19.ORGANIC CHEMISTRY

Wurtz reaction :
edg., R'X +RzX+ 2Na—— R'=R?+ 2NaX

Decarboxylation :
; +
General reaction RCOONa _ H , R—H+NaCO,
o _.°
; A 7 . 7 +
Mechanism R — s R+C H™ ,R-H

Cc &
o o
The thermal decarboxylation of free acids may be :
O-H MENAN 90_

. +R—C%O—>Itl +R+CO,—R-H+CO,

,,,,,,,,,,,,,,,,,,,,,,, 2.Alky’ha’ide
Nucleophilic substitution Reaction (S 1, S 2)
8,1 reaction : R-OH+HX —— R-X+HO0 (R may rearrange)
Reactivity of HX: HI > HBr > HCI
Reactivity of ROH : allyl, benzyl > 3° > 2° > 1° (Carboocation)
Carbocation formed
He @ “Ho e  X°
Mechanism R -OH —— R-OH, 2 R > R-X
conc. HBr CH;CHCH;
€9 CH3|CHCH3 or NaBr, H,S0, |
reflux Br )
OH Isopropyl bromide
Isopropyl alcohol
$, 2 reaction : Alkylhalide are hydrolysed to alcohol very solwly by water, but rapidly by silver

oxide suspended in boiling water.
RX+KOH —— ROH + KX

Mechanism HOC\R—X SN SH_OR)z _ JHO-R+ X~
a a a
cl: HO é X cI:
HO— + N L X e
b I\x b/clj HO/(Ij\b

Williamson’s synthesis :
It is the reaction in which sodium or potassium alkoxide is heated with an alkyl halide (S, 2).
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RO +R-X == R7O....R2%.... X— R'OR2 + X"(g)
This method is particularly useful for preparing mixed ethers.

R'H+MgOH)X , MO RMgx _R?0H . R'H+Mg(OR?)X

The majority of Grignard reactions fall into two groups

(i) Addition of the Grignard reagent to a compound containing a multiple - bond group e.g.

NGO N NS _NeA - Ng=
SC=0;-C=N; >C=8; —N=0; >§=0

(ii) Double decompsition with compounds containing an active hydrogen atom or a reactive halogen atom.

2,
R™H + Mg(OH)X <2 RiMgx —2% 5 R'H + Mg(OR2)X

Important chemical synthesis by Grignard reagent

Hydrocarbons: RMgBr +H,O H—> RH + Mg(OH)Br
®
RMgBr + RNH, L RH + RNHMgBr
2. Alcohols :
- 0, RMgX Hy0®
(a) Primary alcohols RMgX —— RO,MgX g , 2ROMgX —— 2ROH
1 /Ong H,0®
(b) Secondary alcohols R'CHO + R2MgX —— RCH\ , — 3, R'CHOHR?
R
_ R’ R /OMgX H,0® R /OH
(c) Tertiary alcohols : 2\c =0 +RMgX —— RZ/C\R3 S N R \R3
R
3. Ethers :
R'OCH_Cl+ R®MgX —— R'OCH,R? + MgXCl
4. Aldehydes :
Hx H\C/OMgX H50®
C=0 +RMgX —— <SR ———— RCHO
Et0” E+O
5. Ketones :
R'C (OC_H,), + R2MgX R'R?C (OC_H_)x + Mg (OC_H Hy0® R'COR?
(OC,H), gX —— (OC,H)x + Mg (OC H)x ——
H,0® H30®
R'CN + R?MgX —— R'R?C = NMgX ——— [R'R*C =NH] ———R'COR?+ NH,
Ketimine
6. Acids :
_c?° Hy0®

_0
RMgX+ CT —— R —2~ 5 RCOH

~OMgX
7. Esters:



cl Cl_,OMgX .08

N
C=0+RMgX —— c — 2 ,RCO.Et
Et0” g eo” R 2

8. Alkyl Cyanides :
RMgX + (CN), —— RCN + Mg(CN)x

9. Primary amines :

H,0®
RMgX + RONH, —— RNHMgX + RH + Mg(OCH,)Cl——— RNH, (40-90%)
RMgX + CINH, —— RNH, + MgxCl

4. Alkene & Alkyne
Electrophilic addition reactions :

Mechanism
Step 1: Attack of the electrophile on & bond forms a carbocation.

