Modern Synthesis of lllicium Natural Products

Aaron Roth
October 22 2019



Outline

= 1950’s - Isolation, activity and structure elucidation

= Previous Total Synthesis

= 2015 - Shenvi’s 8-step total synthesis of (-)-jiadifenolide
= Biosynthesis of illicium terpenes

= 2016, 2017 - Maimones strategy and synthesis of /llicium natural products



Origin of lllicium Sesquenterpenoids

* Genus lllicium is an evergreen shrub or tree encompassing ~40 species
e Essential oils have been the primary motivation for research

e Some fruits have been known to be toxic for several centuries

e 1952 —isolation of anisatin by Lane et. al.
* Complete Structure later established by Yamada and Hirata (1968)
* Done through degradation studies and NMR spectroscopy

* Pseudoanisatin was originally mischaracterized by spectroscopic methods (1971)
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* Later characterized by X-ray crystallography (1983) and the structure revised

Bioactive Natural Prodcuts (Part L); Studies in Natural Products Chemistry; Attaur-Rahman, Ed.; Elsevier, 2005; Vol 32, p 395.



Classification of lllicium terpenoids — Carbon Skeleton
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Over 100 sesquiterpene lactones have been isolated from the /llicium genus

Bioactive Natural Prodcuts (Part L); Studies in Natural Products Chemistry,; Attaur-Rahman, Ed.; Elsevier, 2005; Vol 32, p 395.



Biological Activity
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Previous Synthesis
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Outline

= 1950’s - Isolation, activity and structure elucidation

= Previous Total Synthesis and Strategies

= 2015 - Shenvi’s 8-step total synthesis of (-)-jiadifenolide
= Biosynthesis of illicium terpenes

= 2016, 2017 - Maimones strategy and synthesis of /llicium natural products

(—)-jiadifenolide (1) (—)-jiadifenin (2) (—)-jiadifenoxolane A (3)



Shenvi’s Retrosynthetic Strategy
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Michael
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behave as y-nucleophiles in Michael and aldol reactions®!.
The stereoselectivity in this process** was left to chance. Thus,
division of 7 in half via two Michael transforms would deliver
two butenolides, 8 and 9.

3

F.C” o~ T0° >

O

50 (86 : 14)°
ll}Clu.,

Nat. Chem. 2015, 7, 604; Tetrahedron 2000 56 6219



Starting material synthesis
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(—)-jiadifenolide

)\/\)\/\ P(OPh)s, Br, ‘BuOK, 18-Crown-6 /k/\/\
\ )\/\*/‘\
o EtsN, DCM Hexane, reflux

(R)-(+)-Citronellal -78 °C to RT 60%, 2 steps

Mo(CO)g (1.2 equiv.)
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' (o]
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1 gram scale: 50% yeild
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Nat. Chem. 2015, 7, 604

O3, DCM

then Me28
70%

4



Key Disconnection and Mechanistic Understanding

Me Mg o LDA, 8, THF, NH,CI (aq.)
-78°C (90%, 8:1d.r.)
=\, , Me — = =
+ oo o
5 0 then 9, =100 °C CD,0D

then NH,4CI (aq.)

(o)
o ores LPA, THF-HMPA

then TBSCI I
(6.0 equiv.)

LDA(5 equiv) Me

LA (6 equiv)
TBSCI (4.0 equiv.) THF, 0 °C
R
THF-HMPA
-78 °C to RT 0]

LDA, THF Lewis acid Result
= o -100 °C Zn(OTf), NR
o 0 m ZnBr, NR
G ZnCl, NR

MgBr,*Et,0 NR
- Cu(OAc), NR
Et;B NR
TiCl, NR
TiCI(OPr); NR
BF;*OEt, NR
iBu,AICI NR
Ti(O'Pr)4 80%

| o

Nat. Chem. 2015, 7, 604



Rationalization of Stereochemistry and End Game

0 x o e s e £ 1 s e et
K | LDA, 8, THF,
vz o /7/\ Zan 3 \EC _ -18°C
\ then 9, -100 °C
M / \ / /\ ) )
Ve Me
Favoured: Disfavoured: Secondary No secondary
staggered, staggered, but orbital overlap overlap
chelating cannot chelate

