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1) Introduction
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1) Introduction

Importance of dearomative reactions:

Rapid access to saturated or non-aromatic unsaturated complex molecules

dearomatization
- Possibility of introducing functional groups R@ > R‘E}Fg

arenes dearomatized products
[simple, cheap, and available] [complex, high-value]
- Interesting tool to create new C-C bonds i Y
- 300
- Way to control the generation of new stereocenters
L 200
- Very useful in industry (hydrogenation...) I I I I I I - 100
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Number of publications using the term “dearomatisation’” since 1995

D. Sarlah et al., Chem. Soc. Rev. 2018, 47, 7996 4



1) Introduction

Importance of dearomative reactions in nature:

- Essential to many biosynthetic pathways (catabolic and anabolic processes, hormone and antiobiotic biosyntheses,
degradation of xenobiotics...)

- Many known enzyme-catalysed transformations of aromatic substrates (hydration, dihydroxylation, epoxidation,
ring opening, reduction...)

- Very mild conditions

Dearomatise... but how?

Annu. Rev. Microbiol. 1992, 46, 601; Biochim. Biophys. Acta 2005, 1707, 34; Curr. Opin. Chem. Biol. 2002, 6, 604; Annu. Rev. Microbiol. 2002, 56, 345; FEMS Microbiol. Rev. 1999, 22, 439 5



2) Dearomative reactions classification
a) Reductive dearomatisation: hydrogenation

Reducing agent, [M]
) - =)
Reducing agent: H,, silanes, formic acid...

[M]: Ir, Ru, Ru, Pd, Ti, Co, Ta, Nb...

Rule: the ring with the lowest resonance energy is generally hydrogenated in preference
< the least stable ring generally gets reduced first

Stabilisation (resonance energy (kcal/mol))

UUOUQQ O — O

15

Advantages: Challenges and drawbacks:

- Regioselective reduction possible - Suitable equipment needed (high pressure)

- Syn-hydrogenation (in most cases) - Regio-/chemoselectivity issues

- Enantioselective hydrogenation well-known - Ligand design often required for asymmetric synthesis

- Hydrogenation of the most stable aromatic challenging

D. Sarlah et al., Chem. Soc. Rev. 2018, 47, 7996; S. Y. Liu et al., Coord. Chem. Rev. 2016, 314, 134, F. Glorius et al., Angew. Chem. Int. Ed. 2019, 58, 10460



a) Reductive dearomatisation: hydrogenation

Formal synthesis of (—)-thespesone:

0 O

2 steps OL  ent-C3 (3 mol%), H, (100 bars) ent-C3= b BAr,

> 2020

— / Pid N

o Br DCM, 60 °C O\ f—7
95%, 92% ee
(-)-thespesone R = tBu
Ar = 3,5-bis(CF3)phenyl
A. Pfaltz et al., Chem. Eur. J. 2015, 21, 1482; R. Schobert et al., J. Org. Chem. 2010, 75, 6214; B. M. Stoltz et al., Science 2019, 363, 270 7



a) Reductive dearomatisation: Birch reduction/alkylation

EDG EDG EWG

>

1) M, ROH, NH;
M, ROH, NHj3 2) H,0 or electrophile

H/E EWG

r o

M: Li, Na, K, Ca, Mg M: Li, Na, K, Ca, Mg
Electrophile = alkyl halide,
epoxide, formaldehyde,
Michael acceptors...

Advantages: Challenges and drawbacks:

- Surprisingly good functional group tolerance -
- Diastereoselective Birch alkylation known (chiral auxiliaries)
- Possibility to create new C-C bonds -

OMe ?Me

1) K, tBuOH (1 equiv), NH,, -78 °C
5 D ) (1 equiv), NH,

ol
OMe 2) BICH,CH,0AC (2 equiv), -78 to 25 °C HO\/",,i OMe

3) KOH, MeOH
96%, single isomer

Harsh conditions

Selectivity issues

Over-reduction issues

Possible isomerisation of double bonds
No (direct) enantioselective report

Steps
a
q

(+)-lycorine

A. J. Birch, J. Chem. Soc. 1944, 430; J. M. Hook et al., Nat. Prod. Rep. 1986, 3, 35; A. G. Schultz et al., Tet. Lett. 1984, 25, 4591; A. G. Schultz et al., J. Am. Chem. Soc. 1996, 118, 6210



b) Nucleophilic dearomatisation

EWG , El, .EWG , X
1) Nucleophile “ Nu X 1) Electrophile R
> Rr Ar >
R 2) R Z . N Nu

