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2riovdanotnta xewpopopdioc otn povon

olive fly sex pheromones

i Carvone Penicillamine
o) i 0 NH; NH,
i 9] 0] z
0 : 0 CE CO,H %/\COEH
; SH SH
attracts Males @  attracts Females spearmint odor caraway antidote for Pb, Au, Hg can cause optic atrophy =>
’ blindness
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azadiractin (5)-3-(1-methylpyrrolidin- (1R,2R,35,55)-2-acetyl-8-methyl-8-
anti-feedant 2-yDpyridine aza-bicyclol[3.2.1]octan-3-yl benzoate
nicotine cocaine
toxin / stimulant stimulant

H dpuon ouvO<tel moAAG Xewpopopda popla, karota anAd kot aAAa e§otpeTIkA TOAUTTAOKAL.

Z€ MOAAEG MEPLMTTWOELG CUVOETEL KaL Tat U0 evavTtiopepn | OAa ta mBava dLaotepoLoopEP EVOG
ouotpatog aAAd to kKaBéva yia dtadopeTIKO OKOTO.



Zriovdootnta acUUUETPNC ouVOeoNC

(A)-1-(isopropylamino)-4-
(naphthalen-1-yDbutan-2-ol
(=)-propanolol
B-blocker for heart disease

(S)-1-lisopropylamino)-4-
(naphthalen-1-yDbutan-2-ol
(+)-propanolol
contraceptive
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(5, 8)-2-12-(1-Hydroxymethyl-

propylamino)-ethylaminol-butan-1-ol

Ethambutol
tuberculostatic (anti-TB)

OH
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=
mnm

H H
Et OH
(R, R)-2-[2-(1-Hydroxymethyl-
propylamino)-ethylaminol-butan-1-ol
causes blindness

O @]
N.. N
F L1, &1L
0” "N "0 0” "N "0
H H

Thalidomide

sedative, hypnotic teratogenic

NHQ H

HO.C = N
\/lr

sweet

Aspartame
(Nutrasweet)

NH,

H
«~CO:Me Hogc\/-\[rn COMe

)¢

bitter

Fevikad amodevyovtal pelypota evovtio/SLaoTEPED-LOOUEPWV OUCLWV WE PAPHOKA SLOTL cLUVHOWG
oAANAETLE&POUV SLaPOPETIKA HLE TOUC XELPOHOPPOUG BLOAOYLKOUG OTOXOUG

H napaokeun evog evavtio/SL1ooTtepo-HEPOUC EMTUYXAVETAL LECW TNG ACUUUETPNG oUVOEONC
Omou pa aAAnAouyio avtidpAaocewv SNULOVPYEL ETUAEKTIKA EVa VEO XELPOHOPPLKO OTOLXELD UE
OUYKEKPLUEVN SLATAEN TWV UTIOKOTOLOTOTWY OTO XWPO.




Zriovdouotnta xetpopopdiog BLoAoykad cvotinpata

R enantiomer 5 enantiomer

‘\“‘1‘

binding site of the receptor

Ta evavtiopepn £Xouv i8LEC GUOLKOXNULKES
LOLOTNTEG KAl AVTLOPOUV TTOLVOUOLOTUTIAL UE UN-
XElpopopda popra. ArapEpouv pHovo otov
TPOTMOo Mov aAAnAsnidpouv-avtidpolv pe aAAa
XEPOpopda popLa Ko TNV KatevOuvon nov
otpEdouv 1o enineda mToAwpévo pwg




JUMMETPLA KOl OTTTLKNA EVEPYOTNTA

‘Eva poplo sival xelpopopdo 1 ontika evepyo otav Sev eivatl Suvath n TalTion Tou HEow
anAWV NMEPLOTPOP WV LLE TO KATOTTTPLKO TOU Ei6wA0

ZupmnepaiveTal OTL HopLa TTOU N SO TOUG EUTIEPLEXEL OTOLXELOL CUMMETPLAG (KEVTPO
avtiotpodn¢, eninedo | afova cupHeTPlag) Sev eivat onTikA evepya / Xewpopopda.

' HO . PH Ph COOH
D
: ; HooC™  Ph
OH OH
mirror symmefry center of inversion
1.4- and 1,2-disubstitluted cyclohexanes a-truxillic acd

Onwg BAEmNEeTe, N LITOPEN EVOG OTEPEOYOVLIKOU KEVTPOU O€ £va MOpLo dev eival anapaitntn
ouvOnKn ov to Kabotd xepopopdo



N,P,S w¢ otepeoyovika KEVTpOL

R2
/ I// —~ \ \\ \
R ‘ R; O R k R;
R2 R2

not chiral because in rapid interconversion with enantiomer

R
P R1\ | \Rs
7 A W\ \
R 1 “Rs x R ) g | R,
R2 R2
chiral
Also case for sulfur
., / ° ., 'O@ ., /_R

not chiral
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R5 R,
chiral
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O O O NR
not chiral



XelpopopPLlKa oToLXEL

H xelpopopdia i} otk evepyotnta odpeidetal otnv Umapén (touAdxLotov evog) xetpopopdLkou

(otepeoyovikoU) otolxeiov (avtiotowa pe ekeiva TG cUppETpiag). H xelpopopdia eival mpoiov

KKAELOWMOTOGC» UTTOKATOLOTATWY EVOG LOPLOU OTOV XWPO £ite AOYw LOXUPWV SECUWV eite AOyw
Swapopdwong
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Mpoodloplopoc otepeoxnueiog R/S yia xetpopopdo kévrpo

H>{N H,

Me” “CO,H

(S)-(4-
methoxyphenylmethylphenyl
phosphine oxide

(S)-alanine

(S)-2-aminopropanoic acid UF)-methyl--

methylphenylsulfoxide

Cahn-Ingold-Prelog system
AideTolL TPOTEPALOTNTO OTOUG UTIOKATAOTATEG UE BAon TOV HAllko Tou¢ apLlOuo
TonmoO£Tnon Tou UNTOKATOLOTATN LE TN ULKPOTEPN MPOTEPALATNTA NMICW OTLO TO EMinNedO

KaBopLopog popadg té&ou nov oxnUatiletat ano ToV UTTOKOTOLOTATN UE T LEYAAUTEPN TPOTEPALOTTA
TLPOGC EKELVOV ME TN MLKPOTEPN



Mpoodloplopnoc otepeoxnueiog R/S yia xetpopopdo asova

Axial chirality - Nonplanar arrangement of four groups about an axis

Spiro-compounds

Mllrl:-i Mirror
]
O;H COsH : COsH

_ COH : HO,C c :
3-:!:-'5 l:If EEEEEER ‘:::" EEEEEEER E EEEEEEEN ‘:‘.E’ EEEEEEN E
chirality }@U‘( : w @CUEH : "GEC'@'H

D-Fecht acid : L-Fecht acid . H

(S)-spirol3.3lheptane-2,6- : (A)-spirol3.3lheptane-2,6-
dicarboxylic acid : dicarboxylic acid Viewed along axis

axis of
n:}*||'ll|t
M'Gr éﬁﬁ
0 4 23 )
‘\\-“D 0 HHQC OR i
o , : OR .
olean olean "=*anti- ﬁI ckwise
(A-1,7- : (5)1,7- (5)

dioxaspirol5.5lundecane : dioxaspirol5.5lundecane
attracts male olive flies ;attracts female olive flies




Mpoodloplopnoc otepeoxnueiog R/S yia xetpopopdo asova

Allenes
Mirror

? Cl H

Cl
o Smom{ s
chiral ity ':len H- : )=Cﬂ

i H (ol

(A)-1,3-dichloropropa- (5)-1,3-dichloropropa-
1,2-diene ‘ 1,2-diene

Axial chirality and atropisomerism
Atropisomers - stereoisomers resulting from restricted rotation about a single bond
Mostly commonly found in hindered biaryls
axis of
c |":T :?: |[|:‘t Mirror

99 ' L
PPh, Ph,P
OS¢

(R)-(+)-BINAP : (S)-(-)-BINAP
(R)-2-(diphenylphosphino)-1-(2- : (5)-2-(diphenylphosphino)-1-(2-
(diphenylphosphino)naphthalen : (diphenylphosphino)naphthalen

-1-yDnaphthalene ® -1-yl)naphthalene




Atponoicopepn

e Atropisomerism is not just found in biaryl compounds
* Any molecule in which rotation is restricted sufficiently to allow isolation of each
isomer can be chiral...

rotation around

central bond. Y
“ 0

¢ Atropisomerism is found in nature
¢ \VJancomycin is an anti-bacterial HO
¢ Kotanin is from rice mold

Me OMe
O
0 0
O 40
9@
Me OMe
kotanin Vancomycin

MeQ
MeO




Mpoaodloplopoc otepeoxnueiag R/S yia xetpopopdo sninedo

e Planar chirality - chirality resulting from the arrangement of out-of-plane groups
with respect to a plane, called the chiral plane

* In [2.2]paracyclophane the more substituted benzene ring is considered the chiral
plane

Mirror

i

(R)-4-aminol2.2]para- § (S)-4-aminol2.2]para-
cyclophane . cyclophane

g
:‘.—- Q -1‘. plane of

: chirality




Mpoaodloplopoc otepeoxnueiag R/S yia xetpopopdo sninedo

* Probably the most important planar chiral compounds are ferrocene derivatives
* These have found considerable use in enantioselective catalysis

Mirror

.

EFeE PPh, :  PhypP iFeE
(S5)-2-phenyl-1- (R)-2-phenyl-1-
(diphenylphosphanyl) : (diphenylphosphanyl)
ferrocene ferrocene
®

{H}-{E}-cyclcoctene_:: (S)-(B)-cyclooctene
®




Mpoodloplopoc otepeoxnueiog M/P yia xetpopopodn EAka

* Molecules that twist like a helix, propeller or screw
* Right-handed helix is denoted P (clockwise as you travel away from viewer)
* Interestingly, [8]helicene racemises (1:1 mixture of enantiomers) readily at 293°C!

Mirror

P [8]helicene M [8lhelicene




Evavtiopepn

Evavtiopepn eivat ta {eVyn EVWOEWYV IOV £XOUV OXEON OVTLKELLEVOU-ELOWAOU. dnA. n didtaén
TWV UTTOKOLTOLOTATWYV TTOU OXETL{OVTaL HLE £Val | TEPLOCOTEPO OTEPEOYOVLKA oTOLXELQ, Elval

OLVTECTPOLUHUEVN.
i Br i ;
\i i L = E \)EJ'};H H., =<CH3 ! H3C->= WH H@:(CHa : H30)=®
: SR~ s ! "N - : .
enantiomers i i
enantiomers enantiomers
2-bromo-butane 1-butanol-1-d
CH | CH :
I 0 ' O
wCOOH | HOOC:.. @\{ : }f@
H ; H Fa CH3 : HiC =
Br enantiomers Br @ ' @
~ 0 a3 _ 0 3.
D)L?‘G | Dﬁﬂ‘o EIDGH | OCH
3 i ,. 134, 3 S 3
OO | O renO~g B OCH | A OCH;
Q O"‘" I Y0 ! o% 1 "".D Q 2 i
o | Q '
(8] | (8] enantiomers
L 0 J i L 0 (atropisomers)

H
CH;



Awoctepoicopepn

'Otav UtapPXoUV EPLOCOTEPA OLTIO VAL CTEPEOYOVLIKA OTOLXELQ TTPOKUTITOUV CUYYEVLKEG
EVWOELG IOV SLap£pouv Katda tTnv dtataén Twv UTTOKATAOTOTWY OTO XWEO.

