
The Tactical 10’s: Total SynthesisTimothy J. Gallagher
Baran Group Meeting

10/2/21

1

PRESENTATION OUTLINE 

Highlighted total synthesis examples 
from 2010-2020 through the following:

1) Comparison Then and Now

2) Methodology Development

3) Families

4) Case Studies

E. Jacobsen,
“Race for Molecular Summits”
Science, 1999, 184

Palytoxin, first 
completed by Kishi in 
1991

“Early on, the issue was, can you make a complex 
natural product?

A Scifinder Snapshop of “TOTAL 
SYNTHESIS” publications by year

Palytoxin, the “Molecular Everest”

“The Mount Everest issue has been answered without exception,”

not “if”, but “how” focuses on:

Efficient, Sustainable, and Translational Chemistry

So then what?

“Woodward” Era
1937-81

80-1989: 591 
90-99: 590

00-09: 1041
10-19: 1370
20+: 219“Corey” Era

1970’s-90’s

Useful Reviews for historical context:

1. ACIE, 2000, 4
2. Science, 1999, 184

2010-2020

Useful Resources 2000-2010:

1) Chem. Soc. Rev. 2009, 3010
2) Acc. Chem. Res. 2007, 40
3) Nat. Chem. 2009, 193

“The human enterprise was once largely limited to what nature produced. 
We are now limited only by what we can imagine”

-Wender, 07

“Tactics, Strategies”
Acc. Chem. Res. 2018 1807

“More Than a Race for Molecular Summits”

Acc. Chem. Res. 2021, 1815
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Corey, 1978 see Classics in Total Synthesis I, Ch. 11
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Conditions
1. OsO4, t-BuOH, H2O
2. OsO4 (2x, ibid.)
3. DMDO, MeOH
4. DMDO, CHCl3, MeCuCNLi

1.

2.

3.

4.
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Overman, 1993, Ch. 33
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OReissig, ACIE 2010, 8021
CN

SmI2,

 HMPA, 
THF

iso-
strychnine

70-75%

N

MacMillan, Nature, 2011, 183

PMB SeMe

NHBoc

N
PMB

CHO
NBoc

CHO

cat. 1. MeN NH

tBu

1-Nap.
O

cat. 1.
82%, 

97% e.e

Cyclic Control
Convergent

Asymmetric
Aldols

Then vs. the 10’s
Direct comparison of “classics” with 

modern syntheses’ to highlight 
inception of new strategies tactics 

and features.

Access to: 
Strychnos, Aspidosperma 
and Kopsia families

Wieland–Gumlich 
aldehyde

C3–7: 16, C15-20: 10
isostrychnine: 6
W.M. aldehyde: 11

More: 1)  Nat. Chem. 2009, 547, 3) Nature 2016, 338 2) JACS, 2013, 4223

Wieland–Gumlich 
aldehyde

N

O O

H
HH

N

iso-
strychnine

2

15

20
7

3

ACIE 2012, 4288

Other New Tactics
[Pd] cat., enzymes, 
[2+2+2], >1 C–C bond

Woodward, 1954, Ch. 2

ketenes as “enolate”
equivalents

9 13

15

“trimer”
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METHODS
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Strategies: convergent, family, modular
Features: P.G. free

O

Me
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Me
SiMe2Cl
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HO
Me

X OH
motif in 

>2000 NP’s

Me

H (R)-IrLn, K3PO4, 
A, THF, 60 °C

HO

Me
Me

OH

HO

O1) Et3N, C,
    CH2Cl2, 0 °C

A B C

76% over 2 stepsOH
Me

O

SiMe2

Fragment 2

 Fragment 1

+

ZnCl2, 
CH2Cl2

BF3 OEt2, 
CH2Cl2

X: H2, O

5 steps
 Fragment 2

Fragment 1

Tactics: Borrowing Hydrogen

90% yield
34:1 dr, 
98% ee3 steps 3 steps

Krische, JACS 2016,12364

Other Syntheses’ Utilizing this Method (Krische):
1) (+)-roxaticin (first example of their tactic) – JACS, 2010, 15559
2) (+)-zincophorin methyl ester (anti crotylation) – JACS 2015, 8900
3) Swinholide A (LLS cut by ~half to 15 steps) – JACS, 2016, 14246
4) (+)-trienomycins A and F (syn crotylation/dienylation) – JACS 2013, 10986

