m Nucleophilic Addition to C=0
Université

de Montréal CHM-6315
OH ) o) (o) ) OH Nuc
Rl « ¢ H R1 » R1 » Nuc Rl « A& Organometallic, enolates (Aldol)
j)\R € R j)LH 3 Nuc Dienophiles
R2 R2 R2 R2 (Felkin-Anh, Chelation control)

Chiral ketone Chiral Aldehyde or ketone

OH

Allylmetal, ene

/ RR———M C=N
Q S

OTMS OTMS X R™Cy

Aldol

Hetero-Diels-Alder



R ) Overview: Carbonyl Addition Reactions

de Montréal CHM-6315

Case 1. Rt and RM = Carbon Case 2. RL = X (O,N,S,halogen, etc.) Case 3. Chelate formation
RL = Largest group (sterically) and RM=C Requirements:

Non-accessible lone pairs on X - Metal is Lewis acidic
(OSiRs, OCPhy) (good ionic radius + multivalent)

A nucleophile (or lone paire) that intereact with
an empty orbital close in energy:

* Nuc attacks

RL RL ' . : : - X has an accessible
! or accessible lone pairs but metal cannot form ! electron pair
: a bidentate chelate :
O H (R) VS (R) H O E (wrong size - ionic radius or monovalent) E
RV H RM H : :
' / : X - : +
' ' ' M. _
.. AL T P
e Nuc ' ' ( <
Nug e HER) = py X y
disfavored ' RM H 5 Nuc . H
pathway ! . )-( ' RM
Nuc
! Same reasons ' =
_ -t rasin Case 1 0 ' O
L = = RM\/k
> R : ' N
' ' uc
O H (R : :
B : O H (R) ; X
RM™—=""H : RM H i
5 Nuc : ;
B - : Nuc :
the C=0 = : E
' DN '
RL : :
O H (R ) : S0 :
(R) @) : ; ooy :
= RK : ; : :
RM H = \/kNuc e A ; ;
Nuc RM ! ue: _(“ '.' :
Staggered conformer E \‘ N E
(lowest in energy) ' s, 4* N !
1 1 ] 1



U I Felkin-Anh vs. Chelation-controlled Addition
niversité

de Montréal

CHM-6315

Felkin-Anh Stereoelectronic Model can be used to predict the stereochemical outcome of carbonyl addition
reaction but sometimes conditions to favor a chelation-controlled product can be used to generate another
stereoisomer.

In the absence of chelation: R'= trityl, silyl (Felkin-Anh model)

O OR'

HO, JNuc
R'O\l)LR — o—}é}%R — R'O\l/(R
RM RM \ H RM

)
A

Nuc- Stereoelectronic effects

Conditions favor chelation (5, 6 and larger ring between substrate and metal): Diastereomers
- Lewis basic group
- Appropriate Lewis acid (M*)




n Nucleophilic Additions to C=0: a-Chelates
Université

de Montréal CHM-6315
- effect of the metal and solvent
Still, W. C. Tetrahedron Lett. 1980, 21, 1031.
Solvent Li Mg
Me Bu-M HO Me HO Me Pentane 2 9
C7H15\‘/§0 ——> C,Hy; < + GCHiz CH.Cl, 3 14
-78 °C CaHo CaHy Ether | 9
OMEM OMEM OMEM
THF 0.7 >100
- effect of the protecting group
Still, W. C. Tetrahedron Lett. 1980, 21, 1035. Protecting group Mg
M
© C4HsMgBr HQ Me HQ Me ~MEM, -OMOM,-MTM 9
C7H15\‘/§0 20 3 C;H5 < C.H + GC7Hys > —CH,Ph 200
-78 °C, THF 4'79 C4H9
OR OR OR —CH,OCH;Ph 100
major
- effect of the metal
Keck, G. Tetrahedron Lett. 1984, 25, 265.
Lewis Acid Ratio
OBn SnBu OBn OBn BF;°OFt 39 : 6l
3
H 2N~ Z MgBr2OFEt; >250 : |
o > OH * ZnBr 77 :23
TiCl4 >250: |



Université

nquucIeophiIic Additions to C=0: a-Chelates - Additional “Classics” Examples

de Montréal

Still, W. C. Tetrahedron Lett. 1980, 1031.

e Al
M

TBDMSO

gBr
o]

OBOM

TBDMSO\/YQJ‘/ MeMgBr

OBOM

Kishi, Y. Tetrahedron Lett. 1978, 2745.

Kishi, Y. J. Am. Chem. Soc. 1979, 101, 260.

OMe O

Me,‘ OH
> TBDMSO\W 50:1

OBOM

HQ Me

TBDMSO / >100 : 1
OBOM
"One isomer"
"One isomer"

"One isomer"

0~ 1"“CH,OH
H OMe

CHM-6315



Université f'”’\

Nucleophilic Additions to C=0: a-Chelates
de Montréal CHM-6315
Jeon, S. J.; Fisher, E. L.; Carroll, P. J.; Walsh, P. J. J. Am. Chem. Soc. 2006, 128, 9618 0
Jl\roms
H
t-BuLi H Et,Zn H Me R OH
R————=Br > >=< —_— >=< _— v A OTBS
R Br R R ZnEt BF5-OEt,
(2 equiv) Me
-78 °C to rt
- - anti-Felkin
H\ _
| R \
R {Br
Ratio (Yield)
0 ZnR,, RZnX (1.5 i 9H oH
] J\A/OTBS nR;, RZnX (1.5 equiv) - o /H/OTBS + R /krOTBS 18 :1 (91%)
R2 toluene, 0 °C to rt R2 R2 >20: 1 (87%)
16:1 (50%)
20: 1 (47%)
o] o)
Jl\roms Jl\roms
H H
R Me (E)H OTBS R QH Me
— ? OTBS
R X < R ZnMe
ZnMe EtZnCI EtZnCI
(2 equiv) Me Me (2 equiv)
-78 °Ctort . .
anti-Felkin

—78°Ctort
anti-Felkin



n Nucleophilic Addition to a-Alkoxy Carbonyl: Other Examples - 3
Université

de Montréal

CHM-6315

Ida, . J. Org. Chem. 1986, 51, 4246.

7>
0
OMOM H\ OMOM

H MgBr o)

BnO > BnO
MOMO O 70% MOMO  OH o\>

Evans, D. A. J. Am. Chem. Soc. 1990, 112, 5290.

Diastereoselectivity: 100 : 1

MeMgBr, CH,Cl»-Et,O

BnO 78 °C
>70%




Université f'”’\

Nucleophilic Addition to $-Alkoxy Carbonyl

de Montréal

Still, W. C. Tetrahedron Lett. 1980, 25, 1035.

BOMO O

Me
MeM H\/Me
> -
78°C BOMO OH
Me
M
Me,CulLi O\')\_/ ©
> =
-78 °C @) OH
Et,O
Me
M92CULi Mew)\/Me
> z
78°C BOMO OH
Et,O
Me
Me,CulLi > Me, Me
-78 °C :
Et,O BOMO OH
MGZCULl Me"l,(\/Me
> - +
-78°C BOMO  OH

Et,O

CHM-6315

MeMgBr 50:50
Me,CulLi 97 : 3
>095:5

B-chelate: 1,2-induction:

>95:5  Cu much better than Mg
70 : 30
Me.,, Me
50 : 50
BOMO OH



n Nucleophilic Addition to $-Alkoxy Carbonyl
Université

de Montréal CHM-6315
Reetz, M. T. J. Am. Chem. Soc. 1983, 105, 4833.
Me.,,, H o Me.,, Me MeMgCl / THF 40 : 60
—q o MeTiCl 90:10
BOMO O 78°C BOMO  OH 3

p-chelate: 1,3-induction:
Ti much better than Cu



n Nucleophilic Addition to p-Alkoxy Carbonyl: Other Examples
Université

de Montréal

CHM-6315

Evans, D. A. J. Am. Chem. Soc. 1988, 110, 4961.