AUTEG OL EVWOELG AEyovTal SLOOTEPEOLCOUEPH KOLL YLOL V OTEPEOYOVLKA OTOLXELQ OE £va LOPLO
UTtAPXOUV 2" SLaLoTEPEOICOUEPN

Ava 800, ta SLooTtEPEOICONEPN IOV OXETL{OVTOL LE EVa LOPLO £XOUV LA ETILITAEOV CUYYEVELQL:
glvat evavtiopepn SnAadr) oX€on AVIIKELMEVOU / KATOTTPLKOU ELEWAOU

each molecule has
an enantiomer

other stereocisomers that
are not mirror images
are diastereocisomers

each molecule has
an enantiomer

* A molecule can have one enantiomer but any number of diastereoisomers



1510TNTEC ALOLOTEPOLCGOUEPWV

e Two enantiomers have identical physical properties in an achiral environment
* Two diastereoisomers have different physical properties

O,N \ ( O,N ™

wCOMe CO;Me
0 (o)
diastereoisomers .
trans cis
enantiomers epoxide ﬁ ) enantiomers epoxide
mp = 141°C . mp = 98°C
different mp

0,N 0,N
O o, CO,;Me \@"fq, ““CDEME
¥ Y

\\ °c___/4

* Different physical properties, such as crystallinity or polarity allow diastereocisomers
to be separated

(" NH, NH,  NH NH, ) 4 NH> NH; N
H s diastereocisomers H £
M M
ST .. e
| solubility 0.19/100mI EtOH ) d'”*;:ggf:._l}.‘g lity | solubility 3.3g/100mi EtOH

/



2XETLKA KoL ATOAUTN ZTEPEOXNUELO ALOLOTEPOICOUEPWV

OH WOH i
w same rel ative OH w‘*‘D : different relative
s;erec;t_:heml_stry stereochemistry
“’NHE NH, configuration J"’NHQ ""NHE / configuration

diasterecisomers diastereoisomers

* Diastereoisomers can have the same relative stereochemistry
* The stereoisomers above differ only by their absolute stereochemistry
e Or they can have different relative stereochemistry

* Relative stereochemistry - defines configuration with respect to any other
stereogenic element within the molecule but does NOT differentiate between
enantiomers

* In simple systems the two different relative stereochemistries are defined as below

OH OH
NH» NH»
syn anti
same face different face

e Occasionally you will see the terms erthyro & threo - depending on the convention
used, these can mean two either relative stereochemistry so | will not use them!



Napadsiypo moAAAAwWV ALOOTEPOIOOUEP WV

OH
HO = =
[ ] [ ]
OH OH
(2R.3R.4R)-2,3,4,5-tetrahydroxypentanal
ribose
OH OH QH OH
/\)\/CHD CHO AN CHO A~ _-CHO
HO” N\ HO . HO” NN HD/\I/\./  four
= = = = = H diasterecisomers
OH OH OH OH OH OH OH OH
(2R,3R.4R)-ribose (2R.3R.45)-arabinose (2R.35.4R)-xylose (2R,35,45)-lyxose ,
@ - rrreersasssssasaa A Es s A AN R A AR R EEEEEA N NS N NN EEEEEEEEEEEEEEREREEEREAENARRE RN RN .l"'l||_rll'_::g'
ola
OH OH OH OH o
A~ _-CHO A _CHO CHO CHO .
HD/YY HD/\./Y HO HO” ™ and their 4
= = enantiomers
OH OH OH OH OH OH OH OH

(25,35,45)-ribose (25,35, 4R)-arabinose (25,3R.45)-xylose (25,3R4RA)-lyxose

* |If a molecule has 3 stereogenic centres then it has potentially 8 stereoisomers (4
diastereoisomers & 4 enantiomers)
 |[f a molecule has n stereogenic centres then it has potentially 2" stereoisomers

* Problem is, the molecule will never have more than 2" stereocisomers but it might
have less...



MEoO-EVWOELC

OH
HO,C
02 CO,H
OH
tartaric acid
4 OH ™ 73 OH -
HO,C Ho,C._ _A
CO.H CO.H
OH OH
diastereoisomers
enantiomers < > identical
OH OH
HO,C __~ HO c\)\
2Ny NcoH 2°y" NCo,H
L_ OH y L OH y

* Tartaric acid has 2 stereogenic centres. But does it have 4 diasterecisomers?
e 2 diastereoisomers with different relative stereochemistry

e 2 mirror images with different relative stereochemistry

* 1 is an enantiomer

* The other is identical / same compound
e Simple rotation shows that the two mirror images are superimposable



MEoO-EVWOELC

* Meso compounds - an achiral member of a set of diastereocisomers that also
includes at least one chiral member

e Simplistically - a molecule that contains at least one stereogenic centre but has a
plane of symmetry and is thus achiral

« Meso compounds have a plane of symmetry with (R) configuration on one side and
(S) on the other

HO,C OH
HO CO5H
rotate LHS .
plane of
symmetry

¢ Another example...

’

H"" ""CI H'“f E “"H
Cl H cl : Cl
]
chiral achiral
no plane of symmetry plane of symmetry
non-superimposable superimposable on
on mirror image mirror image

(but it is symmefricl) (meso)




MEoO-EVWOELC

*

Et0,C*" ’B “CO,Et Et0 c*“‘ch Et
Me” "Me 2 “Me” “Me  Z

@

plane of symmetry no plane of

meso symmetry
achiral chiral

e One compound displays two CHa peaks in TH nmr; the other just one peak. Which
one is which?

* The meso compound shows two peaks for the cis and anti CHs (wrt to COzEY)

This comPound is achiral
* The chiral ester shows only one peak because it is symmetrical

It has a C2 axis of symmetry
This molecule is chiral but symmetrical

? ?
Wt 9 ay, A @
EtO,C" iy, COoEt EtO,C* ! “CO,Et
Me”: “Me Me”: “Me
® ®
plane of axis of
symmetry symmetry




1R, MH,
2R ‘NH,

MEoO-EVWOELC

H,N .,m:
N 28

I Enannwnars

‘:%:‘LLMHE
NH

HoN \‘ﬁ:‘;
HoN

trans-1.2-diamino-cyclohexane

e N

H

I~

Iz

zs NH H,N"2R

120 I
NH, -
‘:J;\,LNHE sziﬂ ngiﬂ;

cis-1,2-diamino-cyclohexane

NOT a chiral center

Nu
Me

OH

Me



Evovtio/ 8100 TEPEOD-TOTILKOL UTTOKOLTOLOTALTEG

X
| _- pro-R
Fa
G""J
YN
-7 pro-S
S
"L com T
Br HH H
Hydrogens diastereotopic All hydrogens equivalent because oi
rapid ring interconversion
Me H
Me H
N—-Ph N-—_ /Ph
Me H

Hydrogens diastereotopic Hydrogens equivalent



Enantiomeric excess and enatiomeric ratio

Enantiomeric excess (% ee) is defined as the excess of one enantiomer over the other, and this definition
makes this measurement unambiguous.
|9%R — %S|

Oppp — a1 — _ %
Toee TR TS x 100 = 100 — 2 x (%S)(for R)

The enantiomeric excess 1s not directly related to, for example, kinetics of the reaction that produces
the chiral compound. Already Horeau had suggested that enantiomeric purity P, should be expressed in
terms of the fraction of the more abundant enantiomer to the sum of both enantiomers [44]:

R
Pp=——
E™ R4S

This definition, or the equivalent enantiomer ratio (er = R:S), are more directly related to the kinetics,
and therefore more useful in certain cases [46]. It is worth remembering that both expressions are useful,
and one can easily interconvert ee and er. The definition of enantiomer ratio is equivalent to the ratio of
reaction rates:

kg AAGE
— —RTr

R
er = — =
S kg



MéEtpnon ontikn¢ Kabapotntag

Eival amapaitnto va yvwpei{ou e TNV OMTIKN KOBopoTnTa Tou ItPoiovTog Katl £Tol val a§LOAOYOULE
TNV AMOTEAECHOTLKOTNTA TG OTPATNYLIKAG ALOUMUETPNG OUVOEGNC TTOU £XOULE ETULAEEEL

NoAwotpetpia

AvaAuvon pe xewpopopdeg otiAec HPLC R GC

Zuprndokonoinon pe Xewpopopda avrdpaoctipila petaroniiong NMR (shift reagents)
KukAkog Axpwicpog (Circular Dichroism)

KpuotaAloypadia pe aktiveg X

Metatpomni tou npoiovtog os dtactepeolcopepkad napaywya kat xprion NMR, HPLC, GC, X-Ray.



MoAwoipetpia

e Optical activity was discovered by E.L. Malus (1808)
e Chiral molecules rotate the plane of polarization of polarized light

o
<) | f = lal‘]“:!xc
N g 11 )
g [ 0~
) Q‘E'G‘p _ | loh!-‘.
Polarizer Analyzer [a] .

e How does it work?
— Monochromatic light is polarized by a Nicol prism (polarizer)

— The plane-polarized light passes through a polarimetry cell in which the plane of the
light will be rotated if the cells contains
a chiral compound

— The analyzer at the end of the setup rotates the plane of the light back to its original
orientation

e Disadvantages
Very sensititive to impurities, solvent and temperature.
Not linear with concentration of sample



Avtidpaotipia petatoniiong NMR (shift reagents)

e Chiral NMR shift reagents are compounds that contain lanthanide ions that form complexes
with chelating moleculesi.e., chiral camphor derivatives like in Eu(hfc), or Eu(tfc),

H3C CH3 CSFT H3C CHS CF3
=0 =0
N \\E &/L \\Eu
\ __-4-Eu \ 1"
H,C - H,C -
L ¥ O 43 L ° O 43
Eu(hfc); Eu(tfc);

The strength of the effect of the chiral shift reagent depends on
The nature of the NMR shift reagent (metal and ligand)
The concentration of the NMR shift reagent
The nature of the polar group (OH, NH,, CO,H) of the molecule binding to the metal
The proximity of the hydrogen atom to the metal ion
The solvent because it determines how strong the molecule is coordinated to the metal
The temperature

Most chiral shift reagents are very expensive (> $100/9)
Complexes are paramagnetic and therefore line broadening is observed (resolution issues)
Accuracy is moderate 2-5%



Full
spectrum -
No CSR
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No CSR !
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- ;;ﬁ/(_ ___,ih -

-
h

Expansion ~4.2

ppm
80 mg CSR




Apxn draxwplopov pe xerpopopdec otnAec HPLC or GC

* Resolution - the separation of enantiomers from either a racemic mixture or
enantiomerically enriched mixture

 Chiral chromatography - Normally HPLC or GC

A racemic solution is passed over a chiral stationary phase

Compound has rapid and reversible diastereotopic interaction with stationary phase
Hopefully, each complex has a different stability allowing separation

silica chiral amine
chiral stationary phase
‘matched’ ‘matched’
enantiomer - more enantiomer
stable (3 interactions) travels slowly

!mﬂ
‘mis-matched’ ‘mis-matched’
enantiomer - less enantiomer
stable (1 interaction) readily eluted
racemic mixture chiral stationary
in solution phase

* Measurements of ee by HPLC or GC are quick and accurate (+0.05%)
* Chiral stationary phase ma ongf work for limited types of compounds
* Columns are expensive (>£1000)

* Need both enantiomers to set-up an accurate method



Napadeiypo npocodioplopov ee pe xerpopopdn otnAn HPLC or GC

o = —
El = RT Area |% Area| Height N RT Area |% Area|Height
- o 1|17,708/14165907| 50,01 |370854 N 1|18,441| 691868 | 4,05 | 19075
H 2121,197|14160238| 49,99 |316589 2(21,721(16372772| 95,95 |343746
= =
o o
) o]
E E
< =
S o
IS IS
o )
T ©
<
<
WA )\
J I\
iy Fiy 0o LAY i
T T T T I T T T T I T T T T I T T T T I T T T T T T r T T T T I T T T T | T T T T 'I T T T T I T T T T
0 20,00 25,00 30,00 35,00 40 20,00 25,00 30,00 3500 40,00 4
Minutes Minutes

Figure 2.20 Chromatograms obtained from compound of Figure 2.18: (a) racemic mixture on achiral medium
and (b) enantioenriched sample of the same (er = 96:4, or 92% ee)

Developing a chiral HPLC (GC) method may not be straight forward or even successful
Optimisation requires screening of numerous solvent systems, temperatures, flow rates and different

types of chiral columns!



