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Reduction of carbonyl groups

Reduction of aldehydes and ketones to alcohols

Sodium hydride, NaH, is so small and has such a high charge density that it only
ever reacts as a base (1s orbital is too small to interact with LUMO (1) of the C=0)

0 4 o®
Hd\)'g X— X 4 - Hy 2O
Me Me M Me H_G(

nucleophilic attack by H™ H™ always reacts as a base

never happens

H H
NaBH, has a better orbital match (B—H o orbital as the x"\B/E] .
HOMO); It will reduce only in protic solvents (usually b@
ethanol, methanol, or water) or in the presence of ~J
electrophilic metal cations such as Li* or Mg?* P

0 NaBH, H—OEt Na OH 5
= R \‘cS----H OEt — » + EtﬂfHa
R R EtOH H-B——H R R
3 1
o7 | i

R still a reducing agent



Reduction of carbonyl groups 2

Reduction of esters to alcohols: LiAIH, is often the best reagent

0 0 0 o° ® H H
R OMe R OMe R H R H R OH
H H
H H
CAlH, eAng

LiIBH, is a milder alternative; it will reduce esters but not acids or amides

LIBH, H H
MeO, CO,H —— ’ COzH

EtOH

Reduction of amides to amines: use LiAlH,; there is a key difference in
mechanism comparing to the reduction of ester

LiAlH4 reduction of amides

L' Li AIH S N
3 3 @ 0
— —— — —_—
R NR R NR RJV(N)R R H R)V“ R4 SR
2 2 2
H H H

o )

HaAl Y DOES NOT HAPPEN

tetrahedral intermediate collapses . L . .
to give an iminium ion N@ls not eliminated in this step




Reduction of carbonyl groups

Borane (BH,): Borane is a gas with the structure B,H;, but it can be ‘tamed’ as a
liquid by complexing it with ether (Et,0), THF, or dimethyl sulfide (Me,S)

Borane’s reactivity is dominated by its desire to accept an electron pair into its
empty p orbital; reduces electron-rich carbonyl groups fastest

empty p orbital tetrahedral intermediate collapses
to give an iminium ion

/B

H | |
Me Me Me M

cO,Me CO,Me

Ph Ph

Ha
4/ H H2B quench
._Me » R Me > AlfME ? P
R N R R N R N
® @I



Reduction of carbonyl groups

Borane is an excellent reagent for reducing carboxylic acids

triacylborate

0

B U G

unreactive
reactive
H
HO,C  CO,Me BH; C0,Me
—_—
Examples:
0 0
BHj
COo0H — X
/
enantiomer single enantiomer
of other lactone made using enzyme
Hf- Me o H"a Ve H Me
% H z LIBH, % BH
- e —_—
CO5H
COsEt COsH
0 0 H 2 2

—,..//\\

fast

oxygen donates lone pair electrons
into boron’s empty p orbital

RJ\g_ K{:R

“SOR

OH

enantiomer
of other lactone




Reduction of carbonyl groups >

Reduction of esters to aldehydes: The aldehyde is more
readily reduced than the ester, so the reduction carries on to the
A

alcohol oxidation level ’

Use DIBAL (similar to BH); it becomes a reducing agent only
after it has formed a Lewis acid—base complex, so it too reduces

electron-rich carbonyl groups most rapidly DIBAL
I AlFBuU, |
0 0~ ? o 0
DIBAL J\ H30 J\
—_— —_——
R OEt hexane__ R OEt R H
~70 °C . H | |
tetrahedral intermediate 88% yield (R = n-C11H23)

stable at -70 °C

The tetrahedral intermediate is stable at —=70 °C. Only in the aqueous work-up does
it collapse to the aldehyde, so that no further reduction is possible.

stable, cyclic
tetrahedral intermediate




Reduction of carbonyl groups

Reduction of nitriles to aldehydes: use DIBAL

X
i
= =
)]

CHO

1. DIBAL, -70 °C
o

2. H,0, H®

96% yield

Reduction of amides to aldehydes: use LiAIH, at low temperature; the
tetrahedral intermediates are rather more stable than those from ester reduction

- AlH; -
LIAIH, |-|3c|®
_—l _—
_tetrahed ral intermediate_. 80% yield

stable at O °C



Reduction of carbonyl groups /

Reduction of iminium ions to amines: Reductive Ammination

NaBH,CN or NaBH(OAc), are milder reducing agents, when added to a typical
imine-formation reaction

o NH; NH CH,=0 AN
)I\ NaCNBH3 /I\2 NaCNBH; J\
T
Ph Me oH 6 Ph Me Ph Me
86% yield 81% vyield

