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*» Highly congested caged hexacyclic structure

3 7
4|, 6 with four quaternary carbones.
. ’ 3 1 A unique fully substituted oxetane core.
= Five contiguous stereocenters.
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Pentacyclic carbon skeleton containing
Trachylobane Skeleton Tricyclooctane Core tricyclo-[3,2,1,027]-octane moiety.
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Notable example of
oxetane containing
natural product,
where synthetically
accessing oxetane is
tangential.
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L enolonium synthon
Carreira et al., J. Am. Chem. Soc., 2018, 140, 48, 16704-16710

> Me\®/Me
20% Yield, 95% ee

Carreira et al., Org. Lett., 2019, 21, 21, 8705-8707
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Methacrolein
Asymmetric synthesis

Me
Fe(R,R)-PDP, H,O, (aq)
‘AcOH, MeCN, 23 °C, 1h

60%

B—Me

MeO,C Meq~

MeO,C Meg MeO,C Megy
(-)-Mitrephorone A (-)-Mitrephorone B
Magauer et al.,J. Am. Chem. Soc., 2019, 141, 19589-19593

Me Alkylation

MeO,C Meg~”

Robinson

B—Me

MeO,C Me

Dihydroxylation (85% ee, 8 steps)
Tetrahedron., 2012, 68, 3457-3467
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Bioinspired late-stage C-H oxidation H,0 R-H y ~ 1(SbFg),
LFe*=0 LFeV-OH
i ) IV .
L(MeCN),Fel + H,0, — |L(MeCN)Fe"-OOH = LFe™Oon —Kj‘ l,, — [ | ROH*LFe™=0
o—u . R+ H.0 OH O Approach
2 N'//,': nNCMe  Trajectories
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Me Me W ONTT | INCMe cone- 4450
5 Hybride oxidative No b
Me approach k < |
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Me
enzyme catalysis O~ OH
steviol (<$1/g) OH

Renata et al.,Science, 2020, 369, 799—-806

3 e M902C o) Meo
MeO,C Meg
(-)-Mitrephorone A

e Scalable synthesis of 9 natural produts e Site-selective oxidation of A, B abd C rings e
Minimization of protecting group manipulation ¢ Minimization of functional group interconvertions

Fe(R,R)-(PDP) (reported 2007)

J. Am. Chem. Soc., 2018, 140, 43, 13988—-14009
J. Am. Chem. Soc., 2001, 123, 6327-6337
Nature Chem., 2011, 3, 216-222

Science, 2010, 327, 566-571



Retrosynthetic Analysis
Me
Me [3+2] Dipolar M/G%(}\
Me o Me ~=CO,Me cycloaddition = SN
o y =N Me \ N
M e
e —> > — wh O Me:> Me
MeOC v MeOC  Me <
1 2 R 3
MeO2C Me
HOOC
MeOzCYCOQMe HOOCM (OR),
Me : Mes CO,Me Me
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X—Y challenges 1) facial selectivity 2) olefin geometry
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(E)  substrate-controlled

selectivity . _
* = stereocenter dlaster:eomer/c Ve
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Me :
), R” Carreira et al., J. Am. Chem. Soc., 2020
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Forward Synthesis 5
. Me
TADDOL catalyzed Diels-Alder reaction Ar, Ar .
O MeOZC o Meo

Me>< OH

Me™ ‘o OH O 1. LDA, THF, -78 °C \\\ 1. 190 °C, toluene O

Y OHCTMG (20 mol%) Ar Ar HMPA, MeO,CCN ~Me Propylene oxide
+ > > >
N Methacrolein  PhMe. 80 °C ~ 2.LiHMDS, TBSOTf  TBSO 2. DIBAL-H, aq HCI
Me/N\Me Ph;P=CH,, -78 °C-rt Me — THF, -78 °C, 59% CO,Me OH
. then 1M aq HCI, 70%, 88% ee
Rawal's diene
Mechanism oTaS
! H
Me~4 TBSO
TBSO_, ~==---- ™
\E W —-TBsO IO ] Me — |
H R RN E\ Me,N % _NMe,
¢K‘rMe N ¢ CHO NMe, 2 CHO Me =
wO Me” “Me
\H\\\“

activation of Methacrolein
via H-bond formation with TADDOL

Introduction of methyl ester through Mander’s
oLi meo (cn O

LiNPr, ;;/*Y) COMe
— Me — — Me

Me

reagent

Tetrahedron Lett., 1983, 24, 5425-5429

J. Am. Chem. Soc., 1999, 121, 41, 9562-9573
Proc. Natl. Aca. Sci. USA, 2004, 101, 5846-5850

Intramolecular Cycloaddmon
\\ In absence of \\
Me Propylene OXIde )

TBSO
Me heat _ Me
\ /
0 TBSO

MeO,C
CO,Me CO,Me €2 MeO,C

Molecules, 2004, 9, 287-299
Org. Lett., 2003, 5, 16, 2003
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Forward Synthesis