Mapaywyonoinon o€ 8L00TEPOLOOUEPN

enantiomerically pure mixture of
derivatising agent diastereocisomers
R*
R/S e » RBR + SR
racemic
mixture
diastereoisomers
R+ separable S-R
[= - \. R-R*
pure _ cleave pure
enantiomer diastereocisomer diastereocisomer

* Remember a good chiral derivatising agent should:

* Be enantiomerically pure (or it is pointless

* Coupling reaction of both enantiomers must reach 100% (if you are measuring ee)

* Coupling conditions should not racemise stereogenic centre

* Enantiomers must contain point of attachment

* Above list probably influenced depending whether you are measuring %ee or
preparatively separating enantiomers



Mapaywyonoinon o€ 8L00TEPOLOOUEPN

e A racemic mixture of enantiomers can be converted to a mixture of

diastereoisomers by covalently attaching a second, enantiomerically pure unit

* The advantage of this over the previous methods is there is normally larger signal
separation in nmr

* There is no reversibility
* Diastereoisomers can often be separated by normal, achiral chromatography

OH MeO
: Me.\~COH  pee pmap, MeQ MeQ
s - /\:‘”/ DCM, t, 24h Mea Meuk~ o
(=) mixture of enantiomerically

2 diasterecisomers
racemate enantiomers pure




Napaywyornoinon aAkooAwv Ko apvwv pe Mosher’s acid

DCC, DMAP OMe
W/g\ ©>\c0 ,H CHyClp. -10° S O}\“/;i,\

R-S & &8

DCC - dlcyclohex‘,rlcarbodllmlde

* Popular derivatising agent for alcohols and amines is ax-methoxy-o-
trifluoromethylphenylacetic acid (MTPA) or Mosher’s acid
* Difference in nmr signals between diastereoisomers (above): '"H nmr Ad = 0.08 (V&)
9F nmr Ad = 0.17 (CF3)
. gllgical difference in chemical shifts in TH nmr 0.15 ppm
nmr gives one signal for each diastereoisomer
* No a-hydrogen so configurationally stable
* Diastereoisomers can frequently be separated

* In many cases use of both enantiomers of MTPA can be used to determine the
absolute configuration of a stereocentre (73JACS512, 73J0C2143 & 91JACS4092)



2TPOLTNYLKEC YLOL LGUMHETPN OUVOEDN

ZTOLXELOMETPLKEG LEOOSOL Xepopopdo vnooctpwpua
Xepopopdo avidpaotriplo
Xepopopdo BonOnua

AcUppetpn KatdAvon Xepopopdpa cupunAoka LETAAAWVY

ACUMMETPN OpyOVOKATAAUON
Eviupkn kataAvon

AlaXwpLopog KAa.ookoGg SLaxwplopog
Kwntikog StaxwpLlopog
AUVALKOG KIVNTLKOG SLOXWPLOUOG



ATTAGC ALOXWPLONOC PAKEMULKWV OAATWV

Auti n nEBodog evdeikvutal yia ofEa | Baoelg kat Baociletal otn dtadopetiky dtaAvtotnta nou
napouclalouvv SLaoTtpeOLoOEPLKA dAata. Mevikd To averntOuunto evavtiopepég/ dtaot. alag (50%)
arnoteAel anoBAnto Kol CUVENWG auth N HEB0So¢ Sev gival OLKOVOULKA U EPOUOA, EKTOG KOL OV
NPOKeLta yia antAo i $OnvA npoidv Kat to XepOopopdo avitdpaoctiplo SLoXwPLOHoU UMopPEL va
oVOKUKAWOEeL. To KUPLO TTAEOVEKTNUA TNG €ivarl OtL unopel va dtepeuvnBel ypriyopa e EUMOPLKA

Sla0sopa avibpaotipla Kat va AngOolv kaBapd delypato Twv EVOVILOHEPWV.

@

. S
: g NH; 00C. .OH
©/\NH2 HOL OO HOOClOH
\\[ (-)-amine (+) tartrate

S-(-)-1-phenylethylamine HO™ "COOH crystallises as prisms
(R,R)-(+)-tartaric acid

+

+

® O
NH; NH; 0OOC._  OH

(+)-amine (+) tartrate
remains in solution

HOOC~ "OH

R-(+)-1-phenylethylamine



AntAo¢ AlaxwpLopocg Ataotepoloopepwy Mapaywywv

laganege beatle pharomons

F 4 R
U—aR 1 KOH FI
I:!-I-ldj_\l:‘-ﬂ - R—== —n —_—
Lind ar 2 HEl “
. . . . - FaCEmIG Pl IO Mcns
R
N + O0—(=—N i —_— 0 -
racemic algohol enantiomerically N/\lr N
pure isocyanate . . H

saparate diastereoisomers b
chromatography

]
=
N A

1. KOH u\ CGl:SiH \ H
—~—— N —— urwanted wreth ane
2 HCI oH of (E)-alcohal
enantiomerically pure enartiomerically pure Q)\

N
(Rrpheromons (F)-aleoh ol H

1=



Kiwvntikoc Ataxwplopoc Pakeptkwv Melypatwv

Baoiletal otn Stadopetikn taxutnta LE TRV onoia avtidpouv xelpopopda popLa e miong
XElpopopda popia. EToL Otav nmopouoLlaoTel Eva EVAVTIOUEPEG EVOG XELPOHopdou avidpaotnpiov A
O€ £VOL POLKELKO MELYHA avTIdpwvTog B, éva evavtiopepég tou B Oa avtidpaoel pe to xelpopopdo
avTLopaoTAPLO A OLPKETA YpNYyopoTepa amno to AAAO evavTlopePEG Tou B. MNa kaAvtepa

QIO TEAEGHATO CUVIOWC XPNOLUOTIOLEITAL UTIOOTOLYELOMETPLKN TocOoTNTa Tov A wote va anodeuxOei
N avtidpaon Tou HE TO EVATIOUEIVWY EVAVTIOUEPEG TOL B. Aappavovtat U0 dtadopetika
XEpOpopda npoidvta: Eva VEO MPOIGV Ao TO HETACXNUOTIOHNO TOU EVOC EVAVTILOMEPOUG Kol To AAAO

OLPXLKO EVOVTIOMEPEG TTOU SEV aVTESPAOE Kol EPLELVE avETIaLhO

o OH OH
Ti(O-iP
Ve i(O-iPr), _ @ﬁMe o Me
(L)-(+)-DIPT i
g%i': >06% ee 55% conversion
. 98:2 dr

>96% ee



Kivntikog Ataxwplopoc Pakepikwv Metypatwyv pEcw Evipwv

lipase PS from Pseudomonas
cepacia, 0.05M phosphate buffer,

0 0 0
H7,0.1M NaOH, 5°C
Bu okt P : > Bu \)LDEt + Bu\l)l\De Na®
B60% conversion

Tinmn

F
R/ S R S
>99% ee 69% ee
soluble in soluble in
organic phase aqueous phase

* Enzymes are very useful for the resolution of certain compounds

* Frequently they display very high selectivity

* There can be limitations due to solubility, normally only one enantiomer exists and
can be too substrate specific

* Below is the rationale for the selectivity observed above...

enzyme

diastereomeric interaction of enzyme

lone pair with o orbital of C-F of (5)-

enantiomer favoured over interaction
with (R)-enantiomer




Auvopikoc Kivntikoc ALaxwpeLlopoc

Onweg oTtovV KWNTIKO SLoXwpeLlopod aAAd MHe Suvatotnta POKEROTOLNoNG Tou
EVOTIOMELVAVTOG EVOVTIIOMEPOUCG KOL TIEPOLTEPW METATPOMH TOU OTO TEALKO
NPOIGV. TeAKA OAO TO OQPXLKO POAKEMIKO MHeEiypa Twv 600 EVAVILOUEPWV

METOTPEMETAL OE £Vl XELPOMOP GO MPOoiov.

NHAc NHAC
Hy
PhthN COOMe PhthN COOMe
O Ru-[(R)-MeO-BIPHEP] 0.5 mol% OH
DCM

100% vyield
>99% ee
>98% de



2TOLXELOMETPLKEC MEBOSOL 1. Xelpopopdo untooTpwpa

H dpuon npaypatonolel acUpHETPN oUVOEDN NapackevAlovtog AnAd Xelpopopda popLa
ta omntoia ta e€eAicosl o€ moAumtAokotepa. Ta onpavtikotepa/anAolotepa Xelpopopda
duowa npoidvta mov n puon XPNOLULOTIOLEL WG IPWTECG UAEG €ival Ta apvoea,

oL USATAVOPOKEG KaL TOL TEPTIEVLAL

\/(’40 O\(D
Apwoétéa H2N N
OH H OH
' HOH | HO 5 OH oH
YoatavOpakeg HO 0 5 CO,H
HO OH HO,C
ho : OH OH
H H HO H
; % “OH
0

HoN
OH

Tepniévia



2TOLXELOUETPLKEC MEBOSOL 1. XelpOopopdo umocTpwua

210 epyaotnplo, epappolovrog avilOeTiki avaluon | arnAd napotnPwWvIas To HopLO-oToXo,
glvaL mBavo va oXeTIOOUNE KATIOLO XELPOMOP DO TR TOU ME TN SoMr) EVOC artAov
Xelpopopdou puoikol MPoIdVTOC KoL VOL TO XPNOLULOTTOLQOOUME — TPOTIOTIOLI)COULLE YLa TN
oUvOeon Tov oto)XoU

AuTn n otpatnylkn Xpnoonolovtav naAaltdtepa NPV tThv NPAodo tng acUHUETPNG oUVOESNG
HE KATaAUTEC Ko Xelpopopda fondnpota

Evéeikvutal otav to XelpOopopdo THAHA EVOC LoPLov avTLloToLxEl o€ éva pUGLKO UTIOOTPWAL TO
omnoio eival SLaO€oLpo o peyAaAeG MOOOTNTEG Kat ival oXeTIKA ¢ONVO. Kati tétolo dev LoyUEL
yLlOL TOUG OTTTLKOUG avTinodes pucikwv mpoioviwv.

AV TO UTIAPXWV CTEPEOYOVLKO KEVTPO XPNOLUOTIOLELTOL YL VOL KLOOSNYNOEL TO OXNHUOTIOUO EVOG
VEOU, YLO LEYLOTN EKAEKTLKOTNTO OLTLOLLTELTOL EYYUTNTA 1] OTEPEOXNMLKA ETILKOWVWVIO- LETOEL TWV
600 KéEvipwv

Anattovvtat Aentol Kot XpovoBOopoL LETAOXNLOTLONOL YLa VOL LETATPOTIEL £V GXETIKA OTTAO
duowd unootpwpa o€ Eva TOAUTTAOKO HOpPLO.



XpAon apvoéEoc we XeLpopopdo UOcTPWHLOL

(S)-leucine retension mversmn

0

A = o m—
HO H
(S)-(=)-ipsenol inversion

p
e N N

OMe
1) Hz, Pd/C, EtDAc 2 steps 0
2) ACOH, 60-80°C
T4%
NHBoc NHBoc

Scheme 4.3 Synthesis of ossamine/epi-tolyposamine



Xpnon tepmMevViov we XELPOpopdo VTOcTPpW AL

H
—HZID
IZfH'CI
Jones (38)
(385)-citronellol (37) oxidation 1
] H
F ME \\‘
?f/{“\% |
- / - (39)
D _,l‘-"\' O 'D
(40) (36)

[1112: = 13.1°



Xpnon véatavOpaka wc XeLpopnopdo UTTOCTPW L

Me Me remove
, stereogenic
3 steps centre
~OH
: o OTBDPS " OTBDPS
D-mannose = BnO' o
mf’e%(,:mc'“ P:Iu g overall retention of 1. NaBH,
P g group stereochemistry 2. TH,0
stereoselective
12' ;EEF Me Me . Me e .+* reduction
3.Ph,P=CHCHO / % “ NaN, 7 O &
- 0, N, 0, OTf
v OTBDPS " OTBDPS
BnO* (9] BnO* 0

hydr c?enolysm of benzyl (Bn) group &
uctive amination of resultant
o aldehyde
two step reversal of
stereogenic centre

-
“-

. ; Me

ot Me

reduction 7L0 H 1.H,, Pd/C,H®
2. TFAA .~

of alkene &
azide
followed by
reductive
amination

* In this example three stereogenic centres are retained
e One stereogenic centre undergoes multiple inversion -- but overall it is retained

A

BnOY TO” =
H : .
swalnsonine



2TOIXEIOMETPIKEG HEOODOI 2. XeIpOUOP PO AVTIOPACTHPIO

chiral reagent
interacts with
achiral substrate

reagent

» Chiral reagent - stereochemistry initially resides on the reagent
» Advantages - No coupling / cleavage steps required
Often override substrate control
Can be far milder than chiral auxiliaries
» Disadvantages - Need a stoichiometric quantity (not atom economic)
Frequently expensive
Problematic work-ups

NMAPAAEITMATA ANTIAPAZEQN

e Anonpwtoviwon — AAKUAiwonN
e Avaywyn kappBovuliou

e MpocBnikn oe kapBovuALo

e O¢eidbwon




Xeipopop@a avrtiopaotipia 1. EKAEKTIKA ATTOTTpWTOVIWON

H
d' conditions _ O/D

Base Conditions Yield (e.e.)
FN/LEI"A‘*Ph THF, reflux 65 % (31 %)
Xeipouop@eg Baoceig Q\
Li <‘||_7 THF,0'C 77 % (92 %)
Proposed mechanism
H OH
- /cg/\ = = ‘éﬁ —
N

(R)-disfavoured (S)-favoured

q\ *confusing: but

bulk of id remember base in
below” paper along - / h Y Vs same position in
ith y Iﬂliﬂ' N both pictures but

i pyreiene o~ epoxide changed.
base perpendicular

= bulk of epoxide, . * to e
"above" paper Pag



Xeipouop@a avTidpaoTipIa 2. a-YITOKATACTAOT

O&alip1diveg ATTO XEIPOMOPYES INIVES

1. KHMDS
a
(a) 2 o, Me
OMe
OMe O OMe OMe O OH
' CO-Me
2 g €O Me
0, ©
UME ﬂﬂ%, =87% es O‘Mﬂ

(98%) 84% ee



Xeipopop@a avridpaotipla 3. YOpofopiwon

Me. H 1.Mpc,BH “H | |-|
E’I 2. H,0,/NaOH __ H OH
Me 3
Me” H \)'\Me
98.4% ee

(=)- IpcﬂE!H

* The two compounds formed previously, mono- & diisopinocampheylborane are
common reagents for the stereoselective hydroboration of alkenes

