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Part 1: Isolation and Characterization

. The 3 Main Players:
o O Me ¢ Me oy
* B M ¢
- e NH Me NH
X4 Xa X3

E - Q;,B;stza:acdh(;);g;(rlgg;wétoxin E - 888:?(5&2?—1)%6::‘0(:2? %X;?:Qcﬁ;)ztggﬁf:fggg??hydroxypentanoate Phyllobates bicolor Ifrita kowaldi
R = X,, Batrachotoxin R = Ac, Batrachotoxinin A-20R-acetate
R = X3, Homobatrachotoxin e
- Batrachotoxin was first isolated in 1963 by F. Marki and B. Wiktop in | * Additionally, BTX has been 4

the mountains of San Juan, Colombia. isolated on the feathers of S
- Kokoi frogs (Phyllobates bicolor) secrete the metabolite on their back Ifrita kowaldli as well as in > _

as a defense mechanism against other hostile organisms. Choresine beetles. = BT
- Witkop attained ~330 kokoi frogs and harvested the crude extract for| * Kokoi frogs raised in o o

characterization. captivity do not produce BTX , entrgy
« Protection of the Cyg hydroxyl with X4, and crystallization from and Choresine beetles may

acetone gave rise to thin white needles suitable for X-ray diffraction. construct the alkaloid 5y
« Partial syntheses from both Witkop and Imhof (ETH Zurich) further through plant phytosterols or |

confirmed the nuclear magnetic resonance assignments. a microbial symbiont. ]
- Testing of BTX revealed its potency with an LDsg of 2 ng/kg making it| ¢ No biosynthesis available. l |

one of the deadliest sodium ion channel agonists ever discovered. '

Partial Synthesis: Helv. Chim. Acta. 1972, 55, 1151; Helv. Chim. Acta. 1973, 56, 139.
Biosynthetic Speculation: PNAS. 2000, 97, 12970-12975; PNAS. 2004, 101, 15857-15860; ChemBioChem. 2019, 20, 1231-1241.

1?]% Isolation: Experientia. 1963, 19, 329-338; J. Am. Chem. Soc. 1968, 90, 1917-1918; J. Am. Chem. Soc. 1969, 91, 3931-3938.




Part 1. General Biosynthetic Hypothesis

Cyclase: Oxidase and Rearrangements: Structural Variations

Me Me R,
Me Z ] /= /Me R 0y 0.~ e N
L TE o
Me Me e "N » @m » 0& 19 )
@ e R
(O Y

e

Conanine type Paravallarine type Pregnane type 98,19-Cyclo-14a-methylpregnane type

squalene

l squalene epoxidase

Me

M
o Me € Me AN Me 18 21 " 18 21 ”
w\ / \ = | 7 19 20 uN“ 19 20 uNz.
e SR SO
S v aghadv i adhe.
squalene oxide
9(10-»>19) Abeo-14a-methylpregnane type Cevanine type Veratramine type Jervine type
oxidosqualene cyclase ” H ”" 21 - "
animals and fungi, 27 7 R
( ” i T [P ol e i= y 1.8 @m
19 27 19 2
L Ol ol D%
. L (B B =0
- Spirosolane type Solanidine type Verazine type Samandarines
| Raor .
o 2N 18 R 5 $
= HO,,j'( 7 U 'R
Jo B e e9%
A i N 8
v’ e ok S .
e Me lanosterol HO' H e |
divergence via oxidation 1®
and rearrangements Batrachotoxins Plakinamines Cortistatins Cephalostatins and Ritterazines

1%% Chem Rev. 2005, 105, 4730-4756; Isr. J. Chem. 2011, 51, 391-405; Nat. Prod. Bioprospect. 2022, 12,




Part 2: Kishi— Retrosynthetic Analysis

Structural Dissection and Retrosynthetic Analysis:

Me
I
N
. . Pg )
side-chain Me /
installation @)
OH ————
H o /]
L, _. o
o}
OPg
3p-hemiketal
oxazapane
Key Insights: H formation
* Functionalities in the D-ring o Highly-congested and
oxiaize -rlng\

must allow for oxazepane
and side-chain installation - —'\L\/ G
» C-ring poses a significant
threat due to steric
congestion and oxidation
» Cis-decalone should be
assembled first and protected

jr%rérk



Part 2: Kishi—

Model Studies

Final Retrosynthetic Traces:

Kishi’s team identify the cis-decalone as a suitable
starting point for programmed convergent coupling.

