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(mono-) (di-) (tri-)

A i A
H-C-C—-OH HO-C-C-OH HO-C-C-C-OH
H H H H A H

OF

ethanol ethane-1,2-diol propane-1,2,3-triol
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loanoooalgund (1°)
ANSUDUNUKLY —OH LAQ
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loanoooanQund (2°)
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Lloanoooanqenl (3°)
ANSUDUNUKLY —OH L1AQ
wus:=AUAISUDU
UIOLAYY 3 WUSE

A A A
R—CIZ—OH R—CIZ—OH R- |_OH
H R R
Y o || Je || &

H H H3C H H3C H H3C CH3

primary secondary tertiary

methyl (19) (2°) (3%)




1° Alcohols

H,c” OH

ethanol

OH
H,” N
1-propanol
H,c” > DoH
1-butanol

/\/\/OH
H3C

1-pentanol

NN
H3C OH

1-hexanol

2° Alcohols

OH

PN

H5C CH5

2-propanol
(iso-propyl alcohol)

CH3
H3C/\/

OH

2-butanol

3° Alcohols

OH
)<CH3
H5C CH5
2-methyl-2-propanol
OH

H5C
H5C
CH5

2-methyl-2-butanol
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Hydrogen bond
O | | ..8,. / 8+ P
R-0O, s H—C—C—0"-- H
N | | N+
H H 0

]

Jouludyus  douibud Hydrogen bond
_ O
H O + O
I ® e 6 /S
e ®
H—C—0""H
I \ +
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JastAl tihsunlulana | valdaa (°C)
CH, 16

valdoa (Boiling point)

0L
jaay

Uodsndowacioaatdoa

= pyoaluana

= MstAawus:olasLou _ CH,OH 3 65
= LSvldULaDsSIad

methane - 164 methanol B5

th - 89 th | 79 _

me B ogwe WS (popane)  CH.CH.CH, & %
butane - 0,5 1-butanol 117

pentane 36 1-pentanol 138 _ CH,=CHCH, 42 -48
hexane 69 1-hexanol 156
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Qx QL N
& 14=169D O 1u=130D C. = 0.08 D
Pyt % P 7, ¥
H CH,CH, H,C CH. HC CH,
ethanol, MW 46 dimethyl ether, MW 46 propane, MW 44
bp 78 °C bp -25 °C bp -42 °C
CH H
’ 7 HO  cH
HaC _~_-OH )\/OH H3C\)\ >< °
H3C CHj H,C CH,
1-butanol 2-methyl-1-propanol 2-butanol 2-methylpropane-2-ol
(n-butanol) (iso-butylalcohol) (sec-butanol) (tert-butanol)
BP 117°C BP 107°C BP 98°C BP 82°C
(1°) (1°) (2°) (3°)
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cyclohexanol 3.6
06
hexan-1,6-diol a:=ang
93
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HyC™  ~CHy (o)
Pon Pure Chemicals Group

SOLVENT

From Printmaking to
laboratory reagents,
IPA isused asa
solvent in arange

Catalyzing Your Growth

ANTISEPTIC

IPAsrole as a bacteria
killing agent makes
it well suited for anti-
sepfics, sanitisers,and

i of industies cleaning minor cuts
sl i Y USES OF ASTRINGENT,
@) o Jy 1soproPYL Py,
Iteanhel & 1 : ALCOHOL body tissue, and to ‘Q
water residue in the ear (| P A) stop a cut from

bleeding.

& prevent infection.

MUSCLE
ACHES

IPA can be used asa
liniment for muscle
aches. It irritates the
skin, which improves
circulation and eases
the ache.

CLEANING
AGENT

Its antibacterial
properties make [PA
ideal for surface

. disinfectants.
It's used at homes &
in many labs.

Source : ReAgent Chemical Services Limited / chemicals.co.uk
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Alkane

= Oxidation via acid

Carbonyl compounds
=" Hydrogenation Alkyl halide
" Reduction-LiAlH,/NaBH, ‘ . - = Grignard Reagent

= Meerwein-Pondroff-Verley
reduction
» Grignard Reagent

Alkene

= Hydration

= Hydroboration-Oxidation

=" Hydroxylation to diols

= Oxymercuration-Demercuration



Alkane

= Oxidation

Alkene

Alcohol

@)
'HZ || R
— R/\/ 1
+H,
Ketone
+ 3H,0
@) @)

Carboxylic acid

N
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Carbonyl compounds
= Hydrogenation (reduction)

Catalyst :

O OH

[ |
R-C-H —<atalyst . p_C-H (1°alcohol)

heat ,

H

O OH

I :
R-C-R"  —SSt8¥sL,  R_C-R’ (2°alcohol)

eat :

H

40
cat. N| ’
I
©/\ NaBH, ©)\
—
e
(2) H,0
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Carbonyl compounds

