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A Scifinder Snapshop of “TOTAL 1980-1989: 591

LE] H H 90'99: 590
SYNTHESIS” publications by year _ “The human enterprise was once largely limited to what nature produced.
00-09: 1041 We are now limited only by what we can imagine”
10-19: 1370 -Wender, 07
Corey Era 20+: 219 ’
1970’s-90’s 2010-2020

“Woodward” Era

1937- 8 not “if’, but “how” focuses on:

Efficient, Sustainable, and Translational Chemistry

“More Than a Race for Molecular Summits”

Acc. Chem. Res. 2021, 1815

1980 - 2000 (1,268)

PRESENTATION OUTLINE

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

Palytaxm the “Molecular Everest”

o

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

1) Comparison Then and Now
Palytoxin, first
completed by Kishi in
1991

2) Methodology Development

3) Families

] o : OH Ho' 1%
STWIWY, 4) Case Studies

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

Useful Reviews for historical context: Useful Resources 2000-2010:

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

E. Jacobsen,
“Race for Molecular Summits” 1. ACIE, 2000, 4 1) Chem. Soc. Rev. 2009, 3010
Science, 1999, 184 So then what? 2. Science, 1999, 184 2) Acc. Chem. Res. 2007, 40

3) Nat. Chem. 2009, 193
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Corey, 1978 see Classics in Total Synthesis I, Ch. 11 Nelson ACIE 2010, 2591 0 OR OR
— Stereoinduction via cyclic mtgrmedmtes Then vs. the 10’s RZN os:n3 Me H Me
OH Direct comparison of “classics” with
Me 3 modern syntheses’ to highlight
—>

inception of new strategies tactics

and features.

“trlmer

N Jwe

Me Cyclic Control
Convergent 1o

Rs Rs

ketenes as “enolate”
equivalents

BnO

Et "ORZ
. | | Me
‘OR;
Me OH OR
Erythronolides HO Eto
: Conditions

. Me ey
Erythromycin 050, +BUOH, H,0 v OH
BnO  Asymmetric p 2- 0sOy (2x, ibid )
MeO OMe Aldols ' DMDO, MeOH 5 Y
B : 4. DMDO, CHClz, MeCuCNLi 'V'e Me
‘More: 1) Nat. Chem. 2009, 547, 3) Nature 2016, 338 2) JACS, 2013, 4223- ;_5/'§o
Woodward, 1954, Ch. 2 Ac Reissig, ACIE 2010, 8021
N
(CH3)oNH, ? iso- cN Sml ;
strychnine \ Et0,C 2’ iso-
N “CO,H Y HMPA O strychnine
N
THF .
4 o 0 70-75% o : 1-Nap \
Strychnine MacMillan, Nature, 2011, 183~ — NBoc =~ O\ £
ACIE 2012, 4288 cHO )\
C3-7:16, C15-20: 10 | NHBoc —> MeN NH
isostrychnine: 6 N CHO H
W.M. aldehyde: 11 oe |  82% By
aldehyde [Pd] cat., enzymes, | Strychnos, Aspidosperma Wieland-Gumlich
[2+2+2], >1 C—C bond | and Kopsia families aldehyde
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Tactics: Borrowing Hydrogen
Strategies: convergent, family, modular

METHODs | Other syntheses’: 1) 65 electrocyclization ACIE 2019, 15304
2) 2x radical cyclizations Nat. Comm. 2015, 6069