They reacts with the iminium ion but not with the starting carbonyl compound

0 NH3 H, NH
h)l\ -, —_— J\
P Me pH 6 P Cl Me Ph Me

=
H H” | ScN H

| _H H | _H
(I? CN { v Nen " "
H CH, H Me Me CH SN

NH, CH,=0 ‘(:j‘ﬁ}’ SN CH,=0 *ng?f 2 N
— - P Me
P Me P Me P Me . Ph Me

primary amine secondary amine tertiary amine



Reduction of carbonyl groups - Chemoselectivity 8

0 0 0
chemoselectivity in the reduction of carbonyl groups ]\ )
R’/ \‘H R’/ H R \‘H
A A A
reduced
reduced slowly . . .
not usually reduced v'|0ar %lfé} ;LO | LiAlH,, 0 °C wa(ggﬂ ﬁﬂg'de
NHR 0 0 0 0 0
RJ\H RJ\H R)I\R RJJ\OR R/“\Nﬂz R/II\OH
imine aldehyde ketone ester amide carboxylic acid
NaCNBH;
NaBH,4
LIBH,
LIAIH,4
BH3
Y
OH
R™ NHR R oH /I\ R oH R ONR, R NoH



Reduction of carbonyl groups

Diastereoselectivity in cyclic system: 6-membered ring

OH H

1. Lis-Bu3zBH 0 1. LiAlH4
2. H,0 2. H,0
large nucleophile: 96% equatorial attack small nucleophile: 90% axial attack

Me
Me/\l/ Me ||-|
Me BO ALS
| \l) H™ \H
H H
Me
M Me

1,3-Diaxial interaction Torsional strain effect




Reduction of carbonyl groups 10

Diastereoselectivity in cyclic system: 5-membered ring

LA N~ T LV @

pseudoequatorial and pseudoaxial
substituents on cyclopentanes

pseudoaxial

attack
AP LA,
/S T

) 23%
pseudo-
equatorial attack

pseudoaxial

attack
_A°  LIBH(s- Bu];
N me EZ\

) 98.5%
pseudo-
equatorial attack




Reduction of carbonyl groups 11

Diastereoselectivity in acyclic system:

0 HQ, H
Ph Ph 4 produced in a ratio of 3:1
+
Me Me
major diastereoisomer minor diastereoisomer
Me and OH anti Me and OH syn
0

The conformation of a chiral aldehyde: p,

Me

me, 0 C me u ® H | pn Ph
)—Ph H—(l/{ ﬁ)—rﬂe Ph—(l D—H Me—&
g Ph PH |

H

H Me Me H H H



Reduction of carbonyl groups

12

Diastereoselectivity in acyclic system: Felkin-Ahn model

H
uggé?gggid -Ph close . close P
. m Ph = toPh -7
Nu® Nu Nu®
c:l::}se
to Me
the black flight path is the best the three brown flight paths are hindered by Ph or Me
redraw, rotating about
central bond to put

Me 0 M OH OH longest chain in plane OH

E\ redraw Et of paper =

unhindered " =

approach _. Ph —= H Ph ———) Ph " —> PhY\Et

-
-

HA—H  H Et

Et Me Me



0
Reduction of carbonyl groups )l\/ 13
X

Electronegative elements (N, O, S, etc) will lie

erpendicular to the carbonyl group in the most reactive XS an electronegative group
perp yl group but not a leaving group (OR,

conformation NR-, SR, etc.)
in energy terms:

two LUMOs new molecular LUMO
c* of the Ficn o 6*"‘-‘ 0 —, o*ofthe
n* of the C-X bond & J] ¥ 23 0@ > s, C-X bond
C=0 bond A addition to C=0 ',' y
.......... - (A\ ( ) :'/ — x :‘ o"
8 combine 0= ‘/’A& . .
~7 N w‘:’l Nu “ ,I’
nucleophilic attack n*ofthe ¢
occurs easily here 020 bond ooy
@Nu —
OMe
NBn, Y NBn,
= OLi =
/\‘/\CHD _oee /YY\C(JgMe
Me Me OH

>96:4 diastereoselectivity

H\ i i }\/ " k/ NBn:
NBn, =—= Bn, OLi ™ Bn, /Y\r\coznae
)\ CO,Me Me OH
H H H OMe H