2) Grubbs-II, 
    Tol.,100 °C

Me

O

utilizing 
enantiomer 

of allyl silane

63% yield 92% yield

4 steps

+

Other syntheses’:  1) 6π electrocyclization ACIE 2019, 15304
2) 2x radical cyclizations Nat. Comm. 2015, 6069

 3) electrochemical [O] JACS 2014, 5571

O

O NH

OR

HO
OH

OH

OH

(+)-pancratistatin (R = OH)
(+)-7-deoxypancratistatin (R = H)

Strategies: Desymmetrization, 
Features
P.G. free, 
scalable

Tactics: Enantioselective Deromatization Sarlah, JACS, 2017, 15656

9 steps 
(Prior 24)

7 steps 
(Prior 14 and 10)

N N

Me
NO O

visible 
light

MTADOPRD, 2020, 2953

H2N
H
N OEt

O

3 steps

1 isolation

X
MTAD

N N

Me
NO O

1st ex. of 1,4- 
Syn w. 

Grignards

Dihydrox. / Epox.

X =

X R

N
NH

MeN
O

O

R

R

[M]
R–MgBr

[Pd]

[Ni]N
N

[M]
Via:

1,2-Anti

1,4-Syn
common 
for R-Li

common 
for 

R-MgBr

ACIE, 2019, 10245

Haptotropic 
Shift

Dearomative 
Functionalization
Synlett 2018, 845

MTAD
+

visible light ;
[Ni(cod)2] (10 mol%)

ligand (20 mol%) MgBr

O O

 CH2Cl2, THF,
–78 °C to 0 °C,

(Ar)-MgBr
Ar

N
HN

NMe
O

O

1) m-CPBA, 
TsOH, H2O, HFIP
2) OsO4, NMO

(NUR)

Ar

NURHO
OH

HO
OH1 step

72% yield 
over 5 steps

Minor Aside:

(Ar)

Other Syntheses’:
1. JACS, 2019, 10193
2. ACIE, 2017, 15049

3 steps

Tactics: Boron Protection for Iterative Cross Coupling ICC,
Features: Orthogonal reactivity, iterative, simplification

Burke, JACS, 2010, 6941
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60%
pdt.

before: CC on haloallenes —> inversion

method:

+

then deprotect

JACS, 2007, 6716

rationale: JOC, 2008, 6534

Name?
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FAMILIESSarpong Synthesis of the Phomatacin Family
– Initially thought to be 16 members.
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conf 4) [Rh(cod)OH]2,

    MeOH

59% yield over 
3 steps

(2:3 d.r.) 75% yield

O
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5) (NH4)6Mo7O24, H2O2
6) MeLi,
7) Burgess Reagent
8) SeO2

9) t-BuLi, 1:1 d.r. (F)
10) SEMCl

(F)
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11) TBAF
12) MsCl, LiBr
13) NaHMDS
14) NaHg
15) TBAF, DMPU

16) MnO2; NaBH4
      CeCl3
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Me 82% yield over 
6 steps

65% yield over 
6 steps

access to > 27 
family members,

17) Vo(OEt)3, 
      TBHP, 0 °C

65% yield
OO

18) Me4NBH(OAc)3
      CsOAc, 18-c-6
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21) MnO2

21% yield 
over 4 
steps

Me
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Biosynthetic Intermediate Synthetic Intermediate
Challenges
1. C6 center
2. [9.3.1] core
3. Macrocycle

16 attempted, 
6 successes in 
making (only) 1 family member

Org. Prep. Proced. Int, 2014, 214
Review:

Nat. Chem. 2018, 938
JACS, 2015, 6327, JACS 2020, 15536[Methods Developed]

Noteworthy items:
1. divergency
2. structure 
characterization 
3. Methods:
– C–C cleavage to 
make quat. center
– used to make 3.3.1 
core (aside)

[2nd Method]
Aside

if using [Pd] on 
the (ent)-diol with 
vinyl halide:

O
MeMeHO

X R

R

R R

JACS, 2018, 9810

Pleitker synthesis of PPAP derivatives - Nat. Chem. 2011, 938

[3.3.1]

Features

Ex: JACS, 2015, 10516,

Trans (this work type B only)
no synthetic reports 
TYPES B–C R3 = Alk
Cis
Synthetic reports for B 
and A6+ separate groups
Challenge: type A quat center
α to 3 ketonesR3 = (C=O)Alk

Synthesis of type B (prenyl)
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addn Michael/

Knoevenegal
alkylation

“The most extreme incarnation… of the DA”

inspiraption study for PPAP 
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O
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Nat. Chem. 2015, 82

7 
steps

4
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O

Nat. Commun 
2020, 11 508
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Case StudiesSeven Total Syntheses’
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P(nBu3)3,
PhMe, 80°C

Imine from:
“twisted amide”

83%

[O] coupling, [H]
Ma’s Approach

Br
O

O

N2

cycloproponation CuOTf, 
CH2Cl2
rt 1 h

88% yield NMe N3

O O mixture of 
diast.

