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Tertiary Alcohol Containing Natural Products

NMe

Integerrimine
(pheromone)

o . HO,C
O  Cinatrin C5 (anti-inflammatory)

CO,H

Zaragozic Acid (squalene synthase
inhibitor)




Strategies for the Asymmetric Synthesis of Tertiary Alcohols

Challenges
2° Alcohols -Kinetic resolution (i.e. Stoltz Pd catalyzed oxidation)
-Noyori asymmetric hydrogenation
OH
J\ -Enantioselective additions to aldehydes
R1 R2

-Many are commercially available

3° Alcohols -No oxidation of C-O possible for kinetic resolution
-No hydrogenation of carbonyl possible

-Ketones are less reactive

-Smaller steric and electron differences between prochiral carbons



Copper Catalyzed Enantioselective Aldol Reactions
Additions of Enolsilanes to Pyruvate Esters

@

MeO
\’HJ\R +

O

OTMS

)\St-Bu

1. catalyst (1-2 mol%) HO R O

THF or CH,Cl,
—-78 °C, 1-2 h MGONSI‘-BU
>

2. 1 N HCI, THF O
ee up to 99%

yields up to 96%

Evans, J. Am. Chem. Soc. 1999, 121, 686-699.



Copper Catalyzed Enantioselective Aldol Reactions
Additions of Enolsilanes to Pyruvate Esters
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Evans, J. Am. Chem. Soc. 1999, 121, 686-699.



Copper Catalyzed Enantioselective Aldol Reactions
Additions of Enolsilanes to Pyruvate Esters
Reaction Scope

Me Me _|2+
1. oﬁo 2 TIO™
S/N\ /N\)
Cu :
t-Bu tBu
O OTMS 1-2 mol9% HO :R O
MeO + THF or CH20|2 MeO :
R S —78°C,1-2 h St-Bu
-Bu >
@) @)

2. 1N HCI, THF

entry R yield (%) ee
1 Me 96 99
2 Et 84 94
3 i-Bu 94 94
4 i-Pr 36 36

Evans, J. Am. Chem. Soc. 1999, 121, 686-699.



Copper Catalyzed Enantioselective Aldol Reactions

Proposed Catalytic Cycle O

T™SQ R O [Cu(box)(L),](OTf), MeO\’RJ\

: R
MeO
StBu O
@) .
complexation
decomplexation

.
Cubox)(D) |- O\/K oo
_-Cu(box — t-Bu ;
TMSQ B O " 12Ot S\'\L N>
MeO N H /Cu\ H
St-Bu q /O t-Bu
O H

rds

silyl transfer

(L)n(box) 2+ addition

Cu~g R OTMS [27OTf

(@)
N St-Bu

OMe Evans, J. Am. Chem. Soc. 1999, 121, 686-699.



Copper Catalyzed Enantioselective NitroAldol Reaction
Me Me __12+

o o
S/N\ ,N\>
O cu
t-Bu t-Bu 3
E’[O\”)}\ + MeNO, 20 mol% Eto\n/'Q/Noz
R >
pKa ~17

0O EtsN (20 mol%) 0O
pKa ~23 rt, 24 h
entry R yield(%) ee
1 Me 95 92
2 Et 73 87
3 (CH3),Ph 47 ” -Nitromethane used as solvent
4 hexyl 91 93 and prenucleophile
-1:1 ratio of Cu and Et3N critical
5 but-3-enyl 97 94
6 pent-4-enyl 92 94
7 3-methylbutyl 90 94
8 I-butyl 99 92
9 Ph 81 86
11 p'N02CBH4 99 93
12 p-MeOCgH, 68 57 Jorgensen, J. Org. Chem. 2002, 67, 4875-4881.



Copper Catalyzed Enantioselective Aldol Reactions
Ketones

1. Taniaphos (5 mol%)
CuF(PPhg)3*2EtOH (2.5 mol%) OH O

0 OTMS  (Et0),SiF(120 mol%), PhBF3K (10 mol%)
J , ¥ )\ DME (0.7 M), rt R2n-)\/”\
R OMe - R OMe

2. Et3N’3HF 73-95% ee
78-92% yield

R1

PCy> N"Bu,

Cy2P Fe

Taniaphos Derivative

Shibasaki, J. Am. Chem. Soc. 2006, 128, 7164-7165.



