Chapter 7 Oxidation and reduction

OXIDATION
Definition:
The addition of oxygen

The removal of hydrogen

The removal of electrons

Exampl
e.
H O
remove Hs O add O
CH3CHy — 2o e CH3—|—DH —— CH{ — CHs—(OH
H
H
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|. Oxidation of alcohols to aldehydes or ketones

A) Transition Metal oxidants
B) DMSO-based Oxidation
C) Other Useful oxidants

l[I. Oxidation of alkenes

A) Epoxidation
B) Dihydroxylation
C) Oxidative Cleavage
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Oxidation levels Iin organic chemistry:

Level O: Each carbon has zero bonds to
elements more

elec “ve than itself

Level 0 Hydrocarbon Oxidation Level

PN R o

H

Level 1. Containing carbon atoms that have one
bond to an electronegative atom.

Level 1 Alcohol Oxidation Level

|
& o

o A O
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Level 2: Containing carbon atoms that have two bonds
to electronegative atoms.

Level 2 ketone Oxidation Level

H
H
Joow SN S
OMe MeS She Cl Br \/\{n:}/

NCH;

#,i\\ ’,JL\H \HNFDME

Level 3: Containing carbon atoms that have three
bonds to electronegative atoms.

Level 3 Carboxylic Acid Oxidation Level
e OH
e MoneN PN
™ Mue MeS” “sme CI” TBr hkafhlgf

NCH;

Q =N OMe
f’m“NHg #’l“DME ~ \h_<;ME
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Level 4. Containing carbon atoms that have four bonds
to

electronegative atoms.

Level 4 Carbon Dioxide Oxidation Level

Cl O o o
im
cl HENANHQ HQN)I\DME A

| MeO OMe

HoN=—=C=N O=C=0 O=C==5 S=C==5

Examples:

Cls, hv H.0' CrO3/H,S0, (oS
Oxidation Gl OH Atdation 0 HeCl, MeS” “SMe

Level 0 Level 1 Level 2
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|. Oxidation of alcohols to aldehydes and ketone:

A) Transition-metal oxidants

1. Chromium-based oxidation reagents

a) Jones Reagent (Chromic acid, an orange solution)

Preparation:

. NE‘IECI'EOT / HESO_L or CH;COOH / Hz(j
e (CrO;1naqg. H,SO, / acetone

[,0
[lj(jl"z()j.r ﬁ 2 HQCI'()gr

Acetone solvent serves to protect substrate from over oxidation.
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Mechanism:

R R (@]
2 H,CrOy4 2 i ~ H,CrO4
R, OH - R, O=—Cr—QH ——»
H.O || slow
H or H
Acetone

Chromate ester

e Alkenes are not oxidized under the Jones oxidation
conditions

Examples: -~ %
H,O
(45 - 49%) 0

HaCrOy

Acetone
(92 - 96%)
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Note: Over oxidation of alcohols to acids (water is present)

OH

H* 1 H,0 H,CrO,
)I\ . R oH _27 "¢
E OH
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1. Chromium-based oxidation reagents

b) Collins Reagent (CrO4;-Pyr,)

Preparation: Add CrO, to pyridine, not the reverse (inflames)

e A hygroscopic. stable, deep red crystalline complex which
can be stored for a short period of time

e Neutral conditions

e Oxidation in dichloromethane at room temperature

e No over-oxidation to acids observed

e (ood for acid sensitive substrates

e Large excess ol Collins reagent 1s required
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Examples:

_ CrO5-Pyra
MUH - /VWO
CHyCls

(70-84%)

0
CrO3-Pyrs x
- 0 0

CH;COOH e
mol. sieves 0 1

(96%) -

OH
Me MED
CrO5-Pyr,
-
CH,Cl,
Me (95%%) Me
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1. Chromium-based oxidation reagents

c) PCC
O vridinium
aq. HCl + CrO., + . I Py
N e Ej @ Cl—firlr—o' chlorochromate
" H O (PCC)

e Excess of oxidant 1s NO'T required
e No over-oxidation observed
e PCC 1s shightly acidic which can cause side reactions
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Example:

PCC H” H PCC
— — — —
OH o OH OH
-

To avoid side reactions, PCC reaction can be
buffered with sodium acetate

PCC
—_—
OH NaOAc H%D
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Fast oxidation of allylic alcohols

