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Carbocation

Carbanion

Free
Radical

| H 3 C ‘*-..@f CH 3 T
H_?@ HaC g—l H.C” “CH 5
Methyl Primary (1°) Secondary (2°) Tertiary (3%)
carbocation carbocation carbocation carbocation _
- ADUJLADYS
~UInga
I ) i | o
least - ; L e LT (" Mmost
stable% R_Cl" - R Cl‘ > R C|‘ < H C|‘ stable
R H H H
tertiary secondary primary methyl
carbanion carbanion carbanion anion
H R R R
Yo \P R N
C—H C—H C—H C—R
/ / /
H H R R
methyl primary secondary tertiary
Methyl radical
2p orbital increasing stability -



Electron acceptor

Electron H B H F

donor \,//\ | |Eﬁ E}|
N:» + F >H—N—B—F

N VRN | |

H H B B H F

OARCAR
e~ 1SgnNIN
uonaldiwa
(Nucleophile)

A ' B if [ S R S
7 mmonia oron trifluoride CORRINASU e-
1SenI1 aanlnsiwa
(Electrophile)

TnurT NET —— NuE
Nucleophile Electrophile

H—O@/_\ H® > H—.é—H

(N S
“NurT NefLe ——  Nu-E :LG
Nucleophile Electrophile Leaving group

.. H . ..
H—NC?)/_\ H—(\o': H—N—-H -O-H
I )

—_—
I

H H
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Nucleus loving

Nucleophilic

UoAddIwa (nucleophilic) A
w:)ﬂnIULaﬂaumuHuonumm
HU']llUUUE)\)E)laﬂC‘ISE)UEI\)

1) waﬂnuataﬂmsaumomoaa
2) WOnADWUS:=AGUILUU &
3) wondiwolanasau (r) Uy
C=C

1SYNAILINMUANSEON
donaldlwa (nucleophile) HSD
otRoLanasou (electron
donor)

“HSLANASDULWD S VWUS:TKL"

Electron Loving

Electrophilic

olaninswan (electrophilic) Ao
waﬂnIULaﬂaumuﬁuomo
SLanasou lUE)\)D']ﬂ

1) UC‘HllHU\)ﬂSUﬂUDlaﬂC‘ISDU
[aun
2) WuUs:NOUdUUU §*

NN MUAASeNTN
olanlnsIwa (electrophile) KD
osudlanasau (electron
acceptor)
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Radical
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Nucleophilic
. &2 82 .y°
UoAdloiwanius:=y (Nu-) wsu Gl Br: H1 0
-OH, -OR, CH,COO0-
_N.- . 9. .. .0 )L._@
3 H,O. :OH R—OH R—0: R O:
-CN, HC=C" : - X > -
Cl, Br, I o o
HS™, RS HS. :SH R—SH R—S:
GoAalolwaniudus:n (Nu:) wEu
HZO NH3 N3@
NH,, R-NH,
H,S, R-SH
S S
C=N R—C=C:
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Electrophilic

S.antnstwanunalv (E) wu
ALCL,, BF,, SO,

5LanTnsIwanious:y (E*) 1w&u
H*, H;0*, R* (carbocation)

O - O O - O - 0 S O _ O - O S O
)Lm Aok )J\H )j\ )LOF{ )\OH )J\NHH )to-
Acid - Carboxylic :
Chlorides Anhydrides  Aldehydes Ketones Esters Acids Amides Carboxylates

the electrophilicity of carbonyl-containing functional groups



Leaving group

"D:zC1DU/HUY
D:C1DU/HSDHI
LNUA AKaaDdN
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HanLlD
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I Nu-
|
calle © © ©
©
Good BQ H,0
©
OK Cl AcO
Poor @OH eOR F@
(Never) © o
in Sy or Sy2 RzN RNH R

T

) Q) S,
Ie B? Cl TsO MSO@ H,O | F ACOe

10 -8 -7 -3 -3 1.7 (32) 4
pKa of the cojugate acid

Most of the time you can follow the pKa pattern fo
determine the leaving propensity. However, for different
reasons, there are deviations. For example, F~ is not a

leaving group since it makes a strong bond with carbon.