H

unhindered attack alongside H



Reduction of carbonyl groups 14

Diastereoselectivity in acyclic system: Chelation can reverse stereoselectivity

SMe

SMe SMe SMe
—_ = —_— Y\/
0 OH 0 OH

0 0
H Et H Et SMe
)—SME —~—— Me — Me H Ph
“h_‘. Et
E H  H—SBH P H
Ph Ph 3 OH
unhindered
approach
Zn
0 Et rotate to allow PhS\ Q PhS\ OH SPh
/ chelation Ph\‘/'\
Ph - Et = H Et y Et
Ph H ‘ without chelation, BH?” H Ph H Ph OH

get attack here

with chelation, get
attack here



Reduction of carbonyl groups

Diastereoselectivity in acyclic system: Chelation can reverse stereoselectivity

Metals not usually involved in chelation: Li* (often), Na*, K*
Metals commonly involved in chelation: Li* (sometimes), Mg?*, Zn?*, Cu?*, Ti**, Ce3*

Ph,PO
)\/'\

ouim

H

NaBH,, CeCl,
-

R EoH, -78 °C

chelation control

-

Nue*

Ph— "
o\

-
-

0--Ce

I &

six-membered
chelated
transition state

e

H ph

Ph,PO
NaBH,
—_—
MeOH, 20 °C
0

Ph,PO

Felkin-Anh (nonchelation) control OH

\

Ph—7

Ph

large, electro-
negative Ph,PO
perpendicular to C=0

Ol’ﬂe

15



Reduction of carbonyl groups - Enantioselectivity 16

Chiral reagent
0 OH
chiral
. reducing agent .
R % > R %
R? R2

OH NMe,
LiAlH,

—_——

"Darvon alcohol” chiral reducing agent

70-80% ee
Chiral catalyst — CBS reagent:
0 OH
~10% catalyst =
/\~\
P BH. Ph
prochiral
ketone 99% yield, 97% ee
H

hydride delivered OH

via 6-membered ring

e 4 il
H- ~ 22 - s RL/\RS
RL -_.-f'-i»,\‘,:,,-"
Ry Rs large group 0
pseudoequatorial |
larger smaller

substituent substituent




Catalytic hydrogenation 1

Rosenmund reaction: hydrogenolysis of a C—CIl bond of acid chlorides (reducing

compounds at the carboxylic acid oxidation level to aldehydes) - |
tne tertary amine

0 H,, Pd/BaS0, 0 X
JI\ = J]\ | Z

o RsN R H N

quinoline

R

The tertiary amine is needed both to neutralize the HCI produced in the reaction
and to moderate the activity of the catalyst (and prevent overreduction)

BaSO, (and CaCO,) are commonly used as supports with more easily reduced
substrates because they allow the products to escape from the catalyst more
rapidly and prevent overreduction

acyl chloride reduced BaS0, is the support
y ¢ aldehyde

0 . A - not reduced

¥ I 4

Cl H2, Pd, 33504 H o
== | 0N | aromatic rings
guinoline not reduced

74-81% yield




Catalytic hydrogenation 18

Catalytic hydrogenations have a totally different chemoselectivity from the reduction
using nucleophilic reducing agents (hydrides); they have chemoselectivity for C=C
double bonds and benzylic C—X bonds over C=0 groups

0
CHO  H,, Pd/C CHO H2 Ni
- OEt
U 75°C O/ 50 °C, 100 atm.
The choice of catalyst depends on the compound to be reduced. Palladium and
platinum are the most commonly used

Substrate Usual choice of metal
benzyl amine or ether Pd

alkene Pd, Pt, or Ni

aromatic ring Pt or Rh, or Ni under high pressure




Catalytic hydrogenation 19

Reduction of alkenes: mechanism starts with coordination of the double bond
to the catalyst surface; two hydrogen atoms are transferred to the alkene, and
they are often both added to the same face of the alkene (syn-selective)

Me
—
M Ve M Me Me H

—_——
———

H
hydrogen adsorbed H H H H H H
on to catalyst surface™ ™~ T AAAANAAANA WEAAANAANANS DAY ANAVAVANAV A TAVA Y —_—
. both hydrogens delivered NANANANNANS
metal catalyst alkene coordinates to catalyst from same face metal catalyst
trans-Fat
S\ cis-unsaturated fat
N N Y \/’\\/\\//\\\/'COER (ester of oleic acid)