1. m-CPBA,
CH3Ck; 22 °C

2. Me;NBH(OAC)3,

1. LDA; CBry
2. NaHMDS;

(50%, 2 steps)

AcOH, THF
(75%, 20:1 d.r. PhO,SN s
2 steps) /k
Ph H |
Davis
oxaziridine

1 gram produced by total synthesis which would have required 117 kilograms of I. jiadifengpi
Nat. Chem. 2015, 7, 604
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Terpene Biosynthesis

Me Me
Me)WOPP |:> Monoterpenes Hemiterpenes (Cs)

Monoterpenes (C,)

Geranyl PP Sesquiterpenes (C;5)
Diterpenes (C,)
Triterpenes (C3y)
Me Me Me Tetraterpenes (C4)
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What biosynthetic steps remain to access lllicium sesquiterpenes?



Terpene Biosynthesis — Access to Core Scaffolds
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J. Am. Chem. Soc. 2019, 141, 3083; Bioactive Natural Prodcuts (Part L); Studies in Natural Products Chemistry; Attaur-Rahman, Ed.; Elsevier, 2005;
Vol 32, p 395.



Maimone Retrosynthetic Strategy

A biomimetic strategy through a common core in the biosynthesis
could give rapid access to a large number of lllicium terpeneoids
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J. Am. Chem. Soc. 2019, 141, 3083; Bioactive Natural Prodcuts (Part L); Studies in Natural Products Chemistry; Attaur-Rahman, Ed.; Elsevier, 2005;

Vol 32, p 395.
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Maimone Retrosynthetic Strategy

Acyclic Monocyclic Bicyc/ic
Me Me
Al ol # 435 435
Me Me Me/\ (+)-o-pinene (10) (-)-a-pinene (11) B-pinene (12)
_ Me” N $0.01/gram $0.02/gram $o 03/gram
(—);ng%r)g:frlnﬁ) (-)-limonene (3)  (+)-limonene (4)  (-)-isopulegol (7) ‘ | .
' $0.06/gram $0 16/gram $0.13/gram anislactone )
Seco-prezizaane
HO, Me Me skeleton skeleton |
o (— )-verbenone (13) myrtenal (14) camphor (15) 10
| $0.52/gram $0.52/gram $0.06/gram
Me” e N 11
(-)-linalool (2) (=)-carvone (5) (+ -carvone ( (+)-pulegone (8) Me .@
$0.39/gram $0.39/gram $0. 15/gram $0.86/gram s
: OH (-)-borneol (16 )-cam hene (17) (-)-fenchone (18)
lex Pol /| p
me COmplex Polycyclic o $0.98/gram $0. 05/gram $0 12/gram
(+)-18 = $1.3/gram allo-cedrane
H H skeleton
- Me: (’ j Me Me: (’ ]/ Me
% N Me s M :
Me’ ‘Me Me” i ° A
(=)-a-santonin (21) (+)-sclareolide (22) (—)-perillyl alcohol (9) (+)-2-carene (19) (+)-3-carene (20)
$5.9/gram $4.6/gram $0.63/gram $34/gram $16/gram

s : - il Me
alkyl | Me ® Me H “H
shift Me H
P i J . Me
Me H Me 2
L Me 1 (+)-cedrol ($ 0.05/g) O [O] in all cases

O [O] in many cases
Q [O] in few cases

J. Am. Chem. Soc. 2019, 141, 3083; Chem. Rev. 2017, 117, 11753.



Maimone Retrosynthetic Strategy
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Biomemitic C-C Shift Strategy — Forward Direction

Me
Me H Ll
H
| Me
H Me
(+)-cedrol

J. Chem. Soc., Perkin Trans. 1, 1983, /, 1373; J. Am. Chem. Soc. 2019, 141, 3083.

a. CuSO,+5H,0 o Me
b. Phl(OAc),, TBHP Me H
> H
430/0 | Me
[2 steps] H  Mme
C. SGOQ 73%
d. NaClO, [2 steps]
0
o]
e. H202, NaOH Me H OH
- H
16% + 80% sm - Me
H Me

