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AIA2TEPEOEKAEKTIKOTHTA

Evavtiogepn AéyovTal TO OTEPEOICOUEPN OTTOU £XOUV OXECN KATOTTTPOU-EIOWAOU,
TTX OTTWG TA YAVTIA, KAl £XOUV TIG iDIEC IDIOTNTEC EKTOC ATTO TN OTPOYN TOU ETTITTEOOU
TOU TTOAWMEVOU PWTOGC.

AlaoTepeopepn AEyovTal Ta OTEPEOICOPEPN) OTTOU OEV £XOUV OXECN KOTOTTTPOU-
€I0WAOU, Kal OEV £XOUV TIG iDIEC I0IOTNTEC

21epe0EIdIK avTidpaon ovopalerar n avridpaon OTIOU N OTEPEOXNMEIQ TOU
avTIOPWVTOG KaBopPIlel TNV OTEPEOXNMEIQ TOU TTPOIOVTOC

2TEPEOEKAEKTIK) avTidpaon ovopddletar n avridpaon OTToU  €va  POvVo
OTEPEOICOUEPEC TOU TTPOIOVTOG oxnuaTifetal. Evw  uttapxel €mAoyny Adyw
OIAPOPETIKWY HOVOTTATIWY VIO VO oXnNUATIoBoUuv dIa@pOPETIKA OTEPEOICOUEPT), €V
TEAEI HOVO Eva oxnuartietal AOyw Tou OTI TO €vVA JOVOTTATI €ivVal TTIO EKAEKTIKO



AIA2TEPEOEKAEKTIKOTHTA
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AIA2TEPEOEKAEKTIKOTHTA

O1 avTidpaocig E2 gival oTEPEOEIDIKEG
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AIA2TEPEOEKAEKTIKOTHTA

O1 avTidpdaoceig BpwHIWONG €ival OTEPEOEIOIKEG

M H g Me =Br H Br
Iz = - )
_ L E o = Me anti dibromide
M
H Me H ) Me e/\l/
Oy Br
® rotate about Br
H\ /H Br, H ¢ Br H Br,;g \ Br entral bond =
/ < - - — — = Me/\/ Me  syndibromide
Mé Me Mé > Me Me g Me s
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AIA2TEPEOEKAEKTIKOTHTA

O1 avTIdpaoeig 1000AAKTOVOTTOINONG Eival OTEPEOEIDIKEG
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AIA2TEPEOEKAEKTIKOTHTA

O1 avTidpaocig erodeidwong pe MCPBA gival oTepe0eIdIKEG

__ m-CPBA fD“:
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Ph Ph
Ph h
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2TEPEOEKAEKTIKES AVTIOPAOEIG
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AIA2TEPEOEKAEKTIKOTHTA

2TEPEOEKAEKTIKES AVTIOPAOEIG

OAc OAc
O RCO4H @m
e ::({1
OH OH
RCOsH
e 0




AIA2TEPEOEKAEKTIKOTHTA

MPOXEIPOMOP®IA (PROCHIRALITY)

new stereogenic centre new stereogenic centre
Ph, OH i Me
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new stereogenic centre
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AIAZ2TEPEOEKAEKTIKOTHTA
EINNOEEIAQXH PRILEZHAEV
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butterfly transition state

Prilezhaev, N. Ber. Dtsch. Chem. Ges., 1909, 64, 8041.
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2TEPEOEKAEKTIKES AVTIOPAOEIG

OH OH
OAc OAc
RCOszH
RCO3H vy _— = 0
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diastereotopic faces _ _
diastereotopic faces
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MPOXEIPOMOP®IA (PROCHIRALITY)

enantiotopic faces
of benzaldehyde

LT LT Y
,

anticlockwise
1o =

n)]\ Si face
2 p H 3

x
L LT

-* view from this side

Ph

diastereotopic faces

0 HO H s Me
NaBH4 0 — free rotation
T Me
Meé '}H reacts on both Me I'H =

f
dCeSs i-B H




AIAZTEPEOEKAEKTIKOTHTA
H NPOXOHKH IE KAPBONYAIKEZ ENQZEIZ MITOPOYN NA EINAI

AIAZTEPEOEKAEKTIKEZ

0 H OH HQ, H
Ph LiAlH, Ph\‘)‘:\/ Ph X produced in a ratio of 3:1
e +
Me Me Me
major diastereoisomer  minor diastereoisomer
Me and OH anti Me and OH syn
0 H OH
Ph EtMgBr Ph X produced in a ratio of 1:3
H —_— +
Me Me