Me
Ireland-Claisen reaction

MgCl _
Me TBSCI, Im i :< LaCl3-2LiCl, THF Me o . .
DMAP DCM ) Me 0 Oc_rt, 86%, dr=6:5 AcO |) LlHMDS, TBSCI, HMPA, THF‘ el 9) Me 9)
rt, 73% ii) AcCl, PhNMe,, 64% 1) Bl RS BT G

M 0 o
OTBS = oTes 87% overtwo steps, dr=2.3:1

6 Me DIBAL-H, PhMe

-78 °C-rt
M .
eOZC = HO

trans (59%
Me  Notss (59%)

diastereomeric mixture

. R3 1 5
sp?-sp? cross-coupling & 1 4-sem|hydrogenat|on reactions Pd(PPhs), (3-5 mol%) R \ ) R [Cr(CO)3(n6-MeOBz)] (20-50 mol%) R’ B R3
R! )
| + /E H ‘]\OTf Bpin R4 aq NaHCOg3, DME, 80 °C R4 H2 (70bar), acetone, 120 °C R4
OTf Bpin cross

Further optimization of the
diastereoselectivity in the
Ireland-Claisen reaction by
employing different silyl
groups did not lead to
improvement.

\

coupling MeOZC MeO.C )PLE MeOyC
Me a) [Pd] V€2
coupllng partners CO-Me b) TBSCI Me COZMe Me f TBSCI i OH Me
determine olefin Bpin TfO ¢) [Cr], H CICOzMe,
configuration sem/reductlon s 2 NaBH,
el 0TBS ’ 68%, dr= 20:1
PE— L /A (R=185) 7] TBAF 1% h) P
R4 " (R=H) )H2NOH 58%
“_cis," k) TBAF ~ Me OR MeO,C
e ) DMP ~CO,Me Me Me., ]~ -OH Me
! m) MeLi \N j) PhI(OAC), 6
n) DMP 5 L A %
-~ M f— -
- 0 (Me 2 © @ Me
Carreira et al., J. Am. Chem. Soc., 2020 80% e OR
NOE .n\\COZMe

doi.org/10.1021/jacs.0c09520 OTBS



Lanthanide Salts in Organometallic reactions

Lanthanide(l11) salts have been used extensively to activate carbonyl compounds and imine derivatives for the 1,2-addition of
organometallic reagents. Oxophilic nature of lanthanide salts, the 1,2-addition reaction is favoured over competitive reactions
such as enolization and reduction (by B-hydride transfer).

LnCly-6H,0 LiCl(2equiv). A0 powder —ssovedin THE_ -y ncipaLici (stored for indefinite time
0.01 mm Hg 4 A,rt, 24 h (0.3-0.5 M in THF) @t 25 °C under argon)

20 °C, 4h to 160 °C, 28 h (Ln= La, Ce, Nd)
OMaCl OMgc! | (addition of Ln salt minimize
5 Q LnCl5-2LiCl J\MQCI + 2 + H ? the side products formation)

R'MgCI + RJJ\Rs - R R3 ~ "R® R3
0°C,10min-6h R’ R2 R2
hyndered & _ _
enolizable ketones (side product due to (B—hydride

enolization of ketone) reduction product)

MgCI-LiCl MgCI-LiCl MgClI-LiCl

iPrMgClI (without additives 3-5%) NO, N
O:o - on (with CeCly 72-80%) |

/

(with Ln salt 92-94%) Br
O OH R CO,Et
. . " o
Ph\)J\/Ph iPrMgCl ~ Ph Ph (without additives 3%) (R= CN, CO,Et)
( with CeCl; 0%) : :
3 v/ (Less reactive Grignard reagents
(with Ln salt 95-97%) perticipate in the reaction with excellent yields 73-95%)

Angew. Chem. Int. Ed., 2006, 45, 497 —500
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Facial selectivity in the dipolar cycloaddition is fully ,/"“VN\OH x:ﬁ—%) \EN\ amidation // /N\O Me

controlled by the a—stereocenter of the nitrile oxide 1 e s R /O = MeO,C '

N .= PhI(OAC)Z .= e/ st O MeO
[3+2] cycloaddition: aldoxime nitrile oxide  intramolecular nitrile oxide
MeO,C cycloaddition (INOC)

Org. Lett., 2009, 11,7, 1539-1542
J. Am. Chem. Soc., 1985, 107, 6023-6028

| @ A common problem in nitrile oxide cycloaddition is
@® O )\fN\ dimerization of the nirile oxide, and it has been shown that
—_— R

