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Zhu Rongjin

Representative Molecule Diterpenoid from Euphorbia

Ingenol: R=H
Ingenol mebutate:R= Ang

ingenane

* 1968 Hecker isolated Ingenol from from Euphorbia ingens

« Ingenol mebutate (Picato®): a first-in-class drug for the
treatment of the precancerous skin condition actinic
keratosis (approved by FDA in 2012)

¢ Ingenol is a PKC activator ( (Ki =30 pM)

« highly oxygenated trans-fused 5/ 6/ 7/ 3-membered ABC-
ring system.

¢ 2002:First total synthesis by Winkler (44 steps)

© 2003: Total synthesis by Kuwajima (45 steps)

© 2004: Formal total synthesis by Kigoshi (34 steps)
© 2004: Total synthesis by Wood (37 steps)

¢ 2013: Total synthesis by Baran (14 steps)

Phorbol: R'=H, R2=H
TPA: R'=COC3H,7, R>=Ac

tigliane

* 1934, Swiss chemists Bonifaz Flaschentréager and Rudolf von
Wolffersdorff isolated it from hydrolyzed croton oil

o Phorbol 12-myristate 13-acetate (TPA): often employed in
biomedical research to activate the protein kinase C (Ki =2.6 nM)

« different phorbol diesters exhibit a variety of biological
functions: anti-inflammatory, antitumor and anti-HIV activity

* 1989: First total synthesis by Wender (52 steps)

* 1990: Formal synthesis by Wender (42 steps)

* 1997: First formal asymmertric synthesis by Wender (40 steps)
© 2001: Formal asymmertric synthesis by Cha (44 steps)

© 2016: Total synthesis by Baran (19 steps)

© 2024: Total synthesis by Inoue (22 steps)

daphnane resiniferatoxin

e 1975, Hecker et al. isolated resiniferatoxin from the
of Euphorbia resinifera.

latex

* 1982 revealed it belongs to a daphnane diterpenoid family

* potent activator of transient receptor potential vanilloid 1 (TRPV,),
an ion channel protein of sensory neurons that perceives pain.

« highly oxygenated trans-fused 5/ 6/ 7-membered ABC-ring system.
* 1997: First total synthesis by Wender (44 steps)
© 2017: total synthesis by Inoue(41 steps)

© 2021: total synthesis by Inoue (20 steps)
© 2022: total synthesis by Maimone (15 steps)

© 2022: formal synthesis by Inoue (27 steps)
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z

COOMe 1) LAH

) o} . o
Winkler's work 1. Li, NH 2) TsCl, Et;N 1) LDA, MeO,CCN (89%)
methyl crotonate OTBS  3)Allylmagnesium 2) pMBOH (97%) Se0
—_ bromide, Cul 3)TFAA/TFA/AC,0 ] J( ToHE (11%)
2.TBSOTY, Et;N Me,CO (93%) - O
4) HF o o —
JACS 2002, 124, 9726-9728 H
C-6, dr:14:1 o
] H y CH;CN, Me,CO
R=OHJ (C15C),€0, | hv,CHiCN, Me,

R=CI PPh, (93%) | 0°C
R=OH, 16%

R=Cl, 60% dr:5:2

..... 1) K,CO3, MeOH

1)TBAF (99%) y
2) LAH

2)DMP (89%)

HoHO . 1)CHBTr;, NaOH, Et;N(Bn)ClI
" 2) MeLi, CuSCN, Mel (72%) / 3)bBU
1) photoinduced [2+2] H “_OTBS 4) ;I'BS_CI
2) retro-aldol ring ?5A y:eld over
our steps
cleavage 1)t-BuBr/DMSO C-6,dr:7:1

2)LiCI,DMF
73%-2 steps

1) Ac,0, AcCl
o 2) NBS,NaOAc
{——— 3) LiCl, DMF 1) DIBAL-H 1) 050, (93%)
50%-3 steps 2) 00, 2) BzCl (82%
—_—_——— o
56%-2 steps
CH,OR
J
R=R'=H
R=TBDPS; R'=H 1) SOCI,
2) RuCl,Nalo
L R=TBDPS; R'=TES ) RuCls.NalO,

79%-2 steps

1) TBAF
1) Luche 1) LDA g; EMCB(SDMA 1) DBU
2003
2) HCI/MeOH CH,=CHCH,0COCN 4) DMP 2) H,SO,
3TBAF 2) Mel, - 74%-2 steps
28%-3 steps 5 K,CO; /l/o
3) Pd(OAc), CH,OTBDPS
H/l/ CHZOTBDPS 230 3 cteps H e