Solos ¥ L&

AUTONTE T TN

E
[ + on the more substituted carbon |

Step 2: Attack by a nucleophile gives the product of addition.

—cl:-cg\ + Nu: —> -C-C-
||
E E Nu

. ~N. 7 |
e.g. (a) Addition of water /C—C\ + H,O H® _<|;_C|_
H OH

(Markovnikov
orientation)

(b) Addition of hydrogen halides (where HX = HCI, HBr, HI)

H X
_ _ [

R-C=C-R —=% 5 R_CH-CX-R* —25Rr_c-c-r
(Markovnikov addition) L' |X

(a) Bromination of Benzene : Bromination follows the general mechanism for electrophilic aromatic sub-

stitution. 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 .. 8 3
Br-Br: + FeBr, =— ]ZBr—Br—FeBrS:]
Step 2 : Electrophilic attack and formation of the sigma complex.

H
H H [} <)

e i i ne 1 e
‘Br—Br: FeBr H Br H Br r _
W 3 N j¢fH H H + FeBr,
H H H H
A H o H LoH g H

sigma complex



Step :2 Loss of a proton gives the products.

H: Hi fjera |-|j Hi :Br
- 5 + HBr + FeBr,
H i H H M H
bromobenzene

T.S,

reactants
+ Br,
+ FeBr,

energy Br FeBr,

intermediate
-10.8 keal/mol

products Br + HBr

+ FeBr,

reaction coordinate ——————3-

(b) Nitration
H,SO, N H,SO,

HO - NO,=—= H,0-NO, ——

c;a Electrophlllc @__>NO2 5 ©<NO
nitronium ion attack

(m-complex)

H,0® + HSO®+®NO,

(G complex)

NO, 6 1 ’
HY + @ P CKNOq <> ©<NO’7
Nitrobenzene ) ® )

The electrophilic reagent, SO, attacks the benzene ring to form the intermediate carbocation.

(c) Sulphonation :

2H,80, — SO, + H,0% + HSO®

(0]
/\\ ” H C H @ H H@ SOzH
Sp g ¢ Ns N o g

(d) Friedel Craft reaction :

Alkylation mechanism

. 3+
0} R-Cl: +Alcl, —> R —Cl— ACl, — > R® .4 AICIO

carbocation
R
(i) fR® ‘<H

c-complex



R R
(i) H + AlCl,” — @+ HCI + AICI,

Acylation mechanism
Acylation of benzene may be brought about with acid chlorides or anhydrides in presence of Lewis acids.

Step 1 : Formation of an acyliumion.

1f|)1 ‘0
.z I & o ® . ®
R-C-Cl + AlCl, —~ R-C-CI-ACl, — 3¢ + R-C=0«—=R-C=0]
= = - = A
acylchloride cc}n"plex acylium ion

Step 2 : electrophilic attack.

0 i
I
® C\R
A= | G
R H

sigma complex

Step 3 : Loss of a proton. Complexation of the product.
|

:Cl-AICI,
LE s

acylbenzene

sigma complex

o O\\\C/CHD
Il 1) AICI
eg + CH,—C-Cl (1) AlC,
9 CH,CH, ) 2 H,0
ethylbenzene acetyl chloride CH,CH,

p-ethyl-acetophenone
(70 —80%)

Note : Friedal - Crafts acylations are generally free from rearrangements and multiple substitution. They do
not go on strongly deactivated rings.

