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Part 1. A Brief Introduction of PPAPs

» PPAPs: Polycyclic Polyprenylated Acylphloroglucinols

> Isolation: mainly from Hypericum perforatum (& H3&E®) and
other plants from the family Guttiferae (&£#k#}) and related

families; over 150 natural products

» Structural features: bicyclo[3.3.1]Jnonane or bicyclo[3.2.1]octane

Hyperforin antidepressant
antibacterial
antimalarial

Clusianone anticancer
anti-HIV
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Aristophenone A anticancer
antioxidant

Garsubellin A antineurodegenerative

Garcinielliptone L anti-inflammatory

Ciochina, R.; Grossman, R. B. Chem. Rev. 2006, 106, 3963.
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Part 1. A Brief Introduction of PPAPs

» 3 Classes of PPAPs

Type B
R' = Me, prenyl, geranyl; R? = Me, geranyl, etc.; R® = iPr, Ph, etc.

» Biosynthesis of PPAPs
Stage 1: Biosynthesis of MPAPs from CoAs

(0] O O enzyme O O
+ e 1
R
R1JLscoA Ho)j\/u\scoA R1Jl\/u\sCoA repeat twice /Iii:ol
acyl-CoA malonyl-CoA 0 SCoA
OH O OH O
OH O RZ Rz
Dieckmann tri-alkylation R! R!
_— R? - or R2
condensation dearomatization HO o) HO o
HO OH 2 %2 2
R R R

acylphloroglucinols Type A/B MPAPs Type C MPAPs

Ciochina, R.; Grossman, R. B. Chem. Rev. 2006, 106, 3963.
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Stage 2: Biosynthesis of PPAPs from MPAPs (R? = prenyl)
Me Me Me Me Me
I |
—
( )
OH O
Type A/B MPAPs R R’
HO (0]
R? R2?
Type A/B MPAPs
—
OH O
R2 1
RZR
HO (o)
RZ
Me_ _Me Me_ _Me Me_ _Me Type C MPAPs )
I | .
HO o)
0 Z OoHZ Me
:ANE y —
R1WM¢;
Me 7 Me
MeA/COPP

Type C MPAPs

Type C PPAPs

Ciochina, R.; Grossman, R. B. Chem. Rev. 2006, 106, 3963.
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Part 2. Synthetic Strategies towards bicyclo[3.3.1]nonane

> Stoltz’s Preliminary Work (2002): Effenberger Cyclization Approach

Me Me
(o) o HO o
Landmark OTBS )]\/U\ \Eéo\? \ |
0By 1) clI I cl Ho: UG H
_> >
—_— ''Me ,
84%. 4 ste Me Me 2) BnEt;NCI, KOH mee
0 R 36%, 2 steps
€ ith 59% de-TBS) ,_.M¢
(6:1 mixture) (wi ° (single diastereomey

Spessard, S. J.; Stoltz, B. M. Org. Lett. 2002, 4, 1943.

o o MEOW
1) CI)I\/U\CI H

S
2) BnEt;NCI, KOH
3) HC(OMe);, TsOH
24%, 2 steps Me
(with 55% de-Me)

O
Me
o) 67%, 4 steps

(3:1 mixture)

.. . . Clusianone
Rodeschini, V.; Ahmad, N. M.; Simpkins, N. S. Org. Lett. 2006, 8, 5283.
Me Me . Me Me
I I
oTBS OTBS Me OTBS
Me [o) o] S
HO 2o :> ‘ or | Me
< § M Ul Ul ' 'Me
Me = - e MIZIe Me Me Ml\elle Mi Me
’, eMe \ \ Me

29% for Effenberger cyclization

27~31% for Effenberger cyclization

Nemorosone

Ahmad, N. M.; Rodeschini, V.; Simpkins, N. S.; Ward, S. E.; Blake, A. J. J. Org. Chem. 2007, 72, 4803. 5
Simpkins, N. S.; Taylor, J. D.; Weller, M. D.; Hayes, C. J. Synlett 2010, 639.