* Ipc2BH is very effective for cis-alkenes but less effective for trans

* IpcBH:2 gives higher enantiomeric excess with frans and trisubstituted alkenes

Me 1. (+)-IpcBH, n, ¥e Me—_-Me ,
2. H,0, / NaOH " Me
- ‘ BH,
H HO" :




Xeipopoppa avridopaotipia 4a. Avaywyn Kapovuliou

LR
A g0 Mey_ oH 0
+ e 1\""5 + k
AR R o

Me
Me
(+)-a-pinene 9-BEN-THF alpine borane®
l roceeds via boat-

—

ke transition state
can be reused %

““"

8
Mo R "R® Me HuZRL
Me f

i.‘.
i.'*
L

_ H OH -

/k alpine burane@h /*f( selebcti_}figy _Ov?rlned
(CHp)4Me y 1,3-Claxia

F (CHp)4Me FZ 24 interactions

small group as linear 86% ee

123.702 Crganic Chemisin,



Xeipoduop@a avridpaotipia 4B. Avaywyn kapovulAiou

- o -
I .lpc
0 M . .-Bng H OH
£ M /. Hu, 2/ -Ph ;
Cl Me @ e ¢ g Cl
= Me Me
Me
: CI
(+)-Ipc,BCI - i 299% e.e.
1 recrystallisation
ArOH, PPh;
EtO,C N
e o
CF3 CF,
i. MeNH,,
H,0, 130°C
- ii. HCI
oM 0 H

_Me %
N cl
H-HCI

R-(=)-fluoxetine
Prozac®

. kz -lpc2BCl is a more reactive, Lewis acidic version of Alpine-borane
* Might want to revise the Mitsunobu reaction (step 2)
* M. Srebnik, P.V. Ramachandran & H.C. Brown, J. Org. Chem., 1988, 53, 2916



Xeipouopa avrtidpaoTtipia 5a. Aldol reaction

(-)-Ipc,BOTH OH O
0 iPrNE PeBsg RCHO Mo

o e
Me\)k,h'le Me\f)\/!ﬂe & 1

e

~
f'} Me Me
Me
Me
W ‘E“‘
Me Me /i -D—-'E' Me H
Me ) H HD Me
2 R
Me Me

* Hopefully it is becoming clear that the use of chiral reagents is more efficient

* In this reaction, the standard pinene derivative is being utilised

* The transition state is analogous to that of Brown allylation

* Interaction between the enolate and the methyl group of the Ipc moiety is minimised



Xeipouopa avridpaotipia 5B. Aldol reaction

R*,BBr O
i-Pr,NEt OH O
0 EHﬂ:lE OBR 2 F'hJLH
Me\)l\ Me_ = —  ph SPh
SPh SPh
Me
97% ee
96% de
Ph Ph
o]
e W_N_ N_Y o
R*,BBr = S BT
1
o A O
F,C CF,

e Once again, the geometry of the enolate is important - it controls relative
stereochemistry

* Use of the thio-ester results in the cis-enolate and thus the syn aldol
* Alternatively, use of the ester & a change of solvent gives the frans-enolate & anti
product

R*,BBr 0
Et,N OBR", I OH ©
Q Tol / hex Ph” “H -
Me\)-l\ - =" "Ot-Bu = ph Ot-Bu
Ot-Bu M
[=

Me
94% ee
96% de



Xeipopoppa avrtidopaotipia 6a. NpooBRkn oe KapBovuAio

L\ fL L\ L

Fi

5 R i e S5 IO OH |

R |I. R R HZ HE
HE H.Z HE

» Allyl boron reagents have been used extensively in the synthesis of homoallylic
alcohols

» Reaction always proceeds via coordination of Lewis basic carbonyl and Lewis acidic
boron

» This activates carbonyl as it is more electrophilic and weakens B-C bond, making
the reagent more nucleophilic

* Funnily enough, reaction proceeds by a 6-membered transition state

H

H ﬁL H
R é H H H
it el e, g |
RE -‘{*;j“\*-f Sve e e d Tt e = —> ZX R
9] (o) OH &
H & R R RZ RE
HZ z

R

100 e =
umg)

E-alkene gives anti product
Z-alkene gives syn product

disfaw.r!cru red

» Aldehyde will place substituent in pseudo-equatorial position (1,3-diaxail strain)
» Therefore alkene geometry controls the relative stereochemistry (like aldol rct)



Xeipopoppa avrtiopaotipia 6. NpooBRkn oe KapBovuAio

Me
2 092% ee

crotyl grl:rup 1

orientated away
pinene mr—:—thyl gmups

I‘ H

4“% ________.-E \‘9\
S \g’>r -
E'I
Me ‘

suhstltuen‘l pseudo-
equatorial

» Reagent is synthesized from pinene in two steps
» Gives excellent selectivity but can be hard to handle (make prior to reaction)

* Remember pinene controls absolute configuration
Geomelry of alkene controls relative stereochemistry



Xeipopop@a avridopaotipla 6y. NMNpoodnkn og kapBovuAio

1. /\./Ti Ts‘ §
E o /\/I\
FPrO,Cum | Ph I
Me RZ o] N.
= 5 Ts
Me 9 Pro,C Ph
attacks on =i face of RCHO attacks on siface of RCHO attacks on re face of RCHO

tartaric acid derivative




Xeipopoppa avridopaotipla 6. NMpoocOnNkn o€ kapBovuAio

Synthesis of Efavirenz




2TOIXEIOMETPIKEG HEOODOI 2. XeIpOpOop PO BoRndnua

couple to form new

Ch al compound
substrate . p . substrate

(achiral) (achiral)

overall dlﬂStEl"EDSElEGtWE x
reaction reaction

-4 resolve other
diastereoisomer

cleave chiral
.'-:n.n(lllﬂr!.ur

» Chiral auxiliary - allows enantioselective synthesis via diastereoselective reaction
* Add chiral unit to substrate to control stereoselective reaction
» Can act as a built in resolving agent (if reaction not diastereoselective)
* Problems - need point of attachment
adds additional steps
cleavage conditions must not damage product!



2TOIXEIOMETPIKEG HEBODOI 2. XelpOpop PO BoRndnua

A good chiral auxiliary must be 1) available in both enantiomeric forms, 2)
quick and easy to make, 3) easy to put on, 4) give good levels of asymmetric
induction, 5) easy to take off and 6) recyclable.

Advantages:

Levels of diastereocontrol usually high.

Diastereomers can be separated by conventional methods (chromatography,
crystallisation).

Auxiliary can be recycled.

Sense of asymmetric induction can be determined by X-ray crystalography.

Disadvantages:

Both enantiomers of auxiliary not readily available.
Chiral auxiliaries need to be prepared.

Extra steps — instaltion and removal

Need stoichiometric amount of chirality



EoTépec we Xeipduoppa Bondbnuara

* If molecule does not contain a stereogenic centre then we can use a chiral auxiliary
* The chiral auxiliary can be removed at a later stage

L Me

Me?l‘gggr e o Mg 0
S o s vl By =

Me H Me
L - 98% de

e Opposite diastereoisomer can be obtained from reduction of the ketone
* Note: there is lower diastereoselectivity in the second addition as the nucleophile,
‘H-" is smaller

Me Me

(0] . 0
KBH(-OPr)q
ZM% ;‘*PE:JYD g %ﬁme ZI:’ “ng\(DH

Me Me Me Me H
90% de




Xeipopop@ol EoTéEpeg - aADOAIK) CUMTTUKVWOT)

__Me

Me
0 RMgBr M OH
-78°C H LiAIH HO
Me Ph)]\fﬂ 18 C LA, .
D vic
Me
Me Me
Oy
—78°C

0 Me

r

0
Me

(=)-frontalin
100% ee

/u..awﬂH

19 Ph

M LHMDS (3.6 eq) - -
HMDS (0.4 eq) &H OH
A\ THF/hexane /L“-
-1 a
20 00 %C | fluvastatin




Xeipouop@o Bondnua yia aocUMHETPN oUul. TTPOCONKN

Ph-
o b 1) PhMgBr, CuCl,  ph O D 5~
0}
/%)Lo ~" 2) KOH, EtOH )\/H\OH sz
N Cu catalyzed
s-frans S-CIS
R :
| o] -1
Dm/l/ AAGP ca. 1.3 kJmol o\r%/n
o 8]
SO.N(cHx)s SOuN(cHx)o

coordination by LA stabilizes s-trans

R 1) R'CuBFa, nBusP HPnR
\HJ/ 2) NaOH “J’ 95-98% de
0 Lo O
0 o

SO,N(cHx)2 SO,N(cHx)»




Xeipopopol Eotépeg — Diels Alder

blocks lower face Me
. Me
o%@
oW ve Me BnO
— | - L 7 g
BnO H\D
Me o Me o CO,R
diepe apfroaches /_ 0%;;;\
BnO Me
» [t is possible to attach the chiral auxiliary to the diene as well
0
o 0O OH
OMe
o 3 B(OAc),
H Ph + S
=
X 0

=95% de
endo



Evans’ oxazolidinones

Me
ey 4 Me
iso-propyl group «=***"

blocks bgytnm face

e Clearly (| hope{ one face of the enolate is blocked
e Chelation results in a rigid structure that provides maximum steric hindrance
* The electrophile can only approach from one face



Evans’ oxazolidinones - Removal

0
LiOOH Mej)l\ﬁ
/ Ph
0 0 0
Me W 0 J
N 0 LiOBn Me _Bn HN 0
./ — 0 * \/
Ph ME—{ Ph ME—{
Me Me
H H

e For an auxiliary to be of any use in synthesis it must be readily removed
e Oxazolidinones are easily converted to carboxylic acids, esters and alcohols



0

&
s

Ph—

Evans’ oxazolidinones a- substitution

LDA

0

KN(SiMe,),
KHMDS

Ll,, 0

wo Ao L

-.‘
=
oy

Ph—

D,Na,g

M H,JL, NaN(SiMey) Hfth |
= NJL'D Sal9 Me, = N)\D
\_/ _/

&
>
iy

Ph—
”0
Me\,)\ )\
F'h—'::?

Ph S0,Ph

EPr ;

FPr

-

i-Pr

SO,N;

-



Evans’ oxazolidinones - Diels Alder

\)Ci\ = \i i @ i g
¥ li
XN X~ NoBn o
: 0% “oBn

achiral achiral

dienophile *  diene "™ 1 : 1 mixture of enantiomers

* One diastereoisomer is formed - the endo product

e But mixture of enantiomers

¢ [f we add a chiral auxiliary then there are two possible endo diastereocisomers
e But one predominates - thus we can prepare a single enantiomer

0
0
~JU L A Ar
H/\)LN 0 Et,AICI
D%NJ.LD

(9]
JL ! + BnOH ; R
HN” S0 Me—s / P2
'1 / —_\Me ME‘—-{:' 0 OBn
ME“‘-{‘ Me
Me chiral dienophile achiral single(ish) single
diene diasterecisomer enantiomer

(S)-valine R=H B86% de
derivative R = Me 90°%: de

=98% endo



Evans’ oxazolidinones - Diels Alder

-CiS
favoured
Et2 ""l"lil;..-
— ! ! -
NI~ 0 T EAICI®
L. Et Et
o O Me v Al® @ Et
AN & i3
N O I 1 Hi
e 1} —_— “'\“'-;/]\N/l\mi —— -“q_,J-..N "'L""D
Me -2":. :}_l’
\ Et, Mo—s Me
Me o-Al-o _“\M Me
S-trans _, emassnastnttt .“ © <‘ Iowe:?face
disfavoured" Me blocked
¢ Coordination to the Lewis acid activates dienophile
* The rigid chelate governs reactive conformation (s-cis) as s-frans disfavoured
e ;so-Propyl group blocks bottom face

* Diene’s approach maximises secondary orbital overlap and favours endo product



Evans’ oxazolidinones for aldol reactions

OH 0 O Me Bu

JL 0 E{'_..D B..-—D
F'h/l\l/“\hl 0 Ph / = Ph / =
Me ) | ~—— H Bu Me ~S—— H Bu
Me 3
< o™ f

500:1
dlsfa'-.rnured
D-..._ B
Ph
Me Eu H
Cf”" H

(opposite synisomer)
* |nitially, boron-enolate formation gives the chelate
* This must be broken for the boron to chelate the aldehyde, a requirement of the aldol
* The auxiliary then rotates to minimise steric and electronic repulsions
* Aldehyde approaches from the opposite face to auxiliary Avanced oraa



Evans’ oxazolidinones reverse selectivity

EIu EL-I BLI BIJ
OH 0 JDL
RCHO /lvll\
Meo 2 ,I\ _EBAIC /]\ = N7 o
Me—
Ve EtoAICI

Me

* The reaction can be made to favour anti diastereocisomer by forcing it to proceed via
an ‘open’ transition state

* The aluminium Lewis acid preferentially coordinates to the aldehyde instead of the
boron



Evans’ oxazolidinones for aldol reactions

o OoMm

)ci:i/ o)km’k\‘/ —

o s

Chelated Z-enolate Nonchelated Z-enolate

HE

_ " L _
H '!1 0O OH
FPEEPY | L H
s L
HS
H .
H - - anti
H1J\\[/

R? . T
o O OH
E-enolate - Jl\l/l\
R’ =8
HE
- syn
_ . L
Hoo 0O OH
M—

- 0 -
HE
ML, 3
0 / B HE syn
R1)‘~YRE

H

. R! L
\“-,_ RS h!.l (8] OH
Z-enolate . P
h H *“-)Eoo’/ TH = FﬂJJ\./l‘Ha
HE
p?