~
M =[CuCN], 98:2

0 M=Li 33 : 67
Me

OBOMOH

X-206 Intermediate

Baldwin, S. W. Tetrahedron Lett. 1991, 32, 1937.

O OH
H 1 o) CH3 o) CHj 0O

H H

%g

1:140 (86%)
Other example: Fujisawa, T. Chem. Lett. 1990, 597.

o) m m R MeTiCl; MeMgBr
+ =
t-Bu 80:20 45:55
H)J\/Q\ R E CHg ol R ch 0”1 R
H = H

H ™ H H H CH,CH,OCH;
14:86 2:98

10



n Nucleophilic Addition to Carbonyl Derivatives: Remote Induction
Université

de Montréal

CHM-6315

Reetz, M. T. Angew. Chem. Int. Ed. Engl. 1983, 22, 989.

OBn OBn
H TiCly, MesZn (-95 °C) _ Me
Me Me
o) OH 1,4-induction
57 :1
OBn O OBn OH
)\/\/U\ TiCly, Meozn (-95 °C) )\/\/s\
>
Me H Me Me 1,5-induction
ca.1:1

Takahashi Chem. Pharm. Bull. 1986, 34, 479.
9 -Pr HO, Me Py

MeTi(OiPr)5 ~ /(/
N
I\ll\ > | OH
25 °C Et

O Diastereoselection: 93 : 7

1



n Polyene Macrolide Antibiotics
Université

de Montréal

CHM-6315

OH OH OH OH OH OH

Qnn
T

OH OH OH OH

Roxaticin Surgumycin

OH OH OH OH OH OH OH OH OH OH OH OH OH

RK-397 Dermostatin A [R = H]
Dermostatin B [R = CH3]

CHg
OH
OH
OH OH OH OH OH OH T :
OH OH OH OH OH OH OH
Mycoticin A Roflamycoin
o OH
NN NN
o OH OH
OH OH OH OH OH OH O OH OH O OH

Mycoticin B Roseofungin

12



Université f'”’\ RetrosyntheSIS Of Myc0t|C|n A

de Montréal

CHM-6315

OH OH OH

OH

Mycoticin A

H . P
PGO O PGO  OH PGO O Pce  OH

1

NCYYR 1. Base

O:7<f) o R2X

13



Université f'”’\

Tetrahydropyranyl o-Lithio Anions

de Montréal

T. Cohen (Pittsburg)

LlDMAN

R‘]m '78 OC
R2 @)

T,

LIDMAN
-78 °C

R1/EO¥ -40 °C
2\ 0 ———
)

Li

Kinetic product

lg

CHM-6315

1
QO

Thermodynamic product

lg

1

14



m Indanomycin Synthesis
Université

de Montréal

CHM-6315

«Me

Z “CHO 42%,311EZ

MOMO
3. PPTS, CH,Cl, CN
1. /\/\/\)/
Phep™ 7 7N
Y ~
2. |,, cat.
3. DIBAL-H
HN
\ CHO

PPhs
Sr2003, CSQCOS

l 1. TMSI 2. CrO4

X-14547A

15



i Stereoselective 1,3-Polyol Units
Université

de Montréal

CHM-6315

Rychnovsky, S. D. Chem. Rev. 1995, 95, 2021.

1. LioNiBr, (95%)

L

CI/\H/\H/\CI [(S)]-BINAP]RuUCI,*Et3N g CI/\l/\/\CI KOH, Et,0

o) o) MeOH, H,, 100 atm
(54%) OH H

31 32 33

3

2.2,2-DMP, CSA
79%

o

1. RCCLi, THF o 1. TMSCN
BFyOEt, Vi N\ 1. Lindlar's, Hy M KCN/18-C-6

2.2,2-DMP R >< R 20,-78C © O><O °© 5 2,2-DMP, CSA
CSA (80%) then PPh, (91%)

33 35 (88%) 36

R = (CH2)3CH3

5

o
o

16



Stereoselective 1,3-Polyol Units

Université f'”’\

de Montréal

1. BugP, PhSSPh

i. BuLi, THF
2. KH, BnBr ii. DMPU,
SO,Ph
3. Oxone Br (53%) BnO SO,
(80%) |
41 Ph

39 @)

CHM-6315

1. Na(Hg)
2. H,, Pd(OH),/C
'

3. MsCl, EtsN,
DMAP
(80%)

OH 1. MsCl, Et3N,
1. H*, MeOH DMAP
(@) _ O — =

OMs O7L 2. NaH, THF : 43 2. Bu,NBr
42 (790/0) /\ PhCHg, A
(80%)

oEt 1. YY) osssttatin SN
mr - 0 ! :

1. TMSNMe,
2. 0s0O4, NMO; NalO4

B0  OH O 2.2.2-DMP, CSA >< 2. Ipc,B(allyl) OH 0><0 3. TMSCN,
3. Hy, Pd(OH),/C 46 (48%) 47 KCN/18-C-6
45 74%

4.2,2-DMP, CSA
(77%)

'

17



i Stereoselective 1,3-Polyol Units
Université

de Montréal

ﬁl/\Br NC\{Y\/\{CN Br/\l/\/\Br NCM
© + 5. 0 O o +

CHM-6315

. o) O o_. _O0 0. _O
: m o< > > o<
37 48
N _ ] 34 _ .
LiINEt, THF, -78 "C; LiNEt, THF, -78 "C;
then DMPU then DMPU
-25t0 15 °C -23t015°C
40% 62%
C

CN

Brw LiNEt,, THF, -78 °C;

= r

> > ¥ O O><O O><O then DMPU
50

-22t0 10 °C
81%

CN CN CN

Li, NHj, -78 °C
o_._6 o6._ 0 o0o_ _O —
Pl o0 o1%

/\ 51

QOnn
QOnn

18



Université f'”’\

Stereoselective 1,3-Polyol Units

de Montréal

MeO R
m

55 R = CH,SO,Ph
56 R = OCO'Bu

1. O, DMS
2. K2CO3/MeOH

3. NaBH, (81%) o)
4. TBSCI (49%)

CHM-6315

1. NaH; 56
_—

2.Zn, HOAc
(64%)

1 TBSO/\l/\l/\/\I/\/\/\OH L
2. HNMe(OMe)

O O

60

O
OIIII

1. RuCl,[(R)-BINAP)]-EtsN,
10%, Hy, 100 atm, (59%)
'

2. (Et0),CHCHa, H* (90%)
3. Li, NHg; then Og (60%)

MeO OMe
(TTY T C

57

1. RuCl,[(R)-BINAP)]Et3N,
10%, H,, 100 atm,

2. 2.2-DMP, H* /\{\l/\:/\l/\:/\(\
> = =

3. DIBAL-H; vinylMgBr O O @) O @) O

4. 2,2-DMP, H* (30%) < < <

1. RUC|3, Na|O4

BOP (73%)

19



i Stereoselective 1,3-Polyol Units
Université CHM-6315
de Montréal

1. t-BuLi; 61 (71%)

1. Li, NHs, NaH,PO4
2. NaBH,, CeCl,

2.2,2-DMP, H* (58%)

> TBSO >
T VoD i 4 TBSC
. Ms,0, pyridine :
(86%) 5. Swern Oxidation (39%)

2. Ms,0, Pyr. 1 TBAF
3. Na* Naphthalide : .
(30%) 2. Dess-Martin
3. DDQ (69%)
4. LHMDS, 54
~OH
1. LiOH © »
2. ClzH [, EtgN
Cl3H,CsCOCI, Et3 1 A"“‘OH

>
Me
3. Toluene, A (20%)