Garsubellin A
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» Porco’s Biomimetic Synthesis: Dearomatization / Annulation Strategy

Ph__O
Ph (0] Ph [o) Ho éa
HO OH  prenyl bromide HO OH KHMDS (2 eq) Me Me
_—nmm —_— 7 ) AN —_— Me
KOH, 45% Me -~ Ve THF Me 0(;) Me
OH Me OH Me OQJQK"-"S
_ MeOAc
Ph O 1) Pd(PPh3),, HCO,NH,
nd
1) TMSCHN, Meo\Lo 2) 'GrubbSZ cat.

54%, 2 steps Me Me isobutylene

2) %MgBr
3) Ac,0, iPryNEt
74%, 2 steps

3) LiOH, dioxane
62%, 3 steps

65% 50%, 2 steps

dr>20:1

Hyperibone K

Qi, J.; Porco, J. A. Jr. J. Am. Chem. Soc. 2007, 129, 12682. 6
Qi, J.; Beeler, A. B.; Zhang, Q.; Porco, J. A. Jr. J. Am. Chem. Soc. 2010, 132, 13642.
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» Porco’s Biomimetic Synthesis: Dearomatization / Annulation Strategy

M
Ph (o) n-HexCOz €
HO OH

Me _ X Me 25 mol% chiral PTC, 4 A MS
CSOH'Hzo (5 eq)s DCM
Me OH Me (71% yield, 90% ee)

Qi, J.; Porco, J. A. Jr. J. Am. Chem. Soc. 2007, 129, 12682. 7
Qi, J.; Beeler, A. B.; Zhang, Q.; Porco, J. A. Jr. J. Am. Chem. Soc. 2010, 132, 13642.
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Part 2. Synthetic Strategies towards bicyclo[3.3.1]nonane

» Miscellaneous Synthetic Strategies

1999, Nicolaou’s Selenium-mediated Cyclization

(o)
o H
N—SePh
o ¢ °
E- COZMe (o] >

/( OAc SnCl,, DCM, -23 °C

Me Me 95%

2002, Young'’s Intramolecular [3+2] Cycloaddition

_ @0 -
Me ®ﬁ

° PhNCO I o Me
“, Me —— 3
MeO ", Me
s11Me MeO
Me s11Me
L Me -

2005, Barriault’s Cationic Cyclization Cascade

Cl
Me ') Me Me
ClaSn~.~ ClySn.

= 0\ sncl, 0 ®

o Me —» | Me o
o = IﬂMe

Al
Me' Me Me

Nicolaou, K. C.; Pfefferkorn, J. A.; Kim, S.; Wei, H. X. J. Am. Chem. Soc. 1999, 121, 4724.
Young, D. G. J.; Zeng, D. J. Org. Chem. 2002, 67, 3134. 8
Lavigne, R. M. A_; Riou, M.; Girardin, M.; Morency, L.; Barriault, L. Org. Lett. 2005, 7, 5921.
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Part 2. Synthetic Strategies towards bicyclo[3.3.1]nonane

» Miscellaneous Synthetic Strategies
2005, Shibasaki’s Ring-Closing Metathesis Strategy

Mes’N | N‘Mes
a )l
OEt e “Ru=
Hoveyda-Grubbs Cl” Me
. - | Y
—> (20 mol%), 92% 0 Me
o) 15 steps iPr i

€
OMOM

2009, Barriault’s Gold-Catalyzed 6-endo-dig Cyclization

tBu {Bu ® e}
*P—Au—NCMe SbFG

R1
XX_ oTBS @ <=> (2mol%) /0§/

RO,C R? - RO,C G : _R?
acetone, 3to 25 h, rt
78 ~ 98% yield, > 95:5 rr

R' = H, Me, Aryl, Br, I; R2 = H, Me, Allyl

R1

2010, Nakata’s Intramolecular Cyclopropanation/Fragmentation Approach

.
CuOTf, ligand xOMe t-BuOK, Mel
—>

—_—

toluene, rt oTBDPs THF/HMPA (6:1)
97% 74%
Me Me
on)Kﬁo O R =oMe)
N N
Kuramochi, A.; Usuda, H.; Yamatsugu, K.; Kanai, M.; Shibasaki, M. J. Am. Chem. Soc. 2005, 127, 14200.
Mitasev, B.; Be'tournay, G.; Bellavance, G.; Barriault, L. Org. Lett. 2009, 11, 4236. 9

Abe, M.; Saito, A.; Nakata, M. Tetrahedron Lett. 2010, 51, 1298.
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» Summary
Ring-closing metathesis

Aldol reaction .
Dieckmann cyclization [3+2] cycloaddition

Au-catalyzed cyclization
Michael addition \io o / )2 y

Transannular Dickmann cyclization

; Selenium/halonium-mediated cyclization
Intramolecular cyclopropanation bicyclo[3.3.1] core Y

Alkylation
lodonium-mediated cyclization Other miscellaneous strategies...

