REDUCTIONS 30

Carey & Sundberg Chapter 5 problems: 1a,b,c,d,f,hj; 2; 3a-g, n,0; 4b,j,k,I; 9; 11;
Smith: Chapter 4 March: Chapter 19

Reductions

Hydrogenation

Boron Reagents

Aluminium Reagents

Tin Hydrides

Silanes

Dissolving Metal Reductions

ogakrwnE

Hydrogenations
Heterogeneous Catalytic Hydrogenation
Transition metals absorbed onto a solid support
metal: Pd, Pt, Ni, Rh
support: Carbon, alumina, silica
solvent: EtOH, EtOAc, Et>0, hexanes, etc.

Reduction of olefins & acetylenes to saturated hydrocarbons.

Sensitive to steric effects and choice of solvent

Polar functional groups, i.e. hydroxyls, can sometimes direct the delivery of Hy.
Cis addition of Ho.

R1: _ iRl H,, Pd/C H\‘ ;H
- 7
» RN R
RZ RZ ! R2 R2 .

Catalyst can be "poisoned”
Directed heterogeneous hydrogenation

D 2= o

O
g l >
MeO COyMe MeO COxM;

(86 : 14)

Lindlar Catalyst ( Pd/ BaSOg4/ quinoline)- partially poisoned to reduce activity; will only
reduce the most reactive functional groups.

acetylenes + Hy, Pd/BaS0O4/ quinoline ® cis olefins (Lindlar Reduction)

Acid Chlorides + Hp, Pd/BaSO4 ® Aldehydes (Rosemund Reduction)
Org. Rxn. 1948, 4, 362

—_ ) H,, Pd/BaSO,, Quinoline =——=—SiMe;
R—==—==—"SiMe; </ TL 1976, 1539

R
fo) (0]

F

H,, Pd/BaSO,, pyridine

co,Me
CO,Me 2 JOC 1982, 47, 4254
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H,, Lindlar Catalyst

s —— CH,Cl,: MeOH: Quinoline
HO” A N-"oH 2 Q >
(90:9.5:0.5)
8pe JACS 1982,104, 5555
conrotatory 6p e
disrotatory T\ aH
-, \ H
HO OH Ho_lan ToH
Ease of Reduction: (taken from H.O. House Modern Synthetic Reactions, 2nd edition)
R—COCI EEE—— R—CHO
R—-NO, R—=NH,
_ /—\
R——R R R’
R—CHO _— R—CH,-OH
R—CH=CH—R' ——— R—CH,"CH,"R
o HO H
—_—
R/u\R' R™ 'R
A NN ——— Ar—CH; +  HO—R
R—C=N ———+ R—CHyNH,
— O
O
/IL _ R—CH,-OH + HO—R
R OR’
O
CH, R
R' R” N’
R)I\N/ g N
1 R'
R
requires high
—— temperature & pressure
R—CO, Na' _— no reaction

Raney Nickel Desulfuriztion ,
Reviews: Org. Rxn. 1962, 12, 356; Chem. Rev. 1962, 62, 347.

R S Raney Nickel RO H
>=o - X O —2 2, %
R H
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OO0, __0 0.0_ _o
— HO ,
j Raney Nickel - J
- = JOC 1987,52, 3346

EtOH
(74%)

Homogeneous Catalytic Hydrogenation
- catalyst is soluble in the reaction medium
- catalyst not "poisoned" by sulfur
- very sensitive to steric effects
- terminal olefins faster than internal; cis olefins faster than trans

R
R R
~N > & > /TN s AR > >> S
R . R R R RJ\/R R
R

- (Ph3P)3RhCI (Wilkinson's Catalyst); [R3P Ir(COD)py]* PFg (Crabtree's Catalyst)

X N

—oH (PhgP)sRNCI, H, on
————————————————

CoHe JOC 1992,57, 2767

N (92%) N

Directed Hydrogenation
Review: Angew. Chem. Int. Ed. Engl. 1987, 26 , 190
- Diasterocontrolled hydrogenation of allylic alcohols directed by the -OH group

oK' s
PPh, oK
(Ph3P)sRNCI, H; o | wPPhg
Rh==
S X - > >
) A
Z
MeO MeO Z
Ph Ph
R --"'h BE, V.. - P(CeHirs
Rh*\ﬂ'l>> 4 flr\N PFg"
F>' . /- \
N\ <
Ph ph —_

Brown’s Catalyst (Crabtree's Ctalyst)

JACS 1983,105 , 1072

Regioselective Hydrogenation- allylic and homoallylic alcohols are hydrogenated faster than

isolated double bonds

MeO,C
MeO,C
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mechanism:
OH +

N /\/ .

L/';.M.-«\“‘ H, L/’""‘I:-/I"'“\S Lp;M\\\4>
YA
L 7 L S L 0
lose
reductive _H2 _
H elimination (oxidative

addition)
HO/> migratory H +
H/""I\I/I"“\ insertion H/,,__,\}l._“\rb

L/ﬂ \s L/ﬂ\g

Diastereoselective Hydrogenation: since -OH directs the H2, there is a possibility for control of
stereochemistry

- sensitive to: Hy pressure
catalyst conc.
substrate conc.
solvent.