COCH,
eg. @ + CHcocl — s + Hel
Acetophenone
Chemical Reactions of Benzene :
Conc. HNO, NO,
H,SO, + HO
SOH

Conc.H,S0, + S0,




Cly
—_—

FeClg

RCI
AICl,

@ _— RCOCI
_

AlCI
CeHs 3

D" /DO
_—

HNO,
—

AN, X~
—_—

Nucleophilic Aromatic Substitution :

Cl
+ HCI

+ HCI Friedel-Craft’s alkylation

QQ

=0

+ HCl Friedel-Craft’s acylation

/O
Py

lw)

QLG

The reaction is second-order in which nucleophilic sbustitution occurs on benzene ring. It is generally
accepted that the reaction proceeds via an intermediate c-complex, the benzenonium carbanion (or the

pentadienyl anion), e.g.,

& o
cl o OH cl, CH Cl_ _OH o
OH-+ @ slow - - fast @ + C|-
1. 2 3.



6. Chemical Reactions of Phenol

NaOH & Na,CO,

C,H.ONa

CH,COOH & CH,COCI

CH.COOC.H;
(CH.CO).0
®
C,H.COOH / H -
Zn/ A
CiHs
CH,N,
C,H.OCH,
NH,/ZnCl,
C,HNH,
NaOH  CH.I
2 S+ C.H.OCH,

PCI;

C,H.Cl + POCI, + HCI

NaOH / C,H,I

C,H,OC,H,
OH C.H.SO.CI
(Hinsberg reagent) CeH;80,0CH;
Br,, water 2, 4, 6 tribromophenol
g dil. HNO, o & p nitrophenol
HNQO,/ H,S0, -
(ArOH) St 2, 4, B trinitrophenol  (minor) + [Major is oxidative
HNO,/ H,S0, . cleavage]
p-hitroso phenol
COCH,
(1) CH,cocCl
2 D OH+Para product
SOH
H,S0,
HO,S OH
iy OH (i) CH,O S
Qof @ HO @COZOH 2, Bakelite
COOH
(i) OH HCI OH
(iiy CO,
HCN/HCI H'
AICT, OH—@—CHO
CHCL/KOH

Salicylaldehyde

Pthalic anhydride
H,50/A

H H
CH,COCI AlCI, é . é»COCH3

COCH,

CHCI, / NaOH /D i
2 8 HO , salicylaldehyde

(i) OH™ (i) GHNCI @N:N_@OH
Ni/3H, QOH

Phenophthaline




Reimer-Tiemann reaction :

The reaction is conversion of phenol to salicylaldehyde. The mechanism of the Reimer-Tiemann reaction is
believed to involve the formation of dichloromethylene.

(e}
CC|2 CHCI, CHO
OH‘ CHCI —>

Kolbe Reaction :

It is the industrial method of preparation of salicylic acid from phenol.

OH ONa oH
General reaction : NaOH
©/ ©/ > ©i @COOH
COONa

O

o
echanism E— E— S —
cZ H Co; COOH

B
O

7. Chemical reactions of aniline

Sandmyer’s Reaction :

When a diazonium salt solution is run into a solution of cuprous halide dissolved in the corresponding
halogen acid, the diazo-group is replaced by a halogen atom.
m — Chloronitrobenzene

N,’CI™
NaHh(l:?z __CuclHCl (68 71%)
p —Bromotoluene
CH
:jggj __CuBr/HBr (70 —73%)
NH

N,’'HSO,”



Chemical Reactions of Aniline :

e

CH.NH,

kY

HCI

—HCL [ eHsNHICI

H,S0,
22

HAuCI,

S

H, PtClg
2T

CS, /HCl
— 24—

Na

+ 2
[CeHsNH3],S0%

+
[CHsNH3]AUCI

+
[CeHsNH;]PtCIZ-

% C H,NH(CH, )% CoHsN(CH)31
_CHCOC | ¢ HNHCOCH,
| CeHsCOCl & 1y NHCOC H,
CoHsMgBr | ~
26
| CeHsSOLCl ¢ 1y _s0,-NH-CH,
cock CH,—~NH-C —NH-CH,
[l
el
Cs,