Me Me

Nemorosone Garsubellin A Clusianone Hyperforin
4 total syntheses (1 enantioselective) 4 total syntheses 8 total syntheses (4 enantioselective) 5 total syntheses (2 enantioselective)
(from 2007 to 2015) (from 2005 to 2013) (from 2007 to 2015) (from 2010 to 2015)
several formal syntheses several formal syntheses several formal syntheses
a number of synthetic studies a number of synthetic studies

a number of total syntheses of epi-PPAPs...

Danishefsky, Nakata, Porco, Shair, Shibasaki, Simpkins, et al.

Richard, J.-A.; Pouwer, R. H.; Chen, D. Y.-K. Angew. Chem. Int. Ed. 2012, 51, 4536. 10
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Part 3. Introduction of Hyperforin

Isolated from Hypericum perforatum (St. John’s wort) in 1971,
Structure disclosed in 1975;

Responsible for antidepressant activity of the herb (St. John’s wort)
Mechanism: block the re-uptake of a variety of neurotransmitters by
selectively activating TRPC6 (classical transient receptor potential = T 4
protein), which leads to a cellular influx of Na* and Ca?*, diminishing Hypericum perforatum
membrane electrochemical gradient (indirectly inhibiting neuronal (St. John’s wort)
neurotransmitter reuptake) and triggering cell differentiation;
Anti-bacterial activity against multi-resistant Staphylococcus aureus
and other Gram-positive bacteria;

Highly oxidized bicyclo[3.3.1]nonane core;

Densely substituted with terpenoid side chains;

5 total syntheses by Shibasaki (2010), Nakata (2013), Shair (2013),
Barriault (2014), Maimone (2015), respectively.
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» Professor Masakatsu Shibasaki

Biography:

« 1974: University of Tokyo, Ph.D.

Research advisor: Prof. Shun-ichi Yamada
1974-1977: Harvard University, Post-doctoral fellow
Research advisor: Prof. E. J. Corey

« 1977-1983: Teikyo University, Associate Professor
(Prof. Shiro lkegami)

« 1983-1986: Sagami Chemical Research Center, Research
group leader

« 1986-1991: Hokkaido University, Professor

Sl IERS « 1991-2010: University of Tokyo, Professor

« 2010-present: University of Tokyo/Hokkaido University,
Professor Emeritus

Research Interests:
* Asymmetric Catalysis

* Total Synthesis Publications and Citations:
* Drug Design - 512 publications (1971-2010)
« 1 Science, 98 JACS, 31 ACIE,
« 3985 citations for asymmetric catalysis (1995-2005)
Noyori (2533), Hayashi (2452), Jacobsen (2449), Trost (2291)
(Source: Thomson) 12
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» Claisen Rearrangement / RCM Approach ;

s 4

Me Me S 0:0

OEt
Hoveyda-Grubbs

(20 mol%), 92%

e
OoMOM

ent-Hyperforin

OTIPS FeBr; (10 mol%)
AgSbFg (20 mol%) oTIPS
N | OTIPS 5 A MS, DCM
-70 °C, 30 h
<\N 0O + Me
O’&o /
| Alkylation
Me Me

6-step synthesis 93% yleld 96% ee

from simple enyne (Ar 4-EtOCgH,, 12 mol%)
Kuramochi, A.; Usuda, H.; Yamatsugu, K.; Kanai, M.; Shibasaki, M. J. Am. Chem. Soc. 2005, 127, 14200.
Shimizu, Y.; Shi, S.-L.; Usuda, H.; Kanai, M.; Shibasaki, M. Angew. Chem. Int. Ed. 2010, 49, 1103.
Shimizu, Y.; Shi, S.-L.; Usuda, H.; Kanai, M.; Shibasaki, M. Tetrahedron 2010, 66, 6569.

