


Preparation of Alkanes

Zn-Cu couple EtOH
Br—CH,—CH,

Zn/Ac. OH; Zn—NaOH
Hz/Pt, Ni, Pd
CH2—CH2 500°C
Raney Ni/250°C LiAIH, . .
Sabatier Senderens Reduction Et.O Br—R (1° & 2°)
2
H_.N—NH_/H.O
CH_=CH, 2 2 2 2 NaBH,
Syn add". Br—R (2° & 3°)
Transfer
Hydrogenation
() /Pd—cin \ Na/Et,0

@+ CH,=CH, Br—R (Wurtz reaction)

R"—X

O R,Zn
| .
B,H,/H,C—C—OH/H,O (Frankland reaction)
CH,—CH=CH,
R'—X .
R T2 cycho) R,CuLi (Corey

house synthesis)



Properties of Alkanes

0
HI/Red P.
e H—C—cCH,
@)
CH élt . Zn-Hg/HCl C”)
3 (Clemmensen Reduction) \ / HI/Red P. H3C—C—CH3
(||) NH,NH_/EtO~Na* H/Red P LO—CH.—CH
H,C—C—H : _ > -« 2 3
(Wolf kishner reduction)
\ ?
HI/Red P.
Kolbe's electrolysis / ° HO—C—CH,
H3C—$|I—0Na
@)
NaOH + CaO / heat H,0
H.C—C—OH - Al,C

T —4AI(OH) 43



Properties of Alkanes

CH,—CH,—Cl CH,—CH,—X [F>Cl,>Br,>l,]

CH,—CH,—Cl

'H,S0, +SO;

0-90-10
(3 >2°>1 )CH3—CH2—503H C:H3_C:H3 i:j »CH3—CH2—B|'
HNO; |
— — — 2 — —
CH,—NO, + CH3—CH,—NO; H50./400 o CH,—CH,—I

Oz, Cu tube

500°C_ 100 am > “Hs—OH
Mo.0O_/O Ni/Steam
O=CH_= 2A3 2 »CO, +H,
NH_/AI_.O
H—C=N =« > 23
700°C
sertio CH,N,/A | KwmnO, | °
CH_—CH_—H » CH —CH_—CH_—H HC—C—H ——»H_C—-C—-OH
3 2 CH2=C:O/A 3 2 2 3 | 3 |
CH CH

3 3



Properties of Alkanes

L. Cr203/AI2O Cr,0,/ALO,
Aromatization: CH
500°C 500°C 3

Isomerization :

Anh AICI, Anh AICI,

N\ —> s CH,(CH,).CH —— = » :
HCI
3

(Triptane) (2,2,3-trimethyl butane)

Anh AICI
CH,(CH,).CH — 3,
HCI
3

Combustion : Pyrolysis :

3n+1 A A _
C,Hypip #1570, ——>nCO, + (N+))H,0  2CH,—~CH,—CH, > CH,—CH=CH, + CH,—CH,

CH, + 20,— CO, + 2H,0 tCH,+H,
7 CH,—CH,—CH,—CH,—=—» CH_—CH_—CH=CH,
CH,—CH, + 2-0,— 2CO, + 3H,0 600°C

/\/.,_/\4./4./



Preparation of Alkenes

H
Ph,P=CH, (ylides) |

O=C—R
Wittig Reaction
X
| Alc. KOH
R—CHz—CH2
-HX
(X:Cl, Br,l) = Saytzeff Rule
R—CH-= CH
X X CH
| | Zn dust / ( n 2,,
R—CH—CH2
A
X
| Zn dust
R—CH_—CH R,CulLi
2 1 For Higher Alkene H_C=CH—ClI
X Corey house



Preparation of Alkenes

Conc. H2504, A

<
p H,PO, or P,O, A R—OH
Pyrolysis
Alkanes > alcohols
600°C ALO,, A
-
ThO_ A
Alkenes 2
R—CH=CH2
Pyrolysis of ester
Na + lig. NH, _
h reducti » Trans Cope’s
Birch reduction < Elimination  Pyrolysis of tri
Pd + CaCO,/BaSO, alkyl amine oxide
R-CECR Lindlar’s Catal g
ne ar.s talyst Cis Pyrolysis of tetra
N8 q B alkyl amm. ion
Kolbe’s
Electrolysis R—CH—COOK
 / <

|
Hoffman'’s product, R—CH—COOK

i.e. less stable alkene
(major product)


https://www.degreesymbol.net/

Properties of Alkenes

Alkenes
R—CH=CH2

H2
Alkanes <=
X
| X,/CCl,
R—CH—C|IH -
X
H—X
R—CH—CH, =
| MK rule
X rearrangement
)|( X,/H,0
R—CH—CH, <=

|
OH

No rearrangement

H20/H+
» R—CH—CH
MK rule | 3
rearrangement OH
BH3/H202,
- » R—CH_—CH_OH
OH [No rearrangements]
AMK rule

(i) (AcO),Hg/H,0

?H

(i) NaBH4/HO‘
MK rule

» R—CH—CH,

[No rearrangements]



Properties of Alkenes

Cl
B %9 No—c! >R CltH CH_—NO
- MK rule A
KMnO, / OH No rearrangement
Glycol (syn) | < CH
CH._N_/A /7 \2
B 0s0O,/H,0 22 » R—CH—CH
[ Cyclo addition of carbene ) 2
insertion of carbene
- < AgH/20, Alkenes
Followed by Hydrolysis R_CH=(:H2 CI2/5000C
>
Glycol (anti)
R—CO,OH Allylic Substitution
| - N.B.S
Followed by Hydrolysis >
Carbonyl _ O,
compounds Zn/H,0 Combustion

> CO, +H,0


https://www.degreesymbol.net/

Properties of Alkenes

| CH,—CH=CH,

J

O—H H CHO
I SeO, CO+H, | ]
CH,—CH=CH, < > CH,—CH—CH;
CO(CO),
Isomerization <« Al2(SOa)s I|-I c|:OOH
5 CO+H,0
200-300°C “——> CH,—CH—CH;
Co(CO),
O,
Combustion) CO,+H,0 < +
(Combustion) >tH, CIEO
Cc=0"
HsPO. CH,—C*H—CH;7—>H_C—CH—CH;
CO/H,0

O§C /o H

I
H,C—CH—CHj OH.