_ anti

Scheme 3.41 Zimmermann-Traxler transition states for type 1 aldol reactions



Evans’ oxazolidinones for aldol reactions

o

Q
=
fo

Z-baron enolate

L

e

MQBFE_DEtE, Et3N

C

le

Z-titanium enolate
small Lewis acid

(Ti, Sn)

C

MgBraOEtz, EtaN
or
large Lewis acid
(Et,AICI)

s

non-Evans anti

iBu
TBSO

_ 0
4..“ tBu
TBSO
0
B
0
0
Mg tBu
TBSO

Scheme 3.47 Heathcock aldols

_ 0O OH
Ti fBLI\I)k/I\]/
TBSO



Ender’'s SAMP/RAMP

* A simple auxiliary for the reaction of the enolates of ketones & aldehydes is Ender’s
hydrazones, SAMP & RAMP

¢ A rigid enolate-like structure allows highly diastereoselective reactions

* Hydrolysis is not always possible & the auxiliary must be removed via ozonolysis
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* Possible to use chiral auxiliary to control 1,4-nucleophilic addition
e Chelation of amide and sultam oxygens to Mg restricts rotation and favours cis

conformation

* Addition occurs from most sterically accessible side

e Chiral auxiliary readily cleaved (& reused) to give enantiomerically pure compound
via diastereoselective reaction




Oppolzer’s sultam yia acUMpETPN OUl. TTPOCONKN

Me Me M i
Me Me Mo 3 .:‘?-I Me Me |-I“§ !-“?-I
— 1. BuMgClI ) = £
2. Mel N Bu
_h.-. *
) 0 d P 3 Y AU
=0 oo E) S=0
9] L "a (8]
_ et - 95% de
electrﬁphifle L > ¢ LiOH
approaches from *
Bottom face Me Me
Me
;?hﬂ 0 éu
0O

* [t possible to utilise 1,4-addition to introduce two stereogenic centres

* The first addition (EuMgEr) occurs as before to generate an enolate

* The enolate can then be trapped by an appropriate electrophile

e Once again the sultam chiral auxiliary controls the face of addition (of Me)



Oppolzer’s sultam yia acuupeTpn Diels Alder

o TiCly ; f
Jl\,/»\ —78°C
N R + e
[ ]

S~ 0 N%
=0
g 035

Me Me
R=H 99%de
R = Me =97% de
>98% endo
Me Me f
R
Me Me
(2 n
S 0 —— N
[T\ ] I
0 OmTi so, O
LII

* A range of auxiliaries can be utilised
* Most give good diastereoselectivities



Chiral Oxazolines

aldol-like reaction & acid
catalysed elimination

_(o Ph v 0._Ph B o. LPh |
Me—\, I 1.LDA \ j R2-Lj \
J‘J’ F 'j', ﬁ- "J‘
N ﬂ-,l 2- H'chD H-l_é_(M ,'l H1 / . N by
OMe 3. CF,CO.H H OMe H ) T ope
OH 0 Ph 0 Ph
g R! H,0% H.0 :r
\} 2 —
Ph” " “OMe ;‘(H;,\ CO-H T R’ N - | N
N z'R? ='R? |
NH2 05-99% ee o H OMe H Ll""ﬂlrlDMe
hydrt.:tlysis

* A second chiral auxiliary is the oxazoline (5-membered ring) of Meyers’

* |t can be prepared from carboxylic acids (normally in 3 steps) or from condensation
of the amino alcohol and a nitrile

¢ As can be seen excellent enantiomeric excesses can be achieved via a highly
diastereoselective reaction



Chiral sulfoxides

e . 0
SG * . D L‘ fL E'I".'of

2 zZ &
@"Sl ZnBrs ED‘ n'D S (8]
0 o= @l | e
1 0 MgBr TN o MeO H
MeO { Ij/\ J MeO 4 \
a Ar
’ iﬁaney Ni

nue

0 Q
MeO l, 0
4 (8]
Hw Ar2COCI 0
MeO . SE——
OMe H*
0
) Ar

(=)-podorhizon o
95% ee

» Sulfoxide is a good chiral auxiliary; not only does it introduce a stereocentre but it
activates the alkene by addition of an extra electron-withdrawing group

» Lewis acid tethers groups together to give a rigid cyclic chelate

» Nucleophile attacks from opposite face to bulky aryl group

» Sulfoxide is readily removed under reductive conditions

» Simple substrate control of enolate chemistry instals aryl group on opposite face tc

substituent



KaTtaAuTiKEG HEBOOOI ACUMMETPNG OUVOEONS

Stereoselective synthesis: chiral catalysis

substrate
(achiral) substrate
(achiral)

product
(chiral)

product
{chiral)

e Chiral catalysis - ideally a reagent that accelerates a reaction (without being
destroyed) in a chiral environment thus permitting one chiral molecule to generate
millions of new chiral molecules...



The Sharpless Asymmetric Epoxidation of Allylic Alcohols

Me (+)-DIPT, Ti(OLPR),, TBHP e
I on o mr’*L/DH
".1‘:’ o
must be  4:°° 92% ee
allylic alcohol ™.,
*.a Me Me
~ (=)-DET, Ti(Oi-Pr)4, TEHP X
Me I 2 =  Me o
OH OH
Me
>90% ee

=
]
mo
=
o
I

Me .
CO,LPr CO.Et
e oo pPro,c” Y EtDEC/I\r 2
OH OH
TBHP (+)-DIPT (-)-DET

e Sharpless asymmetric epoxidation was the first general asymmetric catalyst

* There are a large number of practical considerations that we will not discuss

e Suffice to say it works for a wide range of compounds in a very predictable manner
« Compounds must be allylic alcohols

*» Second example shows that this limitation allows highly selective reactions



D-(-)-DET Ti(OPr),
unnatural isomer

H2
TBHP

SAE: Predicting product stereochemistry

HE

o
R OH

if you want “O" on top its
on your kNuckles so you
use Negative (-)-D

place alkene
<l-ll-llt venlcal EII"Id
alcohol in bottom

using your left hand,

the index finger is
the alkene and your

right corner thumb the alcohol

Ti(OEPr), R2 R3
“O" TBHP e
D-(+)-DET o

na tura} isomer R! OH

if you want “O" on top its
on your Palm so you use

Positive (+)-DET
e SAE is highl

y
e To unr:iers’car"udID

Tily

redictable -- the mnemonic above is accurate for most allylic alcohols
where this comes from we must look at the mechanism

* A simplified version of the basic epoxidation is given below

+

"0OtBu t-Bu 0tB
Lr I ®0 Le/m L otBu
TBHP L0 L2/ N JTi L~Ti”
0 0
HO” \F 7/ —7/
activation of

peroxide

v/



SAE: Mchanism

CO,Et

FPr i-Pr
LN Lﬂ’ FPr Pﬂ’
. O | D I 0 | | 0
Ti(OLPN, + o \Ti’/co Et 'Ii’:r/ +BuOH \ / \Et\'l <
4 2 2
@Der —> | N ;‘___\DDEt — D/ | / o
|
8 Y e 5 4
Z Z |
EBu
EtO EtO
Active specles thoughtto be 2 x Ti
ridged by 2 X tartrate
Reagents normally left to ‘age’
before addition of substrate thus
allowing clean formation of dimer
CO,Et
i-PrxD 0 EPr
0 o 0
HO FPr” \Tl ~ \1_ HPr”
Ne— A2
R 0 | 0 o
U"
-Bu
EtO EtO

must deliver “O" from lower face



SAE: Substrate scope

RZ™ ™ OH good substrates
R2"X""0H Y high yields and ee's ~90%
R? R3 :
normally good * SAE works for a wide range of
kHT/\DH HEJMOH ee's >90% allylic alcohols
A b few examples * Only cis di-substituted alkenes

appear to be problematic

R3 problematic

K/\ slow reactions
S moderate ee's,
OH

especially with bulky R®

e Example below shows that SAE can over-ride the inherent selectivity of a substrate
¢ Furthermore, it demonstrates the concept of matched & mismatched

* When the catalyst & substrate reinforce each other spectacular (or matched) results
are achieved

M Me Me
© Me Me
Me%n conditions 7LD 7LD
- +
DMDH DMD H D\&]\/DH
’/ Ty, =

“0 0
tBuO-H, VO(acac), 2.3 : 1
tBuO.H, Ti(OFPr),, (+)-DET 1 : 22
tBuO,H, Ti(OFPr),, (-)-DET 99 : 1




SAE: Application in Kinetic Resolution

_ slow 1
steric hindrance

fast
(=)-DET, Ti(OFiPr)y,
TBHP

HB

OH

=
-

R
if allylic alcohol is desired use 0.6eq TEHP

_":;B Efactinnlgqes to
EEEEEEEWm 0 comp Etlnn Y‘Du
if epoxy alcohol is desired use 0.45eq TBHP " g

R3 R R3
HEJ‘*\I/\DH

et a 1:1 mixture of
diastereocisomers
R

0
FIEJ(!/'\DH
R1 R!
e Both enantiomers should be epoxidised from same face
* But rate of epoxidation is different

* |f sufficient rate difference then stop the reaction at 50% conversion



SAE: Application in Kinetic Resolution & Desymmetrisation

Me,Si #)-DIPT, TiOiPD,, ~ MesSIN Me,Si
| TBHP oy |
OH - A\ _OH + OH
rate of epoxidation =
Hiy () : (A) ~700 : 1 CoHi, EH,,
(R/S) >95% ee (R >95% ee

* Kinetic resolution normally works efficientl

* The problem with kinetic resolution is that is can only give a maximum yield of 50%

* Desymmetrisation of a meso compound allows 100% yield

* Effectively, the same as two kinetic resolutions, first desymmetrises compound
second removes unwanted enantiomer

» ee of desired product increases with time (84% ee 3hrs = >97% 140hrs)

Bl
FAST
OH oH
W (-)-DIPT W @
o) o)
meso OH
slow readily E
0 removed %
.\\\ =
\/\<] 0



SAE: Applications in the Synthesis

SAE Red-Al OH
o.DIPT 0 [NaAIH,(OCH,CH,0Me),] :
P "o ——> iAo > ph” N oH
H
rmsm'L
CF,
1. NaH
O/ 2. ArCI oH MeNH, OH
o s -2 -
; Ph” ""NHue PR " 0nis
Ph” " NHMe
fluoxetine

NHPh
OH FLNPT1HO+an PhNCO ij
TBHP
‘\ / frg =
'o
OBn OBn

Ho " on
HO,C-\m O OH

OH
KDO

mo

OBn



The Jacobsen-Katsuki epoxidation with salen complexes

L S
\—/
L = larger group
S = smaller group

Works best with cyclic di-substituted simple alkenes
Mechanism proceeds via radicals

(8,9)-cat (2-15%) L s

NaOCI, pH 11 \ /
h'-

ko)

N CI N
=N_ 7 N=
xmnx
t-Bu o 9] -Bu

t-Bu t-Bu manganese(lV) oxo
species active oxidant
(S, 5)-Mnisalen)




The Jacobsen-Katsuki epoxidation: Example in Synthesis

i A M/\| OH CHBn OH
~ I\/H\)\/'\n,hh,, =
N ¥

CONHt-Bu 0

Indinavir
{(Merck / HIV treatment)

(salen)Mn cat H,S0, = -
NaOCI, R;N*-0~ MeCN

0
2000kg scale 1'
MeCN
OH H,0 o OH
-
NH» N Me

] /ME

* This example demonstrates the industrial potential of such catalytic systems



The Sharpless Asymmetric Dihydroxylation

K,0s0,(OH),, K,Fe(CN),,
KoCOs, MeS0,NH,, +BuOH, OH

CoEt  H20, 0°C, (DHQD),-PHAL CO.Et

CS”HA:‘\/ P CsHhy 2

OH
99% ee

e Looks complicated but isn’t too bad...

