Reduction

3.0 INTRODUCTION

Thc reduction can be defined as: The removal of oxygen O
electrons to an organic substrate. Thus the reductive processe
oxygen, the addition of hydrogen, and the gain of electrons. The a
hydrogenation, the addition of hydrogen to an unsaturated system, €.8.

the addition of hydrogen or the addition of
s fall into three categories: the removal of
ddition of hydrogen may be subdivided into

lys
R—CH=CH, + Hy <% R—CH;—CH3

and hydrogenolysis, the addition of hydrogen with concomitant bond-rupture, €.g.

H,, Pd/C
CgHs—CH;—O—CH—R ——— C¢Hs—CHj3 + R—CH,0H

NCH3

Mechanistically, there are three pathways for reduction:
(i) By the addition of electrons, followed either by the uptake of protons (Scheme-1) or by coupling

(Scheme-2).

CH, CH, /\' CH, CH,
gH 10y H AN
+Nae R " Na R=—0Q=-H
e L \ +e® e P
H

Scheme-1:  Addition of electron followed by uptake of proton

R e o RL Coupling | o OH OH

H3C
Ar—CHj + >~ SNH

CH,

N . \ S
R/c=---o Ne — C—0 ——*R—?———(If—R——-a R—C——C—R
R
- .
Scheme-2:  Addition of electron followed by coupling

(2) By the transfer of hydride ion: hydride ion is involved in

. des 0
boron and aluminium and alkoxides of aluminium (Scheme-3) reduction by complex metal hydrides

®
o OLi or
I LiAIH, T i OH
H-- AlH, ,L '

Scheme-3: i ?
Reduction by the transfer of hydride ion
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(3) By the addition of molecular j

A ydrogen in the resence of ¢ ; tic reduction is carried out
 the pres ence of molecular hy drogen P atalyst: cataly

and catalyst such as palladium, Adam’s catalyst, Raney nickel, etc.
0 0
CeHs—CH—CH_4 Hy/P I

7= EH—C—CeHs —— CgHs—CH,—CH,—C—CgHs

s Ni :
CHy—CH=CH—CH, + Hy — CH3—CH,—CH,—CH,

Each mcthOd has its advantages. In many reductions either methods may be used equally well. Complete
reduction of an unsaturated compound can generally be achieved without any difficulty. The aim is often
selective reduction of one group in a molecule in the presence of other unsaturated groups. Both catalytic and
chemical methods of reduction offer considerable scope in this direction, and the method of choice in a

particular case will often depend on the selectivity required and on the stereochemistry of the desired product
(Scheme 4).

H3C H,C

W CHz Bu%SnH (excess) CH2
H3C > H3C
Cl

CHy—/imeC—CH; Lindlar catalyst H/C=C\H
OH
(i) NaBH, |
CH3—C—CHy—CHy—COOC;Hs ————— CH3—CH—CH,—CH,—COOC, Hs
: (ii) HOH/H

HO, L,HO

” Baker’s yeast /</||
CH3—C—CH,—COOCHs —— \OCZH
5

Scheme-4: Selective reductions of some functional groups

31 REDUCTION OF HYDROCARBONS
311 Reduction of Alkenes

) Catalytic hydrogenation

Catalytic hydrogenation is one of the most convct_mient methods for the reduction of alkenes. The method
COnSists in strring the substrate with a catalyst in a suitable salvent.ip an atmosphere of hydrogen. Catalytic
ydrogenation can be classified into two categories. This classification is based on the homogeneity of the
Taction,
(A) Heterogeneous Hydrogenation: A numl?gr of heterogeneous catalysts have been used for catalytic
Ydrogenation. Modern procedures involve a transition metal cataly§ts (Rh,_Pt, Pd are the most common)
"bed on t0 a solid support (such as carbon or alumina). The catalytic reduction takes place between gaseous
hydmgen and an organic compound. The reduction takes place at the surface of the catalyst which adsorbs

h hydrogen and the organic compound and facilitates their contact. Transfer of hydrogen takes place from
c

I - atalyst to the molecule, resulting in reduction (Scheme-5).
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H, R\ /R H R/| ]\R
lndsorpﬂon R\ /R H /(‘——'C\ I H
H H /C-C\ ? l R R addition @
Ilij a L 2 Half hydrogenat‘ﬁ
o . ion
Adsorption of
organic substrate laddi!ion
R R
|
R—'?—(ll'—R
H H
Product

Scheme 5: Catalytic hydrogenation of alkenes

, . _ enation, the reacti
Although elevated temperature and pressure invariably increase the rate o(f;gh);lder:;gof hydrogen gas §

usually proceed in a satisfactory manner at room temperature u'nder the one atm‘ sph s it reaciio
From the Scheme-5. it is clear that addition of hydrogen is syn. Thus reaction 1S § p n.

HSC(’\ /CGHS H, (1 atm)/Pd H H
o— - > W 204y, 7
AN C(,Hs“) ( CHs
H,C CH, HC  CHy
H5C°\ Pasic H, (1 atm)/Pd H H
/ C== C\ > HiCowy N“CH 3
H;C CeHs H,C CeHs

(€
Experimentally it has been found that addition is not a complete syn addition.

CH, CH
-
CH, "CH

CH,4 3
82% 18% 3

O/ H, /Pd
—_—
\

CH,

Lack of complete syn addition may be explained if we suppose that all steps except for the last step of
the Scheme-5 are reversible.

The ease of reduction of an alkene decreases with the degree of substitution of the double bond, and this

sometimes allows selective reduction of one double bond in a molecule which contains more than one double
bond, e.g.

CH, ci
Hy (1 moley/Pt0,
—

I he isomeri .

n contrast, the isomeric compound of (1 ), in whi
completely reduced product. ich both double bonds are disubstituted, gives o1 o

CH, %
3

Hy 2 mole)/PtO,

P>




usually be accomplished, except i

catalyst for selective reduction ig palladium, e.g.
NC@-CH—CHz — Nc—©—CH2— CH;
OZN—CH=CH—CH2—CH3ﬂ> ON—CH;—CH,—CHy—CHj,
O— CH=CH—CH;—cooc,n, —2", CHy—Chy™ eRy— COOCAH,

(B) Homogeneous Hydrogenation:
atalyst of alkenes. This catalyst is soluble
hydrogen to a red solution of the catalyst p

Wilkinson’s catalyst ([Ph3P]3RhCI) is a most useful homogeneous

in solvents such as methyl alcohol or ethyl alcohol. Addition of

S . romotes the formation of yellow complex (A). Formation of (A)
ukes piace by oxidative addition of hydrogen and dissociation of a bulky phosphine ligand from the metal. In

fuct, dissociation of a phosphine ligand opens up a coordination site for the alkene to attach itself to the metal.
The next step in the mechanism involves the concerted addition of a metal hydrogen bond across the

wordina’ed alkene to form complex (B). Both atoms (H and Rh) are added syn fashion to the alkene. Finally,
reductive elimination leads the formation of the product (Scheme-6).

R /R H
PPh, H = > cl
H, H\| ,H ~PPh, Ph;P_ | R’ R’ hJP\ILh/
(PhyP); RRCl ——— /llth\ T 'Iu‘_“ ~ 7| NH
3P PPh, Pl
R\ IV R
R-> <R’
(®)
H H H H
PhyPy, | Phs"\V\\' |
Rh—Cl+R—C—C—R =— Rh——C—C—R
/ 7N, Ay Lo
Scheme-6

atalysed reduction of maleic acid with deuterium which gives meso

Syn addition is shown by ¢ r hand gives (dl) mixture.

dlde‘"mted succinic acid. Fumaric acid on the othe

?OOH

H—C—COOH . (Ph3P);RKCI H—?—D

+ Dy e 2

H_."C-—-COOH H_?_D
COOH
ICOOH

H—-C—D

1
H—C—COOH +D ___(_T?P_?_Rf_) | + enantiomer

I 2 D—C—H

ooc—C—H |
o COOH
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This catalyst is used for the hydrogenation of non
nitro, cyano, halo and azo are not reduced under the reac

rhodium chloride.
Hz,(Ph3P)3RhCI, C(,H‘(; CH‘;——CHZ—CHZ—CHZ_NOz

CH3—CH=CH—CH 7—NO,

Hy, (PhyP);RhCI CH,— CH;— CH;—CH,—CN
@—cnz—— CH==CH— CH;—CN e i ’ ’ ’

)

H-_,, (Ph3P)3RhC|
C6H() K

Mono- and disubstituted double bonds are reduced much more rapidly than tri and tetrasubstituted ones,
permitting the partial hydrogenation of compounds containing different types of double bonds.

Hy, (PhyP);RRCI
CeHg

Hy, (PhyP)sRACI
CeHg

(2) Reduction with IA metal in liquid ammonia

unreactive for this reagent.

(i) Na/NH (1), C,HOH 0

CHy—CH=CH—C—CHy — S CHag g
1) NH,CI 3 Hz—Cﬂz— _CH3

0O
o)

(i) Na/NH, (1), Bu'OH
(if) NH,Cl/HOH

(1) NH,OH/HoR

In such cases reduction of dOUblC bond takes ple
l i "lation of radi al fO“ou :
) 1Ical anion as ‘

e st i
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é (fmm Na) ©
@
O ( O—H

"2

0 Na

radical anion

Tautomerisation
- —

(3) Reduction with diimide

Diimide is unstable compound and is prepared in situ usually by the oxidation of hydrazine or by thermal
decomposition of p-toluenesulphonylhydrazine or azo dicar boxylic acid.

H,0,/Cu'?
l\Hz—NHz ——— > NH=NH
Diimide

H3C—©—802NHNH2 — HJC—©—SOZH+NH=NH

HOOC—N=—N—COOH —~ NH=NH + 2C0,

Diimide is a highly selective reagent for the reduction of carbon-carbon double bond. The reaction of
diimide with alkenes is a concerted group transfer reaction proceeding through a six-membered cyclic transition
state. It results in predominant syn (cis) addition of hydrogen on to the double bonds (Scheme-7). The
mechanism explains the high stereospecificity of the reaction, and couples the driving force of nitrogen

formation with the addition reaction.

= /C ==C{
J\ H/ H : >(|:_(l:< + N==N
N H H
N==N
Scheme-7
c:

Some examples ar o
H—C—COOH  ND,—NDy/CuS04/0; H—CII——D
H—-(“:——COOH C2H50H/A H'—(I:—D

COOH

meso form

COOH

H—C—D

—ND,/CuSO4/0
H—C—-COOH Ny 2 | + enantiomer
I C,HsOH/A 5 i
HOOC-—-L-—-H I

COOH
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| H
COOH

Tosylhydrazide "

A/Diglyme COOH
COOH COOH

” _@__ : Azo dicarboxylic acid/CH;OH/A ON—@'_CH;—CHTCOOH
N CH=CH— COOH 2 -
2

3.1.2 Reduction of Alkynes
(1) Catalytic hydrogenation

Alkynes undergo catalytic hydrogenation. The first addition of hydrogen yields an alkene: a second
addition of hydrogen gives an alkane.

H» H»
R—C=C—R ——— R—CH=CH—R ————— R—CH>—CH>—R
catalyst catalyst

The catalyst in the above reaction may be heferogeneous or homogeneous.

H,/Pd—C

I i H5/(Ph3P)3R0CI

3> CH3—CH;—CH»—CHj

The utility of catalytic hydrogenation is enhanced considerably by the fact that hydrogenation of an
alkyne may be stopped at the alkene stage. This reduction is called partial reduction of alkynes. The best
method for the partial reduction of alkynes to alkenes is heterogeneous hydrogenation with Lindlar’s catalyst.
Lindlar’s catalyst is essentially Pd that had been poisoned with Pb** and an amine (quinoline or pyridine).