Example:

PCC

CH,Cl,
(89%)

e Tertiary allylic alcohols undergo oxidative rearrangement
to give o, p-unsaturated aldehyde
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Mechanism:

O
O\ O Il
w _
OH "Cr*{} O=Cr—0
/|\/ pcc § R, O Ry O
R4 — ‘,a+~,\#g§5 — — - .f’l\\kgf’u\\
R, R, /l--\..) W VW
Rz RE
Example:
OH
— 7 e, CHO
(80%) —
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Useful for preparation of a , f-unsaturated aldehydes
and ketones from ketones

Examples:

9] /\
1) MgBr
- -"/ CHO
2) PCC

(85%)

1) CHjLi

-

2) PCC

(94%)

e Drawback: high toxicity and environmental hazards
associated with chromium compounds
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1. Chromium-based oxidation reagents

d) PDC
SN Sy 1 »_  pyridinium
aq. CrO3 4 O - |(-]-) Cr2077 dichromate
N N (PDC)

e PDC is neutral. stable. and commercially available
e PDC oxidation slower than PCC

J PDC / CH,Cl, J
0~ OH . o 5
l\) (90%) K/lkH
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A) Transition-metal oxidants

2.
Manganese

a) Manganese Dioxide (MnQO.,)

Mechanism:

R

e Very mild oxidant

e Seclective oxidation of allylic and benzylic alcohols
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OH
H,CO

H
H,CO

b) KMnO4

O
H,CO
MnO, [ acetone o
-
. : VE L
room temp., 94 H,CO

T0%

K Ml]()_1 [ H 3804

Good for oxidation of alcohols to acids

Reaction runs in aqueous solution (insolubility of KMnO,
In organic solvents)

Can oxidize carbon-carbon double bonds

Other permanganate reagents: RyNMnO,, BaMnO,
(soluble 1in organic solvents)
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A) Transition-metal oxidants

3. Ruthenium (Ru)

Tetra-n-propylammonium perruthenate (TPAP)/N-
Methylmorpholine N-oxide (NMO)

O

[ / \/
O=F|{u—D M 4 @] N ==

| /

O TPAP NMO

e Mild conditions

e (atalytic: only 0.5 — 5 mol % of catalyst 1s required: Good
for large scale oxidation

e Do not oxidize olefins

e Potential oxidation of nitrogen and sulfur containing
function groups
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Example:

OH TPAP / NMO QD 0
-
0 CH,Cl,, R.T. O H
molecular sieves
A Y

ENY “OTBS EN “MOTBS
(97 %)

Catalytic cycle:

O
|: ] RUO, RCH,OH
N
|
0]
C.) RUO, RCHO
N
/0
4. Silver (Ag)
Ag,0 Ag,CO4/Celite 1
RCH,OH =——= RCHO o AsO » RCOOH

AeO
RNCHEOH g RWCOOH
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|. Oxidation of alcohols to aldehydes and
ketones

B) Oxidation Based on Dimethyl Sulfoxide (DMSQO)

1. Ptitzner-Moffatt Oxidation (DMSO-Carbodiimide)

Mechanism:
RriJH
+
- H RyCHOH ?JC‘Q‘ER
RN=C=NR RNH—C=NR —_—
| LSFN_H
t - Ot R,CH—O""] ™CH3
's) S(CHa)a CH3
I
S(CH
+( alz l
H
0 (0
Il — RoGFO=0+
R,C=0 + (CHs,S + RNHCNHR |L 4[I:H
2
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¢ (Good for molecules that are sensitive to transition-metal
oxidants (eg. Indoles)

e [ ess reactive than transition-metal oxidants

e Acidic conditions

Examples: HaC HaC
Ha G HaC
CH20OH DMSO CH=0
- HaC
dicyclohexyl- .
carbodiimide (84%)
(DCC)
DCC // H
———
H,PO, H

DMSO H,CO,C”

DMSO / DCC

cl Bu-t TFATPY _ ¢ Bu-t
H 87%
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2. Swern Oxidation (DMSO-Oxalyl Chloride)

