N 6 WV

LANDUNIIFILATIZH

Organic Chemistry Synthesis
(Chem 451)

Semester 2/2564
2.05. UeBan nang

E-mail: kpiyatida@gmail.com



Course outline

Retro
synthesis

Functional
Group Inter-
conversion

Pericyclic
reactions



Retrosynthesis

- Functional group interconversions (FGI) ﬂﬂﬁLﬂgauwyjﬂqgsﬁu
- Bond formations 15851995
- Disconnection protocol ﬂ’]iLLG}ﬂI@JLaqa

- Disconnection strategy

- Aromatic compounds

- One function compounds

- Chemoselectivity

- Asymmetric synthesis




Bond formation n1sasnsnuse

1. Nucleophilic substitution
2. Organometallic reactions
3. Enolate chemistry

4. Friedel-Crafts reaction

5. Wittig reaction

6. Diels-Alder reaction




Bond formation

1. Nucleophilic substitution

Carbon Nucleophile

Cyanide R—-X +

Acetylide R—X + C=C-R' —> R-C=C-R'

Oxygen Nucleophile

Water R-X  +  HO 295 ooy

Mitsonobu reaction C;)H PhsP, DEAD O2CR .
Py > X Inversion
R1OR2 RCO,H R1”OR2




Bond formation

Nucleophilic substitution
Nitrogen Nucleophile

H
RNH, + R-X —> R-N-R

1°amine 2°amine .
H R’ Non-selective
R-N-R' + R.X —» R-N-R' get mixture of 1°, 2°,3°, 4° amine
3°amine
o R
R-N-R' + R-X —= R-N-R
RI
4°amine
(@) @)
NHNHp
Amine R-X + HN —> R'—N — 5 R'—NH,
HCI, H,0
o) O
Phatalimide
LiAIH,,

Azide R-X + NaN; —> R'—N; —> R'—NH,




Bond formation

2. Organometallic reactions =R-
Organometallic reactions R—-X
M = MgX, Li, ZnX 0
R1J\R2
O
RLA

Organocuprate reactions  R,—CulLi

—CulLi

= carbon nucleophile

—> R_RI

1,2

addition R1$R2
R
OH

—_—
R1)\/R

—> R-R

1,4

addltlon

AA



Bond formation

Enolate alkylation

Enolate condensation

Friedel-Crafts acylation

Friedel-Crafts alkylation

Wittig reaction

Diels-Alder reaction

Ar—H

Ar—H

A

R'—X

PhsP=CR,

AICl,

AICl,

@
RJ\/R'
O O

Ar—R'
R_ R

R1

R2
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Disconnection strategy wailan1suanlutana
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Where to disconnect?

1.unn A lag15NlAT 519918V

A, wannaelulana

- = e e = ==

B. LLGlﬂ‘ﬁa’m’] (Branch point)

______________

s
|
g

_______________



Where to disconnect?

2. du1195 (Symmetry)

Lanaiiflauuns (@esrnumilouiu) Wdandouduisassnnu lounainansdiaeaiu

______________

J
«%
g
>:o

U

_______________




Where to disconnect?
3. Ufisenusaziuazaasla yield g9
oy 90% 90% 90%
(1) wnazvu Yield g9 A——> B —— C ———
Overall yield = 90 x 90% x 90% = 72.9%

50% 50% 50%

(2) LLﬁiasz?u Yield 6'1"'1 E ——— F ——— G —> D
Overall yield =
¢ 900/0 900/0

(3) Yield ge+n1saauasiesisy X ——— Y ——> D

Overall yield =
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Where to disconnect?
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Disconnection protocol

1. Aromatic compounds
2. One group disconnection

3. Two group disconnection




Disconnection protocol

Aromatic compounds

Protocol 1 : Auduiusuamyununvisaes (ortho, meta, para) WaansanauNITLANLUANATIWINN AL

Example Retrosynthesis \H@ C|
lk ~
O \( O o,p dlrectmg

para ©)J\ + BFY

m directing
Synthesis
Br O O
© Y CI)J\ A
— —_— |
AICl, AICl, =

F-C alkylation F-C acylation



Disconnection protocol

Aromatic compounds

Protocol 2 : Fanuanyyfediannsauusa nou (strong EWG) v EWG agvibvildnyduntulussenauy

