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Introduction

marine bryozoan bugula neritina

potent biological activities
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potent antineoplastic
immunopotentiating
synaptogenesis inducing
latent HIV—modulating activity
beneficial effects as a post-
stroke treatment

blood-brain barrier

agonists of protein kinase C

Bryostatin 1: R = Ac, PKC K; = 1.35 nM
Keck 2011, 31 steps (LLS), 58 steps (TS)
Wender 2017, 19 steps (LLS), 29 steps (TS)

Bryostatin 2: R = H, PKC K; = 5.86 nM
Evans 1999, 42 steps (LLS), 72 steps (TS)
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Bryostatin 16: PKC K; = 118 nM
Trost 2008, 28 steps (LLS), 42 steps (TS)
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Bryostatin 7: R' = Me, R? = Me, PKC K; = 0.84 nM
Masamune 1990, 41 steps (LLS), 79 steps (TS)
Krische 2011, 20 steps (LLS), 36 steps (TS)

Bryostatin 8: R' = "Pr, R? = "Pr, PKC K, = 1.72 nM
Song 2018, 29 steps (LLS), 51 steps (TS)

Bryostatin 9: R' = Me, R? = "Pr, PKC K; = 1.31 nM
Wender 2011, 25 steps (LLS), 43 steps (TS)

unique butenolide unit

Bryostatin 3: PKC K; = 2.75 nM
Yamamura 2000, 43 steps (LLS), 88 steps (TS)



Retrosynthetic Analysis
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Synthetic Route: Synthesis of Fragment 3
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Synthetic Route: Synthesis of Fragment 4

"BuLi (2 equiv) Br OEt
TMEDA (1 equiv) = 1
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Cu(ll) Isobutyrate (7 mol%)
LiO'Bu (7 mol%)

T

Bu BU OMe
THF, -30 °C, 20h, 86%, 98% ee




Synthetic Route: Synthesis of Intermediate 2
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Synthetic Route: Synthesis of Intermediate 1
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B. M. Trost, J. Am. Chem. Soc. (1997).
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Synthetic Route: Synthesis of Intermediate 1

OAc

TBSOTf
COzMe 2,6-lutidine Me;SnOH
CH,Cl,, -78 °C, 15min DCE, 80 °C, 48h
OH 60% 80%
27,48% O
three operations in one pot
no solvent removal or exchange
Yamaguchi

Macrolactonization

2,4,6-Cl;PhCOCI
EtzN, THF, rt, 4h
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then:
slow addition into DMAP
in toluene
14h, 40 °C
96%




Synthetic Route: Synthesis of Bryostatin 3
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Synthetic Route: Synthesis of Bryostatin 3

Pd,(dba)z*CHCI3 (20 mol%)
Xantphos (60 mol%)

2,4-octadienoic anhydride CO (1 atm) .
DMAP, CH,Cly, rt, 1h DIPEA
DMF/MeOH (2:1)
22% over 3 steps 90 °C, 5h
50%
side chain carbonylative
installation esterification

1. HF (aq.)/MeCN
2. TFA/H,0/CH,CI,

60% over 2 steps

/WO

o
bryostatin 3 (0.9mg)




Summary
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A concise total synthesis of bryostatin 3

It used 22 steps in the longest linear sequence and 31
total steps

A highly convergent synthetic plan

A highly atom-economical and chemoselective
transformations

Allowing for structure-activity-relationship (SAR)
studies.



Sharpless AD
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A premix of the four reagent compenents is commercially available. The composition
containing (DHQD):-PHAL is termad AD-mix-fi; the compaosition containing
[DHQ ) -PHAL is termed AD-mix-o.
{DHOD);-PHAL = 1,4-bis(9-0-dihydroquinidine}phthalazine; (DHQ), -PHAL
=1,4-bis(2-O-dihydroguinine)phthalazine.
R, = largest substituent; B,, = medium-sized substituent; Ry = smallest substituent



Wittig and Stork Wittig

Mechanism of the Wittig Reaction

Step 1: attack of ylide Step 2: attack of Step 3: Reverse
carbon on carbony! oxygen on phosphorus [2+2] cycloaddition
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Sonogashira coupling
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EtsN
the artical case
R2>_<R‘ catPdL, THF RA R’
— + XZn ———R - ——¢
R® X R3/ —R

R = COOMe, COOEt, COPh, COCgH44-c, CH=CMeCOOEt,
CH=CHCH=CMeCOOEt, Ph, n-Hex.
R', R% R®=C, H, or Br. X = halogens or OTf.



Propargylation of Aldehydes

The proposed catalytic cycle is based on a Cu-alkoxide mediated
B/Cu exchange with the propargyl borolane 1 to generate an allenyl
Cu intermediate 3 (Scheme 1). After propargylation of an aldehyde,

Scheme 1. Proposed Mechanism for a Cu Catalyzed
Propargylation of Aldehydes with a Propargyl Borolane

A/J( L-CuO-tBu A'/k
Dt Bu J
?La 2 \‘—TMS
o

-B. CulL

a Cu-alkoxide species would be regenerated, and a catalytic cycle
would be established. The two key operations in this catalytic cycle
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Alkyne/Alkyne Coupling
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be excluded. This mechanism accounts for the overall event
of a cis addition in a Markovnikov fashion for the homo-
coupling and in a Michael fashion for the cross-coupling.