These are NOT leaving groups (for most cases in undergraduate courses), so whenever you see

them marked as "poor leaving groups", read it as "not a leaving group".



—® Chain

—® Positional

—® Functional group

—® Tautomerism
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1 4 4
HC CH H CH
’ \2 3/ ’ \2 3/ ’
/C:C\ /C:C\
H H  HC H

cis-but-2-ene trans-but-2-ene

?OOHE HOOC

C"ll E \\“C
H,c” L H 1 HY 7 Scn,

OH | HO



Enantiomer

Enantiomers Enantiomers
, ’ \ Dlastereomers X Diastereomers
| ) Enantiomers Enantiomers
S,R ,

Diastereomers

2 (15,2R)-8 (1R2S)-8
2-pusmun..,_h___‘h NH HoN
2 enantiomers :O cis
-
1-pusmunf”""" nb

diastereomers

‘ : diastereomers diastereomers

diastereomers

H, 2
enantiomers U trans
. .
'D HO"

(1R.2R)-8 (15,25)-8
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Uﬁﬁ§mmsunuﬁ (substitution reaction)

— Jansainisit@u (addition reaction)

|

Jpnsennisnda (elimination reaction)

ASEYINISVQLSYVCADIKU (rearrangement reaction)

I

AS810DNBLABU-SANBU (oxidation reduction)

I



asunun | v- |
-C-X - -C-Y + X
| |
WJuufAseNo:001
HSDRUWOABUUDY ’ .
Wwianardvgn | |
LNUNTQED:=C1DU H—C—H + 4Cl  —> Cl—C—Cl
HSDRUWOABUDUN ||4 él
chvoonlu i

H 0 |
” AlCl3 CH3
+ _—
H,e” cl



Substitution reaction

Nucleophilic acyl

Nucleophilic Electrophilic
substitution substitution
|
| |
Electrophilic Electrophilic
aliphatic aromatic
substitution substitution
| | | | |
SNIT SN2 Nucleophilic Nucleophilic
aliphatic aromatic

substitution substitution

substitution
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Nu

5" &
Nu-+ R-X — Nu-R + X

+ -

o
Nu: + R-X —>[Nu-R]++ X-

UHASEINISUNUNAI8TDAATDIWS
(Nucleophilic substitution)

4\~’|'=/2\1/'%‘r-
5

4

30N

: OH

4\3/£\1

H,O P .
: QH + HBr:

H—CI :Cl:
- \3)\1 + H,0

Bonds
Broken

hr 2 + ﬂaBr C—Br

M 1CN
ionic)

Bonds
Broken

C,—Br
H-OH
Bonds
Broken
C,—OH
H—CI
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Bonds
Formed

C,—CN
NaBr

(lonic)

Bonds
Formed

C.—OH
H-Br
Bonds
Formed
C,—ClI
H-OH



Nu  Aliphatic/Aromatic/Acyl —

(Nucleophilic aliphatic substitution>

DMSO
C,H,-Br + KN, ———> CH,-N; + KBr

CHe-Br + NH, ———>  C,Hc-NH, + NH,Br

(Nucleophlhc aromatic substltutlon

Cl
©/ + NaOH —> ©/ + NaCl
N

OH

7+ cHBr — > @ s, HBr
= =

(Nucleophilic acyl substitution >

H;0*
CH,COOH + CH,OH ——> CH,CO-OCH, + H,O
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(Electrophilic substitution)

5§
Ef+ R-X - E-R + X

Electrophilic aliphatic substitution

H O X 0O
R (I: (I-!R Lewis acid L
T ST + X, > R]_(I:_ C-R, + HX
H H

Ketone Halogen Haloketone Hydrogenhalide

Electrophilic aromatic substitution

H E
Lewis acid
+ FE > + H*

Benzene Electrophile Substituted benzene Proton




Jansenisitnunalegusana

)]

BV B —— -

L?H3 . rTﬁHS
CHeC f\\ﬁar —~ CHyC—Er

CH; CH,

CH, CH, CH{CH,

CH; C’F\rﬁr: CH, —= CH; r: r: CH,
CH3 I::H3 CH3C|—|
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QDR UVCADY