4. 1,3-Propanediol,
Dowex-H* (75%)
H OH

OIIII

OH OH

®)
I
o
I
O i

Mycoticin A

20



Université f'”’\ 1’3-P0|y0| StrUCturaI Ass'gnment

de Montréal

CHM-6315

1

RY\H/RZ RY\‘/RZ RY\/RZ
—_— -
+ =
OH O OH OH OH OH

Usually less polar
on TLC

CHzCH(OMe),, H*

K K
R1

1 @)
g ?OA'/MG
2 30 ppm
R OQl/Me pp L e

Ve \ H
18-21 ppm R2 o Me
/
Rt @) Me

S. Rychnovski J. Org. Chem. 1993, 58, 3511. H 26
ca. 26 ppm

21



Université rHh Nucleophilic Addition to C=0

de Montréal

CHM-6315

OH

RW RJ\CHZR'

22



Université f'”’\

de Montréal

Dual Activation of Amino Alkoxides

~
/

CHM-6315
O R2_Zn_R2 OH
J - L
R1 H R'I R2
SN OH
/

(2-10 mol%)

OZnEt
)\ Lewis acid Lewis Base
R Et
./ \
 \ Et,Zn ~ / \ /N\ /O\ZnEt
N OH —> N._ O ./
/' zn - _ / YEf
-EtH | 0 )
- e
+EtyZn R H
dimerization
N \ \ ~ /_\ Et
N, O Et Et,Zn ~ RCHO N O~
/ Zn \ / N\ /O\ Et / \Zn/ /Zn\E
et Ny "™\ it - PANSEN &
\ AN Ef Et O
Unreactive - )J\
Reactive R H

The dimer is broken in
the presence of excess
diethyl zinc

23



m Enantioselective Catalytic Alkylation of Aldehydes
Université

de Montréal

@) R2_Zn_R2 OH
1J\ > 1J\ 2
R H Chiral catalyst R R
Amino Alcohols/Zinc Alkoxide (2-10 mol%)
N(CHa) Ph. Me Ph
>—< Ph
N
OH t-Bu HO NBU2 Me OH
(DBNE)
(DAIB) (DPMPM)
OH
DAIB MIB
K (2-exo-MorphoIinoisoborneop
Zinc Thiolate
Me
NMe, Me Ph Ph Me Ph Me

> l :— C: O > <
\ S]LZ” Me,N S—S NMe, >—S NBu,

CHM-6315

24



Université f'”’\

Enantioselective Alkylation of Carbonyl with R,Zn and MIB

de Montréal

W. A. Nugent

OH

Et

98% (98% ee)
OH

Et

94% (99% ee)

peal¥ea

97% (98% ee)

OH

Et

92% (99% ee)

MIB

(2-exo-Morpholinoisoborneol)

97% (98% ee)

OH

Y

91% (98°/o ee)

OH

OH

e

O

91% (97% ee)

ey

62% 97°/o ee

96% (91% ee)

88% 95°/o ee

CHM-6315

OH

Et

94% (99% ee)

25



R ) Titanium-based Chiral Lewis Acids

de Montréal

CHM-6315

o R2-Zn—R? OH
L - L
R! H =1 R2
N
OR L
Ohno (0.005-0.04 equiv) b1 Aliphatic Me, Et
AN unsaturated Functionalized
[—> Knochel '_|I\_]f OR Aromatic unctionalize
[—> Walsh
Ph_ PN
O Q PPr Aliphatic
Seebach (0.05-0.20 equiv) >< Ti unsaturated M_e! Et
e /\_ Aromatic Functionalized
O O OFPr

P Ph

26



Université f'"'\

Bis(sulfonamide) complexes: Functionalized Diorganozinc Reagent

de Montréal

o

CHM-6315

OH

R,Zn (1.3-1.5 equiv) R ee

Ti(Oi-Pr)4 (1.3-1.5 equi) R o
- Me 730/0

(0.04 equiv) Pentyl 99%
., Octyl 92%
“NHTS

70/0 80% ee

[ PivO/\/1\2n
2 TIPSO Zn

n Iz
700/0, 93% ee
= 1 600/0 50% ee
= 2 82%, 92% ee
(TBDI\/IS)

/{/\/\/OTIPS ]
Zn 5

77%, >96% ee

ll\/\/\/th

580/0, 86% ee

27



Université t'“'\

Bis(sulfonamide) Complexes: Functionalized Aldehydes

de Montréal

R =Ph
R =Me
R=n-Pr
R =tBu

O R'>Zn (1.3-1.5 equiv)
M TP, (1315 equi OH
R H > )\
NHTf R
cat (0.04 equiv)
“NHT
O R',Zn (1.3-1.5 equiv) OH
/\)J\ Ti(O/-Pr)4 (1.3-1.5 equi) /\)\
R\ H > '
NHT? RO R
cat (0.05 equiv)
“NHT
O R'5Zn (1.3-1.5 equiv) OH

Ti(OFPr)4 (1.3-1.5 equi)
-
R™ ™ R'
Br

NHTf Br

cat (0.08 equiv)
“NHTf

CHM-6315

R = Ph, 71-93%, 80-93% ee
R = Me, 69-82%, 70-94% ee
R = n-Pr, 68-82%, 89-95% ee
R = t-Bu, 54-61%, 97% ee

R = Ph, 72-78%, 84-92% ee
R = Me, 63-85%, 84-96% ee
R = n-Pr, 69-88%, >96% ee
R = c-Hex, 89%, 94% ee

28



Université t'"'\

Bis(sulfonamide) Complexes: Functionalized Aldehydes

de Montréal

R =TIPS

R =Bu

R =Ph

R = TBDPSOCH,

CHM-6315

O R'sZn (1.3-1.5 equiv)
)]\ Ti(Oi-Pr), (1.3-1.5 equi) OH
o - K
NHTf R TR
cat U (0.04 equiv)
“NHTY
R'sZn (1.3-1.5 equiv) OH
Q Ti(O(i-Pr)4 : Ti(Ot-)BU)4 /\ R = TIPS, 71-92%, 86-96% ee
1.3-1.5 equi — R R = Bu, 73-83%, 82-91% ee
/ H > m Z R = Ph, 85-87%, 88-92% ee
R R = TBDPSOCH,, 76%, 94% ee
NHTf
cat g (0.15 equiv)
“NHTT
OH

ent-cat
Et <*—

O
R cat
H >

By)
unQ
E I

R
.y

OTIPS OTIPS OTIPS
52% yield , |
dr: 84y:|1e 6 R'2Zn = EtoZn 63% yield

dr: 88:12

29



m Bis(sulfonamide) Complexes: Functionalized Aldehydes
Université

de Montréal

CHM-6315

O R'sZn (1.3-1.5 equiv)
)J\ Ti(Oi-Pr), (1.3-1.5 equi) OH

o - L

NHT R~ R
cat U (004 GQUiV)
“UNHTY

O
= H
Bocl\ll/\/\n/ /\)J\
BocN H
Bn (@) o¢ |
Bn
66-86%,
79-95% ee 79-90%, 95->98% ee
(90% ee)

H

0 OH
66% vield ent-cat cat 74% vield
% yie D — — \ % yie
dr: >96:4 Ph/Y\R Ph H Ph R dr:84:16

NBn2 NBn2 NBn2

IIIIO

30



Université f'"'\

Bis(sulfonamide) complexes: Walsh’s Contribution

CHM-6315

de Montréal

(@)
R\
SO, H
N/H 1. Et,Zn
2. cool to -30 °C
> >
""N\H 3. Ti(Oi-Pr),
SO,
/
R
R
R\ ee
50, 4-MeCgH,~ 98 (97)
N\ OR 2,5'M€206H3' 84 (84)
/Ti\/ 1-Naphthy! 93 (92)
uuN\ OR CF3 98 (98)
SO; 2,4,5-ClaCgHy- 98 (76-95)
R 4-NO,CgH, 98 (87)

Original Procedure:

1. Ligand + Ti(OF-Pr)4, 40 °C,
toluene

2. Et,Zn then RCHO

3. cool to -30 °C

x
g X

: s

e TS50
AN i SRR < T 0P
N- || N- l|

\ .--o '. — O 'l
O=5=% 0. O=g O-iPr

"] g

N ~

Figure 3 Proposed activation modes for aldehydes and ketones by
bis(sulfonamido)Ti(O-1Pr), complexes.