» Reduction-LiAlH,/NaBH,

ADUWSY LiAlIH, > NaBH,

audelunnssaad
0] 0 0 0
Il ] (l:l (I:I
R/C\O@ R/C\OR, R/ \R, R/ \R'
carboxylate ion ester ketone aldehyde
\ J
Y
LiAlH, NaBH4
ﬁ"lﬁ.l"liﬂ%ﬁ']‘lﬂﬁ ﬁquqsn%ﬁq'ﬂﬁ
NaBH;
71 i
i1 A R—CH,-0OH
dantan R—C—H 2
A 0 "
Ay
R—C—R' R=—CH—R'
& - ?I) 1 LY e
ATTUanNYLan R_C_O_ LILﬂﬂ‘U‘Qﬂ‘JEJ'W
0

LOLNRY Il Lafinuizen

R-C-H

R-C-H

LiAlH,
R—CH,-OH

(|)H
R—CH—R'

R—CH,~OH

R—CH,~OH

N
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OH
|
1) LiAlH, | L~
2 R-C-H
H
OH
|
1) NaBH, s
2) EtOH R C. H
H
O NaBHd
+ Na'B (OEt3)4
/\)LH EtOH /\/l\\
T 1) LiAIH . Pr
IAIFY
- Cj + Litand AlI** salts
2) H*



Carbonyl compounds O

[ |
1) AL(OR)

. R_C—H 3, R—C—H

" Meerwein-Pondroff-Verley 2) ROH H

reduction

1 or

—C- 1) AL(OR), |
R-CR 2) ROH R—(II—R

H

Mechanism:
s ™
0.. ,OCH(CH)
R P u OCH(CH),  |R\F h“i e R _,O-AI[OCH(CHs)o]
% N =R | “OCH(CHy), [T /& + CHoy
OCH(CH,), Ho D R H /=0
',,D "‘C\ CHs
/ (CHs):CHOH
o CH, CH,
3 3 . Cyclic transition state

L.

R,CHOH + [(CH3),CHOJ,AI



Alkene Ny
* Hydration (Acid-catalyzed hydration) R

-
3§

H H H OH
\ / H* |
c=Cc +HO —» H cl: c|: H
/ \
H H H H
Alcohol
Jiaseniolassu vovudadutdumsiwuislastou (Markovnikov orientation)
(H) wa:Hyloasonda (OH) WlUtuwus:Alagid
giﬂtag?;;i\;?i?oﬂvsm [awawaatJuuoanoooa ._%HE ’ - .;l:HE_H
HiC—C N+ H—O—H HC—C @
| (S -H0 |
CHs CHs
CH CH
I J H fast I 3;H
HC—CO | —= HC—(-0®
10—H
CHs = CHy H
M8 H CH;

H fast I
| = HyC—C—OH

CH4




Alkene

= Hydroboration-Oxidation

Uphseniolasluissu-aanslasy

Ugasenansidumstauundniun
wus:Twuovuoafiu lawawaaldu
oanoooalluu anti-Markovnikov

OHH

N / 1) BH; o

C=cC + o — e —
/ AN 2) H,0,, NaOH | |

alkene
alcohol

(syn addition, anti-Markovnikov orientation)

N
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H,C H H  BH, H OH
o=d B pododow MO, L
TN THF 3 R OH H_?_?_H

HsC H CH,H H H

Alcohol

(Anti-Markovnikov orientation)

CHj CH
BH, _H0,
—THF >
BH

trans-2-methylcyclohexanol (80%)



Alkene N
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" Hydroxylation-0sO,/NaHSO,

T
hn]
wis | 37
+ (L] =
Hao pH=8 {:R_.-'“I:_I:‘ﬁ._R g + MnCy =
F. F.
=] =] HO CH
Y, ! - -’ ' ! (3 glycal
[ F—C—C—FR = co
i ", — - & ", o
F. = i il = F.
o
~os”
) 0 H-5 or
+ 0504 " “nl: C; - MaHSO 3 t s
in pyridine g 3
F. F.




Alkene
H CH, H  CHj
\ / (1) Hg(AOC),, THF, H,0 ||
C=C > H—C—C—H
: : / \ (2) NaBH, |
= Oxymercuration-Reduction H H H OH
LUum'SquIaIOSLou (H) ua: Hutaosaﬂua (OH)
LUNTJTUWUS:A) nthIouaowamﬂmnnao CH, CH,
(Markovnikov hydration) (1) Hg(AOC),, THF, H0 OH
(2) NaBH,
H
1-methylcyclohexene 1-methylcyclohexanol
® e
Hg(OAc), == HgOAc + OAc
e f__\ @
S0 P o
O{“-;Cﬁ)gogc—p HgOAc —po: ~OAc CE
— HaOAC HgOAc

