NON-ENZYMATIC
DESYMMETRIZATION




Madam, I'm Adam

Achiral/Meso compounds (Z = H, R)
1 Reagents X
/\/'\_/\ e /\_/'\_/\R enantiotopic group

Y Y Y Y —/8>» Y Y Y :
( 5 5 ) Y- 5 3 selection
enantiotopic

C, Symmetric compounds

Reagents

Y/\./Y\Y — Y/\_/\l/\R monofunctionalization
( z Z ) -Y* Z Z
homotopic

Pseudo-C, symmetric compounds

X X

Reagents
Y/\_/'\l/\Y - Y/\_/'\l/\R diastereotopic group
( i 7 ) Y- i 7 selection
diastereotopic

Magnuson, S. R. Tetrahedron, 1995, 51, 2167 — 2213.



“Alcohol: alternative to feeling like yourself/ Oh, alcohol, | still

drink to your health”
-Barenaked Ladies, Alcohol

OH NA%0
4 steps
2) Lipase-
catalyzed
OH

hydrolysis TB
(10 days) OTBS
ImidCat (30%)
OH ImidCat (20%) OTBS OH TBSCI (2 eq) OTBS
TBSCI (2 eq) ( @ DIEA(1.25e0) | @
DIEA (1.25 eq) >
> OH THF, <-20 °C OH
THF, -78 °C, 120 hr 48-120 hr
OH 54%, 81% ee OH n=1-4 75-96%, 88-95% ee
sat'd or unsat'd rings
\< T
ImidCat (30%) 3
R_OH TBSCI(2eq) R,OTBS \ H 3 N o m tBu )
I DIEA (125 ¢0) I N\,/\N/]TH o NW/\NJ\”,NVMe
v H =
RT™OH  THE, <20°C R™ “oH <\/’ v O <\,IN H 0 iau
48-120 hr N Me h o
R = Me: 84%, 90% ee Cliig; 0o ImidCat
vinyl: 67%, 92% ee ~ A~ O . /
t-Bu Me \g

Zhao, Y.; Rodrigo, J.; Hoveyda, A. H.; Snapper, M. L. Nature, 2006, 443, 67 — 70.



Kinetic Resolution — NOT a desymmetrization

ImidCat (30%)
HO. PH  TBSCi(1eq) TBSO OH HO  OH
DIEA (1.2 eq) >—< —_—
R’ R —— > i 2 1 2
i R R R R
(racemic) THF, <-15°C
24-72 h
TBSO OH HO OH TBSO OH HO  OH
Me iPr Me iPr Me C(O)Me Me C(O)Me
48%, 81% ee 44%, 96% ee 45%, 71% ee 34%, 91% ee
TBSQ, ~ OH HO  OH TBSO  OH HO OH
4 ~ > < Ld ~
Me Cy Me Cy Me CO,Et Me CO,Et p N
Me t-Bu H
50%, 88% ee 48%, 91% ee 34%, 78% ee 32%, 87% ee N N N._Me
| z
(WAL
L ImidCat J
TBSO OH HO OH TBSO OH HO  OH
Me Ph Me Ph Me CO,tBu Me CO,tBu
68%, 39% ee 30%, 96% ee 44%, 77% ee 34%, 90% ee

Zhao, Y.; Mitra, A. W.; Hoveyda, A. H.; Snapper, M. L. Angew. Chem. Int. Ed., 2007, 46, 8471 — 847 4.



Cleroindicins D,

F, and C

oH Q 1) H,O, \ MeO._ _OMe
1) TBSCI, imid. K2CO3, 92%
> y o
2) PhI(OAc), 2) Hy, PtO; HO”Z ) OH
69% (2 steps) OH 3) PPTS, MeOH " OH
HO 83% (2 steps)
OTBS OH
(meso)
ImidCat (20%) MeO.__OMe O
TESCI (2.25 eq) 1) MsClI, DIEA
DIEA (2.5 eq) 92% y
83%, >98% ee O WG PTES o Hel5eq) o KoreH
45%
OTES
cleroindicin D
MsCI DIEA H2, Pd/C H
92% >98% 0 OH
cleroindicin F cleroindicin C

You, Z.; Hoveydaq, A. H.; Snapper, M. L. Angew. Chem. Int. Ed, 2009, 48, 547 — 550.
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“I triol things, | achieve what | can”

— Herman Melville

Meso triol prepared from Grignard add’n into
acetonide of dihydroxy acetone

HO
:><OH 1 eq.
t-Bu HO R

0

H

=N CuCl NEts, 1.2 eq. HO

\ 2 < q OH —
~ N{h — 3 ~ " R = alkyl, alkenyl, alkynyl, aryl
== 1.1eq.