Regioselective Hydrogenation- allylic and homoallylic alcohols are hydrogenated faster than
isolated double bonds
HO

H
% np
(20 mol %)
_———
9 (24:1)
Brown's Catalyst
OQ.,,/ e . JACS 1984, 106, 3866
H OH

O

Ty
(@]

H,, (640 psi), CH,Cl,

OMe OMe
/ Me Brown's Catalyst
- H, (1000 psi) TL 1987, 28 , 3659
o |
OH

Selectivity is often higher with lower catalyst concentration:

20 mol % 2.5 mol %
OH OH Catalyst Catalyst
—_—
50:1 150:1
.'"'I
OH OH
@ > © 33:1 52:1
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Olefin Isomerization:

CHs;
X - O e
OH

OH
olefin
isomerization
[ major
product
OH (0]

- Conducting the hydrogenation at high H» pressures supresses olefin isomerization and often
gives higher diastereoselectivity.

Other Lewis basic groups can direct the hydrogenation. (Ir seems to be superior to Rh for
these cases)

) r+ >909:1
32:1
.
CO,H CO,H
>09:1 + }
@ ) i) It 7:1
l,'/ “"I,I .
0

. ?JL Qo O
P 0. GO

Acyclic Examples

CO,Me
—_—

"l’/

LTI

JCSCC 1982, 348
Me

OH
Hu, Ph| ——» Ph 5 .
H anti

OH Rh" (2mol %) /k/CHs
H, (15 psi) ©

H CHs; 1,2-strain OH
Ha,, —_— Ph
H'=| ﬂ syn
L—M===x O
H
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— L —
1 H
L=M—O
: OH
Rat,_i R favored =
—ee—— > ’ |— —_—
H 2 RS/\_/\ R, syn
R, H =
OH R,
Rg/\)\ Ry l
Rz
R H R; disfavored 8“
L 34, ? —_— A anti
H | 2 1,2-strain Rs/Y\ Ry
R
L—M—o0 2
| H

OH
—» | R4 CH

E—— .
H RZ/Y\ R; anti
CHs Ry H

olefin
isomerization

OH L OH
1 H
> N —_— syn
RZ/Y\ R, L |§/| e} Rz/\‘)\Rl Y

—

- Rht* catalyst is more selective than Ir* for acyclic stereoselection.

Acyclic homoallylic systems:

R
‘—q—’
relative
stereochemistry
is critical
A A 1,3-strain
—L R3 L
o-[|== M —L e ——— E 7

— . o-[—M—
> 1,2-strain R, H / L
Rs e



REDUCTIONS 36
OH Rh* (20 mol %) OH
1 H, (15 psi)
\/\‘/\l/\OBZ \/'\,:/\:-/\OBZ
8507 TBSO” | 32:1
Tetrahedron Lett. 1985, 26, 6005
OH Rh* (20 mol %) OH
| H, (15 psi) )|
—>
\/j/\l/\oBZ \/j/Y\OBZ
TBSO TBSO 8:1
Asymmetric Homogeneous Hydrogenation
- Chiral ligands for homogeneous hydrogenation of olefins and ketones
Q ,.\\O o2 PPh, ‘. _PPh, " pPh,
P Y v JCPth - (
MeO I: OMe o PPh, w"pph, PPh, —PPh,
P, H
7,
/\|r DIOP CHIRAPHOS R=-CH; PROPHOS
x =-Ph  PHENPHOS DBPP
=-CgHy; CYCPHOS
DIPAMP
PP thp\ I NMe,
PPh
Lb/ 2 \_pon, x(l 4 \__PPh L. PPh,
% PPh, PPh, ’}‘ @\
PPh2 COZtBU PPh2
X=CH, DPCP
NORPHOS CAMPHOS X=N-R PYRPHOS BPPM PPPFA
©/P "1y PPh, P PPh,
PPh
gz 2
O N I
N
DUPHOS DIPHEMP BINAP
* CO,H
o X CO2H Rh (I) L*, H, Ph/\l/ 2
H,L oh g HN  Ph ACR 1983, 16, 106.
I (95% ee) fe}
Z X /COZMe ~ CO,H
X NHAc —_—> NH
o) —_— T Y 2
\—o0 OH
L-DOPA
DIOP 85% ee
DIPAMP 96% ee
PPPFA 93% ee
BINAP 100% ee
NORPHOS 95% ee
BPPM 91% ee



General Mechanism: J. Halpern Science 1982, 217, 401 Asymmetric Synthesis 1985, vol 5, 41.

ta... S
o~ Rh'\
S
cOo,Me
Ph
NHAc
Ph

Detailed Mechanism:

MeO,C

NH
n L,
. /Ia..RH.\ ﬂ\

P N —"cH,

major complex

H,
(dow)

MeOZC

Hi,,. I__,HU
P’ > CH,

H
H3C\|/N co,Me
'

Ph
(R)

Minor product

(fast equilibrium)