FG 0

\L\ th
13 > FG

.‘\/ — +  Cysynthon
o)

Weiland-Miescher
diketone

OPg

Commencement of the Synthesis:
(0] (0]
(0]

Me )‘J\/\
NaOH, then - + Me NEt,

Mel
o 58% o

With the desired

stereochemistry in hand, the 0
team sees an opportunity to e
use the cis-fusion as a

control element for C13. TBDPSO

jr%rérk

benzene, reflux

TBDPSCI, imid.

J

Me MeO @)

Ethylene glycol, p-TsOH
benzene, reflux o
90% 0

Li, NH;
THF, -78 °C
yields not reported
any further

Me

9

(0]
cat. H2304 Me

aq. THF




Part 2: Kishi — The Intramolecular Diels-Alder

Formulation of the Furanyl-Intramolecular Diels-Alder:

FG FG
\\{ R
0 o
Me Me —FG Me ] FG
yZ ¥
[ Chain extension>
TBDPSO TBSO TBSO TBSO
H H H
Synthesis of the critical intermediate:
0 0 0
Me Me Me oBy  NaH Messi
NaH, HCOEt 2O _n-BuSH, p-TsOH 2l DMSO, THF
THF o benzene, reflux Corey-Chaykovsky
RO Formylation RO RO RO
H H H

OH OTBS

1. Ac,0, pyr. s-BuLi (1.1 eq.) o
2. TESOTf, Et3SiH then Me / y then
0 S . DCM, -78 °C o) S __aldehyde _HgCl,, pentane
Me |/ - 3. TBAF, Me [/ THF, -78 °C Garst-Spencer
7 . THF, rt Y s 50-70% RO 70%
45% over 3 steps OH ~1:1d.r.,6:1rr. H
RO RO H




Part 2: Kishi — The Intramolecular Diels-Alder

Investigation of the IMDA:
OH

o OTBS

HCO, ,/t
3

: H3N®
4. NaCNBH3
AcOH, MeOH
0 °C,1hr.
5. Ac,0, pyr. RO

RO

R=TBS, 75-80%, 1.5:1
R=TBDPS, 75-80%, 3 ~4:1

Stereochemical Analysis:

. . 0 R
Me (e] a—face',—.\\ f-face a-face 1 \ /
B a H H )
K Me
H H C O p-face
o —— __ Rpp
TBSO N H
e
TBSO H M H g
Conformer A TBSO H 1850
Conformer B

jr%rérk




Part 2: Kishi — Oxazapane Formation

Intramolecular Oxa-Michael:

TBSO/\‘

1. PIFA
MeOH, MeCN
2. PPTS

“wet acetone” ‘

3. DBU, PhH
70% over 3 steps

R =TBDPS

TBAF, THF

85-95%

A Deeper Look:

NaOCD3

CD30D

conditions

not observed



Part 2: Kishi — Oxazapane Formation

Epoxidation, then Intramolecular Oxa-Michael:

0™

para-nitroperoxy
benzoic acid
DCM, then
phosphate buffer
(pH =7)

not observed

In-situ NMR:

H
complete vinyl deuteration



Part 2: Kishi — Oxazapane Formation

Improved Hypothesis: Structural Alteration of the Michael Acceptor

D thermodynamically
unfavorable

1. TESCI, imidazole
2.1Cl, 2,6-lutidine
3. Pd,y(dba);-CHCl;
PPhs, CO, MeOH
60% over 3 steps

TBAF, THF

60 - 80%




Although success was met, carbon connectivity is not
optimal for further elaboration.