Mechanism:
) S ;
<7 S
}@ o )J\“,m E‘; | Cl \"?_&)ljrm
Q O O

H 1

‘ CHa» HaC
R: H H H
H S EtsN  H L@ R 2
+ e >|2Gf~f'CH3 — “CH; —— ﬂ—QH
F R F
CH3SCH, deprotonation CO, + CO + Cl

e More reactive than the Ptitzner-Mollatt conditions

e Requires very low temperature (—=78°C) for activation of
alcohols

e Neutral conditions: little racemization of a-chiral center

e Formation of side-product (ROCH,SCHy)
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Examples:

P RN N0

J\/CHQDH

8]
OH
7‘23
/‘*-.:
~CH,OH
MHBoC
&OH

\\\\OH Swern Oxidation

1. (COCl)g / DMSO

- Ph
2. EtsN, CHoCl,
96%
1. DMSO / (COCl)s
2. (i-Pr)aNH CHO
- 1
70% .
0
1. DMSO / (COCl),
2. EtoN
- 0

79% %D

N
1. DMSO / (COCI), 1

2. Et;N CL"CHD
.
NHBoc

> 66%

Other oxidants cleave
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C) Dess.Martin Periodinane: a hypervalent iodine(V) oxidant

Mechanism:

OAc AcO [I)A(;

R
209 _onc M-0Ryy
R ™SOH * q‘? —_— % H +  HOAc

!

| R
+ D=< +  HOAC
H

O

e Very mild condition: tolerate a large number of functional
aroups

e Wet solvent (CH,Cl,) increase the rate ol oxidation and
essential for oxidation of hindered 2” alcohol

e Require stoichiometric amount of reagents: not practical
for large scale

e The intermediate for preparation of the reagent 1s
explosive
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Examples:

AcO I:I}%F,,',:
b
MCDEME He A 30,Me
H CHyCly ~ M

68%
,ﬂ.COE.l} P,alc
OH : 0
. Ph Fh
’g COOL-Pr WelCHCh. NQ{QDD."—F’r
oc ﬁ
83%
Hypervalent iodine
ACO\I/OAC n
: : OAc
/
I\
OAc
| 3: MPDIB
1 AcO” TOAc
2: PSDIB
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D) Oxoammonium salts:

2.2.6.6-tetramethylpiperidine-1-oxy (TEMPO) and
NaOCl (bleach) catalyzed oxidation of primary .

alcohols to carboxylic acids with sodium chlorite

|
. . . O«
(NaClO,) (TEMPO)
Mechanism:
7(?]? NaOCl +
oF o
TEMPO 1
RCH,OH
RCO,H NE’DC< > >ED<
NaCIO, _OIE?D,R
H/C\H
RCHO + ) B
t!)H
2
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Examples: e o TEMPO/NaOCI ph/\r*?'z“
H

MNHChbz NaClOs Chz
85%

—— —

H
pn%/o
H
— 04H
ﬁM 100% E{/O/\:
M M

Other oxidation reactions:

Allylic oxidation with SeO;:

Se0)s (1 equiv) OH
Bu -

e Vg yridine

l;' , Bu Fr

CH-Cly

63%, \

h ar
O HO—Se -
r- T T
Se":..f H HO. 0 [2.3|sigmatropic -y i:'D Nu

D/Aﬂ\ ene reaction SEF g rcurrmmumunth
b\ - M
Bu Pr
Bu Pr Bu Pr

alkyl selenic acid
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ll. Oxidation of Alkenes
A) Epoxidation

[O]

—_——

1. Peracids (RCO3H): prepared from RCO,H and H,0O,

Mechanism: R B . t
O
H‘%O 53——-..(0 Higher activity for more electron-
] 1 IE;J—

4 v deficient R group
—— "‘Dr‘
+

3 More electron-rich C=C bond

Me reacts faster
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Reactivity:

@*ﬁ ‘@* : FECJLOOH

The lower the pKa, the greater the reactivity (i.e., the better the leaving group)

pK, of acid
(RCO5H):

O
Cl . .
OH  m-CPBA (m-chloroperbenzoic acid)
commercially available

e (Chemoselectivity: most nucleophilic C=C reacts fastest.

Joa)

R EWG
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m-CPBA
——
CHCl,

B80%

g m-CPBA . .G
<‘I|' ‘I.’NJLM o -‘»‘.“”\h
Stereochemistry of olefins is maintained (stereospecific!).

0
m-CPBA
- trans-epoxide
©/=\ m-CPBA @/E\ |
- Cls-Epoxide
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Sensitive to steric: Epoxidation preferentially occurs at
the less hindered side.