minor diasterecisomer major diastereoisomer
Me and OH anti Me and OH syn



AIAZTEPEOEKAEKTIKOTHTA
AIAMOP®QZEIZ MIAZ XEIPOMOP®HE ANAEYAHE

0

Ph
H

Me

Me © O Me n ©
E#—Ph H Me
H h P

no eclipsing
interactions
largest group, Ph,
Me 0 is furthest from 0O
and H
Ph

H g

Mewman projection of one
possible conformation

Ph

Ph H Me



AIA2TEPEOEKAEKTIKOTHTA

AIAMOP®QZEIZX MIAZ XEIPOMOP®HZ AAAEYAHZ

no eclipsing
interactions
largest group, Ph,
0 Me @ isfurthestfrom O
\ and H
Ph

H Ph

Me HH

Mewman projection of one
possible conformation

® Lowest energy conformations of a carbonyl compound

The most important conformations of a carbonyl compound with a stereogenic

centre adjacent to the carbonyl group are those that place the largest group
perpendicular to the carbonyl group.

0 0 0
M S
L \ /
3 R most important conformations are L and I
s i
L = large group, e.g. Ph S M

M = medium-sized group, e.g. Me
S = small group, e.g. H



AIAZTEPEOEKAEKTIKOTHTA
AIAXTEPEOEKAEKTIKH ANTIAPAZH MIAZ XEIPOMOP®HE AAAEYAHE

unhindered
approach .

Me Me H OH
\ \ redraw oh
unhindered
approach . Ph = N Ph — Nu




AIAZTEPEOEKAEKTIKOTHTA
AIAXTEPEOEKAEKTIKH ANTIAPAZH MIAZ XEIPOMOP®HE AAAEYAHE

rotate to viey fI'I|I.JI :ction

OH

unhindered
approacn {557% — = Nu—ﬁi— r:> \)\

Felkin-Anh Model: H Tpoo6rkn Tou TTupnvo@IAoU YiveTal UTTO
107 © ka1l n peyaAutepn opada (Ph) Bpioketar 90 °© ammd 10
KapBovuAio.




AIAZTEPEOEKAEKTIKOTHTA
AIAXTEPEOEKAEKTIKH ANTIAPAZH MIAZ XEIPOMOP®HE AAAEYAHE

0 H OH HQ, H
Ph LiAlH,4 Ph 3 Ph 3 produced in a ratio of 3:1
. +
Me Me Me
major diasterecisomer  minor diastereoisomer
Me and OH anti Me and OH syn
redraw, rotating about
central bond to put
M 0 " OH OH Ior*.,qecttﬁlgll;elp plane OH
redraw oh Et s
unhindered 3 ~
approach  _. Ph = H Ph —— Sq C—= \r\
© 7 H g H Et We