_I_

[
VA - . ol
aHIOAC HOAc +
J'.‘_,r_ll.'H :_l |:-]_,-':7|':-'

N
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Grignard Reagent

R-X + Mg — R-MgX

Grignard reagent

R = Alkyl, aryl
X = Br, Cl, |
CH3=I + Mg ————

CH,—Mg—
ether 3~ Me—1

methyl magnesium iodide

Br + Mg ———
<:>_ & ether MgBr

cyclohexyl magnesium bromide

=CH—CH.— Mg ——— —CH—CH -
CH,=CH—CH,~Br  + Mg ——— CH,=CH—CH,-MgBr

allymagnesium bromide

O

N

O H nAITASAUATW RSB0 D 0UAANSE:ARSE
I | e
1) R-MgX, ether
C 2) H* . R 9
Formaldehyde reaction
MgBr @)
N | 1. Mix OH
H H 2.H,0"
Cyclohexylmagnesium  Formaldehyde Cyclohexylmethanol
bromide (65%)
Aldehyde reaction OH CH,
MgBr CH,
)\/\ _1 Ether CHs
2RO 0"

Phenylmagnesium 3—methy1butana1 3-methyl-1-phenyl-1-butanol
bromide (73%)
Ketone reaction
OH
@)
7 CH
+ H3C/\MgBr 1. Ether 3
2. H,0"
Ethylmagnesium
Cyclohexanone ybrorrgli de 1-Ethylcyclohexanol

(89%)



UDASeIUDVNSTYTUISIDIOUAANU
daisus=nouldadiza Alau uas
Wosu1aload Wonmuigaseuad
arswaanauna:=laaisus:=nou

uwpanoooacivslianu
mucleophilic
0 attack G
/—\ CIMg o~
H R=—-MgCl —— R
Carbonyl Grignard ]
compound reagent Alkoxide
/1(.’!-(}’ (\H )
workup JONA
H™ H
OH
MgCIOH + W/LR
Mg salt - side product Alcohol

Formaldehyde
I
1. Ether
+ R
H” H RimMeBr - 5RO
Aldehyde
I
1. Ether
+ R
R™ H RimMeBr - o
Ketone
I
1. Ether
+ N
R~ DR RimMEBr S or
Ester
@)

R/\O/R' + 2 R{—MgBr

Acyl halide

I
1. Ether
+ 2R, —
R™ cl 2R =MeBr - S o

OH
L
H R1
(1°alcohol)

OH
L
R R4
(2°alcohol)

OH

Sl
R R4
(3°alcohol)

OH

1. Ether

R1>k
e
2.H,0 R

|:\)1
(3°alcohol)

OH

L

R R,
(3°alcohol)

N
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I cont HaS0q, rt.
2. H0,heax

D_ﬁ
H20(), conc H2P 04
350°C, 30 mtm

PLls ov S0LI,
p\nh\id(ws, vt
HBY oy l’Br3

cone SOy WRYm

1}0°c
oR

f”LG%
heat

Ko, 03, di] HoS0y
7 Iz
CHy-C - OH NaOW (o)
conc h,504 | ref ux WaVm
0

1
0v CH,-Cc-Cl | vt

FW‘I“\O::{_ Dy K;[V-“D:}.

dil 'rl,_SOLh lheat ov YEF'UX

NaBHy lag) vt
0F [ LiR[Hy dry ethev
2. Hab r -
U2, PE, heat

[ LiAlHy dryether I

2 Mabr - @

HCoo Nat

[l
C— OCHICMB

D -—
T CHJ—z) (5)

L‘\
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0
1) g
0
) I
CH5CH,—C—0CH;

3 H OCH,

1) NaBH,

2)

H*/H,0

1) NaBH,

2)

H*/H,0

1) NaBH,

2)

H*/H,0

4)

5)

6)

7)

8)

0
\)I\om-@

OCH;

A
O/CDGH

H
O
O
O
H
08

1) LiAlH,
_
2) H,0

1) NaBH,, EtOH

2)H'/H,0

LIhIH

) H,0

o

1) NaBH,, EtOH

o

2) H'/H,0

1) LiAIH,
—h._
2) H,0

N
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Unnseuovuoanoooa

-
a

H,50,, temperature = 180°

H.50,, temperature < 100°

= -
H.50,, temperature > 140¢
H, 50, temperature < 25°

EJSDq, femperature = 50°

=N
o2/ \\
gL/ (ZnCl, catalyst added
TE/ "'15 with HCI)
¥

Haloalkane

[] Primary aleohol
[0 Secondary alcohol
[ Tertiary alcohol

N
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= (Oxidation
= Dehydration (reduction)
= Esterification

type of reaction
R—OH —_ = Product
o 0
esterification |

dehydration .
R—OH — YO o kenes R=—0OH R—0—C—R
esters
oxidation ketones,
R—0OH ——— = aldehydes and, tosylation
carboxylic acids R—OH > R—OTs
o Tosylate ester
R—OH substitution R—X (good leaving group)
halides
: 1) form alkoxide
R—OH reduction R—H R—OH . R—O—R'
alkanes 2) R'—X ether