* The active, catalytic, oxidant is K2OsO2(OH)4 - OsO4 is too volatile & toxic
* KsFe(CN)s is the stoichiometric oxidant

¢ KoC03 & MeSO2NH: accelerate the reaction

* Normally use a biphasic solvent system

¢ And the two ligands are...

MeO

(DHQD),-PHAL (DHQ)-PHAL

e Ligands are pseudo-enantiomers (only blue centres are inverted; red are not)
e They act if they were enantiomers (see slide 26)
e Coordinate to the metal via the green nitrogen



The Sharpless Asymmetric Dihydroxylation: Substrate scope

Ko0S0,(0H),, K Fe(CN), K,050,(0H),, KsFe(CN),
OH KOs, MeSO,NH,, +BuOH, K,COs, MeSO,NH,, tBuOH, OH

pn _ He0, 0°C, (DHQD),-PHAL pn  H20, 0°C, (DHQ),-PHAL o

Ph - PR > ph” N

OH OH

98.8% ee >99.5% ee
(DHQD),PHAL
050,

small steric . .pienenns
barrier h

attractive area -
attracts flat, aromatic
substituents or large, -"-"-"-h
hydrophobic aliphatic

EEEEEEEEE large S_teric
arrier

groups
OSI 4
(DHQ),PHAL

Rz

Me R3

Ph Yy /@ HH‘*\(

P NN COR  Ph Rs

mono gem-di trans-di cis-di tri tetra

80-97% ee 70-97% ee 90-99.7% ee 20-80% ee 90-99% ee 20-97% ee



The Sharpless Asymmetric Aminohydroxylation

M 050y, KsFe(CN)g, KoCOs, OH
E/\”J‘-" o MeSO,NH,, +BuOH, H,0, Me Me
0°C, (DHQD),-PHAL Me TsOH 0
=7 ~ oty
i LS "

L\/D Me

95% ee exo-Brevicomin

* The simple example above shows the power of the SAD reaction in synthesis

* A variant has now been developed that permits aminohydrodroxylation
* Used in the semi-synthesis of Taxol

o AcNHEr, LiOH, AcNH O
K,0s0,(0H),, ":= HCI.NH; O

~ ©Ha)PHAL & JI_ HCI, H,0
Ph” X" “0i-Pr »Ph” N “OiPr ———
OH
regioselectivity =20:1
94% ee

Ph OFi-Pr

(@] 1]
I




Asymmetric sulfoxidation

Me
OMe —
Me-_~ 5
| PhC(CH.,),00H
=N Ti(OPr),, (S,S)-DET L Me Esomeprazole
3 > *=s-0 92% conversion,
=N (iPr),NE =N ~04% e.e.
H-N \ H.O, toluene H-N
OMe OMe
HaCO H5CO
Fe{acac), (8 mol %)
NH CHs ligand (9 mol %) !T CHs
N‘{J‘s/\ﬁmm additive (10 mol %) e OCH:
N__= H.0, (2.1 equiv) 6 N_=
CH - o CH
1(1000 g) 3 EOAc-1510-6"C 55 (esomeprazole) ;
T - T R
co,Li . ;
. =N OH ! HPLC: 87%, 99.4% ee: Sulfone: 12%
additive = + ligand = : Isolated as K salt: 77%, > 99.9% ee
! Cl OH :
5 NMEE i 3a '

Cl




Asymmetric Hydrogenation




Asymmetric Hydrogenation

ACO NHAC Ha
Kagan, 1972
xﬂh . FF“ E
PPhs
DIOP
51% ee

DIPAMP-Rh
(Knowles, 1977)

. /% Ph
QF - OMe

BINAP-Ru or -Rh
(Noyori, 1980)

(D m,
Se

MeO pif

Enamides: ~85% ee Enamides: ~98% ee
Enol derivatives: ~20% ee Enol derivatives: ~95% ee
Linsats: ~38% eg Unsats: ~00% ap

PPh
- e

DuPHOS-Rh
(Burk, 1991)

2
L
0

Enamides: ~099% ge
Enaol derivatives: ~85% ee
Unsats: ~98% ee



Asymmetric Hydrogenation of a,B-unsaturated a-aminoacids

(R.R) DIPAMP (R,R)Me-DUPHOS [H].DTEh,q.sEGFHc} ':s S)Et-Ferro-TANE

]@/\[/CGEH RhLa, Hs MeD CO.H
R.R) DIPAMP J@/\r

MNHA ( ) AcO NHAC
OMe l

@: P _ﬂ© HO CO-H
B P m

T wlD w0 2

MeO L-DOPA

(R,R) DIPAMP
Vineyard ef.al., J. Am. Chem. Soc. 1977, 99, 5946




Asymmetric Hydrogenation of a,B-unsaturated B-aminoacids

R R
= R
| j, 7
@ O RhCl(SSHeroTANE O 7 0
= 09% ee
R= 4-Me, 4-0OMe, 4-Cl, 3-NO
Drexler et.al., Org. Process Res. Dev, 2003, 7, 355 )
F F
Steps 1. NH,OAc MeOH, H
F —ﬂ.. F O 0 T F NHAC ? -
COOH Ve 2. AcoQ, py . CO,Me  [DuanPhos Rh (COD}BF,
SIC = 5,000
9% ee
82% Yield over two steps
F F F
1. 6N HCI F Steps
F MHAC - MNHBOC - F NHs ©
CO.Me 2.(B CO-H
sMe  2.(BockO 2 " /\F"NH
96% Yield F LVH y
Sitagliptin CFa




Asymmetric Hydrogenation of a,B-unsaturated acids/nitriles

Ru(OAc)
MeO [(S)BINAP] 400

2-(2-methoxynaphthalen (S)-Naproxen

-6-yl)acrylic acid 97% ee
I LE9
F’H‘ 0
P’ | o
Ph, O—(

Ohta et.al, J. Ong. Chem. 1987, 52, 3174

CN CN
= Me-DuPHOS-Rh S @
_z CO, NH4t-Bu - - CO,NH.Bu
2

Intermediate for pregabalin

Hoge etal., J.Org. Chem. 2003, 68, 5731.




Asymmetric Hydrogenation of allylic alcohols

-

N P T
=7 "OHT(S)-BINAP]
geraniol Hz (30 atm)
Ru(OAc),
= N (SrBINAP]
H, (30 atm)
Nerol  “OH

Takaya etal., J. Am. Chem. Soc. 1987, 109, 1596

I~ A

MGH

(R)-Citronellol
94% ee, 96% yield

(S)-Citronellal,
99% ee, 98% yield

Scheme 6. Synthesis of (8) and (B )-Citronellol by Chiral Reduction of Geraniol and Nerol

Lightfoot ef, al., Angew. Chem. Int. Ed. 1998, 37, 2897

Ir-Hp, L1 /©/\)
DCM  t-Bu

94% ee, 95% yield

t-Bu

Lillial

Ar=o-TolR = t-Bu X = PFg

Scheme 7. Asvmmetric Synthesis of Lillial.




Asymmetric Hydrogenation of a-ketoesters

- oCy,
O O RhCO(COD), OH O
M (R,S) Josiphos ,/:\.,)'I\ e
OEt "20 atm H, OEt e pph,
PhMe, RT a7% ee
Togni et.al., J. Am. Chem. Soc. 1994, 116, 4062 (R),(S) Josiphos

o o 0.05mol % {INCOD)Cl, o4 O OH O
0.11 mol % L2
PhMDEt EtOH, RT, 10 atm H, F’h’J\/u\ OEt \[/‘\)\DE‘
0.02 M KOt-Bu, 1h 99.8% ee, 98% yield 88% ee, 90% yield
S/C=1500000
OH O OH OH -
N OFEt F'h/k/\ Ph
~F 99.9% ee, 92% yield
R = 4-OMe, 99.3% ee, 95% yield 92% de
R=4-Me, 99.3% ee, 97% yield
R= i

2-Me, 99.2% ee, 94% yield
L2 Ligand Spiro PAP
Ar = 3,57(t-Bu),CqHa

Scheme 7. Enantinselective hvdrorenation of £-ketoesters

Xie et.al., Angew. Chem. Int. Ed. 2011, 50, 7329




Asymmetric Hydrogenation of ketones

NMe
0" T~ z D%NMEE oH o
(S)-orphenadrine (R)-neobenodine

The enantioselective hydrogenation of 3,5-bistrifluoromethyl acetophenone
(BTMA) can be carried out using a Ru/phosphine-oxazoline complex (Scheme
9). The reaction 1s compatible with 140-kg scale at 20 bar and 25 °C wiath 5/C
ratios of 20,000. The synthesis of the ligand 1s shown in Scheme 10.

-

O OH 0

M

95% ee, 100% yield

FiC RuCl(PPhg);  FaC ? @’4\34,(

20 bar Hy, L3 Fe “pph,
Toluene, NaOH
CF5 CF
S/C=20000 3 1,2-P,N-Ferrocine Ligand
BTMA (R-BTMP L3

Maud el.al., Org. Pro. Res. & Dev, 2007, 11, 519




Asymmetric Hydrogenation of amino ketones

{R=denopamine (R)=fluoxeting (5 )=duloxetine
0.0001 mol % Rh OH CyaF,
(5,SF-MCCPM H .
Ph/J'I\/NMEE HCI E'U' atm H, _ PR NMe"HCl hﬁ
MeOH, NEts, 50 °C 96% ee l PPh,
S/C=100000 MeHMN O
(S,S-MCCPM
Takeda et.al., Tetrahedron Lett. 1989, 30, 363

[Rh{COD)CI,
(5.5F-MCCPM
‘ 20 atm Hy
J\ MeOH, NEt;, 50 “CF GM J\

HHGI 91% ee i HHCI

{ S}-Prupranulu hydmchlonde
Takahashi et.al., J. Am. Chem. Soc. 1990, 112, 5876

. A
Scheme 11. Key step for the Direct Synthesis of (5)-Propranolol




Synthesis of Duloxetine

0 " OH
@)\fNHM - Rh-DuanPhos, KoCO4 _ @J\/\NHME
! MeOH, H, (50 bar), 50°C

S/C =10,000, > 99% ee

‘GHEG, MeNH, one step l g
O 0

T
@/k Q/'\/\NHME

starting material (S)-Duloxetine (Cymbalta™)

Antidepressants, Reuptake Inhibitors
2012 sales, $5.3 Billion



Asymmetric Hydrogenation of a,B-unsaturated ketones

OH OH OH OH
TolBINAP-RUC, Tmawnp -RuCl, W é(%/'\
(S.S)-DPEN (R.R)-DPEN

side chain of b-ionol
95% ee 95% ee a-tocopherol Os4

a-damascone a-damascone
PArz OH
Ph NH- =
TOBINAP  (S.S}-DPEN @I\ MH
Ohkuma et.al.,, J. Am. Chem. Soc. 1998, 120, 1086

Diamine: e OMe
N’\L Ar f,.u..r Cl Hg 4 Hs
.. N M.
Mel e p._\____Hu -..f"“- .IIRI.; . Ph
- u
IIu’h@[}lnl?ﬁ- j H‘ﬁ# i # e N TP
|
N J ar ArCl Hz 7% "
5 OMea
(S)}DAIPEN 7 ]

[{5)-PPhos RuClz (5)-DAIPEN] [(5)-ParaPhos RuCl: (R,R)-DPEN)]



Asymmetric Hydrogenation of imines

OMe OMe
>_/ [IfCOD)CI]. 3_/
N _XYLIPHOS C:.l__-J P(Xyl)s

25 bar Ha

Fe  pph,
E 25°C, 4n <

9% ee, 99% yield XYLIPHOS
{ Sl-metolachlor
Studer at.al., Adv. Synth. Catal. 2002, 344, 17

'L,Ph li.Ph
ReL,* P

Ph
Mez PhsiH H

L R =4-t-Bu-Ph |
Rel,*
o
Il .Ph Il Ph Q
o L IFL,Ph LfF’“
.-' '\-

o o oo

99% ee, 75% yield 99% ee, 71% yield 99% ee, 76% yield 95% ee, 89% yield

Molin et.al., J. Am. Chem. Soc. 2005, 127, 12462




Transfer Asymmetric Hydrogenation of Imines

MeQ RuLn® MED:CCI
——
=N HCO,H-NEty NH
MeO CH,CN MeO :
= Ho
Uematsu ef.al., J. Am. Chem. Soc. 1996, 178, 4216 RulLn*
Ar = 4-CH4CgHq
Scheme 6. Catalytic enantioselective conjugate reduction of imines
s
=N NH i) NzH, N O
0 RuLn* 0 ii)CgH4,COCI f
N HCOOH / NEt, N iii)CICH,COCI N
CH4CN, RT
o o O
Roszkowski ef.al., Tetrahedron: Asymmetry 20086, 17, 1415 PZQ