By Cl Ph

THF, 30 min

Jung, B.; Kang, S. H. Proc. Natl. Acad. Sci. 2007, 104, 1471 — 1475.



azithromycin

Azithromycin

HO— OH 1) MsCl, DBU
HO— OH  (SR)-catlCuCl, / 2) K,CO3, MeOH 70 ( o )
BzCL BN o oo 69% (2 steps) A~ A ’
— > HO— = THF, rt = - =NTN
h 3) SO3'Py, NEt3 OH \
98%, 91% ee DMSO 7 N—(/»
4) N/O cat, Et,Zn N Ph
86% (2 steps) —
11:1 dr By
0 1) Red-Al \ (SR)-cat
eo-n - OH 1) NaN3, MgSO,, 82%
2) TESCL imid. /\M 2) TBSCI, imid, 90% 2, OH Me ) .
= >
3) MCPBA 2 e O : WNHz OO 9
0.0 3) PhyP, 87% =
x 71% (3 steps) OTES 43 HFpyr.. 92% OH OTBS N
OTBDPS \“OH
‘ HO—, OH HO— OH 1 0
—_— R,S)-cat/CuCl S ) MsClI, DBU, 78%
ve ¢ BZ)CL EGN N\ Me  2)K,CO; MeOH, 90%
Me HO > BzO > _ NOcat )
S THF, rt, 94% 3) SO3+Py, NEt3
|/\/ TBDPSO (4% diastereomer) TBDPSO " DMSO r By )
OTBDPS = H :
/" gspipc, =N
71% (2 steps) NJ
(9:1 dr) 7 N\ £(S)
pBuysn” A OTBDPS _ Ph
- - Br
— : z
—_— = z 9 (R,S)-cat )
(F.A. conrol)
40%, 4 steps e “NMe,
OCO,Me OCO,Me

Kim, H. C.; Kang, S. H. Angew. Chem. Int. Ed. 2009, 48, 1827 — 1829.



Azithromycin

H, (1 atm)
10% Pd/C
NaHCO3
—_—
, then
NMe 10% Pd/C
OCO,Me 0O=CH, (aq.)
70% (2 steps)

,’I

NMe,
OCO,Me

“’NMe,
OCO,Me

42% (3 steps)

MeQOmy

OH
azithromycin

19 steps
2.6% overall

Kim, H. C.; Kang, S. H. Angew. Chem. Int. Ed. 2009, 48, 1827 — 1829.



Diene /diols by Ketalization/RCM

O
7 — i
R bryostatin 1
:§ %’ _>’ spiroketals
N O O — bicylic acetal nat'l pdts
2

=
n=0,1 (Vinyl groups
. diastereotopic,
(C, Symmetric) Ketal center

non-stereogenic)

Burke, S. D.; Miller, N.; Beaudry, C. M. Org. Lett,, 1999, 1, 1827 — 1829.
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Thromboxane B2 — Setting the Stage

A H
H ov‘(ojlfl\/\:/CS 11
OH
thromboxane B2

1) MsCl, pyr nBuLi
HojioK = Msoj:OH ron o Q Mes'T o
—
"] —
HO o] 2) MeSO3zH MsO OH  EtOH/H,O h 43% OH
EtOH/H,0 81% 0 |
84%
2) NaH
then LAH
O O 1) NaH 46%
I~
EtO OEt OEt 3) BzCl, Et;N
Br 81%
OEt

Marvin, C. C,; Clemens, A. J. L.; Burke, S. D. Org. Lett.,, 2007, 9, 5353 — 5356.



Reduction Junction, What’s Your Function?

O OFt -0.__OEt —O._OEt A<
NaH_ | H AN | 'o ot [H1 <O~ -OFt Ot
© R © R © R O\ Hoz
HT Y © R

Os_H ] ‘0 HO
[H] POk [H1
> Ho~ R“" — > H R ’ H H /
<H
[Hw

H . HO
RAO._H  taut OxH [H] OJH T j\
I R > R H,C” R

HsC” R HC™ AR H,C "(Ale ’

H H
AN r/o

Marshall, J. A.; Andersen, N. H.; Hochstetler, A. R. J. Org. Chem., 1967, 32, 113 - 118.



Thromboxane B2 — Setting the Stage
-

1) MsCl, pyr i
HO™ % O 88% MsO™ “»~OH KOH |\;|7 Blélllr
\)i >< g \): /O & -
HO S 2) MeSOzH MsO OH EtOHH,0 ™ 43%
EtOH/H,0 81% °
84%
2) NaH
then LAH BzO
O O 1) NaH 46%
I, ™ e LT
EtO OEt OEt 3) BzCl, Et;N OEt
B 81%
OEt

Marvin, C. C,; Clemens, A. J. L.; Burke, S. D. Org. Lett.,, 2007, 9, 5353 — 5356.