PMB
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1)NaH, BrCH,CH=CH,

OH )
O;ome 2)CHCI,COOH, DMF, reflux

OMe 79%-2 steps

Kuwajima' work

(o] | NBS,H,0,DMSO (:I:)

JACS. 2003, 125, 1498-1500 OMe

1
Zn dust, NH4CI, 52%
1) TIPSCI (100%) OH(;Oz'Bu
Rearrangement . 2) LAH (84%) R AlMe3, LDA
- Then HCI (66%)
e, B ——————
OTIPS ..
OMe “
ome ©OH
1) Parikh—-Doering (97%) . .
_ o methylaluminum bis(2,6-
2)(EtO),P(=0)CCl; (85%) dimethyl-4-nitrophenoxide
Cl
AcO
PN 1) "BuLi, (CH2),0 (91% - /ﬁggo(coh
cl OHE/ cl » (VH2)n ° . on Co(CO);  Lewis acid
: OH - 5
OH 2) Ac,0, TFE, DMAP (99%) :
(Iom e . ., 3 €O2(CO) (95%)
OMe Sue “omiPs ome OTIPS OMe OTIPS
\ V,

% TESCI(99%) Cﬁ/r

1) LHDMS CH3CHO
2)TFAA, Py, DBU
65%-2 steps

‘OTES

37% recrystallization

CO,'Bu .
H tBuOAc, LDA, LiBr

Br 919,
e oTEs
-Co(CO)3

1) LilNH,
Co(CO);
o(€0)3 ) CHBry, NaOH (71%)

?

3) Me;CuLiy, then Mel (95%)
“OTIPS

OMe OTIPS

OMe )
TBHP,Ti(O'Pr),

1) Luche
2) TESCI
(99%-2 steps)

39% -5 steps

1) NaBH,4 1) Swern oxidation (93%)
2) DIBAL 2) 'BuO(Me,N),CH
1.TBAF (100%) 3) TFAA, 2,6-lutidine | o HO, "
2) PDC (97%) DBU 3) DIBAL, Mel (98%-2 steps)
- -
, MeO '
MeO OTIPS e OTIPS

1) TESCI
1) CSA, p-MeOCgzH,CH(OMe), 2) LDA, TMSCI
> -
2) SOCI,, Pyridine 3)NBS
3) AcOH-H,0 4) HF
OTES 4) Me,S, NCS 5) CHyl,

OMe OTIPS

Zn, NH,CI (90%)
Br ———————>
KOH, MeOH (89%)

HO'HO

HO
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OMe
Wood's work
1) O3, Me,S (70%) 0 ] 1) HO(CH,),0H
2) CeCl3, HC(OMe); (90%) o 1) TiCly Me:-.. 2) LAH
0 . Me::..
JACS. 2004, 126, 16300 16301 3) CO(OMe), (55%) 2)MeCu(CN)Li (86% 3)HCI
- — _—
o Me0,C 5 4) Ac,0
5) DBU 0
0 31dr D
BF5eEt,0
1) 0s0, a2
2) Nalo,

3)HO(CH,)OH  Me"

Me:...
73% - 3 steps Grubbs Cat.l

CH2=CH2

ROM
Hoveyda Grubbs Cat Il

t o,
1) Se0,, TBHP (49%) 1) KO'Bu, O, P(OMe); (94%)
2) DMP (74%) 2) VO(acac)zTBHP (73%)
3)RhCI; (74%) 3) TMSOTF (72%)

1) HCI
2) NaBHy (77% - 2 Steps)

3) I, PPhj, Imidazole
4) KO'Bu, DMSO
(94% - 2 Steps)

OPMB

1) NaBH,
2) dimethoxypropane
PPTS (86% -2 steps)

1) DDQ (90%)
2) MsCl (96%)

1) Na (Hg), NaHPO, (76%) 3) PhSH ,Li,CO; (76%)
s=12 3 o,

2) HCI (92%) 4) Oxidation
3) Se0,/Si0, (40%) - <
SO,Ph 072 (o] OPMB
R=TMS

47%
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Baran's work

10.1126/science.1241606

H

1) NCS, DMAP
2) O3, thiourea Cl....