Wuansiududd (I
WUS:A HSD WUS:

au)

nAluladauaiw ndevdomuassaade
EALTH, COSMETIC & ANTI- TECH 06Y

olasdwusdu (hydrogenation)
WuUAasSeINISLAuD=0oUTBTASIDULWULTNU
lUlanavovaisus:Nouluauad

CH,=CH, +H, ——> CH,-CH,

SEENe

Ph-C=C-H i ph\c—-c’H e Ph :": E H  Syn N
h-C= Pd. = H’ - Sy Pd. = \ll ll-l Qddlition

c_‘{a;l:a.l ldS‘t intermecliate
(not isolated)



Unnsen
NSl

UfAseNansany

lutanamunnsen
nutnalduaisni
lianatkedu

asnIMUJASeN
CIQCDHKUVADY

Wuaistuducd (J
WUS:A HSD WUS:

au)
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woladwusu (halogenation)
lJuunasenisiua:=aausiqualaou (F, CL, Br, 1)
[tululanavavaisus:naulududd laguslalou
D:0DUD:LAULTNICIULRUVYWUS:ARSDWUS:aIU

H H H H
\ / | |
C=C + B, —> H—C—C—H
/ \ ! !
H H Br Br

Br WBr
@ e O/ " O\
“Br Br



Unnsen
NSl

UfAseNansany

lutanamunnsen
nutnalduaisni
lianatkedu

asnIMUJASeN
CIQCDHKUVADY

Wuaistuducd (J
WUS:A HSD WUS:

au)
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(olasvu (hydration) .
lWuunasenmsiauluanavavdn (H,0) wWntu
lUlanavovaisus:Nouluauad

H H H H
\ / |
C=C + H-O-H ——> H—C—C—H
/ \ | |
H H H OH
H OH (]
1) BH3. THF B |

CHsCH,—C==CH ~ —~—  CHyCH,—CH,—CH

enol butanal
(aldehyde)

2) H;O,, OH"

anti-Markovnikov

CH3CH,—C=—=CH
1-butyne OH H 0
H'/Hz0 2 ol | l
CH3CH2_C=DH T CHaCHE_D_CH3

HgSOy4
enol 2-butanone

Markovnikov {methyl ketnne]



Unnsen (olasusladudu (hydrohalogenation) R
A1SLAU WuuNAsgIMsidu:=aoulalastoulazuslatou
IWULUUTULaNauovaisus:nauliuoucd
UfAseNansany o~ " e Br or
N RAE H—b oF :Br? + :

Wwianarmugasen N i U UL e \)\ N~
nutnalduaisni

lulanatieddu /\ I\

LGIMUGAS H-cl _ © H H @
Aa1sNWINUANSEN o =ty HO o - . Lo

Q2(QCIDHUVADV H =

W0uanstuauc (i
WUS:A HSD WUSs:

Br
aiu)



Unnsen
ANSAN1YQ

UnAsenndnis
mdalulanatan
ooNvINlULanaans

avau lago:=0ou

HSolulananKkaa
DDNCDVDYN

AIsUouNdanu

= D1JJf

Asmdau (Dehydration)
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H CH, H CH,
| | H,SO \ /
H—C—C—CH; —=%> c=cC + H,0
| | 3 heat y \ 2
H OH H CH,
AsMIvalusidu (Bromomination)
H CHj H5C CH,
I I \ /
HyC—C—C—CHy Kw_‘) C=C + KBr + H,O
| | eat / \
H Br H CH;



Unnsen
ASLSYVCD
(KU

UfnsennLia
LUDVIINAS
VALSYVAIRUUDY
aisavaulagiunis
nNgDUHLLAN a
ngululana

)
—--)é'/\—:-

1
CI> ® 1. 2 - Methyl shift CH3
2° 3°
P
¢ o l i
5 o "o
T X
H H /H
C:C/ — H C C
\ N\
O H
/
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Unnsen
DoN3LABU-SANBU