; A
. HO.,,
NaH, THF . @) — =
0 °C, 12 hours . thermodynamically
> . favorable
then p-TsCl '
60-80% : COMe

1. MOMCI, Hunig’s base

2. KHMDS, then

Davis oxaziridine o

3. TFAA, DMSO, DCM ™
EtsN, -78 °C to rt
77% over 3 steps

\
/LN\ Ph
Ph /s\(
‘0

(@)
Davis oxaziridine




Part 2: Kishi — Oxazapane Formation

B-ring, C7-C8 Olefin:

1. H2, Pt02, MeOH
2. NaBH,4, MeOH

NaH, THF, 0°C 3. MPM Protection
then yield not listed
PhNTf,, 2 hrs.
73%
TBDPSO TBDPSO

Condlitions

not observed




Part 2: Kishi — Oxidized cis-decalin

Redesigning the cis-decalin:

OAc B Me 7
0 OAc Me OAc
Me 1. NaBH4, MeOH Me 0
2. Ac,0, pyr. neopentyl glycol o Na,CO3 - 1.5H,0, (15 eq.)
- > 2-napthSO3zH TFAA (4.1 eq.)
90% over 2 steps > M O..,-0
benzene, reflux DCM, 0 °C e H- Y
0 o 75% Me o 87%, > 20:1 d.r. Me ©
Me 92 gram scale o
CF3
OAc
OAc OAc OAc
Me Me Me
1. Hp, 10% Pd/C 1. 5% HCI
~_ TBSCI, imidazole 2. Me4NB(OAc)3H - 2. DBU
TBSO - - DMF HO .  76% over 2 steps O .  95% over 2 steps
H ¢ 97% H : 47 gram scale : 63 gram scale
OoTBS 85 gram scale OH OH

]I%%rk




Part 2: Kishi — 2"d Generation Furan Synthesis

The Final Push: the oxidized tetracycle:

OAc o Q R
Me 1. DIBAL-H Me 1. NaH, HCO,Et e n-Bu Me I )7
2. (COCl),, DMSO 2. n-BuSH, p-TsOH 2 Me3SI, NaHMDS
Hunig's base, DCM_ benzene, reflux Et,0,-78°C
85% over 2 steps ~ TBSO . 88% over 2 steps = TBSO . then, HgCl, ~ TBSO
TBSO H i 57 gram scale H : 38 gram scale : 54% :
éTBS OTBS OTBS Garst_Spencer OTBS
14 gram scale
(COCl),, DMF
DCM
84%
HO Vilsmeier-Haack

12.6 gram scale

1. 'BuLi, HMPA, then /\>
S S
(@] (@] 0
Me / Br\)]\/OTBS Me / S 1. Ph3PCHOCHS3, t-BuOK Me / H
yZ S _ V7 __ 2. 1,3-propanedithiol Y/
2. TBAF, THF 72% over 2 steps
, Corey-Seebach O
52% over 2 steps y-oee

TBSO Hol Corey-Seebach TBSO Hol ; 1thlanat:onl TBSO -

H . H ram scale :
OTBS alkylation OTBS g OTBS

4.7 gram scale




Part 2: Kishi — Reinforcements

C6-oxidized tetracycle synthesis:

HO
1. MnOz
S 2. AcOH, MS 4A 1. PIFA, CaCOs
e} o ® TFAA, MeOH/MeCN
Me [/ HCO, HsN~\_-OTBS 2. PPTS, “wet acetone”

% S 3. NaCNBH, - 3.DBU
4. Ac,0, pyr 68% over 3 steps
76% over 4 steps, > 20:1 d.r. 500 mg. scale TBSO H :

TBSO 4 C6 Reinforced TBSO OTBS
OTBS Intramolecular Diels-Alder . . .
1. p-nitroperoxybenzoic acid,

900 mg. scale
DCM, pH 7 buffer
2. MOMCI, Hunig’s base
84% over 2 steps
640 mg. scale

TBSO
1. KHMDS, then

Davis oxaziridine
2. TFAA, DMSO, Et3N

1. HF-pyr
OTf 2. NaH, then PhNTf,
71% over 2 steps

- or
TASF, then 82% over 2 steps
EtsN, PhNTf, Davis o-hydroxylation
98% Swern oxidation
Intramolecular 470 mg. scale

Oxa-Michael
470 mg. scale




Part 2: Kishi — C7 - C8 Olefin

Redox Adjustments and testing the E1cB maneuver:

1. NaBH,4

2. TBAF

3. DMP

Dess Martin
oxidation

H,, PtO,, EtOH
ot 2,6-ditertbutylpyridine
90% o

328 mg. scale

4. DBU

__ 5.CSA, MeOH

D 85% over 5 steps
32 mg. scale

HO




Part 2: Kishi — The Price of One Oxidation Site

Removal of the C6 Ketone and Side-Chain Installation:

1. (Py-S),, P(n-Bu)s
2. Hy, Raney Ni, EtOH
3. DMP _
85% over 3 steps o
Dess-Martin oxidation
14.9 mg. scale

CEC|3 - 7H20
NaBH,4, MeOH
95%
Luche reduction

\

MeO

KHMDS, then
PhNTf,
90%

15 mg. scale

1. CeCl; (10 eq.)

MeLi (10 eq.), premixed Pd(PPhs),, CO

~__morpholine, K;CO3

2. Mel, NaHCO3
80% over 2 steps 96%
7 mg. scale Pd-catalyzed
carbonylation

MeO

13.5 mg. scale




Part 2: Kishi — Final Operations and Reflections
Accessing BTX-A:

Me Zn(BHy),, Et,0
80%

TsOH-H,0
ol > tone
Ph ace
H™Ph H,0, DCM
= 83%
O 1 mg. scale
N /
=B
\
Me
BH3-DMS, DCM N
90%. 1:1 . BTX-A .
CBS-Itsuno Resolution 0.34% overall yield
1.3 mg. scale 49 steps LLS

Lessons Learned (Brief Summary):

1. cis-decalin is an optimal convergent building block, but controls stereochemistry at C13-C14.

2. Steroidal C-ring offers a nice point of convergency for coupling partners.

3. Oxazepane formation via oxa-Michael is difficult to the need for an irreversible process with high driving
force.

4. (CB8-C9 epoxide is sterically hindered and inert to base-mediated isomerization processes. Best to establish
C7-C8 olefin early in the synthesis.

Advancements:

New Garst-Spencer protocol, stereoselective furanyl-IMDA, oxa-Michael with a-keto enones, cerium-mediated

ketone synthesis, and application of CBS-Itsuno resolution.

49 steps LLS with
28 concession steps

jr%rérk
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Part 3: Dubois — Retrosynthetic Analysis

Retrosynthetic Analysis:

Me Alkylation
I\IAe I ’I Pg
N M N
© side-chain Me ) 9 Fragment
installation 0 Coupling
OH — > o ] —
H / H \/ H
T e
*~..Intramolecular
OPg OPg 1,2-addition
Y\ OR
M R .Pg
) OH X N OH
Me o Me Me
X X
+
D= =
O
(0] PgO
</o H 9 H o
Hajos-Parrish
diketone Parson’s intermediate




Part 3: Dubois — Decalin Synthesis

Building Block Synthesis:

OTBS
Me O HCI cat. Me 0 Me OTBS Me
H,, Pd/C NaO,CCBr X
ethylene glycol o TBSOTf, EtsN 0 BnEt3NCI 0
THF DCM 75% -
o 88%, > 20:1 d.r. o H 88% o H inseparable o H
mixture of

halogen isomers X = Br, Cl




Dubois — Decalin Synthesis

Building Block Synthesis:

Me o
@)
MgBr - THF
MgBr - Et,O

MgBr  LaClg2LiCl  THF
MgBr  CeCly2LiCl  THF
MgBr CeCly THF
Li  CeClg2LiCl  THF
Li - THF

Li LiBr THF

]I%%rk

HCI cat.
H,, Pd/C
ethylene glycol

THF
88%, > 20:1 d.r.

-78°Ctort
-78°Ctort
0°Ctort
-78°C
-78 °C
-78°Cto0°C
-78°C
-78°C

0.

</I"

Me

0]
Me OTES

CHBr3 (8 eq.) Br

TESOTf, EtzN KOtBu (8 eq.)