Other Lewis acids surveyed:
A/C/3, A/Me3, BF3’OEt2, SnC/4,
Ti(OiPr)y4, TiCI(OiPr)3, ZnCl,

Known ring shift:
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®
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Breaking the C,-C,; Bond Reassessed

[ring shift]
— >

OH [Dehydrat/on]

non-biomimetic

2
-

biomimetic
s a. CuS0,4+5H,0
Me_H OH b, RuClgexH,0
H NaIO4
Me
I|~l 75%
Me [2 steps]
(+)-cedrol

HO
Me [Cleavage]

Me

Me H

(o 0]

[Eno/ate Ox]

—

o-ketol rearrangement

J. Am. Chem. Soc. 2019, 141, 3083; J. Am. Chem. Soc. 2016, 138, 16616.
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Undirected Oxidation of C4 Methyne

(o OHH oMe Challenges:
ot 1. Flanked by 2 quaternary centers
M';' Me 2. Multiple other positions of oxidation

a. RUC|3’XH20, KBFO3, ?
14%
» Me mel O —
or H Me
b. CU(OAC)2°H20, H202 MeéH
12% OH

J. Am. Chem. Soc. 2019, 141, 3083; Int. J. Chem. Kinet. 1996, 28, 453.

O [O] in all cases
O [O] in many cases
Q [O] in few cases




Copper-Mediated Oxidation of C4 Methyne

Challenges:
1. Flanked by 2 quaternary centers
2. Multiple other positions of oxidation

Cu-Mediated Directed attempts

Table 1: Late-stage C(sp’)—H oxidation.

Conditions!® Yield®  RSMP
H B P B H 2 a 2 SbFg )
NG 3 C-H Oxidation r(jj [%] [%]
Y = 0 ——— 0 [N
Et Bt gAY PE B\ § [ Et 6:FIE"NC°H3 Cu(OAc), (1 equiv), H,0,, MeCN, 22°C 15 (15) 51
% 3 ¥ CCH3 . o
H HO” S, H.0 N0 o) \ N\E“I‘)N[F;PDP)] Cu(OAc), (1 equv), H,O,, MeCN, 0 S 10 38
oraciliosther F L N @ Cu(OAc); (1 equiv), H,0,, MeCN, 22°C < >90

e. PhI(OAC)y, |, hv

34% 46 + 22% 45

ACIE, 2014, 53, 14522; J. Am. Chem. Soc. 2019, 141, 3083



Iron-Mediated Oxidation of C, Methyne

o H H
OH OMe :
0 . oM [Fe] (50 mol%) o OH
0] (5 equi
STE [O] (5 equiv) MoTMS 3 MS MOTMS
Me » H.,, / N\ .
H, MeCN, rt - Me \
2 Me Me~ Me N (S,S-PDP) N/
Me
Entry Conditions Me Me
1 Fe(mep)(MeCN),(SbFg),, H20o 22% 30% 4%
2 Fe(S,S-PDP)(MeCN),(SbFg), H,05 25% 0% 0%
3 Fe(mep)(MeCN),(SbFg),, TBHP 21% 10% 4% (17% RSM)
4 Fe(R,R-PDP)MeCN)y(SbFg)s, Ho05 16% 0% 0% (46% RSM) mepp
5 Fe(mepp)(MeCN)y(SbFs),, H20, 26% 0% 0% (30% RSM)

(o) O[Fe] (0] 0O
Me
O (o) o Me O OMe
OTMS OTMS OTMS
/ Me Me Me
Me Me Me Me Me 3 Me
2 0 2

Possible that ligand architecture lowers reactivity of Iron center to prevent over oxidation

J. Am. Chem. Soc. 2019, 141, 3083



Iron-Mediated Oxidation of C4 Methyne

f. [Fe(mep)(MeCN),][(SbFe),]
H,0,, slow addition
22% +30%
[gram scale]