UAAsennons
Jaguudavanio:
DDNBLOBUUDY
ANSUDU

Oxidation

PCC
H,c” > DoH

Reduction

> HiC

1) DIBAL-H
—>

2) HO

Reduction

O
/\/\H

@)

Oxidation

+ Cr¥
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Alkane > UnnsginistnilBU

ANSLWTHU (combustion) woaltAultnaunsanuaonsdLoula
DE€10SIALSD NRTUHANITIFY MtRualruWasullduuna
ASuoulaoonlvaua:un

an2n+2+{(3f;”Joz —> nCO, + (n+DH,0

H5C

s C;Hg + 50, — 3CO, + 4H,0 + Energy

C,H, + 850, — 6C0, + 5H,0 + Energy

@



Alkane > UfAsennisunui

UNaseiusladusdu (halogenation) usalnumunnseyisia A

(G TECHNOLDGY

uolawou (Br, CL 1) thadu upafausiaa (alkylhalide)

R—H + X2 Heat

UV light
Alkane Halogen

H

| UV light
H—C—H + H-Cl —
|

H
Cl, (1 equiv
 CH, SCheaul) _ chg
hv
CHa-CH, Cl, (1 equiv) CHy—CH,CI
hv
note that all
C-H bonds are < CHs . CH,
identical HiC~C~CH Cl, (1 equiv) HyC—C~CH,Cl
CHj3 hy CHs
O Cl, (1 equiv) O/C'
—_——
hv
.

> R-X + H-X

Alkylhalide

Hydrogenhalide
nalnunnsan
| |
G SHCC—H »H_Cl +-C—H
S ® |
H H
Methyl radical
| |
) e .
:C--Cl: ¥ “eC—H > :Cle+ H—C—H
.e w I_|| @ e IL

Chloromethane



Alkane > UfAsennisunui

{ulnsdu (nitration) WoullbudvUDAlAUNIUNUTDUDY HNO;
La=tKADIUSOUS:=KIIV 150-475°C Lhawanwaauoviulasuaalau

R-H + HNO, —A& , R-NO, + H-OH

Alkane fuming Nitroalkane water
CH, + HNO A CH.-NO
4 3 400°C 3 2
Methane Nitromethane

CHy-CH; "ZZ9 8 CH3CH,-NO, + CH3-NO,

Ethane Nitroethane (80%) Nitromethane (20%)

W ABE0E 0 UAZAISORETY
z TECHNOLOGY

wnrlulagiur
HEALTH, COSMETIC & ANTI-AGING TECHNOL

CH,CH,CH; + HNO; —> CH;CH,CH,NO, + CH;CHCH;, + CHyCH,NO, + CHyNO,

Propane I-nitropropane (25%) NOZ nitroethane (10%) nitromethane (25%)

2-nitropropane (40%)



Alkane > UfAsennisunui

galwLusu (Sulphonatlon) D:0DUUDVITTaSIDUUDVWUS: C-H
ﬂﬂununmaﬁu —-SO;H LpaLAUND: LﬂOLJf_]ﬂsmUaIWLuuums
d:p:0pUUDVAISUDUAVLG 6 D:0DUTUTU

R-H + H,SO, —A , R-SO,H + H-OH

Alkane fuming Alkane sulphonic acid water
CH, CH,
| A |
H,C-C-H + HO-SO;H > H,C-C-SO.H
|
CH, CH,

tert-butylsulphonic acid

WUAENISERITE
ING TECHNOLDGY



» Dehydrogenation (Msrda H) 1Aadu unafu

cat. N /
calor /

O
1o
—
= L
v —C—C—
- .
D
[Va) CnH2n+2
IS
163
> CHy
|
N HyC—C-H
|
ac) CH,
0
=
< _

cat.

