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Conidiogenones
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(-)-Conidiogenone B (-)-Conidiogenone C (-)-Conidiogenone D
Biological activity Structural features
induction of conidiogenesis 5-5-5-6 ring system, few functional groups,
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antibacterial activity (Conidiogenone B)?
cytotoxicity (Cinidiogenone C)? Total synthesis
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(+)-Aberrarone

o O Me Isolation

o, Me from gorgonian coral Pseudopterogorgia elisabethae (2009)")
Biological activity
O ] El Me  anti malarial activity?
Me Me

Stractural features
5-5-5-6 ring system, four ketones, three quaternary carbons,
seven stereogenic centers

(+)-Aberrarone

Total synthesis
Carreira (2022)

Synthetic study
Ito (2015)2)

1) Rodriguez,l.; Rodriguez, A.D.; Zhao, H.; J. Org. Chem., 2009,74, 7581
2) Kobayashi, T.; Tokumoto, K.; Tsuchitani, Y.; Abe, H.; Ito, H. Tetrahedron 2015, 71, 5918



Introduction of Prof. Snyder and Prof. Carreira

Prof. Scott A. Snyder

1999 B. A., @ Williams College (Prof. Markgraf)

2004 Ph.D., @ The Scripps Research Institute (Prof. Nicolaou)
2004- Postdoctoral fellow @ Harvard University

2006- Assistant Professor @ Columbia University

2011- Associate Professor @ Columbia University

2013- Associate Professor @ The Scripps Research Institute
2015- Professor @ The University of Chicago

Research topic: Synthesis of complex natural products

3 - Prof. Erick M. Carreira

1984 B. S., @ University of lllinois at Urbana-Champaign (Prof. Denmark)
1990 Ph.D., @ Harvard University (Prof. Evans)

1990- Postdoctoral fellow @ California Institute of Technology

1992- Assistant Professor @ California Institute of Technology

1996- Associate Professor @ California Institute of Technology

1997- Professor @ California Institute of Technology

1998- Professor @ ETH Ziirich

Research topic: Asymmetric synthesis of biologically active, stereo-
chemically complex, natural products

1)  https://snyder-group.uchicago.edu/sasnyder.html
2)  https://carreira.ethz.ch/the-group/people/prof-dr-erick-m-carreira 6
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2. Total Synthesis of (-)-Conidiogenones
(by Snyder Group)



Retrosynthetic Analysis

HO HO
Me Me o Me Me OH peMe o
Me Me Me
]
. H A H A H A
Ch_ang_es in Me Me Me Me Me Me
oxidation state Conidiogenones
V I
reductive
Me OR Heck cycllzatlon Me OR NHK reactlon Me I o)
Me Me
HH HH
Me Me Me Me Me Me
1,3-trans C-0O bond
Heck cyclization formation
linchpin guiding
quaternary centre
Reductive Me Me
coupl,ng Alkylatlon OTf
z Me
H HH
Me Me

Me Me

1)

Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, |. T.; Snyder, S. A. Nature 2019, 569, 703



Construction of A-ring

*

Me
o TMSOTY, OTMS
Me PMP IBX-MPO -
-
Me CH,Cl,, —78°C DMSO, 23 °C
H N >20:1 r.r. 73%, 2 steps
e2 steps from Me” regloselectlve“’Ie
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©
(86% e.e.) O =
\0 O_N@ / Me
o

O Fe'(acac); (cat.), o
PhSiH; IBX-MPO
EtOH, (CH,0H),, 0°C
(CH,0H), PRSIH3
&<}L ,Fe''H 1> single diastereomer
- L, Fe'
o] 0@
Fe3*
M
~ Thrope- Ingold—type Me Me 3
I Me y acceleration Felllacac),

Me Me

1)  Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. A. Nature 2019, 569, 703
2)  Brown, M. K. & Hoveyda, A. H. J. Am. Chem. Soc. 2008,730, 12904
3) Lo, J. C., Yabe, Y. & Baran, P. S. J. Am. Chem. Soc. 2014,136, 1304



Regioselective Functionalization

+ LiN(i-Pr), , HMPA
Me Me /\)L
NNM
° H,NNMe, €2 | Me

23 °C THF, -78 to 23 °C
H H H then HCI, 23 °C
Me Me Me Me regioselecyive
Me )Me alkylation
Me (;l)@ Me
Li
Me o KN(TMS),, Me oTf Cl
Comins’ reagent \Q
> -
- Me THF, —78to 0°C - Me N NTf2
HH 61%, 3 steps HH _
Me Me >10:1 rr. Me Me Comins’ reagent

1)

Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, |. T.; Snyder, S. A. Nature 2019, 569, 703



Pd-Catalysed Cascade

Me Pd'(OAc), (cat.), OAc] then Me OH
OTf t-BuMephos (cat.) K,CO; Me
n-BuyNOAc MeOH
23°C :
- toluene, 100 °C =
H ’ HH
Me Me 83% Me Me
0 single disatereomer
Pd°L, OAc
AcO\II_’OAc
\
o)
Pd'L,
%
Me e NaHCO3O
CH,CI,
] > 0 to 23 °C
we |V 85%
Me Me
sp?2 carbon
K Pd'L, O
Me
P(t—BU)z
~
Me

t-BuMephos

1)  Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. A. Nature 2019, 569, 703
2) Yi, H.; Hu, P.; Snyder, S. A. Angew. Chem., Int. Ed. 2020, 59, 2674



NHK Reaction

cr''Cl,, ligand A,

Proton Sponge, Co''Pc I
Mn?, Li'CI, TMSCI,
/\)I\ " o ’ ’
| | Me <,N H
‘s
Me | 2

Me,0, 23 °C > : —\
eV, -
(V) . H H M Ar
75%, 3:1 d.r. Me Me e
NHK reaction ||gand A
Ar=3,5-CI2C6H3
1/2 Mn" 1/2 Mn©
L.Cr! L.cr'!
RI=I —>F OTMS
Co' co' \ J\
Rz "R!
crll cr TMSC
r r O/Cr"'Ln

1/2 Mn® 1/2 Mn'!

> L,CrIR! ———
! e

R1
(o)

R = ,‘{\JI\ RZJLH

1)  Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. A. Nature 2019, 569, 703
2)  Guo, H.; Dong, C.-G.; Kim, D.-S.; Urabe, D.; Wang, J.; Kim, J. T.; Liu, X.; Sasaki, T.; Kishi, Y. J. Am. Chem. Soc. 2009, 131, 15387



Stereoselectivity of NHK Reaction
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)M Ve Ar 0/ Ar=3,5-Cl,C¢H;
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X-ray structure of
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1)  Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. A. Nature 2019, 569, 703
2)  Guo, H.; Dong, C.-G.; Kim, D.-S.; Urabe, D.; Wang, J.; Kim, J. T.; Liu, X.; Sasaki, T.; Kishi, Y. J. Am. Chem. Soc. 2009, 131, 15387 13



Reductive Heck Reaction

| Me
o-tol jo-tol
Me oTms Hermann’s catalyst (cat.), e OH R o \0\
HCO,Na, n-BusNBr " Pd" pd'
* /%
Me then n-BuyNF € 0.0 PC tol
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>—H
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Me Me
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Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, |. T.; Snyder, S. A. Nature, 2019, 569, 703
Baran, P. S., Maimone, T. J. & Richter, J. M. Nature, 2007, 446, 404



Total Synthesis of Three Conidiogenones

Me OH —
Me
: Pd/C (cat.),H, | Me
- %
H H EtOAc, 23 °C
Me Me C,
Il "
Me
HO\M
1. Triton B, H 7
t-BuO,H M Me (o)
THF, 23 °C e
> Me
2. NaSePh 4
EtOH, 23 °C H H
54%, 2 steps Me Me
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I\IIIe
Me—N@®
/
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LiBH(s-Bu);

THF, =50 °C
81%

OH
_o®

IBXo

Me (0}
then IBX

‘o
DMSO, 80 °C
1%

H
Me Me

Conidiogenone B
(15 steps from
commercially available product)

T

HO
Me Me OH
Me
HH
Me Me

Conidiogenonol

1)

Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, |. T.; Snyder, S. A. Nature 2019, 569, 703



Synthesis of Conidiogenone C and D

Me (o) Me OH

not close enough

for directed oxidation
Me M Me Me

Conidiogenone B intermediate

X
v

Me Me (@)
Me
N Hi
. Me H
HO OH
Conidiogenone C Conidiogenone D

1)

Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, |. T.; Snyder, S. A. Nature 2019, 569, 703



Constructlon of A-ring

m-CPBA szTIC|2
CH2CI2, 0°C m-CPBA

Me
- v (]
(@) Cp,Ti'VCl,, Z
pP211"Cla, £n >
THF, 23 °C
FxH
e
Me \
O OHO
Cp,Ti'Ci 35%
MOMCI,
88Y% i-PryNEt 87%
° CH,Cl,, 0 °C °
/\ ~ Me
o
OTi'VCp,ClI
= OT|'VCp2CI -
SN H
. Me
MOMO OMOM
intermediate C intermediate D