= Enantioselectivities are essentially very high with several R groups
= Bis(trifluoromethanesulfonamide) is easily prepared from |,2-diaminocyclohexane

31



i Addition of Diorganozinc to Aldehydes: Mixed Diorganozinc Reagents
Université

de Montréal

CHM-6315

|::> Diorganozinc (R,Zn): Only one group is transferred.

Mixed diorganozinc reagents (RZnRyt) containing a non-transferable
group (RnT) have been used

R—Zn—CH,TMS R—Zn—CH,CMej R—Zn—CH,CMe,Ph
76-95% yield 79-89% yield 69-71 yield
74->95% ee 89->95% ee 89-94% ee

Significant improvement for the addition of methy!:
OH
O Me,Zn (1.3-1.5 equiv)
Ti(OFPr), (1.3-1.5 equi)
H - Me
NHTf
O/ (0.04 equiv)
,"'NHTf 23% ee
R—Zn—CH,CMe; 92% yield, 93% ee
R—Zn—CH,CMe,Ph 69% vyield, 94% ee

I:,'} Has yet been applied in synthesis

32



o Seebach’s Titanium-Taddolate
Université

de Montréal
Ph Ph
O O/—Pr
Seebach (0.05-0.20 equiv) >< R,Zn
O Ol-Pr

CHM-6315

Ph* ph
OH OH OH OH
S
o8 M " g
OsN
99.5% es 97% es 98% es 92% es 99% es

OH OH

/
/ /
/

99% es 98% es 98% es 98% es

33



Université f'"'\

de Montréal

Chiral Amplification Phenomenon: Positive Non Linear Effect

catalyst (cat)
ee (%)

Starting material >»— Product

ee product > ee catalyst
(+)-non linear effect

ee product = ee catalyst
100 [~ ; =

ee product (°/°)

ee product < ee catalyst
(-)-non linear effect

eecat (%) 100

CHM-6315

34



Université f'”’\

Chiral Amplification Phenomenon: Positive Non Linear Effect

de Montréal CHM-6315
N(CH3)
Q Et,Zn OH e
)J\ > )\ CATALYST:
R H R Et OH
% ee of catalyst % ee Product
0% 0% IMPLICATIONS: A bimetallic complex
15% 95% is involved at some point.
50% 98%
100% 99%
OZnEt
Mechanism for activation:
R Et ~/ \ Et
/ Zn\ /Zn\
EtoZn A / \ +Et>Zn O/ Et Et
~ / \ — > /N\ /O -
N OH Zn
-EtH
| R H
Et
“ dimerization
\ / \
Et,Zn ~/ \ Et
KEY TO EXPLAIN \ ~./ \ RCHO /N\ oL/
THESE OBSERVATIONS / \ Zn No O B Zn. Zh—pgy
IS THE N /. 7 e / \Et/
DIMER - MONOMER ~ o N AN O
EQUILIBRIUM: \_/ The dimer is broken in  Et Et
_ the presence of excess
Unreactive diethyl zinc R H
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m Non-linear Effects in Asymmetric Catalysis
Université

de Montréal CHM-6315
\ \/ \/
R wN R
\ / SN \ s
an_ Zn zi_
O/ O My, / \O"l: O/ O"'lu P
N/ NI ~_/ 2
/ r]\ /Zn /Zn I
R N R \N\ R ! 3
7\ 7\ 7\
<Fs°c§oZXé i%@g)a (5,5)-Dimer (R,R)-Dimer (S,R)-Dimer
catalyst would
produce:
10% 0% 40%

The conversion of (S,R)-dimer (most stable dimer) into the R- and S-monomer is much slower than the conversion of
the (S,S)-dimer into 2 S-monomers. Therefore, the minor enantiomer

of the catalyst is completely converted into an unreactive (S,R)-dimer. The reaction is therefore mainly catalyzed by
the monomeric species resulting from the major enantiomer.

(S,S)-dimer is less stable because of the syn-geometry of the endo fused 5-4-5 ring vs
the (S,R)-dimer that has a anti-geometry of the 5-4-5 ring system.

Review: Girard, C.; Kagan, H. B. Angew. Chem. Int. Ed. Engl. 1998, 37, 2922-2959.
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i Asymmetric Induction in Dialkylzinc Addition Reactions
Université

de Montréal CHM-6315
Q R2Zn-R2 OH
AL » A
R H Chiral Catalyst R R
(2-10 mol%)
4 p
o S
DAIB MIB
(2-exo-Morpholinoisoborneol)
R Vi N
// Favored over -~ /
Zn H Zn R’
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m Enantioselective Catalytic Asymmetric Automultiplication
Université

de Montréal CHM-6315
K. Soai J. Am. Chem. Soc. 1996, 118, 471-472. Tetrahedron Lett. 1996, 37, 8783.
Tetrahedron 1996, 52, 13355. Nature 1995, 378, 767.
o NI A OH
)\ 2 AN
N7 H R N NI OH
| + (-Pr)»Zn > )\ =
~ 0.2 mol% R N
R N
95% ee (87%)
@)
NI ‘OH  (i-Pr),Zn N “OZni-Pr N7 H
g == 1 A
~ _ Z
R N R N R N
catalyst (FPr)oZn

NT XY “Ozni-Pr

Related systems:
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m Addition to Ketones
Université

de Montréal

CHM-6315

Jeon, S.J.;Li,H. M.; Walsh, P. J. J. Am. Chem. Soc. 2005, 127,16416.

0 i) 1(2-10 mol%)
)J\ ) o hex/tol OH

rR” g * ZnR"2 + Ti(OPr), - R/%R" (1)
room temp. R'

1.6 equiv 1.2 equiv i) ag. NH4CI

Me 02 Q 02 Me

S—N\H HN-S
1

I,
Me OH HO Me

up to 99% ee
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m Addition to Ketones
Université

de Montréal

CHM-6315

solvent-free and highly concentrated conditions standard conditions

entry  substrates 1 (mol%) t(h) y (%) ee (%) 1 (mol%e) t(h) y(%) ee (%) (config.)

0
I\
X
P
1 X=H 1 4 75 g7 2 20 71 96(9
05 21 78  96°
2  X=3CFs 05 17 77 967 > 14 56 98
3 X=4-OMe 1 12 s0 84 10 111 85 94
1 15 72 89°
0
4 05 12 74  oga 2 27 90 97
OO 05 24 76  98b

1 24 78 807 2 102 79 88 (R)

9 1 24 30 gsb 1 2
éfph 0o 38 3 99 (R)
0
10 @ 1 23 35 g9P 10 22 35 >99

1 1 65 78 802 10 40 85 83
S 1 72 87 86°
\
12 0 1 72 85 802 10 5 8 80
/ 05 85 82 802
l
ST o
B 1 72 70 96¢ 10 50 75 98
I
S 0
14 @/U\ 1 72 75 89¢ 10 42 86 90
Fe

Jeon, S.J.; Li, H. M.; Walsh, P. J. J. Am. Chem. Soc. 2005, 127, 16416. %0



Université f”\

de Montréal

Addition to Ketones

0 , 1 (catalytic) HO, Me
+ MeyZn +  Ti(O'Pr)4 - g
R; Ry ‘ _ solvent-free Ry Ry
2 equiv 1.2 equiv
solvent-free conditions standard condition

entry substrates 1(mol %) t(h) vy (%) ee(%) 1(mol%) t(h) y(%) ee (%) (config.)