Preparation of Alkynes

||3r ||3r (i) Alc. KOH

i) NaNH
CH,—CH, (i) NaNH,

Electric arc/1200°C

+
/B (i) Alc. KOH Berthelot's process 2C+H,
H3C_C\H (i) NaNH,
Br
Kolbe’s electrolysis CH—COOK
Br Br Il
By éH C|H By __Zn dust/MeOH CH—COOK
_ e o i) NaNH_/or Na
150°C (i) 5 H_C=C_R
(i) R.X.
HC-Br Zn/MeOH
I 150°C
HC—Br 5- &+
CH, Mgl _
H—C=C—H (C H, .) i RX H—C=C—R
Alc. KOH n 2n—2
H,C=CH—CI or ..
or Isomerization
e R—C=C—H _~ Alc. KOH
C.
HCI, + 6Ag +1,CH ——» or INZ =
R—C=C—R \ NaNH,

AN

/

lig. Paraffin



Properties of Alkynes

H

2

Alkane =

Ni/Pd/Pt

Na/lig. NH,

Trans Alkene =

Birch reduction

Alkynes
R—C=C—R

Pd + CaCO,
Cis Alkene |
(Major) < Pd + BaSO4
Or Ni,B
X X
| | XZ/CCI4
R—CI:—Cli—R <
X X
X
| H—X
R—C—CH,—R <
|
X
0
HOX

I
R—C—CX,—R

O

Hg'%/dil. H,SO,

I
R—C—CH,—R <

HCN |
» R—C=CH—R
Ba(CN),
BH./H.O
3272
o > R_CHZ_%_R
o
(3n-1)/20,
» nCO, + (n-1)H,O
KMnO,
" - » R—COOH + R—COOH
H" or OH
O3
» R—C—C—R
Zn/H, O
NaNH,
» R—C=CNa
-NH,
AgNO_/NH,OH
» R—C=CAg
(White ppt)
Cu,Cl,
» R—C=CCu

NH,OH



Properties of Alkynes

¢
CH=CHAsCI,

f

©<

(trimerisation)

AsCl,

Red hot RO—C(:CE:CH—;-I Ahy Ni(CN),
r

2' s THF/A
Cu/Fe R—C=C—R

o- 6+

RMgBr

\/

- +
R—C=CMgBr + R°"—H

- )

(tetramerisation)



Preparation of Benzene
COO'Na* MgBr

© NaOH +CaO + A ©
N +CI'
CH CH OH or H PO

OH

/Or NaOH + SnCl,/Na_SnO, @
© Zn/ A

BENZENE

\ Cr,0, C
AlLO, (500°C)
SO_H
© H*/H, 0/ A Redhot Cutube __CH

CH



Properties of Benzene

H,  ,C
H* = Hz/Pt
B - > O REDUCTION
NO
2 Cl
w, || ., o la
- > (BHC)
HNO, + H,SO, © V. cl c
SO3H 1 cuc Cl
Rate utl,
SO., H,SO, or O CHO
CeHe>CoD>Cc T —3 l+ 2 > 3| OZONOLYSIS
[Sulphonation] H.SO, + S0, | Zn / H,O CHO
CH3 © o,
¥ > CO, + HO
Friedel craft < CH, A 2 2
AlkY|ati0n CH3C| + ,A‘|(:|3 |2 + 2CU2+—) OXIDATION ﬁ
O\\C/CH3 21+ 2Cu /C\
+ or Oz/v2o5 HC Maleic
CH3—C =0 | /JHNO > || o X
Friedel craft < 2 3 450°C HC / anhydride
Alkylation CH,C—CI + AICI, HIO; or H,0, ~C

I
O

|
o)



Properties of Benzene

COOH
CO,

AICI,

O\\C/H

N|/H
-

OH
0,50,
250°C
CrCl Reduction
3
>(C_H_).Cr
AICL/ALO, (CeHe);

Gattermann Koch CO + HCI
Aldehyde Synthesis AICI,

Na
> Birch Reduction
Lig. NH3

Gattermann HCN + HCIl + ZnCl
aldehyde <
. H3O+

synthesis

O @)
T I

CI—C—NH, /AICI,

O=CH,

0 O\\C/Ph

C
©/ \NH2 <

I
Ph—C—CI + AICI,
>



Preparation of Haloalkanes

P8 5 Prolong heating

2°(ROH)— 5 mins white turbidity

PCI, HCl immediately (3° ROH)

HCI+POCI_+CH_-CH,-Cl <

Lucas reag:Jen’t>I_I3C_CI_I2_CI
Pl HBr 48%
H_PO_+CH_-CH_-CI r 48% i, i
3 3 3 2 N \ NaBr o+ HZSO:H3C CH2 Br
r
H3PO3+CH3-CH2-Br<—3m
PI Hi(57%) _ :
H3PO3+CH3-CH2-I<—3// \ KIH,PO, >H,C-CH,-l
2
SNl

SOCI SOCI,

@

N

HCI+SO,+CH_-CH,-Cl < >H,C-CH_-CI (S, 2)



Preparation of Haloalkanes

Br Br
| HBr HBr |
H3C_CH2_CH2< Peroxide CCl, > H3C_g:_I_CH3
Br HCI |
|
| Br_/ 800K - H,C-CH-CH,
CH,-CH=CH,« 2 |
. |
Br S—H - HccH-cH,
| Br_/CCI
_ NBS 2 4
CH,-CH=CH,= cal, > H3C-CI2H-CH2-Br
Br
Cl, Nal . ) )
H,C-CH,-H - H3C-CH2CImH3C-CH2-I (Finkelstein Reaction)

Br
H,C-COAg —= H_C-Br+CO,t + AgBr ¢ (Hunsdiecker Reaction)