> CaHaneoom + MH,
H,C /H

\
Pt, Pd
' C=C + H

catalys Y, \ 2

H5C H

Catalyst
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Jg p NstAadvuRIsuIGn (aromatization) NIstUagUlASVASTIV
— nND:-awaGdntduudisuidn upaltAunNdAISUDU 6 D=C1DUHSD
o ' —u — ~ — — ' '
g UINANDT LolasuAdIusoun 600°C tuani1d=NUJAILSY Wwu
— Cr,0; KSD Pt
rE Hz H
a HZCH!CHE 'THE' Cr0 HZCfC\THE Aromatization HGF}{FK}TH
Im | 23 | -
:% HECREH_‘___J:HE -Ho HEGRE;GHE i?:: HC%E_"’ICH
: n-hexane cyclohexane benzene
N\
3 3 ALO_/Cr O, “3H,
E U 600 C
—
<L
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H H H H
\ / |
C=C + H—H — > H—C—C—H
/ \ | |
H H H H
Halogenation (A1stQuuwolatou)
H H H H
\ / | |
C=C +cCl—Ccl —> H—C—C—H
/ \ |
H H Cl cl

Br
@ +Br-Br CH.CL
Br



Hydrohalogenation ((@lasualadusu) > Ast@iv H-halide e

H H H X
\ / |
C=C + H—X —> H—C—C—H
/ \ | |

H H H H

H H H OH
\ / I I
/ \ | |

H H H H

Markovnikov’s rule
"dpnsennmistautuoanu Wsaou (H*) v:i@ivavnAsusucdni H thi:pguinnga”



Markovnikov's rule

N

wrdood 0 ol
HEALTH msr(rl:sm‘n mmsrﬂ:mmmv

“UPAsenstaututaanu Wsaou (H*) d:1@iuavnAsuducdnid H th: aamﬂnao"

Markovnikov R
' 3
H )\

R

-
anti-Markovnikov H J\

AN
:Cl: CH
H—Cl 3
L BN /\)S(H
— D0
—h.-

“ o

H,C H



HydI’ObOl’athn (IansIULsuu) > Ujnsend H,O, ua:zlutsu (BH3) Wu bl
CDLSV lﬂOlLJUllE)aﬂE)EJE)anO’lllHU\)HUllDaﬂaﬁle) DU H Upgnd

borane

: 1. BHy OH
2. H,O,, NaOH :

1) BHa, THF {H QH
alkene / \ alcohol /\f\ - /?/'\ /7?\

hydrogen sodium 2) H30,, NaOH Enantiomers
peroxide hydroxide

syn addition

H

1) BH,, THF '
g -, - O
OH "“OH

2) H,0,, NaOH

Enantiomers

syn addition



Two new ¢ bonds are formed. e

_

HX
h | :
(X=Cl, Br, ) i (I y ydrohalogenation
H
H
i & > hydration
The n bond is broken. H,SO,
OH
l ) "
2 .
@ (X = Clor Br) » (:[ . halogenat|on
cyclohexene "
X5, H,0O | |
(X= Cl or Br) g C[ halohydrin formation
OH
[1] BH H
3 H L . .
[2] H,O,, HO™ g CEOH hydroboration—oxidation



2 HL N, .I'_l,.H
ot Pd or Ni: H"’F_Exﬁ, Full Reduction
Alkane
15 H\ ,.-'_ ' .
ool o G oy
Alkyne Lindlar's Cat. o = y
Cis-Alkene
Tk L u RI
Na/lH: .~ o= Partial Reduction
Rf \H (Anti Addition)

Trans-Alkene

Halogenation (A1stQuuolatou)

CaHs Br El-r El-r

— "y !
CoMs—C=Cc—H Bz o o= Bz ooty
zlow E-r"rr M'H zlow |

Br Br
H I
— I * !
H—C=C—H = o C=
slow h



Hydrohalogenation ((@lasualadusu) > Astéiv H-X (X = CL, Br, 1)

CaHs H |:|:| ITl
—_ ", !
CoHs—Cc=c—H — HEl o Y=g HCl L coHe—— C—H
=low Cl"r HH =low | |
Cl H
HaC,  H Br H
HaC—C=C—CHy —P20 o o= HEr

- H3C—C—I|Z—CH3

zlow E'r_-“r CHs =low |l_',r !