T \
104,

CO,Me
P th‘ H 2

+

REDUCTIONS

Ph

o ™" ‘RLCOZMe
- \ A\

CHjy
rate H,
limiting | (slow)
Ph

NH

o=

CH,

co,Me

NHAc

N\

cone

HN
e

HaC ™ o/

minor complex

H 2
(slow)

CO,Me

H
MeO,C N YCH
(e}
P
®
Magjor product

37
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I+
MeOZC
> ‘9\
o—
5 i co,Me 1+
& NHI H
w /A ) wth
8 COM HC 5 7| R
— Me (o] %
a X o)
/L P ) - :
HaC \o/
minor complex
MeOZCrNH T
Pe. |
T
Cp’ \o/ Hs
major complex
Reaction Coordinate
I Ph Ph
&
SR
R 10
I\ o= ACR 1990, 23, 345.
Ph Ph
BINAP
o o]
(BINAP)RUAC,, (BINAP)RUAC>, R
o H2 (100 atm) H2 (100 atm) o
50 °C, CH,CI
50 °C, CH,ClI, (94 9% ee) 212 (95 - 98 % ee)
Ru(AcO),(BINAP), 5
CO,H H, (135 atm), MeOH CO,H
MeO (97% ee) MeO 97 % ee

(S)-naproxen

MeO MeO, MeOQ,
(BINAP)RUAC,,
NAc H, (4 atm) NH
MeO —_—_—m—

MeO —_3 MeO
OMe

l OMe OMe
O (95 - 100 % ee)\©:OMe OMe

OMe
Tetrahydropapaverine

.

Directed Asymmetric Hydrogenation

)\/\/l\/\ e " )\/\)\/\
A X OH - )\/\)\/CHO

(96 - 99 % ee)

W\ J. Am. Chem. Soc. 1987, 109, 1596

Vitamin E
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Kinetic Resolution by Directed Hydrogenation

X

Z

/Il\/COZMe
MeO,C

R
R= Et
Ph
OMe

Hydrogenation of Carbonyls
1,3-diketones:

O (6]
—_—
Rl)l\/U\ R, ~

Ru (II)

£~ | _
/Rh\ S CF3S03
R RZ

\_/*Pn éMe

H, (15 psi), L*Rh*

J\/COZMe
MeO,C

0°C y
(~60% conversion) 5
> 06 % ee
82 %
93 %

OH O

(@] OH
J\)\
<
Rl)\)l\ R Ry Z R

O (0] H, (700 psi) OH (_)H OH OH
—_— M +
Rl)l\/u\ R, > Rl)\/\Rz Rl)\)\ R,
anti syn
Ri= -CHs Ro= -CHjs anti:syn= 99:1
-CH3 -CH>CH3 16:1 (90 % ee)
-CH,CH3 APr 32:1
CHoCHj3 CHyCH3 49:1
o o H, O OH Directed OH OH
Reduction H
— ;
Rl)l\/ll\ R, Rl)K/l\RZ Rl)\/\ R,

H
M—O
| H R_'zaL
o) R, —_ (@) —R
M—O0
H
anti syn
Ru,Cl,4(BINAP) OH
o) H
\)l\/\/\ Et3N, H, (100 atm) ME0,C A~ JACS 1988, 110 , 6210
Me02c / (98% ee)
Decarbonylations
o (PhgP)sRNCI

D

A

R H -CO

R—H

o (PhsP)3RhCI
—>» R-Cl
-Co

39
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8 (Ph3P)3RhCI g
8 ‘ PhCH3 D JOC 1990, 55, 3688

Diimide HN=NH

Review: Organic Reactions 1991, 40J. Chem. Ed. 1965, 254

- Only reduces double bonds

- Syn addition of H»

- will selectivley reduce the more strained double bond

- Unstable reagent which is generated in situ
K*02C-N=N-CO2K* + AcOH ® H-N=N-H
HoN-NH2 + Cu2t + HyO», ® H-N=N-H

HN=NH
ACIEE 1965, 271
(76%)
o)
+ - = + _X
LL—\/ACO zMeK” "0,C—N=N-CO, K’ Lb,COZMe JACS 1986,108 , 5908

AcOH, MeOH K2
'NO, (95%) NO>
HN’« hn (254 nm) NH
—_— II\IIH + COS + CO

HN\(

oysyo

/] N-N
AQ HH TL 1993, 34, 4137
—
2 hn, 16 hr

(96%)

Metal Hydrides
Review on Metal Hydride Selectivity:  Chem Soc Rev. 1976,5, 23
Comprehensive Organic Synthesis 1991, vol 8, 1.
Boron Hydrides  Review: Chem. Rev. 1986, 86, 763.

NaBH4 reduces ketones and aldehydes

LiBH4 reduces ketones, aldehydes, esters and epoxides. THF soluble
LiBH4/TMSCI stronger reducing agent. ACIEE 1989, 28, 218.