AN
— @ — @
OMe OMe OH

NO, = strong EWG OMe = strong EDG
disconnect first 0, p directing

Example Retrosynthesis

O,N NO,

OMe

Musk ambrette

Perfume industry Synthesis

>L O.N NO,
Mel cl HNO4
—_— [EEE— - —_—
K,CO OM
OH 2 3 OMe A|C|3 e H2804 OMe



Disconnection protocol

Aromatic compounds

Protocol 3 : #a1saunasunsitasunyiteandu (FGI) Tiwvsngay

Example Retrosynthesis

s
ClsC

Synthesis

;

Cl Cl
o= 1J =
ClsC H4C H3C

0, p directing
) —
| |

NN

|

N

\
N\ 7

O e O
HaC ACly |y o PCls  cic



Disconnection protocol

Aromatic compounds

Protocol 4 : lynyjeziily -NH, Tunsifiaumvgunundunluluig (o, p-directing) 6i1un1siiin diazonium salt

Example Retrosynthesis
CO=H CN NH, NH, NO,
COQH ol N o
° OANCAENGIENGENGENG
m-directing o-p, directing
Synthesis

NHAc COQH

Cl
1 NaNO
O HNO3 1H2/PdC 1. Clp, AICIy AICI3 HCL  ° i NaOH
O H,SO, 2. Ac,0 2. HCI, H20 2.CucN



Disconnection protocol

Aromatic compounds

Protocol 5 : yansasnuninyileandunieniseguds wielydansizie

Example O
OH OH
@)
CO.H CO.H
@)
o salicylic acid anthranilic acid phthalic
anhydride
CO.H
SRS ol N CHs mesitylene
HO— T
o J el
ortho, meta, and ortho, meta, diphenyl
para compounds and para cresols
Retrosynthesis 0 e
CO,H

OH e




Disconnection protocol

Aromatic compounds
Protocol 5 : yansasnuninyileandunieniseguds wielydansizie

Retrosynthesis
o)

ot = o

|

o 7 0OH OH
CO-H . ,

)U salicylic acid
OH

Synthesis
o)

@)
CL ™ %o

OH AlCl OH



Disconnection protocol

Aromatic compounds

Protocol 1 : AUduRUSUamMyuNUNTIaes (ortho, meta, para) WaINaANsANAWUAITLANLULANATWINN AL

Protocol 2 : ldonuanyyfsdLanmsouwsss nou (strong EWG) ny EWG agyvinbvildudumnluluasentu
Protocol 3 : f#a1sanansunsiteunyilendu (FGI) Wivangay
Protocol 4 : lynyjeziily -NH, Tunsifamvgunundunluluig (o, p-directing) 61un1siiin diazonium salt

Protocol 5 : vansassuiinyileandunneniseguds e lydaunsizvise




Molecule of the day

Cl
\©\K()/\/NM62

Ph

Antihistamine drug
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|. A\cohol
@ nsdl\n& 2 vod dlcohol Wu K (oY 2% Jlghel)

\MAn HO é)t’ﬂﬂd
OH
& C%)é’ H =) CH N w
o, . oH} + H =
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2. Alkeve

O‘TG\‘I\\J WiHl’ﬁ yeackiown

€x >:%f—"\a -

Avalysis

7. base

L

( M6

N\

v
14

/—O

)



3 Ketovne

@@ Ohy\ lwlcme ( Ay j\ Ar) => l6 Friedel-Cyafs ay | ation |
X
Ex

Me _No
(=}



3. ketowve

(@D delust 34 c-C ¥4 A = ntwated ketove + PO

W

l,q—;clolih‘om V.
Avalysis : C,_l-l,;@ O
V)
CL“S C\AL(

6) @ M/&H’iOW
C1,4-addition )



@) Colbox & 3 dexjwatives

= I\ MsBY + Co

-CN —» —Cook H'/ho , On/

HLO



@ Catbex 3

@ WA VL 2,5-C-C 55

CN} % CH, - Coo R = uf)
1,
L%Bv
wtnesis
|- NaoE+/ E+oH

—
Cﬂb\%-& CH, (co, €4, 2 n ot
3

Malovate estey

CH3'6H2 - Co0o 4
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Retrosynthesis