Features: P.G. free _ 7 steps 3) electrochemical [O] JACS 2014, 5571
Krische, JACS 2016,12364 (Prior 14 and 10) NH Fragment1  Fragment 2 o
iPr 4 steps .
9 steps Me SiMe,Cl
(Prior 24) I\?Ile |:> ‘ o I:> | £ \ 4 Me +
o S HO > HO |
' X H2, (0] l\_IIe \ Me H
o I : "a,’k: HO™ B c
: : A
HO HO , : BF3 OEt,, ZnCl, o/ i
isoiresin triptoquinone C oridamycin A | -~ ! CH,Cl, CH,Cl, (R)-IrLn, K5PO,, 9gf1y§,;ld
: Z ' o Vi o A, THF, 60 °C -1-ar
T 5 steps 3 steps 3 steps X~ C ; 63% yield 92% yield 98% ee
' motif in ' Name? 1) ELN. C
Fragment 1 Fragment 2 1. >2000 NP’s 0 sim )EGN, C,
Other Syntheses’ Utilizing this Method (Krische): ~~ *~~"""""""""""" i 1 2 CHyCl,, 0 °C
1) (+)-roxaticin (first example of their tactic) — JACS, 2010, 15559 utilizing Me (o) 5) Grubbs-lI
2) (+)-zincophorin methyl ester (anti crotylation) — JACS 2015, 8900 enantiomer - )T rlu ] 096'0 5 HO
3) Swinholide A (LLS cut by ~half to 15 steps) — JACS, 2016, 14246 of allyl silane e o,
4) (+)-trienomycins A and F (syn crotylation/dienylation) — JACS 2013, 10986 OH 76% over 2 steps
;actics: En%ntioselective Deromatization visible light ; Sarlah, JACS, 2017, 15656 | k
trategies: Desymmetrization, [Ni(cod),] (10 mol%) O (N : OEt 3 steps 0 o
Features OH MTAD ligand (20 mol%) ( #I\FI‘IL MgBr | H,N" \n/ §/\ \74
P.G. free, yo. _A CH,Cl,, THF, (Ar) : o |solat|on N=
scalable |:> G006 AN om0 poss - MTAD,
<° (Ar)- MgBr \  Minor Aside:  visible Dih
o NH -CPBA CL :@ ]@
o 72%5 y/f/d 3 steps . TsOH H,0, HFIFj ________ g MTAD
over 5 steps " Oth h v Via:
(+)-7-deoxypancratistatin (R = H) <€—— . 2) 0sO4, NMO 1%%:9823: 9978?93- M]- .. [Pd] 7,4-Syn
- — 1 ste H ' [P ~N [M] common
R L ) S o S 2. ACIE, 2017, 15049 ; 7 /)| R-MgBr g for Beli
Tactics: Boron Protection for lterative Cross Coupling ICC, MIDA method: JACS, 2007, 67163, . = : [Ni]
Features: Orthogonal reactivity, iterative, simplification boronates Blue cuts: : Shlet P 1,2- (A{nt/
o B]= MeN 1 B H '
Me, Me 0 i [ ] B{OTLLO R4 \2 [ ] + : 1st anOVT/1 4 -
N AR ' A . Me % "~5-<0 Me N 3 G V! ” N common
o |:> Suzuki cond. 60% Me : rignaras o “NH_ for
S : Dearomative R-MgBr
HO Me then deprotect "y N—Q g