) 0
- 0Me " 0Me ,
oTMS OH — >
Me * Me  — 2
Y71 N ®
Me © Me €
g. TMSCI, imid.,
DMF, 67% :
(0]
e 0
(o) Me o Me 0
OO0 Me o) HO Me
S ) S e o Alwe
H, H [me HO OH
Me Me H HO OH

(+)-pseudoanisatin (5)
Pseudoanisatin
Required Manipulations:
1. Oxidation at Cy,
2. inversion of stereochemistry at C,
3. Oxidation at C;

4. Form O-lactone
J. Am. Chem. Soc. 2019, 141, 3083

Oxidation summary

O [O] in all cases
O [O] in many cases
Q [O] in few cases

Me 0

Me

o’ H
OH

HO
(-)-3-oxo-
pseudoanisatin (78)



Late Stage C, Oxidation — Access to pseudoanisatin family

a. Et;OPFg I .
Feolgireponge ¢. VO(acac) . . EtOH
b. TBAF __TBHP 2 e. Me,NBH(OAC); e [ e O
~OTMS ———> X
s 9% 38% Me
2 steps " -4 [2 steps] Me
e siend 0 Megy HO OH
aale T | | 71% £ Me,;NBH(OAC); 29‘?%
2 ste 2 steps
B-face approach [2 steps] g. NaH [2 steps]

o}
0 1
Me O
o ,0 Me Me |7
OH H
HO e , Me
MeH‘,. Me H Me OH

J- OsOy, pyr | 949,
a-face approach

0 0 I. LiAIH,
k. TPAP (o] 75%
Me [me O NMO ~ Me  [Me [2 steps]
e = H —> H —
H3 Me g~ Me
1 O e
Ho Hol® on HoH OH

J. Am. Chem. Soc. 2019, 141, 3083



C,, Oxidation — A revised Approach

Previously proposed that of <3 A is
necessary for highly efficient CH
abstractions

[ R 0 i R R O
\
(] or [Ru] R—gi— Ml _Il_q SisAo
/ Me H o) Me H
................ >
o l Me i Me
H e H Me
HHo ©H HHo ©H

o) o)
0 A e

Mo Mo Ln " anions | MM H X H
HO l Me .OWG """"""""" » HO l Me
HHO O i Ho MeOoH ‘i HO H OH
‘ scission Me H ’ Given these
] OW‘* challenges a
H| Megy

H HO revised strategy
was nheeded

Majucin -

J. Am. Chem. Soc. 2019, 141, 3083



C,, Oxidation — A revised Approach

I, ho,

|

Me -"an Me
Me H OH 9% o Me H 2 i Hg © ] )
—_—
| Me 50 C, cyclohexane | HO br2 o
H  Me 67% yield H : 9

Tetrahedron 1988 29 5429

60 %%
Tetrahedron 1976 32 1137

e a. Phl(OAc), Me
Me H °: I, hv Me H
H™, > H
Me % b MezOBF, 1 14 OMe
Ho e Yoo proton-sponge Me
71%
[2 steps]

P c. RuClz*xH,0 | d. CuBr;
new approach: NalO, -BuOH
directed [O] first 72% diglyme, A

0
0. OH Me
e. KOH, 0
OR KOtBu Me H e
OMe —-——v«+—
45%, 41 dr M o
e [2 steps] H Me OMe
fNaH [— (R=H)
TBSCIL—» (R=TBS)

J. Am. Chem. Soc. 2019, 141, 3083

d
O [O] in all cases

Q [O] in many cases
Q [O] in few cases



Access to pseudoanisatin family — The Final Stages

[Fel = Fe(mepp)(MeCN),(SbFg),

Me 0
HO Me
H [ Me
H Ho oOH
(+)-pseudoanisatin (5)

1 step

oﬁMe

(-)-3-oxo0-
pseudoanisatin (78)

[R, = TBS]
%g; - u]e] (11%)
[Ry = Rp = H] (6%)
(18%)

b. Et;OPFg, d. TBAF
proton-sponge; AcOH
then, aq. TFA 42%

c. TMSCI, Nal | [3 steps]

