R—C—OR
I R

2RMgX o > R‘—’—OH +ROH (two alkyl groups
H,0® R
come from Grignard Reagent)
0
o R
2RMgX R—C—Cl | R'—|—0H +Hcl (two alkyl groups
H,0" R
come from Grignard Reagent)
0

>

R—C—(CH,),—OH (two alkyl groups

2RMgX

\

come from Grignard Reagent)

e Points to remember in Reduction

(1)

(2)

LiAIH,
R-CHO —— RCH,OH R_ﬁ_R — R—(IDH—R

OH
RCOOH —— R-CH,OH R—ﬁ—O—ﬁ—R —— 2R-CH,OH

O

R-G-OR" —— RCH,OH + R'OH R-G-NH, —— R-CH,NH,
O

O
@) OH 0O
— —

R-C—Cl
1~ ——>R-CHOH  R-CN—— R-CH,NH,

C=C/C=C —— Noreaction

Exception : Ph—CH=CH-COOH —— Ph-CH,—CH_—CH,OH
NaBH,, EtOH

Aldehyde —— 1° Alcohol Ketone —— 2 °Alcohol

Acid halide —— 1° Alcohol
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(3) Na/EtOH (Bouvealt Blanc reduction)
Aldehyde —— 1° Alcohol Ketone —— 2°Alcohol
Acid halide —— 1° Alcohol  Ester —— Alcohol + Alcohol
RCN —— RCH,NH,
(4) Na—Hg/HCl or
AI[OCHMe,], (MPV Reduction)
Aldehyde ——> 1° Alcohol Ketone ——> 2°Alcohol
(5) Rossenmund’s Reduction
R_C_C| _H/Pd/BasO,  R_CH=0

I
o

(6) Birch reduction
(Li/Na/K + Liquid NH,)

R-C=C-R *eee M Ik
—C=C-R —— H/(;:C\R(ransa ene)

A—0

Note : Terminal alkynes not reduced

(7) Stephen's Reduction

(1) SnCI,/HCI R—_CH=0
% — =

(2) H,0

Note : DIBAL-H is also used for same conversion.

R-C=N

(8) Clemmensen Reduction

\C =0 Zn-Hg/HCI/A \CHZ
" (Keto) (alkane)

Avoid if acid sensitive
groups are present in molecule.
e.g. C=C,C=C,0OH, OR,
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(9) Wolff-Kishner Reduction

~czo NH=NH/KOH/A >CH2
" (Keto) (alkane)

Avoid if base sensitive

groups are present in molecule.
e.g.COOR,COX,CONH,,
—-CO-0-CO—,R-X

(10) Lindlar Catalyst

R R
H/PdICacO/. R~ _ o~

R-C=C-R —Quinoiine H- NH

Syn addition
(Cis alkene)

Note : H,, Pd, BaSO, is also used for same conversion.

(11) Red Phosphorus and HI
Almost all functional groups contaning compounds converts into
corresponding alkane by red P + HI.
*R-CH,O0H— R-CH, *R-CHO—— R-CH,
*R,CO— R,CH, (Alkane)

(12) DIABAL-H reduction

R-G-OR' —2°=% RCH=0 + R'OH

DIBAL—H
R-C=N — > R-CH=0

At ordinary temperature esters reduced to alcohols but at low temperature esters
reduced to aldehyde.
e Points to remember in Oxidation Reaction

(1) KMnO, (in both medium) or
K,Cr,0, (in acidic medium)

Aldehyde —— Acid
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(2)

3)

(4)

1° Alcohol — Acid
2° Alcohol —— Ketone

3° Alcohol —— Noreaction

R A _ ,
Alkene :  >0=0_,, —> R,C=0 + RCOOH

Alkyne : R-C=C-R’ —— RCOOH + R'COOH
Oxidation of aromatic side chain :

(CH,),—CH, COOH

——>

PCC (Pyridinium chloro chromate)
CrO,/HCI/Pyridine

1°ROH —— Aldehyde
2° ROH —— Ketone

3°ROH —— Noreaction

Cu/573 K
1°Alcohol —— Aldehyde
2° Alcohol —— Ketone

3° Alcohol —— Alkene

HIO, (Periodic Acid)
Condition : Vicinal diol, a- Hydroxy ketone &
a-diketone can oxidise by HIO,

|
-C—OH |

_L—om > 2-C=0
|
-c=0 |
—~C— OH ——> ~COOH + —C=0
|
-C=0

| — > 2 -COOH
-C=0

Resonance”’

Educating for better tomorrow

Page # 133



(5) Baeyer’s reagent and OsO, + NaHSO,

—é=CI— — —é—CI— stereospecific syn addition

—-C=C- —— —C—C—
(6) Baeyer-Villiger oxidation
(m-CPBA or CH,CO,H)