Asymmetric Hydrogenation of enamides

/©/ NHAc Catalyst
B ——
Et;N, DMF, Pd(OAc)2 NC H, (10 bar), MeOH

DPPP, 100°C 40 °C, S/C 1,000
Ref: J. Org. Chem., 1992, 57, 3558

NHAc NHAc

CO,Me

(S,5)-Ph-BPE 99.4% ee 99.1% ee 98.3% ee

£o; ol Yeasea

97.9% ee 97.5% ee

(S,S5)-Et-DuPhos



Hydrogenation of chiral Iminium salts

0.5 moal %[Ruip=-cymena)l.]:

H
M M
Ol BT 00,
P : -
N ar  H2 600 psi M Ar
H

EBenzeng, BT, 48 h

Ar = Ph, 90% ee, 96% vyield
Ar = 4-MeCgH; 93% ee, 98% yield
Ar = 4-BrCgH,. 96% ee, 88% yield
Ar = 3-FCgH;, 94% ee, 98% yield

Chen ef.al, J. Am. Chem. Soc. 2011, 133, 6126

Ar = B-anthranyl
L2

Scheme 5. Metal/Bronsted Acid Catalysis for Enantioselective Reduction of Quinexalines




Chiral Lewis acid catalysis: Imine Reduction

5 mol % (S)-L1
Toluene, 50°C
EtO,C CO,Et NH
M -
D S G-
N

Ph CO,Et H 96% ee, 93% yield

ME‘D\@ MeD ., : MEO\@\
MH NH NH
@/‘\coza /@/\coza /@/\{:DzEt
MeOD Cl

96% ee, 93% vyield 94% ee, 96% yield 98% ee, 95% yield

Li et.al., J. Am. Chem. Soc. 2007, 129, 5830

0.
_p. .,D#E\ é
BH; THF gg HD
98% ea, T6% yield

Chu et.al., J. Org. Chem. 2006, 71, 3908




Chiral Lewis Acids Catalysis - Ketone reduction

OMe O CBS catalyst (10%) Me©O H OH
B8H.-THF 3

MeO ™ MeO

93% ee

. Pg %f)ficient catalyst for the reduction of ketones is Corey-Bakshi-Shibata catalyst
B

* This catalyst brings a ketone and borane together in a chiral environment

e The reagent is prepared from a proline derivative

* The reaction utilises ~10% heterocycle and a stoichiometric amount of borane and
works most effectively if there is a big difference between each of the substituents
on the ketone

* The mechanism is quite elegant...

H H
<" Ph < Ph
N BH %
i Ph 'El; \ Ph
B=0 E B=0
Me Me

CBS catalyst active catalyst
proline derivative



Mechanism of CBS reduction

* interaction of amine & borane activates borane
o ¢ it positions the borane
* it increases the Lewis acidity of the endo boron

" o K " ph
\ BH,-THF Q Nex
: 49 ¥

catalyst turnover.
Y . Ph

&

DJ""'Z
")
=

SN
-0 1B B0

coordination of

Ph Ph aldehyde activates
aldehyde and places
-0.8 Me -0 Me ,+* it close to the borane
o S
. N#B‘#H " Nﬂﬂ:‘|I -‘t"
H (o) RS H B\DQ

chair-like transition state ]
largest substituent is pseudo-equatorial



Organocatalytic epoxidation by chiral ketones/dioxiranes

EtO,C EtO,C Shi catalysts:
30 mol-9% cat 0
cHx” " 138 mok% Oxone  €HX \%D \%D
Me 0.05 M NayB,405 Me o_ . o,
MeCN:DMM, 0°C  89%, 94% ee UD 0"
"0

E:"K o—ﬁ

from D-fructose from L-fructose




Chiral Lewis acid catalysis: Aldol reaction

0
SiMe
0" 0 cat. (20%) 0 OH Q]/\I/QD
' J’I\ - Jk_/'\ Nwg’
H1’§ R! R?

H” “R?

\

86-93% ee Bu

Lewis acid derived
from tryptophan

* The Mukaiyama aldol reaction is the reaction of silyl enol ethers with aldehydes
¢ The reaction can be catalysed by chiral Lewis acids

* The above example shows the use of a boron derivative of tryptophan
* The example below utilises a bis(oxazoline) ligand; these amino acid derived

ligands are extremely versatile ligands for enantioselective synthesis (note they are
symmetric but chiral

* The regioselectivity probably results from attack at the least hindered carbonyl

Me Me
SIME:; 0 e DH \l)KW
Et cat. (10%) Et h '_
£BUS t Me = tBuS -
I":-'Ie O Bu L t-B
regioselectivity 98:2 L = CF,S0,
97% ee ) .
86°% de amino acid / alcohol

derivative




Chiral Lewis acid catalysis: Aza-Henry reaction

|||H
NH HN
MlllHlllN
=
or _P(O)Ph,
N,Boc HN
a
Ar H cat. (10%)
H
90% ee
90% de

* Acts as a ‘chiral proton’
* Protonation of the imine forms a highly e-lectroﬁhilic species
* Aza-Henry reaction can then proceed to give the new amine



Chiral Lewis acid catalysis: Diels-Alder reaction

lig. (10%)

Cu(OTf), (9%)

Gt
@ \)Lmuo

92% ee

* The oxazolidinone substituent on the dienophile is important
» Good selectivities are only achieved when there are two binding points on the

dienophile

* The two carbonyl groups allow a rigid chelate to be formed & maximise the

commincation of chirality

oM
© 0 1. cat. (10%)
f - )l\rrph 2. TFA
8507 X 0 Ph :Ph
l Ti=N  N=Tf
LY F
H H
L eh
Tf..,,N/\'(
N N—Ty
MeQ I

Example of hetero Diels-Alder
Aldehyde is the dienophile
Must use very electron rich diene

Polar N-H act as Lewis acid



Chiral Lewis base catalysis: allylation of carbonyls

0 . H OH 4
RE SiCl- Lewis base catalyst (LB) % /J\ S
+ : E /4 N

R? RE RZ R

HZ

* An alternative strategy is the use of Lewis bases to activate the crotyl reagent

* Reaction proceeds via the activation of the nucleophile to generate a hypervalent
silicon species

* This species coordinates with the aldehyde, thus activating the aldehyde and
allowing the reaction to proceed by a highly ordered closed transition state

e As aresult good diastereoselectivities are observed and the geometry of
nucleophile controls the relative stereochemistry

RE = Me RZ = Me RE=Me RZ = Me
86% ee 85% ee 98% ee 98% ee RE— M -
= Me R<=Me
antfsyn =991  syn/anti 40/60
antifsyn 99/1  syn/anti>19 Y y 86°L ee 84°% ee

antfsyn 97/3  synfant/ 991




Chiral Enamine catalysis: Aldol reaction

0 (0] OH Me
0 Me cat (10%) J]\/l\/l\
—h..
H * Jl\_)\ H™ ™ Me
H Me -
Me 0 Me
H 88%
anti/ syn3/1
OH 97% ee

L-proline

acid aids enamine ¢ 1
formation -,
670 o
= N Me H

0 0O —— H
Me H
\Z ;"'u Mé e,
Me “|H ** acid positions Me
: Me aldehyde

acid activate;‘.
aldehyde

* Proline can catalyse the direct aldol reaction of simple aldehydes

e Other simple amino acids can also be used in this reaction

e |[n addition a number of derivatives have been prepared that show more ‘practical’
characteristics



Chiral Enamine catalysis: a-functionalisation

0 OH
(o) phDESHNfSDEPh cat. (10%) F NaBH, F
Pr\)LH I! H
Pr Pr
95%
T 96% ee

Ar
& CF
%Ar 3

= OTMS CF3

I=

e Secondary amines can be utilised as catalysts in enolate-like chemistry
e |nitially an enamine is formed that then reacts in a diastereoselective manner
e Finally, in situ hydrolysis gives the product and regenerates the catalyst

0O 0 OH

N=\ o NaB
HJj\l . IQ‘ !H—S\_ cat. (10%) HJI\rSEn H, SBn
N Ph
-Pr FPr -Pr
81%

98% ee



Chiral Enamine Catalysis: Conjugate addition to Enals

X 0 |2
T
H

- 0o Me
'
N
@ Me
N Me -
| Me o
H —IIQ}.
v,
X e,

*
*
L]
*

steric hindrance results
in predominantly one
conformation

e A range of reactions can be achieved, including enantioselective Friedel-Crafts
* Catalyst ensures that the enone reacts via one conformation
* Must use electron rich aromatic substrates




Chiral Enamine Catalysis: Conjugate reduction of Enals

| ] 89%: 96% ee

Me H -Pr
catalyst 10%
hydrogen source leq
0 ’Me
0, Me IN
N
EB)‘\ - Bn N)\t-Bu
Bn N EBu H
| —» N . ~ “H
H Me
I'"H
I Me” | “"Me Ar Ne
Ar” “Me Me

* A recent development is the use of small organic molecules to achieve hydrogenation
* Inspire by nature

* Based on the formation of a highly reactive iminium ion (this is the basis of many
organocatalytic reactions)



Chiral Enamine Catalysis: Diels-Alder with Enals/Enones

OMe o caIEI.CI:iIEg"aI' COEt
Z 0 SN, — CE
Et OMe

96% ee
endo/ exo=200:1

* Organic secondary amines can catalyse certain Diels-Alder reactions

* The reaction proceeds via the formation of an iminium species

* This charged species lowers the enerc]:]y of the LUMO thus catalysing the reaction
* |[n addition one face of dienophile is blocked thus allowing the high selectivity



Chiral Enamine Catalysis: Examples in Synthesis

CHO CHO
| (COEBH oy, COEBH
CO,Bn EtOH CO,Bn
F F
72%, 86% ee
F
.Bn 0
N S
o 2y
—_— - o ="
NaBH(OAc)s /@ | RN
dioxane F 2
70% N
H

paroxetine



Bifunctional Urea Catalysis: Aza-Henry reaction

CF,

/@\ I
F4C MJ\M““
H H _P(O)Ph,
_P(O)Ph, _N. HN
R. _NO N de e . NO
2 +
- /"\ cat. (10%) Ar/\r 2
Ar- 'H DCM, rt R
76% ee

’ N
N7 N7 -
i § M 6. 96
D{.‘ﬁ'}ﬂ N 1‘H
| : ““‘ Dpp
R H :
H Ar

* Thio(urea) acts as a Lewis acid to activate & position the nitro substrate
* Pendent amine functionality deprotonates the nitro ot-C-H and presumably an
electrostatic interaction shields the bottom face of the nitro enolate



Bifunctional Urea Catalysis: Example in Synthesis

o X
N

HN I“x
HNAS

5 o
OMD U 29 L« NH, + HCI
cat. (10 mol%) OMO steps

ON_ 4 - : 9 - s, _COH

| CH,Cly, rt. ] 72%
O,N

75% ee

pregabalin



Bifunctional Metal Complex Catalysis: Conjugate addition

(R-ALB (0.3%) 0
+BuOK (0.27%)

0
o 0 MS 4A. THF
e UL THF, t 120h__
MeO OMe "rsfrmzme

CO,Me

94%
99% ee

* Heterobimetallic catalyst of Shibasaki works remarkably well even at low catalyst
loadings

e Aluminium acts as Lewis acid to activate enone

e Lithium alkoxide acts as Bronsted base to deprotonate malonate

* Lithium alkoxide also positions the enolate



Asymmetric Heck reaction

OT# PdI(M-BINAPI, / @O
roton sponge fiy,
@: . { \} p ponge (ﬂ) /@ PPh,
o)
CO.Et Et0,C PPh,
62%
=96% ee

(A-BINAP

proton sponge

Pd(dba), (3%), lig (6%)
\ iPr,NEt ! 0
+ "' D T I
0 TfO PPh, N\>

>99% ee lig FBu
amino acid derivative

e With the use of chiral ligands the Heck reaction can be enantioselective
* Remember that we often see alkene migration



Asymmetric a-arylation of ketones and Metathesis reaction

0 Br Pd,(dba), (1%) 0

lig* Ph Me
thnfﬁ/l‘ﬂe + b‘ -\.rl'l \“ ~
e NaOt-Bu Me

80%
93% ee

e Pd(0) chemitry has been utilised in the enantioselective arylation of enolates

e The reaction is related to much of Pd chemistry you have covered

* Below is an example of a chiral variant of the Schrock metathesis catalyst

* The reaction involves desymmetrisation by selective reaction if one disubstituted
alkene