1)  Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. A. Nature 2019, 569, 703
2) Rosales, A.; Rodriguez-Garcia, |.; Munoz-Bascon, J.; Roldan-Molina, E.; Padial, N. M.; Morales, L. P.; Garcia-Ocana, M.; Oltra, J. E.
Eur. J. Org. Chem. 2015, 2015, 4567



Total Synthesis of Conidiogenone C and D

Construction of C and D ring

MOMO in the similar way to HO
intermediate C the synthesis of Conidiogenone B Conidiogenone C
> 15 steps
>
Me M
o deprotection of MOM ether Me© °
Me
S N HA
. Me ’\ Me H
~ OMOM OH
intermediate D Conidiogenone D
15 steps

1)  Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. A. Nature 2019, 569, 703
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3. Total Synthesis of (+)-Aberrarone
(by Carreira Group)



Prior Work by Malacria Group

OAc H H
[Aul] Reduction
> < q
HH
Me Me OTBS Me Me
OoTBS
| Meyer-Schuster type (¥)-Capnellene
rearrangement
lll Cyclopropanation
B Me ] B OAc ]
Il Nazarov
cyclization
é
B ~ B 41 conrotatory B B B

Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475
Lemiére, G.; Gandon, V.; Cariou, K.; Hours, A.; Fukuyama, T.; Dhimane, A.-L.; Fensterbank, L.; Malacria, M.

J. Am. Chem. Soc. 2009, 131, 2993

1)
2)



Key Synthetic Step of (+)-Aberrarone

Me
[M]
--------------------- .
I Meyer- Schuster type rearrangement
Me Il Nazarov cyclization
Il Cyclopropanation

.
IV Aldol reaction R10

Me Me
(+)-Aberrarone

1) Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475 )



Retrosynthetic Analysis

o O Me Reductive opening O OH
of a cyclopropane Me Au-catalyzed cascade

—> —>

-
Tin

Il Nazarov cyclization
Me Me Me Me Il Cyclopropanation

Me

Sonogashira coupling

Me

X
-
TIT (@)

Me | Meyer-Shuster type rearrangement

1)  Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475

22



Synthesis of A-ring Fragment (1)

NMe
Ph 2
PMBO O Zn"(OT%:SEt3N PMBO  OH
N H | - W
Me Me toluene, rt Me Me
4 steps from 9:1dr
commercially available product? unpurified
OH O~_.wPh
Bh NMe, . zn'(OTf), + —TMS —_— TMS—— Znﬂj
N~ """Me
Me /\
Ph Me Ph Me
o, N-Me o, N-Me
oS oy
Zn' e Zn” Me
0|| il I)“r
R)]TH H)l}R
TMS TMS
OH l OH v
R/\ RJ\
. SiM93 . SiMe3
major minor

1)
2)
3)
4)

Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475
Gill, D.; Taylor, N. H.; Thomas, E. J. Tetrahedron 2011, 67, 5034
Frantz, D. E.; Fassler, R.; Carreira, E. M. J. Am. Chem. Soc. 2000, 122, 1806

Asami, M.; Miyairi, N.; Sasahara, Y., Ichikawa, K.; Hosoda, N.; Ito, S. Tetrahedron, 2015, 71, 6796



Synthesis of A-ring Fragment (2)

PMBO  OH PMBO  OH
S : “ n-BuyNF . S :
A THF, rt N
AN
Me Me TMS 75%, 2 steps Me Me
Et;N, Ac,0 PMBO  OAc
DMAP - S :
CH,Cl,, rt S
95% Me Me

1)

Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475



Synthesis of cyclopentenyl fragment (1)

Cu'Cl (cat.), \ /Ph
NaO#-Bu (cat.),
0 (S)-Tol-BINAP (cat.), PAr;
Ph,SiH, f PAr;
Ar=4-MeCgH
THF/pentane=1/1 OO 64

90%. 5 S)-Tol-BINAP
Me 90%, 98:2 e.e. Me Me (S)-Tol-
(o)
Ph 03{
L,Cu'-H
Me
(o)
fj ~cu'L,,
Me H
o/cuan
Ph,SiRH
II‘H
Me

1)  Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475
2) Chae, J.; Yun, J.; Buchwald, S. L. Org. Lett. 2004, 6, 4809
3) Rendler, S.; Oestreich, M. Angew. Chem., Int. Ed. 2007, 46, 498



Synthesis of cyclopentenyl fragment (2)

alkylation (o) Me

\ /
/ \
é é > - ““\/E\/OTBDPS

single diastereomer

A

_ . 1. NaN(TMS),
MelLi, THF -20 °C; CS,, Mel,
THF
o] I\:Ile -78 to-45to0 -78 °C
~__OTBDPS 80%
HJ\/\/ 98% 2. n-BusSnH,
(57%, 3 steps from AIBN,
(R)-Roche ester) toluene, 105 °C
~78°C O OH Me 89%
- Barton-Mccombie
o OTBDPS deoxygenation
—>
Me

diastereomeric mixture

Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475



Synthesis of cyclization precursor

Q I\:’h’" Comins’ reagent, I\:Ile
““\/\/OTBDPS THF, -78 °C to rt» ‘\“\/\/OH
then n-BuyNF, rt
71%
Me Me Et;N, Cu'l (cat.)