H-, catalyst

- ——

saturated fat

chozR (ester of stearic acid)

\//\\N\/C O,R trans-unsaturated fat

(ester of elaidic acid)

\




Catalytic hydrogenation 20

Reduction of alkynes: most palladium catalysts would reduce alkynes all the way
to alkanes; use Lindlar’s catalyst (Pd/CaCO, deliberately poisoned with lead).
Best selectivities are obtained if quinoline is added to the reaction

Lindlar's catalyst =
Pd, CaCO3, Pb(OAc), H» H H H, H H
—— o= o
Lindlar's catalyst R R R R

reduction of alkene slow
with Lindlar’'s catalyst

Reduction of benzylic/allylic C—=X bond (X =N, O):
benzyl amine coordinates to the metal catalyst via the electron-rich aromatic ring

z z
NR; - | NR, — > \\‘ | .
H

\\‘ \ -
H H <€---- hydrogen adsorbed NNM wwinnnnvsinne H H
on to catalyst surface . . HNR
Pd metal catalvst aromatic ring coordinates -
metal catalys to catalyst

Benzyl groups, and their hydrogenolysis, as a means for temporary protection of
amines and alcohols



Catalytic hydrogenation 21

Reduction of nitro group: The reduction can be carried out by Sn/HCI but catalytic
hydrogenation is much simpler

NO NH
_HNO; g N 2 Hy/PtorPd N 2
R— Ll = LIS
H2504 I — EtOH (+ HOACc) R I =

usually ~100% yield

Reduction of unsaturated carbonyl compounds:

- C=C bond reduction: 0 0
/O/\)‘\ H,, Pd/C /@/\)}\
H HO

raspberry ketone

- C=0 bond reduction: The way to get regioselective addition directly to the
carbonyl group is to add a hard, Lewis-acidic metal salt, such as CeCl,

0

0 OH
NaBH4 NaBH,
—_— —eee -
CEC|3

97% vyield - = 100% yield




Sequence of Reactivity towards Hydrogenation

easiest to hydrogenate

0
Jl\ > J\
R Cl R H
ArNO, —_— ArNH»
R—=—R - / \

N ——>  RXH + PhCH3
RX Ph o NH

G — O

hardest to hydrogenate

22



Catalytic hydrogenation ('.' 23
1 RU"\ A.S.C. Chan et al. / Inorganica Chimica
Asymmetric Hydrogenation: @e O | Acta234(1995) 95-100
CHsO
o _/,H
= LH
H,
CO,H _ COH
[(S)-BINAP]Ru(OACc)>
MeC MeC

(S)-naproxen

Simplified by removing backbone:

(S)-BINAP

equatorially disposed phenyl
groups block coordination
in that 'quadrant’

Axial chiralit
y Chiral enviromnment has 4 quadrants,

two "blocked" and two "open":
@ “ viocked

OV’ open




Catalytic hydrogenation

Asymmetric Hydrogenation:

COzMO

/ NHAc

Ph

0.1% [(R,R)-(dipamp)Rh(COD)]*BF,

CO,Me

o

3 atm H,, 50°C, H,0 / 'PrOH

9+
N E
s [ |
o= || T —_—
Rh |
p” w0 slow
Ph i
more stable
(major isomer)
less stable
(minor isomer)
+
Ha
RH‘\ >
fast

NHAc
94% ee

Ph
. |n 'NHCOMe
majo \‘E
COZME
/ Ph




Functional Groups Removal using Reduction 25

1) From Alkenes: Hydrogenation
2) From Alcohols: Elimination then hydrogenation
3) From Alcohols: Tosylation then H-reagent

LIEt;BH
/WV\OTS o /\\/’\\/’/\\/’

THF 99% yield

4) From Carbonyl: via Thioacetals (weak C-S bond) then RaNi (Raney nickel is a
finely divided form of nickel which adsorbed some H,)

HS' SH RaNi
B S r o
BF
0 ? </
S

5) From Carbonyl: Wolf- Kishner reduction

NH, I-ir\ebH N H‘KEE”'i

R R ”Qj"" R R HO—TH + N



Functional Groups Removal using Reduction 26

6) From Carbonyl: Clemmensen reduction
0 H H

Zn, HCI R

88%, R = C47Has

As the zinc metal dissolves in HCI, it gives up two electrons; in the presence of a
carbonyl compound, the electrons go to reduce the C=0 bond (normally it will
reduce the H* to H,)