Electrophile N 2) Nucleophile IlEI

Advantages: Challenges and drawbacks:

- Multi-functionalisation possible - Diastereoselectivity issues

- Creation of new C-C bonds - Regioselectivity issues

- Single double bond touched (most cases) Often:

- Significant complexification in a single step - Harsh conditions

- Regioselectivity predictable and controllable (heteroatoms, DG...) - Low functional group tolerance

- Diastereoselective and enantioselective processes possible

)\N/\ph (1.3 equiv)

O ) H —
>< Li s Steps HOZC’(\J'% s\e‘COQH
o - 03
L THF, -78°Ctort. O =~ N~ T CO2H
MeO Ph 67%, 86% ee H Ph H

(=)-isodomic acid B

J. Clayden et al., Chem. Commun. 2011, 47, 3745; F. Ortiz et al., Chem. Rev. 2007, 107, 1580; S. L. You et al., Angew. Chem. Int. Ed. 2012, 51, 12662; D. Sarlah et al., Chem. Soc. Rev. 2018, 47, 7996 9



c) Alkylative dearomatisation

X
Electrophlle R
She
AcO
G
Advantages: - _
- Means to introduce functional groups
- Tool to create new C-C bonds o
- Single double bond touched only OH O \MJELD OH
. : . . CHO '
- Enantioselective alkylation possible
- Mild conditions (usually) .
121 (25 mol%)
4A MS, CsOHH.0 (5 equiv)
Challenges and drawbacks: CHoCl, -50 °C
: . , .
- Regioselectivity issues (m’-, p-positions) clusiaphenone B 71% yield, 90% ee

- Chemoselectivity issues (X-alkylation)
- Only few reports of catalytic enantioselective processes
- Limited to phenol and aniline derivatives

(-)-hyperibone K

S. L. You et al., Angew. Chem. Int. Ed. 2012, 51, 12662; S. L. You et al., Chem. Soc. Rev. 2016, 45, 1570; R. Fan et al., Synthesis 2013, 45, 1; J. A. Porco et al., J. Am. Chem. Soc. 2010, 132, 13642 10
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d) Oxidative dearomatisation

Oxidant, nucleophile

5

Advantages:

Low toxicity of chiral iodanes
Multi-functionalisation possible
Tool to create new C-C bonds

'e) R
Nu Oxidant, nucleophile S
OF O - O
N N
H

Challenges and drawbacks:

Enantioselective processes possible -
Mild conditions (usually)

Variant:

Radical dearomatisasion

oTBs 1) PIDA, TFE, rt.

2) 50 °C
80%

E. ). Sorensen et al., Org. Lett. 2009, 11, 5394 (+)-cortistatin A

Limited to indole and phenol derivatives (most cases)
Regioselectivity issues (m’-, p-positions)

Catalytic enantioselective processes particularly challenging
Price and explosivity of chiral hypervalent iodines
Preparation of chiral iodanes

Angew. Chem. Int. Ed. 2012, 51, 12662; Chem. Soc. Rev. 2016, 45, 1570; Tetrahedron 2010, 66, 2235; Chem. Soc. Rev. 2016, 45, 1570; Chem. Soc. Rev. 2018, 47, 7996; Synthesis 2013, 45,1 11



e) Dearomative cycloaddition

Q11— O L

ortho-product meta-product para-product

Advantages: Challenges and drawbacks:

- Significant complexification in a single step - Regioselectivity issues (o-, m-, p-products)
- Creation of several new C-C bonds/stereocenters - Endo/exo selectivity issues

- Catalytic enantioselective processes well-known - Reversibility of the processes

- Ring contraction/expansion feasible

72%

Cyclohexane “H ‘°

- O-, p-selectivities underdevelopped

"y H
l’,,,

ey HO,C

1:2 ratio (—)-retigeranic acid

Chem. Soc. Rev. 2018, 47, 7996; Angew. Chem. Int. Ed. 2012, 51, 12662; Chem.