This catalyst is ineffective for alkenes. In the presence of Lindlar’s catalyst non-terminal alkynes convert
into cis alkenes. In fact, catalytic hydrogenation of alkynes is one of the best ways to prepare cis-alkenes

Hy/Lindlar’s catalyst, i e.,
H/Pd—C/Pyridine or

H3CH,CH,C CH,—CH—CH;
CH3—CHp—CHy—C=C—CH—CH—CHj3 — ’ \C-——C/ i
H2/Pd—BaSOy.Pb, quinoline H/ \H
cis-4-octene
o ] (95% yield)
Thus reduction in the presence of Lindlar’s catalyst is stereoselective reaction
Nickel boride (made from sodium acetate and sodium borohydri ' .
. : ride ive catalyst
for the conversion of alkynes into cis alkenes. d )15 an excellent alternative caal
Ni,B/H, H3C—H,C—
CH3—CH2—CH2——CEC—CH2—CH2‘CH3 \_)'28/}"- ’ & HaC \C C/CHZ—CHZ—CHE‘
H/ \H
cis-4-octene
99.5% yield
(2) Reduction with borane: Hydroboration of alkynes

A sterically hindered dialkyl borane (Disiamy! borane:

The reaction is stereoselective and the addition is syn. The ViSﬁIl)_BH.) reacts with alkyne to give viny! bOr:::
Protonolysis of vinyl derivatives is carried out with bOiliny derl\"atxves on protonolysis give cis alke
NO,, COOR and halo groups. Ng acetic acid.

The reagent is inert ©%
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Sia, CeH
CoHs—Cm=C—CgHg —n2DHTHF T6TS\ . /H5C6 cnycoopia HSC6\C=C /CeHs
H/ \BSiaz H/ \D

Syn addition cis alkene
(i) Sia;BH/THE ~ HsCe COOC,Hs
CoHs—CEC—COOQHs () CH,COOH/A > >c=c<
; H it

~ Alkynes can also be reduced to cis alkenes with diisobutyl aluminium hydride (DIBAL). The reduction
‘w1.th .lhlS reagent is carried out in the presence of inert atmosphere at 40°C. This reagent is selective one because
it is inert for most of the functional groups except —C= C, —COOR and —CN.

HsC C,oH
DIBAL -0\ J 2
CeHs—( =C—C,H§———2 C=_C
N,, 40°C H/ \H
95% yield

(3) Reduction with IA metals in liquid ammonia

Reaction of a non-terminal alkyne with a solution of an alkali metal (usually Na or Li or K) in liquid
ammonia gives a trans-alkene.

Na/NH;(1) Hy /CHz—CH3

CH3—CH2—CEC—CH2—CH3—-———) - HZC/C=C\ + NaNH2
3C—

H
97% yield

The reduction of alkynes with sodium in liquid ammonia is complementary to catalytic hydrogenation
of alkynes. ‘ - |

The mechanism of the reduction proceeds via addition of an electron to the alkyne to form a radical
anion which adopts trans geomeltry. The radical anion is such a strong base that it readily removes a proton
from ammonia to give vinylic radical. The vinylic radical picks up another electron to give the vinyl anion.
Finally, protonation of this anion loads to the observed trans-alkene (Scheme-8). Fortunately ordinary alkenes
do not ’rcact with the solvated electron, the reaction stops at the trans-alkene stage.

Na + nNH3(1) — Na® + e (NH3),

Solvated electron
G

$

(<)
eNa R

e G L i
radical anion Qé"’o Vinyl radical W‘b
el
R\ ‘ /H
ey
H R
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3.1.3 Reduction of Aromatic Rings

(1) Catalytic Hydrogenation (Total Reduction): Reduction Of : Hisati
hydrogenation is more difficult than that of most functional groups because aromatic s.m'bullsauon . A
lost in the process. More vigorous conditions are required due 1O this reason. The conditions vary according
to the amount of resonance energy which is lost during the course of reduction. Naphthalene is reduced to
tetralin more readily than benzene is reduced to cyclohexane because resonance energy for per benzene ring
of naphthalene is 29 kcal/mole where as for benzene is 36 kcal/mole. The best catalyst for the purpose are

platinum rhodium and ruthenium.
H,/PUC O
-

aromatic  rings by catalytic

H,/Ru/C
P
CH, CH,
COOH COOH
H,/PtO,
2 2

For large scale work the most convenient method is hydrogenation over nickel at 150-200°C and

90-200 atm.
OH
CH,

Stereogenic centres are formed when substituted aromatic compounds are reduced by hydrogenation. As
we would expect one face of an aromatic ring to be adsorbed onto the metal surface, the subsequent addition
of hydrogen to come from the metal. We would predict that cis diastereomers would be formed preferentiall)'-
This is indeed the case, although the level of stereoselectivity is not always high.

OH

CH, CH,
H}C CH3 H3C ."\ ."/CH3
rj H/Ru/C ™ V4
P
90% cis
COOH COOH
HOOC \@COOH HooC, 17 COOH
Hy/Ru/C " i V4
———
95% cis

Aromatic rings generally do not give partial reduction in the presence of heterogeneous catalyst:
(2) Reduction by Electron transfer Reagents

The Birch reduction is particularl).z useful and unique in its ability to accomplish the partial reduction
aromatic rings. Electrons are the reducing agent which come from the group IA metals like Na, Li or

P

of
in
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fiquid ammonia. When aromatic rin

alcnhol (e.g. ethanol, 2-propanol or ’ggu?"‘;' rrduced by Li in liquid ammonia, usually in the presence of an
cyclohcxadwneb are produced. Yl alcohol), 1,4-addition of hy drogen takes place and non-conjugated
H H

@ LI,NIH (N
-_—
C,HOH
H H
Oe Li, NH, (1)
—_—
C,HOH

H H
1.4 dihydronaphthalene

| The.mechanfsm of reduction involves sequential addition of an electron, followed by protonation of the
radical anion species so formed (Scheme-9).

H, H

Na + nNHs(1) —> Na®e®(NH3),

blue solution
\/e\NI :
(]
S o T o B
—"Na 5 H—

\} H H

1, 4-cyclohexadiene
Scheme-8

: i i ] in this type of reduction, but the reason for its
: 1 4-cyclohexadiene is quite genera Ll
fm'm:ormatlonfofcré)lce o thye more stable conjugated 1,3- cyclohexadiene is not clearly understood. However,
- oflt(:; lrlla pz;en:fls that kinetically controlled reactions of cyclohexadienyl anions with electrophiles typically
n, i.e., Cc—4.
take place at this cen;:jal CZ:::“C compounds are subjected to Birch reduction, the electron-donating groups
g \lh"(htlan ?:bsntutmm‘g etc.) decreases the rate of the reaction and are mainly found on the non-reduced
2. alkyl, alkoxy, a )

Positions of the product, for example:

OCH OCH
OCH, g 3
NNy O
C,H 5OH
(major product) (minor product)

.thdrawing groups (¢-g., COOH, CHO, CH, etc.) increase the reaction rate
o product, for example:

COOH COOH

On the other hand, elec
and mainly found on the reduc

COOH

ed position of the

Na/NH3 (l) 2

(major product) (minor product)
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It is general principle that electron donating groups promote ortho, meta
clectron-withdrawing groups promote ipso, para reduction. The explanation

reduction while
for this 1s based on the distribution

of electron density in the intermediate radical anions. Electron-donating groups stabilise electron density ai
ortho and meta positions, and protonation occurs at these positions, while electron-withdrawing groups stabilise

electron density at the ipso positions resulting in protonation at these positions.

OCH‘ B OCH, OCH, OCH,
Na/NH, (1) . e@ C,HOH
. - B e
|, e .
COOH [ COOoH COOH | COOH
NoNM, () C,HgOM
i
L 3 B
If one wants the conjugated dienes as product, it 1s quite a simple matter to isomerise them using an acid
catalyst.
OCH, OCH,
—t s
Conjugated diene
COOH COOH

o =
—————

With anilines it 1s impossible to stop the isomensation taking place during the reaction and Birch

reduction always gives conjugated enam
NMe

Na/NH; (1)
CyHgOH/(CyH4),0

nes.

-

Conjugated diene

NMe2

Reduction of aromatic rings with lithium or calcium in amines (not ammonia) proceeds further and
cyclohexenes are obtained instead of 1,4-cyclohexadienes.

The rules described above regarding orientation can be readily applied 10 the reduction of more complex

polysubstituted benzenes.

e COOH
_N_n/!i-l}_(!)_’ electron-withdrawing g
1-BuOH s present on reduced carbon
CHJ 1 CH3
present on m~m = s
OCH
: Na/NH, (1) OCH,
-BuOH
Z— Both electron donating
OCH Broups are present on
5 OCH, hon-reduced
y position
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If Birch reduction is carried oyt in (e |
s bas 50 PIOIDR Aouzoe oo quenl:th u: l(ht presence of one equivalent of proton donor, then the enolate
alkyl halides. This procedure is an effe ‘l_' Inder thsc conditions the enolate can be alkylated by the use of

Sctive way of preparing substituted cyclohexadienes.

COOH
COOH COOH .
NamH} N o R COOH
-BuOH (1 cqj; - =
OCH,

Na/NH4 (1)

— - +e”
-BuOH (1 eq.)

e

OCH ‘
’ OCH, OCH, '
R-X
—_l
R

A variety of products can be obtained with naphthalene. Nature of products depend on the nature of

proton donor and reaction conditions.
.

{7~

- Na-C,HsOH

l
8

1, 4 Dihydro 1, 2 Dihydro
naphthalene naphthalene
Na-C,H, OH @
E— Tetralin
C,HsOH

Isotetralin

Li-Et-NH,

l
3

A%-Octalin

The reduction of l-naphthol and 2-ethoxynaphthol provides an interesting constrast. 1-Naphthol is
reduced by lithium in ammonia containing ethanol in the unsubstituted ring. This is because electron-donating

groups decrease the reactivity of the ring.
OH

e
OO C,HsOH
thalene is reduced in the substituted ring.
OC,H

OH

On the other hand, 2-ethoxynaph

°C2”5 Na/C4H5OH

32 REDUCTION OF ALDEHYDES AND KETONES
3 transfer reagents
21 Reduction by hydride- hols and ketones to secondary alcohols is normally easy to

: imary alco Soe - normt
acCOmT};F}:’edUCUOﬂde al?)?)tz:;;rti?jepgr lith};um aluminium hydride. Lithium aluminium hydride is a powerful
Plish using sodium

! :ons. Lithium aluminium hydride reduces a wide range of functional

::)%lem commonly used in C(t;;:) ls{olutloﬂ __CONH,, epoxide, etc. This reagent can be inconvenient to use

uPs, including —COOH, . 3

nce contact with water or alcoho! Ay §
In contrast, sodium borohydride 15 M

ause fire. '
ore specific for the reduction of aldehydes and ketones. It is milder

a e —



ORGANIC SYNTHE
244 SIS

C, N==N, ester, nitriles

: .. '—(C, C==
reducing agent. It reduces only aldehydes and ketones and has no effect on C=C

and nitro groups.

0 OH
(i) NaBH, (i
B
(i) HOHH® S——
N "COOC,Hq T COOC,Hy
CH,=— C¢Hj CH,— C4Hs

0 OH

| (i) NaBH ‘ ‘
OzN-—(‘Hz—CHg——(l‘——Cl-h __——-——»40 NO,—CHy—CH;—CH—CH3
" (if) HOH/H"
different environments. For example,

Sodium borohydride is also selective between carbonyl groups in
ugated carbonyl group

compounds having conjugated and non-conjugated carbonyl group, it is the non-conj
which undergoes reduction.

0 0 0 OH
| I (i) NaBH
CH3—CH=CH—C—CHy—(—CH3 —————> CH3—CH=CH—C—CH;—CH—CHj3
(ii) HOHH

o, B-unsaturated ketones on reduction with sodium borohydride can give 1,2- as well as 1,4-addition
products.

0 OH OH
1) NaBH
(ii) HOH/H®
0% 100%
(1, 2-attack) (1, 4-attack)

When reduction of o, B-unsaturated ketones with sodium borohydride is carried out in the presence of
catalytic amount of CeClj then only 1.2-adduct is formed.

OH OH
(i) NaBH 4/CeCl3/MeOH
-~ +
(i) HOH/H®
0%

100%

Another useful reaction which involves the combination of CeCl5 and sodium borohydride is the selective
. i

reduction of ketones in the presence of aldehyde. This combination discrimi
. , . ! scriminates betw i ff cetonic and
aldehydic carbonyl groups, effecting the selective reduction of the less reactiv "o diTlegunt Keiony

e carbonyl group in a dicarbony!
compound. For example, o, B-unsaturated ketones are reduced selecti . group
' COCH > S€|eunve|y In the presence of saturated ketones-
3

COCH;,
(1) NnBH4/(‘cCI3/MeOHfHOH
(ii) HOH/H®
0

HO
Similarly ketonic groups are reduced selectively in the
presence of aldehyde
groups.

