H/E <CHg
c—
HsC H

Two structures with the same molecular formula

Same Connectivity?

\_\

/_\

‘ Stereoisomers I

Are the two molecules No

Constitutional/
Structural Isomers

non-superimposable
mirror images?

HO
HO

> ‘ Diastereomers I

OH
OH

< HO

OH
OH

OH

OH

OH



‘ Addition to a carbonyl with enantiotopic faces produces equal amounts of enantiomers I

H,C-

7,
‘. N

O \“----O
A = | P

- > enantiomers

ph/\‘ Si-face | HsC, *gi HsC N
Ph\“)"
H

H;C -
3 Re-face Ph + Ph
> | Ha? Re HaZ
% _— -

\;:o o |

H3C' i H3C C

A N Transition states identical

Si / nenergy \ iRe

A A

B \/ C

Enantiomers identical in energy




‘ Addition to a carbonyl with diastereotopic faces produces unequal amounts of diastereomers I

_ o
O H: H~ ',O Si H \\OH M
H3C —> HSC % _— H3C S
S CH, Si-face R CHg R CH,4 diastereomers
PR H | PR H PR of unequal
H B 1
A _ " > energy produced
H: oM |k HOQ o amounts.
» | H,;C Y —» HiC N
Re-face 3 CH,4 R CHs
| PR H PR /
H
C
-

HsC.~Z H , HC S H
0= —CH,4 Diastereomeric transition R HaG— —0
A i ¥ states of unequal energy T Re 3

Ph Si a—

HA~_-OH
Ph T \ o N
3 / C
CHj

Diastereomers of unequal energy




Reaction Stereochemical Outcomes

Reagent Control of the stereochemical outcome of a reaction:

The selection of reagent/catalyst dictates the ultimate absolute
stereochemistry of reaction products irrespective of the stereofacial
bias of the substrate. Often chiral catalysts or reagents will act on
racemic or achiral starting materials to generate products with
enantiomeric excess.

Substrate Control of the stereochemical outcome of a reaction:
The stereochemistry of reaction products 1s dictated by the inherent
stereofacial bias of the substrate.This typically means there is an
existing stereochemical element within the starting material/
substrate which directs the interaction of a reagent or reagents

with the substrate




| Substrate Control | Stereochemical Terminology

A Stereoselective Reaction:

A Stereospecific Reaction

H3C\_\
CHj
H3C ,CH3
A Stereospecific Reaction
H.C
H 32 0 1.CH;MgBr
' ol
PH Y 2. H,0
H
HaCaz @) 1. CH;MgBr
P H 2. H,0

H OH
90 : 10

Br\C CHj
: Br
Br/
Y
B Br
r
~
/C CHS Br
Br
—_— .
CH, Br
CHs
HHS% OH ES% OH
7/ + ) ‘ry
S W pr. B CHs
67 8 33
H
HiCqZ OH  , Hioh  oH
> (””CH HI/
Ph ® Ph H
67 H



| Substrate Control I Stereochemical TerminOlOgy

Stereoselective, not Stereospecific

KOt Bu
/ <B DMSO / / \
r

KOZ Bu ,

/_/

'», DMSO
Br
Diastereoselective and Stereospecific
(@)
OH OH
- W + Y-\/
Cl 90 : Cl 10
OH

Cl
(:)H
\/\/+\_/K/

Qlll



Substrate Control of the Stereochemical Course of a Reaction
Removable Chiral Auxiliaries for Enolate Alkylation

om* EY
)V S NG )k(
E
Solution: use a chiral R group which is removable. enantiomeric excess?

Evan's Chiral Oxazolidinones, X:

oM
\
M*B- o~ o
N

—

o—M
7
Br (o) (0
0/</ o /\/ 0 LiOH, H,0, CN not formed due
k/N S > , N\ to sterics
% CH; "/ P
/’— LjB}V /= / HsC
isopropyl directs JACS, 1982, 104, 1737
addition of E* HO CH, Products in high CH3 ’ Co
to Si face. enantiomeric excess!. HO Effective for aldol reactions

F “ F also, where E* = RCHO.