15 92

85
4 &8 2 2 45 83 94
0% & 8 80
025 72 87

\©)K/ 45 85 94 2 46 90 96

92%

60 95 94

3 43 95 83
2 48 8t 85
©)\C‘H9 05 45 93 77
4 s 75 9% 10 40 84 99
44 83 95

O 22 77 96
O
6 24 90 97
oTBS 0 5 44 83 97 10 40 81 99
0.25 70 84 92

7 Ii‘jlﬂOTBDPS 1 60 90 96 10 60 84 98
0
8 é/\ph 1 24 43 99 10 38 20 99

(A

Jeon, S.J.; Li,H. M.; Walsh, P. J. J. Am. Chem. Soc. 2005, 127, 16416.

CHM-6315
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m Addition to Ketones
Université

de Montréal CHM-6315
q iy 1(catalytic) HO R
)"\ + ZnH2 + TI(O'Pr),; - y
R Ry e . solvent-free or R{" 'Rz
equiv 1.2equiv  pighly concentrated
solvent-free and highly concentrated conditions standard conditions
en substrates
N ZnRz 1(mol%) t(h) y(%) ee(%) 1(mol%) t(h) y(%) ee(%
1 Zn({CH,)40TBS), 1 48 68 797
; 7 a
o 98 0 6% 20 10 72 89 98
0.25 82 44 699
1 40 68 970
2 Zn((CHp)sBr), 1 46 66 god
0.5 50 41 god 10 72 89 96
1 46 71 g7?
3 Zn({CHy)sBr)s 1 40 55 944

0.5 76 47 944

0.25 84 30 769 10 72 55 94
2@ G % e W

1 38 72 970
4 Zn((CHo)sCHMes), 1 18 56 940 10 72 75 90
5 - Zn((CH2)sCHMep), 1 27 63  93° 10 72 86 93
.
6 Zn((CH),OTBS)> 1 21 76 g7v 10 120 65 90
7 Zn((CHz)sBr) 1 36 65 89° 10 48 48 90

Jeon, S.J.; Li, H. M.; Walsh, P.J. J. Am. Chem. Soc. 2005, 127, 16416. 42



u Synthesis of Brevicomin
Université

de Montréal CHM-6315
O O
o o
(-)-exo-Brevicomin (-)-endo-Brevicomin
OSiR; O OSiR, o)
OH (:)H

n-Pro Y

: oNHTY

E U
taZn NHTf
O’ 0 OPiv
v, +
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Université f'”’\

Synthesis of Brevicomin

CHM-6315

de Montréal

OPiv
Z
o n

/\)]\ °
n-Pro YN H
O/NHTf
“INHTT

Ti(Oi-Pr),, 82%, 95% ee

Ti(Oi-Pr)4, 69%, 94% ee

1. TBDMSCI, imidazole
2. DIBAL-H, THF

3. Dess-Martin oxidation
4. HF, CH,CN

5401/

OSiR;
Et

OIIII-
I

@)
o)
(-)-endo-Brevicomin @)

(-)-exo-Brevicomin

>  n-Pr

O /

OH OPiv
AN 1. TBDMSCI, imidazole
2. 050, KsFe(CN)
3. Na|O4
OSiR, OPiv
WNHT H
EtQZn

@)

NHTf
Et,Zn O/
“INHTS

Ti(Oi-Pr),, 69%, 94% ee

NHTf

OPiv

OSiR; OPiv

Et

OH

1. TBDMSCI, imidazole
2. DIBAL-H, THF

3. Dess-Martin oxidation
4. HF, CH3CN
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m Enantioselective Addition of Non-stabilized Carbon Nucleophiles to C=0
Université

de Montréal

CHM-6315
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i Nozaki-Hiyama-Kishi Reaction
Université

de Montréal CHM-6315
Takai, Nozaki J. Am. Chem. Soc. 1986, 108, 6048 and 7408 (Kishi, J. Am. Chem. Soc. 1986, 108, 5644)
CrCl,, NiCl, S U NiX Cr(111) . _Cr(lll) R'CHO OH
R/\/X - R/\/ —_— R/\/ > /\)\
X =1, Br, OTf
Me Me OBn Me OBn

OTBDPS

Catalytic version, Furstner: CrCl, (catalytic), Mn , TMSCI
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Université f'”’\

Nozaki-Hiyama-Kishi Reaction
de Montréal

Review: Hargaden, G. C.; Guiry, P. J. Adv. Synth. Catal. 2007, 349, 2407.

-IIII

Me
20 mol% Cr H H: OH
CHO 2 mol% NiCl,-DMP :
Me%\o I=-I I:-I (I) Chiral Ligand Me+0 I:-I (I)
Me TBS Me TBS CO,Me
60:1
Me Me Me
0 | 0 Me O\H/Q\o’i)\m Q\O’Qm
N NH <./N NH NH
+Bd  0=S=0 tBs ~ 0=S=0 0=S=0
F5C CF, F5C CF, FsC CF,
WO B o “‘\OHCI
BnO n = 24:1
H 20 mol% Cr /\/;\/\/\/OTBDPS
. 2 mol% NiCl,-DMP
>
I cl Chiral Ligand
MOTBDPS

BnO

4

OTBDPS

Guo, H. B.; Dong, C. G.; Kim, D. S.; Urabe, D.; Wang, J. S.; Kim, J. T.; Liu, X.; Sasaki, T.; Kishi, Y. J. Am. Chem. Soc. 2009, 131, 15387.
Me
H H

Fs;C

27:1

CF3

|
TBS CO,Me

Me

Me

47
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i Addition of Vinylic Reagents to Aldehydes
Université

de Montréal CHM-6315
Oppolzer m2 I
P nivie
DAIB or OH NN EtlenMe) R'CH,ZnR OH
DPMPM - )]\ >
= -
R2 = Bu, t-Bu, cyclohexyl R chiral catalyst  R™ “H  chiral catalyst R” TCH,R’

80-98% ee

not much impact
on the ee

4

4 EtoZn or MeoxZn
_ (c-CgHyy)pBH ) 2 ane. 767

i hexane N B(oCeHin T -~ R ZnEt (ZnMe)

0 Ctort e,

R R? R'2Zn Yield ee hexF;gg% °C 0.01 equiv
Ph Bu Me,Zn 87 96 OH
Ph CeHia Et,Zn 77 92 Y
Ph CeH13 Me,Zn 85 94 (Me) Et_ _R
Et CeH13 EtoZn 91 84 Rz\/\l/ R \l/
Bu CeHis EtyZn 86 85 OH OH
FBu CeH13 EtoZn 78 85 not observed
c-CgHiz CgHis EtoZn 70 91

-Bu C6H13 Etzzn 28 73
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i Addition of Vinylic Reagents to Aldehydes
Université

de Montréal CHM-6315

Lurain, A. E.; Walsh, P. J. J. Am. Chem. Soc. 2003, 125, 10677-10683. Chen, Y. K.; Lurain, A. E.; Walsh, P. J. J. Am. Chem. Soc. 2002, 124, 12225-12231.

P. Walsh

2. 4 mol% MIB OH

/ EtQZna RCHO W R = Ph, 4'CF306H4, 2-BrC6H4, 4'C|C6H4
Tro/w > R =z OTr c-CgH13, i-Bu, CgHy7

54-83% (78-99% ee)
o

N
OH\J

Cl;CCN, DBU
then reflux

NC(O)CCls NC(O)CCls
COOH Jones, acetone

R X - R™ X OTr
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m [2,2]Paracyclophane-based Ligand
Université

de Montréal

CHM-6315

Dahmen, S.; Brase, S. Org. Lett. 2001, 25, 4119-4122.