I e '
Gt CH—CHO .
C— 3 (i) NaBH,;/CeCly/MeOH | i H

CH,CHO
(i) HOHH® H 7C_g :
H,C
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is believed that, unde : -
dratlct which is stabilised b)'r ég;nl:acnqn conditions the more reactive aldehyde group is protected as the
yodud- Plexation with the cerium ion and is regenerated during isolation of the
0 0
(CHz)¢—COOCH OH
} _NaBH, cecty (CH)s—COOCH,  puph (CH,)s— COOCH,
CHyOHHOH & — q
c—H 4 l
I ?—OH C—OH
“ OH OH
lwork-up
OH

(CH2)6 - COOCH]

C-—H
I
o
Aldehydes and ketones can also be reduced with borane. Reduction of carbonyl groups by borane takes

place by addition of the electron deficient borane to the oxygen atom, followed by the irreversible transfer of
hydride ion from boron to the carbon.

H

R H R | R R
Lo ® © N AN
\C=or+\‘BiH i) >(§?;?—H —= o8y, . _ CHOH

Rﬂ/ \ H R, H R' H R'

Under normal conditions, reduction of a prochiral ketone leads to racemic mixture of secondary alcohols.
0 OH OH
(i) ByHg/THF by
CgH; CH, (@HOH —  CgHy CH, CeHs CHj

In case of prochiral ketones, the major enantiomeric fprm can bc predicted by Pre!og’s rule. This r}llc
elates to the course of asymmatric synthesis when a reducing agent is added to a ketonic group. Accordmg
0 this rule if the steric difference between large (L) a'nd small (S) groups attaqhed to the carbonyl group is
large enough the reducing agent attacks from the less hindered face (over S) to give the corresponding alcohol

% shown below:
H-X
Fo) X0, H
y: / — \/C\/
ase of a-ketoesters of a chiral alcohol. If the relative configuration of

This rule is mainly used in the ¢ 11 attack the ketonic carbon from the less hindered side, i.e., from the

‘.° ketoester is (I), the reducing agent wi
e of the group S as shown below:

H—X\ 0 "\C P i
H-X L
cH,” v W O\C/ ; CH3/ \c/ 0>C/

ol ﬁ /\M I g \M
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F
-
) } «ion is carried out with B5H, ;
However, prochiral ketone produces only single enantiomers wheni rc':duuuon 1lex iy examplct 6 in
the presence of chiral nonracemic ligand. The best ligand is oxazaborolidine comp . :
Ph
N C/
d—L N
£ 1
He O OH
0
! (i) ByHg THF &
c Sew, O CeHs | "CHy
’ H
0 o
—
With ketones which contain an asymmetric centre also produced two forms. However, the two forms of N
the alcohol may not be produced in equal amount.

The main product formed in these reactions can be predicted on the basis of Cram’s rule. According to
Cram’s rule that diastereomer predominates in the product which is formed by approach of the reagent to the
less hindered side of the carbonyl group when the rotational conformation of the molecule is such that the

carbonyl group is flanked by the two least bulky groups on the adjacent chiral centre. This may be represented
by Newman projection formula as follows:

H, ° CH,  Q H M. O g |
C—C =
H C// AN R e R |
W C,H; L
In Newman projection formula S, M and L represent small, medium and large substitutents on adjacent |

chiral carbon with respect to C=0 group. Thus for the reduction of ketone (A) the predominant alcohol arises |
by the attack of the reducing agent (say metal hydride) on the less hindered side ‘

of the carbonyl group in the |
conformation shown below: yl group ‘
H-X |
M S M S H M S M » " q |
H-X _ X—0 |
or PP,
R R X—0 R R .
i v L xo |

(A) Eclipsed form L Smgger’ed ) |

Predomind

1 mer

In cases where there is a polar group on the carbon adj sl

acent . (
be followed, because the conformation of the carbonyl Compj t 1o the carbony] group Cram’s rule may "
soley by steric factor. In a-hydroxy and o-amino ketones, reaction i e
rigid chelate compound as shown on the next page. clion is thought to proceed through a relativel)
A fundamentally different way of reducing aldeh

‘ ydes and . o 8
secondary alcohol. The reagent. for this is aluminjum isopr(l;:z)):]izs utilises hydride jon transfer fr(‘),m
Meerwein-Ponndrof-Verley reduction. The reduct . e and the reduction is know

: . ction is carried oyt i - koS
place under very mild conditions. The reduction is highly Spe;l;‘:c"; ()l:c;l;‘l;‘;l:lyldalcohol. This/rcdu;::’"g:::
ydes and kelones; 0

e — y
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H
9 Al\< H
Ot S
H;C —C~.. _—
N\, "CgH, HJC—@‘C'—C'-~.
H \” CeHs
o
H'—lAIH3
sH
Al
Z \\H
OH\ ~H (|) (I)
O, — Ok
H AN H CeHs H/ \H CeHs
ich are susceptible to reduction, such as C=C, C=(, NO,, COOH, COOR, CONH, etc. do not get reduced
v this reagent.
CH
° (Oi-Pr)y S
i-PrOH
NO, NO,
COCH, CHOHCH,
i-PrOH
CN CN
Va /
Al (Oi-Pr);
—_—
i-PrOH
0 OH
Al (0i-Pr)y
0 i-PrOH ot

22 Reductive Cleavage of a carbon-oxygen double bond
00 group of aldehydes and ketones can be reduced to CH, group by Wolff-Kishner reduction,

"Mensen reduction or Mozingo reaction.

WOlff-Kishncr reduction is effected by heating a mixturg of the carbonyl compound, hydrazine hydrate
Sodium potassium hydroxide in a high boiling solvent (diethylene glycol) at 180-200°C for several hours.
lleny yields of the reduced product are obtained with potassium f-butoxide in DMSO, reduction can often
e oy at room temperature. This reduction cannot be used for tl?osc f:arbonyl compounds which have
ensitive groups (such as halo group and tosyl group present in aliphatic systems).

!
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NH,NH,/Bu'OK
pDMSO
0
0
p: CH
O 3 P‘“q|:’}su-{2/l(OH‘~ @’CHT"C]’B
/\ A
Bf OH OH Br
o '
NH‘)NH‘)/BUOK
CHy—CH—CHy—C—CH3 — o 2 CHy=CH—CH,;—CH—CH3
I ,
C—CHz'_'CHz—COOH NH2NH2/|\OHA CHZ—'CHz—CHz—COOH
OH,_\OH;A ]
CeHsO HCO
CHO CH,
OC,H OC-»H
25 NH,NH,/KOH i
OC,Hg = ;AA— OC,Hg
OH OH

On the other hand, o-diketones give alkyes.
O O
L NH,—NH,

LS alc KOH, glycol% =OmeC=R

Reaction takes place as follows:

| s

—Cc—C—R —2 25 PR—C C—R Taulomerisa\ion: N
- = 2 N
N=N--

4 \fé;ﬁ@

R—C=C—R+HOH+N;
In Clemmensen reduction carbonyl compound is refluxed with Zn/Hg in the presence of conc. HCl

0

Zn/Hg/conc. HCI

I
CH3—CH,—C—CHj » CH3—CHy—CHy—CHj,4

The conditions employed in this method are strongly acidj ' i ons ™
reduction is not applicable for acid sensitive comPOU“dS-g { ke, g i of e

Conversion of a carbonyl group to a thioacetal, foll e

» followed by hydrogenolysis is another way o C(c)cd g

CO into CH, group. This reduction takes place under neutral iti
, , conditions. H e redv
—CH,— by this method in all types of compounds (i.e., acid sensitive as ::;eaf(z group C::::)
ase sens :
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0 OH

Colls—CH;—C—CHy—CH—cooc, 40— CHs—SH/BF, s

> CoHsCH;— C= CHy— CH—COOCH,
S S

(_J [ Ho/Raney Ni

OH

|
AR C¢Hs—CH»—CH,—CH—COOCH;
2Hs .
OHC—CH—CH / (i) HS—(CH,);SH/BF, /C2H5
e COOCH () Raney N, T3C—CH—CH
# 3 R CH,COOCH,

s CH;
3.2.3 Enzymatic Reduction

The ketonic carbonyl group of B-keto esters and cyclic ketones are also very conveniently reduced with

hi.gh stereoselectivity by fermenting Baker’s yeast. Thus, reduction of ethyl acetoacetate with Backer’s yeast
gives the (S)-alcohol. On the other hand reduction of ethyl B-ketovalerate gives the (R)-alcohol.

0 b
/“\/COOCZHS Baker's yeast _A._COOC;H,
(S)-alcohol
o OH
\)‘\/COOCZHS Baker's yeast /L/COOC2H5
(R)-alcohol
OH
1 COOC,H g COOC2H5
2°°5 Baker's yesat (j
S S

The ketonic moiety in the side chain of cyclopentadione could be selectively reduced to the (R) alcohol

with Baker’s yeast. 0
@) CH
CH3 Baker's yeast 4 :
> W,
(0) OH H
o] O

3.3 REDUCTION OF CARBOXYLIC ACIDS

i) LiAIH
 c0oH— 2, CHy—(CH)—CHOH
CH3—(CH2)4 (ii) HOH/H

o — DA, HOCH,—(CHa)—CHOH
Hooc.—(CHz)r’Co (ii) HOH/H&>

verts into aldehydes and then finally into primary alcohols (Scheme-1).
In this reduction acid first €O
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R—C—O—H +LiAlH, —» R—C—OLi —~ # ? 1
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(1) LiAly
e .
H=—AlH, H l(n) HOM/;

Scheme-

3 ctivity is the s
Acids are the least reactive among acid derivatives because the order of_theq reac,r:m;); il(; Z;:n.)e- & i,
in order of nucleophilic addition followed by elimination .react{ons 0 iy lthdtweS:
RCOCI > RCOOCOR > RCOOR > RCONH, > RCOOH. Thus carboxylic acids are more W10 regy,

among acid derivatives. Thus lithium aluminium hydride can be used to reduce acids but this can requy
vigorous conditions and is also not selective because lithium aluminium hydride is very powerful reducp,
agent and reduce most of the commonly encountered organic functional groups such as carbonyl, ester, amig
acid chloride aliphatic nitro, cyanide and epoxide, etc.

(i) LiAIH/Et,0 ;
OzN—@— COOH ————— ON CH,OH
(ii) HOH/H®

H OH
COOH CH,OH
(i) LIAIH/E1,0
(1) HOH/He -
MeO MeO
(i) LiAIH/Et,0
COOH .
NH, (ii) HOH/H® CH,OH
NH,

Alanes also reduce acid and acid derivatives. The order of the reactivity is almost the exact oppositt:
RCOOH > RCONH, > RCOOR > RCOC]

This is because the crucial step is the formation of a complex in which the alane acts as an electl'OPI'”k
so that it is the capacity for donation of an electron-pair by an organic compound that is important:

£y o |

H 0

I /2 AlHR, yO AR, | OF-AIR I
R Thie 2 ':
2 (; | T ‘
O—AIR N (i) AlHR; ¢

R—CHOH
The most important alane is disobutyl aluminium hydride (DIBAL) |
DIBAL
CH3—(CH3)4—CH,—COO0
3 O OO e 35 CH3—(CHy)—CHy—CH,OH
Diborane is a useful reagent for the reduction of acids

: ! 5 ot 1o hyd"
donor such as LiAlHy, this reagent reacts faster with acids than Wli)t';ltag alcohols. However, unliké
sters.

H3 COOH {
o ety TR H3G CH,OH '
I COOC,H;, :

1
H.C—C—0 2 ] ><: ‘
0
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ium borohydri
s:r?:iue";nd borgnr::?] dogs e red“’?e the free carboxylic group, but borane prepared from sodium
borohy A T l qondc etherate in THF converts acids to alcohols at 0-25°C in 89-90% yields. This
reagent is sul or selective reduction of a free acid group in the presence of an ester group.
COOH

CH,OH
THF o
COOC,H COOC,H,
90% yield

) NaBH /BF;/E,,0
ozh@'COOH — S OZN—@-CHZOH

3.4 REDUCTION OF ESTERS

The reduction of esters to primary alcohols is best accomplished by powerful reducing agents such as
LiAlH, diisobutyl aluminium hydride and LiBHy.