R, OAc  before: CC on haloallenes —> inversion i Functionalization
Burke, JACS, 2010, 6941 rationale: JOC, 2008, 6534 :  Synlett 2018, 845 AcE, 2019 10245
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Sarpong Synthesis of the Phomatacin Family [Methods Developed]JACS, 2015, 6327, JACS 2020, 15536 Aside
e FAMILIES |LV'EH0Us DEVEIOPEUJAL S, U190, boc/, JALO 202U, 10000 2A51dC_ |
— Initially thought to be 16 members. Nat. Chem. 2018, 938 1) m-CPBA OH [2nd Method] %
Biosynthetic Intermediate |Synthetic Intermediate (S)-(+)- 2) Cp,TiCly, Zn PhS\Me : Me ./f using [Pd] on
Challenges o} OH OTBS carvone > /r the (ent)-diol with,
1. C6 center Me \ 3) PhSSPh Bu.P 1 V/ny/ hallde R :
2.19.3.1] core § me ] 59% yield o;/er ’ N\ ! - ;
3. Macrocycle o | I:>(F) Me | 3 steps : X + R !
Me me” = Me Me . desired. 4 : +0 !
Me ' conf : !
16 attempted, = ' ' Ho\Me Me!
6 successes in Me ! (2:3d.r.) 75% yield R R\ ;
making (only) 1 family member access to> 27 I (S)-(+)-carvone . o : \< '
Review: family members, 11) ' [Til->o ' R :
Org. Prep. Proced lnt 2014, 214]  Gieps 13 : 5) (NHL.) Mo;054, Hz0, Y JACS, 2018 9810;
Me eLi ' :
17) Vo(OEt)s, 14) Phozs\‘..- 7) Burgess Reagent SPh o ' + :
TBHP, 0°°C 15) TBAF, DMPU 8) Se0, me; [3:311 i
z Me -« T : :
% 65% yield 16) MnO,; NaBH, 9) +BuLi, 1:1 d.r. (F) : °=< <:> ;
\Y/A\V// Cer TBSO 10)SEMC| EEEEEE M- ‘
o, /| .
ne 65 Aggctaég Sover 82‘%;3}ggd sover Me O Noteworthy items:
18) Me,NBH(OAC), Me  — P : 1. divergency
CsOAc, 18-c- 6 Me 2. structure
19) DMP Me Me characterization
Me o H,O o 21) MnO 3. Methods:
> o} H —>» O OH - — C—C cleavage to
Me Me o Me o) 21% yield - :  make quat. center
) over 4 HO OH - used to make 3.3.1
° © steps homactin T °°'® (aside)
O Me OH Mme P

Pleitker synthesis of PPAP derivatives - Nat. Chem 2011 938 SyntheS|s of type B (prenyl) O

[Features o
Trans (this work type B only) )| Rz Rs |L Rz
no synthetic reports HO O |HO Me
TYPES B-C R; = Ak aM
pressonne pan TRT oy (Ame o (A,
Synthetlc reports for B 2 ‘ 3 1,4/1,2 = MlchaeI/
and A6+ separate groups “'Me [ Dieckmann addn Knoevenegal
Challenge: type A quat center > Me Acylation jnspiraption study for PPAP alkylation
a to 3 ketones R, = (C=0)Alk Nat. Commun “Construction” syn “Decoration”
Ex: JACS, 2015, 10516, 2020, 11 508 ¢-enolizable “C=0" R = Alkyl halides (Ex: Prenyl-Br)s

. of the DA”

7 0=
steps _> Me
OH=<— / |
:>Me / rN02
Me OHC
1-61%, 10g t3 T Me
2 15%, 71%brsm* steps| _OH
82% —(Me

Pwln Nat. Chem. 2015, 82
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Total h ’ . :Qin’s Approach
Seven Total Syntheses Focus on Methods for Case Studies :
Vicinal Quat Centers ' 8hogr m|(>j<tur? of
H* cyclizations «,iqa” 4 oLl iast.
Qin JACS, 2007, 13794 Mo O uniaue’ t1h
Weinreb ACIE, 2010, 2000 e Me, ) 5 Emidination
Funk JACS, 2012, 16941 ook T 7 ¢ Nos o 88% yield
Ma JACS, 2012, 13226 AN \N\ ] allylation + Br 2 Ng N3 1) PBU, ag.
) Movassaghi JACS 2016, 7763 ~._L = ' Qin - 2009 THF, 0°C
"N Yang JACS, 2017, 3364 ] N —first synthesis (rac) | 2)CICO,Me = E
Me Chen ACIE, 2017, 14237 ' N - 2;3 steps 90% yield
Communensin F N ‘iNH * E Me — 3% overall 0\// Sing|e diast.
M ' E
H* cyclizations Me OH © : Explain ;
1 step W&y gL rmmmmmmmmmmmmssesom—eseso-oe-o-ee .
1)MsCl, heck Me NP
N Et3N (G ring) J OH - N
7 2) PPTS, Me BocHN Br NaH, dry DMF, + Me E
CHCI3 Pd(OAc), E 0t065°C, 4h DMAP,
- CHJCl,, rt
P(o-Tol)s, 84% yield eplqna;erJ 2vl2