Dissolving Metal Reductions

Group 1 metals, such as sodium or lithium, readily give up their single outer-
shell electron as they dissolve in solvents such as liquid ammonia or ethanol; it will
reduce any functional group with a low-energy ™ orbital

fast slow
Li . U® e INH3], - NHS 4 Ln,

blue solution NH3 colourless solution

When lithium or sodium dissolve in ammonia they give an intense blue solution of
solvated electrons



Dissolving Metal Reductions 27

Birch Reduction: dissolving metal reduction of aromatic rings, giving an

unconjugated diene
Li, NHx(l)
y
EtOH, Et,0
Mechanism:
O LiEI [NH3]n Q EtOH é

+ LIUEt

radical anion

= (- @

H + LiOEt




Dissolving Metal Reductions

Birch Reduction:

CO,H

CO,Na

CO5H
Na, NH3{I} |-|+ Na, NH;(1)
o
EtOH Et,0, EtOH

89-95% vyield

28

OMe

major product

« Electron-withdrawing groups promote ipso, para reduction
« Electron-donating groups promote ortho, meta reduction

COzH

SRR
ot

OMe
@ :

COsNa ~  CO3Na

ED;NH COzNa

EtI‘JH

CO.H
EtOH Q@Y




Dissolving Metal Reductions 29

OMe OMe
Birch Reduction: the unconjugated alkene products can H®
be isomerised into conjugated dienes using an acid -
catalyst
NMEE NMEE

With anilines, it is impossible to stop the
isomerization, and Birch reduction always gives Na, NH;
conjugated enamines EtOH, Et,0

Reduction of Alkynes: giving trans alkenes

—_— Na, NH3 \/\/\/\
\\// \\// -
80-90% yield

vinyl anion is basic enough to deprotonate ammonia, so no added proton source is

required negative charge in sp® orbital




Oxidizing agents

30

Chemoselective for C=C double bonds
peracids, RCO3H (Chapter 20)
osmium tetroxide, 0sQ4 (Chapter 35)

ozone, O3 (Chapter 35)

“not dealt with in this chapter.

Chemoselective for alcohols or carbonyl compounds
Cr(Vl) compounds
Mn(VIl) compounds

some high oxidation state Hal, N, or S compounds

Oxidation of secondary alcohols to ketones: (overoxidation is difficult)

Usg Jongs oxidatiop: | | | OH Na,Cr,0;
sodium dichromate in dilute sulfuric acid (not )\ -
suitable for acid-sensitive alcohols) R R H2504, acetone p R
oxidation of alcohols with Cr(VIl) 0 ‘:J]
: d g
H,0 1'|:”'I H® (lu 0~ \ >oH HO” TSOH 5. Cr(lil)

_ S . 0

07 == | Xy —— |*_‘,,_.-- — — 0
0 c;‘{ 0 Py, OH 0 H
R chromate ester R R




Oxidizing agents 31

Oxidation of primary alcohols to aldehydes: (overoxidation is easy via the hydrate)

overoxidation of aldehydes

H OH
oxidize /g )\ oxidize )\
R™ oH > R 0 —— > R 0
aldehyde hydrate

The key thing is to avoid water; so use PCC, PDC or TPAP (soluble in DCM)

@
2@

0 0
o"f/
! 12 TPAP
pyrldmmm chlorochrnma’[e, PCC pyridinium dichromate, PDC tetrapropylammonium perruthenate

TPAP can be used catalytically. The stoichiometric oxidant is ‘NMO’

THP NMO THP
TPAP (cat.)
OH _ + Ru(IV) + Ru(VI)

E CH,CI ; = CHO

= 2bl2 =

= = \\ -:]

I'ﬂe/ 0
TEDMSO’/ TBDMSU// NMO
97% yield N-methylmorpholine  N-methylmorpholine

N-oxide




Oxidizing agents 32

Oxidation of primary alcohols to aldehydes:
Use Dess—Martin periodinane (lodine(V) reagent made from 2-iodobenzoic acid)

10 (V) (V)
Y A AcQ OAc
NH, | KBIO, N0 aco \l{f‘ﬂ‘“‘c
—a \{] {]
CO,H CO,H
anthranilic acid WARNING! Dess—Martin periodinane—
explosive when dry! handled and used in solution

It will oxidize even very sensitive a!cohol.s H Dess_Martin
to carbonyl compounds; it oxidise cis-allylic | .