The reduction of ester requires 0.5 mole of lithium aluminium hydride and probably involves formation
and reduction of the corresponding aldehyde (Scheme-1).

e
(?>—Am3 Q(l? (l)—Ale(OR’)
]
R—C—O0—R’' —» R—C—O—R’' —> R—C—H+R“—0—AIH; —» R—C—H

- | \J |

H— AlH, H H>—AIH, (OR’) H
lHOH
R— CH,0H + R—OH
Scheme-1

Some examples are:

(1) LiAIH,
N— CH— COOC,H; ——— N—CH— CH,OH + C,H.OH
| (i) HOH/8H |

CH, e CH,
H,C N\
Ser ™S COOC,Hs @ LA, ?H/\ CH,OH + C,H;0H
e e e
A—CH —CH, (i) HOH/SH O—CHs;—CH,

The reduction of ester with lithium aluminium hydride is not selective because it is very powerful
reducing agent and reduces most of the commonly encountered organic functional groups such as carbonyl,
¥ano aliphatic nitro, epoxide and halide, etc. '

mﬁm@?&; specially those in which the double bond is also conjugated with an aromatic
ring, are more comfortably c’onvcned to saturated alcohol on treatment with an excess of lithium aluminium
hydride.

M‘—;Cbﬂ —CHy—CHy—CH3—OH + CyHsOH
5
CgHs—CH=CH—COOCzHs i) HOHMH® 2Hs
(i) LiAIH,
CHy—CH=CH—CO0CHs —g* CH3—CH==CH—CH;0H + C;H50H
(i) HOH/OH

Alanes also reduce esters. Alane, formed in situ from lithium aluminium hydride and aluminium chloride,
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reduces esters in THF. Because it does not reduce SO

reduction.

other functional groups it i well suited for selecgy, -
me

LiAIHg—AICI3(1 * D) Br-—CHrCHr"CH2OH

Bl‘—-—C H 2——(‘ H 2—-—COOC 2H5

CHs—CH=CH—COOC;Hs

The most important alane is diisobutyl aluminium h
reduced to alcohols but at low temperature esters and lactones are re

o)

ether

LA ¢y cH—CH—CH0M

90% yield |
BAL). At ordinary temperature esters ar,

ide (DI
Ak duced directly to aldehydes.

DIBAL

I
CHsCH,OH
C(,HS—C—OCH:;W 645

DIBAL | CgHs—CH3

-78°C

CgHs—C—H

i

|

During the course of reduction DIBAL forms alkoxide with ester. This alkoxide is stable at low |

temperature (-78°C) and can be trapped by water which also destroys the residual reducing agent. The resulting

adduct form aldehyde.

e b Bu'
|— Al—Bu/
R—C—OC,Hy — R—C H
Bu'
vkt Al/ OC,H;
\Bui

|

Bu'
O—Al—Bu" O=>-H
HOH ql\-
- R"‘(|3—H ——» R—C—H
OC,H; OC,H;
stable alkoxide L i
|

I
R—C—H+CHOH |

Lactones also undergo artial reduction an ) . \
go p d the product at low temperature is hemiacetal known 8 |

lactols.

O OAI\
Bu'
O /O
) (i) DIBAL e
o

e~
—_——

ol ) |

(.0}_ H CHO

Lactol

OH
0
OH
f CH,— CHO
—
=

‘ try.
mportance in carbohydrate Ch?m:;sbﬂ‘ !
um amalgam gives very poot 2 |

!

pr
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H

(\:oj \C‘/OH (fHO
CLHOH 0 DIBAL ﬁﬂ(;—l = C|HOH
L\HO_H_J arik CHU CHOH
™ éu Lyion
(“HOH (‘?HOH
it e CH,OH éuzon

Esters can also be reduced by the use of acyloin method and Bouveault Blanc method.
}n acyloin m_cthod esters are treated with sodium in aprotic solvents. The initially formed radical anion
imerises and ultimately forms an a-hydroxy ketone, an acyloin. Such acyloin condensation of esters is

specially useful with esters of a, w-dicarboxylic acids of at least six carbons in the chain for cyclic acyloin
are formed in very good yields.

COGCH =0
r : 4N '\ / i
(g e (e, |
" s
COOCH, \— CHOH
Open chain acyloin of 8 to 18 carbons can also be prepared by this method.
>y
RCOOC;Hs + RCOOC;Hs e ete, R—CH—-)Z—-R
< (it) HOH
OH W
i) Na/xy!
2CH3—(CH;)7—COOCHs UL L CH3—(CH2)7—£H—C—(CH2)T—'CH3
(i) HOHH

Bouveault-Blanc method is one of the oldest methods of reduction. In this method reduction is carried
out by adding sodium into a solution of an ester in ethanol. This method does not give very high yields, possibly
because of side reactions like Claisen condensation. The yield of the reaction is improved when reaction is
carried out in the presence of inert solvents such as toluene or xylene and secondary alcohol
(4-methyl-2-pentanol) which is acidic enough to decompose sodium containing intermediate but does not react
t0o0 rapidly with sodium.

(i) Na, xylene, sec. alcohol
CH3—(CH2)12—COO0CHs ) HOH » CH3—(CHy)12—CH,0H
90% yield

35 REDUCTION OF ACID CHLORIDES

Reducﬁon of acid chloride is exceptionally easy. Depending on the reagents and reaction conditions it can
lead to aldehydes or to alcohols. ‘
~ Catalytic hydrogenation of acid chloride is carried out in the presence of poisoned catalyst. The reaction
is known as Rosenmund reduction.

Hj, Pd/BaSO4-quinoline-xylene

R—COCI — R—CHO

or Hy/P1O,-thiourea, xylene

A variation of the Rosenmund reduction is heating of an acyl chloride at S0°C with an equivalent of
rimethylsilane in the presence of 9% palladium on charcol.

COCl CHO

(CH4),SiH, Pd-C

ol 60-80°C
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i st result is obta;
Acid chloride can also be converted to aldehyde by the use O,f rpctal hydqit: t;‘cy:;dc and ;-but:;a;?g
with lithium tri---butoxy aluminium hydride. It is prepared from lithium alumi e Soctrae withdrawing in
ether. It is less reactive than lithium aluminium hydride because of the presence O .cv: because of its bu]kin:xy
group which stabilises the negatively charged aluminium ion. It is also less react g §s.
The reagent converts acid chlorides into aldehydes at low temperature. Because of 1tS bon d bi, ;)o ¥
not react with aldehydes formed by the reduction. The reagent has no effect on carbon-caroon double bonds.

0
LiAIH(OBu'),. diglyme
CGHS—E-—CI 7st _, CgHs—CHO
2 -~ 80% yield

0

I LiAIH (OB digl
-78C

LiAIH(OBu'
: ;S.Cu )j—* C6H5——CH=CH—CHO

80% yield
Another hydride for the reduction of acid chloride to aldehyde is obtained by treating a mixture of

cuprous chloride and triphenylphosphine, trimethyl phoshite or triisopropyl phosphite in chloroform with an
ethanolic solution of sodium borohydride

CgHs—CH=CH—COCI

H H
CuCl + PhyP + NaBHy — (Pth);_Cu< >B<
H H
(A)
This metal hydride reduces acid chloride into aldehyde and it has no effect on carbon-carbon multiple
bond and nitro group.

A, Acetone
— —_—
OIN—@CH=CH cod 25°C OZN—©_ i

83% yield
Complete reduction of acid chlorides to primary alcohols is not as important as the reduction to aldehydes
since alcohols are readily obtained by reduction of more common compounds such as aldehydes, carboxylic
acids or their esters. Because aldehydes are the primary reduction products of acid chlorides stro;18 reducing
agents convert acid chlorides directly to alcohols. The most common reagents for the purpose are hydrides of
complex hydrides. They are lithium aluminium hydride, sodium borohydride, sodium bl??Z-mcthoi ethoxy)
aluminium hydride NaAIH(OCH,—CH;—OCH3); and alanes. There reagents except LiAlH, are e: cially
suitable for reduction of halogenated acid chlorides 42 pe
Br Br
LiATH/AIC),
CH)—CH»—COCl ——n=—5
9% yield
NaBH,/dioxane
High yields of alcohols are also obtained with Al,04 impregna _
ted : : 0
hydride or with tetrabutyl aluminium borohydride. g Wwith NaBH,, sodium trimethoxybo"

(0]

I NaBH
Br—@-C—-Cl " E(OCH’)’ - B
. "@-—wm
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0
I NaBH
CH‘—CH”l—CH—-C abH . A|203
2 —Cl EG0 25°C CH3—CHy—CH—CH,0H
Cl“3 CHj
N BuyNBH,, CH5Cl,
CH3—C—COC| —— & 722 |
; e » CH3—C—CH,0H
CHy CHs

3.6 REDUCTION OF ANHYDRIDES

Reductmns of ;}nhydndes of monocarboxylic acids to alcohols are very rare but can be accomplished by
complex hydrides.

n “ R LiAIH/ether or
4 NaBH/CH;0H or % 2ROH 5
N;u\IH(()(“I’l:——(‘Hl—-OCHB)Z

More frequent are the reduction of cyclic anhydrides of dicarboxylic acids. Cyclic anhydrides can be
reduced to lactones or diols. Nature of reduction product depends on the nature of reducing agents and reaction

conditions.
The important reduction reaction of cyclic anhy
Such reductions are carried out by catalytic hydrogenation, by complex hydrides and by metals.
Hydrogenation of phthalic anhydride over copper chromite afforded 82% yield of lactone.

drides are the reduction of these compounds into lactones.

| |
Oy - QO
/ 260°C, 215 atm
Il \
O

duced by homogencous reduction using Wilkinson catalyst.

Anhydrides can also be re
HyC—CH—CHa\
0

HaC—CH—CO\ ' H,,(Ph;P)iRACI
H3C—CH—CO 7
65% yield
um hydride reduces cyclic anhydrides to diols.

0
HyC—CH—C0”

Powerful complex hydrides like lithium alumini

cQ LiAlH, B0
Oy —=
co CH,OH
87% yield

CH,OH

Sodium bis (2—mcthoxyeth0xy) aluminium hydride also reduces cyclic anhydrides to diols.

CHZ—-CO\ NﬂAle(()CHg(‘Hg()CH3)2 CH,—CH,0H
H *«Hs, 80°C "
é‘HT‘CO/ i CHy—CH,0H

- 88% yield

. i cess of lithium aluminium hydride and performin
itions. especially avoiding an excess 0 ] y ’ i
Under controlled conditions Pcs B arion ta s i T Yt

the reaction at —60°C, cyclic anhydrid

_ak it



Q LiAH, B0 CH2‘0
e 0/0 -60°C C/
CH, H;fg

86% yield

. . . : ’ -ontrolled conditions.
Sodium borohydride also reduces cyclic anhydrides into lactones under cont

ke NaBHg DMF CHZ‘O
e 0-25°C C/
CcO

Other reagents used for the preparation of lactones from acid anhydrides are I‘lthlum borohydride, ||(h1Um
triethyl borohydride (known as super hydride) and lithium tris (sec-butyl) borohydndc. (knqwn as L-sclegtndc).
Of these three complex borohydrides, the one L-selectride is most stereoselective in the reduction of
3-substituted phthalic anhydrides. The reagent reduces the less sterically hindered carbonyl group.

OCH, OCH,
cQ LiBHE, THF CO\O
/O o /
co e CH,
CH, CH,
CO\ L-selectride, THF CO\
/0 . - /0
FC
CcO CH,
OCH,4 OCH,
Q LiBHEl, THF cQ
9 e 0
4 ¢c /
co cH,
3.7 REDUCTION OF AMIDES ﬁ oy
eduction of amides may yield aldehydes, alcohols _R’ 2H | _R’
r amines. Which of these three classes is formed R—C—NI A R—(|3—N\ R’
depends on the structure of the amides, on the reducing M
agent, and (0 a certain extent on reaction conditions. o’ . |
From a simplified scheme (Scheme-1) of e’ etrahedral intermediate !
reduction of the amide function it can be seen that the . 2 I
first stage is the formation of tetrahedral intermediate 1 IZH
by the addition of hydrogen (ZH). Such tetrahedral o |
intermediate tends to regenerate the original sp2 system . y: . .
by elimination of ammonia or amine to give aldehyde. Al-deh:tl R—CH 2—4( R’+ HOH ;
The aldehyde so formed may be isolated or reduced to y PREY ?
an alcohol. Alternatively the product is an amine lzu ’.
resulting from direct hydrogenolysis of the tetrahedral R—CH,0H |
intermediate. |
I Scheme-1

3.7.1 Reduction of Amides to Aldehydes

Tertiary amides on reduction with lithium aluminium h

o ! ydride, lithium i 1 ide a9
sodium bis (2-methoxyethoxy) aluminium hydride give aldeh Ithium triecthoxy aluminium hydnd

ydes. Primary ang secondary amides do 1 g

: A
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des. The nature of i :
aldehy Of substituents on nitrogen of tertiary amide plays a key role in this reduction. Amide

derived from aromatic amines such as N-methylanili i [ .
et s aldehydes.y ne and specially pyrrole, indole and carbazole are found

]
o o LiAIH(OE),/E1,0
6sC N<O| o > C4H,CHO
I ~
e NaAlH,(OCH,CH,0CHj)
CeHs—C—N 2720 CgHs— CHO
CeHg, 0°C
O
g A
o NaAlHy(OCH,CH, OCHj)
CeHs—C—N @ . ¢gHs—CHO
\Soz CeHg: 5C
?ocﬁﬁ5
N

LiAlH,, E,0
> C.H.CHO
-15°C 673

Perhaps the best reagent available for the reduction of amides into aldehydes is the ATE complex (1).
This complex is derived from the addition of butyl lithium to DIBAL.