I CCl,
@)
AgF :
H,C-CH,-CI ng':; H,C-CH,-F(swarts reaction)




Properties of Haloalkanes

Finkelstein HC-CH -|< Nal
Reaction 3 2 Acetone
H,C-CH,-N=C=0 «—

NCS~
CH,-CH,-S-C=N*=
(C,H,),CuLi
H,C-CH,-CH,-CH, <
Corey house synthesis
O 0
I H,C - C - OAg
H3C-CH2-O-C-CH3<
Na SO,

H,C - CH, - SO_Na* <

Na.S

2
H,C-CH,-S-CH_~CH, <—

OH"

2 Ko~ HsC - CH, - OH

Or Moist Ag,O
KCN

EtOH > H,C-CH,-C=N

+ —
AN > HC-CH,-N=C
K'O-N=0
> H,C-CH,-O-N=0
o
Ag-O-N= y
9 0 O H c-cH, N
o
NaNO, N//O
DMF sC7CH N

o-



Properties of Haloalkanes

AgSCN
H,C-CH_-N=C=S <
O
A O
- I
A7 H-0)LeHke
H,C-CH,-CH =
\
Cc-H
Y
o S
S \ S>|_I
H,C-CHL )<
S O
Y
NSt

C ’

@ s k
H -

C/O H,O"

| _
o * H3C CH2NH2
Gabriel Phthalimide Synthesis

— Alc. KOH
H,C=CH, <

CH,-CH,ONa"

5y Ag0  HsC-CH,-O-CH,-CH,

(R-Br— 1°)
e H.C-CH,-SH
Alc. 3772
CH,SNa
> H,C-CH,-S-CH,
NH, .
excess > H3C'CH2'NH2 (1°)
CH,CH,NH, o
e H,C-CH_-NH-CH_-CH,(2°)
C,H.).NH
(€, > (CH,-CH,),N(3°)
Et.N

—— Et,"NBr

Na*N3

+
—> H,C-CH_-N=N=N



Properties of Haloalkanes

=+
e, H,C-CH,-C=C-H
- +
H,C-C=CNa
3 > H,C-CH,-C=C-CH,
LIAIH,/Et,0

CH3—CH2—Br

Na
H3C-CH2-CH2-CH3< Et2O
Wurtz
reaction
@
- -
H,C CHz@ Na/Et,0
Wurtz-Fittig
Reaction
AICI3
Cronon-
F.C Alkylation ©
Mg/Et,O
C2H5MgBr <
O
O [
Il H3C—C—NHNa

H,C-CH,NH-C-CH <

3

> H,C-CH,-H
(1°,2° not 3° R-X)

NaBH4/EtOH - 2°and 3°not1°R- X

Zn- le/EtOH
n-Cu coup e/)tO H.C-CH
Zn-dil HCI: Na/EtOH 3 3




Preparation & Properties of RMgX (Grignard Reagent)

i) O (i H.O"
0O, A, > R-OH 1° Alcohol
H,CO/H,O*
> RCH, - OH 1° Alcohol
o)
/ \
CH,-CH_/H,O"
> R-CH,-CH,-OH  1° Alcohol
RCHOM,O > R,CHOH 2° Alcohol
dry HCOOEVHO  r cHOH 2° Alcohol
R-X+Mgm RMgX > R, coho
RCOR/H.O
2 _, RC-OH 3° Alcohol
RCOOE/H,0
> R3C-OH 3° Alcohol
HCOOEt
> RCHO Aldehyde
(1eq)
RCN/H.O
2 > RCOR Ketone
RCOOE > RCOR Ketone

(1eq)



Preparation & Properties of RMgX (Grignard Reagent)

CO, +H,0
> RCOOH Acids
HOH or ROH or
NH, or Ph - OH
orR—NH2orRNH—R
CH=CH or Ph - NH
o o 2 ,R-H Alkane
R-X
> R-R Alkane
RN
> No reaction
CICH,-CH=CH,
> R - CH2 -CH = CH2 Alkene
Cl- NH,
> R - NH2 1° Amine
Cl-CN
> R-CN Cyanides
X2
> R-X Alkyl halide
CICOOEt
> RCOOEt Ester

(1eq)



Preparation of Haloarenes

© HNO

Cl,/ ~Cl
FeCI

Br / FeBr

Ny

PN

HCI + 1/20 O

© v

CuCl +300°C CH
\ cHa @

Raschig process

Br

AICI,

lKMno4 / OH

COOH
Hunsdiecker

reaction COOAg

Q
O

2

-

A
Br2 -
CCl 4 Reflux



Preparation of Haloarenes

i NOs | (i) sn/HC
H,S0, | (i) NaNO,/HCI/0™-5
| Cl
Ag. Kl Sandmeyer Reaction
.~ orCuHCl )
N*=NCI —— Gattermann reaction
[Cu/HX]
F Br
HBF /A
Balz schiemann - 4 " \_CuBr + HBr >

reaction Cu/HBr



Properties of Haloarenes

2

NHz NaNHz
L|q NHs
ArSN CHs
(via Benzyne)

. . CH3Br
Wurtz-Fittig Reaction -
Na/Et,O

Ph

Ph-Br
Fittig Reaction D EE—
Na/Et,O

COOH MgCl

Cl Cl
CH;
CH,CI g 4+

AICl;

0) II
Cl H3C—(|Z|—CI CH
AICl;

H
. 5
H,C-C=0

>H;C—C
Conc H,SO, | cl

DDT

2.2 bis(p-chlorophenyl) 11,1 -trichloroethane
(Dichloro diphenyl trichloro ethane)



