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Her Strategy

Her directions are to

-

discover, develop, and study new chemical reactions
within the context of natural product total synthesis.

Her ultimately hope iIs to :

’

\,

expand upon the general principles of reactivity
through mechanistic studies in order to develop
widely applicable chemistry

~




Her Project

Synthesis of Enantioriched acylic a,a-disubstituted ketones

NiCl {dme)(10 mol %) 0
(o] Cl bis(oxazoline)(22 mol %) J'I\rR1
+
RJLCI Ar” "R! Mn®, DMBA R
30 % v/v DMA/THF Ar
3AMS, 20 °C

direct ketone formation
no preparation of organometalic reagents
no stoichiometric chiral auxiliaries
no epimerization of tertiary center

J. Am. Chem. Soc. 2013, 135, 7442.

Enantioselective Synthesis of Tryptophan Derivatives

Jl\n,NHAc CO,Me
2 —
R T I\
N SnCly (1.0 eq) N R1
H (R)-3,3"-dibromo-BINOL N
(0.2 eq) H
4A MS (200 wt %) 22 examples

DCM, 20 °C 84-96% ee

J. Am. Chem. Soc. 2012,134, 5131.

A Concise Total Synthesis of (—)-Maoecrystal Z

H H Sml,, LiBr
Me .. t-BUOH Me (5
—_—
o Ho THF, -78 °C Me  /

O= O
o (54%) 0™p

MeH

Me
(0] -
Me ) OAc
0 0 0
(-)-Maoecrystal Z

H

J. Am. Chem. Soc. 2011, 133, 14965.

Enantioselective Total Synthesis of (+)-Salvileucalin B.

o (0]
\ \
Cu(hfacac), o 00
10 mol % H _""_)__H
DCM, 120 °C
micro wave, 1min CN
(65 %) o o (]

(+)-salvileucalin B

J. Am. Chem. Soc. 2011, 133,774.



Bioactivity

These ent-kauranoids demonstrate potent antibacterial, anti-
inflammatory, and anti-cancer properties.

A very strong in vitro antibacterial
activity against Helicobacter pylori.

Zantralblat! fiir Bakleriologie. 1997 63.

Exhibit in vitro cytotoxicity against
several human cell lines.

e L] i

0 gn®
{=)-longikaurin E J Nal. Prod 2011, 74, 12131 220.
H_____Jr
Me — o7 - exhibited comparable inhibitory effect
Me ;k%rr against several human tumor cells.
O C




Synthetic Features

Spirolacton core ent-kauranoids

H O
e 5 " —
Me S A1 Me- A J%' . ﬂ, Me —L ff, -7
IOk =
H -
H_E‘:z"‘:l W ~H-) -E -"1 OAc "‘lr"
o O o
(=)-trichorabdal A (1) {<Flongikaurin E {2) (=)-Maoecrystal Z(3)
15 steps 17 steps 12 steps

y Tesd Features

Mo s *Spiro-fused cyclic ring system
TBSO —L * -

Me 0 To Many vicinal stereocenters

- Common intermediate (4)



Total Synthesis of (—)-Maoecrystal Z

H

Me
O - H
Me / OAC

05 O
(—)-Maoecrystal £(3)
Key reaction

1.Sm(ll)-mediated cascade cyclization
2. Ti(lll)-mediated reductive coupling



Retro Synthesis of (-)-Maoecrystal Z

reductive
cascade

:HE -\-,l[ -T_-F _,-.Il:r :

: HO L Ma '—-f-J\mlf : cyclization |
Ma OAc ['- — :[ = |'I-"|E 71 %)[\
I'l.-'Ia  H

5 | 5 KEY AEACTION O -gl
{=1-Magecrystal Z (3) [5} & '

N Q‘“}l Mo ?, reductive P
oy H _jL epoxide Cr
1 =] H:\Iﬁy\ﬁrﬁﬁw TEEDKIL coupling f"‘*«._.—-"{-\] + l.l\
= H _:3 -
Me

0= 0 ,J - : CO.R
-'::’Ln "o~ %, KEYREACTION ~OTRS
(6] (7] (8) ()
0
= A 7
JJ_;Q-::?"F T. Ty MoOH k:f:lf« JHT OMe
AcD) o OH retro-Dieckman

(=Mrichorabdal 8 (10~ 2idol reaction (11 3

Fujita, E. et al. J. Chem. Soc., Chem. Commun. 1981, 8349,

Sarah E. Reisman, et al. J. Am. Chem. Soc. 2011, 133, 14965.