#0Oxidation of alcohols

Strong oxidizing agents oxidize primary alcohol to
carboxylic acids and secondary alcohols to ketone

[ 0] O ([ Na,Cr,04/ H,S0,
1° R/\OH —_— RJJ\OH HZCI'O4+
{ CroyH
' [ 0] j\ KMnO,/ OH/H"
2 RFR ——>» R°R NaClO/ AcOH

p

Some oxidizing agents can selectively oxidize primary
alcohols to aldehyde

PCC (Pyridinium Chlorochromate)
PDC (Pyridinium Dichromate)

o Swern (DMSO, (COCl),, Et;N)
DMP (Dess-Martin)

Tertiary alcohols cannot be oxidized! (well, except for burning them to CO,)

OH | o ] HO H Hisamust
RtR —— » No Reaction! RXR

N
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finufifidunsandndu
H OH 0] 0]
I (0] [ [O] Il (O] Il
R—C—H —» R—C—H ———— R—(C—H — R—(C—O0H
| | e 2 H
H H +H,0
alkane 1° alcohaol aldehyde carboxylic acid
iz C T D e - . - v
4 . U 1 wuszn C iminu O 1l 2 WuszW C Weuiu O 11 3 Wuszh C @euiu O
waunu O
. o] o 9
| [
— r—Rp! 1 a4
R (|: R'—— R_CI:_R —> R—C—R (Lifineandntusia)
Lefe 2 H
H H ' +H 20
alkane 2° alcohol ketone
Y -t - ar e~ ar - =l ar
'Lua.lwuﬁ:ﬁ' C i1 uﬁ:'ﬁ C ﬁmmu (0] U 2 wuszy C Waunu O
Weudu O
H OH
| | [0] | ¥ w
R-(ll—R —— R—C—R' (Lifinoanundusia)
RI! Rl.ll
alkane 32 alcohol
Lithiuszi i1 1 Wussh C @ouiu O
dWeudu O

WinufiBuiiantu



OH H,CrO,, H*, acetone H C/\/
HBC/\/ (Jone's reagent) 3 | |
O
OH /O
H,CrO,, H", acetone
(Jone's reagent)
CH; CHy T G

OH PCC
HBCM CH,Cl,

OH o)
/
PCC -~
CH,CI,

H

H,CrO,, H", acetone

(Jone's reagent)

/\/OH

!
O

N
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#Dehydration (Reduction of alcohols)

H OH
- Acid, A\
—C—C - C=
[ /
an oo, /J\\/

heat
OH HSO4
O/ heat

AN

POCl; 1s a good alternative for
the dehydration of alcohols

OH

POClI,

—_—

pyridine

O,OH POCI,
pyridine

PN

~

%

N
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©
o 09
P
”/\c")) ,{m i ch’\a

- H @
_—
Nu attack Proton tr ansfe;

Expelling CI J -CI’

| C|"‘--..P// good
| \ C") grmessensssan : N/ (O/\l LG
Z ol 7 *HO
Ne ~ /@l + | <
H ©0 é ; -

Alkene

Mechanism of alcohol dehydration using POCl; with pyridine



#Zaitsev's rule

OH

)\/\

H,;PO,
heat

P T

major
(Zaitsev, trans)

R

minor
(Zaitsev, cis)

P AN

r_nirmr
(non-Zaitsev)

Dehydration is a Regioselective Reaction and it Follows the Zaitsev rule

OH H,SO,
—_—

2-methylpentan-3-ol 2-methylpent-2-ene
major

Zaitsev's

\I/\/ + \I/\/
heat

N
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7~

Zaitsev's Rule

"The alkene formed in greatest
amount is the one that corresponds
to removal of the hydrogen from the
-carbon having the fewest hydrogen
substituents"

Alexander M. Zaitsev, 1875

alpha (o) carbon: the carbon attached to the leaving group

beta (p) carbon: the carbon adjacent to the carbon attached to
the leaving group

In this case the blue 3 carbon has the fewest hydrogens, and therefore the alkene
formed from this alkyl halide in an elimination reaction would be this:

beta carbon
with three
hydrogens N B B
H,;C Br
H H & H
beta carbon —p
with one H.C
hydrogen 3 '\
beta carbon

fewest with two hydrogens

.



#Dehydration of alcohols to ether

concd H,S0,

CH,CH,OH + HOCH,CH

3 140°C, excess ethanol

Two molecules of ethanol

/\.O,H H,S0, .