- (c-CgH44)2BH Et,Zn
R—— - R/\/B(C-CESHH)Z 2 - R/\/ZnEt
hexane, 0 °C to rt -65 °C, hexane
R'CHO Chiral Ligand
-30 °C (2 mol%)
Me OH
Me /\)\
A\
g A~
OH
Ph
R R' Yield (%) ee (%)
Hex Ph 71 86
Hex 4-CIPh 88 97
Hex 4-MeOPh 62 91
Hex cyclohexyl 80 =98
Hex t-Butyl 89 >08
t-Bu 4-CIPh 88 89

|:> 1,2-disubstituted alkenylzinc were not as effective (ee: 75-88%)

Synthesis of ligand by resolution: Rozenberg Eur. J. Chem. 2000, 3295.
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m Alternative Approach to the Chiral Allylic Alcohols
Université

de Montréal CHM-6315

Table 1: Reaction of cinnamyl chloride (2a) with water.”

OH
S)-1 (cat.) —
X ( :
PR "0+ H0 »> >
° NaHCOs,, THF Ph™
2a 25 °C. 4 h 3a

F t-Bu
(S)-1a: Ar = ;@ (S)-1d: Ar = §Q o

@JLO —'+ F MeCN™ 7
Bu p
[ } (S)'1b Ar = éQ (S)-1e: Ar = &-@—F MeCN A

«Ru
MeCN™" [ Np ) '
MeCN  Arp PFe Pr

(S)-1¢: Ar = EQ—OMe (S)-1f: Ar = E‘Q 0
" @4
Entry Cat. Yield [%]" ee [9%6]“ t-Bu O

] (S)-1a 99 81 (R) MeCN 7 P
2 (S)-1b 99 88 (R) oo’ Ar,
3 (S)-1c 99 90 (R)
4 (5)-1d 99 88 (R)
5 (S)-1e 99 87 (R)
6 (5)-1f 97 81 (R)

[a] Reaction conditions: 2a (1.0 mmol), cat. (10 umol), NaHCO,
(1.2 mmol), THF (4 mL), and H,O (0.5 mL), 25°C, 4 h. [b] Yields of
the isolated products. [c] Determined by HPLC analysis using a chiral

stationary phase. [d] Configuration is given in parentheses. THF =tetra-
hydrofuran.

Kanbayashi, N.; Onitsuka, K. Angew. Chem. Int. Ed. 2011, 50, 5197. 51



m Alternative Approach to the Chiral Allylic Alcohols
Université

de Montréal CHM-6315
Table 2: Reaction of allylic chlorides (2) with water.”!
N {S5)-1 (cat.) C?)H
R/\:\C' + HO NaHCO, THE . R
25°C 3
Entry Substrate Cat. t[h] Yield [%]" ee [%]“"
1 2b (R=4-MeC,H,) (5)-1d 4 99 90 (R) o - o
2 2c (R=4-MeOCH.) (51b 4 99 76 (R) , NS0 Lo P=Xo
3 2d (R=4-CF,CH.,) (S-1c 12 99 94 (R) S == g Tancor How"i“\pm)
4 2e (R=4-MeO,CCH,)  (S)-1c 12 99 93 (R) RN - RN
5 2 f (R=4-OHCC,H,) (5-1c 12 93 93 (R) (56 (57
6 2g (R=T1-naphthyl) (S)-1c 4 99 90 (R)
7 2h (R=2-naphthyl) (S)-1c 7 95 89 (R)
8 2i (R=(E)-PhCH=CH) (5)-1b 4 9% 96 (R)
9 2j (R=PhCH,CH,) (5-1d 12 99 85 (S) OH
10 2k (R=n-CiH,,) (5-1d 18 78 83 (S) RN
11 21 (R=c-CeHyy) (5-1b 18 87 97 (R) ’
12 2m (R=1tBuPh,SiOCH,) (S)-1c 12 99 90 (R) Scheme 2. Proposed reaction pathway for asymmetric allylic hydroxyl-

ation.

[a] Reaction conditions: 2 (1.0 mmol), cat. (10 umol), NaHCO,
(1.2 mmol), THF (4 mL), and H,O (0.5 mL), 25°C, 4 h. [b] Yields of

the isolated products. [c] Determined by HPLC analysis using a chiral
stationary phase. [d] Configuration is given in parentheses.

Kanbayashi, N.; Onitsuka, K. Angew. Chem. Int. Ed. 2011, 50, 5197. 52



m Vinylation of Ketones
Université

de Montréal

Li, H. M.; Walsh, P. J. J. Am. Chem. Soc. 2004, 126, 6538-6539.
Tabls 1. Asymmetric Vinylation of Acyclic Ketones

entry  substrate product ee (yield)
X YN 93 (8
5
! ph)'K Ph “ "Bu (©5)
Scheme 3. Asymmetric Vinylation of Ketones o OH
CpaZiHClly + || —  Cpycizr R 2 N 95 (90)
. ' . OH
1.2 equiv R" CpaZrMeCl | ZnMe, (1.2 equiv) 0 \
- 3 Phk b~ ~7~-OTBOPS g9 g2
MezZn™ S~ A OH o ><OH
TOPr, + ZnMe, + 1 e 4 ~ph 87 (92)
Ti:Zn:1: ketone = ;) SR&O’ nH o R "
12:04:01:1 ) NaHCO;, H FaC FaC ~en
o SO* e
Me O x \ 0, Me

. S*NH HN-S;@ FAC
O s oo
hlh OH o' Me OTBDPS
=

o) — OH
9
Ph)ko/ Phx{"\eu a4 (90)
Ol s Ol X
10 | Bu 93 (93)
~F =
0 OH

" | 79 (85
A gy (85)

CHM-6315
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Université f'”’\

Vinylation of Ketones

de Montréal

Biradar, D. B.; Gau, H.-M. Org. Lett. 2009, / [, 499.

(o)

J

Ar Me

Bu
HO

Me

91%, 92% ee

Bu
HO /—
Me
Me
Me
87%, 93% ee
Bu
HO —
Me
Fs;C

94%, 96% ee

R2
* FBUAIT X
DIBAL-H + =——R2
Bu
HO — HO ~—
| X Me MeO Me
/
OMe
87%, 86% ee 80%, 81% ee
Bu Bu
HO — HO —
Me Me
Cl
92%, 92% ee 85%, 90% ee
Bu
HO — HO —
Me Me
Br 02N
89%, 91% ee 92%, 95% ee

(S)-BINOL (10 mol%)
Ti(Oi-Pr)4 ( 3 equiv)

THF,0°Ctort,24 h

HO —
y

Ar Me

Bu Bu
HO —
Me
MeO
93%, 87% ee
Bu
HO /—
Cl
Me
88%, 91% ee
Bu Bu
HO —

92%, 92% ee

CHM-6315

RZ

Bu

HO
AN

=

Me

Me
87%, 98% ee

Bu

Me

Cl
90%, 97% ee

Bu
HO

Me

92%, 82% ee
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m Enantioselective Addition of Non-stabilized Carbon Nucleophiles to C=0
Université

de Montréal

CHM-6315

R‘J\c (sp) RJ\/\

©‘ OH

55



m Addition of Diphenylzinc to Aldehydes
Université

de Montréal CHM-6315
Q Ph,Zn OH 0
S - PR R = OMe, 90%, 87% ee
R H catalyst (5-10 mol%) R Ph H R = Cl, 86%, 94% ee
Additive (EtZZn) R = C/, 92%’ 95% ee
toluene, ether, CH,Cl, R
@) Me @) @) @) @)
\)J\H H OO H X H AN H
90%, 87% ee N/
87%, 91% ee 66%, 87% ee 94%, 83% ee 89%, 86% ee
90%, 88% ee 92%, 87% ee

OCgH13

Ph Ph
Me Fe Me
Me{;é o
Me
Fu
88-94% vyield
86-90% ee

(Substituted benzaldehydes only)
Me,>Zn (83% ee to PhCHO)
thzn (57% ee to 4'C|06H4CHO)