Preparation of Spirolactone
Ti(ll1)-mediated Reductive Coupling

" C0,CH,CF,

T 1. TBSCI, imid. - CpaTiClz (1.6 eq)
CH:Cl, 's Zni0} (1.5 aq)
e - F s - -
E 2. m-CPBA, = 2 4, 8-collidine-HCI
~oH MNaHCO,, CH,Cl, ~OTES (3.0 eqg)
g1% 2et THF, 23 "C
(12) (91%%, 2staps) (13)
p-Cyclageraniod 3:1 anti:syn
—_ H -
- = H
_H I.'"--. .-__.-":I_ a he ‘__f‘i-.I:_llr--.-" ko \IZ: IJ::i
Ma . ][,F;i; OGH,CF, TBsO-— reso—
TBSO F_o-m Me o "“‘*E Me OH
Me -
(r) (14]
(74%)
single diasteraomer
10

20pa TGk +  Zn(o) —= 20pNicl

+ ZnClz



Diastreoselectivity in Addition

2 C0,tBu
Cp,TiCl,
Zn(u] dr=67:33
(o) y
(15) 2.,4,6-colidine-HCI (16) 00
’k',fﬂﬂ “ZF
[}: / COBu O[TiCp,Cl]
O[TiCp,Cl] \V‘cozmu
exo approach endo approach

more favorable more unfavorable

Chem.-Eur. J. 2003, 9, 531.

11



Preparation of Reductive Cyclization

o PivCI, Et e SET
P WL =N - Ph VLHW -
HO & ™ THF then . : . OTBS
{R,R)-pseudoaphedrina OH Mes | )
{17} {B2%) (18] Q2%
H

I".-'Ie.\rd_"_?ti'lz

Me O 7

,V,f 1.BHz-NH; ) = TBsO

Ph o LDA THF | \? m "¢ 0
-

7N o
- -
OH He 21 PPh, LHMDS,
oTBRS imid, CH,CI OTBS 4:1 THFHMPA
(19} (B5%, 2 steps) (209 0ta 23 °C
(B3%)
e
H 1.KHMDS,-78 °C,
Me \I/j_‘ |7 PhSeBr; then H,0, ﬁ -.-‘lf
mTeso-— L& oOTES 20, TECELN  TBSO \,L OTES
Me o O (70%, 2 sleps)

{4) (21}
12



Sm(ll)-Mediated Reductive Cyclyzation

-
- Smil., LiCl

H
ME -___rf_ __-.-' -Tr--'. —
- e N
TBSO T; o 1 1 HBuOH

1}

¥
]
H Em —-H - H '
s ™ T
TBSO — jE-TAh] 850 Do i oTES
Me o |:|-H OTBES Ma o Epem

(22) (23) 13



Reductive Cascade Cyclization

=
H |W H _

AT : ot
~.__OTBS .
TBSO-— T ~ TBSOS vaaa

Me g%,  LHMDS, 4:1 THFHMPA Ms U0

0°C to 23 °C
(7] (T4%) (25)
A b
KHMDS, -78 *C —t 1. HoSiF,, MeCN
Tl 201F
PhSeBr: then Ho0. y ﬁl“(}‘*—”rh‘ 2 DMP, GH.Cl.
= TBSO - " OTBS =
(819) Me 0 g T (BE6%, 2 steps)
[26)
H i
e H - Smla, LiBr
Me \IQ—— -h;«._-,r:—':-lr -BuOH Ms '“]E‘JY_?
/ 0 7\1 '_‘-]
O ==, A2 5 | THF, -78 °C OH |
Me o o (54%) -

Cascade cyclization
(8) (5) .