(20%)

(o)

f.0sO,TMEDA = Me ° o

g. MsCl, pyr; ] Me

5 M
NaOH; HCI H M8 G

80% 76
[2 steps]
e.[Co] | 77. 29%
O,
PhSiH, | (1:1.7 d.r.)

o)

Me oO

Me
H | Me
HO OH
(—)-3-deoxy-
pseudoanisatin (77)

J. Am. Chem. Soc. 2019, 141, 3083

Photolytic
oxidation Oxidative cleavage
é -

v

ring expansion

Cedrol

heme 5. Synthesis
isatin (78), and 3-

Elimination
and Dihydroxylaion

OH Me a. [Fq
H O T
oTBS —

H, OMe -€

12 steps from Cedrol
Net 7 [O] increases

Remaining Challenges

* (C14 oxidation left room for
improvement
* Goal to target “majucinoids” which
are more heavily oxidized
* Access allo-cedrane scaffold



Me
X
-OPP
——
| Z "Me cyclase
Me Me "OPP
farnesyl
pyrophosphate
H O O oH
Me
H 0 0
H 1
HO oM ou HMe OH
majucin jiadifenolide
[seco-prezizaane sesquiterpenes]
M
i o Me

O’l\o Me

Me OH MeMe

merrilactone A anislactone A
[anislactone sesquiterpenes]

bisabolyl cation

Me

homobisabolyl cation

Me
® H
; :: Me
_Me Me

acorane skeleton

i

c6-C11 alkv!
[O] scission N " ik
— - . -
6
seco-prezizaane allo-cedrane
skeleton skeleton
C10-C11 [O]
scission
< [0] rearrange
- «1—————51—
anislactone i
skeleton

M
Me
cedrane skeleton

H
H

HO 0
Me —0
-

H

HO Me
11-O-debenzoyl-
tashironin |

[allo-cedrane
sesquiterpenes]



A fortuitous discovery — Access to 11-O-debenzoyltashironin

HO— OH

Required an extended Me 5 o

acidic workup to cleave me
HO Me

- s undesired sites of
TBSCIL—» (R=TBS) silylation

11-O-debenzoyl
tashironin (4)

b. [Li]*[C1oHg]”
—-
74%
[2 steps]

[single diastereomer]

(1.4:1d.r. at C6) c. [Fe(mep)(MeCN),][(SbFe)s] | gs%

TBHP, slow addition , 20%
H 0 (o) fo)
HO=:__-OH HO 5
Ve 5 =0  Me 0 d. TMSCI & o
5 steps %, OH
we 4 \TLpfowe O StePS me ~OH __ Nal P
HO Me H OHe H ref. 9a & 46% ve |

11-O-debenzoyl 3 6-dideoxy-10-hydroxy-
tashironin (4) pseudoanisatin (72)

J. Am. Chem. Soc. 2017, 139, 9637; J. Am. Chem. Soc. 2019, 141, 3083



A New Synthetic Strategy for C, Oxidation

Gen-1 C, Oxidation C,, Oxidation

D

o K Me e a. Phl(OAc), Me
oM  Me [Fe] (50 mol%) oo 0,0 Me H OH lp, hv Me H
H O - OH ., - H
[O] (5 equiv) OTMS Y
nOTMS - Me + oy o . Me % b, MesOBF, ! T e
H, MeCN, rt H... Me Me Ho pe' Y. proton-sponge Ho Me
Me = Me Me Me 71%
47 [2 steps]

Entry Conditions

1 Fe(mep)(MeCN),(SbFg),, Ho0, 22% 30%

2 Fe(S,S-PDP)(MeCN),(SbFg),, H,0, 25% 0%

3 Fe(mep)(MeCN)y(SbFg),, TBHP 21% 10%

4 Fe(RR-PDP)(MeCN),(SbFg),, H05 16% 0%

5 Fe(mepp)(MeCN)y(SbFg),, H>0, 26% 0%

Could a similar approach to C14 oxidation be taken for C4 oxidation?