Copper Catalyzed Enantioselective Aldol Reactions

Ketones
/*\
P\C /P
U .
A j (EtO)3S|F*
O O N~ OTMS
Rzl-J\/”\ P\CU/P )\
R OMe % OMe
(Eto)4-nSiFn+1
EtO).SiF : TMSF
( J)rs ! (EtO)4.,SiF,, rds
PhBF;K n=2
Py PN
P\ /P /Cu\
Cu‘ O P
O \O )\
RzlJ\/”\ OMe
R OMe\_/<

Shibasaki, J. Am. Chem. Soc. 2006, 128, 7164-7165. R1J\R2



Copper Catalyzed Enantioselective Aldol Reactions

Substrate Scope

1. Taniaphos (5 mol%)
CuF(PPh3)3*2EtOH (2.5 mol%)

j\ OTMS (EtO)3SiF, PhBF 3K )
+ DME (0.7 M), rt R )\/”\
)\ ( bt OMe

R! R? OMe > R
2. EtsNe3HF

entry ketone temp (°C) time (h) yield (%) ee
O

1 R=H -20 19 93 92

2 R = OMe -20 42 95 91

3 R=Cl -20 38 85 87
R O

4 O I -20 40 88 83
1 o

5 Qé -20 42 92 90
O

o L 20 P o

@)

7 )I\ 20 37 93 79
Bu

Shibasaki, J. Am. Chem. Soc. 2006, 128, 7164-7165.



Lewis Base Catalyzed Enantioselective Aldol Reactions

OTMS o) B - OH O
)\ + . 1omol% R1M
OM R"" "R? OM
© —20 °C, CH,Cl,, 0.2 M R2 ©
2. sat. aq. NaHCOg 84-96% yield

up to 88% ee

Denmark, J. Org. Chem. 2005, 70, 5235-5248.



Lewis Base Catalyzed Enantioselective Aldol Reactions

Cl
Sic OSiCl,
O/ \lo )\
R1— pyridine N-oxide i "OMe
Fj\./kOMe LB
Vi

@)
MeO + J\
R2 RYji R?
Cl > CI-
LB:.S'i.\O/<
LB” 1 YO R
Cl

v Denmark, J. Org. Chem. 2005, 70, 5235-5248.



Lewis Base Catalyzed Enantioselective Aldol Reactions
Substrate Scope

96% yield
83% ee

90% yield
81% ee

89% yield
86% ee

90% yield
80% ee

89% yield
56% ee

87% yield
49% ee

0O
/k
Ph
0O
F:;C/(j)k
0O
MeO/Ej)K
0O
Ph/\)]\
O
0O
Et)l\

7

94% yield
35% ee

91% yield
76% ee

94% yield
68% ee

87% yield
11% ee

86% yield
8% ee

84% yield
32% ee

Denmark, J.

97% yield
35% ee

84% yield
20% ee

91% yield
32% ee

91% yield
43% ee

Org. Chem. 2005, 70, 5235-5248.



Catalytic Asymmetric Aldol Reactions

Summary
LA or LB
j)\ N )C])\ catalyzed OH O
y o
R “R2 R®  chiral ligand R1MR3

-Can give high yields and good enantioselectivities
-Usually use a prenucleophile

-Often need activated ketones



Asymmetric Addition of Diphenylzinc to Ketones

OH

NMeg

(+)-DAIB
cat.

ZnPh, _
toluene, rt 64% ee, 26% yield

Fu, J. Am. Chem. Soc. 1998, 120, 445-446.



Asymmetric Addition of Diphenylzinc to Ketones

o OH
NMe, HOQ ;Ph O Me, Ph
(+)-DAIB
cat. *
>
ZnPh, ]
toluene, rt 64% ee, 26% yield <5% ee, 60% yield

product arises from
aldol/dehydration/conjugate
addition

Fu, J. Am. Chem. Soc. 1998, 120, 445-446.