A

(48% -2steps) O

Me LiNap, HMPA, Mel, then

Me LHMDS

7
270
Me

(44% one pot TBSOTf
TMSOTf
Me TMS (71%)
Me
M Me Me Me.,
e 1) 0sO, M ) - Me
Me 4 e
HO;” 2CDl o) Me MeMgBr [RhCI(CO,),l,, CO TMSO: Me
-
. H
68% - 2- steps .
/ 719
Ao oTBS / “oTBS o _AN"""otBS
Me R z v
Pauson (0] Me Me
Khand
BF3‘E12°
(80%)
Se0 Martin's
S thenzAczo sulfurane
_— then NaOH Me
(+) carene (59%) (81%)
L ) cO HO
Kigoshi' work JOC 2004, 69, 7802-7808 SeO,, HCOOH
OMe (76%)
1) O3, Me,S (70%) MeO =
2) CeCls, HC(OMe); (90%) - 1) TiCl, Me-. THPO
3) CO(OMe), (55%) 2)MeCu(CN)Li (86% NaH
> —_—
[o) MeO,C 75%
(o] .
e 3:1dr 1) Lil
2) PPTS p
76%
Phph Ph Ph
1) PPhs, CCl, M Facﬂ\ )<CF3
1) LDA 2) Et;CONa © S~
1. Grubbs Cat | 2) CH,=CMeCH,Br
- 2 2 50% oy
2. SeO - Martin's
: 2 sulfurane
\
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Wender's strategy
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/
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Wender's work

Wender, J. Am. Chem. Soc. 1989, 111, 8954-8957
Wender, J. Am. Chem. Soc. 1989, 111, 8957-8958

1,3-dipolar
cycloaddition
or
enyne
ring closure

A o
o ——3
TBSO OH Achmatowitz
reaction

1) DIBAL
2 Bz,0, DMAP
3) Se0,, TBHP

1)SOCI, (80%)
2) AgOBz,KOBz (73%

1)HCIO,
2)S0;-pyr-Et;N, DMSO
80% - 2 steps _ Me
3) CF3CON(CH3)TMS
91%

oH 1) TBSCI

Loﬁ 2) "BuLi, C,H5COOLi
/

%\/oTBS

1) (CH2=CH)2cUCNL|2
2) TMSCN, Znl,

1) NaBH,
2) mCPBA
3)Ac20 DMAP

1) LHMDS, 4-pentenal
2) AcCl, Py.

Me OTBS
(o] \ /

2:1 dr (erythro:threo)

4- pentenal

j\:\g:::’]?'s

1) Hy, Pd/IC

2) PPh3=CH2
3) SeO,, TBHP
4) Mn02

oTBS
dr 15:1 92% 2:1 dr (C 12) OTBS
1,3-dipolar 3 RE»‘C\)I;I - 5 N
cycloaddition 2
Y 3) NaOCI 0Bz
. 1) Hy, Wilkin-
H OH 1) Raney Ni H, 1) Luche son's Cat. (92%)
: 3) DBU 3) 2-Methoxypropene 4 3)PCC H
- H >
)( B oTBS
oTBS oTBS L )
1) LDA, TMSCI
2) PhSCI
3) Pb(OAc),
1) DIBAL
1) mCPBA
1) t-BuLi 2) CO(Im),, DCM 2; 21(0Me) 60 °C
2) PCC 3) TABF A thsc(8H3)2
3)NaBH(OAc); (92%) ;o g; Iggl LF“I:PRCM Me
Me
P

1) KHMDS, TMSCI
then NBS (65%)

2) LiBr, Li,CO3;, DMF
130°C (72%)

45% - 5 steps

1) TsOH, MeOH
2) KCN, MeOH

HO
Phorbol




Hu GM

Ingenol, Phorbol and Resiniferatoxin

Zhu Rongjin

Wender's work

EtO.C 1) NaOEt, 4-bromo-1-butene Kojic acid — 1) EtOH, 78 °C
2 2) NaH then LAH reflux 12 ___ cesium salt 2) TBSCI TBSO,
1 > \ - 62% -3 steps
JACS 1990,112,4956-4958 o 3) PBr3, then 48% aq HBr Br - .

JACS 1997,119,7897-7898

62% - 3 steps

enyne

ring closure
OoTBS

1) sOcl,
2) TBAF
3) AIBN, nBusSnH ™~ \,...)