Sm Cascade Cyclization

* Precedent
Dialdehyde Cascade cyclization

* Protonation solvent
Difference of alcohol solvent

e Additive’s role
LiCl or LiBr



Dialdehyde Cascade Cyclization

aldehyde 1
O
=
aldehyde 2 0
(-_I,, o Sml, (2.5 eq) - f—
t-BuOH, THF OH

0°C OH

(27) (28)

David J. Procter. et al. Tetrahedron. 2009. 65. 10816 16



Dialdehyde Selectivity

P

- (28] . (30)  &m (31)

1.Chelation to Smilll) leads to selective enolate formation
2.Diastreoselectivity aldol eyclization

“ E”_% i - A
YH.H GH_FFH“.‘I Y 4 'Dx,ll
v Do ! o
O “gr G:I o :—_/ll o
l.M__1_F__.lI Em ;-J
) (23] (32] -y )
T
1:The reduction of carbonyl groups with Sml; is reversible,with the ketyl
. O radical anion being drained from the equilibrium by cyclization.
o As only aldehyde groupl is able to undergo facile cyclization, that
~ \— aldehyde is seen to react in the presecence of the other.
| OH 2:Pre-coordination of Lewis acidic samarium to the carbonyl and
-HBH unsaturated ester components in ketyl-olefin cyclization is important for

promoting reaction and controlling the diaselectivity. 17



Protonation Solvent Effect

HO Me Me

Me 0 -0
ST THF N Smip THF 0
O " MeoH O O " t.BuOH ;
0] 71% 64%
(34) (33) (35) OH
t-BuOH M Me
slow protonation I*WSSm'" ~Osm 10 .0
allows cyclization o >l osmll ° > 0
‘ H )= H )= H
0 0 OH
(0] O (37) (38) (35)
Me 1é Me

(33) \.O (36) \_O 0

| Me _
MeOH 0 »

Efficient protonation -
(39) o (40) (34) 18
David J. Procter. et al.Org. lett. 2003, 4811.




LiCl and LiBr Play an Important Role

Sml,-additives E4,» (V) - oxidation potential

Smi, -0.98x0.04
Sml,-LiBr -1.55x0.07
Sml,-LiCl -1.78x0.10

Sml,-LiBr and -LiCl| combinations are more powerful

reductants than Sml,
*Measured by cyclic voltammetry

Robert A. Flowers. et al, J. Am. Chem. Soc. 2000, 122, 7718. v



Completion of The Synthesis of
(—)-Maeocrystal Z

H

- Ac U, TMSOTH, 1. O CH.Cly;

we LT CHc, M. -Htgj’ —7 RN
e e =
Me )| OH | (74%) OAc || 2. E4N, E:HE.EIE

] EI"'::-‘ Ma

'El D ".H .__:I

(3] {6} Me |
[80%, 2slaps)

H
il - 1:1 MeOH:HO M
ozl RS M ﬂ--wa N
e D’J 0 (38%)

o

(41) f—j—maﬂ-&cr}rﬁm}l"{.‘i}

20



Summary (1)

The first total synthesis of (-)-maoecrystal Z had
accomplished in 12 steps from (-)-y-cyclogeraniol.

The key steps include a high diaselective
*Till-mediated reductive epoxide coupling
*Sm'l-mediated reductive cascade cyclization

The utility of single electron chemistry for the preparation
of congested polycyclic systems bearing vicinal stereogenic centers

21




Total Synthesis
(-)-Trichorabdal A, (-)-longikaurin E

H L A H | 1 L e

i | 5 o | |- % e

hla -l'n-".r_'.:.!r"-ll_l'-_-"l.il o -"'IL"-'L _"':_-? Ma '-'L-'J'E%-'_'Il - ll-il
L Me bAY

Ma O o OH o . O A Chfc

{(=}tnchorabdal A1) [7] (= lengikaurnn E {2)

Key reaction
Sm(Il)-mediated cascade cyclization
Pd(ll)-mediated oxidative cyclization