130-140°C
H@ l Step 1:

Protonation

® Step 2: Sp2
2 F

(with another molecule

of the alcohol)

> CH,CH,—O—CH,CH, + H O

Diethyl ether
/-\0/-\\
Step 3:
Deprotonation

. |
H
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OH
PO,
110-160°C

H5C H5C
H,SO, .
HyC——OH s =cH,
H5C H5C
59, )\/\ )\/\
> NN N
OH

(major) (minor, trans>cis)



#Esterification (lLodalnoSWLABU)

@) @)
| Esterification | |

I
R/\QH Rl Sl Hydrolysis R @)

carboxylic acid  alcohol ester water

O
@)

T e

H,C

ethanoic acid ethanol

O @]
| |

PN
OH o) CH
©/\ . ch/\oH ©/\ ,

benzoic acid ethylbenzoate

ethylethanoate

ethanol

N
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Fischer esterification mechanism

Step 1. Protonation Step 2. Nucleophilic addition

Step 3. Proton transfer R'_C)'H

/\ R' ng .o
+ b ~: ™~ HO:
‘ol HOR HRZ ‘
P - &QR' %QR
R OR Y OH, :OH
Step 3. Elimination Step 4. Proton
of water transfer
4 '
.b'.
)I\- . Ester
R” OR'
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#Conversion to chloride

WA ASD:
HEALTH DoEMErI:sm‘rl FGINGI'EGINULW

(
Thionyl chloride (SOCI,)

R_O H SQC_lZ > R—Cl + Soz(g) + H C l_(g) ‘o + Can be used to convert alcohols to alkyl chlorides

Pyridine T
:Cl17..~CI:

+ Also used for converting carboxylic acids to acid halides

* Equivalent to PCl3, PCls, and oxalyl chloride for these purposes

Conversion of carboxylic acids to acid halides

c _ 2 c
R” "OH R™ ~cI -
OH Socl Cl
/\/ ——2 /\/ +
H C Pyridin e H C SOZ Thionyl chloride reacts with a carboxylic acid to form an O-S bond, which is
3 3 driven off by Cl through nucleophilic acyl substitution, forming SO,

Addition Elimination

1°alcohol 0 o

0 1"
o ci”°~o e Cl” o

0
OH ¢ OCh )\ RIS A
_socl, | ) O e L
Pyrldlne 2 Carboxylic rotonate Acid chloride
acid lorosulfite e

Acid chlorides are easily converted to aldehydes, ketones, amides, esters, anhydrides

2°alcohol and other compounds
: Aldehydes (LIAIH(Of-Bu); '
0 v Ketones (R,CuLi) P 4 0
.C. > Anhydrides (RCO,™) € Co
R cl Esters (RO™) R OH

Amides (NHz, RNH,, RoNH)




#Conversion to Bromide

PBry
R_OH Pyridine R-Br
OH PBr, B
Hsc/\/ HBC/\/ '
OH Br
PBr,
O/

\nden
{EALTH, COSMETIC & ANTI
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o pyridine good
P — Br /z""ﬁ T N Br leaving
/ \\Br I!’K{-I-}_,Hf w IJ’ group
OH |£ Br SO e Bre N0
Br" ~Br = » 4 By T B Y
)\/ oy )\/ T\ /'d\/
poor \\H f_,__,f’*
leaving T .
group Sy2
B
|

N



o

OH

$. Q% §

H,S0,

SOCl,

pyridine

POCI,

pyridine

HBr

H,SO,

¢

il O
@ =

183,

W

OH

OH

o

1) KCN

2) dil. H;0"

SOCl,

pyridine

HsPO,

POCI;

pyridine

PBr3

1) KOCHj,

2) dil. H;0"

N
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Why is alcohol used in cosmetic products?

= (DNa:ang (dissolve active agents and other
ingredients of the cosmetic)

" a1saqusvAavd (emulsifiers)

= ¥OUtHWOUULA:E¥UBU (Emollients to moisturize and
soften the skin, soothe irritation)

* UKD (Fragrances to give cosmetics a desirable
scent)

= J1SAULdY (to extend the durability of the cosmetic,

inhibit the growth of microorganisms)

inrlulaBRuAW 1ASa0ET010uA: "S- AT
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Good alcohols on the ingredient of any cosmetic product

Q:/\/OH
H3C
LQVOVOH

H,C
ok
OH
o
O/\/OH

Cetyl alcohol > emulsifier

Cetearyl alcohol > emulsifier and emollient (softens and smooth the
skin)

Stearyl alcohol > emulsifier and emollient (moisturize and soften the
skin)

Glycerin moisturizes

Benzyl alcohol > a fragrance and preservative function
Phenethyl alcohol > a fragrance or preservative.

