl,2H,0,
- 7.5 mol% rac-(tol)-BINAP,
1 . ZnCl

equiv. At «uOMEM PMHS, t-BuOH, NaO'Bu
56% yield, — >

7.7:1.7:1.0d.r. 61% y;ezlg. ;nersteps, IBSO

fragment A fragment B other diastereoisomers
5R,6R and 5S,6R
COzMe )
- 5 mol% Ni(COD)DMFU,

\Ni; 1.6 equiv. NaHMDS,
N > 15 mol% ZnBr,

MeO,C |
71% yield
Ni(CODDMFU Y yie

1. 6 equiv. DIBAL
2. HCI, MeOH
3. 20 mol% Mn(dpm)s,,
PhSiH3, t-BuOOH, iPrOH
-«

1. Co(acac),, PhSiHj;,
O, then Na,S,04
2. PPTS
3. IBX

-
65% yield in 3 steps

19% in 3 steps

(+)-auriculatol A

J. Am. Chem. Soc. 2025, 147, 42170-42174; J. Am. Chem. Soc. 2003, 725, 11253-11258.



The Eras Tour: Saranh’s Version 104

— 2010
" N
e
_ — 2012
OR 0 N
NH — 2013
/N H N o Me
e )\R Me* "
The Debut Era o]
The Indoline Era The Cyclobutane Era
OMe

Y, Ri 7 MeO __NEt — 2020
Ni, ] — 2021

[I’\ R, Mn X -

1 |
Ny X — 2023
HO OH I x RTOR, .
Me HO
HO OH The Nickel Era OH OMe

The Terpene Era The Modern Era — 2025



Average Show Runtime

Average seminar in the Shenvi lab?

hours
23 minutes

Eras

The End.
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