OSiMe,t-Bu OSiMe,t-Bu
m-CPBA .
o é&j
CH,Cly y
R. .R R R rR. R
& m-CPBA b@
ot +
CH3Cl»
exo endo O
R=H 25°C. 20 min 99%, 1%,
R =CHj, 25°C, 24 h <10% 90%
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Directed by allylic OH and NHCOR groups

4 CPBA I H"“‘Db)\\“g
- :
ok Jo e
N

Common side reactions:

Baeyer-Villiger reactions of ketones and aldehydes

O 0

O
O
/\O)\ m-CPBA fU N~ ot ‘)\O)\
O
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Oxidation of amines
N\y__ m-CPBA \;5/@
—...

N-oxide

Imine oxidation
@]
>=N M._ >Q‘N oxaziridine
‘R N,

Sulfur oxidation

S m-CPBA Il I
R”T TSR - R TSR R NR
sulfoxide sulfone
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2. Hydroperoxides under basic conditions (H,O, / NaOH)

Good for electron-poor alkenes

Mechanism:
(aq.) NaOH S Y ~
- ——
t H,0,, MeOH O=0H 7%, O
G)’[ZICJH ) )
Examples:
20
H,O, / OH™
.
CH,OH. rt, 1h
O 96%
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3. Hydroperoxides with transition metal catalysts

a) Vanadium: VO(acac), / t-BuOOH

2 ; @]
2 6
- VO(acac HO
H Ny - { )2 - -2
-BuOOH

geraniol

b) Titanium: Ti(Oi-Pr), / --BuOOH / diethyltartrate (DET)
Sharpless catalytic asymmetric epoxidation (ALE)

Ti(Oi-Pr)y

i-Pr
Pr (+)-DET
| - “0
OH t-BuOOH . _OH
CH,Cly, -20°C
85% 94% ee
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I
E‘DDCIDH {  HOw, COOE
EtOOC” SOH | HO™ SCOOE!
1
(R, R)-(+)-DET (3,8)-(-)-DET
natural unnatural
Examples:
CH,OH
H\C CfCHEOH (+)-diethyl tartrate H
— - p
LN Ti(0-i-Pr)4, +-BuOOH %S H
HsC(H,C), H ‘ HaC(H4C), O
e G20 97% e.e.
(78%)
(+)-diethyl tartrate CH-OH
CH,OH - e
2 Ti(O-i-Pr)4, -BuOOH S
93% e.e.

(77%)
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c) Manganese: (Salen)Mn(lll) / NaOCI (Jacobsen epoxidation)

Stereoselective epoxidation of unfunctionalized olefins

A catalyst 3-5mol %) R O R
>=< +  NaOCl — >Q<
R! Rlll CHEC'E, D C R‘ R'"
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Ph Ph

ey (
b

—N  N—
ju’lr{
TIPSO o él‘D OTIPS

t-Bu t-Bu 3

4 mol % O
P + m-CPBA - N

N—meﬂwlnmrprmlir‘le MN-oxide
CH5Clsy, -78 °C, 30 min

86% ee
90% yield

4. Dioxiranes

Dioxiranes: a new class of organic oxidants for
epoxidation, C-H bond oxidation, and heteroatom
oxidation reactions

Q—0 RV R
R1><Rz HSCXCHa HBCXCFB

dioxiranes
Dimethyldioxirane (DMDQ) methyl(trifluoromethyl)dioxirane
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e Methyl(trifluoromethyl)dioxirane is about 1000 times more reactive than

DMDO.

e Dioxiranes can be generated in situ from ketones and Oxone”
(potassium peroxymonosulfate: 2ZKHSOsKHSO4K,S50,)

Catalytic Cycle

Environmentally Friendly Process

Economical

ketone
Oxone (1.5 equiv)

NaHCO; (4.65 equiv)
>=< o
CH;CN/H,0,

0 Oxone/NaHCO; -0
11 P
R R> CH3;CN/H,0 R{ "Rs
ketones rt, pH 7-7.5 dioxiranes

>

2-100 mmol rt, pH 7-7.5 80-97% yield

0.5-8 h
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ll. Oxidation of Alkenes
B) Dihydroxylation