> O.., > O,
DCM </ ! hexanes, -25 °C </ ‘
_ANO
88% o) H 50-60% o H
Me o
35%
’ Me Me Me
- Br Br 2\
+ M
Me additive
20% 0 H 0 H solvent
31% desired undesired temp




Part 3: Dubois — Allylic Electrophile Synthesis

Building Block Synthesis:

o)

Me
e Me OH
Me Me Me B Me -
Br CSA, MeOH . Br DMDO, acetone Br conditions:
O"" 90% 90% . o@
MeO MeO

product not observed




Dubois — Allylic Electrophile Synthesis

0
Me Me
Me Me
Br m-CPBA . Br
DCM o
O:, O:,
AT T LB
) H

Cp,TiCl, Mn dust

o

OH
Me
TR
H

THF, rt
70%

(0] H
X Pd Source Phosphine Additive Solvent Temp. Yield
-OH Pd(OAc), PPh3 Et;B THF 65°C N.R.
-OCO.Me Pdj(dba),* CHCI3 PPh3 - THF 65°C N.R.
-OCO,Me Pd(dba),*CHCl3 Trost - THF 65°C N.R.
-OCO.Me Pdy(dba),* CHCl3 dppf - THF 65°C N.R.
-OCO.Me Pdy(dba),* CHCI3 Trost - dioxane 100 °C N.R.
-OCO.Me Pd(dba),*CHCly Trost BSA/NaOAc THF 65°C N.R.
-OAc Pd(dba),* CHCI3 Trost BSA/NaOAc THF 65 °C N.R.
-OMs Pd(dba),*CHCI3 PPh; BSA/NaOAc THF 65°C N.R.
-Br Pd,(dba),*CHCl3 PPh3 BSA/NaOAc THF 65°C N.R.

DCM

MeOCOCI, DMAP Me 0CO,Me
Pyr- - Br
0.,
20% </
O H

Pd source, PR3
additive, solvent
temperature




Dubois — Desperate Measures

A last resort:

R R
OH - , . ,
Me o Electrophilic terminus despite being
Br HO Me 110 to 180 °C electronically activated is presumed
0., DEAD, PPh; Br _ > to be too sterically encumbered for
</" THF 0 ‘@ 1 ,2-d|cg;050benzene functionalization
. . aisen
O H yields not listed </ Rearrangement
(0] H
_ R = H or CH,NHBoc
R =H or CH,NHBoc products not observed
2nd Generation Retrosynthesis:
Me PgO
Cyclization op
Functional g ™S
Me Group Fragment
Unmaskmg OPg Coupling | | +
. — Me (0]

< 0) Br
*~~.Intermolecular 0@
1,2-addition MeO

H




Part 3. Dubois — Building Block Synthesis

O

Cyclopentanone Synthesis: N
EtO.C "o OFt 1. Lipase PS
MeO 0.6 N HCI o OEt OH 0.1 M phosphate buffer OTBS
0 70°C, 2.5 hrs. N then, K;CO3 EtO,C 48%, > 99% e.e. .o
OMe  then neutralized =0 56% 2. TBSCI, imidazole, 95%
with KHCO3 HWE 3. DIBAL-H, toluene, 70%
Enzymatic Resolution
OTBS OTBS OTBS 1. m-CPBA, NaHCO3
- IBX, DMSO Zn dust, AcOH 2.1y, PPhs, imidazole
N 93% quant, 1:1 d.r. ' 86%, 1:1d.r.
O Henbest Epoxidation
0 HO Appel lodination
Decalin Progression: ™S ™S
o OTBS
e It It
Brog. TMS acetylene, n-BulLi Me Me ’
o. 2. CSA, MeOH _ BT _conditions:
</ ) 73% over 2 steps 0@ 0@ OH
0) H > 20:1d.r. MeO MeO
H

Ark

H




Part 3: Dubois — Fragment Unification

Investigation of 1,2-Addition: . THF 2:1 32%
™S ™S ™S - Et,0 1:0 0%
Licl THF 2:1 32%
OTBS LiBr THF 2:15 40%
| | conditions: | | | | MgBr+OEt, THF 10:1 <5%
-78°C, then Me Me ’ ZnCl, THF 1:0 0%
R Li ZnBr, THF 5:1 <10%
CeCl THF 5¢:2 <10%
0@ OTBS 00 ' 0@ OH Yb(OT:’);; THF 1:0 0%
MeO MeO MeO CeClge2LiCl THF 1.5%:1 <10%
H H H LaClg2LiCl THFE 5¢:2 <10%
- THF 1:23 65%
O

all entries are conducted with n-BuLi, except for the last one (t-BuLi).