Cinnamyl alcohol, Menthol, Amycinnamyl alcohol, Anise alcohol are
fragrances.
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EALTH, COSMETIC & ANTI- TECH 0GY



nAITASAUATW RSB0 D 0UAANSE:ARSE
EALTH, COSMETIC & ANTI- TECH 0GY

Bad alcohols on the ingredient of any cosmetic product

= Ethanol (Ethyl alcohol) is used mainly as a solvent in cosmetics.
It dehydrates the skin and disturbs its microflora. It is often used in
acne-prone skincare products due to its drying and antibacterial
properties.

= Alcohol Denat is an intentionally denatured ethyl alcohol. In
addition to the drying and irritating effect, it also has skin
sensitizing properties. It's very harsh for the skin!

" [sopropyl Alcohol (IPA) is used as a solvent, preservative

and anti-foaming agent. It is irritating and highly allergenic to the
skin!
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a1sus:noudunsgninloasonda (-OH)

RUVHYHSDUINNDIKUVHLY Lhuno:CoU 109°  H
OH  tolaswuvavovuudu /;y
gasndU Ar-OH
136 pm
§ T+
» phenols are polar and can hydrogen bond O—H
= phenols are water insoluble ‘
= phenols are stronger acids than water and will
dissolve in 5% NaOH 5 N
= phenols are weaker acids than carbonic acid and T1.70 D

do not dissolve in 5% NaHCO;,



Phenols are usually named as substituted
phenols. The methylphenols are given the
special name, cresols. Some other phenols
are named as hydroxy compounds.

OH
Phenol
OH OH OH OH OH
R R; Ry
R Ry R»
R
ortho meta para meta-tri vic-tri

Monohydric phenols

OH OH
? { _CH;

Common Name: Phenol o -cresol

IUPAC Name: Phenol

2-methyl phenol

OH OH
{ “CH; :
CH;
m-cresol p-cresol

3-methylphenol  4-methyl phenol

Dihydric phenols

Common Name:

IUPACName:  1.2-dihydroxybenzene 1.3-dihydroxybenzene 1.4-dihydroxybenzene

H OH OH
? _OH l
OH

Catechol

Resorcinol

OH

Quinol

Trihydric phenols

OH OH OH
{ :OH H f
OH HO OH

Common Name:

IUPACName: 1.23-trihydroxybenzene 1.2.4-trihydroxybenzene 1,3,5-trihydroxybenzene

Pyrogallol

Hydroxyquinol

Phloroglucinol

Substituted phenols
C
NH,

o-amino phenol

: :OH
CHO

o-hydroxy
Benzaldehyde

OH cH,
: HO™ { “OH
COOH

p-hydroxy
benzoic acid

Orcinol(or)
3.5-Dihydroxy
toluene

Oy
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aisus:nouUWuoanNwulusssusIAoouduuIn wa:zd
Jgaslasvasivnuancioniu

I
1 —:—I ™ 1 1 1 — — HO
» AgUADTASVasIVEEIVYIY WU NSaWUDAN @AH
(phenolic acids)

o » « — - = — henolic acid
= naundlasvasioiuwoaluns 16U andu PREIDIE
(lignin) 0

= AQUIKEJNgQ Ao aisus:nouwailbunaq O

(flavonoid) flavonoid

OH HO O Polyphenol
HO Q O OH Phenolic acid ~ Flavonoids Stilbenes Lignans

0 i i
| ; R HO -~
Y7 Y~ TOH

3 | X&) | Pty

Phenol group Polyphenol \ l ‘ R

_a_OCH;




, N

=y
Anthocyanins “[?ﬁ; ettt wrmeeraae

Flavonols

r 3 | PHENOLICS

Flavones

Isoflavones m% + *

1 Polyphenols Simple Phenols
Flavanones ”W’éﬂ

Flavonoids

. ' } ! !
Phenolic 'Phcnoli: Acids Coumarins
Flavan-3-ols |+ o Tionins
compounds \gk (3 or more phenct Flavoaoids

subumits) ' ’
r: ™ Hﬂ\éo
Hydroxybenzoic S § | l Hydroxycienamic Hydroxyberzole
acids ~ * hcis aculs
. A7 R, hvdrohvzabie zon-hydrolyzabk 8::::0
Hydroxycinnamic. 7 H 1 1 s
ydroxyc N Flavazone
acids kodlzvone
_ L Py Ry Caeclin & Faavaeal
Non-flavonoids ) ® o Epicanechin Asthocyzadin
Polymens
Stilbenes " @ = @
'.',H, HEI‘_g OoH
Lignans .







Phenolic
substances

|

N
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!

!

— FLAVONOIDS ‘ Flavonols Flavones
Quercetin Apigenin
Kaempferol Luteolin
Isorhamnetin Diosmin
OCH,

!