alcohol without isomerizing it to trans R R



Oxidizing agents 33

Oxidation of primary alcohols to aldehydes:
Use Swern oxidation (uses a sulfoxide [S(IV)] as the oxidizing agent)

0
0@ EtsN
N l Cl
R OH - s@ + cl ———> R—CHO + Me,S + CO + CO; + HCI
ME/ \Me Swern
(= DMSO) 0 oxidation
Mechanism
Me-\ Me
| C\) — + CO + CO,
Me/ Me '
CIe
Mex Me Me H%{:Hg



Oxidizing agents 34
Oxidation of alkenes to epoxides: the most commonly used epoxidizing agents are

peroxy-carboxylic acids such as m-CPBA
H 0

0 Cl

o 0
cl
_ o + H
smersn 95% yield

R H H Ra oM H—0 R H u. 5

Aol — B o )y | o
0 " R H 0--

R H o A

<+

R” “H 0

transition state for epoxidation
electrophilic attack by a peroxy-acid on an alkene

bonding interaction

: 0

i H >_Ar Ry H -
HOMO = \ Y \ \ H—0
filled | ------ — ) Ar
orbital ' 0

LUMO = empty o* orbital R H

epoxide



35

Oxidizing agents
Oxidation of alkenes to epoxides: Epoxidation is stereospecific

m-CPBA

—h.

trans-stilbene trans-stilbene oxide

More substituted alkenes epoxidize faster

/
A %:3
interaction with each filled
orbital raises HOMO and ---- .
increases nucleophilicity N s
: 1]
. '
2 / -'
QQ ;I Jt
c
& H '
L] )
¥ ]
'] L
L]
L
i
L]
L
]
"
L
1]

adjacent C-H or
C-Coorital

cis-stilbene

0
[ ] O O “ — O Q
‘\\\\\\ O Q —b_
cis-stilbene oxide

relative rates of reaction of alkenes with m-CPBA

3
R: R m-CPBA Rl O
>_<_ r )A(
R2 R4 R2 R4
HOMO = Me Me Me
n orbital H2C=—=CH: N .
1
c—cC 24 500
(-
Me Me Me
Mé M¢ Me
500 >6500



Oxidizing agents 36

Nucleophilic epoxidation: Use H,O, (good nucleophile due to alpha effect) in base

0 05 0
OoH
S AP ] b ; ”é
HO—0® g/\o
CoH

Nucleophilic epoxidation is a two-step reaction: there is free rotation about the bond
marked in the anionic intermediate, and the more stable, trans-epoxide results

oh H,0,, OHP 0 Ph m-CPBA
' S0,Ph —_—
. : 0 - i
cis-alkene trans-epoxide cis-alkene cis-epoxide
free rotation
about this bond OQ
0

) H
Ph Ph
. —_— 0
HO—0 0 \_ja P Ph



Oxidizing agents

Diastereoselective epoxidation of alkenes:

this face hindered by

large SiMesPh grou
E oFn g DMER MEH

Me only important S—Ph Si—Ph

cis-substituted alkene

K\‘/ conformerhasH H H H H
eclipsing double ’
Me  SiMe,Ph bond v UH ME}ng<

m-CPBA attacks the less
hindered face

Without the cis substituent, selectivity is much lower
eclipsing C=C Me

f jMe
' Me._ Me
Si—Ph ~si—Ph
Me H Me H
H R — - HW&(
U Me Me
Me A~ Me < m-CPBA attacks the less
hindered face
SiMe,Ph ﬂ
Me H Me H
H Me H Me
Me Me
\“_ . Si< 5i<
minor conformer:
Me eclipsing C=C F'I‘/ Me F'I'/ Me

Me Me

Me Me

37

SiMesPh
E&'r"&
SiMe5Ph
major product (61%)
0
SiMe,Ph

minor product (39%)



Oxidizing agents

Oxidation of alkenes to epoxides: stereoselectivity in a ring system

RCOzH

-l T

O

o —

m-CPBA

H 0
— XY
R

m-CPBA
endo
approach

approach

o T30

m-CPBA
—_—

o



Oxidizing agents

Oxidation of alkenes to epoxides: stereoselectivity in a ring system

RCOzH

Ar

%

H 0
XY
R

Bromination in water: giving opposite stereoselectivity

<

- @ R

Hz'o:

NaoH | Sp2
R —_—

Br

OH

H

Br
Rmmg

wor T30

7
“nQH

’.ﬂ
f;)
Rumnn <j (Y
ot

39



Oxidizing agents 40

Oxidation of alkenes to epoxides: stereoselectivity in a ring system

OAc OAc OH OH
RCOzH 'y, RCOzH
—_— “‘f_{ﬂ — = 0
allylic acetate anti epoxide allylic alcohol cis epoxide

— 0 — " — — ‘F
R hydrogen bond

_/\f-o )‘"n

\/'{’ ] o

r
r
¥

vl H ‘u- "p ------- H
H-35 v \,
0" (:) 'rJr ;1.‘/\ /

—~ 2 — _ \/ H
green hydrogen bond favours
attack on same face as OH

peroxy-acid approaches less
hindered face of ring



Oxidizing agents

vanadyl ® U ®

Oxidation of alkenes to epoxides:

using vanadium complex VO(acac),
combined with t-BuOOH, giving syn
epoxide

OH OH
t-BuOOH
—_—
VO(acac),
0

M Me
W
Me OH

is-subs

tituted alkene

hydrogen-bonding
delivers m-CPBA from

Al same face as OH —
()hl
1

n -
H 1-

E==q

only important conformer has
H eclipsing double bond

41

©0 0

AN

enolate ion of

‘acac’ acetyl acetone VO(acac),
0 0
t-Bu(bH u u
SN _ o0 o NotBu

OH 0
H H
—_—
M H
Me OH



Oxidizing agents 42
Asymmetric epoxidation of allylic alcohol

by adding a chiral ligand to the titanium catalyst, it might lead to asymmetric
reaction. The ligand that works best is diethyl tartrate

t-BuOOH
Ti(0i -Pr)4 o
\\‘\“ COEEt
\/\Il\/OH - Df;f:;; OH EtDEC/'ﬁ/
L-(+)-DET
OH
85% yield, 94% ee L-(+)-DET = L-(+)-diethyl tartrate
i-Pr
i—Pl\ S / ;'-P\ o/i-Pr
0 0
0
v O\T’/ S S T
TiOiPr, + N o | — > dhias >0
‘ -BuOOH
. 0
: i-Pr




Asymmetric epoxidation

OiPr 0
i-Pr
O\T// \T/
.-/ \“m / ™~
0
0/
t-Bu t-Bu

CO;Et group at back simplified to 'E' for clarity

enantioselectivity in the Sharpless asymmetric expoxidation

p{—)diethyl tartrate delivers
oxygen to top face of alkene

arrange allylic
alcohol with

hydroxyl group---3= \ H

top left

L{+)-diethyl tartrate delivers
oxygen to bottom face of alkene

13
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Asymmetric epoxidation of allylic alcohol

Examples:
t-BuOOH OH
o H PDC
cat. Ti(O'Pr),4 0 0

cat. p-(-)DET R R
80% yield, 91% ee

)\/\///PPM Z H,, cat

- 0 — 0

disparlure

E SiMe3 1. BuyN*F N NHEPY

t-BuOOH H/\Q 1. MsCI
H(/\"\ Ti(OPr), 0 2. Ar0"Na* 2. IPrNH2
—_—
SiMe; “
SiMe; p-(-)-DET

60% yield, 95% ee propranolol

.|::|||||||
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Asymmetric dihydroxylation
chiral version of the syn dihydroxylation of alkenes by osmium tetroxide

asymmetric dihydroxylation—the reaction:
Y YO catalytic 0s0y4 OH

\/\/\/\/\ oxidant, other additives
-

plus chiral ligand OH
97% ee

N==N N==N

0 0 0 0,
oHoopHAa pHoy )/ “ohep  bHe N/ “bHo "DHQPHAL

phthalazine-based ligands

dihydroquinidine dihydroquinine
(when Ar = H) (when Ar = H)
= DHQD = DHQ

OMe
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Asymmetric dihydroxylation
Enantioselectivity in the Sharpless asymmetric dihydroxylation
DHQD
steric hindrance 0s0,4
-’ "‘l steric hindrance
0504
"attractive area"
DHQ
OH K20s05(0H)4 KsFe(CN)g. K20s05(0H)4 KsFe(CN)g. OH
. K,CO03, MeSO,NH, = K>C03, MeSO,NH, -
s P N > o N
OH DHQD _- PHAL trans-stilbene DHQ HAL OH
99.8% ee

>99.5% ee
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