W 1AIS00A10I0UA=ASEEASY
& ANTI-AGING TECHNOLOGY



Hydration (lolasdu) > mstu H,O Wwawaanlagunuds:tnnuaalad bl

@
R—C=C—H D D0, 2
Hg50, R "CH,
terminal alkyne Methyl ketone
i
R—C=C(—R H23é25i04 g R/C\CHZ“R
Symmerical single ketone
internal alkyne
|C|) H
_ H,0, H,SO |
R—C=C-—R 2Hg564 > R/C\CHZ_R, ¥ R/CH\C/R

Asymmerical
internal alkyne

Mixture of ketone



Aldehydes / Ketones

R D H then HQO ,

L H H I e
H,0, H,50,4 ("Hydration”,
("Hydroboration")

OH
Q 0 H,0, HgSO04 H,S0,
)L ("Oxymercuration")
H R

H H Alkanes
e.g. O, then Zn, H@ R H ) ( H Fd/C, Hy
("Hydrogenation")
°='< R R

("Ozonolysis")

can also use KNMnOy OH \

Carbonyls via oxidative cleavage
(carboxylic acids)

R H Alkenes

Geminal Dihalides . R———R >—_—( "partial reduction"
r
— H R Na, NH3 "sodium reduction”
H3C%Br H _ H ny i :3 n
.q. H-Br R alkyne H H Lindlar's Catalyst", Hy

[also works with H-CI, H-I]

. 4 R R
proceeds via alkenyl halides / \
H Br

>=< Cl Cl G):_

H R cl—o—-c R
Tetrahalides R R Acetylide
e.g. Cl, (2 equiv) great nucleophile

[also works with Brp, 15]
Proceeds via alkenyl dihalide

FI>=<C I

Cl R
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UDURUETONGIRLOA:NAU
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(Huca:nauunldus 35MsuNuloNgUtyH

1) KAnASEATURSDRANWUTIUNDACTDY

2) 35MsAUdEUAINDNCDY

3) 3SoSungLBuwnanssy (3SUHUA) ﬁqnﬁao
Taglindudu a SUWY ua:3nautudonavds
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1) UASeNmIsunundedonalaiwa > ToaalalwarkinAdtn:AuaIsavdu

O,
Nu X = Nu
)(@

" SNI (Substitution Nucleophilic Unimolecular) natnv:tnadnnsen 2
Juadu Juusntdumsuancyavansaudu WUTUAKUASASINS
LAQUANSEN JufaovldunisriuasenngivsIatsd s:r3vmsSuLAaiDodu
golduaisusguanudonaloiwa )

= SN2 (Substitution Nucleophilic Bimolecular) nalna:1tnauinsen 1 duciou
lutnaaisyusaua
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 SNI1 unun 3°Alkyl halide
* LNQ 2 steps

ﬁ\’ ||? R * Step 1 A0
Nu- I e LNQ carbocation
NU- + R—C|§ — R-C-R| 3 + Nu-C-R
_X- +
R ' R
« SN2 unufn 1°Alkyl halide
H H * 1NQ 1 steps

| |
Nu~ + H-(I:ff — Nu-C-H
H H
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2) UfjAsenisununaiestaninsiwag >

= Asununddgdaninsiwatuaisus:-noulawian
= AsununddgdLaninsiwatuaisus-nouudlsuudn

L. DL

Q
Q

Jgnsenataninsiwatdnununa:aaulalastouitni=Audvtuugu

nalnunnsuiidaovuucou

. 5uusn aLanInswaldntnzAudVLUUGU naradumsSiuunai®oou
zjms&mm uaSULu&JuIaaau (arenium ion)

= Junaov uJuuunIUsmauHaoaaﬂIUmZHIoamuuzjunaunum
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Step-l : Reaction of electrophile with benzene to give intermediate cation.

_ E E E . _E
o [ e e | = (e
® @

carbocation
(benzonium ion)
(arenium ion)

step-ll : Reaction of cation with base to give substituted product.