Asymmetric Addition of Diphenylzinc to Ketones

o OH
NMe, O Me  Ph
(+)-DAIB
cat. +
ZnPh, |
toluene, rt 64% ee, 26% yield <5% ee, 60% yield
(+)-DAIB OH
O 15 mol% R
)]\ +  ZnPhy - oh
R R' MeOH(1.5 equiv) R'
3.5 equiv toluene, rt

53-91% yield
60-91% ee

-Addition of MeOH increases yield and enantioselectivity
-Works best when R = aryl and R' = methyl (2-pentanone reacts in 74% yield and 36% ee)
-Only more reactive diphenylzinc adds to ketones (dialkylzincs do not work)

Fu, J. Am. Chem. Soc. 1998, 120, 445-446.



Asymmetric Addition of Alkylzinc Reagents to Ketones
Early Work

O on
HN_802

OH
@) 20 mol% R
)]\ + ZnR", > R
R R' Ti(OiPr)4, CaH, R'
toluene, 4 °C up to 88% ee
4-14 days variable yields
Major side product: R R
OH
HO
R R

Yus, Tetrahedron 1998, 54, 5651-5666.



Asymmetric Addition of Alkylzinc Reagents to Ketones

0,S—NH HN—SO,
o+ zmry, + TiOPY, _ p R+

R R 1.6 equiv 1.2 GQUiV ’,OH 2-10 mol% HO _ R' R
hex/tol up to 99% ee
rt 91% yield
0.5-4 days

-Process is more general than previous reports
-Generally high yields and enantioselectivies

-Both simple and functionalized zinc reagents work
-Reasonable reaction time

-Low catalyst loading for more active substrates

Walsh, J. Org. Chem. 2005, 70, 448-455.



Asymmetric Addition of Alkylzinc Reagents to Ketones

Bu

0,5

|
:‘\\NH CPh,OH
I}IH CPh,OH

0,S
Bu

Catalyst
Bu
Ph
~Ph
O open coordination
Ox site
Ti(OPr), N/S%O
o \ ~ S =Ti_
—4 HO/Pr N\S¢O
Oé
O
PhPh
Bu

constrained geometry gives larger binding pocket to
accommodate the bulky ketone

Walsh, Synlett 2004, 749-760.
Walsh, J. Org. Chem. 2005, 70, 448-455.



Asymmetric Addition of Alkylzinc Reagents to Acetophenone

Derivatives
O ZnEt,, Ti(OiPr),
1 OH
X > hex/tol S )\ Et

7 " Me(s)
entry substrate mol% 1 time (h) yield (%) ee
1 X=H 2 29 71 96
2 X = 3-Me 10 12 82 99
3 X =3-Me 2 24 78 99
4 X =4-OMe 10 111 85 94
5 X =3-CFj3 2 14 56 98
6 X =2-Me 10 48 24 96

Walsh, J. Org. Chem. 2005, 70, 448-455.



Asymmetric Addition of Alkylzinc Reagents to Conjugated Enones

O ZnR's, Ti(O/Pr),
1 (10 mol%)
R >
( hex/tol
n rt
entry R n R' time (h) yield (%) ee

1 H 2 Et 19 75 52
2 Ph 2 Me 40 84 99
3 CH,OTBS 2 Et 40 81 >99
4 CHj 1 Et 37 65 96
5 pentyl 1 Me 40 62 99
6 H* 3" Et 40 70 96
0

Walsh, J. Org. Chem. 2005, 70, 448-455.



Asymmetric Addition of Functionalized Dialkylzinc Reagents to
Ketones
Preparation of Reagents

Method A
neat
RI + Et,Zn — R>Zn + Etl
50-55 °C

Method B

1) HBEt, 2) Et,Zn

Ry — R,./\/BEtz s RyZn + BEf
1 equiv 2 equiv
0°C 0°C

Knochel, J. Org. Chem. 1992, 57, 1956-1958.
Knochel, J. Org. Chem. 1996, 61, 8229-8243.
Walsh, J. Org. Chem. 2005, 70, 448-455.