R—=N-0 Oo cycloreversion can be induced by heating
disfavoured favoured R
putative transition state of nitrile oxide cycloaddition J. Am. Chem. Soc., 1985, 107, 6023-6028
MeO,C Stereoselective monohydrolysis of disubstituted malonates b) CICOMe, NE
e o,0-
MeC)zC 2 M ROOC\(\/\OTBS NaBH4’ MeOH -
‘ Me | CO,Me e MeO,C pig liver esterase (PLE) HOOC >
Me | CO,Me Pd >< -~ \( Mé CO,Me c) TPDBSCI
. y Me CO,Me NaOH (1 eq) Me CO,Me ~ 61%
- Bpin pH 7 phosphate (R: Me)j a) PLE, >99% ee
Me buffer-DMSO (10:1) (R=H)
@ Me OR  oomommmsssssmsmoon oo oo i oot d) PPTS
HOOC HOOC ‘ XN Bpin HOOCM TBDPSO/\:(\/\OTBS -
OR MeO,C OR N _OTBS s 3 Me CO,Me ¢) DMP
MeO,C Vi e Me CO,Me  Me COMe Me Me CO,Me 2 f) MePPh3Br
Me.,, ( z ", 6 (39%, 95% ee) (9%, 75% ee) (97%, 23% ee) 75%
HOOC g)Grubbs Il (10 mol%)
Bpin = HOOC oBS X > OTBDPS TBDPSO™ 7 N
Me S Mé CO,Me length of the R group has Me CO,Me Bpin
(@) Me Me COzMe 2 DCM
. . not formed an advance effect on /\ S
(67%, 95% ee) enantioselectivity _ L Me 49%
isopropenylboronic acid pinacol ester
commertially available
1. TBSCI, Im, DMF NaH, DMF ~ MeO.C
HO™ >""OH ~ 17 " 0TBS = 1eO WOTBS - Bpin
2. l,, PPhs, Im, DCM MeO,C._ _CO,Me €02t Me TBDPSO™ - -
h 7 Mé CO,Me Me

8
Me Angew. Chem., Int. Ed., 2002, 41, 3171-3174
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Forward Synthesis 5
| Me
Me M MeO,C y
a) Comins reagent (79%) Me © 7 Pd(PPhy), © ?” o' Meg
Me b) DMP (85%) @ (2.5 mol%) f) [Cr], Hy
- q e
6 c)MeLi, d)DMP 110 NaHCO, 93% MeO,C
O (52% over two steps) DME-H,0 (9:1) Me Me = Me
Me™ ~O 85 °C, 65%
OH oo OTBDPS
single isomer  5) TBAF, b) DMP 62%
Me - 7€) MesOBF, c) NH,OH Me
then (2 equiv) Meq) Phi(OAc),
TMSOTf dry MeNO, A
B ————— - B ——
EtsN rt 0 MeO,C
30 MeO,C 52% ¥ 2% Ve
69% Me ©
X, OH
(R= Me)
Isoxazoline to isoxazolidine Me Me
LDA
g) H,, Pd/C
—_—
Me MeO,C 'Me
1. TMSOTf, NEt, CO,Me
2. BF5-OFEt, h) H,. Pd/C T
Z. Naturforsch., B J. Chem. Sci., 2004, 59b, 451-467 AcOH, 72%

Synthesis, 1974, 710-712

Carreira et al., J. Am. Chem. Soc., 2020 doi.org/10.1021/jacs.0c09520



Forward Synthesis
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Me Me Me Me
i) KO'Bu, O, . MeOC I MeYy
THF, -78 °C j) DMP, tBuOH, DCM Koser’s reagent
PPhj, -78 °C-rt 3 O SiO,, Hexane-EtOAc (3:1) 3 o k) PhI(OH)OTs
72%  MeO,C Megy 74% t M(taOZC - M oH o « s o
automeric 2 L |
B | Me enol ketone R1JJ\/R A o X O'l\X
Me or Y > lk(ll or 2
- . -
oM MY, -HY R Ph R1J\/R
NaHCO,, DCM J\/ 2 R'= alkyl, aryl\ R® )
> \ R - y
72%. >99% ee _ J. Org. Chem., 1998, 63, 6436-6437 R1 R2= H, Alk, Ar, ester l Nu
B "Me J. Am. Chem. Soc., 2017, 139, 12422-12425 ide. imid
= Meo Ph MeO,C O amiae, imiae 9)
MeO,C ~” 2 Angew. Chem. Int. Ed., 2017, 56, 2599-2604 R?
L OIH - (-)-Mitrephorone A J. Am. Chem. Soc.,1985, 107, 256-257 Nu= Ar, CF3, Alk, ;, =—R R
putative intermediate

Cl, Br. OAc, OTs, OH, NHR Nu

TBSOTT, 2,6-lutidine
Me

oxa-Michael
addition

e

either trapping the -
resulting enolate MeO,C' Me

|thBF4, |2/NaHCO3, NBS/NaHCO3,
MeO,C "Me PhI(OAC),/KO B, 0,/KO"Bu, MOOPHIKHMDS _

MeO,C Me

Me oxidization

1. epoxidation
followed by rearrangement

’ o

2. dihydroxylation ,
followed by elimination MeO,C Me 5

Carreira et al., J. Am. Chem. Soc., 2020 doi.org/10.1021/jacs.0c09520