OCgHy3
Polymeric versions have also been used
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n Phenyl Transfer of Mixed Diorganozinc: Bolm’s Improvement
Université

de Montréal

CHM-6315

Oj 0 OH
\N . PhsZn (0.65 quiv) B
| AN H Et,Zn (1.3 equiv) AN
Fe OH X —>  Xar
Cb ph Ph P catalyst (0.1 equiv) —
O tocluene,
catalyst 10 °C,16h
R in RCHO Yield ee conf.
4-CICgH4 86 97 R
Ph,Zn + Et,Zn 4-MeOCgH, 82 98 R
3-MeOCgH,4 99 96 R
4-MeCgH, 86 98 R
4-PhCgH, 98 97 R
2-Np 70 96 R
2-BrCgH, 64 91 R
PhZnEt 2-Furyl 99 95 R
E-PhCH=CH 97 90 R
-Bu 68 94 S
Bn 82 83 S
CHMe, 75 91 S
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Addition of Ph,Zn to Aldehydes
Université f'”’\

de Montréal

CHM-6315

= Unlike with Et,Zn, the addition to aldehydes proceeds smoothly even in the absence of a catalyst

PhsZn + Et,Zn —_— 2 PhZnEt
more reactive less reactive
= Use of a large excess of Et,Zn presumably displaces the equilibrium toward the formation of
PhZnEt

= No other arylzinc reagent has been tested
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Université f'”’\

de Montréal

Arylation of Aldehydes: Walsh’s Solution

o

(4.5 equiv)

e

(2.0 equiv)

n-BulLi ZnCl,
(4.0 equiv) Li (2.1 equiv) Zn
y o ©/ y
2
(4.5 equiv) +
4 LiCl
Et,N NEt,
4 mol% (exces)
2 LiCl
n-BuLi 1. ZnCl,
(2.0 equiv) b (21 equiv) ZnBu
> | r
= 2. n-BulLi
2.0equiv)  (>0eauiv) (2.0 equiv)

Et,N.

Li
Cl

_NEt,

CHM-6315
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m Arylation of Aldehydes
Université

de Montréal

CHM-6315

Kim, J. G.; Walsh, P. J. Angew. Chem. Int. Ed. 2006, 45, 4175-4178.

0 OH N//\ 0
OH\J

PhZnEt (2 equiv)
H » Ph
(-)-MIB (5 mol%) MIB

Toluene, 0°C, 24 h (2-exo-Morpholinoisoborneol)

OH OH OH OH

OO Ph OO Tol 2-naphthyl Ph
X

O, O, O, 0, O, O,
99%, 92% ee 90%, 92% ee 96%, 89% ee X = F: 89%, 84% ee

X = ClI: 85%, 90% ee
X = OMe: 90%, 90% ee

OH OH
Ph /\/L Ph Ph 2-naphthyl

91%, 84% ee
92%, 85% ee 92%, 82% ee
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n Preparation of Salt-Free Mixed Diorganozinc Reagents
Université

de Montréal

CHM-6315

0 OH o

. N
PhZnEt (2 e
H (2 equiv) - Ph OH\J
(-)-MIB (5 mol%)
Toluene, 0 °C, 24 h MIB
(2-exo-Morpholinoisoborneol)

PhsZn (1 equiv) + EtoZn (1 equiv) 98%, 98% ee
PhsZn (1 equiv) + EtoZn (1 equiv), ether 98%, 95% ee

ZnCl, + EtMgBr + NaOMe
(2 equiv) (3.9 equiv) (4.8 equiv)

Et,O ¢Centrifugation
i OH
Etzzn

(-)-MIB (5 mol%)
Toluene, 0 °C, 24 h

Et,Zn: 96%, 98% ee (R = Et)

ZnCl, + EtMgBr + PhMgBr + NaOMe

—>» EtZnPh: 98%, 98% ee (R = Ph
(2 equiv) (2.0 equiv) (1.9 equiv) (4.8 equiv) ( )
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m Enantioselective Addition of Non-stabilized Carbon Nucleophiles to C=0
Université

de Montréal

CHM-6315

OH o
R2
_C (sp3) /\ -
OH OH
R1
R2 X R R®
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Université f'"'\

de Montréal

Enantioselective Addition of Ph,Zn to Ketones

790/0, 86% ee

Ph,Zn Ph, OH NMe

r

DAIB (15 mol%) R R'

toluene, rt OH
1.5 equiv MeOH
DAIB
O o)
R Me

Br

R = Me, 53%, 80% ee
R = Et, 83%, 90% ee

O O

63%, 60% ee

Br
Me Me

91%, 91% ee 76%, 75% ee

CHM-6315
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Arylation of Ketones

Uné?ﬁifﬁtih CHM-6315
O 10 mol% (S)-binol/5.0 equiv [Ti(O/Pr)4] HO Ar
JI .+ [AlArs(thf)] - ST(2)
R'" "R? . toluene, 0°C R'" "R?
2.5 equiv
Entry  Substrate Ar t(h]  Yield [%]®  ee[%]“ o
O 7 /(j/k Ph 12 90 93
1 Ph 12 85 93 Br
o
o 8 (‘j/K Ph 168 50 96 (R)
2 S Ph 36 38 950 MeO O
7 9 ©* Ph 12 98 30
Me O
3 Ph 12 35 90 e
©)K 10 MeOO/‘\ Ph 36 74 77
cl 0
0
4 ©)\ Ph 12 73 97 O)l\
11 Ph 36 97 93
0O MeO
O
c ) /©)\ Ph 12 92 93 1 F3C\©/“\ oh 12 o g

Chen, C.-A.; Wu, K.-H.; Gau, H.-M. Angew. Chem. Int. Ed. 2007, 46, 5373.
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rivercite Grignard Addition to Ketones: Stoichiometric Process

de Montréal CHM-6315
1. 1 eq of diol A -
2. ketone (-100 °C
3 RMgBr ( )> X
3. NH,CI R' R"

Me
96:41t0>99:1

Me

95 : 5 (97:3 Np) 0% yield!

X (RMgX) (EtMgX) (EtMgX)
75:25
(EtMgX)

Enantioselective addition of Grignard reagents to ketones (stoichiometric amounts of chiral ligand)

Weber, B.; Seebach, D. Angew. Chem. Int. Ed. 1992, 31, 84-86. o5



m Enantioselective Addition of Non-stabilized Carbon Nucleophiles to C=0
Université

de Montréal

CHM-6315

R‘J\c (sp) RJ\/\

©‘ OH

Trost, B. M.; Weiss, A. H. Advanced Synthesis & Catalysis 2009, 351, 963.
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Addition of Alkynes to Aldehydes: Carreira’s Approach

Universite rth
"de Montréal CHM-6315
0 Zn(OTf)2°(1 1), EtsN (1.2) OH
23 'C, toluene
)J\ + H——~R - 52-99%
R H Ph Me R AN (80-98% ee)
1-20 h R'
HO NMe,
(+)-N-methylephedrine
(1.2 equiv)
OEt Me " Me
R Ph Ph(CH,), TMS  TMSCH, TBDMSOCH, )\ )\ eﬁ\
- EtO § § HO §
CoH 99% 98% 93% 84% 83% 90% 94% 97%
C-LeM11 (96% ee) (99% ee)  (98% ee) (98% ee) (98% ee) (98% ee) (98% ee) (98% ee)
-Pr 95% 90% 97%
(90%) (99% ee) (98% ee)
NN 39%
Ph X (80% ee)
99% 84%
+Bu (94% ee)  (99% ee)
Ph 53% 52%
(94% ee) (96% ee)
90% 72%
tBuCH, (97%) (99% ee)

Frantz, D. E.; Fassler, R.; Tomooka, C. S.; Carreira, E. M. Acc. Chem. Res. 2000, 33, 373. Frantz, D. E.; Fassler, R.; Carreira, E. M. J. Am. Chem. Soc. 2000, 122, 1806.
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Anand, N. K.; Carreira, E. M. J. Am. Chem. Soc. 2001, 123, 9687-9688.
0 Zn(OTf)2°(0.2), EtsN (0.5) OH
60 C, toluene
)J\ + H——R > 52-99%
R” H Ph Me AR (80-98% ee)
1-20 h R'
HO NMe,
(+)-N-methylephedrine
(0.22 equiv)
OEt " Me
R Ph Ph(CHy), TES Bu TBDMSOCH, )\ Bn,NCH. ej\
EtO ; TMSO é
R