13
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» Claisen Rearrangement / RCM Approach

OTIPS OTIPS o) OTIPS
oTIPS 1) EtSLi, 96% 1) TMSCI 1) TPAP, NMO
2) LAH, 99% 1) TBAF 2) TIPSOTf 2) Li, iPrBr
v —_— e —_— T ——
Mo 3) MOMCI, 94% 2) HF*Py P e 3 K2COs 3) TBAF
<\N e 1%, 2 steps  MOMO € MeOH MOMO 58%, 6 steps
,g 1 Mé dr=1:1 3 Me dr=5:1

1) LDA, CH3CHO, > 99%

1) TMSCI, 94%
2) Martin sulfurane

2) LDA, 89%

3) HF*Py (73%, 2 steps)
4) DMP, 90%

toluene
—_—
180 °C
46%

Shimizu, Y.; Shi, S.-L.; Usuda, H.; Kanai, M.; Shibasaki, M. Angew. Chem. Int. Ed. 2010, 49, 1103.
Shimizu, Y.; Shi, S.-L.; Usuda, H.; Kanai, M.; Shibasaki, M. Tetrahedron 2010, 66, 6569. 14
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A5

1) Sia,BH; H,0,

» Claisen Rearrangement / Aldol Approach

1) LDA; NH,CI, 88%

2) HF-Py
v

2) DMP (74%, 2 steps)

>
3) DMP (96%, 2 steps)
Br
Me 4) NaHMDS,
quant.

Me o} 1) Dess-Martin
1) EtONa Me)vz,,, ‘\\JH/Me (+)-CSA 95%
2) DMP —\ Me MeOH > 2)Z “MgBr
66%, 3 cycles z OMe 929,

86%, 2 steps
e

\Me

(o)
Me
1) Ac,0, iPr,NEt, 98% o
2) Pd(PPh;),, HCO,NH,, 95% Me)%/"" 1) TMSCI, Et;N _ epoxidation
> - e silanyl conjugate addition
3) H-G 2, isobutylene Me OMe 2) Pd(OAc),, O, other N/O conjugate addition
quant. Me)\/ Me 84%, 2 steps
18 Me
Shimizu, Y.; Shi, S.-L.; Usuda, H.; Kanai, M.; Shibasaki, M. Angew. Chem. Int. Ed. 2010, 49, 1103. 15

Shimizu, Y.; Shi, S.-L.; Usuda, H.; Kanai, M.; Shibasaki, M. Tetrahedron 2010, 66, 6569.
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» Claisen Rearrangement / Aldol / Pummerer Approach

MeSYS

1) NaBH,, 95% 1) EtSLi; Mel (98%, 2 steps)

_—
2) CS,, NaH; Mel 2) NaBO3;+4H,0, 95%

quant.
(o]
TEAA Me)\/,"’ R 1) H,0,, 87% Me 1) Amberlyst 15, 55%>
N 2) DMP, 86% 2) LiH, 4\/0H

67%

e Me 7-step synthesis of 1 + 44 steps
1) Pdydbag, tol-BINAP; Tedlous_ redox proce_dures and
then Ac,0, 50% e HO 0 protection/deprotection processes

Cross metathesis
Pummerer rearrangement
First total synthesis
Enantioselective

>
2) H-G 2", isobutylene Me)%/""

34%
3) K,CO3, MeOH, 94% :
Me)%/

ent-Hyperforin

cooo0 OO0

Shimizu, Y.; Shi, S.-L.; Usuda, H.; Kanai, M.; Shibasaki, M. Angew. Chem. Int. Ed. 2010, 49, 1103.
Shimizu, Y.; Shi, S.-L.; Usuda, H.; Kanai, M.; Shibasaki, M. Tetrahedron 2010, 66, 6569. 16
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» Professor Masahisa Nakata

Biography:

« 1982: University of Tokyo, B.S.

« 1982-1984: University of Tokyo, M.S.