1. KMnO,;

e Syn addition

H
R, H R ; _
hod - QA L HoO
[ +  MnO, —» [ M ——=  RCHCHR
Jox S~d Yo OH [ ]
R H R "’H HO OH
Examples:
0 0
CH CH
HAC 3 KMnOy4 HC E_
= > OH
OH
(58%)
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2. 0sO4 :

e More selective than KMnO,

e Syn addition

e (atalytic with OsQ,: N-methylmorpholine-N-oxide (NMO), ¢-butyl
hydroperoxide or barium chlorate can be used as the stoichiometric oxidant

e Diastereospecific. with attack on the C=C from the less hindered face

i o 7F 0
D‘b’? D\\O/! oxidation (NMO) OH
- | o™ | — g o and - + 0sO,
Os0y4 A d \\_k hydrolysis
= HO
T B+ osmate
ester
(@]
—0
Os0Oy
—_—-
BaClO,
o v
H O

(84%)
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Sharpless Catalytic Asymmetric Dinhydroxylation (AD)

R 1;,“*_. .“‘\H E H'ﬁ, L R 1
RQ#"-_ HRS E Rﬁf" -HRE
K>0sO,(OH)4 or OsOy
DHQD o DHQ
| K;Fe(CN)4. K2CO;
Y ‘BuOH-H,0
R H H R
Rz % # R3 R3 - A Rz
HO  OH HO OH
A >
HO, wOH
DHQD= A OMe DHQ= MeO # |
|
N N
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Example

. T R Ry X =
squalene
Os0y (cat.)
KgFECNE. f—BLIDH. HEU
OH OH OH
OH OH OH
OH OHI OH
OH OH

OH

3. Prevost reaction and Woodward hydroxylation

inversion :.-
(— Agl)

[i-iodoacetate

CH3
\ o, AGOAC PAC Ag0AC ® O/l\ Hz0
— - - l:;'l
N\ H20. HOAc | - ’

",
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Comparison with m-CPBA and OsQ, oxidation:

WOH
_m-CPBA I:[ o trans-diol

OH

H-O
trans diaxial opening
—e —_—

V \5/\4 of epoxide

. tgi

m-CPBA

jj 0sO, «OH
——- —_—

ﬂ\é "OH

from least hindered side

00, U

\/OH_F O:

|u|[‘_}

Q--o
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I1. Oxidation of Alkenes

C) Oxidative cleavage of alkenes

R R R, R,
:>::::<: - ;}:::{) (}:::(i
R R4 R4

) [1.3] SO (—~>=o .
N cycloaddltmn* ™ ).-") reverse - eo cycloaddition .
/N e Ej___i
primary ozonide cycloaddition D

MEQS
SEE 0 o e
i

\
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Reductive work-up: Me,S. Ph;P. Zn/HOAc¢ give aldehvdes/ketones
NaBH, and LiBH, give alcohols

F
(i) O3, MeOH
.
- = (ii) NaBH, 5

Reductive work-up

R F OH

Oxidative work-up: H,O,, KMnOy. Cr(VI). and RuOy give ketones, carboxylic
acids

(I} Og, MeOH - 4 : CONR,
(i) HaO5 z =

Oxidative work-up
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2. Transition metal oxidants

a) KMnO, / NalO,

e ['orm carboxylic acids

., O N { — + 10
3 ~0 2 3
R” NOH R0 © R

)
JL KMnO4
_—l
R H R H

b) Lemieux-Johnson modification (OsO, / NalO,)

e l'orm aldehydes (no over oxidation)

0s0y4
— O=CH(CH3)4CH=0
NalOg

(77% as DNPH derivative)
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c) H,CrO,

e ['orm carboxylic acids

“ HECroq, @[COEH
CH,CO-,H

(66-77%)

d) RuO, (RuCl; or RuO, / NalO,)

0 0
i \/\)‘L \/\)‘L
S e R TN - OH + H

RuO- (3 mol %), Oxone (3.3 equiv),
NaHCO5 (9.9 equiv)
R R L W Wy I M
= COOH

, CH;3CN/HLO/E1OAC (15:10:5). rt, 1h )

Qoo
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Reduction Reactions

|. Heterogeneous Catalytic Hydrogenation
Il. Homogeneous Catalytic Hydrogenation

Ill. Group Il Hydride Donor Reagents (LIAIH,,
NaBH,)