Cli

Properties of Haloarenes

OH

NO,

Aq.NaOH Aq.Na,COs

300°C: pressure 80°C 100°C

CN

NaCN+CuCN

©)-

NO,
Cl
O, . )
200°C: atm 02N N02 HO
2
NH warm
AqNHz/CU2O

200 atm @ NO-

NOz

>
Ullmann Reaction @

Cl Cl O.N
NO,

NO,

OH
NO,

NO,
OH
NO,

NO,

OMe

NN + Ullmann Reaction[ >
H,S0, | MeO-Na



Properties of Haloarenes

Cl
NH OH
2 NO,
NH5/Cu,0O Ag. NaOH
< 100°C: atm 200°C: 100 atm >
N02 NO2
Cl CN
KCN/EtOH NaCN + CuCN
< 300°C/atm
CN
Cl NH, NO,
NH,
KCN NaNH,
H-O Lig. NH3
C/OH 2
/% Von-Richter
O reaction Noz Noz

Minor  Major



Properties of Haloarenes

F Cl Br I
B.p’s & Density — ©< ©< ©< @

H; CHs; CH;

Cl
m.p’s ——> ©>O&m—>© @ ©/
F Cl Br I
NO, NO, NO, NO,

(Reactivity toward Nucleophile)



Preparation of Alcohols

CH, CC:IH3CH CH 2 el
Eh &, - H,0/NaOH (CHs)C‘CllIH‘g:z
Markovnikov addition Anti-markovnikov addition
S, 1(C+ rearrangement) No C+ rearrangement
| '; (C)H g: ) 05O, or Pb(O Ac), HOOAIMO | EH?»CH o,
- >
. NaBH
Syn addition i) H,0, 4 CH OH
Markovnlkov addition
No C+ rearrangement
H-0 OQH " coid dil. alk. KMnO, ) RCO,H (Epoxidation) ~ H~9
H3C—CH—CH2 - — " > H3C—CH—CIZH2
Syn addition (Bayer’s Reagent) i) H,0 OH

Anti addition



Preparation of Alcohols

AON .
CH,-CH, , H,0

> CH,~CH,-CH_-OH

CH3—Br
Aq. KOH 0 o OH
Moist Ag,0 CH,-C-O-Et - cHLech, chl\g%Br _ CH3_¢_CH3
CH,-OH 3 R,
EL,0 ﬁﬂ?ﬁiﬁ 0/0C  2CH.OH
TR 2/H,0° 3
i 0 CH.MgBr
HCOB , \y c-&-n H3309+ > H,C-CH-CH,
OH
© OH

I\ .
CH,-CH-CH, , H,0

1
> CH,-CH_-CH-CH,



Preparation of Alcohols

Grignard
Reagent

CI)H
>2°H,C-C-CH,
H
o) MgBr H,O"
»HCCH —>CH —CH, -OH T°
H
Q cHMmger N
- CH,~C-CH,— 5> 3" H,C-C-CH,
CH,
OH

|
> 3° H,C-C~CH,

CH,



Properties of Alcohols

PCI, SOClI,
POCI +CH,-CH -Cl <—— = > HCI+SO_+CH_-CH,-ClI
S, 2 S, 1
PCl,
H3Po3+3c:H3-CH2-cI < \
S 2
N SOClI /@
CH,-CH,~OH > SO,+CH,-CH_-Cl + HCI
Cr
PBr3 SN2
H_PO_+3CH_-CH_-Br «
S, 2
PI,
H,PO_+3CH_-CH_-| < > CH_-CH_-X + H,O
S, 2 2°& 3> S 1

52



OH

Properties of Alcohols

Dehydration reaction

Conc.H,SO, or R H
come o~ /) (Zaitsev) ~ E, Mechanism
3 4 H H
P05 A R H .
> >:< (Zaitsev)
ALO, A
i H Gaseous
400°C —5000C N H state
— > >=< (Zaitsev)
H H
ThO, A R H
> >:< (Hoffmann)
i i E, Mechanism
POCI, A R H
> >_< (Hoffmann)
H H



Properties of Alcohols

Alc. KMnO, . -
> R — - + +
(Purple/pink) R-COO K MnOzi HzO
Strong (Brown)
0);!3!:;:9 dic K Cr.O Oxidizes olefinic
acidic r B
27277 R — COOH + Crz(SO )3 + Hzo double bond
(Orange) 4
Green + KZSO4
CrO, +aq.H,SO, —_ -
» R—- COOH
/ Acetone (JONES REAGENT)
N
PCC
R OH S > R— CHO
Alcohol Pyridinium chlorochromate
1° PDC Does not oxidizes
— : » R - CHO — -
Pyridinium dichromate olefinic double bond.
Mild
oxidizing Cu, (350 — 400°C)
agent » R—- CHO
Collins Reagent
» R-CHO

CrO, + CH,CI, + pyridine



Preparation of Ethers

H,S0,/140°C CH,— CH, —|

— +
2C_H_ - OH o H,C - CH, - ONa
Williamson synthesis

oryAg,0 HiCCH;O-CH,-CH, o)

2C,Hl - CH, = CH
2 s > HC CR:HO cr: CH C,HOH/NaBH, — 2 2

/ \\ Alkoxymercuration demercuration
CH_N_/BF H*/CH, - CH, — OH

2 2 3 —

CH,-CH, - 3 CH, =CH,

OCH,




Properties of Ethers

Cl ¢ a B
2 > H_C-CH-O-CH-CH,
Dark a '
Cl
. cici
2> Cl-C-C-0-C-CCl,
v cici  c
HCI
H,C-CH,-CO-CH_-CH, 2C,H;OH
H3C_§_Hé__§_CH3 AC,0/ Q
g H;C-C-OCH, + CH.C
H,C—-O—CH, ?
o HiC-C-0-C H, + CH,CI
CO/150°C ?