Ci X Pd'(PPh3),Cl, (cat.)
\(j\ PMBO OAc | Sonogashira
Z : : ;
N NTf, m coupling
Comins’ reagent X

/g Me
PMBO (0]

MeZSO, SO3Py, i-PI'zNEt \ n

CH,Cl,, -20 °C
96%
Parikh-Doering oxidation

1)

Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475



Investigation of cyclization cascade

/& e e
Echavarren’s catalyst
o o (20 mol%) Ohc

then additive

goF H
- AubNCHo
Ph
Echavarren’s catalyst
entry solvent additive temperature time Result

1 THF/H,0=500/1 none 0°C 12 h recovery of starting material (95%)
2 CH,Cl, none 0°C 12 h A-R (40%)
3 CH,Cl, TiCl, -78°C 1 min decomposition

1)

Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475



Mechanism of Cyclization Cascade (1)

(0]
0]
Me | Me |

O
>
o

e < 2
RoC©

1)  Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475
2) Lemiére, G.; Gandon, V.; Cariou, K.; Hours, A.; Fukuyama, T.; Dhimane, A.-L.; Fensterbank, L.; Malacria, M.
J. Am. Chem. Soc. 2009, 731, 2993



Mechanism of cyclization(2)

(o) (@)
/4 7/
Me Me
ﬁ
Me
/0
(@)
/4 Me
OAc Me OAc

1)  Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475
2) Lemiére, G.; Gandon, V.; Cariou, K.; Hours, A.; Fukuyama, T.; Dhimane, A.-L.; Fensterbank, L.; Malacria, M.
J. Am. Chem. Soc. 2009, 731, 2993



Investigation of additives

OHC
Me
c3 (R)-C3: A-R
DAe (desired)
i (S)-C3: A-S
Me | Ve C3:i AS
/g Echavarren’s catalyst PMBO (undesired)
" 70 (20 mol%)

then additive

e,

\
t-Bu—P--Au!--NCMe

Ph :
H H
Echavarren’s catalyst Me Me
entry solvent additive temperature time Result

4 CH,CI, NaOMe in MeOH 0-25°C 72h A-R:A-S (1:1)*, B-R:B-S (1:1)*
5 CH,CI, K,CO3; in MeOH 0-25°C 72 h B-R:B-S (1:1)*
6 CH,CI, Et,AIOEt 0°C 12 h A-R:A-S (1:1)*
7 CH,CI, n-BuzSnOMe 0-25 °C 12 h A-R (43%)

* inseparable diastereomeric mixture

Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475



Completion of key cyclization cascade

Me |

Me Echavarren’s catalyst (5 mol%)
(CH3Cl)3 (0.2 M)
0°C,12h

then
65 °C, 16h
1%

n-BuzSnOMe
— MeOAc Aldol reaction

1)

Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475



Roles of n-Bu;O0Me

—0

Me Echavarren’s catalyst
/&0 and n-Bu;SnOMe

no reaction
o OHC
Me | Me Me
/g Echavarren’s catalyst
o 0°C, 12h OAc

heated to 65 °C
without n-Buz;SnOMe

decomposition

Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475



Reductive opening of cyclopropane

Me 0 Me H2 (1 atm) Me Me
DDQ PtO
CH2CIZIH28
PMBO N Me =g/1 HO Me HO E Me
H ° H
M Me 81% M WMe Me :‘j"e. g
esire
cl Cl not obtained
(o) OH
o o Me
. H, (1 atm)
-20to 0 °C PtO,
NCDDQCN 80 % > X - Me
H
HO
Me Me
undesired
btained
OH OH obtaine
Me
H, (1 atm)
PtO, (cat.)