« 1984-1988: University of Tokyo, Assistant Professor, Ph.D.
Research advisor: Prof. Masaji Ohno

« 1988-1992: University of Tokyo, Post-doctoral fellow
Research advisor: Prof. Masakatsu Shibasaki

« 1992-1995: The Scripps Research Institute, Post-doctoral fellow
Research advisor: Prof. K. C. Nicolaou

« 1995-2000: Waseda University, Associate Professor
« 2000-present: Waseda University, Professor

FH BEA
Research Interests: Publications:
» Total Synthesis » 144 publications (1988-present)

» Synthetic Methodology -+« 9 JACS, 7 ACIE
« Chemical Biology

17
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» Intramolecular Cyclopropanation / Fragmentation Approach Me l""e
Z
orBpps CUOTH, ligand \/)RVOM‘* t-BuOK, Mel
—> —>
toluene, rt oTeDPs THF/HMPA (6:1);
97% then 2 N HCI
70%, 2 steps
O (R=o0Me)
Nemorosone
Mer ™ Alkylation ||
|'\ yla lon\
HO Y (o] Global Cross Metathesis (o) \ OMe 7,2-Addition
Yofo, ~
AN _Me

Wittig Reaction

OMe O TS Y one fo%
CO,Me <: a2 <: ST OTIPS <: SN orips
OMe OMe_g / IME
N Cyclopropanation 0 R=(OMe) o ve
Double Alkylation

Abe, M.; Saito, A.; Nakata, M. Tetrahedron Lett. 2010, 51, 1298.
Nemorosone: Uwamori, M.; Saito, A.; Abe, M.; Nakata, M. J. Org. Chem. 2012, 77, 5098.
Uwamori, M.; Nakata, M. Tetrahedron Lett. 2013, 54, 2022. 18
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» Intramolecular Cyclopropanation / Fragmentation Approach
OMe OMe
OMe OMO?I'IPS (CuOTf),etoluene ?R\g/ 1) wsl §/0\§/
Qico " —=, — 0 Rmolh) o HS/ ops —2— » "IN omes
2lVle 7 steps “. Me Me 2) KHMDS, Mel; Ul
OMe OMe / O‘l)&ro then HCI Me\_
N ! ] O R=(OMe) 88%, 2 steps o
1 2 2 N_N 3 4
(4 mol%)
1) Comins' reagent :/o\{OMe
1) Sia,BH; H,0, H KHMDS, 90% § § Crabtree's cat. H
—_— 5 . Y~ ~oTIps ——M > Y Y TOTIPS
2) TBSCI, Et;N 2) Pd(OAc),, dppf H,, 97%
78%, 2 steps CO,93%
0 oTBS OTBS oTBS
5
1) DIBAL 1) CSA
: TBHP, K,CO 2) DMP
2) Ac,0 OTIPS 2C0; OTIPS )
3) DMP Pd(OH),/C 3) Ph;PCH,Br
89%, 3 steps OTBS 69% tBuOK

OTBS 74%, 3 steps

Uwamori, M.; Nakata, M. Tetrahedron Lett. 2013, 54, 2022. 19
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» Intramolecular Cyclopropanation / Fragmentation Approach

o) OMe
1) K,CO,, MeOH Yo§_/
2) DMP (93%, 2 steps) Ho: LS
-

1) PTSA
OTIPS —— 3

Q) 2) Ph;PCH3Br
Me\—\ tBuOK
\ 79%, 2 steps

3) Ph;P(CI)CH,OMe
KHMDS, 79%

OMe
Ob\/OMe nd
L 1) iPrMgCI \E 0\§ o _Grubbsz
(2-Th)Cu(CN)Li 1) TBAF CeClye2LiCl 20 e  isobutylene
—_— e
ABr 2) DMP 2) DMP —>

90% 84%, 2 steps 71%, 2 steps

\''"\ Me 120 °C, 93%
Me\-—\\

Racemic total synthesis
Could be enantioselective

O 35-step LLS
O Cyclopropanation
LicL DMSO 0 More efficient cross metathesis
— O Less efficient Wittig homologation
120 °C
a
a

Hyperforin  Me

Uwamori, M.; Nakata, M. Tetrahedron Lett. 2013, 54, 2022. 20
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» Professor Matthew Shair