1
»H,C-CH,-C-O-CH,-CH,

BF,/500°atm



Properties of Ethers

60
A

2
>4CO, +H,0

dil. H,SO,

> 2C,H,_ — OH (HI > HBr > HC)

H,C-CH,-O-CH,-CH, Hi/cold
H3C—CH2—O—CH3 *CH3 —CH-OH+ CH3 — |

R-O-

HI/A
> CH, - CH,|+CH, - CH, - |
excess

PCI,/POCI,

»2C_H, - Cl



Preparation of Phenol

SO Na MgBr

NaOH 0,/60°C/A

@ Fused H,O/H"
Cl
H,O/A 200°C/HCI+1/20_/Cu-Fe
\ Si0, /460°C
COOH / /
©/0H NaOH+CaO/A NaOH+Cu Fe 300°C/200 atm
Aqg. Na, CO

PHENOL (Dow’s process)
H C C H H
© 0,/60°C

H,SO, 250°c




OH

PHENOL

Properties of Phenol

CH_=CHCH,—CI
O—CH3-CH CH._CH
I 200°C 2
CHz > Claisen Rearrangement
NH
ZnCl /300°C CH
0
?I) O—C—CH3 o0°C >
H.C—C—ClI
3 > @ O//C\CH
H—O
120°C C—CH
> I
O
FeCl,
> 3HCI+[(Ph3O)6Fe]'3 +3H" Fries
Neutral Rearrangement

(Violet Colour)



Properties of Phenol

H
< /n
A
Cl
PCI
(Ph—O)3PO + @< 5
(Major)
@)
O I

Ph—C—Cl

Il
@O—C—Ph <

OH

PHENOL

NaHCO

3 > No effervescence

NaOH - +
O
Na2C03
ONa CH3
CH I
NaOH
CH_N, @



O,N NO,

+ - Conc HNO;
Oxidized P + H,SO
( ) NO 2SO,

Properties of Phenol

OH

OH

0

PHENOL

OH

Br Br 2.4.6- tribromophenol
>
H,O OH

Br,
Ph
Br, @Br
>
€S2 93%

OH OH
HNO, NaNO, 7%
B S -
H,SO, B
1. Brz/NaOH r
NO N=0 Conc 503 2H,0H
2504
0 O.N SO H
H,0 [ Bige | PhoH | 109°€ 503 2 3
_
access | Green H,SO, HNO3/HZSO4
O.N NOz S03
NaOH +NO
> Red ———| Blue < -




Properties of Phenol

© (Reaction due to Benzene ring)

O
OH | 125°¢
OH C. PHENOL
OH CH OH
CO./NaOH | CH>=0 2 \ OH
B 250°C T [MeoH > Bakelite
COOH OH CH,OH o ©
HO-C CO C : :
I «——21 CHClg ~pH Reimer tiemann
o KOH KOH > Reaction
O
NaOH HCN+HCI
Orv0-on- SN
@—NENCI ZnClo/H;0+ SH o4 Gattermen
(I)I Reaction
CH; C
Ho—~(O)-¢~(O)-om Acctene | QI o vejon
| Conc HCI c” (Major)
CH;

NaOH
> Phenolphthalein ——» (Pink
colouration)



Properties of Phenol

© (Reaction due to Benzene ring)

O
OH I PHENOL
CO,/NaCH K,Cr,0O
“OH 212580 2 2 7>0=<Z>=0 (Benzoquinone)
ACO | MeOH
\ H * K,S,0
/AC 2728 Ho—©—o|-| (Elb’s Persulphate
C—OH OH/H,0 Oxidation)
I
@ @Oll of 2/N|
Aspirin wintergreen > OH CI?
. C PhOH
/O ~
O=©=O< air/O, COz/Na(i—H . @ OH POCI, l
125°C/H
+ N 0
OH
Ph-OH-O=(_ }=0--HOPh CO/KOH H I

Phenoquinone(red)

Y

0O
~OH

O

Phenyl salicylate

(Major product)



Preparation of Aldehydes

DIBAL - H

dil. H,SO,

CH3_C=N Hexane 78% HgSO, H-C=CH
@ X
1

c LTTBA L-H Aq. KOH C|:
cH” ¢ Diethylether 2 moles x~ \_H
3 II CH,
0o —~C—
3 cH DIBAL-H CH, PCC/PDC
7~ N~ 25 Hexane 78% CH,;-CH,-OH

CH;

O
SnCl, + HCI / \ Pd-BaSO, ?I)
CH3_CEN + H

Stephen’s Reaction

Boiling xylene CH3/C\C| 2

Rosenmund Reduction



Preparation of Ketones

X
R’C=N Ag. KOH I
RMgX Dry ether 2 moles /C\\X
\ / R
o O
1 CdR, |
RCOOH + MO | _Cl - AN
R’COOH 300°C R R’ R Cl
Ketone
H
R'COCI / \ PCC/PDC :
RMgX Dry ether R/ \\OH

R,



Preparation of Aldehyde & Ketones

Reductive Ozonolysis

R

1) O
(1 O, . =0
(2) Zn or Zn/ R’
CH,COOH Ketone
R : R” OR
>:<°f° _ (CH,),S
R : H
o, R
> >:O

Ketone
Oxidative Ozonolysis

Aldehyde

R”

O=<
OH
Carboxylic Acid



Preparation of Benzaldehyde

CO+HCI+Anh. AICI, (CH,)N,/EtOH CH,CI

Gatterman KOCH H3O+
Aldehyde Synthesis
Pb(ONO,),HNO, /

HCN+HCI+ZnCl/H O

Y

0 o, C
Gattermann Aldehyde \C/
Synthesis
H,/Pd-BaSO,-Quinoline-S
-
CH3 Rosenmund Reduction
CrO,Cl/H_O"(Etard) /
BENZALDEHYDE
CrO3/AC20/H3O H2C—OH

2+
Q.

©
\CrO3/ N~ or MnO2 ©
0
CH2:N—OH Mg/H-C —0(32H3
H20Jr

e



Properties of Aldehydes and Ketones

OH
0 e
> R | R
OH
OH OR”
ROH | o | " ROH | o "
o Dry HCI, H,0 | Dry HCI, H,0"
” OR” OR”
R/C\R’ | OH Acetal/ Ketal
NaHSO, |
Aldehyde/ Ketone » R | SO, Na’
R’
OH
HCN |
» R R’
Mild alkaline |
condition CN

Cyanohydrin



Properties of Aldehydes and Ketones

OH H., 1000 psi Zn(Hg), HCI \ /
R-CH-R, Ni, 50° / \Q

Clemmensen reduction

gﬂi

LIAIH,/Et,O NH,NH, \ e
R,-CH-R, < tN,
NaBH,/EtOH KOH, A / \R
Wolff-klshner reductlon
(?H
O OH
H R, Na/cHOH o R o+ L
X _ R~ R, H,C” “CH,
R1 OH Al(i-PrO),/Heat
Bouveault— Blanc MPV Reduction

Réduction.