Homotopic Groups or Faces Cannot be distinguished by
Chiral Reagents

eEnantiotopic Groups or Faces Can be distinguished by
Chiral Reagents

eDiastereotopic Groups or Faces Can be distinguished by
both Chiral and Achiral Reagents



| Reagent Control I

Distinguishing Enantiotopic Reactant Faces, 1
Catalytic Asymmetric Carbonyl Reduction

') "Chiral hydride"

NS
> J
\)I\CH N Non,

3

enantiomeric excess = the percentage excess of one enantiomer over another= R-S/R +$ x 100

Corey Oxazaborolidine ACIEE, 1998, 37, 1985. Noyori BINAL-H
sl
@) H
A
\\‘O OEt
O JACS, 1984, 106, 6709
Diastereomeric complexes lead to diastereomeric transition states,
thusgiving rise to enantiomeric excess in the product mixture.
Cl Ipc,BCl
I
B

\7
‘e W ‘1, ‘g

Brown and Midland, JOC, 1989, 54, 159, 4504.




I Reagent Control I

Distinguishing Enantiotopic Reactant Faces, 11
Chiral Boron Reagents and Asymmetric Allylation

Asymmetric Synthesis: a synthesis proceeding from enantiomerically enriched starting materials, or a synthesis
in which one (or more) of the steps generates enantioenriched material.

Chiral, C2-symmetric allyl boronates:
R" SOzAr

|
O /\)\
~ =N, N
I"Pl'OQC“h- }3 R Ph;CB \\\B/,/
O N/ /‘v
i-PrO,C o “SOLAr

Brown, Roush Corey Brown
JOC, 1990, 55, 4109, 4117. JACS, 1990, /12, 878 JOC, 1991, 56, 401.

A Chair Transition State is common for such reactions:

_ -+ r 1+
H ||_ g |Si \||_ H Re H
N | e |
o L,B o/ \L © H
2 _ L _ 4 L - (one enantiomer in excess)

prochira] COOI'.dlIlatIOH . ) . .

aldehyde of Si-face of prochiral ]\;0 t‘i’ tll‘tl)e oppc;:slte. ena?ﬁlomer
aldehyde preferred because oba t}’ orqnahe glvelsl l'e
of spatial orientation of enantiomeric homoallylic

chiral ligand on boron alcohol product



(Reagentcontrol | - AlKenes have prochiral faces, also!

Shi Chiral Dioxirane O)(

0
Reagent O—\m,/
JOC, 1997, 62, 2328. OXO o 2

Catalytic Asymmetric Epoxidation

N[ i
3 /Mn< 5 Ph,  H
T ST - AN
Cl : Ph - = H g eh
5 K,CO;
! :
side-on perpendicular chiral manganese-salen " . ) o -------
approach of alkene to  complex . Sharpless Catalytic Asymmetric Dihydroxylation
metal-0xXo Species ! . .
P i (AD): ligand accelerated catalysis Chem.Rev.1994, 94,2483,
O Ph i
Me pn NaOCI Me, O :
= 5mol% 1 H/ \H ; Etw R=PHAL
84%ee, 88% yield E N—N
JACS, 1991, 113, 7063, oee B8y : 5= :
Os0y, Ry H
pro-S M S KRNy, Peag 3™
‘ ‘ K2C03 linker
Re Ra DHQD),-PHAL © OH
( z DHQ (dihydroquinine) DHQD (dihydroquinidine)
0s0O,, H R
H Ry N Riez 4R
S K;Fe(CN 3~7 ( 2 Ry
_R 4l A 4#26.» -
pro / N\ K,CO;4 84-93% ee ) S 04-99% ee
Rs R, HO OH R

(DHQ),-PHAL



(Reagentcontrol | - Alkenes have prochiral faces, also!