Rev. 2016, 116, 9816; Beilstein J. Org. Chem. 2011, 7, 525; Tet. Lett. 1990, 31, 2517

12



f) Transition metal-mediated/catalysec dearomatisation

[M] ®  Electrophile @/ [M] ‘/ 1) Nucleophile /@/
@ » [M]-- —_—>» | [M]--
2 [M] =W, Re, Mo, Os... 2) [M] decomplexatlon Q/

R (oxidant, acid or light)

- n?-complex L -complex -complex .
l [M] = Cr, Ru, Mn... ] o
N E
0 Nucleophile Nu 1) Electrophile N z
[M]"" —_— [M]"" > u\@ + isomers
2) [M] decomplexation
R R (oxidant, acid or light) R
n®-complex L .
n°-complex
Advantages: Challenges and drawbacks:
- Multi-functionalisation possible - (Very high) toxicity of the complexes
- Creation of new C-C bonds - Regioselectivity issues (metal-, substrate- and electrophile-dependant)
- Significant complexification in a single step - Diasteroselectivity issues
- Broad range of metal known - Low reactivity of electron-poor aromatics

- Enantioselective processes possible Functional group tolerance

Chem. Soc. Rev. 2018, 47, 7996; Chem. Rev. 2000, 100, 2917; Chem. Soc. Rev. 2007, 36, 1589; Chem. Rev. 2017, 117, 13721; Angew. Chem. Int. Ed. 2012, 51, 12662; Chem. Soc. Rev. 2016, 45, 157%3



f) Transition metal-mediated/catalysed dearomatisation

1 _ _

VS OMe
OMe Ph l}l Ph, TMSCI OMe 1) nBuLi, THF, -60 °C
Li ™S 2) CuCl, -60 °C ™S Z
() JER T
Z THF, -100 °C Z 3) B X~ ,-70°Ctort. Z
Cr(CO)s 87%, 87% ee Cr(CO); Cr(CO)s
- - 83% ¢ 1) RLi, THF, HMPA, -60 to -40 °C
O OMe OMe ©
= 4)Hel | TMS Z 2)TMSCI, -78 °Ctort. | TMS Z
- -

S 45% S 3) hv, air, rit. (CONCR S
S S S

(+)-ptilocaulin - = - -

Pd,(dba);CHCl; (2.5 mol%)
(S,S)-A (7.5 mol%)

O‘/@ Allyl alcohol (3.0 equiv)

o MeO N 9-BBN-CgH43 (1.05 equiv) pMeO W\ Steps MeO M Steps MeHNCO Yo
S,S)-A = N > —» —
B ST N DCM, 4 °C G N H N H
HPh,P H ’ N Me Me
PPh 92%, 84% ee
2 , (-)-esermethole (+)-physostigmine

H. G. Schmalz et al., Chem. Eur. J. 1998, 4, 57; H. G. Schmalzand and K. Schellhaas, Angew. Chem.Int. Ed. Engl. 1996, 35, 2146; B. M. Trost and J. Quancard, J. Am. Chem. Soc. 2006, 128, 6315 14



o) Dearomative rearrangement (excluding n-arene-[M] complexes)

Advantages:
- Multi-functionalisation possible
- Tool to create new C-C bonds

- Enantioselective processes possible
- Significant complexification in a single step

(R)-STRIP (5 mol%)
Amberlite CG50

O/\/ 0 /
[3,3]
R\©/R' — "R

Challenges and drawbacks:

H,0 (10 equiv)
OO 0] Benzoic acid (0.3 equiv)
R R']\)L
HN . R> pXylene, 40 °C

NH; Up to 81%, 98% ee

O Ar
B. List et al., J. Am. Chem. Soc. 2015, 137, 3446 '

o)

/,

(R)-STRIP = P<

ON

Ar
Ar = 2,4,6—(iPr)3-C6H2

O
/

Challenging reaction to develop
Limited examples (Claisen-type rearrangements mostly)
Regioselectivity issues (m’-position)

CO,Me CO,Me -
nes Cl soate A‘I::I
NBn, DABCO NBn, 3 NBn,

/ ) (0]

AN
N N
H N H
Me—— -

1, CAN (66%) M:‘e H|

2, Boc,0 (69%) Me — CO,Me Meerwein-
3, Tf,0, then Me Eschenmoser
NaBHCN (46%) o NBn,  _ -Claisen

COzMe

N d.r.=2.5:1 NB“Z
(54%)

(0]
Me /~— CO,Me 1, L-FmocPhe Me —

Me HATU,TEA  Me

NH 2EtNH j{K’ A0
N H

N H 72% over 55%
H two steps

deAc-fructlgenlne A(4)

Scheme 2 Synthesis of fructigenine A (4) and penicimutatin (5).