V. Neutral Group IV Reducing Reagents
(BZH6’ AIHB)

V. Chiral Reducing Agents

VI. Chemoselective 1,2- and 1,4-reductions
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|. Heterogeneous Catalytic Hydrogenation

A. Approximate order of substrate reactivity in heterogeneous catalytic hydrogenatiol

Substrate Froducts
o] 0
R)I\tl R’J\H R OH
RNO, RNH;
R
R—C=C—R H}: —=  RCH,CH,R
o]
n)kH =CHzCH Decreasing
Reactivity
R—CH=CH—R R—CH,—CH,—R
0 OH
F!JL'R
R—C= RCHsMH;
o]
H)ko . RCH,OH  R'OH

g O '
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B. Catalysts:

Mo catalyst
(hypothetical)

catalyst prasent
fusually multistep)

[REE ENERGY
Y
N

—bndi

Y
BEACTION COORDIMATE ,}

1. Reactivity of hydrogenation catalysts {to C=C):
Pd > Rh =Pt = Ni = Ru

2. The most common catalysts:
a. Palladium on charcoal (5% or 10% Pd/C)

b.  Platinum — Adam’s catalyst, the actual catalyst Pt is generated in situ under the hydrogenation
conditions.

PtO, + H, — Pt + H,0
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C. Solvents:

*  Commaon solvents: Methanol (MeOH), ethyl acetate (EtOAc) and acetic acid (HOAC),
* [Increasing the polarity of the solvent generally increases the activity of the catalyst.

0. Fressure:
- Hydrogenation rate is proportional to pressure.
- High pressure — high reaction rate, but low selectivity.

E. Stereochemistry:

- Syn addition from the less hindered side;

——-

Pt
-'H3 HE
F1
H
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Mechanism: Why is it not perfect syn addition??

Stepwise addition from catalyst surface, and catalytic hydrogenation is reve

[ 1]
Me e T T M Q Addition T H =

H H = y
H=H e | e = e - Z "Me
T i ol PP W :.r . ’.r’ '-d" '.r" 2 ,"' ," -
adsarption A Adsorption A A

catalyst surface

=]
K
- 2, -
reversible [/ T desorption H Me Me
-~ T HF iMell  ———— Iil T |I4 T
=t ——g ol o b I r o s i = & - v F
t‘l' ll|l"_-ul' ".r "’_,"' " ", .‘r .u" ",p , f’, " " rl' .'i " ":" ," *J
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Applications of hydrogenolysis:

a) Benzyl groups can be used as a temporary protecting groups for alcohols and amin

H

1 BEH". THF -
OH 1' NaH OBn - - OBn
zl BI'IBI’ 2:| K':::lH Hzl::jz

P'.']E'i'l

_ DKH _Ha.PdC
CBEn

Nle)

e

1] [

f'-.]@i )

OH
O/\::H — Of\ Of\r Je

little or no selectivity
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by Benzyl esters can be used as temporary protecting groups for carboxylic acids.

occurs under neutral conditions.

CO0OEt - COOBR
BnO
rR—H — . R—ciH
OEt BnOH -00Bn

o]

PdIC, Hy
RCH,C—R'

A Hooc i
— 2k

I
COOH

Deprotection

1) NaH

2} )l\(
=3 |

Es.n-:-oc:j'\
SR P N

I
COOCBN

¢} Desulphurization: Conversion of C-5 bonds to C-H bonds

BF,e0Et; j Raney Ni
o — X
—SH Hp EtCH
—sH

o — L0
F Pt
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ll. Homogenous Catalytic Hydrogenation

- Wilkinson's Catalyst: (PhyP)3RhC]
Preparation:
RhCl5 + PhsP ﬁ:— (PhaFj.RhCI ¢
A
General reaction:
Hy
\C c/ (PhsP)3RACI [_é
VAN : T
enZeneg ar
ethanol H H

® Highly chemoselective for unhindered olefins:

Monosubstituted = disubstituted === trisubstituted clefins

N

unreactive

Met syn addition.
Compatible with sulphur containing functional groups.
Can use chiral ligands for stereoselective hydrogenation.