Biography:
« 1986-1990: University of Rochester, B.S. with distinction
¢ 1990-1993: Yale University, M.S.
¢ 1993-1995: Columbia University, Ph.D.
Research advisor: Prof. S. J. Danishefsky
e 1995-1997: Harvard University, Post-doctoral fellow
Research advisor: Prof. S. L. Schreiber

« 1997-2001: Harvard University, Assistant Professor
e 2001-2002: Harvard University, Associate Professor
« 2002-present: Harvard University, Professor

Research Interests: Publications:
« Cancer Biology « 37 publications (Independent career)
« Chemical Biology 1 Nature, 18 JACS, 3 ACIE

« Total Synthesis

21



20160 17" The Story of Hyperforin

Jiaxin Xie
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» Biomimetic Cyclization Approach m
L Boat: disfavored _|

Epoxide ring opening

BI’MOTES

Me Me Me

OMe
1 step from 5 steps from
m-dimethoxybenzene geraniol (91% ee) by Sharpless

)\/\ Double alkylation
Me Cl

Sparling, B. A.; Moebius, D. C.; Shair, M. D. J. Am. Chem. Soc. 2013, 135, 644. 22
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» Biomimetic Cyclization Approach

Sparling, B. A.; Moebius, D. C.; Shair, M. D. J. Am. Chem. Soc. 2013, 135, 644. 23
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» Biomimetic Cyclization Approach

OMe OMe i D ¢
tBuLi, Bal, Me M€ Me NG OTES TMSOTf
— Me > —
Me N sBulLi, 85%

OMe Me)MCI OMe Me

1 85%

1) LTMP, TMSCI

2) LTMP, iPrCOCN
(44%, 2 steps)
3) TsOH, 65%

\\9
Br. s OTES

79%

OMe
1) Phl(O,CCF
ﬁ Me ) Phi(O, 3)2

N TBHP, O, 44% 1) CIC(S)OC¢Fs, 82%
(L 1l — >
Me O e 2) BrBMe, e 2)allyl-SnBuj, BEt;, air
3) LTMP 3) H-G 2", isobut
- , ylene
4 (R = OMe 55%, 2 st Me
( ) (55%, 2 steps) (62%, 2 steps)
Me Me
|
1) LDA, Li(2-Th)CuCN
MeO o
Me \40\«? o Me

98%
Me MeNBr °

2) LiCl, DMSO, 120 °C

v\ Me 55%
Me
\ Me

7 Me

Hyperforin

O 18-step LLS

U Efficient Biomimetic Cyclization
U Enantioselective

Sparling, B. A.; Moebius, D. C.; Shair, M. D. J. Am. Chem. Soc. 2013, 135, 644.

24
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> Professor Louis Barriault

Biography:

« 1993: University of Sherbrooke, B.S.

1993-1997: University of Sherbrooke, Ph.D.

Research advisor: Prof. Pierre Deslongchamps
1997-1999: Ohio State University, Post-doctoral fellow
Research advisor: Prof. L. A. Paquette

1999-2010: University of Ottawa, Assistant Professor
2010-present: University of Ottawa, Full Professor

Research Interests: Publications:
+ Gold Catalysis * 50 publications (1997-present)
« Total Synthesis 1 Nature, 3 JACS, 4 ACIE

25
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» Au-Catalyzed Cyclization Approach

Part 7. Barriault’s Total Synthesis of Hyperforin

tBu fBu ® [©)
P—Au—NCMe SbF,
R1

R1
(<> 3 mon) N

X_ 0TBS
RO,C R? > RO,C N :_R?
acetone, 3to 25 h, rt

78 ~ 98% yield, > 95:5 rr
R' = H, Me, Aryl, Br, I; RZ = H, Me, Allyl

O

Conjugate Addition

= Alkylation

Mitasev, B.; Be’tournay, G.; Bellavance, G.; Barriault, L. Org. Lett. 2009, 11, 4236.
Bellavance, G.; Barriault, L. Angew. Chem. Int. Ed. 2014, 53, 6701.