T. Xu et al., 10.1039/C9SC05252F

Angew. Chem. Int. Ed. 2012, 51, 12662; Tetrahedron 2010, 66, 2235; J. Org. Chem. 2012, 77, 7588; Angew. Chem. Int. Ed. 2019, 58, 17210; Org. Lett. 2017, 19, 6256; Chem. Sci. 2016, 7, 3427; Org. Lett. 2015, 17, 676

15



h) Arenophile-mediated dearomatisation

Advantages:

- (Heavy-) functionalisation directly on
the aromatic ring possible

- Very simple unactivated aromatic
substrates utilizable

- Halogens, free-benzylic positions,
heteroaromatics, free functional groups
tolerated

- Excellent diastereocontrol

- Possibility to render the process
enantioselective (transition-metals)

Challenges and drawbacks:

- Fine-tuning of the conditions and ligand
needed for enantioselective reactions

- Moderate yields (usually)

,L Visible light
R O§( \FO —
N=

N
MTAD

Alkene-like functionalisation

» R

FG,

FG,

D. Sarlah et al., Chem. Soc. Rev. 2018, 47, 7996

16
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h) Arenophile-mediated dearomatisation

1) MTAD (1.0 equiv), 2) 0s0, (5 mol%), NMO (1.2 equiv),
visible light pTsNH (1.2 equiv), H,0 (20 equiv) OH Protection
R » | R > R
DCM, -78 °C Acetone, -78 °C to 0 °C

@)
— 3L X
OH O
23 to 70%

1) MTAD (1.0 equiv), 2) OsOy4 (5 mol%), NMO (2.0 equiv), R I;lHZ
R\, visible light R\, citric acid (0.5 equiv), H,O (20 equiv) ¢ OH 1) NoH4 (10 equiv), 100 °C N OH
A Acetone, -78 °C A Acetone, -78 °C to 0 °C NS OH 2) Raney-Ni (0.5 equiv), H,, EtOH, 50 °C Y~ "OH
35 t0 82% 60 to 91% NH2
D. Sarlah et al., Chem. Soc. Rev. 2018, 47, 7996; D. Sarlah et al., Nat. Chem. 2016, 8, 922

17



— fmj\ h) Arenophile-mediated dearomatisation

1) MTAD,
visible light 2) KO,CN=NCO,K
R » | R » R
AcOEt, -78 °C AcOH, -50 °C

42t0 77%

1) MTAD,

R Y. visible light
IO g
Sy AcOEt, -78 °C

43 to 88% 53 to 97%

N
Ry 2) KO,CN=NCO,K R 1) NoH, (20 equiv), 100 °C RY A~
I3 - (I3 - (]

Sy AcOH, -50 °C v 2) Raney-Ni (0.5 equiv), Hp, EtOH, 50 °C Y~

Zn

Hy
Hy

D. Sarlah et al., Chem. Soc. Rev. 2018, 47, 7996; D. Sarlah et al., Angew. Chem. Int. Ed. 2016, 55, 15910

18



h) Arenophile-mediated dearomatisation

1) MTAD, 2) Ketone or ester, LDA, i R ..
R visible light R Pd(dba), (5 mol%), dppb (6 mol%) -4
' ot [y

- £
EtCN, -50 °C Lo

THF, -50t0 0 °C

MTAD (2), EtCN,
visible light, =50 °C

then: ketone or ester, LDA
[Pd] (5 mol%), chiral ligand (6 mol%),

~

- QU

-50t00°C,5h NRy
R, O 4 (R; = Ry = H, Ry = p-MeO-CgHy), 75%, 95:5 er
R4 R, 13(R1=Me, Ry =H, Ry =Ph), 60%, 82:18 er, 201 dr kerONES
16 (R = R, = H, R3 = 'Pr), 45%, 94:6 er
O‘ 17 (R; =Ry = H, R3 = Cy), 68%, 97:3 er

26 (R1 = R2 = Me, R3 = OMe), 61%, 95:5 er

L 27 (Ry = Ry = (CH,)s, R = OMe), 72%, 95:5 er ESTERS

U

O
® =
o PAr,

="~PPh,

42 to 92%
—>

e

(R)-DTBM-SEGPHOS
(Ar = 3,5-di-tBu-4-OMe-CgH,)