Cotly—NH— G —NH-CH,

S
CH.-N=C=8

| Na_ ¢ HNHNa
CeHsCHO

CH.CH=N-C.H,

NaNO,/HCI C.HNLCI
0—5° sl 1512
Ni/H, C.H,NH,
Na,Cr,0, -
H,50, Aniline black

Na,Cr,0,
H,SO, o o

NH, NH,
Br,/CS, Br+
NH, Br
Br.
Br,/H,0 Br
Br
HNO, / H,SO
2 m-Nitro Aniline
(i) CH,COCI

o & p-Nitro Aniline

(i) HNO, / H,S0, (iii) H,0"



8. Aldehyde & ketone
Aldol condensation :

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

H
SR T s
2CH3-C=0 _DILNaOH o ¢ CH,-CHO T;c>> CH3CH = CHCHO
Crossed aldol condensation Il-l
0 CH,CHO + HCHO __Dil NaOH HOCH, —CH, —CHO H /H0 CH, =CH-CHO
@)  CH,COCH,+HCHO — DiINaoH | " /H0

CH3CO —CH,CHOH 22— CHyCO - CH=CHy
Cannizzaro reaction :

Carbonyl compounds not having o-H shows following disproportion reaction

o)

2H-C-H + NaOH — CH;—OH + HCOONa
(50%)

2CgH5CHO + NaOH — CgHsCH,OH + CgHsCOONa
(50%)

Crossed Cannizzaro reaction :

CHBO@CHO + HCHO + NaOH —— CHao@CHzOH + HCOONa
(50%)

Formation of hydrzones and azines

NHNH, N Nco /
=0+ NH,NH, —> \c/ HO S N NNH, Z_ \c= N-N=C
- /" Non s s N

Amides formation :
RCO_H+ CO(NH,),—— RCONH, + CO,+ NH, (g. -v.g.)
RCOCI+2NH,—— RCONH, +NH. Cl  (vg)
(RCO),0 +2NH,—— RCONH, + RCO,NH, (v.g.)
R'COOR?+NH,—— R'CONH, +R*OH (g.)
Carbyl amine reaction
RNH, + CHCI, + 3KOH—— RNC + 3KCl + 3H,0
Perkin reaction :
When benzaldehyde (or any other aromatic aldehyde) is heated with the 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,C0),0 __CH:CONa_, C H.CH=CHCOH

— =2

CH,COOCOCH, + CH,CO," == CH,COOCOCH; + CHsCO,H

@] OH

- | . I
CH,C + CH,COOCOCH, ____~ CH.CCH,coococH, H C,H,CCH,COOCOCH,
' <~ 7 T

-H,0
H

H
C,H,CH=CHCOOCOCH, _ H:0_, C.H.CH=CHCO,H + CH,COH



2R Nmaon

General reaction R-C ( + ROH == R-C < + H,0
OH Alcohol OR’
Acid Ester

Hydrolysis of ester R'CO,H +R?OH« "> R'cO,R? " ;R'CO,” +R?0OH

VVVVVVVVVVVVVVVVVVVV 10. Carboxylic Acids
Chemical Reactions of acids
Na(:\;'eta' R = CH,— COONa + 4+ H,
NigH > R-CH,-COONa + H,0
N"Z:)'CQ R — CH,— COONa + CO,T + H,0
C'?j;v'gBr R — CH, - COOMgBr + CH,T
NaOH (Ca0)A | _ o1, naco.,
®)
R - CH, - COOH—— S?GC)JIZ > RCH,COCI+ SO,T
PCl, > R—CH,-COCI
%
NH,, A > R-CH,—C—NH,
8 I
o
PO, A
et R-CH,-~C-0O-C-CH,-R
© I I
0 0
ROH/HSO. . r_cH,-c-or
(10) ”
o
(i) P+ X,, (i) H,0
° >~ > R-CH-COOH
(1) |
X
(i) SOCI, (i) CHN, _

- R -CH,- CH,- COOH
(iii) Ag,0O (iv) H,O

(12)
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