56% - 3 steps TBSO

CH2=CHCH2MQBI'

72%

TBSO

3,3' rearrangement

OTBS oTBS
[5+2] —=1Li
then TMSCI
48% 9:1 dr
) \\' (0] ;; g?\’nthﬁn oo PPTS
E -Methoxypropene,
o . Cp2Zr(n-Bu), HOAC ypcc T
TBSO OH Achmatowitz THF
reaction 69% >
enyne
ring closure
(o] Ph 26 steps
PR HO O Ph HO HO AcO
~ 1) TBDMSCI N N 1) AlMe;,Me(MeO)NHeHCI
\ 2) n-BuLi, DMF \_o )\0 = 2) 3-butenylMgBr = 1) DIBAL
> N\ 0 Me )‘0 >N\_0 Me _2) AcCl, DMAP \ o Me
75% -2 steps o 71 % -2 steps
oH ° P OTBS Bu,BOTf, TFE (96%) I 70% -2 steps Phorbol
Evans aldol OTBS
OTBS
reaction OTBS
VO(acac),, TBHP
) Ac,0,DMAP 5+2
88% 2:1 dr (C 6)

1) (CH,=CH),Cu(CN)Li; (83%) AcO 1) Hp, PdIC
2) PhCCLi, LiBr; TMSCI (75%) Me.. 1 2) Ph;PCH;Br
3) Cp,ZrCly, n-BuLi; HOAc (93%) 3) Se0,, TBHP DBU AcO

. 4) PCC (94%) then MnO,

- 79%

enyne 67% - 3 steps OTBS
ring closure fo)
J OTBS

9
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OTBS
Cha's work OTBS ol OTBS
JACS 2001,123,5590-5591 TFE H../Z. 1) HF
PESEEEEETET S0 eferuAul N Zn, MeOH
o1 CFCHOH| N o= /S _2Ac0
( 3 S SEEEEE = 80%-93% 93% -2 steps
H
Cl
oTBS OTBS TBSO AcO
:> o 4+3 cycloaddltlon Candida rugosa
enyne 1) Base, LiCl o 90%, 80% ee
ring closure pp Eschenmoser's salt 1) TBSCI o
TBSO 2) Mel, NaHCO; (70%, 7:1 dr) 2) K,CO;
- 3) BOMCI
OBOM : TBSO HO OAc
97% ee i H OBOM
Base: pj, " >N""pp
Heck coupling Il.i
OTBS
(o] X*
o b Cl Cl
— [4+3] OBOM o, OH o —
cl cycloaddition -Br — 1) Swern oxidation
1) PhCCLi, LiBr = o =
oTBS 2) TMSOTY @ - 2) o 4 @
== Ph—— PP J(Ph =
86% oTMS N
U OTMS )\/0 OTMS
TBSO TBSO Ph TBSO
TBSO
93% 2-steps
20:1 dr MeMgBr
CuBreDMS
89%
p
o 1) LiBH,4
Ti(O-i-Pr)4 2) Swern
1) CrO;eDMP (42%) i-PrMgBr Pd(OAc), 3) PhyP=CHI
2)L-Selectride (93%) 3% HCO,K
- o -~ 62%
enyne 79% Ph
ring closure Heck Coupling

10
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Inoue's work

J. Am. Chem. Soc. 2024, 146, 8746-8756

Me., OTIPS
H
bridgehead
radical
OTIPS cyclization

n-allyl Stille
coupling
N3
(0} Me.

enantionselective
DA reaction

(o)

H

LiO Li
TIPSCL, Py.

2) Ac,0
81%, C7: 2.5:1

1)

o

1) LiN(SiMe,Ph),
TESCI
2) mCPBA

A

84% 2 steps

1) NaHy,H0
2) Pb(OAc),
84% 2 steps

TBAF, AcOH

OTIPS OTIPS
Bu3Sn AIBN, PhSnH LHMDS
72% C4: 11:1 dr [H,C=NMe]* I
Pd(PPh3), o then Mel
—_—
OAc then Al,03
oTIPS 76%

TiCI4, n-BuzN
TMSOTf, acetone
then Ac,0, DMAP
(77%)

B ——
PhSe

Xe lamp (330 nm)
microflow (0.3 mL/h) Me

fo) O then
(o}
Z>0 J H 0 \F
+ cat. Lio
NN | N/\ =, Ho _ >
o o N/\ o 5.
OH K/ k/o 0% 5:1dr
- then AlMe;
74%
1) Pd(PPhs),, HCOOH
Me. OTIPS e.,, OTIPS TFE 2,6-lutidine Me..,
. 1)LiAIH(Ot-Bu)i-Bu, - TIPSOTf HO,
96% SN
PhSe