Properties of Aldehydes and Ketones

Tollen'sreagent | p_coo + Ag| (Silver mirror)

Fehling’s solution

» R-COO + Cu,O| (Brick red)

O
JJ\ . Benedict solution . ] _
R H R-COO + CuzOl (Brick red)
Ag,O (moist)
» R—-COOH+ Ag|
NaOCl| .
Haloform reaction: R—-COOH+ NaCl
O (@)

RJJ\CH3+ 3X2 + 4NaOH —— RJJ\O—+Na+ 3 NaX + 3H20 + CHX
Alternative reagent : NaOX

2



Properties of Benzaldehyde

@—CH

KCN

EtOH

Benzoin Condensation IHNO3

@

|l
0)

OH OH
G S
—)
—C—SO3Na
NaHSO, t
>
H
H,N-NH |
> C=N-OH
H_N- H

Benzylic acid rearrangements

HO O

L

C—C-0OK

Ph



Properties of Benzaldehyde
O, H
C

o)

&

[l Ac,O/AcONa O,N O.N
CH=CH=C—OH <= 57 H_N-NH<O)-NH If' 2
Perkin Condensation 2 2 C = NH NO
N . :
C—-OEt H 0)
@_CH < SMACOORY, | N-NH-C-NH, | I
C—OEt @ > C=N—-N—C—NH,
Knoevenagel O
Reaction Br O Zn/HCI @_
(';H_(';'_OEt LAHJELO CH,OH
@_CH CH-C-OFt < Zn-H.O/NH,CI
n-H, 4 —C—
Reformatsky Reaction NaOH O=C—ONa CHZOH
CH_—NO =
(O)-CH=CH-NO, « | 50% @ * @
@ Cannizzaro Reaction
@) CI? HzN @
; H.C— C—CH - @—CH=N—Ph

CH=CH-C—CH,<

Schiff base



Properties of Benzaldehyde
O, H
C

MezN ©
Conc . H,SO, ~Tollen’s Reagent

Malachite green CH—@(
9 2Me2N@H Schiff Reagent

Me,N

> +Ve Test

> Pink color

Fehling Soln. .
ing > No reaction

O=C—H

H
< Conc . H,SO, PCI, |
H,SO./ A > CII—CI

SO;H Cl
CHO [OVAIr @_ ﬁ_ OH
no, e

040
CHO H30 |
@ Cl,/AIC] H
2 3 1. LIAIH
= SR @—CHz—OH

Cl 2.H,0"




Preparation of Carboxylic acid

O
I NaOl/H* dil. HCI _
H,C—C—CH, o H,C—C=N
CH ?: cl SOCI +CH N chr207/|_|®
: H,0/Ag,0 \ / KMnO /H° H,C~CH,-OH
O . O
H.C Ié OEt 0 C = OM.0"
3 S BrMgCH,
H,C=CH, CI—CI);FC|)20 > H3C_C_8H Arndt Eistert reaction
> I dil HCI, dil HNO, 0
O O ‘ _ —C—
T H,0 H,C-CH,~C-OH H.C-C—NH
H:,’C—C—O—C—CH3 dil NaOH/H" 3 2
O
Cl\ Aq.KOH / \ [O] I
Cl- C CH H_C-C-OH
cl’ [Ag(NH,), I, 3
O
CH KMnO /H I—QIQHO T
H C CH,-CH —C H_C-C-CI

2

o)



Properties of Carboxylic acid

O
Na . Il 1
C + 1y
R~ O Na* 2 2
NaOH 1
> C + H.O
R~ ONa* 2
@ Heoy 2
C C + HCO.——>H. O+ CO
R~ OH R o 2 3 2 2
NH O
3 . /g\ AI2O3orP4:)1oorH2$O4 . R-C=N
R~ ONH,'
HN,

~RNH, + CO, +N,

Hell volhard \/ﬁ\ X_,RedP O
zelinsky reaction R OH ™ x=c.B R\C"/lLoH a - substitution

X




Properties of Carboxylic acid

Conversion to carboxylic acid derivative :

Pely j\ + H_PO
— > 3 4
R™ CI

O PCI, O
g . R)J\CI + pocl, + Hcif

OH

O

S0¢, RJ\CI ¥ SozT + Hell

Acyl chloride



Preparation of Benzoic Acid

MgBr @ KMnO,/OH O=CCl/AICI,
[:f:] Q> /’ Clb‘,(ﬂ

COOH CI)/FI()
Zn \\\\\* [:f::] [:f:]
C=EN ° —c—oc H,
OH H,O /
ccl,
HC= X _ Benzoic aq.KOH
KMnO4/OH Acid

-+

H- C—ONa O,Na
fused




Properties of Benzoic Acids

O=C-ClI

PCI5
-«
PCI3 or SOCI2

P_.O
2
@—C o- c: 2
Hunsdiecker @ Soda lime
Reaction A
Br COOA
Br,/CCl, 9 ag,0
@ ~ Reflux @ <
::: (DSCXJ
CH C OH ~ (iCH,N
Arndt Eistert ("I)HZO/Agzo

Reaction

Q. OH

©

BENZOIC
ACID

0O=C-ONa
NaOH/
NaHCO3) 5
Ca(OH), IR 92
> C-0)Ca —>Ph-C-Ph
A
NH_/A

>@—3—NH2—>@_CEN

LiAIH,/H,0
— >@—CH20H

N;H/H,SO, > @_ NH, Schmidt
Reaction

C,H,OH o
>{O)-C-0-C H,




Properties of Benzoic Acids

Q. ,OH
C
COOH COOH
CI2/FeCI3 Conc. HNO;
< >
Conc. H,SO,
NO,
COOH COOH
@ BrleeBr3 Conc. HzSO4 - @
A SO;H
oH O OH
@C SOH Conc. HNO, O:N NO,
 ——
-CO,