Unearthing Stork’s Precedence:
Bu3Sn

| BusSn BusSn BusSn
AIBN, Bu3SnH ° Bu3SnH
B
PhH, 80 °C

B
Molar Concentration| Product ratio ° BuzSn
BugSnH | enyne A B BuzSn
0.02 0.02 1 4 BuzSnH
———
0.3 0.25 4 1
0.7 0.6 18 1 E E .
22 1.9 > 100 1 E E

Ark




Part 3. Dubois — Radical Cyclization

Application of Stork’s Precedent:

T™S SnBus  OTBS SnBug
OTBS | | OTBS

{ Me ’ EtB, O,

Me K»CO3, MeOH BusSnH
94% o OR solvent
OH temperature
M
MeO MeO

R Solvent |Temp (°C) Ratio (A:B)
y OTBS

H PhH 50 5 1

PPTS orAcOH _ Me " H PhH 80 ! !
o H PhMe 110 1 1.2
OTES H xylenes 130 1 1.5

MeO H TMS PhMe 110 1 3

only starting material TES PhMe 110 1 9

observed.




Part 3. Dubois — Radical Cyclization

Application of Stork’s Precedent:

T™S SnBus  OTBS SnBug
OTBS | | OTBS

{ Me ’ EtB, O,
Me K»CO3, MeOH BusSnH
94% o OR solvent
OH temperature
MeO MeO

H

MeO

Alkynyl Handle Synthesis:

R Solvent [Temp (°C)| Ratio (A:B)

H PhH 50 5 1

s Et H PhH 80 1 1
g —— Et _1

25% Cl :

A TMS PhMe 110 1 3

TES PhMe 110 1 9

jr%rérk




Part 3: Dubois — C-Ring Development

Implementation of the Alkynyl Handle:

| | OTBS
Me ’ Et;B, O,
A, imidazole BuzSnH
OH DCM Ph,0, 150 °C
93% 75%
MeO i ? single isomer
TBAF

THF, reflux
94%




Part 3: Dubois — Redox Phase

Redox Choreography:

TMS
O
Bu3Sn H
0s0y (cat.), NalOy4 Me OH
tBUOH, H,0 /= 7
30% T R
|
L (0]
OMe

unstable - prone to
retro-aldol




Redox Choreography:
TMS

I\I/Ie
BusSn NH
Me o
H/ X7/ I
L6
OMe

Part 3: Dubois — Redox Phase

then
OsO, (cat.), NalO4

IBX, i-PrOH
75°C
Me
1
NH
BusSn
Me
PPTS, DMP

 60% over 2 steps H N

H,O
55% - 65%
one pot

A

OMe

MeNH,, AcOH
NaBH;CN, MgSO,

DCM




Part 3: Dubois — Redox Phase and Oxazepane Formation

Redox Choreography:
TMS

Me
|
N
Bu3Sn
Me
H o
L I
(0]
OMe

IBX, i-PrOH

75°C

1. NaOEt, THF/PhH
Tf 2. KHMDS, PhNTf,

 86% over 2 steps
Imhof Oxazepane
Formation

then

OsO, (cat.), NalO4
H,0 o
55% - 65%
one pot

3. CICH,COCI
_ 2,6-lutidine
~ -78°Cto 0°C

49% - 54%
over 3 steps

OMe
verified via x-ray diffraction

CF5CO,

B
CF3CO,~
2 _N-me

1. MeNH,, evap.
2. NaBH(02CCF3)3
-78 °C

DCM




Part 3: Dubois — Destannylation

Oxidative Maneuvers:

' Fuchs:
Me Me 1
1 I !
; o 9 o
BU3SH O Br O . o o
Me OTf Br, Me OTf E Bs CuBr, 5
! u n r
H o’/ DCM H ol P CO,Me MeOH CO,Me
| 65% I ! 60%
L 0 L 0 ! AcO AcO
OMe OMe ;
Me Me Me H Me
| |
N /& o N
BusSn o Cl K o
Me Me Me
OTf CuCl, m—CPBA OTf
o) dioxane 0]
: 0 / 750 N éphse)z‘,);'lzoz H N /
aeyer-Villiger
(0] Y g O
OMe OMe OMe
— only recovered starting
Modification A B material was observed
distilled dioxane 1.4 1
O, sparged dioxane 0 1

89% yield under optimized conditions




Part 3: Dubois — Final Maneuvers

Demethylation and C11 Reduction:

Me Me Me
I 1 1
] N o] N N
H 0] HO O 1. SOCly, pyr. (0]
Me NaClO, Me 2. NaNj, acetone/H,0 Me 2
OTf NaH,PO, OTf 3.aqg.AcOH, dioxane, 90 °C OTf CSA, MeOH
H 0’ DMSO/H,0 | o’ 57% over 4 steps H 0’ 94%
I Pinnick I Curtius Rearrangement |
L Oxidation L note: DPPA, toluene, reflux L
O ] o O
afforded no reactivity.
OMe OMe OH
NaBH,4 MeOH -78 tort 1 :0 \
NaBH,4/CeCl; MeOH -78tort 1 : 0 Me
1
NH3*BH3 THF -20 to 60 1 : 0 N
Zn(BH,), THF -78tort no reaction 0
LiBHEts THF 78 decomp. conditions: Me OTf
LiBHs-Bug THF -78tort decomp. H (0] [
(S)-Me-CBS CH,Cl, 20tort 1 : 0 L |
@]
Sml, THF Otort decomp.
Sml,/1,4 cyclohexadiene THF -781t00 decomp. OMe
Me,AICl/i-PrOH PhMe rt to 80 no reaction product not observed.
AlHz*NMe Et PhMe -78 decomp. undesired selectivity

afforded in all cases.

]I%%rk




Part 3: Dubois — Final Maneuvers
Side-Chain Installation and Global Reduction:

Me OEt Me I\I/Ie

| |

N PN

o 0 SnBus OH , , :
Me Pd(PPhs), Me » Me Despite chain extension,
A OTf_Licl, cuCl AlHz-NMe,Et @ o C11 selectivity was observed
(o] . . .
HL | l THF 20°C e THiE HL : oH and the diastereomeric mixture
0 Stille no yield 0 proved resistant to separation.
Coupling C11:>20:1d.r.
OMe C20: 5:1d.r. OMe
Installation of auxillary and reduction:
OEt I\I/Ie
A 4
SnBuj H
p'TSOH, 4A MS Pd(PPh3)4 Me | Me
PMBCH,OH LiCl, CuCl AlH3 o
benzene THF, 60 °C THF, 78°C . H o OH
89% 77% 33% ) |
Stille desired (o)
Coupling 20R:20S
1:0.25 (0]
undesired (
20R:20S

0.7:0.3




Dubois — Final Maneuvers

Deprotection and Acylation:

'Y'e Me )OJ\ o Me Me
1 I
! N Et0” S0 B N
Me Me Me 'I' Me NH Me |I| Me
O p-TsOH @) Me _ (0] o
H Of acetone/H,0 H of Et3N, PhH " H Of
OH OH o} Me
L | 83% N | 45°C \ |
) 0 79% 0 7\
OH BTX-A OH BTX Me N
0.24% overall yield 27 steps LLS H
26 steps LLS

Lessons Learned (Brief Summary):

1. Establishment of the C7-C8 olefin early in the synthesis dramatically improves efficiency.

2. Formation of the C12-C13 bond is difficult to steric constraints.

3. Direct construction of C8-C14 bond and the tertiary hydroxyl with correct stereochemistry dramatically
decreases the need for redox maneuvers.

4. Demethylation via Curtius cost a price of 4 concession steps.

5. C11-ketone is highly hindered and difficult to reduce with the correct stereochemical outcome (substrate-
structure dependence).

) Advancements:
26 LLS-W”h Direct 1-2 addition of vinyl bromide to cyclopentone, engineered radical cyclization cascade, tandem reductive
12 concession steps amination/acylation sequence, and stereoselective reduction for C20 with alane.
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Comparison and Summary

Kishi:
Intramolecular Diels-Alder provided the desired skeleton and C11
stereochemistry, but introduced unnecessary redox fluctuations via
epoxidation, hydrogenolysis of a triflate, and introduction of a C6
ketone.

» Despite this, the route is high-yielding for a 49-step sequence.

Dubois:

* Highly convergent and direct approach between two optimized building
block.

+ Radical cyclization cascade established both the C11-C12 and angular
C13 bonds rapidly.

+ Unfortunately, 4 concession steps were introduced via demethylation,
C3 protection with an auxiliary, and non-stereoselective reduction of
C11.

Questions?
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