Asymmetric Addition of Functionalized Dialkylzinc Reagents to

Ketones

Preparation of Reagents

Method A
RI + Et,Zn
Method B
1) HBEt,
R"/\ —
1 equiv
0°C

neat
—_— R.Zn + Etl

50-55 °C

Reaction driven to the right by removal of
volatile materials

2) Etzzn

../\/BEtZ —_— R,Zn + BEtj;

2 equiv
0°C

Knochel, J. Org. Chem. 1992, 57, 1956-1958.
Knochel, J. Org. Chem. 1996, 61, 8229-8243.
Walsh, J. Org. Chem. 2005, 70, 448-455.



Asymmetric Addition of Functionalized Dialkylzinc Reagents to

Ketones
Results using Method A
neat
Rl + Et,Zn EE— R>.Zn + Etl
50-55 °C
entry substrate ZnR, time (h) yield (%) ee (%)
1 Q ZnOct, 40 91 08
2 Zn((CH,),Cl)» 40 95 99
3 Zn((CH,),OPiv), 40 58 96
0
4 ZnOct, 40 70 99
5 OO Zn((CH,),Cl), 40 83 99
6 ZnOct, 40 83 97

0]
7 ® Zn((CH,)4CI), 40 62 96
8 o Zn((CH,),OPiv), 40 53 97
O
9 @AOTBS ZnOct, 40 70 >99

Walsh, J. Org. Chem. 2005, 70, 448-455.



Asymmetric Addition of Functionalized Dialkylzinc Reagents to

Ketones
Results using Method B
1) HBEt, 2) Et,Zn
A —— R.,/\/BEtz s RyZn + BEt
1 equiv 2 equiv
0°C 0°C
entry substrate ZnR, time (d) yield (%) ee (%)

1 O Zn((CH2)3CHM62)2 3 77 96
2 Zn((CH,),0OTBS), 3 89 98
3 Zn((CH,)4OPiv), 3 47 96
4 Zn((CH,)sBr), 3 89 96
5 0 Zn((CH,)zCHMe.), 3 75 90
6 Zn((CH,),OTBS), 5 52 98
7 Zn((CHz)SBr)Q 3 55 94

9 & Zn((CH,),OPiv), 3 88 87
0]

Walsh, J. Org. Chem. 2005, 70, 448-455.



Asymmetric Addition of Diorganozinc Reagents to Ketones

Summary
O o OH
J\ N ZnR, chiral catalyst> R *|
R1 R2 R2 R

-Reasonable substrate scope

-Both alkyl and aryl zinc reagents work

-Good yields and generally high enantioselectivity

-1 Step process

-Branched alkyl, vinyl and heteroaryl groups not accessible

-Lack of commericially available diorganozinc reagents available
(Synthesis of functionalized reagents seems tricky)



Enantiodivergent Synthesis of Tertiary Alcohols through
Conversion of Chiral Secondary Alcohols

OH R OH HO R

known methods» /'\ ________ - //( or 2
R R transfer chiral R; R, R; R,

1 2 information
from 2° to 3°?

-2° Alcohols are easily accessed through known methods (Noyori
hydrogenation, resolution, etc.)

-Potentially access either isomer through a "retention" or "inversion" event



Enantiodivergent Synthesis of Tertiary Alcohols through Conversion
of Chiral Secondary Alcohols

Lithiation-Borylation of Chiral Secondary Carbamates

R.- 3
&B(OR ) R H,0, R OH
RB(OR?), RZ"J\ R2 )\ NaOH /<
> foch - { “B(ORy), — > R'" "R?
eetent. R R
etention
s-BulLi .
OCb Et,0 Li
—_— RZ,..
1 2 —78°C AN
R R 20 min R’ OCb
. R2 R? 3 H:0>  Ho R
Inversion e COCb A .. _-B(R%) NaOH 2,
> R—I/ — R"r —_— 1/‘< »
RB(RY), (:B(R3)2 R R R
R”=

-Deprotonation of carbamate

-Addition of borane (inversion) or boronic ester (retention)
-1,2-Metallate rearrangement

-Oxidation

Aggarwal, Nature 2008, 456, 778-781.