Enantioselective Hydrogenation of Alkenes

MeO
Ph, /—\ & : OO
o] _.P~\ PPh,

OMe
(S) - BINAP
(R,R)-DIPAMP (Chiral at phosporous)

MeO \ COZH H2 MeO COzH
> —_—
NHAc R,R-DIPAMP —_—
AcO AcO NHAC

Rh*

94% ee HO
JACS, 1977, 99, 5946.
HO NH




Kinetic Resolution

The separation of enantiomers based the different reaction rates of each enantiomer with enantiomerically pure reagents.
The greater the difference in the two rates (k¢/ky), the higher the ee of both the reacted and unreacted enantiomers.

‘ S-enantiomer + R—enantiomerl

Diastereomeric transition states:

[ R-substrate eeee R chiral reactant ]i

‘ rate R>rate S I [ S-substrate eeee R chiral reactant F rate S>rate R

unreacted material enriched in S enantiomer unreacted material enriched in R enantiomer

reacted enriched in R enantiomer reacted enriched in S enantiomer

The ratio of the rate constants kg/ky determines e.e. of the reacted material. As the degree of conversion increases,
the ee of the unreacted enantiomer becomes very high, but the yield decreases.

consider a reaction in which kg/kg=15

time: 0 1 2 3 4 5 )

RS RS R:S R:S R:S R:S not_lce that the unreacted
unreacted  100:100 99:85 98:70 97:55 96:40 95:25 e increases, but the
reacted 0:0 1:15 2:30 3:45 4:60 5-75  reacted ee remains the same

As the purity of the unreacted increases, the yield decreases!



H

1o

: OH
R/\/

R-epoxide

S-epoxide
Selective complexation of chiral cobalt to the epoxide oxygen atom of one enantiomer of the racemic pair

H,O
RR-5

O 0]
+/<I -~ /<I
R R
¥

racemic

Hins. H
— N OAc
N
+Bu o” | SSo
OH,
+-Bu t-Bu
H,0
S,S-5 OH

OH
k/ OH + .\‘\\O
R R/\I
S-epoxide
R Epoxide ee, yield diol ee, vield
CH; >08, 44 98, 50 Science, 1997, 936.
(CH,);CH; 98, 46 98, 48
Ph 98, 38 98, 39
H,C=CH 84, 44

94, 49



Sharpless Asymmetric Epoxidation
(-)-DIPT

R, R
tBuOOH, Ti(Oi-Pr),

/ R, 0% R,
'
Rs CH,Cl,, (+)-DET or R3|n...\<.
OH (-) DIPT OH

I

(+)-DET
HO OH
Ligand: Tartrates are C-2 symmetric. Such symmetry is useful in ligand F
design, furnishing predictable and repetitive structural units which reduce RO OR
the number of diastereomeric transition states o o

The active catalyst is
dimeric, providing a chiral

environment for the substrate, only one face of the alkene ‘
allowing distinction of the R is presented to the coordinated peroxide
enantiotopic faces of the alkene RO Ko) ligand.
\Tl' The alkene pi bond attacks along the
SN, O-O bond axis
O E

The peroxide is activated by bidentate
coordination to the titanium

This is an example of Ligand- 5—‘/
E

Accelerated Catalysis: The
reaction in the absence of the chiral
ligand is much slower than in its
presence, thus ensuring the enantioselective Sharpless, JACS, 1980, 102, 5974.
pathway is the predominant one. JACS, 1987, 109, 1279.




Kinetic Resolution via the Shapless Epoxidation

0.8 eq. Ti(Oi-Pr),

1 eq. Ti(Oi-Pr),

1.5 (-)-DIPT 0.8 (+)-DET

0.4 eq. tBuOOH> O)\,‘ | 0.8 eq. tBuOOH

0 AN . + =
\ CHZCIQ’ '20 C z \ CH2C12, '20°C
R = S
OH OH OH
_ kg/kp~40 now, kg>kg
racemic 27% yield 33% yield
kr>kg >95% ee 72% ee o
AN
Roush, JOC, 1982, 47, 1371
OH
75% yield
R 95%ee
1 eq. Ti(Oi-Pr), /
OH 1.5 (-)-DIPT OH
= 0.4 eq. tBuOOH> “,,
CH,Cl,, -20°C
96% de recovered

racemic kg/kg=104
98% ee

Sharpless, JACS, 1981, 103, 6237.