EDCIleHCI, (PhSe)
then hv (Hg lamp)

inge

recrystallization > 99% ee

then t-BuOK,0,

1) PPTS, MeOH POEY),

2) TMSOTf
then,ZnBr, H,0 64%, 1.7:1
,1.7:

72% - 2 steps

Ba(OH),, MeOH
41% 3 steps

1"




Hu GM

Ingenol, Phorbol and Resiniferatoxin

Zhu Rongjin

Baran's work

10.1038/nature17153

OHOH
M .
: H——°
Oxidase
phase
HO
Pauson
Khand
+) carene =
(+) =
\_

NaBH(OAc);
then TBAF

then Ba(OH),
72%

Me.,
TMSO,

then TMSOTf
70%,

|
| l MJ Hﬁ

50 45 40 35 30

[Mn], O,, PhSiH;

1) Ce,7,8,11-H: steric shielding

2) hyperconjugation from cyclopropane
3) strain-release

4) C13,14: higher s-character

TFDO

H —
Me.,,
RuCl; TMSO, [Mn], Oy,
NaBrO; o OH PhSiH;, PPh; Mgl,,Znl,
-
-
96% 2 steps
msd — N OTBS 51%
H Me
TFAA then Zn - _J
Ac20 Et3N
—

93%

64%

1) HF-Py
2) Martin Sulfurane
then SeO,

51% 2 Steps

68% 2 Steps
e )

TsNHNH,
NaBH;CN

40%

1)TMSNS, I,
2)Me,Sn, [Pd]

Me..)
TMSO,

12
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Wender's strategy

Me.,
H

Me I\ \"1,_
o8 — — o
TBSO OH
enyne Achmatowitz
OTBS ring closure reaction
Inoue's strategy OTBS
Me \ 10
Me PhSe
lo} 4

s 0 o 7-endo radical @ 3-component
I:> o cyclization radical coupling 4
SYO TBDPSO TBDPSO SnPhy
SMe
Inoue's strategy
Me., OTIPS
" | N3 o
14
resiniferatoxin |:> H |:> I:> |:> HO o ° ||)LN/\|
\ J bridgehead n-allyl Stille enantionselective (o} 8 K/O
radical coupling DA reaction
OTIPS cyclization
Maimone's strategy
\ Me, 0
— H
Aldol
o o |

13
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Wender's work

JACS 1997,119,12976-12977

o
1) o OTBS

s

Retrosynthetic Analysis

enyne
ring closure

Achmatowitz

1) Ti(O'Pr),, ()DIPT 1) EtoccL oB
HOF, - 2) TsOH OBn . .
N \)oi/ TBHP, 51%, 98% ee o8 3) LDA, Mel o i__p MBuliosh :
X s T NS T —_—
2) BnBr, NaH, 95% cl>>/\/ 66%, 6.7:1 dr i d 2) AcCl 97  TBSO I r
n
o
1) NaBH,
2) mCPBA
3)A020

1) PdIC, H,
2)Ph;PCH;Br
3) Se0,, TBHP

96% -3 steps

4) Mno, Me... o
5) CH,=CHLI,CuCN DBU 0Bn
NP
77% - 5 steps 84% 028
OTBS OAc

1) PhCCLi, LiBr
2) TMSCI
61% -2 steps

.+«OAc
1) Cp,ZrBu,, HOAc (90%)

2) 2,4,6-Cl;-Ph-C(0)O
C(O)CH,Ph (74%)

1) HCIO,, (46%)
2) TMSCH,Li (48%)

3) 49% HF (86%)

1) BzCI (97%)

3) NBS (91%)

2) MSTFA, DABCO (98%)

4) LiCO, LiBr, 150 °C(93%)

TBSO OH n
reaction “0Bn 2) TPAP, NMO (94%) CH,=C(Me)MgBr
\ ) >
75%
OTBS
1) O3 (65%)
o 2) PdIC,H, (99%)
3) triph 97%
<., Me ) triphosgene (97%)
Me : .OH 1) NaOH (aq) (73%) 1) Se0,, TBHP (63%) 1) 48% HF
. "“OCOCH,Ph < 2) SOCl, (88%) Me 2) Tf,0, then TBAI
3) Zn, reflux

3) AgOBz-KOBz (88%)

-

79% - 3 steps

1) TBAF (98%)