22



Retro Synthesis of (-)-Trichorabdal
and Longikaurin E

tla L—'L -"|I'|—_,-F -il
""E' O H e L F'-:.I:"e-::f-_en>
-..-'.-_-_-_._ - oxidative
=) tnchurabdal AlT) ----;_,: Me - \ : ~gyclizatign — _/]_ /-j/\"
— TEEEI TEIEDRT f
OR !
'D i O5iR
Me"‘r-l%H e
. n1 .r"E-:.'Ial'ec" 1' (42) (93]
i reductive
DGH Eb-hId.ll:lrl_

{=J-lengikaurin E (2}

e TBSO._
r.f" Sm-mediale -
\ reductive Iﬁ - _,T \f

. gyclization "-T--’ —]\‘/ .., ~OH
TEI-EEI—' _E I’\I ; TEEU* Ma Me

(12) _
{44) IH-] Intermadiale in the synihesis y-Cpclogeraniol
of maoecrystal £
23

Sarah E. Reisman, et al. J. Am. Chem. Soc. 2013, 135, 11764.



TBSO . - 1.0-BusMHSO 4 HO
P - \J/\” e Ts0H H\l Emlb LiBr H ./'-‘\-‘.\]
___,.-:"'“H

Synthesis of an Oxidative
Cyclization Substrate

THF, -78°C TEIEGI{(

iy 2. DMP, DCM
= TT%. 2 sleps (57%)
TBSO 9 9 E Pe) TBSO
(4) [‘H]
MOMC| i f"“—*""“‘ KHMDS —a %
A-Bu M, DIF'E.'!I. e TBSCL DMPU B
4 [% Tx”f - s’ 7 ST
DMF, 45°C TEIEG- THF, -78°C Ma W OM
[91%) {B5%) OTBS

HE] [147)

24



Pd(ll)-Mediated Cascade Cyclization

Ii-'.."-—l-'. "-::_-. Pd(OAL); M F-:__—__.-.__ W '|
TEIEE' H__t__ff . TEEGJD}\‘;SQ
Ma b A= Baom DMSO, air Ma OM
O OTBS
(47] (48]

25



Pd(ll)-Mediated Cascade Cyclization
Silyl Enol Ether and Solvent Effect

S + R "-.ﬁi-.

J;\], oSl
o
R~

~

!

R:CH ,CH,OMOM

(49)
Hun i
1 TMS
2 TES
3 TBS
A TBS

Pd{CAL) 5
10 mal %=
10 maal %%

10 maol %

10 maal %%

Synlett. 2002, 8, 1211.

[,-*' I
- H o + R

(=0}

Solvent {0.05M)
DMSO
DMSO
DMSO
MaCH

50
62
76
81
ar

=

he h
(=1) (52)
51 e 49
trace 21 —
trace 14 —
4 5 —
trace trace frace

26



Mechanism of Pd(Il) cascade cyclization

SlthCl MEGN
hb
\ ) - X
Pd{ln ﬁh d_ Y u
E‘* TOAe HPd(I)OAc N
H35|D.ﬁhc

35 41

ME-‘M M
i path a
' Me Me
slow ? " 7/\
L Me,
"~ Me Pd OAC)z

"»H-/J -
ﬁ’& , ~Pd(OAQ),

FT::I{II}
QAc
Pd(OACc),
oy *
A 0s o RSIOOH
Pd(0) ——= Pd(INZ [|} —+—= AcO-Pd-QOH

36 .
Synlett. 2002, 8, 1211. AGOH 27




Total Synthesis of (—)-Trichorabdal A

TB50+—

=TT

a OMOM

{43

J:as
Ma

TEED

g OMOM

{54)

04, DCM ﬁ:-—~ B MaNCHAIMe,
gac; _ My J'lr"..'ﬂ \ AcO
then PPh, rBso-— e *T'“'"""' DMF, 85 °C
(B9 o OMOM (B2
(53]
1. 6 M ag. HCI Me - : :
dioxana, 45 °C 'ET'_?LEF’F VT ','
-
2 TEMPO I'n."le- 0" 5 OH
PhI{OAL) -, DCM
[73%, 2 sleps)

(= )-trichorabdal A (1)

28



Total Synthesis of (—)-longikaurin E

H
Me %I}%BF}T'IT G E;;E;nl-;m M:E}\r_l' Lr"T. 'r"l, 1. TEMPO Me .Er__;llj‘;r. Tu‘T |’||
| -EI OH