NO,




Preparation of Acid Chloride

OH

PCI

PCI

SOCl,

o
I+ H,PO,
R CI

R

R

X

Y=o

Cl

Cl

+ pocl, + Hcif

¥ sozT + Hell



Properties of Acid Chloride

H,O
> + HCI
Hydrolysis R OH
, Pyridine is used to absorb
R'OH _ +  HCI y

OR’ HCI because reactivity of
ester & anhydride is fairly

Jj\ + HCI high

Pyridine R

R'COOH

JJ\ Pyridine R

R’,NH

R2'Cu Li

R'Mg X




Properties of Acid Chloride

. (@)
R, Cd
2 .
R R’
(@)
H,/Pd — BaSO, .
> JJ\ Rosenmund Reaction
Quinoline R H
i (Lindlar's catalyst)
R™ ~CI LIAIH (OCMe,), j’\
>
Et,O R H
ArH, AICI 9
~ 8 > JJ\ + HCI Friedel-Crafts Acylation
R Ar
LiAIH,/NaBH
.+ R7OH




Preparation of Esters

(@)
[l H,SO,
H3C—C—OH +
A
CH3—CH2—OH \
0] o
] ThO |
H3C—C—OH + 2 > H3C_C

CH3—CH2—OH phase esterification

Vapour I
O-CH,-CH,

O
H,C—CH,— c g o
H.C-C-OA
/// —Ag| 3 9
@)
C,H.OH I
> H,C—C—-O—-CH,

or CH_.—CH_-ONa’ 3

AI(OEt), T Tishchenko Reaction

I
H-C—CH,

O

Peroxide [l
3 »> H3C—C—O—CH3
BF_/350K

Bayer villiger oxidation

H,C-CO-CH

(@) (@)
J ether |1
H_C~C-O-H+CH,N;— H_C-O-CH,




Properties of Esters

(@)
H_O/H* ’
2 . Jj\ + R’OH
R OH

_ (@)
H,0/OH . JJ\ + R’OH (Saponification)
irreversible R O
OR’
R" MgX O
g > JJ\ + Mg(OR’)X
leq. R R”
LiAIH ’
4 R/\OH + R’'OH



Properties of Esters

O PCI
Jj\ + R = Cl+POCl, «——— CT_Ia;H » R~ > OH + R-OH
R Cl i 20 Bouveault-Blanc reduction
O R OR’ " @)
JJ\ B R" OH R2 NH . JJ\ R” + R’_OH
R OR” R ITI/
R”
Claisen condensation :
O O O
\)J\ *Na‘O—C2H5 R + /\OH
'
R OC_H, C,H.OH OC_H,
R

TRANSESTERIFICATION



IV.

Preparation of Amides

0
NH, —» T —
3 RJJ\O NH,

H
O
NH
3
RJJ\*N

+ HCI

f)NH

(Dehydratlon

O

S

NH, 2

(3° amide) RN —
No Reaction




Properties of Amides

H,0" O
LS SR
R” “OH
X
R™ “NH,
0
H,O
BSOS § + NH,
OH- R O
0
RJ\NHz * X, +4NaOH ——> NH, + Na,CO,+2NaX + 2H,0
R
Amide

1° Amine



Preparation of Acid anhydride

s j\ﬂji+Hzo
H F A RT OTTR

—————————

O O j O c
o+ - + HCI
RJTQ H,OJJ\R Pyridine R @) JJ\R
Acid Chloride
@)
1 A
CH OH 0 CH
|2 _300¢ | O+H,0
CH;r—OH Csz(
O
@)

Succinic Acid Cyclic anhydride



Properties Acid anhydride

O O

JJ\ OTNH,R

, 0
ROH»JJ\ N JJ\

R OR’ R OH




Properties Acid anhydride

Lo

0) PCI
2 ]| +PoCl,< :
R Cl
LiIAIH /Et.O
R” NOH < vz
H,0°
Perkin Reaction :
CHO
O O

+

H.C

3

M A

o)

CH

CH,COOH/

R'MgX

pr————

(1eq)

ArCl
AICI3

CH,COONa A
3

>

(@)
+
R R* XMgO
+ HCI
R Ar
@)
/ OH

Cinnamic Acid



Preparation of Amines

H,/Pd Or
R-NO, — 20", R _NH, R-N, — > R-NH,
. HCI . i) LAH, Et,O 0 i
Nitroalkane 1° amine Alkyl azide i) H.O" 1° amine
3
: , H
i) LAH,Et.O + i) LAH,Et.O
R-C=N —> R NH, R-N=C - |
||) H3O+’ . . ||) H3O+ R/N\CH
Cyanide 1° amine Isocyanide 3
2° Amine
Na/C_H_OH NO, NH,
_ 2’5 N
-C= » R NH (NH,),S
R-C=N C,H.OH 2 z . @
cyanide 1° Amine or |
Mendius NO NI_I4HS NH

R-Mg-Cl +CI-NH, — R - NH, + MgCl,




Preparation of Amines

NH,OH NOH  HopuLiam,  NH, 1°
T RJ\R’ ZnHCl RJ\R’ amine
Oxime
o RNH,  NY UAH,  HNR 2
—> > amine
M A e
Imine
" 4 ” ”\ _ ”
R,NH RSNR NaB(OAc),H RoNR 3
> > .
+ amine
H RJKR, R*R’

Iminium salt



Preparation of Amines

O o)
Il T
C . .. _ _
:N—H () KOH (i)R-X . C—H + R-NH
C (i) ag. NaOH  (iv) H,O" C—H 2
C”) C”) 1° Amine
Phthalimide Phthalic acid
O
J Y + X,+4NaOH — NH, + Na,CO,+2NaX + 2H,0
R™ ~NH, |
R
Amide 1° Amine
O NaOH O LiAIH, R
R-NH, + )J\CI ——ha JJ\N,R — N
H