Bu

BuLi + BubAIH — H—Al< NI ¥
| “Bu'

Bui
@

]
0— Al (Bu?),BuLi®

_)EE)

0
I M ‘ < > _HOH _
_ _® _ cH~—C—N CeHy—CN
CHy—C—N o 65 IK}
H H
O
I
C6H5—C—-H

mides selectively involves the formation of Weinreb amide (2). This amide

One good way of it nding acid chloride and methoxy methyl amine or by reaction of an ester

may be prepared from the correspo

with (CH;);Al and methoxy methyl amine. .

? |
/
R__cIL—Cl + HI\|1——0CH3 = R—é-N\

CHg3 @)

OCHj3

CH;

or

o)
J /OCH3
—OCH3—— R—C—N
R | __OCH3 + (CH3)3Al + HN—OCH3 =R N,
H3 @
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A low (emperature and form stable, chelaeg
‘

I

)l“/\l,

Weinreb amides react with either LiAlHy or |
aldehyde.

intermediates. This on hydrolysis gives corresponding

O—Al(Bu')2

R “‘ /OMC YBAL “I(‘»R~—(‘-——-’“N/ O : ﬁw<
— -—N\ : + DIBAL — ‘ \Mc "
CHy o H

Stable intermediate l
i
OMe
R—C—N+ HN<
Me
(@)

QO

j OMe Il

C—N (1) DIBAL C—H

\Me __C___,
(in) HOH/H®
KZ“uyicld
O

OMe (i) LiAlHy, - 78°C
-~ hLAHe " T8 C | Hs—CH—CH—C—H

\Me (iiy HOHH®

CH3—CH——CH2—C
CH3 CHj
80% yield

3.7.2 Reduction of Amides to Alcohols

This reduction is given only by tertiary amides. The intermediate product of the reaction is aldehyde
which on further reduction converts into primary alcohol. The reaction is not very important and is only
exceptionally used for preparative purposes. Tertiary amides are reduced to alcohols generally by lithium

aluminium hydride. The reaction is carried out above room temperature.

I

] (i) LiIAIH 4, Et,0

CeHs—C N(O' e~ CeHs—CH,OH
(i) HOH/OH 80% yield

3.7.3 Reduction of Amides to Amines
The prominent application of reduction of amides lies in their conversion to amines. This reduction in
most of the cases is carried out by hydrides and complex hydrides. Primary secondary : d“ {ary amines can
be prepared from the corresponding amides in high yields. y and tertiary amin
The reduction of amides with LiAlH, does not follow the same pattern as that obs d for esters and
served for ester

acids. In this reduction LiAlIH4 deoxygenated amides. The mechanism of this reduction invol dination
on involves coor

of lithium cation to the amide carbonyl, thus activating i . o
. £ 1t to nucleophilic sulti
tctrahedrgl intcrlpec?m}e can now expel the oxygen atom, rather than the l:ﬁtr]oL utack by NHT4' e rcbul‘fzz
group, with the mc¥p1cnl negative charge being stabilished by the oxophili lg'en' S wich B8 p()(-)r-leavfon
that results from this process will be reduced rapidly by Li AlH, thus EOrn;(i: ithium and Al. The iminium
ng an amine (Scheme-2)-

® © ®
Qo—Li _, QO—AIH3 Li
I /R |

0]
I /] @ )
R’ R’ | \R’ —» R—CH==N * H1Al—’0"“

© H \g
H> AlH, R
il



\EDUCTION

casm——

359

Alane is also a useful reagent which reduces amides into amines in the presence of ester groups.
O

|
C¢Hs— CHz',_N/ AlH,4 C(uHs_CHz—N/
e e e
-79°C

06k COOC,Hs

AlH, —
+—\, . _|—NE

Borane is also a very good reagent for deoxygenating amides to furnish amines. This reagent is
selective because in the presence of amide, ester group does not undergo reduction.

COOCH; COOCH;
[‘S BH,. THF (—S
—_—

0] N N
kPh kPh
0 CH,
A BH, THF —
0,N C—N _— 2N
N\ CH CH,
Sodium and sodium amalgam may also be used for the reduction of amides to amines.
(0]
| (i) N/NH3()
CegHs—C—NH; — 3 CgHs—CHy;—NH
(ii) HOH/H
(iii) HO®

3.8 REDUCTION OF NITRILES

Nitrilcs are important source of amines which are
reagents effect partial reduction to aldehydes.

3.81 Reduction of nitriles to aldehydes

The most classical method for the reduction of nitriles to aldehydes is Stephen reduction which
consists of treatment of a nitrile with anhydrogs stannous chlor_lde and gaseous hydrogen chloride in ether
or diethylene glycol. This leads to the formation of imine which, on hydrolysis, gives aldehyde.

produced by many reducing agents. However, a few

Cl

SnCly/HC1 20°C —
R—C==N + HCl— R—C==NH R CH=mNH e

R—CHO

An advantage of the Stephen method is its ?pplicablllly to polyfunctional compounds containing reducible
groups such as carbonyl, nitro carbonyl, nitro carboxylic, ester amide, etc.

Nitriles can also be reduced to aldchyd'cs. by hydride reducing agents. The reagent used for this
purpose are DIBAL, sodium triethoxy aluminium hydride and lithium triethoxy aluminium hydride.
Among these reagents the most common one is DIBAL. Nitriles on reduction at low temperature give
aldimines which are readily converted into aldehydes by hydrolysis.
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@
HOHH® o 0o

==

i
=“ i R__.C:—:—N-—-AKBU )2
R—C=N +Al(Bu); — p_c=N—AI(Bu), |
\4 "

i H

Some examples are

. O——Q CHO
/(_)\ (i) DIBAL ; =

H N ==
C¢HCH,0 | C=N (ii)H30® CH, |
Bz / BZ
CeHs
i) DIBAL
OIN CN _Q__————P 02N CHO
(i) HyO”
Br Br
(0] 0‘—’]
) )
(i) DIBAL
—_—
CN CHO

An alternate method for the reduction of aromatic nitriles to aldehydes is their heating wtih Raney
nickel and sodium hypophosphite in water-acetic acid-pyridine (1:1:2) at 50°C.

@‘-C—V Raney nickel, sodium phosphite
T HOH/ AcOH, Pyridine CHO
50°C
3.8.2 Reduction of Nitriles to Amines
Complete reduction of nitriles to amines can be achieved readily with a powerful reducing agent.
Catalytic hydrogenation converts nitriles to amines in good to excellent yields.

H
R—C=N + Hy— R—CH=NH — R—CH,—NH,

When reduction is carried out in the presence of ammonia, the product is always primary amine. In
the absence of added ammonia considerable quantity of secondary amines are formed since the primary
amine can add to the imino intermediate. P

R
.o @ e
R—CHZ——erlNH —> R—CH;~NH—~CH—NH —a

o o

R—CHy—NH—CH,—R 2 _R
is is Ci e —R «—R—CH N=CH
This is c:rcqmvented by the ad.dmon of an excess ammonia which 2 — -
in place of the primary amine and yields are then high, ich assumes the role of nucleoP
Hy—Ni/NH
CgHs—CH,—CN 3
. 120°C, 120 atm ~ CG**s-Cl-lz._(:Hz_NHz
70% yield

-
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Hj, Ni, NH;, EtOH

NC—(CH»)e—CN N —
2)8 135°C 90— HaN—CH2—(CH)3—CHy—NH;
80% yield
rhodium/AI203/H2/NH]
25°C, 3
@—(':H— CH,—CN 2 - > @—CH-——CHZ—CHz—NHz
I
90% yicld

Complete reduction of nitriles to amines can also be achieved by hydride reducing agents. The most
important of these are lithium aluminium hydride, lithium trimethoxy aluminium hydride and mixture of
NaBH4/BF;3. The yield with these reagents is 40-90%.

LiAlH, - Et,O NaBH, - BF5 - Et,0
CgHs—C=N————, C¢Hs—CH,—NH, 2 T CgHs—CHy—NH,
reflux diglyme .
72% 83% yield
Li Li
<\ ® /
R—C=N+L{® —»  R—C=N—Li —> R—CH=N =i ROy —N_ o
% \}} AlH,
(] (<]
H=AlH, H>- AlH, 1H3o‘*’
R— CH,—NH,

Nitriles are also obtained with alanes produced in sifu from lithium aluminium hydride aluminium
chloride in ether.
LiAIH4/AICI3/Et,O
CeHsCN » CeHs—CH,—NH>
94% yield

3.9 REDUCTION OF EPOXIDES

poxides can be reduced in two different ways:
(i) Deoxygenation of epoxides to alkenes and
(ii) Reductive cleavage of epoxides to alcohols

3.9.1 Deoxygenation of Epoxides to Alkenes

Alkenes are produced from epoxides via a complete.deoxygenation process. Phosphorus reagents
are particularly effective for this purpose. The best reagent is Ph3P and (EtO),P. Phosphorus reagents are
effective because phosphorus has strong affinity with oxygen.

PPh
R—CH—CH—R —— R—CH=CH—R + PhyPO
o’/
_ Anice method of transforming epoxides to alkenes wiFh high level of Stereospecificity was reported
n the 19705 by E. Vedejs who used LiPPhy to open epoxides. Subsequent reaction in siti with methyl
'0dide forms a betaine. This betaine on syn elimination gives alkene.

O, Li H,C
(i) LiPPhy 3 H
(ii) CHxl \C-C/
C:H 3 /7 N
HL st H CH,,
cis-epoxide E-alkene
0 H S H,C
HSC,\ N J/ (i) LiPPh, 3 \C_ c/ H
oot (ii) CH,1 s

: AN
7 N H,C CH,OH
HC ) CH,OH e Z-alkene
; "




ORGANIC SYNTHEg,
362 e~

d trans give (Z)-alkenes. Thus the reactiop |,

In this reaction cis-epoxides give (E)-alkenes an pen with strict inversion and the

. . g »~ oxide O
stereospecific. The reaction is stereospecific because the cp
elimination is syn periplanar (Scheme-1).

@ )
e , 5
i OL® H,C oLi® MePPh, OLi
3 Inversion C% | CH,yl TN < > <
", — \ ‘ l. C
Trans C5H|I fxph CSH“ " C_Pphz CS”II (H} * 5”“
3
PPh, 2 ®
Ph
l’h\l
/P ()
A Al - f 5>
Z-alkene H.C -
3 sty
Scheme-1

This reaction is very useful since it is the reversal of epoxidation of alkenes and since both these
reactions combined represent protection of a double bond.

Because both the epoxidation of alkenes and the deoxygenation of epoxides are stereospecific, one
can use the oxidation/reduction protocol to invert the geometry of an alkene

X =C/ m-CPBA \( }< (i) LiPPh, \C=C/

e}
Hic/ \CH, Hyc” CHy (DCHl "y 0/ TN\

Reduction of epoxides to alkenes is also accomplished by refluxing with Zn dust/acetic acid or with
Zn—Cu couple in ethanol, by heating at 65°C with titanium dichloride prepared in situ from ti-tanium
trichloride and LiAlH4 and by treating with chromous chloride-ethylenediamine complex in DME

3.9.2 Reductive Cleavage of Epoxides to Alcohols

ik 5 ydrides and complex hydrides. A
ex hydri - .
hydride approach the oxide from the less hindered side thus gi\‘l)ing mY rides such as lithium aluminium

Li
OO  LAH (l)e OH
1
CGHS—Cﬂz—(ﬁ——CHz “i) 7O\ SN2 reaction l
CoHs—CH—CH—cn CgHs—CH,—CH—CH,
|
5
H-- AN, H
l H30@
(’)H
H
Sc . C6H5—CH2-—-CH——C 3

As far as stereochemistry chemisty is concerned aluminiym hydrid
fide yields trans products.