Zn(BHg)2 reduces ketones and aldehydes

R4N BH4 organic soluble (CH2CI2) borohydrides. Synth Commun. 1990, 20, 907
LiEts3BH reduces ketones, aldehydes, esters, epoxides and R-X

Li s-BuzBH reduces ketones, aldehydes, esters and epoxides (hindered borohydride)
Na(CN)NH3 reduces iminium ions, ketones and aldehydes

Na(AcO)3BH reduces ketones and aldehydes (less reactive)

NaBH»S3 reduces ketones and aldehydes
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Sodium Borohydride NaBH4
- reduces aldehydes and ketones to alcohols
- does not react with acids, esters, lactones, epoxides or nitriles.
- Additives can increase reactivity.

Sodium Cyanoborohydride Na (CN)BH3
Reviews: Synthesis 1975, 136; OPPI 1979, 11, 201
- less reactive than NaBH4
- used in reductive aminations (Borch Reduction)
Na(CN)BH3 reduces iminium ions much more quickly than ketones or aldehydes

R"-;,NH, MeOH,

R R R R R H
AcO" NH,*, pH~ 8 _ Na(CN)BH; \/ R
>= >—N\R — A
R R ke
o)
R"-,NH, MeOH, JACS 1971,93 , 2897
(j)\/\CHO AcO NH4+ N
H
NP Na(CN)BH, l N
- Related to Eschweiler-Clark Reaction
H,CO, HCO,H
R—NH, > Ron-Me
or H
H,CO, H,/Pd

- Reduction of tosylhydrazones gives saturated hydrocarbon

H
z
3

H
1) TSNHNH,, H* Z

2) Na(CN)BH,

TL 1978, 1991

(90%)

1) TsNHNH,, H*
2) Na(CN)BHy

-l (100%) JOC 1977, 42,3157

- migration of the olefin occurs w/ a,b-unsaturated ketones

o
)J\ - . O:Sa JACS 1978,100 , 7352
/ (75%)

- Epoxide opening

NaBH,CN,
BF3=OEt,, THF " 0OH

-

> I

JOC 1994, 59, 4004

Olir
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NaBH2S3 Lalancette Reduction Synthesis 1972, 526 Can. J. Chem. 1970, 48 , 735.

NaBH4/ NiCl» Chem. Pharm. Bull. 1981, 29, 1159; Chem. Ber. 1984, 117 , 856.
Ar-NO; ® Ar-NH»
Ar-NO ® Ar- NH»
RoC=N-OH ® RyCH-NH>

NaBH4 / TiCly
Synthesis 1980, 695.

R-COOH ® R-CH»-OH
R-COOR' ® R-CH»-OH
R-CN ® R-CH»-NH>
R-CONH2 ® R-CH2-NH»
R2C=N-OH ® R2CH-NH>
R-SO2-R' ® R-S-R'

NaBH4 / CeCl3 Luche Reduction
reduced a,b-unsaturated ketones in a 1,2-fashion
OH o) OH o
) NaBH,/ CeCl3 NaBH, R
S Bs U U
R™ R R7OR R OR RTLR
JCSCC 1978, 601
o JACS 1978, 100 , 2226
OH
o S Ry
NN co,Me NaBH 4/ CeCl, AN=N"co,Me
. CsHyy MeOH CsH11
OH OH

- selective reduction of ketones in the presence of aldehydes.
o OH

COzMe NaBH4/ CeCI3 COZMe
EtOH, H,0
CHO CHO
\ o
CeCly R 1) NaBH,, CeCl,
H,O 2) work-up
OH JACS 1979, 101 , 5848
OH

O

O CcHo H cHo
NaBH,/ CeCl;
EtOH, H,0
(78%)




Zinc Borohydride

REDUCTIONS
Zn(BHa)z Synlett 1993, 885.

ZnCl3 ether) + NaBH4 ® Zn(BHa)2

- Ether solution of Zn(BH4)2 is neutral- good for base sensitive compounds
- Chelation contol model

/Zn n
o) RO/ \\H
)l\/OR —_— 1 B! gH
Ry v _/ AN —_—T ? OR
R, HoH Rl/\_-/
\ =
Rl H RZ
R,
Eoo, 8%
t. , o
)ﬁ'J\/OH — OH
5 OH
H-
H TL 1983, 24 , 2653, 2657, 2661
(@]
Me/g;ﬁ\\
Zn
R

Na * (AcO)3BH , MegN * (AcO)3BH
Review: OPPI 1985, 17, 317
- used in Borch reductive amination

TL 1990, 31, 5595; Synlett 1990, 537
- selective reduction of aldehydes in the presence of ketones
BuyN AcO)SBH 0
Celte. - OH
(77%)

TL 1983, 24 , 4287
AcO\ /OAc
(0]

Bu N (AcO);BH H/B\

-hydroxyl-directed reduction of ketones
TL 1983, 24,273; TL 1984, 25, 5449

OH O 0o Me

A (PhMeN (AcO)gBH,
N/w-"‘ CH4CN, AcOH, - 40°C

OH 9H (0] l\=/Ie

\/'Y\/IKN/w‘\\Ph
Me Me )—o > Me Me )—O TL 1986, 27 , 5939
o JACS 1988, 110 , 3560
(98:2)
OAc OAc
z | / “~OAc Jﬁ;\/ “NOAC
major minor
oH O R OH OH
Na” BH(OAC); =