1° amine Acyl chloride



Properties of Amines

R-NH, + RR=X — R-NH-R" + HX
1° Amine 1° Alkyl halide

0 o
R
R-NH, + p Ml o — R,)I\Ir:ll + HCl

1° Amine Acyl Chloride N-sub. Amide

R-NH,+HNO, —R-N, +H,0

R-NH, + CHCI, + 3KOH———>R-NC + 3KCI + 3H,0

1° Amine Chloroform Carbylamine
[O] H O
RCH NH — » R-CH=NH —— , R CHO+NH
KMnO, Aldimine Aldehyde
[O] _ H,O _
R2CHNH2 — R2C =NH ——, R2C =0+ NH3
KMnO
Ketimine Ketone
[O]
2R2NH W RZN - NR2
(Tetra-alkyl hydrazine)
RNH —2°°, R N-OH
acid

(Dlalkyl hydroxylamine)

Tertiary amine: No Oxidation with KMnO,



RNH,

_>

R,NH

PhSO,Cl ——»

R,N
—

2RNH, +S=C

Properties of Amines

PhSO_NHR (Soluble in NaOH)
N - alkyl benzene sulphonamide

Acidic Hydrogen

PhSO_NR, (Insoluble in NaOH)

N,N - dialkyl benzene sulphonamidei

Absence of Acidic hydrogen
X No Reaction

NHR
-ss=c” 9
SH

'HNO

2

m R-OH+N, +H,0O
1° Alcohol
R2NH R\ (Yellow
» N-N=O°ily
R’ liquid)
N-Nitroso amine
R3N A
——— R,NHNO, ——
R\
N-N=0+R-OH
R 1° Alcohol

—>R-N=C=S+RNH2+HgS+2HCI
Alkyl isothiocyanate



Preparation of Aniline

NO o)
2 Sn/HCI,Fe/HCI,TiCl /HCI,SnCI/HCI NaN_/A o g Curtius
(Reduction) LIAIH,/H,0,, H,/Ni H,O" Reaction
O
@_NH on __ SHCIFeHCITIC, H,N-NH,/ Cl_g
/HC1,SnCL/HCI HONO/H® o
Sn/HCI,Fe/HCITICl, "' N-OH/ACOH || Lossen
NH-NH - —CI-C ,
/HCI,SnC1,/HCI,HSO, H,0 Reaction
@_N N_@ Sn/HCI,Fe/HCITICl, Z0HO cinen @
JHCI.SnCI/HCILHSO,
ANILINE

NH,/Cu,0,200°C- 300°C CI-NH &6— &+

OH 2 BrMg
NH3/ZnCI2/3OO°C
O=C—NH2 NaNHz/ Br—@
lig. NH
@ Br,KOH 3

Hofmann Bromamide

O=C-OH Degradation H O

3 —C=
© N,H/H,SO, O—C—N—@

Schmidt Reaction



Properties of Aniline

+
HCI

[@— NH3]CI' -~

+

H_PtClI
[@-NHJ PtCl 2«—2—°

NH
5 2
Anilinium Chloroplatinate o _©_
(@) Il
@_é CH H,C-C-CI [ANILINE
- €
3 or AC,0

PhSO,ClI
Do)

Cs, /A
{On=c=s -

HgCI2
Phenyl Isothiocyanate

PhCO
O ren( -t

Benzalaniline [Schiff's base]

4+

H, SO +
294 5. Anilinium
[Q_ NH?] SO4 Sulphate

—
+

+
> [@— NH3] AuCl,’

Anilinium Chloroaurate

NO,

HAuCI,

OH
O_N

+ 0,
O

N
O,N

Anilinium

o [)-w]
H3C—I Picrate
L O

L l

+ — 3
Ph-NMe.l <——— Ph-N
3 CH

3

T 0 3
C-Cl [l
O

Schotten Baumann Reactions



Properties of Aniline

NH, 0
Br Br/CCl, ¢l o]
_ < Il
Br Q_HzN + <l >©— NH-C-NH
NH, ) Diphenyl Urea
N — +
Br Br  BryH,0 2 >©—NHNa
-
CHCls @—ﬁ‘c_
> =
NH, Br NH, NH KOH
2 .
Carbylamine Test
OO
H,SO, CI-Ph
NH
NO, ANILINE | CuCl/200°C )Q @
NO,
NaNO,/HCI .
NH, NH. 0 2 >©—N2CI + 2H,0
NO I 0-5C
2 H,C—C—Cl
+ - n NaCr207 one
HNO;+H,S0,/H50 > Aniline Black
Conc. H,S0,
NO,
H,SO K,Cr,0,/H™
H2N—©—5020H =0 A >o:®:o



Properties of Aniline

NC
@ (Carbylamine
rex")
(C)
TCH3CI / KOH .
NH - S - Ph NH NH,; A
@ AN PhSO,Cl @2 HA @
< >
(D) (ANILINE) (B)




Properties of Aniline

Reaction with CS,

?H
NH. o AgNo2
LRS-

black

Phenyl isothiocyanate

o
sm.d @‘NH_C_NH‘O

KOH lHCI

@—N=C=S ¥ @—NHz, HCl




Properties of Diazonium compounds

NH, I

NH, F.C—C—OH
>
Ni/H,
( —
200°C 100 atm

H,SO,
ANILINE > @—N=O —
+

CuCI+HCI

CuBr+HCI

\J

CuCN+HCN

\J

KI

\J

Cu powder

\J

oXeoXeles

Conc. HNO;

2

N
o




Properties of Diazonium compounds

o

N=NCI

O N=N N < Cu/HClI S
- <:> B-NaP
(D N
Cu/HBr HBF,
< >
A
OH
_|_
H2O/H NaN02
< >
CU20/A
C,H,OH/A H3sPO/A SnCl/HClI
< >
SnCIl,/NaOH