é
Me AcOH,rt” HO
81%

1)

Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475



Total synthesis of (+)-Aberrarone

MeZSO, SO3Py, i-ProNEt

>
CH,CIl,, -20 °C
75%
Parikh-Doering oxidation

3902

1,4-dioxane, 100 °d
40%

(+)-Aberrarone
15steps

1)

Amberg, W.M.; Carreira, E.M. J. Am. Chem. Soc. 2022, 144, 15475
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Summary

Snyder Group Me
Me o I

o
ﬁ L .
Reductive Pd"-catalyzed NHK rea(_:tlon

coupling cascade Reductive

Me Me Me coupling

Me OH . .
One by one construction of rings
Me —> guided by quaternary centres
HH HH
Me Me Me Me
Conidiogenone B (15 steps)
Carreira Group Me Q (o) OH
/& Me Au' catalyzed cascade | Me
| Meyer-Schuster type rearrangement
Nazarov cyclization PMBO : Me
Cyclopropanation H 5
Me IV Aldol reaction Me Me
oO Me
o Me
- Construction of 5/5/5/6 ring system
> o ] 2 Me in one step
Me Me

(+)-Aberrarone (15 steps)
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Total Synthesis of Conidiogenone C and D (1)

Me OBz
(0] —
LDA, HMPA, Br Me
>

X | THF, -78 to 23 °C
Me 77%

MOMO
intermediate C

Me

o KN(TMS),,
Comins’ reagent

THF, -78 to 0 °C

)
MOMO Me
OAc
AcO\ |I/0Ac
Me —0
Me NaHCO, ©
e
CH,CI,, 0 to 23 °C
66%
Me
MOMO MOMO

Pd%(dba); (cat.),
n-BusP (cat.),
NH4HCO,

toluene, 110 °C
74%

Me OBz

Pd'"(OAc), (cat.),
t-BuMephos (cat.),
n-Bu4NOAc
toluene, 100 °C

then K2C03,
MeOH
72%

>

crliCl,, ligans A,
Proton Sponge, Co''Pc
Mn?, Li'CI, TMSCI,

/\)I\ TS
M
I | . e

Me,O , 23 °C
80%
3:11d.r. Me

1)  Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. A. Nature 2019, 569, 703



Total Synthesis of Conidiogenone C and D (2)

Me

SN H
. Me

OMOM
intermediate D

Me

Me

Hermann’s catalyst,
oTMS HCO,Na, n-BuyNBr
DMF, 80 °C
then n-BuyNF, 23 °C
68%

OH Pd/C (cat.), H,,
EtOAc, 23 °C

then IBX,
DMSO, 80 °C
76%

Me

o

MOMO

The same 9 steps
as the synthesis of
Conidiogenone C from intermediate C

HCI

ﬁ
THF, 23 °C
78%

conidiogenone C
15 steps

Me Me o
Me

L
T

OH
Conidiogenone D
15 steps

1)

Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, |. T.; Snyder, S. A. Nature 2019, 569, 703



Mechanism of Pd!' catalyzed C-O bond
formation (1)

Me Me
Me Me
MeO,C.,, MeO,C.,,
%
Pd(OAc), OA
oTf t-BuMePhos ¢
— n-BuyNOAc
Me D
_ [Sn2’] _
Me
L"\ Me
Me, Pd" D MeOZC.,, "/\
- R > - 'Pd"Ln
Me Mer—T=— ~H —~——— o H
‘COzMe

Me

Me e
Me Me Me
MeO,C:., MeO,C OAc MeOC.,,
I . > ||/ gl
Pd'L, Ligand Exchange d’Ln  Reductive Elimination OAc
1 ' 1H "y
Me D ‘H

M
P
Me D Me p

not obtained

1)  Hu, P.; Chi, H. M.; DeBacker, K. C.; Gong, X.; Keim, J. H.; Hsu, I. T.; Snyder, S. A. Nature 2019, 569, 703
2) Yi, H.; Hu, P.; Snyder, S. A. Angew. Chem., Int. Ed. 2020, 59, 2674



Mechanism of Pd!' catalyzed C-O bond
formation (2)

OAc
. /Pd"Ln 2
MeO,C IMeO,C , MeO,C
290 > 9] > 9]
Pd(OAc),
t-BuMePhos
oTf n-BU4NOAC —'_ :_
L Me - Me
Me
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Enantioselectivity of Conjugate Reduction

Me
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Preparation of a substrate
from (R)-Roche ester

Me TBDPSCI Me
= imidazole - DIBAL-H
MeO OH > MeO OTBDPS -
CH,CI,, rt hexane, —78 °C
(0) (o)

(R)-Roche ester

CIPh;PCH,OCH;
e NaN(TMS), o
THF, -78 to 0 °C

H OTBDPS OTBDPS
\n/\/ > 4
then HCI, rt

(o) 57%, 3 steps

g
ng
(o]

:
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