CH,
LiAlH CH
Cﬁo el N (} 3

OH



ucToN -

LiAlHy/ether 7 “Newee OH

Trans product

| ctf\‘,::]yl ?éco?\?gsaolfiacpoxi?at‘ion give epoxy alcohols. The epoxy alcohols so generated may be reduced
¢ yrog nge of either 1,2- or 1,3-diols depending on the nature of reducing agents.

b OH

O 1, 2-diol

Sodium bis
(2-methoxy ethoxy)
aluminium hydride

OH

\/Y\/

OH
1, 3-diol

In contrast, hydrides of electrophilic nature such as alanes or boranes especially in the presence of
3F3, open the ring in opposite direction and give predominantly less substituted alcohols. As far as

tereochemistry is concerned, these reagents yield cis products.

O (i) BFyTHF
C(,HS—CHZ—-(ﬁ—-—CHz_——}———-) C¢Hs—CH,—CHy—CH,—OH

(C]
(ii) H,O/OH
CH,
H
oh3 (i) BHyBFyTHF ¢ =~ H
| I '30 P la e
(ii) HOH/OR i
OH
CH, CHy
(i) BHy/BFy/THF d ------ OH
O ks L
(i) HOH/OH ﬂ H
CH, CHy
3.10 TRO GROUP
REDUCTION OF NI oth aromatic and aliphatic nitro

i i asy reduction by many reagents. B
Nltro DUp, Undeript exceedmgl)’o?te: without affecting other functional groups. Nitro group behaves

diffegrfet:\\:rsdare th‘us easy toh:;:::?; is bonded t0 2 carbon having no hydrogen (NO, group present on tertiary

Miphats y cpendmg' upon W ent on benzene ring) or bonded to a carbon having hydrogens. In the la.ttcr

Case ta‘st:arb(?n e group_P;::m which is reduced in different ways (Scheme-1A) from those of the nitro
merism generates act

810up (Scheme IB).



TV rismne < ”""‘N

m T
(0]
R\ —-ﬁl/
CH @
R'/ O
5 ¢
N %
W 5
R OH R\
® —N=0
NcamN CH

Scheme IA and 1B
3C

Hy, Ni, CoHsOH 3O\

50°C.70am /C—CHz—CHz—-COOCZHs
| ' Hyc” | 95% yield
NO, NH,

Scheme IA and 1B

3.10.1 Reduction of Aliphatic Nitro Compounds

Aliphatic nitro compounds with the nitro group on a tertiary carbon are reduced to amines with
aluminium amalgam or iron/AcOH or catalytically. -
2

H
\__CHy—CH,—COOC;Hs
Hic”

Al—Hg |
NO, [ — CH3—C—CHs

H3C—é—CH3 CH3
| 70% yield
CH3 NH,

| Fe, AcOH I
reflux CH3~C"'CH3
Hj
T74% yield
Generally primary nitro compounds are reduced to aldoximes . metd!
: . and se by m*
salts, such as stannous chloride and chromous chloride. The same result s z&gdgf,yt;o l;c:)ox;\mﬁ:ogenauon
in the presence of catalyst. ined by hy

SnCl,—HCl

Hz)3—CH ')
0;N—CHz—(CH2)3—CHy—NOy ——p—y HO—N==CH—(CH,);—CH==NOH )

i
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CHj
cH i OCly A
3—CHy—CH;—NO; —— CHy—CHy;—C==N—OH - (D)

CHjy

H,/Ag,0, Ca0, Cr,0 L. (i
O_NO: o v N—OH w
CH,OH, 100°C, 70 Atm

Aliphatic nitro compounds on complete reduction give primary amines. But this reaction is of little
mportance because' the amino group is easily introduced in a number of other ways. Lithium aluminium
ydride and catalytic reduction with a transition metal catalyst are suitable methods.

NO, NH;
LiAlH \ ‘
CH3—CH—CH;—CH3—— CH;—CH-—CH:—CH; .. (iv)
NO, NH,
H, P10, (V)
CH,COOH
NO, NH,
OH OH
l H,/P4/C i .
HOOC—CH—CHy—NOy = HOOC—CH—CH;—NH, (Vi)
3
0O (i :
I NH
HN” NO SwHCI HN” 2 "
H L LA ... (vid)
)\ 100°C )\
o N ©O O N ©O
H H
1
Zw/AcOH
HzN—-—C—-NH——-NOz———]—O,—C——-) H,N—C—NH—NH; ... (viil)
NH ITH
AcOH/Zn , .

3.10.2 Reduction of Aromatic Nitro Compounds |
i aromatic nitro compounds is much more important because the nitro group can be
The reduction of ¢ aromatic systems by mitration. It is because nitro group is very strong

i i i ariety O ) . . ;
:}t;og:;;gem% : :::f: gvroup )ils readily converted into a series of functional groups of various degree of

. , : y ften to a hydroxylamino group and most
reduction: onally to a mitroso group, more 0 ydroxy group
fir eq:;:r?t?;r t::hrz aﬁ:gt;roup?ln addition azoxy, azo and hydrazo compounds are formed by combination

e i Scheme-2). With the exception of the nitroso stage all
of t eduction intermediates ( _ ge,
lhe“i’:mTO]ecil;‘;S sotigt“;‘: :)f the reduction of nitro compounds can be obtained by controlled catalytic

. . - intermediates are prepared by the use of suitable reducing agents.
hydrogenation. All the reducucrm ;qoz Ar—NO— Aerg)OH — ArNH,

e

ArNH2 + AINO;— Ar——lT:N_Ar

Ar—N=0+ AINHOH 6

(i) AINO + ArNH, — Ar—N=N—""

" (iii) AINHOH + ArNH, — AT

0]

et i et Rk RS U . ¢
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phcnylhydroxylamine is the main product, I,
the intermediate nitrosobenzene reacts wi,

| reducing agents converts into azobenzepe
line (Scheme-3).

In neutral solution buffered with ammonium chloride,
basic solution, using a weak reducing agent such as glucose,
phenylhydroxylamine to give azobenzene, with more poweffu _ &
and hydrazobenzene. Metal in acid solution brings about reduction to ani

C¢HNHOH

Zn-NH,CI/HOH A
n-NHy — Phcnylhydroxylamme

60"C
2 H
glucose, NaOH C6H5'—'N= N— C¢Hs
100°C |
. o 0
Sodium arsenite o
CgHg-NO,— Azoxybenzen¢
Zn (2 moles), NaOH, CH3OH/H2(l> C(,HS""'N=N_ CbHS
or Azobenzeneé
LiAlH,
Zn (3 moles)- NaOH/MeOH C HS—NH —NH— C6H5
> 6
Hydrazobenzene
Sn-HCl or
~5= —NH
Fe-HCI CeHs 2
Scheme-3

It is usually the amino group which is required from the reduction and the problem is to find a
selective reagent which leaves other reducible groups intact. '

(1) Partial reduction of dinitro compound is accomplished by catalytic hydrogen transfer using
palladium on carbon and cyclohexene or triethylammonium formate.

NO, NH,
Ol
—_—
or
NOg HCOOH, Et3N, Pd - y:lgz

Other reagents for the same purpose are titanium trichloride, hydrogen sulphide in pyridine and
sodium or ammonium sulphide.
(2) A very reliable reagent for reduction of nitro groups in the presence of carbon-carbon multiple

bonds in the side chain is alkaline f ' )
bzlr:ds;.m e side i ine ferrous sulphate, which does not affect the carbon-carbon multipl¢

alkaline FeSO,
(3) Titanium trichloride i g N,
itanium trichloride is a very good reducing agent for nitro i
SnCl,—HClI can also be used. gent for nitro in the presence of aldehydic groP
CHO CHO
TiCly
-
NO,
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4) Hydrogenation in the presence of metal ¢ , .
cter or carboxylic or hydroxy il al catalyst reduces only nitro group and has no effect on
e NH
@ Hy/P1O, @
—e—
COOC,H; COOC,H;
CH,OH CH,OH
COOH H,/Pd/C
@‘ 2 COOH
MeOH
NO, NH,

3.11 REDUCTION OF NITROSO COMPOUNDS

‘ le’c nitro groups, nitroso groups are readily reduced to the corresponding amines. This can be effected by
vigorous reagents such as zinc-acid or Sn—HCI, but more often the reaction is carried out with a mild

reduc:_ng agent, specially sodium hydrosulphite. Not only aromatic but also aliphatic nitroso groups are reduced
| toamines.

NO NH,
|
Zn/HCl "
—— - (l)
NO NH,
| SW/HCI o (i)
NO NH,
| ONa N325204 ONa <o (1)
35°C
: Zn, AcOH
CH3—C-—CH—COOC2H5 ———-——E—;—"’ CH3—C—CH-—-COOC2H5 (i)
refiu

h N-nitroso groups, prepared from alkylamines and nitrous acid, are reduced to unsymmetrical
| Nydrazipeg by Zn and acetic acid, but more vigorous reagents, such as stannous chloride give cleavage to

& AMine v .
‘, amine with aromatic amines. 2
CHs - ZwAOH60'C  CHj |
(CH3);NH + HNO; — b1 e e 4 CH3> - NH - )

CH3~
N,N-dimethylhydrazine
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CeHs~. Zn/AcOH ('c?:S>N—-—NH2 (v
~ v - ¥ 0 -—NO —‘-_——_—TT_—’* ’ 3 q
CeHs—NH-—CH; + HNO —— L‘H_\/N 70°C N.phcnyl~N-1“"“‘-‘""5“"”"“'
CH,
CH
N< b (Vi)
NO SnCly/HCI + NH,
60C
CeHs\ swHCL CoHs\\y + NH;3 <« (viii)
oy NN=05o T cHy” '

3.12 REDUCTION OF AZO COMPOUNDS

Unsymmcmcal aromatic azo compounds result from the coupling of
aromatic amines. Symmetrical azo derivatives can be prepare
compounds. Azo compounds behave like nitroso compounds in that t
under relatively mild conditions, e.g. with sodium hydrosulphide.

N1S-)Ov
HO @ N—N-@—so,m ——s o @ NH, +H2N—©—SO3N3

Under very controlled conditions, azo compounds can be reduced to hydrazo compounds.

Na/NaOH/CH;OH
N=N - NH—NH

Hydrazobenzene
3.13 REDUCTION OF OXIMES

Oximcs are another group of compounds that yield primary amines on reduction, which can be carried out
catalytically or chemically. Since oximes are readily prepared from carbonyl compounds, their reduction
constitutes a conversion of aldehydes and ketones into primary amines.

diazonium salts with phenols or tertiary
d from controlled reduction of nitro
hey can be reduced to primary amines

Ha, Ni 100°C, 90 atm

n—CgH3—CH=N—OH — n—CgH3—CH,—NH, ()
. LiAIH,
CeHs—CH=N—OH ———— CgHs—CH,—NH, ()
Na/CoHsOH
CHy—CHy—CH—CHy—CH=N—OH —— = CH}—CH,—CH—CH,—CH,—NH (il
. 2—NH; e
3 Hj
O-N —OH Raney Nickel, Hy, EIOH (W
20-30C, latm NH,
CH

33> C— H LIAIH/THF  cQ

CH — CH33>CH—NH2

._‘(v}

CHy

CH,4
Na/C,H )
N—OH —20H )
NH, '
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314 HYDROGENOLYSIS

- ich com i
ea'cuogz \;’:“:0 : drl(’)letel)’ cleave the bonds between carbon and electronegative elements, replacing them
with bon ydrogen are known as reductive cleavage reactions. Reductive cleavage reaction using

hydrogen and a catalyst is known as hydrogenolysis.