+ BT —= @*

Substituted product




'."-. + -
H
H"-1 + + -
Step 2 fg%mgz + H,50, == MO, + H00 4+ HSOy
H
+ H H H
{_\ NO - MO, _ MO,
ETEF] 3 | -+ H[:]2+—h- " — L
o e e
H
MO, M5
= . — = +  h,s0,
+ 4
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1) Uansennsiivadaddnaloiwa >

. UuusnuanaIaIWauouwataﬂmsauLnnHuoa lZﬂlfT'I AU
ASUDUTNVIQTNVKTVUDOWUS: AHSDWUS: JULWoasv
vyug ‘KU Dt ZHawsussumLUumsuuutaaau

*  JufdovuAIsLuUlDDDUD:tHRUYAIWWIUINUINDU

R
bR ol
— /?—@O: + HG9
R2Nu
R,
—> R—C—OH
I
Nu
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2) Ugasgnmistaudaiedaninsiwa >

= Uuusnauuat\/\/mmm LJLAN=AWUS: anawus dliu
an anEJULUUWUS IwmmUumsquﬂmIaaau

= Jufaov aquuanuataﬂmsaunuaash HsaaquuanuUs:q
Wwhau d:=tgtn=AaumIstuLAai@oou

-
ot

—

Alkene

R
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a
+ HCSBr —
N\
H
Hydrogen
bromide

6 ™Ne

2

+ €—C <
7 I\

R, H H
Carbocation
i
18 %
Br H

Alkyl bromide



nalnunnseINIsNIva Ny

nAluladauaiw ndevdomuassaade
HEALTH, COSMETIC & ANTI-AGING TECHNOLDGY

. ﬂatﬂmoouuu ET Jaovdunou
. UUllSﬂ UunHUHaO (leaving group) 2onIUDINGISAVAU RtRans
momunawLUumsqunmIaaau
= JuRdov ASTULAOTDDDUDIRTUSCDULALUE

Step 1: Loss of leaving group  Step 2: Deprotonation

HC\ 5" CHa )i Gh,

S BT 5

Carbocation
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n ﬂatﬂmsmaouuu E2 LUUﬂ’]Sﬂ’]DOUUOaD\)TULaﬂa Na1dAD D:=1DUKSD
HUE) maunoaaOHaoaaﬂIUwsaUﬂu IoaULuauaaooIUsmautHHao
aaﬂtu nalnA1IsSANYQUUU E2 Lﬂouutuuumauma:)

Etmé@ﬂ
1@

H

>/l¢CH3 —_— Hacj/\t:H3

?i G “CH4

One step! Hydrogen removed must be "anti" to the
leaving group (dihedral angle 180°)
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E2 (elimination, bimolecular)

A H ~
C *Nu A H
¥
(|3 Cl3 H ——> (’l( H T’ \C=C/ + Nu-H
| >t £ N
X 8 H B X-
E1 (elimination, unimolecular)
A H
A H 0 no rotation \ o— C/ i H
|| At < 7z N
C—C—H O "
B Y }\, NS
X B X H/C\B rotation i ——{ & + H+
N



The mechanisms of E2 Elimination and Sy2 Nucleophilic Substitution Reactions

Loss of the

leaving group
/J\{
Forming a Base attacks
7 bond p-Hydrogen

Loss of the  Nucleophilic
leaving group artack

— X~ + Br- + HOH

E2 Product
Alkene

OH
S]
—— A o+ B
Sn2 Product
LG replaced by the Nu
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OH2 O e

®
—H20 Me= [ A

Me Me
m— protonation loss of LG
[t’f 1,2-diol J

1,2 methyl shift

A @®_H
O Loss of a proton ‘07
ool Me forming a ketone
pinacolone Me - e Me
a ketone Me Me
Me Me

nAluladauaiw ndevdomuassaade
HEALTH, COSMETIC & ANTI-AGING TECHNOLDGY



#Beckmann Rearrangement
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H+

[ - -

N . N
J|\ ] Ql\ “HO I
R-1 R =

H
oJ

O

R )-I\ R4 ,H/J\ . R~ ,-)\

1‘\‘__? R “\N) R H
H+

H



#Wagner-Meerwein Rearrangement
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CHy H CH; H
T N e .
CHy—C—C—CH + H—0—H =——== CH;—C—C-—0H, + H;0

. | .

CH, H CHy H

CH, E|E(\J3 CHy CH3—~—(|:—CI:+

| -

CH,4 CH; CHj

Hz:i/
CHg CHg
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