. & & @

Selective for allylic alochols.
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Mechanism:

Hz H pij PR |
(PhsP);RACI = ‘th" — Sh—=PPh
s PhsP* | ™ClI PhaP™ | ’
red in solution Phs Cl yellow in

solution

+ H

—_-\—I

::I:I
I
L=

!
]
e
o

L

F

I 1
’
=
T
=
et

PPhs Clngd PP

Examples:

ZO0OH Hy 0O0H
=<\1 e amH
HCCH; Rh-BINAP HCCH;

a7 Yee

(R)-BINAP
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lll. Group Il Metal Hydride Donor Reagents

(Boron and Aluminum)

HIO
) 3
>=l_:I + MH,L, —— >|—D—h-'1H wilp T OH
H H
1) LIAIH, (lithium aluminum hydride, LAH)
. A powerful reducing agent.
. Reactions are very exothermic.
. Reacts vigorously with water.
. Frequently causes fires. (Be carsful with large-scale reactions)
L Used in anhydrous, aprotic solvents (diethyl ether, tetrahydrofuran [THF] ar 1,2-dimethoxyethane)
. Hydrolysis of aluminum alkoxide salts can be difficult.
* The formation of aluminum alkoxides which are insoluble under neutral conditions, traps
products.
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Reactions of LAH:

Reduction of carbonyl groups and other polarized multiple

bonds.

Substrates

PDF Ui “pdfFactory Pro™ iR RRAG)E ww. Fineprint.cn

Product(s)

R NOH
R*NOH
H><':]H
R SR

R ™NOH

R*NOH

R ™OH
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O

R)kr

O

R JJ\T ~OMe

(a Weinreb amide)

R—C=N

R=MNC5

R*X

SeK
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Mechanism of LAH reduction:

. +
+ LLi AlHy _— AlHs Li
Li ﬂaﬁ). 3ot o e

HaAl—H H..&

. H—&—FE

alkoxyaluminohydride

8]
k
A |

+ +
R - L RJ\R R - L
-;— —
R =OAIH - R IHp
H ] 3 H 5

]
RJ\R
ks
=] - )
+ work-u =
(R_;C—D}#I Li d ::LID—C'H + A{OH); + LIOH
4 H

H Hy0 R

€.J. 0 0

o
Pl
[ -
&
L7
% | @
S5
ol
I
L
x%
T

X =NOg, CN, COOEY 50-70%
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Sodium borohydride reduction:

® A milder reducing agent than LAH. therefore more chemoselective.
® NaBH, reduces ketones faster than o [i-unsaturated ketones.

PDF SCfHffiH "pdfFactory Pro" i R AEG] 4 www. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

I\VV. Other group Il metal reducing reagents:

1) Diborane (B,H;) or Borane (BH; THF or BH,;-Me,S)

| D |

cisonly

2) Complex boranes

HoB, H
g B
BH3 +©_,., — Et&
H

1 d-cyclooctadiens
new borane reducing agent
S-borabicyclononane
(9-BEN)

PDF Ui “pdfFactory Pro™ iR RRAG)E ww. Fineprint.cn



http://www.fineprint.cn
http://www.fineprint.cn

3) Diisobutylaluminium hydride (DIBAL or DIBAL-H or DIBAH)

(I Jamn

Al{i-Bu)
45':":

1) DIBAL (1 equiv.),
- :-'ljnl'-:
S
2) HiD
STHF GTHP BTHR STHP
[=Talsty
G “HO
1. DIBAL
+

2. Hg
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V. Chiral Reducing agents for asymmetric reduction

a) (R)- or (S)-BINAL-H

Li

Examples:
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Chiral amino alcohol ligands for the preparation of chiral LAH in situ.

{-)-N-methylephedrine

Q OH
Hq LAH / N-methylephedrine ":ICHEi
-
3,5-dimethylphenal (DMP)
-15°C 284% ee

Fh
Borane reduction in the presence of chiral catalyst(CBS)™ L
e
0 OH O 'I;I
PR ~Me cat, CBS PR e Br — e \'@
O7% e
G0% e
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VI. Selectivity: 1,2 vs. 1,4 (conjugate) reduction.

0 OSiEt, 0
H  Et:SiH 2N o ’
| (PhaP)3RNCl 2
T
. % .
(C) [Ph4PCuH]g ,jimwf“mvfﬁkh
-
Nl PhH. H.0
l PhaPCuH 1}

XCuO H H HO N H

M/\_'M/\
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