Thromboxane B2

wOH BzO 0
J L o «H/g 2, 7 heptene_ CsHiis oLk
—»
| OH OEt 95% O = (1 recycle) 70% © — OBz
>10:1 E/Z H
_\\%{O

1) K2CO3, 9% > O LICHQCN OH OH 1) Pb(OAC)4
2) SAE, 77% CsHy4 / / 809 CsHq4 / / 2) L- Selectrlde
(93% dr) H 80%, 9:1dr

Marvin, C. C,; Clemens, A. J. L.; Burke, S. D. Org. Lett.,, 2007, 9, 5353 — 5356.



Thromboxane B2 - Endgame

CsH11 \ Cl) OH

)_ Amberlyst 15
:
O 95%

{
@)
P4

MeO™ ~O X-CsHis

T
Om
T

CN

CN

1) AcCl, pyr OAc

DMAP, 93% W\ 1) NaOH
> * CN s
2) §§$|2(0H3CN)2 Vo™ o B Cethir - 2) Mitsunobu

o H 63% (2 steps)

N
H
1) DIBAL-H \ﬁ
2) Br-PH,P*(CH,)4COH m COH
nBuLi, 53% (2 steps) H
MeO™ o e~ CsHis > |HO" 07z 20" CsHrs
H 3) Dowex-59, H,0, 85% OH
thromboxane B2

Om

Ac

1 ,O
mQ

T
Om

Marvin, C. C,; Clemens, A. J. L.; Burke, S. D. Org. Lett.,, 2007, 9, 5353 — 5356.



Regiodivergent Epoxide Opening

If R # R’, process is kinetic resolution, not desymmetrization

Gansdver, A.; C.-A.; Florian Keller, F; Karbaum, P. Chem. Eur. J. 2007, 13, 8084 — 8090.



Origin of Selectivity
-

o Titanocene Cat (10%), Mn OH

trimethylpyridine*HCI
Eto. A\ OEt > Eo A~

1,4-cyclohexadiene, THF

76%, 94% ee

4 )
ig%—)—z TiCl,

N
L Titanocene Cat

/

Gansdver, A.; C.-A.; Florian Keller, F; Karbaum, P. Chem. Eur. J. 2007, 13, 8084 — 8090.



(R)-4-dodecanolide

O Titanocene Cat (10%), Mn OH Q2
OtBu trimethylpyridinesHCI otBu  TsOH o)
»  CgHy7 —_—
O 1,4-cyclohexadiene, THF O CgHq7
60% 98% ee (R)-4-dodecanolide

Titanocene Cat

Gansdver, A.; C.-A.; Florian Keller, F; Karbaum, P. Chem. Eur. J. 2007, 13, 8084 — 8090.



Ketone Desymmetrization
-

@)
ProCat (25%)
>
MeCN, rt, 24h z
68%, >99% dr OH ©
94% ee
_ o _
HOJ"'I OTBDPS Os__OH (TBDPSO, )
O_OTBDPS R g O\(O
N
N NTN\ N
W Hﬁ;E(HzO TBDPSO" /2)6 oA
© Hy J~"H=0 J L ProCat
H
disfavored favored disfavored
(no H-bonding, (H-bonding) (ring strain)
sterics)

;

HO

peh
O

O
o
I
o

ltagaki, N.; Kimura, M.; Sugaharaq, T.; Iwabuchi, Y. Org. Lett.,, 2005, 7, 4185 — 4188.
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(+)-Juvabione

(+)-juvabione

Om
<
®)
<

OH OH o)
Ha (1 atm) 1) LAH, THF ProCat (25%) §b 1) MOMC, DIEA qb
Rh-C, EtOAc 2) TPAP, Vo MeCN, rt, 24h : 2) IBX

(2

(quant) 68% >99% dr O OH 85% (2 steps) o]
CHO 94% ee
CO,Et CO,Et
S i
1) MeLi, Cul, 98% H ™ : _
2) LiBF4, 83% hv (300 nm) \b H Z
> - _— —_— ( .
. . : 0 .' .
3) TESCI, imid., 91% O OTES 66% R N \\mHO
| O OTES O OTES | TESO'
(TBDPSO, h
O
"Il/
N {
H OH
L ProCat )

ltagaki, N.; Iwabuchi, Y. Chem. Commun., 2007, 1175 = 1176.



(+)-Juvabione — Endgame

1) iBuMgBr, CeCl3
81% H
2) BOMCI, DIEA 1) CH30CH,PPh;CI
nBulLi

@ oA >

o) OBOM >
X 2) HCI, 64% (2 steps
TESO' CHO  3)TBAF ) 6 (2 steps)

4) MnO,, 92% (3 steps)

T
mn

T
mn
T
mn

1) DMP, 85%
'

OHC OH  2)NaCN,MnO, MeO,C o)
78%

(+)-juvabione

ltagaki, N.; Iwabuchi, Y. Chem. Commun., 2007, 1175 - 1176.