Lithiation-Borylation of (S)-1-Phenylethanol

Entry Substrate Migrating group, R Borane/boronic ester Product Yield (%) (e.r., S:R)

OCb* Et OH

1 /I\ Et -$-BEt, 91 (99:1)
Ph : Ph>\

OCb iPr. OH
3 . )\ iPr -§—BC€ Ph)-\ 91 (98:2)

OCb nHex :OH
5 o J nHex 4B Ph)'\ 60 (98:2)

*Cb = N,N-diisopropylcarbamoyl (99:1 e.r.) Aggarwal, Nature 2008, 456, 778-781.



Lithiation-Borylation of (S)-1-Phenylethanol

Entry Substrate Migrating group, R Borane/boronic ester Product Yield (%) (e.r., S:R)
OCb 0 Et, OH
2 )\ Et -§-B\ g 95 (1:99)
Ph O Ph
oCb EB/O Pr, OH
4 Pr B3 , 80 (4:96
Ph/'\ o Ph (4:99)
OCb § B/O nHex}iH
6 nHex \ ‘ 85 (4:96)
Ph/'\ O Ph
OCb § B/O CP;&H
7 )\ cPr N 85 (3:97)
Bh 0 Ph
OCb 0 — OH
8 )\ vinyl 48 PhA 75 (2:98)
Ph O
OCb @) \\_ OH
/'\ allyl 48 E 95 (1:99)
9 ‘ :
Ph PhA

*Cb = N,N-diisopropylcarbamoyl (99:1 e.r.)

Aggarwal, Nature 2008, 456, 778-781.



Lithiation-Borylation of (S)-1-Indanol and (S)-1-Tetralol

Entry Substrate Migrating group, R Borane/boronic ester Product Yield (%) (e.r., S:R)
OCb OH
/O
10 - 48 69 (99:1)
O
OCb Ph
o ] OH
/
11 Ph '§'B\ 73 (6:94)
O
OCb Et, OH
12 C@ Et §-BEL, 90 (5:95)
OCb Et OH
O ..
-8/
i @5 . ] @é 55 619
O
OCb h OH
O
/
O

Aggarwal, Nature 2008, 456, 778-781.



Lithiation-Borvylation of (S)-1-Indanol and (S)-1-Tetralol

Entry Substrate Migrating group, R Borane/boronic ester Product Yield (%) (e.r., S:R)

OCb

L oH
/O :
10 et EL :@ ©:§ 69 (99:1)
O
OCb Ph
o | OH
/
1 Ph F8 ©:§ 73 (694

-They don't give an example, but they mention in
the text that reaction of indanol-derived carbamate
with triethylborane gives the same enantiomer (so
retention instead of the usual inversion)

-Result of increased pyramidalization of the
geometrically constrained carbanion

-Need to start with (R)-indanol to get opposite
enantiomer

Aggarwal, Nature 2008, 456, 778-781.



Lithiation-Borylation of (S)-1-Indanol and (S)-1-Tetralol

Entry Substrate Migrating group, R Borane/boronic ester Product Yield (%) (e.r., S:R)
-Entry 13 used 1 equiv of LaCl;*2LiCl
-EtB(pin) gave ~80:20 e.r. (with or
without LaCl;*2LiCl)
OCb Et, OH
12 Et $-BEY, 90 (5:95)
OCb Et OH
O -
_E_B/
13 Et \ j 98 (91:9)
O
OCb Ph OH
@) .
/
i Bh -8 97 (4:96)
(@)

Aggarwal, Nature 2008, 456, 778-781.



Rationalization of Stereochemistry

Boronic Esters

Q B/O\‘ Re-

T~ Li----0O B(OR'
RO 4 Mb Retention M ( )2
e“" > elll-

Ar O N/Prs OCb

Ar

Aggarwal, Nature 2008, 456, 778-781.



Rationalization of Stereochemistry

Boranes
Li----0O Me.
Mel.)?\ )J\ Inversion A OCb
Ar @) NIPF2 I |
( BIR);
RB(R")5

Aggarwal, Nature 2008, 456, 778-781.



Rationalization of Stereochemistry

However...
Li @) RB(R), Re=
|-=-=-- or "
o A L o
Ak? O N/Pr; Retention OCb

AlK

Aggarwal, Nature 2008, 456, 778-781.