Fe
=<

(S,Sp)-tBu-Phosferrox

D. Sarlah et al., Chem. Soc. Rev. 2018, 47, 7996; D. Sarlah et al., J. Am. Chem. Soc. 2017, 139, 17787

19



h) Arenophile-mediated dearomatisation

2) PhMgBr
1) MTAD , [NI(COd)z] (10 mol%)

visible light Ry dppf (20 mol%)
DCM, -78 °C ~v*” | DCMITHF, -45t0 0 °C

o Mo o Visible N O | Th cat
Q)+ o | A Q

N=N T e

RR'
MTAD (1), visible light, benzene (3) MTAD ﬂ,} benzene MTAD
CH,Clp, —78 °C [arenophile] cycloadduct (5)
then: RMgBr, [Ni{acac)s] (1. 5mol%} R
(R,Ro)-iPr-Phosferrox (2.0 mol%), i mechanistic rationale:
benzene CH,Cl/THF, -45tc 0°C, 3 h 2 NRy
- - : L, TMm"
2a (R; = H, Ry = H, Rs = H), 70%, 97:3 er [65%, 97:3 er]”® m-decomplexatio r-complexation
2b(R;=H, Ry =F, Rs = H), 72%, 96.5:3.5 er N
2¢ (R, = H, Ry = Cl, Rg = H), 70%, 96.5:3.5 er L,T™M \
2d (R; = H, Ry = Br, Rs = H), 66%, 96.5:3.5 er [ o n
2e (Rp = H, Ry = OMe, R = H), 75%, 95.5:4.5 er "L!_---u... o
2f (R, = H, Ry = NMes, Rs = H), 40%, 96:4 er N~ o o “'-,,! N
2g (R; =H, Ry = CH,OTBS, Rs = H), 67%, 95545 er r I N N’
2h (R, = Me, Ry = H, Rs = H), 75%, 92:8 er o NMe N o] I }r"M"
2i (R; = Me, Ry =H, Rs = Me), 71%, 94:6 er Ar )“Nh‘le o
2j (Rz = CFa, Ry = H, Rs = H), 55%, 91:9 er 0 o
reductive oxidative
elimination addition
r"h‘"\- 6‘ -
L Tmn-ri___ Pl
2k, 74%, 97:3 er 21, 58%, 94:6 er " Sa A, ﬂ L TM™ 2 o
[68%, 973 er]° Ar et ‘N o _N
: from naphthalene:
7N }NM,
transmetalation ~ ArM
2n, 55%, 20, 53%, ' 2p,63%, 94555er v .
89:11 er g97.525er g s gy . oy g o . A ) 1 Py & A 8 &
D. Sarlah et al., Chem. Soc. Rev. 2018, 47, 7996; D. Sarlah et al., J. Am. Chem. Soc. 2018, 140, 4503; D. Sarlah et al., J. Am. Chem. Soc. 2017, 139, 15656 20



10) Application: total synthesis of isocarbostyril alkaloids

1) MTAD, visible light,

@ DCM, -78 °C NBS
— >
2) ArMgBr, [Ni(acac),], O H,O/THF, r.t.
(R,Rp)-iPr-Phosferrox, 79%
DCM/THF, -78 °C to r.t. s
3) Me,S0,, K,CO4 NP' = )N\ =0
65%, 94% ee o N\

1) HMDS, TFA, MeCN, r.t.

2) (TMP),Cu(CN)Li,, THF, -78 °C to 0 °C
3) tBuOOH, THF, -78 °C
OH O 57%
(+)-narciclasine

1) OsO4, NMO, citric acid,
acetone/H,O/tBuOH, r.t.

2) K,COg, 1.t
3) 2,2-dimethoxypropane, pTsOH,
DCM, r.t.
78%

1) Sml,, MeOH, 0 °C

2) HCI, 0 °C
94%

(+)-lycoricidine

tBuLi, THF, -78 °C
70%

D. Sarlah et al., J. Am. Chem. Soc. 2019, 141, 657; D. Sarlah et al., Angew. Chem. Int. Ed. 2017, 56, 15049; D. Sarlah et al., J. Am. Chem. Soc. 2017, 139, 15656

21



10) Application: total synthesis of isocarbostyril alkaloids

1) MTAD, visible light,
@ DCM, -78 °C
2)