_—

50:1

43
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OH O o + OH OH O OH OH OH

Na” BH(OAC); H Na* BH(OAc); H
MCOZR —_— > Y'\/-\)‘\/COZR _ \rk/\/‘\/COZR

HO,,,

OBn OBn
BnO

MeO
OBn

Me,N (AcO);BH,
CH4CN, AcOH,-40°C ¢~ >~ .. >

OH
FK-506
TL 1989, 30, 1037

(Ph3P)2Cu BHg
reduction of acid chlorides to aldehydes JOC 1989, 45, 3449
reduction of alkyl and aryl azides to amines  J. Chem. Res. (S) 1981, 17

R4N BH4 organic soluble borohydride (CH2Cl»)
R4N= BnEt3N or BusN Heterocylces 1980, 14, 1437, 1441
reduction of amides to amines
reduction of nitriles to amines

BnEt3N BH4 / Me3SiCl
reduction of carbolxylic acids to alcohols Synth. Commun. 1990, 20, 907

LiBH4/ Me3SiCl ACIEE 1989, 28, 218.

Alkyl Borohydrides

Selectrides
M* HB M™ =Li (L-selectri.de) N LS-selectride
5 K (K-selectride) Li® HB 3

- hindered reducing agent
increased selectivity based on steric considerations

CO,H CO,H
L-selectride ?H
% _THF NN NP
\/\/R Q/\‘/

JACS 1971, 93, 1491
R

HO'
H OH

44
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- selective 1,4-reductions of a,b-unsaturated carbonyl cmpds.
JOC 1975, 40, 146; JOC 1976, 41, 2194

(0] O
6} K-selectride, THF
_—
: (99%) :
/\

/=§

- 1,4-reduction generates an enolate which can be subsequently alkylated.
0

O
a) K-selectride, THF Y
b) A~ Br
K* HBPh3

Syn. Comm. 1988, 18, 89.
- even greater 1,4-selectivity
Li * HBEt3 (Super Hydride)

- very reactive hydride source
- reduces ketones, aldehydes, esters, epoxides and C-X (alkyl halides and sulfonates)

Li EtsBH, THF
»

HCA 1983,66 , 760

OH 1) TsClI, pyridine

2) Li Et;BH, THF HCA 1988, 71 , 872

Boranes
Hydroboration

\_/ BH, A|_|& H,0,, NaOH AI_'&

/\ //B H HO H
f— BoHg R _ R’ H0" R>=<R'
//B H H H
. B,Hs RY\?/ H,0,, NaOH R-CH,CHO
H

- BH3 reduces carboxylic acids to 1° alcohols in the presence of esters, nitro and cyano groups.
- BH3 reduces amides to amines

HO,C HO
2‘/—>§ BHgeSMe,
~o” O THF o

O
- Boranes also reduce ketones and aldehydes to the corresponding alcohols.




REDUCTIONS
Hindered Boranes

Disiamyl Borane (Sia,BH) | H |
Thexyl Borane \|>< Bxl/
H

H
|
B
oo I
NC
Catecholborane | BH
X O,
BH \mBH
Pinylborane
2

> I s>
Alpine Borane F\/HB ~B
#Ar 5

_\eBCl
IPC,BCI (DIP-CI)

B
H

2
B
|
Borolane H
h Ph
/
N
o - )
xazaborolidine N“B,
H

Asymmetric Reduction of Unsymmetrical Ketones Using Chiral Boron Reagents
Review: Synthesis 1992, 605.

Alpine Borane Midland Reduction
JACS 1979, 111, 2352; JACS 1980, 112, 867
review: Chem. Rev. 1989, 89, 1553.

(0]

alpine-borane OH
/\/\)l\ THF,0°C /\/\)\ Tetrahedron 1984, 40 , 1371
A A

(94% ee)
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REDUCTIONS
A\Lﬂ% :
| H
| - QG s
—— N B

a-pinene 9-BBN

Mechani @\ OH

echanism: (o) —_— T
H\LRL RS/\RL
/e

- works best for aryl- and acetylenic ketones
- because of steric hindrance, alpine-borane is fairly unreactive

Chloro Diisopinylcamphenylborane (DIP-CI, IpcyBClI) H.C. Brown
Review: ACR 1992, 25, 16. Aldrichimica Acta 1994, 27 (2), 43

BCI

2
- Cl increases the Lewis acidity of boron making it a more reactive reagent
- saturated ketones are reduced to chiral alcohols with varying degrees of ee.
0 OH

Ipc,B-Cl,
p'|2|_||: CO,tBu
—_—
JOC 1992, 57,7044
Pro Pro

OMe OMe (90 % ee)

CO,tBu

Borolane (Masamune's Reagent)
JACS 1986, 108, 7404; JACS 1985, 107, 4549

o) i OH

)‘\/ MeSO3H, pentane /'\/ (80% ee)

Asymmetric Hydroboration:

A\

H
/\/\/
/\‘/\/ (99.5% ee)

b) H,0,, NaOH oH

TN R
> (99.5% ee)
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Oxazaborolidine (Corey)
JACS 1987, 109, 7925; TL 1990, 31, 6111 ; TL 1992, 33, 4141
Ph Ph Ph Ph
Y
/\‘)<O /\|/\O + BHj3
\/N\BI \/N\B,
H CHj
Catalytic
©)‘\R > ©/\R >90 % ee
0 OH
\ H
©/\)‘\ - 5 92 % ee
O OH

I T 86 % ee
|/\)l\ |/\/\

O OH
I:‘j/ @/ 93 % ee
—_—

Ph Ph
o) I o
N-p° "
Me -
/ BH3*THF, -0°C gg(/ TL 1988, 29, 6409
(90% ee)
/\/CF3
o) OH QJ\J
s ——
_ > 5 * HCI
cl cl —_— N,CHs
H
94 % ee

Fluoxetine (Prozac)

o} BzO: (:-)H
Aluminium Hydrides
1. LiAlH4
2. AlH3
3. Li (tBuO)3AIH
4. (iBu)2AIH DIBAL-H
5. Na (MeOCH2CH>0)AIH; REDAL

48
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Lithium Aluminium Hydride LiAIHs (LAH)  Chem. Rev. 1986, 86, 763  Org. Rxn. 1951, 6, 469.

- very powerful reducing agent

- used as a suspension in ether or THF

- Reduces carbonyl, carboxylic acids and esters to alcohols

- Reduces nitrile, amides and aryl nitro groups to amines

- opens epoxides

- reduces C-X bonds to C-H

- reduces acetylenic alcohols trans-allylic alcohols

LAH
/\ oH — RN 0n
R
HNTNAY /\/ _LAH.THF HZN/\/\N/\/\/NHZ
(62%) H
NH.,
Lindlar/ H, /\)/
—
HZN/\/\H /

HO

(e
: \OH

TL 1988, 29, 2793.

LAH, THF, - —
. (100%) G\'
O\\' : O‘v : _ﬁ
[\o/- o’
BINAL-H (Noyori)
- Chiral aluminium hydride for the asymmetric reduction of prochiral ketones

z N
1) LiAlH, S |
NOoH 2) ROH

- o\ / Li*
\

OH 0o~ “OR
= l/\/ R= Me, Et, CF5CH,- -z | N
X > NN\

BINOL BINAL-H
0
BINAL H,THF
v Tetrahedron 1990, 46 , 4809
100 to -78°C B
HO (94% ee)

Intermediate for 3-Component Coupling Strategy to Prostaglandins

$ P
RO OTBS PGE,



Alane AlH3

LiAlHs + AICI3 ® AlH3

REDUCTIONS
OMe
o

50
- superior to LAH for the 1,2-reduction of a,b-unsaturated carbonyls to allylic alcohols

1) AlHj, ether, 0°C
o 2) H,0"
2 0 @i
O Me
o)

H OI/.,

Me

Diisobutyl Aluminium Hydride

JACS 1989, 111 , 6649
OH
DIBAL or DIBAL-H

\|/\AI/\|/
- Reduces ketones and aldehydes to alcohols
- reduces lactones to hemi-acetals

H
I
o oA OH
work up CHO —
o DIBAL ° |/ oH —— o
CH,),—”
(CHp)y— (CHp),— (CHih
(stable complex)
- reduces esters to alcohols

(CHp)p—

lactol
- under carefully controlled reactions conditions, will partially reduce an ester to an aldehyde
DIBAL
R-CO,Me

if complex

is unstable
————> R-CHO

fast
— —> R-CH,-OH
if complex
is stable

R—CHO

DIBAL, CH,CI

DIBAL, CH,Cl,
OBn

L TMS-CI, Et;N
R

(0]
OH

)J\ DiBAI-H
CH2C|2 R OS|MeS CHZCIZ’ '78°C
Reduction of O-Methyl hydroxamic acids

TL 1998, 39, 909
H

-
R R'

O R'-M
A, —

o
. _ome DIBAL or LAH
R l}l’

o
Me

TL 1981, 22, 3815



REDUCTIONS o1

Sodium Bis(2-Methoxyethoxy)Aluminium Hydride REDAL
Organic Reactions 1988, 36, 249  Organic Reactions 1985, 36, 1.
/ \ H
MeO , O
Na™ Al
MeO O
— H
"Chelation" directed opening fo allylic epoxides
OH
REDAL o DIBAL-H R N""0H TL 1982, 23 , 2719
RON"Non ————— RPNy ——— éH
1,3-diol 1,2-diol
Sharpless OH
idation 0 REDAL JOC 1988, 53 , 4081
A Epoxi AL~ - | 199,
Ph OH — > Ph OH OME Ph” " 0H
OH
A > )\/OH X
o}
LiAIH, 2:98
AlH, 95:5
(‘)H
S OH —» OH + OH
o N BnO/\A/\/ B0 "N
OH
REDAL 150:1
DIBAL 1:13
Mel.,
HOW_ OH OH

Amphotericin B

Erythromycin A
Lithium Tri(t-Butoxy)aluminium Hydride Li* (tBuO)3AIH
- hindered aluminium hydride, will only react with the most reactive FG's