R_ﬁ_Rl CH3CO3H R_ﬁ_ORu

Priority of shift (O accepting aptitude)
R’ = Ph > Ethyl > Methyl

(7) Prilezhaev reaction

O—

_god meeea _é\& -
Anti hydroxylation :
L I (I)H
Qg e 0-G-
O OH
(8) oxidation by HNO,
Aldehyde —— Acid
1° Alcohol ——> Acid
2° Alcohol —— norecation
3° Alcohol —— Noreaction
(9) oxidation by MnO,
1° Alcohol ——> Aldehyde
2° Alcohol —— Ketone
3° Alcohol —— Noreaction

Note : Only allylic and benzylic alcohols are oxidised by MnO.,,.
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e Points to remember in Aldehyde & ketone

Aldol condensation :

Carbonyl compounds having acidic sp® a-H shows this reaction in presence
of dil. NaOH or dil. acid.

H
| OH
i H",
2CH; -C= O#CH3 _(l;_CH2 - CHOH—é>CH3CH =CHCHO
-H;

I
H

Crossed aldol condensation
() CH,CHO+HCHO 2N" | HOCH —CH ~CHO "% CH =CH-CHO

(i) CH,COCH,+HCHO _Dil. NaOH | CH,CO-CH,CH,OH M 7HO |

CH,CO-CH=CH,
Cannizzaro reaction :
Carbonyl compounds not having sp*a-H shows following disproportion reaction
O

2H-C-H + NaOH ——> CH;-OH + HCOONa
(50%)

2CgHsCHO + NaOH —— CgHsCH,OH + CgHsCOONa
(50%)
Crossed Cannizzaro reaction :

CHBO—@—CHO+ HCHO +NaOH ——> CHSO—@—CHZOH + HCOONa
(50%)

Formation of hydrzones and azines

NHNH, N Nco
(=0 + NH,NH, —> \C/ O N oo e, L—> o= NN =G
- 7 on / /S AN

Perkin reaction :
When benzaldehyde (or any other aromatic aldehyde) is heated with the

®
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anhydride of an aliphatic acid (containing two o-hydrogen atoms) in the
presence of its sodium salt, condensation takes place to form a
B-arylacrylic acid ; e.g., with acetic anhydride and sodium acetate, cinnamic
acid is formed.

C,H,CHO +(CH,C0O),0 __CHsCONa . C H.CH=CHCOH
Mechanism:

CH,COOCOCH, + CH,CO,” =——> CH,COOCOCH, + CH,CO,H

2 <

7o i n

- |
CGHS(IZ + CH,COOCOCH, — CGH5C|)CH2COOCOCH3 S

H H
OH

CsHSCILCHZCOOCOCHa —=H09 , C_H.CH=CHCOOCOCH, —*°—
H

C,H,CH=CHCO,H + CH,CO,H

Haloform reaction :
Acetaldehyde and methylalkyl ketones react rapidly with halogen (Cl,, Br, or
L) in the presence of alkali to give haloform and acid salt.

O 0]

I I
R-C-CH, M) R-C—ONa + CHBr, (Bromoform)

o
I

In this reaction — CH, of CH; —C — group is converted into haloform as it

contains acidic hydrogen atom and rest-part of alkyl methyl ketone give acid
salt having carbon atom corresponding to alkyl ketone.

Preparation of haloform from methylketone involves two steps.

(a) Halogenation

O 0
|
R-C-CH, _Br R—g—CBr3 (Halogenation)
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(b) Alkalihydrolysis
o] O

I NaOH I . .
R-C-CBr; ————— CHBr,+ R-C-0ONa (Alkalihydrolysis)

0]
Il
Note : This reaction is used to distinguish the presence of CH; — C — group.

Other reactions :

NH,
—— > Hexamethylene

tetramine (urotropine)

Evaporated

CH,=0 todrynes

(Formaldehyde)

~ CH,O0CH,0CH,O~
Paraformaldehyde

A
Kept at room CH, "CH,
tempt for a | |
longtime
¢ O 0O
2
Trioxane
(metaformaldehyde)

NH,

I
L> CH, - CH - OH (Acetaldehyde ammonia)

conc. H,SO,
(few drops)

CH,-CH=0
(Acetaldehyde)

Cyclic trimer (paraldehyde)

| DyHO Cyclic tetramer (Metaldehyde)

O

NH, | I
———— —> CH,-C-CH,-C-CH, (Diacetone amine)
CH, CH,
H,SO,/ A
CH,-C=0———F————> Mesitylene

(Acetone) (_l‘,H3 (I? ?Ha
L DVIHCL S o, —C=CH-C—CH=C—CH,
(Phorone)

o)
+ CH,—C=CH-C—-CH,
|

CH,
(Mesityloxide)
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o]
|

o (|) —C-CH,

OH / H,0 (CH,C0),0
CH;-CH=0 Z CH,~CH-0-C-CH, < C
(Benzaldehyde) (- CH,COOH) Il e

CH, 0]

oil of bitter almond
(i) CrO,Cl, / CCl,
(i) H,O

(i) HCN + HCI / AICI, @
(ii) H,0
(4) cH.—cH=N-CH-N=CH-CH,

| CO + HCI/ AlCI,
CeH,

Hydrobenzamide o)