Most_hydrOgcnolysns reactions are accelerated by the addition of acid, generally acetic acid, to the
reaction mixture. Examples are:

/ L. ()
ONTCH:‘ CHs -%’ NH + CgHs—CH,
\ Hj, Pd—C i
R—CH—0-+-CHy—CgHs ——— RCH,0H + CgHsCH3 .. (i)
OH
o i Hy/Pd—C
CeHs— CH—CH—CH3 ——— CgHs—CHy—CH—CH3 .. (i)
NHCHj NHCH;

3.14.1 Hydrogenolysis of Amines (Reduction of C—N, o bonds)

Amines that are substituted with a benzyl group (Bn) may be broken by reduction with hydrogen
and a transition metal catalyst.

@C‘N%CH;-CGHS —";‘:’zﬁ» @(\:‘NH + CgHCH,

Thus benzyl group can be used as protecting group for amines and deprotection can be achieved by
hydrogenolysis. Generally tertiary amines are easier to deprotect this way than secondary amines, which,
in turn, are more reactive than primary amines.

CHj3 CHj
' | NH»
C=ens SR=1 Pd/C, Hy, CH3COOH I
C7H|5—CH—CH—COOC2H5 — C7H|5—CH——CH-—COOC2H5 +2C¢Hs—CH;—CHj;
OH OH

3.14.2 Hydrogenolysis of Benzyl Ethers, Esters and Carbamates
(Reduction of C—O, o bond)

Benzyl ethers, esters and carbamates undergo reductive cleavage reaction with hydrogen in the
presence of transition metal catalysts. The reaction is very smooth.

Pd/C, Hy .
CH3——CH2——0-7'-CH2"'C6H5 ——— CH3—CH—OH + C¢Hs—CH3 RN ()]
Benzyl'ethcr :
1 i
g-— 0=~ CH;—CgHs _g_:_/g_, C—OH + C¢HsCH, (V)

YR o

SiMe; ~ SiMey
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Hy OH OH
Pd, C, Hy - - Avi)
H P
OH O OCH,

CoHs
Thus benzyl derivatives are often used as protecting grou'ps‘

P N ~f ) : hydrogenolys
because removel of these groups may be achieved by hydrog o deprotect than the corresponding

for oxygen-based functional groyupg
is.

Normally, oxygen-protecting groups of this kind are easier
nitrogen protecting groups.

. The mechanism of hydrogenolysis of benzyl
of the mechanism. Hydrogenolysis is preceded by adsorption of
catalyst on which hydrogen is also absorbed. Bond breaking ma
chemisorbed hydrogen in an SN2 manner.

derivatives is complex and Fig. 1 provides an outline
the aromatic ring on to the surface of the
y then occur via nucleophilic attack of 3

H, OR
H H lndsorp!ion @_/0“ H H  gn @ &
! I . T Jj substitution — —] — C¢Hg—CH;~ ROH

adsorption of
benzyl denvative

Fig. 1

Hydrogenolysis of compound (A) with palladium showed complete inversion during C—O bond
cleavage. This experimental result supports the proposed mechanism.

HSCO ,’OCHJ Pd/H H /C()HS
— i &
(A) 96% inversion

It has been found that naphthyl analogue of the benzyl group is easy to hydro This ma
. . olyse.
be because of the high affinity of the flat extended m-surface of the naphtl?aleneyfor tgl'i:n mzst;l cat:;ysty

O PaIC. H, OH CHy
o0 g oy

3.14.3 Hydrogenolysis of the C—X bond
Halogens can normally be reductively cleaved by hydrog
Palladium is perhaps the best metal for this purpose. By-prod
rate of the reaction. Due to this reason base is added in the reaction mixture. G of the
ure. Generally, the ease

hydrogenolysis follows the same order as carbon-halo
being easiest to reduce. gen bond strength, with the weakest bond. C

§

-

Et,N . (it

OCH,
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H
_2&’ ... (viii)
E,N
CH, O
Il i
Cl 0 0
0. ,OCHj - oCH.
Hy/Raney Ni NP 9
.. (1x)
KOH,
= o s HO OH
OH OH

All types of halides may be reduced, including those bound to sp* hybridised carbon.

—>H2 Lo (x)
QL = O
N™ ¢ N
NH, NH,

H,
Pd/C @ e (xi)
Cl

Hydrogenolysis of vinyl halides can also lead to reduction of carbon-carbon double bond. Successful
hydrogenolysis of vinyl halides can be achieved in the presence of Lindlar catalyst.
Hy/Pd/C
CH3—CH=CH—CHy—Br——— CH3—CHy—CH,—CHj3
Hy
Pd—BaS04—CaCO3

CH3—CH=CH——CH3
chlorides yields aldehydes and is known as the Rosenmund reduction. In

Hydrogenolysis of acid _ _
he metal of choice and this catalyst usually needs deactivation prior to

this case also palladium is t
reduction.
coCl CHO

PAIC

0

R 2 PA/C "
3
COOCH
cl H 3

- 3144 Hydrogenolysis of Cyclopropane Rings

| The partial n-character of C—C bonds within cyclopropane rings means that they may be cleaved
b.y hydngenolysis In this case platinum is the metal of choice. With alkyl substituents present on the
g, it tends to be the least hindered bond that is broken. This regioselectivity can be used to prepare

ninal dimethyl groups.

A
e —— s S
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i .\- ___H_L——-r CH;— CH;— CH; - (xiy)
AcOH
H3G
Hz: Pt v, (XV)

CH,4
H‘z' o .
& ROR ﬁj b
COOEt

COOEt
It has been postulated that rupture of the cyclopropane ring takes place on thei cat:}x\lyst surface ang
a doubly adsorbed species is formed. Presumably, transfer of hydrogen from the metal to the carbon ensye

to form the geminal dimethyl group.

1. Show the expected products of the following reactions, including their stereochemistry, where appropriate.

CHO
Csz D,, PtO H,, Rh-Al,O
) @ — (i) — T
2°'S
CH—CH==CH,
CH,
Hy

CH ==C—(CH,)7—COOH >
(i) CH3—(CHp)y;—C=C—(CH; Pd—BaS0,—CaCO;

HsC CH H C
56\ / 3 DyPd S-6\ C6H5 Dzlpd

(iv) C—'C C=C
H3C/ \C6H5 H3C/ \CH3

5. Show the expected products of the following reactions, including their stereochemistry, where appropriate:

|

: __CH—CH—NO Hy, (Ph3P)3RhCI 0
(i) CHs —NO2 CeHe » (ii) (“3 H,, (PhyP); RhCl
CeHe
C
7/
C,H 0
(i) CH3—CHy—C=C—CHy—CH,—COOH Hy, (Ph3P);RhC
CgHg >
OH CH;
W H,, (Phyp)3RhCI
B
Hy
— COO0C,H
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. Complete the following reactions:

COOH -
() CZHSOHUCQT 2 - (i) (1) H3(lcq) . b (O C)L>
“ (ii) CHy — (CH,)3 — CHy —Br
H}C CH3
(i) Na/NH3()) HTCl

(i) CH3—CH2—CEC—CH2_(CH2)6__CH20H sy
(ii) NH4CVHOH (i) LiAlHg

COOH

(iv) @( Na/NH,4 () (1eq) | CHyCHoBr

CH,
4. Complete the following reduction reactions and indicate the re
NaOOC—N=N—COONa_

CH;COOH/A
CH3—©—502NHNH2/A
(i) CHy=~CH— CH;—O0—CHy—CH=CH, -

(111) = (iv) e >

NH” \g
COOC,Hs rqu ‘c/

\)) o
g e
hv

ducing agents in these cases:

(i) CH3—CH=CH—CH,OH

=0

~
~
NO,
n conditions (reagents and/or catal

CH3——(CH2)7\
—CH;— H/ C=(<
CH,—CH;

CH3 CH3 CO—CH,
(ii) © —_— © (iii) —_— @

g conversions. More than one

yst for effecting the following conversions:

5. Give reactio
(CH2)7—CH3

@) CH3——(CH2)2——C_==-:C-—-(CH2)7 ;

(iv) CgHs—COCI— CeHsCHO . ‘ .
atalysts, etc.) suitable for effecting the followin

6. Suggest reaction conditions (reagents: ©

step may be used.

(i) O,N oocHs — > °N H,0%
—CHO— CGHS—CH=CH——CH20H
_CHO— C6H5——CH2——CH2-—CH20H
e C6H5-—-CH=CH——CH20H
— CH2==CH—CH20H

(ii) CgHg—CH==CH
(iii) CgHs—CH==CH
@iv) C6H5—-C:-=_=—C-—-CHO
) CH2=CH-—COOC2H5
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__CHOH—CH3
(vi) CH3—CH=CH——CH2—II!—CH3-———-) CH;;—-CH-'CH"CHz

COOC,Hs

COO0C,H
(vii) @—C—CH3 @-CH—CH:, (viii) (CH2)8

NO,

|

7. Indicate the expected products of the following reactions:

CHy— CHO & o
(i) NaBH ;/CeCly/McOH __! I H (i) NaBH,
@ . : - (i) CgHs —CHy—CHy—C—C 3W
(ii) HOHH® (ii)
COCH,
CHj COOC;Hs
| | BH, _ LiAlIH,
(iii) CH3—C—CH;—CH<-COOH — (iv) CH3—-CI‘H—CH2—COOC2H5-—-————-)
Hj COOH
. LiAlH,
W) COOH () NaBH/BFYTHE (vi) CgHs—CH=CH—COOC,;H5 ————
COOC,H;
LiAlH,

(vii) CH3—CH= =CH—CO0CyH§ —
8. Indicate the expected products of the following reactions:

DIBAL
25°C
LiAlH,,— Al
LiAl
W) Br-—cnz—@- CH;—~COOC,H; —— s __

9. Give reagents for effecting the following conversions:

?\0 CoH

i —— HO—(CH,);—CHO 215

(0] E/f 24 (i1) C6H5_.!__N< CgHg—CHO
C,Hs
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1
(iii) Co“s—“!:“N

10. Give reagents for the following conversions:
M CGHS"’CN — CgHsCHO

(i) LiPPh
C 2

R H3  .cpBA (i) CH3l

(1it) /C-—-C\ N AN
H H

11. Show the expected products of the following reactions,

CH,
& (i) LiATH,
(i) NH,Cl
S 0

i) (i) LiAlH,
(i) HOH/H®

12. Suggest reaction conditions suitable for effecting th

) C6H5—CH—-CH3 — CeH 5—-—CH—CH3

NO, NH»

CHO CHO
(iii) @\ —_— @
NO, NH,

o)
(i)

CH,

e following conversions. More than one step may be required.

375
CaHs
/ CoH CH
C,Hs C,Hs

(i) CgHs—C=N—> C6H5—CH2—-NH2

CH,

(iv) O&o

including their stereochemistry, where appropriate.

(i) LiAIH,
(ii) NH,4CI

(i) LiAIH y/ether
()NHCl

0] LiA|H4/AlCl34~

PR

(i) @—NHCH3 bll—CH,

NH,

NH,

NH,
) ((')jrwo2 NH,
NO,

NO,

13. Outline a synthesis of the following compound from acetylene and any other compound containing no more than five

carbons. At least one Slep should be reduction reaction.

CH‘}"‘(CHZ)6\C

H

14. Complete the following reactions:

O
, I DIBAL—D
(i) CgHs—C—OCH3 CeHsCH3:
-18°C
(i:Hz— C6H5
(i) CHy—N N\ H,, PA/C
| /
CH

CH,—CH,—CH
Ny

., /— COOH
o XA
~ o COOC,Hs

CH
< 3
CH,

BH,. THF
e
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ﬂ sSeS men
Problems for Self &52 - ‘ —
. (ransition states.
1. Write mechanism of the following reactions, including all '“lcrmedmlcs bt COOH

OCH,

Na/NH,4 (|
O e Q)

OCH,

Na/CzHSOH
(i)

H3 CH3
(iii) C\C:=C/ + Hz___l:-—-) CH3_-CH2—-CH2——-CH3

2. Write a detailed mechanism for each of the following reactions, including

states.