26
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» Au-Catalyzed Cyclization Approach

OMe  T)LDA
NBr 1) LHMDS, Z~~B"
R — —_—
2) 2 "MgBr 2) LDA, TMS——CHO
O  3)1NHCI A F 63%, 2 steps
1 one-pot, 83% 2 dr=5:1:1
tBu ®
™S BUh_au—NcMe| &, 0
1) DMP ' SbFyg NN
2) AgNO, @ S $0:
NBS (5 mol%) B :_H 1) MeONa, 99%
— ——
3) TBSOTf 99%, decagram-scale & 2) TMSCI, LTMP
Me ‘—\\ 94%

N 67%, 4 steps
Me dr> 20:1

1) LDA, Li(2-Th)CuCN - 17-step LLS _ _
PN e 1O A ° O Highly Efficient Cyclization
: me [1 Problematic late-stage

:
Me functionalzaition
Me
\ Me

2) Grubbs 2"9, isobutylene
Me

120 °C, 85%
Hyperforin

1) LDA, I,, TMSCI
18%
2) tBul.i, iPrCHO

3) DMP; then TBAF
(24%, 3 steps)
3) LiCl, DMSO, 69%

Bellavance, G.; Barriault, L. Angew. Chem. Int. Ed. 2014, 53, 6701. 27
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» Professor Thomas Maimone
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Research advisor: Prof. S. L. Buchwald
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Assistant Professor
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» Total Synthesis » 17 publications (2000-present)
2 Nature, 8 JACS, 4 ACIE
* 4 publications (Independent career)
« 2JACS, 2 ACIE

« 2000-2004: University of California, Berkeley, B.S.

« 2004-2009: The Scripps Research Institute, Ph.D.
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» Polarity-reverse C-C Bond Formation Approach

Biosynthesis > Retrosynthesis

polarity
reversal

- (R = prenyl) g

similar @
p R OH
selective
R _QL@ ox R annulation . :
: 0 99 [oj - o

Me ‘(0

e CO,i-Pr |_1‘/' © COWPr

Phi(OAc),

KOH, MeOH

M
Me Me,
H Me H Me
=
e° V
~ H H

OMe H

Daum, S. J. Tetrahedron Lett. 1984, 25, 4725.
Ting, C. P.; Maimone, T. J. J. Am. Chem. Soc. 2015, 137, 10516. 29
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» Polarity-reverse C-C Bond Formation Approach O 10-step LLS

a. /\)L Me Me Me 0 o "

o Brig Me o _/=< 0 _/=< e

CuBr-DMS, Me ¢ LDA Me K me d-LTMP | ° on-|_/=(

&Me LiCl, TMSCI Me prenylbromide —Me o Me
= - >

73%

b. MeLi-Lil, then add Ny, Me

45% BRSM

H single Me
Me Mo diastereomer Me
I = Me Me
Me 7 8 9
HMPA; TsOH, A

40% (3:1 dr) e. TMSCH,N, k. NaOH
96% 57%

— - (10:11 = 1:1)

(-Phl) f. Phi(OAc),
{-KOH) KOH
MeOH

92%

Me Me ; oxidative
Me fragmentation

12

i. -PrMgCl- LiCl Me

cl LDA
i Li(2-Th)CuCN
_

0© then Me

prenylbromide = e - .{ . -
73% Me g Pal /*\' .
Me . LiCl, DMSO, A Ue™ Mo Ve o’ f"ﬁ
56% Ve # N a
Me AN
14 hyperforin (1) 11 [X-ray]

Ting, C. P.; Maimone, T. J. J. Am. Chem. Soc. 2015, 137, 10516.
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Me

Boat: disfavored

Summary

Barriault, gold-catalyzed ring closing, 17

Maimone, ring rearrangement, 10
Shair, epoxide ring opening, 18

Nakata, cyclopropanation/ring expansion, 35

(-Phl)

(-KOH)

oxidative
fragmentation
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Summary

Barriault, gold-catalyzed ring closing, 17

Maimone, ring rearrangement, 10
Shair, epoxide ring opening, 18

(i

Nakata, cyclopropanation/ring expansion, 35

tBu fBu © S}
P—Au—NCMe SbFs

(5 mol%)

r

99%, decagram-scale
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