K DG.SH M

Me

J. Am. Chem. Soc. 2019, 141, 3083



Competing C, and C,, Oxidation

WM H
Me H M A BHSTHE:  Me H Ve b. DAl
H _—

I OMe H2O2 1 OMe

H  me NaOH H  Me
1,5-Hydrogen Atom Transfer

#\,/]W ’
X=0,N,S,C

Generally favored due to a lack of entropic
penalty in the transition state

Chem. Eur. J., 2014, 20, 16034; J. Am. Chem. Soc. 2019, 141, 3083

0
3 :
= Me
Me H c. NaBH, Me d. Phi(OAc),
H —_—
. OMe  67% l2
H  me [3 steps] DCM, hv
H H
: . Me
Me H 0 < i
~H 1,6-HAT -
1 el 'H (major) b./lle
H OMe o NG &
Me [O] \ > Me
H
(43%, 1.5:1 d.r) Me HYH
! OMe
H H H Me
S.Me ath b B B
Me <p—
H 1,5-HAT
T4 OMe (minor)
Me
(34%)

Rigidity of the system in combination
with weak C14-H bond led to
competing 1,6-HAT



Protecting Group Change Enables C, Oxidation

Can the strength of the C,,-H bond be strengthened to favor 1,5-HAT?

Me
Me H
H
1 OMe
H Me

a. BH3 THF;

H202
NaOH

Me
OMe

J. Am. Chem. Soc. 2019, 141, 3083

b. DMP,
__tBUOH Ma H
1
H
C-H bond | BDE
Me H
we-l | 965
Me
Me H
Ko)\Me 91.7
0 H
JU A | o73
Et (0] Me

H

[O]

d. Phl(OAc),

l2
DCM, hv

c. NaBH4 Me
OMe 7%
[3 steps]
H H
:»Me path a
Me H| o <
n 1,6-HAT
1 14 (major)
H Me OMe
(43%, 1.5:1 d.r)
H H "
Ve ath b
e —
H 1,5-HAT
'1'4 OMe (minor)
Me

(34%)




Strategy to access the Majucinoids

heme 5. Synthesis Majucinoids®
isatin (78), and 3-

OH Me a. [F

H 0 T
OTBS —
H OMe

12 steps from Cedrol
Net 7 [O] increases

Fe-Mediated C4 Oxidation

OH
Me . CuSO4*5H,0

H
K H
Me H OH  p. RuCl3*xH,0 o Oy Mo Me g Phi(OAC),
H NalO, Me H 7 Me |2 hv
5 H H
}!{ e 75% 1 Me 1 OAc 93°/o
Me [2 steps] H H

Me Me exclusive C4 [O] H

1,5-HAT strategy for C4 oxidation

\

Double bond cleaved under oxidative

. Double bond use to install a directing group
conditions

RuCls, NaOCl - S
-
MeCN, 70 C, 2 days 0%
H

J. Org. Chem. 1992, 57, 5523.



Mechanism of RuO, mediated bond cleavage

RuCls, NaOCI >
0
MeCN, 70 C, 2 days
o
0
H

NalO,

J. Org. Chem. 1992, 57, 5523.



2 Pots, 9 Oxidations

H
a. RuCl3*xH,0 :p";ne
KBFOg _ Me
g H
: OA
R Me .

Me
o) oM
2 °  b.SeOy;
Me o 7 - H
o K,COs3, OAc
7 OAc Me,SO,
Me (R=H), 72%
(R = OH), 7%
with 4 A MS: 55% 91, 0% 92
+ without 4 A MS: 43% 91, 15% 92
o)
O o OMe
Me.0 =
(0]
; OA
H Me .

[X-ray]

Other common reagents such as KMnO4 and cat.

Se02 were tried but were not successful

J. Am. Chem. Soc. 2019, 141, 3083

" " 3 oxidations and
RuO,4 1 ring expansion

—_— -

’

En route to Ryanodol

0
BnO—\
o Me o 9 Se0, 4AMS
>
M 1,4-dioxane
Me 110 °C
BnO\,/o
Reisman and coworkers
Science 2016 353 912
||Ruo4ll Seo2
- " 5 o

How to access the required ring shift?