ArMgBr, [Ni(cod),],
(R,Rp)-iPr-Phosferrox,

mCPBA, pTsOH

0s04, NMO
y y
DCM/HFIP/H,0, 50 °C <O O H,O/BUOH, r.t. <O
74% o 91% o
DCM/THF, -78 °C to r.t. /
3) Me,S0;, K,COs4 | ’J(N’N>=O 1) LIAIH,, THF, reflux
65%, 96% ee N A 2) Rochelle salt
\ 3) Raney-Co, H, (1 atm), 60 °C
60%
OH OH
HOW _A_ LOH HO_A_,OH 2"
1) HMDS, I,, MeCN, 80 °C 1) Bry, ACOH, rt. HO OH
0 Aon - 0 A o = o
( . 2) (TMP),Cu(CN)Liy, THF, -78 °C to 0 °C H 2) NBuNB, CO (1 atm), NaHCO3, ¢ Y~ “OH
O 3) tBUOOH, THF, -78 °C o NaCo(CO); (30 mol %), 5 NH,
OH O 62% O H,O/dioxane, 365 nm light, 60 °C
(+)-pancratistatine (+)-7-deoxypancratistatine

72%

D. Sarlah et al., J. Am. Chem. Soc. 2019, 141, 657; D. Sarlah et al., Angew. Chem. Int. Ed. 2017, 56, 15049; D. Sarlah et al., J. Am. Chem. Soc. 2017, 139, 15656

22
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Total synthesis of (—)-jorunnamycin

- directed Si-face reduction of 8 leads to enantioenriched generation of intermediate 22 -

A —
Me IQ
= +2 H;
MeO ~N —
(=
ome LR
OH  H,
8 22
OMe
Br
MeO
MeO CHO

top face blocked

- three-dimensional structure of 22-M leads to substrate-reinforced diastereoselectivity -

H, (60 bars), [Ir(cod)Cl], (10 mol%)
(S,Rp)-BTFM-Xyliphos (12 mol%) MeO
TBAI (30 mol%)
Toluene:AcOH 9:1, 60 to 80 °C
83%, >20:1 dr, 88% ee

(=)-jorunnamycin A

B. M. Stoltz et al., Science 2019, 363, 270

24



Mechanism Birch reduction/alkylation

EWG EWG R EWG
H H
e BH
Y e Y Y (b) @ — p—
ROH -~
- U= =Y

(R = H or alkyl)
e’ e

= 0= g O éﬂ* S
o

- X
o=0 o L8

(Y=R,0R ,NHz, or NR3)

(EWG = CO,”, CO;R, COR, or Ar)

J. M. Hook and L. N. Mander, Nat. Prod. Rep. 1986, 3, 35 25



Mechanism [2+2] photo-cycloaddition

Scheme 6. Reaction Mechanism between Excited Benzene
and Ethylene As Predicted by Computation

=

""--..__|_‘___‘--'L

N e

/5 i)]/

©+u /@

\'“\“
J

/
7
U

R. Remy and C. G. Bochet, Chem. Rev. 2016, 116, 9816
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Diaza-Cope rearrangement mechanism

(R)-STRIP (5 mol%)
Amberlite CG50

H,0 (10 equiv)
OO O Benzoic acid (0.3 equiv)

pXylene, 40 °C
NH; Up to 81%, 98% ee

L

o)

/,

(R)-STRIP = /" P{

O«

— M
Ar

A (chair-like, disfavored) Ar = 2,4,6-(iPr)3-CgH,
HN )
H

AZ? (boat-like, favored)

O
G

OH

B. List et al., J. Am. Chem. Soc. 2015, 137, 3446
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Possible products after ac

dition with chromium-arene complexes

Mu

~Cr{CO)4
82
ipse addition
MNu
X

~CHCO)

B3
artho addition

“CrCO),
84

mmeta addition

~CrCO)s
85

[C]

X =0Ph

PhsC*

RX,
(CO)

para addition

Mu

=
| ——x
=

36
Mu

Q

Mu

0
88 ':F{':'D}lj
Mu
-
—_—x
-

89 (+isomers)

5@

X
o
90

Chem. Rev. 2000, 100, 2917; Chem. Soc. Rev. 2007, 36, 1589
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Mechanism total synthesis of (+)-ptilocaulin

OMe OMe
™S R e F"l\@:H
J
i
(coycr’ (CO)Cr,
11 i 12
_ |
{ TFA
B OMe T [ OMe
™S R TMS\@[
Fy
coperl (CONCr.
|_ H i SFMGS
13 15

J

MNuc

(CO)Cr

R

Nugc

2

OMe
™S

R

Muc

l TMSCI/HMPT

™S

H. G. Schmalz et al., Chem. Eur. J. 1998, 4, 57; H. G. Schmalzand and K. Schellhaas, Angew. Chem.Int. Ed. Engl. 1996, 35, 2146