!

!

‘ Flavanols ‘ Flavanones ‘ Anthocyanins \Isoflavones

Catechin Naringenins Cyanidin
Epicatechin Hesperetin Perlargonidin
Epigallocatechin Erlodictyol Delphinidin
o~ OH O

s [i j\ HO_ A .__._‘:-'-'~-‘

'|' ]’ HO. -, 0.~ %~ s R » OH _ : .
oo G Rl ey AR
Y™ L L o
— NON-FLAVONOIDS Phenolic acids Lignans Stilbenes
OH - . .
Caffeic acid Pinoresinol Resveratrol
Chlorogenic acid Podophyllotoxin Btarostibans
Ferulic acid Matairesinol
o — O
“DOH Mw_}] :,--H""w _0 o HO O C
MO o~/ [ L__DH
Condensed ks a
tannins - % Y m
— TANNINS Hydrolysable Y po
gallotannins Sl # )

Genistein
Daidzein
Equol



N
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Us:lgusUuovaisus:nouwuoa

= aisus: noUWUDaRalgslannslduaisuoandlasdu (antioxidant)
auaannsmaanmouu la: LUansmumsnawwus Jisus=nouwuona :
mHuwnmaoauuaaas (free radical)

»  SLduaisHous:IHetuaun

= Jiswuoa (C,H-OH) wutusssusituinguauonaiuRu Wuoaalduaiswy
DUASIELANANIKUVIA BLJUYIUSSINIDINISUDQWINWISILBONUDA €121 o

X - — (HQOC
l3olsAla:LuUANLSY 573 CeH),
= BuansAvdutunisauauaris TagtdlluaisAuru UovuAudnNnsenns
0oN3LaBUUDVAWA (lipid oxidation) 18U BHT o  Cf, BHT
= disus: ﬂauWuaauuoauq LU Tyrosine goldunsao:0lU ua: souaaLUu oH
asAwULINTUUNITURDUSE LRONIUWG o NH,
= QUADIUVIU LEU methylparaben Uowumﬂtuwaluwaﬂuatuas U Tyrosine Oy On
CH,

nmauumUuawsmuwasw LEoUUANLSY D\)lUUﬂUEJU?Uﬂ’]SU']U']WHUZU
LASDVEIDIVILANSAATUANUDUADILOULIALG WAawlsuudvwI=tou
a1sanavINSSSUBIGRINIGIUUSUICURUINLAUTU D10ADIRLAQNISUW

OH

Methylparaben



Intermolecular hydrogen bonding

H"\ H"-
O——H o~ o o~ o
H-bonding E | rL
H \O
= m el === == H - = =

Intramolecular hydrogen bonding W >

o-fluorophenol Salicyaldehyde o-nitro phenol

Intramolecular hydrogen
bonding reduces water

~ Nt
o N: e .
o solubility and increases
o ; volatility.
~

p-nitrophenol o-nitrophenol

B.p., °C Solub.,
at 70 mm g/100 g H,0

o-Nitrophenol 100 0.2 Volatile in steam
m-Nitrophenol 194 1.5 Non-volatile in steam
p-Nitrophenol dec. 1.69 Non-volatile in steam



AMsiSunBowuna

Goaney lSEJﬂC‘I']llHU\)FﬂSUE)UI’]E)EJﬂOD']ﬂ
msuaunUHuIaosaﬂuamaaanoaaomo

= UKUVDDIN (ortho-)

= COUKUVLWON (meta-)

= CNUKUVWIST (para-) asvinu —OH

auMeadg phenol HEDIEUNMUBDIAWN:

OH

Ol’ZhO-\ - ortho-

AN

meta- -
t meta-

para-

OH
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phenol
OH
o-cresol m- cresol p-cresol

(2-methylphenol) (3-methylphenol) (4-methylphenol)

OH OH oH
Ej/OH @
OH
OH

catechol resorcinol quinol
(2-hydroxyphenol) (3-hydroxyphenol) (4-hydroxyphenol)
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BDS:UU IUPAC
Udumsuounidryloasondacioogllu
AISUDUMUKLVA 1 wazchuKuvaaul
Wu 2 3 4 5 ua: 6 mwaaulagns
UUD1DUUMUHSDNIULTUUINWMATANTR
donddlaudini

OH OH OH
Br
Cl
F
2-bromophenol 3-chlorophenol  4-fluorophenol
OH OH
O,N NO,
H5;C CHj,
3,5-dimethylphenol NO,

2,4,6-trinitrophenol
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ASLOASgUWUDA