Enantiodivergent Synthesis of Tertiary Alcohols through
Conversion of Chiral Secondary Alcohols

Summary
sBulLi
1l = r )\ 4\ NaOH_ R14\
R"” “R2 78°C OCb "R

-High yields and enantioselectivies

-Good substrate scope within the migrating group
(vinyl and heteroaryl group work fine)

-Limited to aryl ketones

-Can access either enantiomer of tertiary alcohol from the same
chiral secondary alcohol

-3 Step process (1 pot)



Kinetic Resolution of Tertiary Alcohols
using (1S,2R)-N-methylephedrine

OH
Ph
©\ O o o /\ge | ©\ O OH
)]\/”\ ¥ )]\ (1 equiv MMG
'

0 OH CO,Et oo 0 COLEt

7 days 24% yield

86% ee

attempted amine catalyzed asymmetric decarboxylative ketone aldol reaction
actually kinetic resolution of racemic product!

COZEt COzEt
Ph/Y

NM62

Fagnou, Angew. Chem. Int. Ed. 2009, 8343-8347.



Kinetic Resolution of Tertiary Alcohols

Scope
OH
Ph
©\ O OH /\‘N;ez O OH
R! (equiv) M..Fp
OMZ > O
R PhMe R
entry substrate equiv T (°C) conv (%) ee S
@) OH
1 o AN A e 2 60 51 88 38
CO,Et
O OH
2 oo AN AP 2 80 58 96 21

CO,Et

w
@)
T
w
—
3
N
(0]
w
~
N
—

PhO Ph

N
ﬁio
O
I

Me 1 60 51 70 10

PhO COMe

Me

5 pho” oo 07 60 46 8 1.3

b
©)
T

Fagnou, Angew. Chem. Int. Ed. 2009, 8343-8347.



Kinetic Resolution of Tertiary Alcohols
Scope

In[(1-c)(1-eeg)]

In[(1-c)(1+eeg)]

Kagan, Topics in Stereochemistry,
Vol 18 1998, 249-330.

Fagnou, Angew. Chem. Int. Ed. 2009, 8343-8347.



Kinetic Resolution of Tertiary Alcohols

Scope
OH
Ph
©\ O OH /\‘N;ez O OH
R! (equiv) M..Fp
OMZ > O
R PhMe R
entry substrate equiv T (°C) conv (%) ee S
@) OH
1 o AN A e 2 60 51 88 38
CO,Et
O OH
2 oo AN AP 2 80 58 96 21

CO,Et

w
@)
T
w
—
3
N
(0]
w
~
N
—

PhO Ph

N
ﬁio
O
I

Me 1 60 51 70 10

PhO COMe

Me

5 pho” oo 07 60 46 8 1.3

b
©)
T

Fagnou, Angew. Chem. Int. Ed. 2009, 8343-8347.



Kinetic Resolution of Tertiary Alcohols
Control Reactions

MesN
O OH 2 " 0H O OH
(2 equiv)
OMMG > MegN\/\OMMe (1)

COQEt PhMe’ 60 OC COzEt
12 h 64% yield

Me,oN
O 0OTBS 2 ~"“on
(2 equiv)
o MMe > No Reaction (2)

CO.Et PhMe, 60 °C

12 h
MesN
0 2 ""0H
(2 equiv)
)I\/ > No Reaction (3)
O PhMe, 60 °C
12h
O\ G  OH BnOH
> No Reaction 4
OMMG PhMe, 60°C )
CO,Et 12h
O OH
O OH BnOH, NEt,
MMG > BnO Me (5)
0 PhMe, 60°C CO,Et
CO,Et 12h 21% yield

Fagnou, Angew. Chem. Int. Ed. 2009, 8343-8347.



Kinetic Resolution of Tertiary Alcohols
Control Reactions

B-hydroxy moiety
and
base
are KEY ELEMENTS

Fagnou, Angew. Chem. Int. Ed. 2009, 8343-8347.