0 OMOM ™ (aga 240, Me g ,:, OAc
43 ES 56
149) (53) (58%, 2 steps) (58)
H
- i 1. 05 DCM, -84 °C; T
Smiz - e LRE!-IF T T then PPha J%f’_r -\
;:E:,HJ:; Ma . 2. Ma NCH NMa,
0 Ac-0, DMF, 95 °C 4:.
(55%, 75% brsm) OH ; oH°
{57) (44%:, 2 steps) {=l-lengikaurin E {2)

Smll-mediated pinacol type coupling - additives such like LiCI, LiBr, or -BulH.

t-BuOH M i-—'isr--a- — LiC1 or Ligr Me SI'::'D’F"T" 11
(56) - | (56) o oL W T
THF Ma THF i ‘T:r-"--—-'

"-. .
[ L Me
23 °C 0o {:EHDA-: 23 °C oo O OAC

Owver-reduction of the praduct Direct reduction of the aldehyde to
the primary alcohol

29



Summary(2)

A unified synthetic stratedy has enabled the fisrt total
synthesis of (—)-trichorabdal A and (-)-longikaurin E
in 15 and 17 steps, respectively, from (-)-y-cyclogeraniol.

A unfied synthetic strategy is employed that
relies on a Pd-mediated oxidative cyclization to
*generate all-carbon quaternary center
*builds the bicyclo[3.2.1]octane frame work.

These studies have identified a clear, non-biomimetic, synthetic

relationship several structually distinct ent-lauranoid diterpenoids.

30




Proposed Reactive Conformation

DLI{SGWEHI}H

OLi(solvent),

iﬁ

Alkyl Halides
Bryant H. Yang, et al ,J. Am. Chem. Soc. 1997, 119, 6496.



Mono Deacetylation

1M NaOH

T
(1:1) MeOH/H,0

(38% yield)
31 maoecrystal Z (6)
Conditions for selective hydrolysis: 6 diol C6-monoacetate
1M NaOH, EtOH 1 4 0
1M NaQOH, THF 0 100 0
1M NaCH, 1:1 MeOH/H,0 1.6 1 1

1M NaCH, 1:4 MeOH/H,0 1 4 0.1

32



Reduction Potential

compound E4/2 (V) - reduction potential

cyclohexane
é -2.45

methyl ethyl ketone o

N -2.25
Me
propionaldehyde Jok/

H -1.8

0]

cyclohex-2-en-1-on
-1.55
acrolein o]

Lz 1.50

methyl vinyl ketone (0]
N~ 1.42

Me

*Measured by cyclic voltammetry

33



Optimization of Oxidative Cyclization

Table 1. Reaction Optimization for the Formation of 20

Tasuxjw
Me

190 O OMOM

entry

o L b e
[l

\Dmmiﬂ\{.h

= = e e
b = D

14

Pd source (equiv)

Pd(OAc), (0.1)
Pd(OAc), (1.0)
Pd(OAc), (1.0)
Pd(TFA), (1.0)
PdCl, (1.0)

PdCL, (1.0)

Pd(OAc), (1.0)
Pd(OAc), (1.0)
Pd(OAc), (1.0)
Pd(OAc), (0.1)
Pd(OAc), (1.0)
Pd(OAc), (1.0)
Pd(OAc), (1.0)
Pd(OAc), (1.0)

DMSO, 45

AgBF, (2.0)
H,O (5.0)
K,CO, (5.0)
AcOH (0.5)
AcOH (0.5)
AcOH (1.0)
p-TsOH (0.5)
BzOH (0.5)
PivOH (0.5)

additive (equiv)

Pd
— > Tasn
] C Me
air DMDM

20 O

yield 20 (%)°

7

35

28°

19
0

54

38
0

56

“Isolated yield. PReaction conducted in MeCN at 23 °C. “Product
isolated as an mseparable 4.3:1 mixture with an olefin isomerization
413% yield of a Wacker oxidation product was also
isolated. See Supporting Information. “Run under a N, atmosphere.

side product.