H,/Pd - BaSO, I
a CH.—-C-cCl

NH,

boiling xylene

C,HNH,

C;H;— CH=N-C.H,
Schiff's base or anils

Cl,
In absence of CiH, - |C|I -CH,-Cl
i catalyst
(5) C;H,—C - CH, Phenacylchloride (Lacrymater)
Acetophenone CH, - CH,
TCH,,COCI /AICI, | Zn—Hg/HCI |

©

(e}

6 Il
©) CH,-C-CH,

(Benzophenone)

CGHSCOC/AICL XOCIZ/AICIa

excess

6

H, - CH,

Educating for better tomorrow
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e Points to remember in Carboxylic acid & Derivative

Summary of reactions of carboxylic acids :

o ela R— CH,— COONa +4 H,
N"’:SH R — CH, - COONa + H,0
Na:l:)COs R - CH,— COONa + CO, + H,0
H,M
c m gBr R — CH, — COOMgBr + CH,
NaOH (CaO) A R~ CH, + Na,CO,
5)
socl
R — CH, — COOH — o . RCH,COCI + SO,
PCl, R - CH, - COCI
)
NH, A R -CH,-C—NH,
(8) I
o}
P.0,, 4 R-CH,-C-0-C-CH,-R
(9) I
o) o]
R'OH / H,S0, R CH,—C— OR'
(0 I
o}
(i) P + X,, (i) H,0
R - CH — COOH
(1) |
X
i) SOCI, (i) CH,N
() 2(.) N, R— GH, — CH, - COOH
(i) Ag,O (iv) H,0
(12)
Ca(OH),A R-CH (c') CH,-R + CaCO
Dry distillation Bl at,
(13)
AgOH, Bry/A R-CH,-Br+ CO,
(14)
NaOH , electrolysis
R-CH,~CH,-R
(15)
®
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Summary of reactions of acid halide

H,O
R'OH
2NH,
2R'NH,
RCOOH / Pyridine
0]
Il
R_C_Cl RCOONa
Acid chloride

C.H, / Anhyd. AICI,

H,/ Pd-BaSO,

+ S or quinoline

R, Cd/Ether

LiAIH, / Ether

KCN

Summary of reaction of amide:

RCOOH + HCI (Hydrolysis)

RCOOR' + HCI (Alcoholysis)

RCONH, + NH,CI (Ammonolysis)
RCONHR' + R'NH, CI™

(RCO),0 + HCI

(RCO),0 + NaCl

C,H,COR + HCI (Friedal-Crafts reaction)
RCHO + HCI (Rosenmund's reduction)

2RCOR' + CdCl,

RCH,OH

H'/ H,0
R —CO~CN — = R — CO — COOH + NH,

H'/ H,0 .
RCOOH + NH,
NaOH
> RCOONa + NH,
.HCl
Cone. HC RCONH, HCI
2N
0 2 RCONHNa + 1/2H,
I P.O,
R—-C - NH, 3RC =N + 2H,PO,
Acid amide socl,
RC =N + SO, + HCI
HONO RCOOCH + N,+ H,O
Brot 4KOH 5 RNH,+ CO, + 2KBr + H,0 (Hoffmann bromide
LiAIH,/ dry ether reaction)
el RCH,NH,
1° Amine
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Summary of reaction of esters :

H'/H,0 _
RCOOH + R'OH (Hydrolysis)
NaOH / H,O o
RCOONa + R'OH (Saponification)
NH
o : RCONH, + R'OH (Amonolysis)
R"NH
I 2 RCONHR" + R'OH
R - C ~ OR,_ " * "
Ester RPOH/H orR"ONa, peooR” + R'OH (Trans-esterification)
H, / Copper chromite
- RCH,OH + R'OH
or LiAIH,
Na/alcohol )
RCH,OH + R’OH (Bouveault-Blanc reduction)
RH
) 2R1 MgX R-C—-0H (In case of esters of formic acid,
(i) H /H,0 ||? 2° alcohols are obtained)
3°Alcohol

e Points to remember in Aromatic Compounds

Electrophilic aromatic substitution :
(a) Bromination of Benzene :
Bromination follows the general mechanism for electrophilic aromatic
substitution. Bromine itself is not sufficiently electrophilic to react with benzene,
but a strong Lewis acid such as FeBr, catalyzes the reaction.
Step 1 : Formation of a stronger electrophile.

L L83
‘Br—-Br: + FeBr, = Iz_l?gr—_Br—FeBra:I

Step 2 : Electrophilic attack and formation of the sigma complex.

i H H
H
H H 2 o H Br B H Br
JBrCBr FeBr, \ H H Hr H F B -
~— —> —> +tre Fy
H H H H H
H it H H ! H H

sigma complex
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