NH2RH,

(i) C6H5—£—6C6H5 W

NH,—NH/al¢ KOH/glycol

all reaction intermediates and/or transition

C(,Hs—CHz——CoHS

.. i
(ii) CgHs—CH —CHy—CgHs

3. Give stereochemistry of the following reactions:

(Ph3P)3RhCI
—_—

HsC CeHs
@) 6>c—<< +D3
H H

H

y (i) LIAIH
(‘ / . 4
W CH, C"\"CH, (if) NH,CI
CeHs

4. Give mechanism of the following reactions:
CH,

o)

LiAIH/AICl4

: :cn,

OH
5.‘ Give mechanism of the given reaction:

CN

LiAlH,
TP~

C6H5—Cﬂz—c-C—CH2—C6H5 + Ny + HOH

" i) Sia, BH/THF
(ii) CH3—C=C—CHj Lk i
(i) CH;COOH
Q OH
(iv) HyC @ l‘:—-c‘ (i) LiAlH,
N CeHs  NHC

@ H

O—ou

DIBAL

CHO
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/
: i _
g What reducing agenis can be used for the conversion of a ketonic group into methylene group in the given compounds:
COCH, 0 H
| I
@ (i) HO&O‘ C—CHy 0 HyG >O- C—CHy v COCH,
H
3 Br
. . Br
7. How will you bring about the following conversions?

(i) Acid chloride tP aldehyde (i1) Ester to aldehyde (iti) Cyanide to aldehyde  (iv) Amide to aldehyde.
g8 Define hydmgcnauoq and hydrogenolysis. What is the difference between reductive cleavage and hydrogenolysis?
9. Comparc slcreodlcmlsu-.y of the the reduction of expoxides using lithium aluminium hydride and alanes.

10. NaBH, reduces aldehydic group more readily than the keto group, but in the presence of CeClj it reduces keto group.

Explain.

11. Compare the reductions using LiAlH4 and sodium borohydride.
12. Discuss the application of boranes as reducing agent in organic synthesis.
13. Discuss the application and impotance of DIBAL in organic synthesis.
14, What is homogeneous hydrogenation? What are its special uses compared to heterogeneous hydrogenation? Discuss
stereochemistry of homogeneous hydrogenation with cis-2-butene.
15. Give the mechanism of the reduction of ketones into secondary alcohols in the presence of aluminium alkoxide.
16, Give methods of generation of diimide in situ. Discuss its application in organic synthesis. Also give mechanism of
the reaction.
17. How can the following conversion be brought about?
-0
(i) CHHCHz)ﬁ—CHT-csc—CH,—cﬁ—CH—cnon
N
HyC—(CH2)s—CHa\ /CHZ_C{——CH—cuon
/SR
H H
COOH COOH HO HO
Hooc\/l COOH HOOC, O00R° B N Ry
i) kY —— (i) | P — | -
s N CH, N TCH,
|
H
C
64’(’ o
,
N
' - O\/£_>-c——u
(iv) CgHsCH,0 c==N " |
N 1* 0
oZ
BoZ o



Il have cis geometry.

L. G) Cumalytic hydrogenation is an cxamele of sy addition. Therefore, product Wi

CyHy
Gl D
_hOy
+D; AcOH -’
s CyHy

() Rh—A1;O3 15 selective reducing agent and it has no effect on carbonyl group, it only reduces ctrbon-cm
double bond

Ho CHO
H,, Rh-AL,04
——
C,HOH
(fl-l—a»l--cu2 ?H—‘Cﬂz—CHs

(m) In the presence of Lindlar catalyst alkyne undergoes partial reduction to give cis alkene.
CH3—(CH»3)7 (CH,),—COOH
H,. Pd—BaSO,—CaCO
2 > . \C=C /

H/ H
(1) Catalytic hydrogenation of alkenes is syn addition reaction. Therefore, tans alkene always gives racemic mixture
HC, CH; Dy Pd D
N\¢ - CeHs
H eHs

C¢Hs /~ CH,+ enantromer

HSCG /Csﬂs Df' Pd
v) “‘c>:=( N —
CHJ

meso form

(PhyP)RBCY
2 () CeHs—CH=CH—NO; ——"— C¢Hs—CH,—CH,—No,

(ii) Where compound contains more than one double bond, the reagent reduces the least hindered one.

0
5 (PHyP)RhCY o
B sl
N by N
/ 0=c

H,C,0 HyC,07
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epUCTION
/7
H,, CH,—CH CH —CHy—C
(i) CH3"’CH2"‘CBC—CH2——CH »—COOH 2, (Ph3P)3RhCI \ 3 2\C=_-C 2 »—COOH
i M\
(iv) M Hp(PhyP)3RACI M
(reduction on less hindered carbon-carbon double bond)
. .
e 0OV
\es® \\'mdctcd dov
v) ) H, (Ph3p)3RhCIA
St COOC,Hy
OOH
COOH —cH,
e
3. () Na - CHy—CHy—Br
COUH COOH ) COOH
o
(ii) NoNH; () (1ea) CsH, Br Jij
CH H,C CH,4
le (OAc)
aromaUsanon

Cf SH 11
H,C CH

Na/NHs(l)
(Ill) CH3——CH2——C=C——CH2——(CH2)6—CH20H Semtrereenb: CH3—-CH2——(|:__?_(CH2), CHzONa
H H
NH4CI
TsCl
CH3_.CH2_.C_———_.C—-(CH2)-,——CH20TS it CH3—CH2—C|=(l:_(CH2)7_CH ,—OH
Lo b
LiAlHg4
CH3—-CH2——-(|:=‘—-'C|:-‘(CH2)T"CH3
H H
COOH C,H,
E:ICOOH Na/NH; (D (1°9) Cﬁ CHy—CH B (/ICOOH
(iv) o —
CH, CH,
CH,
| . nide which is formed in situ.

; : is diimi
' In all cases reactive reducing agem is dii
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5.

a 1 ;_.CH:;——CHZ"CHT—_CHZOH

(i) CHy—CH=CH—CH,0H

(NH=NH + 2009
/
o @r-somms
(i) CH,==CH— CH,— O—CH,— CH==CH —_— )

NH,— NH,, O,, Cul
(iii) : i
(NH == NH)

Diimide reduces more stained double bonds more rapi

) D_@ NH,— NH,, 0, Cul; D_O

dly than less strained double

COOC,Hj COOC,Hs
) —_—
WD,
NO, NH™Co NO,

(i) Following reagents may be used for these transformations

(a) Hy/Pd—BaS0O4—CaCO3 (b) Hy/(Ph3P)3RhCI

(c) Sia,BH/THF followed by hydrolysis with acid (d) CH3COONa/NaBH4
(e) DIBAL, Nj, 40°C

(ii) Catalytic reduction can be used for the purpose

CH, CH,4

@ H,/catalyst
e e—
The catalysts are:

@ Pt (- B/ (¢) PO, (d) Ni or Pd
(iii) In this conversion —CO— converts into —CH,— which can be achieved by any one of the following reagef®

(a) NH,—NH/KOH/A

(b) Zn/Hg/Conc HCI/A
(c) HS—(CH3);—SH followed by reduction with Hp/Ni

(iv) Any one of the following reagents can be used for the given conversion:

(a) Hy/Pd—BaS04—CaCO3 (b) Me3SiH, Pd—c
(c) LiAIH(OBu')3 at ~78°C (&) CuCl—Ph3P—NaBH,
(i) LiAIHg4 (ii) LiAlH4, -10°C

(iii) LiAIH4/THF, 25°C (iv) LiAlH,

(v) LiAIHg

(vi) NaBH4 or Aluminium isopropoxide
(vii) NaBH4 or aluminium isopropoxide



/
COOC,H, 2 - -
( Na xylene .
reflay NH, — NH. alc KOHRA
i) (CHy e - -
COOC.H, AT
o () LA,

o9

o 0 OH
o acad ‘ .\"-aBH‘ ' -—(CH ),~— COOH
@ ————= CH;/—C—(CH,—C00H —— CH;—CH— ()

CH,—CHO ,—CHO
i @ MH‘-C@, NeOH
10 () HORH®
m3 CI'K)H— CH3
0 0 0 OH
@ NaBH, ,-!’
(m) C‘Hr-é—a‘lz—-a’lz—’:——a'h-———-———’ CeH —CHI-—CH:—}H-—CH_;
(@) HOHH®
CH; Clﬂl
BH
(i) H;C—(l:—CHZ—CH—COOH gy Cl-h—C‘—?i—GhOH
CH3 é:ooczus CH; COOC;Hs

LiAlH,
i) Cl“l;—?‘l—ﬂ"z—m;zﬂs _— CH3—CIH—'CH3—CH2G'|
COOH

COOH
COOH () NaBH,/BFyTHF CH,0H
)
COOC,H, G




10.

I

O

9. () '\) —l—)-lg-‘-\—l—» HO— (CH2)4 — CHO

=70°C

CyHs o
? C,H
295 () LiAIH . B0, refluxed
(i) CGHS-L-N<C @ LAty B 9" ) CgHs—CHaOH
2Hs (ii) HOH/OH
C,Hs
! CoHs AlH,, ~78'C 2
(iv) CgHs—C—N¢ s — CgHs—CH—N
) Ce JHs or BH3/THF or Na/NH;(1) Cets 7 \C2H5
(1) Reagents in these reactions may be:
(a) SnCly/HCl followed by hydrolysis (b) DIBAL (c) Raney Nickel, Sodium phosphite

(11) The reagents may be
(a) Ha. Ni, NH; (b) Rh—Al,03/Hy/NH3 () LiAlH4 (d) NaBHy/BF3 and (¢) LiAlH4/AICl;

Hy H3C H3C  Lippn, H3C
- \c=c/ T Ne—ed e Y=ol
\H H/ N0~ (i1) CH;l H/
CH CH
w (Yo wum
(i) NH,Cl k/ OH
(1) LiAlHg in this compound approaches from the less hindered side, i.e., attack is axial.
CH,

" \H]-ng, ‘

(1) In this case product is kinetically controlled

LiAIH,
——» OH
0

H
Kineticul]
mﬁmlledy The“md)'l‘lamlcally

0 10%
g (i) LIATH, kOH
() (ii) NHC
The ically

controlled
920%
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more stable carbocation

CH, CH, CH,4
LIAIH/AICI A
(iv) ® T L O—AIH, —>
"0 OH

AlH,
Sn/HCl
12. @ CaHs—C|H—CH3 — > CgHs—CH—CH,
or Hy/Pd/C
Zn/AcOH
NaNO,/HCI e
(ii) CgHs—NH—CH3 ————— CgHs—N—CH3 ————— CgHs—N—CH3
N=0 NH,
TiCl; or NO, _(NHy),SHor NH,
o @ SnCl,/HCI O W) H,S/Py or O
NO TiCl,
’ NO,
CH3
CHy—{CH2e CHZ—CHZ—CH\
13. \c-—c CH;
H
Thus let us first prepare 7C unit from 5C’s. (i) CHy—CH,
~No7
ether, A
+—CHz—CHy—CHy—CHz—Br + Mg ——— CH3—CHy—CHz—CHy—CHy—Mg—Br
CH H H H r— g " HOH/HG
B
CH3—CH,— CHZ_.CHZ__CHZ—-CHZ——CHz—-OH—-——') CH3—CHy—CHy—CH—CHy—CH—CHy—Br
The given compound now can be prepared as follows:
CH
NaNHp - CHs—(CH B ey (CH,)—CmmC—H
CH==CH N, 0
o) (i) | NaNH2 NHs3()
CH
(ii) 3\CH——CH2—CH2
cHy”
Br
/CH3
CH3—-(CH2)6—C=C—CH2—CH2——CH\
CH;,
(i) SiagBH
(i) CH3COOH or Hp/P&/BaS04—CaC03
or NiB
!5 /CH3
" CHy—CHy—CH
| H3C——(CH2)6\ o —CHy—C \CH2

e B
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14. (i) CgHs—C—OCH; + Ail—-(Bu')z
D
O—AI(Bu') 0
|  n,om® I
C¢Hs—C—D ——— CgHs—C—D
OCH;
o o . OH
)l\ ><:COOH BH,. THF /]k /C CHz
(i) s b 0
G COOC,Hy COOC,H;

H
I
N

(i) CgHg— CHy—N O:“') HpPdC 2 CgHg— CHy+HN \
/



REDUCTION

3.0
3
3.2
33
34
3.3
3.6
3.7
38
39
3.10
3
3.12
313

Introduction 332

Reduction of hydrocarbons 333
Reduction of aldehyvdes 343
Reduction of carboxylic acids 349
Reduction of esters 351

Reduction ofacid chlorides 353
Reduction of anhydrides 355
Reduction of amides 356

Reduction of nitriles 359

Reduction of epoxides 361
Reduction of nitro group 363
Reduction of nitroso compounds 367
Reduction of azo compounds 368
Reduction of oximes 368 —~ J