Salt
~ 70% y/eld
over 5 steps

Movassaghi

Family access
(JACS, 2019, 14411)

Weinreb

R L

Yang’s Approach

Br |
OTBS

A\ H,N

NH
— redox-, atom-, step-
Economic (i.e. no Aux®)

3) Meerwein’s

4) TFA. (Ering)
5) SiO,

N
Me

EtzN, mw, 2 h
<—

E 68% yield, 21% rsm

only.

diast! but even with a 1:1 ratio...

[ For allylation Q: JOC, 2006, 8891 |

Funk’s Approach H  Ma’s Approach g, OH Ph O
Br N E TBSO\/?\
0.8 eq Ag,CO4 : NO, O N
MeCN, rt16h Na . 3steps Br
. o] . : p NO,
Br H 70% exo
N3 : \
Porco on Ag: pr,or ' N
A\ 1. JACS, 2010, 7541 : OTBS H
Cs,CO3 |
NH 2. ACIE 2013, 8345 endo !
"""""""""""""""" T TMe T Me LiIHMDS, THF,
: unique Me —78°C; I, ",
oTBS// ' am|d|nat|onF> /
Y ' 2 (nBug)s, Br_n
OH [Ir] cat. Br ; N PhMe, 80°C =0
9 BBN : -
‘: 83%
base ! N - N
70% C. Imine from: N° Boc 12 steps O.N
N Bo i, : : ” 2
C3 = Me on indole dldn t work Me ¢ "twisted amide Me
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| Case Studies | Intramolecular
Me Diels Alder Me  [2+2] 0
M (o} ‘\ “~ Me
e ‘\ ‘Q‘
MeO,C 1 : :> ‘\‘ : >
2* 0" Me O v R
3 v "Me
(-)-miterphorone A MeOC' Me oH H
Carreira Me e more INT-1
JACS, 2018, 16704 ZS) o ‘. @ accessiblé Forward 1) Lig* (20 mol %);
‘ o @synthon PhsP=CHo; OTBS propylene
Q> 5o JI§ HCl oxide,
o ° © OHC™ ~Me (for INT-1) Me°2° L
— 4 quaternary carbons (o) (0) +
— 5 contiguous stereocenters which ketone 2) MeO.CCN DIBAL-H,
—1,2-diketone (dissonance) to prioritize? OTBS ?3) TBEOT! ey
— embedded oxetane o
...................................................... Product NMe:  659% yield 85% yield ;) MsCl
Miscellaneous, food for future thought S5 -Il\]:oqfl'ADDOL ovggf/os;‘zps Me | Li 3) La(lll),
: iPr . ’ diene
ChemoenzymaticF" JACS 2017, 10196 o \E% 4)TESCI
: TASF Me 5)DIBAL-H
Koser’s a Me Me
: reagent 8 steps TESO OTES
: - ~— Me = /= M
i Teno] o (o N “'
: | MeO,C*" F
i ONi—oH 2v Meg OHC
Software OMe OH ' Flow + HPK Isomers 1) 0
version of MeO ' 1 (cyclopentenone PhyP” X0,C
Logic : + synthesis) O o oX R
: . - - . . : —_—
— retrosynthetic N ; Sequent;\?1l If:n(ct;gg:llzatlon. : 1) Weinreb,  Nuc
cuts to kMe HO ; 3. ac;Xation ; R R NaH, R
= Sarpong y 5 C3 - C.H act. \  ACIE 2015, 7842 Nuc  [diene]
Aconitine  Nature 2015 4983 : C4-CC ol H O
structure type ' C5 - C-H act ACIE 2015, 5451;
: ce-10] ¢ . :
' C7-C-Hact. N protected '
H dictyodendrin B ' o Me