2) Ba(OH); (98%)

3) esterification (75%)
4) pyrrolidine (89%)

.
>

p

14
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Inoune's work

JACS 2017, 139,16420-16429

Retrosynthetic Analysis

— ©°
o (o) 7-end<_) ra_dical o SMe
o cyclization
S (o}
SMe

3-component
radical coupling

\// 0 TBS Me..,

5 10

TBDPSO SnPh3 PhSe
(o] 4

1) DIBAL

2) H*, 2,2-dimethoxytetrahydrofuran
60% 2 steps, 5:3 dr

WOH

.wOH
Hoveyda-Grubbs
Catll ..
——————> HO’ 7

1) PdIC, H,
2) Ley-Griffith

)\MgBr

n -BuLi

MgBr
n-BuLi

\/b NaIO4 ‘EJJ
.,0

(+)-CSA) ! g+ o \"/
MeC(OMe); ) Bz
e
83%
85% ’ 2) Ley-Griffith O
TMSOTf, Et;N S 1) K,CO
2 3
87% N,ONa 2) swern
1) mCPBA | i) |Tu“:g% .
2) Pb(OAc), pZ )
3) MsClI 77% - 4 steps
hv, (SePh), 7% -451PS _ phse

31% - 4 steps

Oﬁ"‘OTBS

V-40, PhCI, reflux

1) NaN(TMS), (77%)
2) TBSOTf, TFE
3) mCPBA (59% 2 steps)

TS0, Me

-

TBDPSO 1) TBAF

2) NaH, CS,, Mel
92% 2 steps

—————
71%

TBDPSO

15
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Bng/I]\

1) LacCl,e2LicCI
then aqg. HCI

2) BzClI
80% 2 steps

Me 1) LiBH(s-Bu); (83%)

1) MSTFA, DABCO
2) LHMDS, CH3l (94%)

2) NBS (88% -2 steps)

1) SeO, (rr: 5:1)

2) Li,COg, LiBr, 150 °C
3) SOCl,

25% - 3 steps

HO
JOUH
MeO OCs
1)
2) TBAF

Cl Cl

p (+)-CSA) K,CO3;, MeOH
then |
HaC i OH MeC(OMe); 2 MeO
B o 94%
(o} OB: 95%

SnBuj
TBSO----q

[o}
OTBS bulky group serve as a traceless stereocontroling factor,c4,c4q Pd(PPh3),
95%

0,, KHMDS i .

P(OEt); 1) Lil, Pyridine
10 steps 45, 2) Ir(lll) Cat., K,HPO,

. us%) Blue LED MeO

- -

TBSO,

Inoue OL 2022,24,929-933
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Inoue's work

JACS 2021,143,12387-12396

Me. OTIPS Me.,
PhSe
bridgehead
radical ook
OTIPS  cyclization
13
l (o]
HO™ o
L Me.,,
2 enantionselective PhSe
(o} DA reaction
‘,/\l& !
N :

oTIPS 02
(o] 11 steps
=z (0] ] H
\ + N/\l Cat —_—
o | —> HO R

OTIPS
w-allyl Stille
coupling 1) PPTS, PhB(OH),
2) ZnBr,
OTIPS J 90% 2 steps |
mCPBA
then NaOH

+ then PhB(OH),
-

25% - 3 steps

J]\ 1.7
BrMg

LaClze2LiCl
then KHF,
13:1dr

1) DCC, PhCH,COOH
2) T,0, Py.

OTf

p
>

42% 2 steps

OTIPS

TMSOTf, DIEA
then PPTS, MeOH

then TMSOTH

Me,HSiCI
DIEA

1) TBAF

2) PPh,, DBAD

54% 2 steps

R'=SiHMe,
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Maimone's work /l;>=0
(o}

o Me T™MSO allylMgBr
DIBAL (88%) |, LHMDS n then HCI
JACS 2022,144,16332-15337 MeO - e | ——— + Me \
s I I then TMSCI
1

(76%, 1:1 dr)
| DBU, (43%) }

then add
Pd(PPh;),
51%
HO
i DMP H T™MSO
e CuC:, B,Pin; then mCPBA H TMSCI H
o NaO'Bu (60%) Me then SiO, i
then NaBO
50% 3 TMSO 99% HO

1) DMTAP (75%)
2) TBSCI (87%)

LHMDS

Smlz

1) DMP (63%)
2) TBAF
3) Homovanilic acid
95%-2 steps
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