C.H 94% 89% 85% 81% 88% 91% 80%
C-Lel11 (86% ee) (94% ee)  (96% ee) (93% ee) (94% ee) (97% ee) (99% ee)

. 77%
P (98% ee)

81%
BnN é (94% ee)
45% 81%
Bu (92% ee) (93% ee)
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Carreira’s Alkynylation

e th s
Zn(OTf), (0.2), Et3N (0.5)
0o 60 °C, toluene OH
J\ H———R! = 52-99%
R Ph. Me R (80-98% ee)
Y 1-20h R
HO NMEZ
(+)-N-methylephedrine
(0.22 equiv)
OTf
Zn
N
H———FR' » TfOZn———R!
Me, Me,
Me _N. Me, N
I th ——R! —>» :[ ‘:Zn — R!
Ph” ~0" Ph” 0" H
H H
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Alkynylation of Aldehydes

Ph
Ph
NH OH
— 38
)o\ W N (20mol%) OH
+ =——ph - R)\
R H Et,Zn (1.4 equiv.), THF-hexane, 5 Np,
37 30 0°C, 24 - 48 h
(1.4 equiv.)
95%, (94% ee) 88%, (90% ee) 91%, (91% ee)
39a 39b 39¢c
activates |
electrophlle
// Ph
N
\ \_, activates
nuctleophile
40

Kang, Y. F; Liu, L.; Wang, R.; Yan, W. J.; Zhou, Y. F. Tetrahedron-Asymmetry 2004, 15, 3155.

CHM-6315
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Cyanohydrin Formation: sp Carbon Nucleophiles
Un(iiveﬁitétf{l'\l CHM-6315
€ vontrea

OTMS

PN

R COOH

/

i TMSCN OTMS OTMS

>~ )\ - )\
R H R CN

R” “CH,NH,

\ OTMS
)*\(R'

*

NH,
Relative stereocontrol:

Wilkinson, H. S.; Grover, P. T.; Vandenbossche, C. P.; Bakale, R. P.; Bhongle, N. N. et al. Org. Lett. 2001, 3, 553-556.
Ward, D. E.; Hrapchak, M. J.; Sales, M. Org. Lett. 2000, 2, 57-60.

Nicolaou, K. C.; Vassilikogiannakis, G.; Kranich, R.; Baran, P. S.; Zhong, Y. L. et al. Org. Lett. 2000, 2, 1895-1898.
Myers, A. G.; Zhong, B. Y.; Kung, D. W.; Movassaghi, M.; Lanman, B. A. et al. Org. Lett. 2000, 2, 3337-3340.

Chiral Catalysts:

Kobayashi, S.; Tsuchiya, Y.; Mukaiyama, T. Chem. Lett. 1991, 537-540.

Hwang, C.-D.; Hwang, D.-R.; Uang, B.-J. J. Org. Chem. 1998, 63, 6762-6763.

Bolm, C.; Mudller, P.; Harms, K. Acta Chem. Scand. 1996, 50, 305-315.

Corey, E. J.; Wang, Z. Tetrahedron Lett. 1993, 34, 4001-4004.

Hayashi, M.; Miyamoto, Y.; Inoue, T.; Oguni, N. J. Org. Chem. 1993, 58, 1515-1522.
Nitta, H.; Yu, D.; Kudo, M.; Mori, A.; Inoue, S. J. Am. Chem. Soc. 1992, 114, 7976-7975.
Belokon, Y. N.; North, M.; Parsons, T. Org. Lett. 2000, 2, 1617-1619.

Recent review:
Gregory, R. J. H. Chem. Rev. 1999, 99, 3649.
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OO P(O)Ph, 5 TMSCN (1.8 equiv)
BusP(O) (36 mol%)
@) 3
\ Py

A|_X R H CHQClz, '40 OC
35-96 h

/ Lewis acid
O \/ Catalyst
P(O)Ph, (9 mol%)

Lewis base

Lewis Base

'

R

OTMS

PN

CN

|:> TMSCN added over 10 h with syringe pump.

86-100% yield
83-97% ee

Review (concept): Shibasaki, M.; Sasai, H.; Arai, T. Angew. Chem. Int. Ed. 1997, 36, 1236-1256.

Hamashima, Y.; Sawada, D.; Kanai, M.; Shibasaki, M. J. Am. Chem. Soc. 1999, 121,2641-2642.

R yield ee

Ph 97 97

Hex 100 98

i-Pr 96 90
Et,CH o8 83
t-BuCH=CH, 94 97
Ph o8 96
p-MeCgHy 87 90
2-Furyl 86 95

MesP(0O) is used as additive for aromatic aldehydes

CHM-6315
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u Application to Epothilone
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CHM-6315

S
—AJ.

O OH O

Epothilone A: R =H
Epothilone B: R = Me

S
Ph Fl)h
:J:)_,'l, _e> \
e ~
HO 23 5TBS ™S
HO
o O a (a) HCI, EtOH, H,0, 90 °C, 83%; (b) TBSCI, imidazole, DMF,
\\P 99%; (c) DIBAL, toluene, -78 "C, 94%; (d) TMSC=CLi, THF,
s Ph” \Ph s -78 °C; then CICO,Me, 79%; (e) Pd(OAc),, n-BugP,
| TFA M/ HCO,NH,, benzene, 50 °C 51%
<\ — > — <\
NN N1 T ELAC NP NN
n-BuzP(O) 6 z
O TMSCN OH
CH,Cl,, -40 °C

D. Sawada, M. Shibasaki, Angew Chem Int Ed 2000, 39, 209. Sawada, D.; Kanai, M.; Shibasaki, M. J Am Chem Soc 2000, 122, 10521-10532. 73
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Me
catalyst
F|>h
Ph—l'i’=0 + TMS—C=N
Ph
ITh OTMS
h—PZ
| "NC
Ph

Me
ﬁ,Me
I
MeN=

B=r0

H @/H\
e

Table 1. Oxazaborolidinium-Catalyzed Cyanosilylation of

Aldehydes
0.1eq H.o*

RCHO + TMSCN cat. 1 H,}<OTMS A H,, ,OH
Phsp0, R'g CN 2NHCl R'R CN
toluene,

0°C
R time, h % isolated yield % eeab
phenyl 40 94 95
2-tolyl 72 95 91
4-anisyl 40 91 90
4-cyanophenyl 144 98 97
cyclohexyl 40 97 90
tert-butyl 40 96 91
n-hexyl 48¢ 96 91

@ Enantioselectivities determined by GC or 'H NMR analysis of
cyanohydrins. ? Performed using 0.2 equiv of Ph;PO. ¢ Reaction temp =

=20 °C.

Ryu, D. H.; Corey, E. J. J. Am. Chem. Soc. 2004, 126, 8106-8107.
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CN RL
O S
Ph,(O)P _ o Me;Si )\
') Ligand-Ti(Oi-Pr), NC OTMS Ph,,‘ //O' o~ Rs
HO““ (10 mol%) S Phe=P

R R >~ )\ % ’

o - S THF,36-88h R™  Rs 77
-30to-50 C _ >T|\

i-PrO O
HO CN
O
O
o @)
Me Me R=H, 85% (92% ee)
R = Me, 80% (90% ee)
R R =Cl, 82% (92% ee)
92% (85% ee) 72% (69% ee) 82% (95% ee)
o) Q Q
/\/\)(T\ = \ e Me
88% (76% ee) 89% (91% ee) 72% (91% ee) 86% (90% ee)

Shibasaki J. Am. Chem. Soc. 2000, 122, 7412
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