Hs;Al—H



AIAZTEPEOEKAEKTIKOTHTA
AIAXTEPEOEKAEKTIKH ANTIAPAZH MIAZ XEIPOMOP®HE AAAEYAHE

protected version of
unusual amino acid found
in dolastatin

1. BnBr OMe
Hy 2. LiAlH, NBn;
3. oxidize
/\‘/\CDQH —_— CHO —""“ /\I/\A/\CGEME
Me OH

Me
isoleucine =06:4 diastereoselectivity

IIIIIIZ

Hnimz=

NBn, ——= Bn, oLi = Bn, /Y\‘/\cuzme

H OMe H

unhindered attack alongside H



AIA2TEPEOEKAEKTIKOTHTA

AIA>TEPEOEKAEKTIKH ANTIAPAZH MIAZ XEIPOMOP®HZ AAAEYAHZ

Q)v R/N e R/N; ;: H %H

unhindered attack alongside H

0 0 OH
0 0 =
H o A(» Aﬁj» =
JHI. —_— —_— = ﬂ
N —
0



AIAZTEPEOEKAEKTIKOTHTA
AIAXTEPEOEKAEKTIKH ANTIAPAZH MIAZ XEIPOMOP®HE AAAEYAHE

SMe

SMe
Ph\"/\\/ Li® RyBH® Ph\l/]\/
[ .
0 OH

HO Et SMe
Et pp H—BHa P OH

unhindered
approach



AIAZTEPEOEKAEKTIKOTHTA
AIAXTEPEOEKAEKTIKH ANTIAPAZH MIAZ XEIPOMOP®HE AAAEYAHE

SMe SMe
Ph ZnBH;  pp 2
= \l/\/
0 OH

Zn
7 0 Ph rotate to allow phs 0 PhS, OH SPh
\ / chelation \ \ Fh\‘/'\

hH  without cheiation, BH@; H ph H Ph OH

get attack here
with chelation, get
attack here



AIAZTEPEOEKAEKTIKOTHTA
AIAXTEPEOEKAEKTIKH ANTIAPAZH MIAZ XEIPOMOP®HE AAAEYAHE

Metals commonly Metals not
QH HO |"=‘Ju involved in usually involved

Nu
OMe < OMe S OMe chelation in chelation
Ph = Ph P Li* sometimes Li* often
Mg2+ Nat

NaBH; (Nu = H) 73% 27% 7n2+ K+
MesMg (Nu = Me) 1% 99%

Cu?+
Tit*
Cce3+

Mn2+

Cram _Chelation Model: To yoplo TTEPIOTPEPETAI £TOI WOTE VA
uUTTapEel otaBepotroinon PE TO PETAAAIKO 160v. H 1TpooOrkn Tou
TTUPNVOPIAOU YiVETAl ATTO TN AIYOTEPO TTAPEUTTOdIoNEVN BEon. T
va OUpBel xpelaletal va UTTAPXEl ETEPOATOUO ME €AEUBEPO
NAEKTPOVIOKO (eUYOC Kal €va METAAAO IKAVO yia auth TN
oTtabepoTtroinon (Mg, Zn, Cu, Ti, Ce, Mn).




AIA2TEPEOEKAEKTIKOTHTA

AIA>TEPEOEKAEKTIKH ANTIAPAZH MIAZ XEIPOMOP®HZ AAAEYAHZ

Ratio
=809:1

99:1
96:4
88:12
63:37
42:58

Relative rate
1000

100
8
2.5
0.82
0.45

0
Me,Me Me, /OH
Me - + Me A
Ph THF, 70 °C \r Ph R
OR OR Me
major product by
nonchelation SiMe3
Felkin-Anh) contro
/ A Sikts
Mg chelates if R is small . I".. SiMestBu
0 fMe SiPhtBu
unhindered unhindered il i
aporosch ﬂ)—l"ﬂe RO e Si(iPr)3
—0R perpendicular if
R is large Ph H 1E']Nu



AIA2TEPEOEKAEKTIKOTHTA
AIAXTEPEOEKAEKTIKH ANTIAPAZH MIAZ XEIPOMOP®HE AAAEYAHE

Ph,PO PhoPO Ph2PO
NaBH4, CeCl; NHBH4
-
Z R EoH, —78°C MeDH 20 °C

chelation control Felkin-Anh (nonchelation) control

[==1]11]]]
= =

0--?9 six-membered 0 0 Me
R transition state ph—7> )

p “*EJN
large, electro-

negative PhaPO
perpendicular to C=0

u




AIAZTEPEOEKAEKTIKOTHTA
ETEPEOEKAEKTIKEZ ANTIAPAZEIZ AKYKAQN AAKENION

epoxidation is stereospecific: both epoxides
retain the cis geometry of the starting alkene

m-CPBA

g“'-l"_f, D
+
SiMesPh /1’ SiMesPh SiMe>Ph
epmlclatmn s 'h.
stereoselective: >95% of . % SiMe,Ph

the product is this

diasterenisomer m-CPBA
m-CPBA

KY
SiMe,Ph




AIA2TEPEOEKAEKTIKOTHTA

2TEPEOEKAEKTIKEZ ANTIAPAZEIZ AKYKAQN AAKENIQN
(MONTEAO HOUK)

this alkene has two low-energy conformations

S s s

lowest energy: H eclipses slightly higher energy: Me
plane of double bond eclipses plane of double bond

this alkene has only one low-energy conformation

Me Me
= H H H
H VWV Wy
e )
Me
only important conformer: high-energy conformation
H eclipses double bond due to Me—Me interaction

Me

H

/|
[+:]
)i:



AIA2TEPEOEKAEKTIKOTHTA

2TEPEOEKAEKTIKEZ ANTIAPAZEIZ AKYKAQN AAKENIQN
(MONTEAO HOUK)

this face hindered by Me
arge SiMesPh group )
_ e e Me_ f Me-_ f
Me only important 5|—Ph SI—F'h

— conformer has H H H.f
eclipsing double _H
SiMesPh bond H

m-CPBA attacks the less
hindered face

ne
_—
5
=
&

S5iMesPh



AIA2TEPEOEKAEKTIKOTHTA

2TEPEOEKAEKTIKEZ ANTIAPAZEIZ AKYKAQN AAKENIQN
(MONTEAO HOUK)

n-CPBA O, 0
F =
+
SiMe,Ph SiMe,Ph SiMe,Ph
£1:39 ratio of diastereoisomers

ec Iip;.ing c=C Me Me

Me .II Me

“‘5.—P h H5|—Fh o

N

SiMe,Ph

major product (61%)

\?\

m-CPBA attacks the less
hindered face

| .
Mot/ “"“*&H j
H ™ _ H M
Me _H,Me
AN

Me. -~ Me

SiMezPh

o
SiMe,Ph

minor conformer:
Me eclipsing C=C

minor product (39%)
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2TEPEOEKAEKTIKEZ ANTIAPAZEIZ AKYKAQN AAKENIQN
(MONTEAO HOUK)

0
\‘\/ + \T/Y
OH OH

95:5 ratio of diastereoisomers

=]

m-CPBA

\I/Y >
OH

hydrogen-bonding
delivers m-CPBA from
— AL same face as OH — }_
t}-‘\h?
y 0
Me Me N ,.:Q--"‘H OH
\I/\‘/ H N, \D H H
H - H M H
Me OH M H
Me
| Me _

only important conformer has
H eclipsing double bond



AIAZTEPEOEKAEKTIKOTHTA
AANAOAIKH ANTIAPAZH

0©

0 0 OH
J‘I\ o & JJ\/)\
X X R>

one new stereogenic centre:
no diastereoselectivity involved

- (major product)
> Dh . - oH

enolate bears a Me
substituent

0
0 ot JI\/ syn aldol
J\/ LDA, -78 °C, THF )\/Me H
Ph

anti aldol
(minor product)

two new stereogenic centres:
two diastereoisomers possible



AIAZTEPEOEKAEKTIKOTHTA
AANAOAIKH ANTIAPAZH

® Diastereoselectivity in aldol reactions

Generally (but certainly not always!) in aldol reactions:

0
OLi J\ 0 OH
Me H R
K/I%/ —_ Jj)\ R
cis-enolate syn aldol
0
oLi J\ 0 OH
H R =
) S - X R
fransenolate NMe anti aldol
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AIAZTEPEOEKAEKTIKOTHTA
AANAOAIKH ANTIAPAZH

enolate has no choice X
over orientation: Me
must be pseudoaxial

cis-enolate

aldehyde chooses to H
react with R
pseudoequatorial

aldehyde

R pseudoeguatorial:
favoured

Me I'fﬂe

X
0 X

R pseudoaxia
disfavoured

X
; ~0

H
e aldehyde

cis-enolate

H



AIAZTEPEOEKAEKTIKOTHTA
AANAOAIKH ANTIAPAZH

R pseudoaxial:

enclate has no choice over i
X disfavoured

orientation: Me must be
pseudoequatorial

trans-enolate - H trans-enolate

=0 -~
aldehyde chooses to Me "‘--.ﬂ aldehyde Me ﬂ
react with R H
Pseudoequatorial H R pseudoequatorial: H  aldehyde
favoured
X
H H
=0 =0 _
— ™ Me anti aldol
0 0




AIA2TEPEOEKAEKTIKOTHTA

AAAOAIKH ANTIAPAZH
2TEPEOEKAEKTIKH ZYNOEZH ENOAIKOY IONTOXZ

0 OLi OLi
I w
R R X R X
R = t-Bu O8% 2%
R =Et 30% 70%
O\ /O B{C-HEI}Q
~
|B 0 0  OH
Cc =

I RCHO
- P Y ™ ph R
Et3N

trans-enolate

anti aldol
0 B
ch{ n/l\-/ RCHO
P =
EtsN

cis-enolate syn aldol