Kinetic Resolution of Tertiary Alcohols
Proposed Origin of Selectivity

O | O OH
=—0)--- SIOW
PhO—<,~ 01 - M--RL
Ry a PhO
Ve Rs
Z e
RS Ho\/.< 2
# I H
Ph
0
N
-0 =%opn
; )LRL
/ Ph O OH
MeoN, Me OH Rs fast :
A( —_—— MezN M"RS
H ﬁ/\o
RL
| Ph 1 Me
" Mo T INM Me,N ~ToH
s on = W« A
T O T ppiCOH, " Pn = Ho )
NMe, Ho 4 y=37Hz
A B

Fagnou, Angew. Chem. Int. Ed. 2009, 8343-8347.



Kinetic Resolution of Tertiary Alcohols Using (1S,2R)-N-

Methylephedrine
Summary
OH
©\ O OH Ph/j,\,;ez ©\ O  OH
N e AT

-Good selectivities for select substrates
-50% yield maximum

-Not catalytic



Stategies for the Asymmetric Synthesis of Tertiary Alcohols

Summary
O OH N
M L
. Iy
+ Nuc R
PhO R RA OCb
kinetic resolution % % 1,2-metallate
OH rearrangement of boronate
R3 complexes
R
R2

O
1J\ + ZnR5, Z? % JOI\ OTMS

R2
R"” "R? R3
organozinc addition to ketones
aldol type reactions

*Many strategies have been developed to allow for access of tertiary
alcohols in good yields and enantiopurity

*Most require some sort of specialized substrate and are not very general

*Continued work will lead to further development






Copper Catalyzed Enantioselective NitroAldol Reaction

_|2+
2 —OTf
t‘BU O\I/K,O
N, _N H
H oS\

// O tBu
Me/&;¢lll\
O

MeO



Rhodium Catalyzed Kinetic Resolution of Tertiary Homoallyl

Alcohols
[Rh(OH)(cod)],
OH (5 mol%)
| (R)-Hg-BINAP
7 — (5.5 mol%)
y
toluene, 100 °C
24 h
c=65%
ee =97%
s=12

Hayashi, Org. Lett. 2008, 10, 1191-1193.



Rhodium Catalyzed Kinetic Resolution of Tertiary Homoallyl
Alcohols

[Rh(OH)(cod)]»
OH (5 mol%)
(R)-Hg-BINAP
= T (5.5 mol%)

r

toluene, 100 °C
24 h

‘O PPh,
‘ O PPh,

(R)-Hg-BINAP

Hayashi, Org. Lett. 2008, 70, 1191-1193.



Rhodium Catalyzed Kinetic Resolution of Tertiary Homoallyl
Alcohols

[Rh(OH)(cod)],
OH (5 mol%)
| (R)-Hg-BINAP
zZ T (5.5 mol%)

toluene, 100 °C
24 h

c =65%
0 ee =97%
Ar

retro-allylation

r
does not react
ShAr
= Hayashi, Org. Lett. 2008, 10, 1191-1193.



Asymmetric Addition of Diphenylzinc to Ketones
Nonlinear Dependence of Product ee on catalyst ee

% ee of Product

100

80 -

60 -

40 +

204

o ee of Catalyst

80

100

Due to relatively unreactive dinuclear
zinc complex that sequesters a 1:1
mixture of DAIB enantiomers?

Fu, J. Am. Chem. Soc. 1998, 120, 445-446.



N to C Aryl Migration in Lithiated Carbamates to form Tertiary
Alcohols

O : 1. sBuLi (2.5 equiv),
N @) > MeHN @)
| 2. MeOH

>909:1 e.r. 50% vyield
75:25 e.r.

1. LDA

i OH
0O (2.5 equiv), o)
)]\ Et2o, —78- Etacg)HEt’A Arire-
—35°C, 24 h J\' S
N @) » MeHN @) —_—
| 2. MeOH cl
Cl 50% yield Cl 77% vi
>94:6 e.r. 8515 e r. (5)-77% yield

-Nto C aryl transfer with inversion at the lithium-bearing center

-Theorectical studies suggest attack on aromatic ring is a significantly lower energy pathway than the expected 1,2-
acyl transfer

-THF and DMPU which they use as additives in the racemic version lower e.r.

Clayden, J. Am. Chem. Soc. 2009, 131, 3410-3411.