1) PBu3, aq. 
THF, 0°C
2)ClCO2Me = E

N
Me

N

O O
single diast.

90% yield

DMAP, 
CH2Cl2, rt

8

but even with a

C8 
epimer

E

1:1 ratio…

Br

NaH, dry DMF, 
0 to 65 °C, 4 h
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84% yield

+
Pd(OAc)2
P(o-Tol)3,

Et3N, mw, 2 h

Me
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Qin - 2009
– first synthesis (rac)
– 23 steps
– 3% overall

only. 
diast!

For allylation Q: JOC, 2006, 8891

“unique” 
amidination
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N
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6 steps
mw avoids premature dehydration

68% yield, 21% rsm
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70%
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– redox-, atom-, step-
   Economic (i.e. no Aux*)

N
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N

Me Me

N
H

8

“unique” 
amidination

H+ cyclizations

heck allylation

Primary 
Focus

Qin JACS, 2007, 13794
Weinreb ACIE, 2010, 2000
Funk JACS, 2012, 16941
Ma JACS, 2012, 13226 
Movassaghi JACS, 2016, 7763
Yang JACS, 2017, 3364
Chen ACIE, 2017, 14237N

Me
N
H

Ac
N

Me Me

N
H

EG

BA
D

Communensin F

1)MsCl, 
Et3N
2) PPTS, 
CHCl3

H+ cyclizations

3) Meerwein’s 
Salt
4) TFA.
5) SiO2

~ 70% yield 
over 5 steps

7

Qin’s Approach

Porco on Ag:
1. JACS, 2010, 7541
2. ACIE 2013, 8345

C3 = Me on indole didn’t work

Yang’s Approach
C-H act.

NH

OTBS
Br

Movassaghi
Heterodimerization
Family access 
(JACS, 2019, 14411)

Focus on Methods for 
Vicinal Quat Centers

Weinreb
Reductive Heck
Chen
Organocatalysis

C

F

G
(G ring)

(E ring)

5
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Case Studies

Carreira 
JACS, 2018, 16704

Me
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MeMeO2C
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– 4 quaternary carbons
– 5 contiguous stereocenters
– 1,2-diketone (dissonance)
– embedded oxetane

O
O

O

which ketone 
to prioritize?

O
O
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Me Me

O

Me

O
O

more 
accessible

synthon

Me
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MeMeO2C OH
O

Diels Alder
Me

OH
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Intramolecular 
[2+2] O

Me

OHC Me

Forward

OTBS

NMe2

+

INT-1
1) Lig* (20 mol %);

Ph3P=CH2; 
HCl

 

2) MeO2CCN
3) TBSOTf

Lig*
(S,S)-1-Np-TADDOL

 (for INT-1)

65% yield 
over 3 steps

88% ee

OTBS

Me

MeO2C
propylene 

oxide, 
heat;

DIBAL-H, 
HCl

85% yield

Me

HO

TBSO

LiMe

1) MsCl
2) KCN
3) La(III), 
   diene
4)TESCl
5)DIBAL-H

CHO

Me
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Me
Me

OHC

OTES
Me

MeTESO
Me

Me O

8 steps

O

TASF, 
Koser’s
reagent

Product

MeO2C
65%

Miscellaneous, food for future thought

O

OH

Me

HPK Isomers 
(cyclopentenone 
synthesis)

[diene]

O

R

R
Nuc

XO2C
OO O

RR

Ph3P
O

OX

1)

1) Weinreb, 
NaH,
Nuc

Flow

protected 
dictyodendrin B

Sequential Functionalization:
N1 - alkyation
C2 - acylation
C3 - C-H act.

C4 - CC
C5 - C-H act

C6 - [O]
C 7 - C-H act.

Chemoenzymatic O
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N
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ACIE 2015, 5451

N

MeO

Me

OMe OH

HO

Sarpong
Nature 2015 493

Software 
version of 
Logic

– retrosynthetic 
cuts to

Aconitine 
structure type

ACIE 2015, 7842

JACS 2017, 10196
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