)Ol\ Li(tBuO)3AIH e}

2 N

>_N~+ )O]\ o
Li(tBuO)3AIH
R-CO,H H Me R” o _ M I(tBuO)s | Tues2e.158
pyridine, -30°C H/_N‘Me Cul (cat), -78°C  R” “H

Meerwein-Ponndorf-Verley Reduction: opposite of Oppenauer oxidation
Synthesis 1994, 1007 Organic Reactions 1944, 2, 178
©

AI(O-Pr)s, iPrOH A}ﬁ
S )

(e} AcH
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Asymmetric M-P-V Reduction
Bn
Phy. 1 Ph
: N
N I o X JACS 1993, 115, 9800
| P iPrOH, THF l Yz

X=H, Cl, OMe

yield: 83-100 %

96% ee

Organic Reactions 1976, 23, 1.

Dissolving Metal Reductions
reduction of aromatic rings

Birch Reductions
Tetrahedron 1986, 42, 6354. Comprehensice Organic Synthesis 1991, vol. 8, 107.
- Li, Na or K metal in liquid ammonia

R@ — R@ —RQJ —R%\?

- position of the double bond in the final product is dependent of the nature of the substituent
R R

R
X R= ERG N R= EWG
1) —]

- ketones and nitro groups are also reduced but esters and nitrile are not.
- a,b-unsaturated carbonyl cmpds are reduced in a 1,4-fashion to give an enolate which can be

subsequently used to trap electrophiles
Me K NH " Me
Me ‘Me , 3 . e—7 “Me
—~Lo MeOH, -78°C HO/\LO JOC 1991, 56 , 6255
HO | [ &
ofo (92%) ©) oH
Me Me
OI_I é_l
O a) Li, NHa, tBUOH o
/‘/ij\i b) CH,O /‘ﬁ)\i JOC 1984, 59 , 3685
o |/ A\
Ho”
Other Metals
- Mg
Ay M9 MeOH P X- CN, CO,R, CONR',
H
Mg, MeOH '
EtO/Cy EEEe— TL 1987, 28 , 5287
227N\ (98%) EtO,C i
- Zn reduction of a-halocarbonyls
o

0
zZn, PhH, Me
E;é/m DMSO, Mel - JACS 1967,89, 5727
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Cl X Y
i Zn, AcOH
-0 — = R-OH >—’\ ———— > R—CH=CH-R'
R | R R X=Cl, Br, |
Y= X, OH
"Copper Hydrides"

LAH or DIBAL-H + MeCu ® "CuH"

- selective 1,4-reduction of a,b-unsaturated ketones (even hindered enones)

0 0
1) MeCu, DIBAL,
HMPA, THF, -50°C N joc 198752 , 439

| 2) MeLi .
3
) /\/Br

MeCu, DIBAL, HMPA
THF, -50°C

(85%)

JOC 1986,51, 537

[(Ph3P)CuH]e Stryker Reagent
JACS 1988, 110,291 ; TL 1988, 29, 3749

- 1,4-reduction of a,b-unsaturated ketones and esters; saturated ketones are not reduced

- halides and sulfonates are not reduced

- 1,4-reduction gives an intermediate enolate which can be trapped with electrophiles.
@) Br o)

:: : [(I 3 )CU ]6’ @ L 199‘:’

- Hydrosilylation
EtsSiH + (Ph3zP)3RhCI (cat)
- selective 1,4-reduction of enones, 1,2-reduction of saturated ketones to alchohols.

| Et;SiH,
(0] (PhgP)3RhCI () . O—SiEt; HL0* o
——— TL 1972, 5085
| J. Organomet. Chem. 1975, 94 , 449
2 iPraSiH, Et,0 OSi(iPr)s
Oal > 0
>< / ( \ ) b >< JOC 1994, 59, 2287
0O SitO| Pt o
7777, (87%)

- Buchwald Reduction

JACS 1991, 113, 5093

- catalytic reagent prepared from Cp,TiCly + nBuLi and stoichometric (Et)3SiH in THF will
reduce ester, ketones and aldehydes to alcohols under very mild conditions.

- a,b- unsaturated esters are reduced to allylic alcohols
- free hydroxyl groups, aliphatic halides and epoxides are not reduced
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Clemmensen Reduction Organic Reactions 1975, 22, 401
Comprehensive Organic Synthesis 1991, vol 8, 307.

- reduction of ketones to saturated hydrocarbons
Zn(Hg), HCI \/ H
> <.

Wolff-Kishner Reduction Organic Reactions 1948, 4, 378
Comprehensive Organic Synthesis 1991, vol. 8, 327.