Enantioselective Preparation of Tertiary Alcohols by Copper-
Mediated Diastereoselective Allylic Sy2' Substitutions

R122n
R2  QCOCgHg; CUCN-2LICl R R2 1. oxidation OH
THF - o )\
R3” XX T 2. Baeyer-Villiger 4R
anti-Sp2' rearrangement R
substitution 95-99% ee 92-99% ee

Knochel, Angew. Chem. Int. Ed. 2005, 44, 4627-4631.
Knochel, Org. Lett. 2003, 5, 2111.



Enantioselective Preparation of Tertiary Alcohols by Copper-
Mediated Diastereoselective Allylic Sy2' Substitutions

R',Zn
R QCOCgHs CuCN-2LCl R' R2 1. oxidation OH
R3 X > RS = 2. Baeyer-Villiger I °R3
anti-Sp2' rearrangement R
substitution 95-99% ee 92-99% ee

They have shown you can make these allylic quaternary centers with high almost complete transfer of
chiral information

Br R Me Et. Me Et. Me
2 Me Pent/v\Me BUA/\MG
ee = 96% ee = 95%
R = Pent, ee = 96% Pent, Me iPr, Me
R = (CH,);CO.Et, ee = 96% PN A
Et = Me Bu A Me
R Me ee = 95% ee = 95%
Ph ZMe Et Me R Me
R = Pent, ee = 98% /k/\ BnO e
R= (CH2)3COZEt, ee =96% Hex Me
ee = 98% R= Et, ee = 99%

R = Pent ee = 99%

Knochel, Angew. Chem. Int. Ed. 2005, 44, 4627-4631.



Catalytic and Asymmetric Vinylogous Mukaiyama Reaction

o)
Cu(OTf), 10%
OTMS O (S)-tol-BINAP 11% o OH
TBAT 20%
/\)\OEt + R1J]\R2 ' R2"' Rzll)\/\/COZEt

THF, rt A R

P(tOl)Q
Yy

(S)-tol-BINAP

Campagne, J. Am. Chem. Soc. 2005, 127, 7288-7289.



Catalytic and Asymmetric Vinylogous Mukaiyama Reaction

@)
Cu(OTf)5 10%
OTMS JOI\ tol-BINAP 11% o OH
+ TBAT 20% 2 )\/\/
/\)\OEt R1 R2 ' R2|-- R 1 \ COzEt
THF, rt R R

71% yield 39% yield 58% yield 19% yield 70% yield
80% ee 59% ee 81% ee 75% ee 87% ee

81% yield 40% yield  39% yield 17% yield 73% yield

90% ee 93% ee 92% ee 24% ee 39% ee

Campagne, J. Am. Chem. Soc. 2005, 127, 7288-7289.



Enantioselective Preparation of Tertiary Alcohols by Copper-

Mediated Diastereoselective Allylic Sy2' Substitutions

entry alkene intermediate vyield (%) ee (%) product yield (%) ee (%)
Pent, Me Pent, Me OH
1 A/\ " 85 98  Pent: )\ 70 97
Ph Me Ph™”~ “CHO vd Fh
H
Et. Me Et Me Q
2 A/\ ° 63 96 Et, 76 92
Pent 7 Me Pent CHO Me Pent
Et Me Et Me QH
" Etlll-
3 A 65 98 )\ 68 93
Hex - Me Hex CHO Me Hex
OH
Et Ph Et Ph
4 BnO & o, _A__ 62 99 Bt )\/OB” 70 99
Me CHO Ph
Pent. Ph Pent. Ph QH
5 Bno\/'Q/\ Bno\/'( 66 99  Pent: )\/OB” 77 98
Me CHO PH
Et _Pr Et _Pr QH
6 BnO\/‘Q/\ BnO_ 71 99 Et )\/OB” 93 96
Me CHO Pr

Knochel, Angew. Chem. Int. Ed. 2005, 44, 4627-4631.



Enantioselective Preparation of Tertiary Alcohols by Copper-
Mediated Diastereoselective Allylic Sy2' Substitutions

Conclusions

-Access to certain tertiary alcohols that might not be available
otherwise

-Good yields and high fidelity of enantiopurity of starting
reagents

-3-Steps

-Requires synthesis of allylic pentafluorobenzoates