Se0, Mediated Exhaustive Oxygenation

0
o] d. KOt-Bu H Ols i
Me H 7 _Me KOH OH "\
R E——— H Me o
. Me o 58% | OA
H  Me 551dr.  Me Me H o Me
[2 steps]

a-hydroxy ketone needs to be installed to facilitate the requisite ring shift

(0] (0] (0]
(0] OMe ) (0] OMe
Me_ o a. L-selectride; Me_ [ me ¢ OH
O KOH, MeOH OLi o l
! OAc 50% ! OAc '
H 0 H H
e [2 steps i me i L e i o}
Me 0 OH
a. DMDO —0—0° d. SeO,
I
_________________________________________________________ . = = H Me = =
: 1 0 lo) 0
I Photolytic H o
: oxidation Oxidative cleavage 1 =, i OH
i —_— - ! Me o] o H K o]
i SeO, Oxidation ! 0
| Cedrol : : ' 6°
I edro : H  Me Me
| L i L
i I
: : [resists rearrangement]
i I
! i b. PhCF; | c. Me,;NBH(OAC); €. Me,NBH(OAC);
I Oxidation - H A o
: et - Ring Expansion i o
1
I ! Me OH
1 OH (0] o}
.y ., Me o oX single
o diastereomers | -0
H
‘!i Me OH Me OH

J. Am. Chem. Soc. 2019, 141, 3083



Majucinoids End Game

Reca I l: a. Et;0PFg

Me Proton-sponge
o 0 b. TBAF 0
OTMS ————» Me  |Me O
H, 1 We 50% Me
; e [2 steps] [
Me H Me o

fo) (0]
f. LIHMDS,
MoOPH e 09 e. TsOH+*H,0 Me oOH
— - -
S ! ; g. [Ru(PEty)s \= O -BuOH, A 0
+ Hm (OTf),][OT;  H [
" Ho'" ow - o i-PrOH, A Me oH HMe  on
(=)-majucin (1) (=)-DHNM (99) 49%
1 [X-ra 2 steps
[ vl ) h. Mn(dpm)s, L Pe]
j. MsCl, TBHP, O, | 50% [3 steps] | ref. 12¢ [2 steps] | ref. 11d
Py PhSiH5
(o}
|.! H 0 MeO OH 0] (_)H
Me 0~ : 3
Me (o) Me
Him . ’ . ;
HO = OH MsO‘B ﬂoMe OH Me me oH HMe OH
(-)-jiadifenoxolane A (102) - - (=)-neomajucin (100) (=)-jiadifenin (3) (=)-jiadifenolide (2)

J. Am. Chem. Soc. 2019, 141, 3083



Me [T Me ] B Mo - - -
S ®| H Me
-OPP @
—_—> —> —
~ "Me cyclase Me g Me
I | | Me @"\) Me
Me™ 'Me "OPP Me” ~“Me | | Me”™ "Me | Me
farnesyl bisabolyl cation (7) homobisabolyl cation acorane skeleton
pyrophosphate
H 0 (0) OH T’ - r~ 10 -
: c6-C11 alkyl ®
Me . [0] scission N " Sh,‘}f;‘
H 0 0o |—] -— . l————— J
6
H [
HO oM ou HMe OH L ] i
majucin (1) jiadifenolide (2) seco-prezizaane allo-cedrane cedrane skeleton ( 8)
[seco-prezizaane sesquiterpenes] skeleton (10) skeleton (9)
c10-C11 [O]
scission
Me HO on
HO, : . o Me - - - 0 Me
0 © = % 0 [o] rearrange ..
-
o] we "OH < E Ho Me
0 Me onMe
Me 11-O-debenzoyl-
merrilactone A (14) anislactone A (13) L . . - - tashironin (4)
[anislactone sesquiterpenes] anislactone 11 [allo-cedrane

skeleton (12) sesquiterpenes]



Questions?