* Hydrolysis of arenediazonium
salts

NH, NZ=N:CI

NaNO,
HCl

arenediazonium salts

= Alkali fusion of sulfonate

U1 sodium benzenesulfonate Haou
sounuU NaOH NturnNiIgy Ltha sodium

phenoxide v rMMUASeAU
nsa [a phenol

N Cl H;O" OH
A
H3C heat H3C
p-cresol
SO;Na ONa* OH
+ NaOH —2=» _H

sodium benzenesulfonate sodium phenoxide
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N

—l —ll

H

= Oxidation of cumene . 4 he o
3 3 3 OH
CH, |C|)
0, H*
- - Yo, e,
Cumene Cumene hydroperoxide phenol acetone

= Reaction of chlorobenzene

Cl OH
NaOH d|I HCI
350 C NaOH

chlorobenzene phenoxide ion phenol



Unnsen or >
DY o iy '

v

wuoa o
OH
. Br,
Halogenation >
Br Br
OH
Friedel-Crafs CH,CH,ClL | \Q/
alkylation AlCl, HaC
OH or
Sulfontion H,SO, > /O/ 20°C to be ortho-
HO4S 100°C to be para-

OH

Friedel-Crafs
acylation

Ester formation by HSCV\CI ©/ I CHs

I
w
@)
g:o
o
v
T
w
@)
O::

v

acid halide

Ester formation Na
(Williamson) ©ﬂ o

v



Ester formation (similar alcohol)

OH 0 o) R
. 2 hig
R SoH 0

weak nucleophile especially in acidic conditions

CH, o) CHj
P ;
+ C —>
OH CH
OH o7 T
@) @)
| o ||
oH -, | LI or
H,e” Y07 cH,
OH @
salicylic acid acetic anhydride O%\\ CH
3

aspirin

O

©f\OH
0
PN

aspirin

CH,
OH
HNW4O

CHjy

acetaminophen

N
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Analgesic
Anti-inflamtory
Ani-pyrretic
Anti-coagulant

Reye’s syndrome
not to be use by
children with high
fevers

aspirin substitute
Tylenol

Kidney damage



Ester formation (Williamson Synthesis)

OvR
oA e O
H,0 O

acid halide

G w o

benzoyl halide phenyl benzoate
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Electrophilic Aromatic Substitution

= Nitration

Conc. HNO; tna polynitration

» Halogenation

Kyuslawuunun H AduKUY

ortho ua: para

* Non-polar solvent LnQ
cUHUY ortho HSD para

= Polar solvent 1nQ
polyhalogenation

OH

OH

OH

OH OH
NO.,
20% HNO,
—) +
“H,0
o-nitrophenol (40%) NO,
p-nitrophenol (13%)
OH OH
Br
Br, in CCl,

273K

2-bromophenol Br
4-bromophenol

OH

Br Br
3Br, in H,0
—_—

Br
2,4,6-tribromophenol

N
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N

Electrophilic Aromatic Substitution oL
» Sulfonation
OH OH OH ﬁf/\i} wa
SO3H Q/?/sgd @
conc.H,SO, . &= - .

20°C to be major of ortho-
SO3H 100°C to be major of para-

o-phenolsulfonic acid p-phenolsulfonic acid

= Nitrosation
OH OH

+ NaNO,

v

NO

p-nitrosophenol



Electrophilic Aromatic Substitution

* Friedel-Crafts alkylation

= Kolbe reaction (carbonation)

= Reimer-Tiemann reaction

(310S9U phenolic aldehyde

OH

CHj

)\ AlCI,
+ —_—
HaC Cl

H;C CHj,

OH ONa OH (|)|
@ NaOH @ CO, @/\OH
H,O H*

sodium phenoxide salicylic acid
OH (|)|
CHCl, H
3 KOH

Hydroxybenzaldehyde (Salicylaldehyde)
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Natural phenol occurring

H4CO

HO

gouna (eugenol)
wutunuwg tuns:Lws)

Gingerol

o
O OH O OH
HOQ/\/U\)\/\/\/\ HOW
HO (ONQ O-
OCH; duLlvosoa (gingerol) wutu Uv

WAUTEBU (capsaicin) (UWSA
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Natural phenol occurring

Curcumin- Enol form
C H

C H, 3
Curcumin- Keto form
C Hj C H,y

LADADIDU (Curcumin) tuudu

woulnisendu (anthocyanin) tUWBEUDV



N

PLANT POLYPHENOLS S\

CHALCONES FLAVONES FLAVONOLS FLAVANONES ISOFLAVONOIDS ANTHOCYANINS




Anthocyanins

Onion byproducts

OH O
Quercetin glycosides

OH O
Kaempferol glycosides

QA2
HOW Y7 07 N~
OH
Chlorogenic acid OH
v Antiviral v Cardioprotective
v Antimutagenic v Antiobesity

v Anti-inflammatory v  Woundhealin

Lignocellulosic byproducts

v" Antioxidant
v/ Antimicrobial agent

Kaempferol

OH
o Y

(/‘\
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