- reduction of ketones to saturated hydrocarbons

H,N-NH,, KOH H
Radical Deoxygenation

Review: Tetrahedron 1983, 39, 2609 Chem. Rev. 1989, 89, 1413.
Comprehensive Organic Synthesis 1991, vol. 8, 811
Tetrahedron 1992, 48, 2529
W. B. Motherwell, D. Crich Free Radical Chain Reactions in Organic Synthesis
(Academic Press: 1992)

- free radical reduction of halide, thio ethers, xanthates, thionocarbanates by a radical chain

mechanism.
nBusSn-H, AIBN
Ph-CH, -
R3C-X : » R3C-H >|_N=N_|<
s S s CN CN
JI\ Jl\ )I\ ~ AIBN
X= -Cl, -Br, -I,-SPh, 07 “Ph , 07 “sMe . 07 NN
\—/
Barton-McCombie Reduction
JCS P1 1975, 1574
R3C-X ® R3C-H = -OC(—S) -SMe, -OC(=S)-Im, -OC(=S)Ph

O—
NaH, imidazole, --o nBusSnH, AIBN  \/ o
: 7"0 _THF.CSp Mel PhCHj, reflux o /L N0
—_— \ 7

(85%)

(0]
S
Xanthate
R
4
Ph NME nBugan, AIBN
3 2 THF PhCHj, reflux
—_—
b) H,S, pyridine (73%)
(90%) P

Thionobenzoates

s
A,\L} Ph/v0§ nBuSH, AIBN Ph/\zo/ﬁ\ﬁ,o

Ph- :OO ,& PhCHj, reflux QI
HO >
N
AcHN | (CH,Cl), *{ ACHN (57%) aciN - L
OBn 50%

Thiocarbonyl Imidazolides
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- Cyclic Thionocarbonates: deoxygenation of 1,2- and 1,3-diols to alcohols
S

* S
N” °N H, A
/\ /\3 \O/\ nBusSnH, AIBN HO

HO —0 PhCHj, reflux %
MeO > Meot; \ > MeO 4' JCS P1 1977,1718
MeO

MeO Meo | (61%)
OMe OMe OMe

OH

- Thionocarbonate Modification (Robbins)
JACS 1981, 103, 932; JACS 1983, 105, 4059.

iPr. O B PhOC(S)C, iPr B nBuzSnH, AIBN iPr. O B
oS RN pyridine, DMAP - :Si/o —\/07/ PhCHy reflux__ >si’ \ OV
| > IPr= ) 1 \ /
o, M, > 90% oL &, (58-78%) O\l §
Si-0 OH Si-0 0.__OPh Si—0
iPr iPr iPr ipr T iPr iPr
S
° OA A\
r o)
>ro o nBusSNH, e CHs
AIBN, PhCH o NLo
(@) 0 —_— — Tetrahedron 1991, 47, 8969
88-91% o |

Ar=2,4,6-trichlorophenyl, ] Best method for deoxygenation
4-fluorophenyl ] of primary alcohols

- N-Phenyl Thionocarbamates  Tetrahedron 1994, 34, 10193.

iPr_,0 N pNcs Py 0 oy (TMS):SH,AIBN P, O o,
1 NaH, THF  ip,~S! PhH, reflux ___si
iPr7 s iPr7 s iPre Y
@) —_— o) \ —_—
& [ 0, $ L 0, 0.
\’Si\— O§ ’O ( (78%) \'SI\— O\\ /’O (93%) N
iPr ipr NHPh iPr ipr NHPh ipf oy

Thiocarbamates

- Methyl oxylates

nBusSnH, AIBN
PhCH,, reflux

Methyl Oxylate Esters

Water Soluble Tin Hydride: [MeO(CH32)2O(CH2)3]3SnH 7/ 4,4'-Azo(bis-4-cyanovaleric acid)
TL 1990, 31, 2957
Silyl Hydride Radical Reducing Agents
- replacement for nBuzSnH
(Me3zSi)3SiH Chem Rev. 1995, 95, 1229.
JOC 1991, 56, 678; JOC 1988, 53, 3641; JACS 1987, 109, 5267
PhySiHy s Et3B /7 Air
TL 1990, 31, 4681; TL 1991, 32, 2569
- hypophosphorous acid as radical chain carrier
JOC 1993, 58, 6838
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- Photosensitized electron transfer deoxygenation of m-trifluoromethylbenzoates
JACS 1986, 108, 3115, JOC 1996, 61, 6092, JOC 1997, 62, 8257

iPr. O U
st O\ N-methylcarbazole,
iPr-7

O

o

\ / hn,iPIOH, H,0 ~ iPr{ O o
N K Y, gl . ,Sl
Si=0 (o) (85%) iPr o
\N. &
CF —
4 N 3 . 'SI\ O
iPriPr
F

iPr ipr
2
Dissolving Metal :  JACS 1972, 94, 5098
o)

N I?(NMeZ)Z
OH nBulLi, o Li, EtNH,,
(Me,N),P(0)CI THF, tBUOH CH;
_— R ———
<,o A Q,o = Q/(I) :
Radical Decarboxylation: Barton esters
Aldrichimica Acta 1987, 20 (2), 35
| =N hnorD 7 S o nBusSnH, D .
P s’R S N‘OJ\R -CO,

Radical Deamination
Comprehensive Organic Synthesis 1991, vol. 8, 811

Reduction of Nitroalkanes  JOC 1998, 63, 5296

NO,
C\/\/\/\ BusSNH, PhSiH; o\/\)\
/

initiator, PhCH5 (reflux) <_ /
o o)
(75%)

56