0
x L2 (10mol%), N
NN PhH, 22°C, 48h |

h" I'r_u

Me
91%
98% ee




Chiral Phase Transfer Catalysis

R. EWG

—

prochiral Mu

QEI }{EI

base

@
Q E R. _EWG
R._EWG Y
& E
chiral ion pair asymmeiric
a-functionalization

RS—Br g2 0
~C >=~~ekw
R 7
R R°
R? ! or
R3>=N \l--'/’]\O@ q® Interface
R

Aqueous phase



Chiral Phase Transfer Catalysis a-alkylation

@
- Br

&
N'EF‘

Me ) Me .—CN
5 (10 mol%) o Meo@S: 39 (15mol%) MeO :
14 : Ph_ _N, 0 + ¢ N o]
. CsOHH,0 Ye - OtBu N Ng’ﬁfggw N
Ph Me a o \
'\l CHCl ) 37 38 t 40 (83%, 73% ee)
O  _go°c
66 67 (83%)
~
OH 07 . o© Me Me Me
: MeO
N, - HN. O e
— = - - ) N \"/ N\ - N'\
OH OH O 0 N H N\ H
\

OR - igmi -)»-E thole (35
Bengamide B (R=H) (64) (-)}-Physostigmine (36) (-)-Esermethole (35)
Bengamide Z (R =CO(CHz)12CH3) (65)



Chiral Phase Transfer Catalysis — Conjugate addition

0 Et0,C COE
ph‘Tf’M\’JLDCHrEuz D ;IL/NI

H
Ph H =
128 130 (1 mol%) ‘DCH‘*B“E 132 '
N
* n:sm KzCO3 CF;COOH
_‘,,, CPME (j EtOH-H.0 CO;CHtBuz
5 0 0°C, 12h
133 (52%, 93% ee)
129

J

H

QQ
(CHz)3CH3

(+)Monomorine (127)



Chiral Phase Transfer Catalysis a-heterofunctionalisation

1)@= ]
o o 0 0
1
F{E@—CDER‘ s RE%EFER @:: - Q”'G'
O O
1 12 NCP (13)  NCS(14) |

Ph Ar!
CO8, o
PPh
’ : .+MNH °
QO N.-Ph O\E,-’
o' /A
D2 (2 mol %)
J (1 mol %) AZ (10 mol %) {Ar = 3NOCeH,)
13 (1.2 equiv) 14 (1.2 equiv) 14 {1.2 equiv)
H,Oftoluene {10:1), 0 °C toluene, KoC04 (ag), —20°C CgHsCl, KzHPO, [s), =20 °C
Up toar =873 up 1o & = 85:5 up to er = 80:10
{ref. [80]) (Ref. [76]) fref. [92])
0 0 yn-COR?
. RIO.C.,, N HN-~>e
Hg!_ COER'I + 'u ﬂh Hz!_ N"C’OEH‘}
P n HGG‘EHE = n CG:HI
1 ja 39
Ar F2 {3 mol %) Al B4 (1 maol %)
CG 8 {Ar = 3,5-(CF3CsHE)CeH3) @G {Ar = 3,5-(3,5-(1-Bu}2CgH3)z-CsH3)
@, 5U lluene & toluene
P\ KzCO;3 or KzHPO,, L P K04 (ag) or KzHPO, (aq)
Bu =20 “C or —40 *C =40 =C
up ko ar = 973 up o er = 982
Ar {ref. [142]) Ar (ref. [143])




Chiral Phase Transfer Catalysis a-heterofunctionalisation

0
B+ Y- - - M-I-
N-F+ X+ o pe0 o T’ C o o-
insciuble soluble

soluble chiral
fluorination reagent

/—Cl
. A BF4 5. o
N-F*+X-= NJ o P’ cr
+ BFf

1, Selectfluor

Fig. 1. Catalytic formation of a chiral fluorination reagent via
chiral anion—mediated phase transfer in nonpolar solvents.

2a,R= CEH1T1 M+ = Na+*
2b, H - CBH'I?! M+ - H+
2c, R=H, M+*=H*

A | M—R 10 mol % 2b
o) = 1.5 equiv. Selectfiuor AF
X 1.25 equiv. Na;COy X
L nH - O, /=R
1:1 GgHsFhexanes, 23 °C, 24 h Nf N
Sa-d ba-d
~F »F ~F o~ A4F
: : o~ Yo ~0)
e ) 'y, ay,
M N M N
Ga 6b 6c¢ &d
87% yield {(=~20:1 dr) 71% yield (>~20:1 dr) 80% yield (=20:1 dr) 70% yield (>20:1 dr)
93% ea 93% ee 96% ee 92°% aa



Summary of Asymmetric Synthesis Methods

Method Advantages Disadvantages Examples

resolution both snantiomers available maximum 50% yield synthesis of (-)-propranolol

chiral pool 100% ee guaranteed oftan only 1 enantiomer synthesis of (R)-sulcatol
available

chiral auxiliary often excsllent ee’s; built in extra steps to introducs oxazolidinones

resolving agent and remove auxiliary

chiral reagent often excellent es’s; only a few reagents are alpine-boranse®, Brown
stereosslectivity can be successful and often only  allylation reagents
independent of substrate  for a few substrates
control

chiral catalyst economical; only small only a few reactions are asymmetric hydrogenation;
amounts of recyclable really successful; frequently Sharpless epoxidation
material used a lack of substrate

generality

* Hopefully this course has shown that the area of stereoselective synthesis (or more

}?articularly, methodology for stereoselective synthesis) is a vast & fascinating topic
* There are many reactions we have not covered (there is already far too much
material in the course)
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Aliskiren (Tekturna)

Me
OH i-Pr H Me Me
. N NH, USAN: Aliskiren
' Trade name: Tektuma®

0 Speedel/Novartis
Launched: 2007

1« [[HO;CCH)z] 42




The Renin-Angiotensin System (RAS)

MeQ
OH i-Pr H Me Me
M\)QWMH2
0O 0 O
+1/2 (HO,CCH),
MeO

aliskiren (1)

Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu-y Val-lle...
Angiotensinogen renin

/

Asp-Arg-Val-Tyr-lle-His-Pro-Phe-3¢His-Leu
Angiotensin [ ACE

'

Asp-Arg-Val-Tyr-lle-His-Pro-Phe +

Angiotensin Il
¢ AT, recegptor

vasoconstriction, aldosterone release, sodium resorption

HN“’%

H © H H
Prn—Hi&Pro’N\:)LH \_)KH lle-His-Lys

z D },’
H142 (2)

N
o H OH O
lva-His-Pro” \)J\ N\MIIE-PhE—NHE
E 0

3
A
HI'NI‘%\M
. = N = =
¥ * H : :
N 0 OH
remikiren (4)



Structure-Activity Relationships (SARSs)

-
HN N
>LS,\)L B
ff \\ E ‘\!'.I‘-BU
S [ ——]
CGP038560 (5)
T T ICm- 1nM 7 1 .'Cﬁ,;.=1ﬂﬂ nM
R'O
MeO
Table 2. Structure—Activity Relationships and the Discovery of Aliskiren
Cpd | R R’ R' Purified Plasma | Peak AMAP
Renin 1 Renin 1Cs| AMAP | duration
{nM) (nM) {mm Hgy* | (h)"

7 -(CH e Me h-Bu l ] -4 | 8
) -(CH; ) Me Me n-Bu 4 T KK ME
9 {(CHy ) OMe Me =(CHy ) COMH, 7 17 MR NR
10 4 CH;):0Me i-Pr =(CHa);CONH; l 3 NR | MR
1 {CH.;0Me | i-Pr | -CH:C{MeLCONH; | 0.6 0.6 30 [ =24
a, Maximum change in mean artenal préssure (MAP) from baseline upon 3 me'ke oral dose in telemetered,
sodinm-depleted marmosets. A, Time until MAP levels retumed fo baseline. WR = not reported.




Retrosynthetic analysis of Discovery Route

CHO|
P Me Me
MeO(CH,)30 - H;N\)%fHHg
(EHa)s Br\/]\_,GEn
0

MeO

12 13




Synthesis of aldehyde fragment 11

MeQ MeO o 0
© ° f—Pr\)J\NJ'I\OMED

HO CHO 1] BF{C H2}3E.r (s O
D/ K,CO- 93% 4 CHO 1) NaBHy, 96% o ; 7 Bn‘l 0 A
- - r - N O
2) NaOMe, :©/ 2) TMSBr, quant, :@/\ —
MeO™ MeOH, 72%  MeO MeO HMDS, 86% D

MeO

Br
15 16 18 > 98:02 dr
MeO MeO MeO
j\ MeO. N i-Pr CHO
1) LIOH, Hy04, 95% \[ ]\ OMe
2) NaBHs, I, 90% S 20 SN ome S H nHel o
- - 2
3) NBS, PhaP, 97% B n-BuLi, 85% \ 33 Ei’é’i‘i' TEA
i-Pr !I-Pr N " ey MED
MeO MeOQ P L 100,

19
21> 98:02dr OMe 11



Synthesis of fragment 12 and coupling with fragment 11

O O 4)LiOH, Hy05, 92%

o 0O
. TiCls, DIPEA 2) NaBH,, 1, 90%
J—Pr\)'LN)'l\D EnD/\l)LNJ\O ) NaBHy, 1,

BnOCH,CI . } f
i-Pr
> 50% 29 Br 3)NBS, PhyP, 70%

17 Bn

__ DMP, p-TsOH

49%
MeO Me Me
S~0 ipr
1) Hy, PAIC .
— #
2) TPAP, NMO
3) KMnOg

53%

BocHN,,,

i-Pr

MeQ

23434R=46

CHO



Synthesis of fragment 13 and completion of synthesis

Me Me . Me Me
NE)%_(OE‘[ 1) Hz RaNi CszN\)S{OEt
I 2Bnococ, I
57%
1) NHy/MeOH "Cl e, Me 5
:I 3Jr e . HZN\&NHE 2 -
2) Hy, 10% PdIC DEPC o |
46% 13eHCl TEA Iscovery route:
20 steps and 3% yield overall
Me
Me MeO |
MeO 7L'D FPr o yMe Me 1 OH i-Pr  yMe Me
Boc—N, N NH N NH
oc |/‘\)Y \Xf 2 1) p-TsOH \)/\[r 5
O O o 2) 4 N HC o
i 28 79% (3 steps)

aliskiren (1)



Development towards the manufacturing route

P
MeO(CH,)0 oy Me, Me
| C‘WW/DME HEN\)K“,NHE
i-Pr

MeO O 0




Synthesis of 29 with catalytic asymmetric hydrogenation

MeO
Me \H OH
/]\/CUQE'L LDA; 15 ) COEt
e 72% i-Pr
31 MeO
rac-32
MeQ
DMAP, Ac,0; j\ O [Rh(COD),JBF,, 34
t-BuOK; KOH O X “OH 50 bar H,
5% MeO =P quant.
33

Me(Q

7\ )
0]
ISP
i-Pr
MeO

35 = 095% ge

w\ MEH, P[3,5+CF3),CgHal

1) NaBH, I, 90%
-
2) SOCl,, py, 70%

MeO

© |

Fe
- P(CgHs)
MeO i-Pr @ gz
29 34



Synthesis of 30 and coupling with 29

i-Pr
/j\/wzm _LDA, BuOK; C'\f\)\H/UMe PLE, pH 8
N rac-30 O
79%
[ DMF-DMA;
NaOMe, 97%
i-Pr i-Pr
Q 0
(25)-30 47%, > 99% ee kY

MBCI

3

M TFA,NBS

MeO.

|

Mg, CICH;CH;Er;
3% (dppe)NiCl;, TEA,

0 , i-Pr
i-Pr Cl OMe
MeO =
29 30 O
MeO
\H B KOH; HCE
0 OMe cycdohexylamine
T 7z I 80% from 30
MeO T 38

MeQ

MeO




Stereochemistry of bromolactonisation & End Game

D’H
i-Pr DFNHS-F '~.__..D Br ‘!_|
" g j-P‘r
R 7 o _TFA, NBS Br., i-Pr WH
H H
39 © L A |
D I —
R I NM NBS ? i-Pr Me- Ve
By —— 4 g, =
M 2 phosphoric Br H Br o H__)
acid 5
42 O R 43 R
H i-Pr
L B i
Me Me MeO
MeO HsMN NH
2 2
41 1) MsClI, TEA _ i Py \‘H)S.r
2) NaN,, DMPU 0 X ]
71% from 39 20 mol% 2-hydroxypyridine
triethylamine
MeO
guant.
Hy, 5% Pd/C;
—= 1 ¢ [(HO;CCH)zly;z
fumaric acid

B1%