- Functional group interconversions (FGI) m'iLUﬁiEJu%yjﬂ\‘iﬁ%Ju
- Bond formations N15@319NUGY
- Disconnection protocol ﬂ’l‘JLLﬁﬂIﬁJLaqa

- Disconnection strategy

- Aromatic compounds

- One function compounds
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Chemoselectivity \FanvhufAsenanzvyianduiidosns

1. sawnylanduiinnudashlimiiounu wynlindnaziialannda

H
N

NH2 ACZO
HO HO

-NH, 789lan31 -OH 16 amide Lila ester



Chemoselectivity \FanvhufAsenanzvyianduiidosns

aAan ‘ﬂl =

2. dowigmilaunu winaensiinuisenivyinen

Y

OH  Mel (1 equiv.) OMe
o -
HO K2CO3 HO

(1 equiv.)

o reagent : reactant 1:1



Chemoselectivity \FanvhufAsenanzvyianduiidosns

1
aAan =

2. dowigmilaunu winaensiinuisenivyinen

oy a ] v ] & v
Mla We product 09latlaand1d15n96U

NH, - NO;
= (7= C
NO, NO,
© HNO, ©/N02 H /P ©/NH2_X_> ©/NH2
H,S0,
NO, NO, NH,

-NH, 1114 reduction 1 -NO, wgi#1 2 \inlagnau

28



ChEI’T\OSElECtIVIty wanviufisenanisngilandundeens
3. dowiylimilauiu Aasmsivivyidaslhidesndninufiizen

la Taen1s block vyitlsidasnislminufizen (Protection)

R O O R
HQNJ\COZH " opn” \OJ\CI PR O)J\H)\CO2H
Cbz-Cl

Cbz = Protecting group

-NH, 7a1ln31 -COH
aaen15ldlviny -NH, iNaUfsen A9 protect wy -NH, #78 Cbz- group
inlving -NH, Jaslifagas



Chemoselectivity \FanvhufAsenanzvyianduiidosns

Protecting group * Tdw1e 1190098
* Livihiseniiu reagent Ndpsnstviniunyndesns

O OH

)J\/\’ OE! NaBH4 Ot

O O

? 0]
— )J\/\/OH

f949 Protect ‘m‘;j ketone 31NN19 reduction

o /M
HO OH O O LiAIH H.O
)WOEt OEt —— MOH 2, )J\/\/
@) 307 O

Protection Deprotection




arni 7.1 wijinilay (Protecting group)

IR Foaua
weriu  wnfuniles e
Adwdun  Aldaineen
[ salod o Acetal ﬁmﬁa‘lﬂé, e
RCHO RCH(OR), ~ ROH, H' H'/H0 B
oy Acetal (ketal) fonflalnd, we
RCOR’ RCH(OR), ~R'OH,H'  HYHOQ FBaaaud
- :
ron ) \adwa3
RCOH RCOR CHN, HO/HO  wadow Bdinlaslw,
i3 R'OH/H'
RCOCHPh PhCHOH/H' H,cat¥iaHBr
RCOBu-t t-BuOH/H'  t-BuOH/H'
RCO,CH.CCl, CLCCHOH/H' Zn,MeOH
uaudnau
RCO, wa NN fandlolng
uwaanagad dwas
ROH ROCHPh  PhCHBrwd Hoatvia  Siinlanlw,
N BBr/CCl, W, aanBiodu
Acetals
THP H'/HO H'/HO e
MEM ZnBr2 wd
Esters
RCOR  RCOCIPy NHMeOH  Aifinloslvd
Wwd, sandetu
uoa Ether
AOH ArOMe MeSO,  HIHBr  waddinlainddon
K,CO, ED) BBr,

Protecting group

AT 7.1 (Ad)

Feua '
: |1Inﬂli NUNTUAR
¢
! Niwien  Aldaineen
Acetal
AIOCHOMe MeOCHCl, HOAcHO 3 W, 3
: e siénlasinddau
w0l c
RNHCOR  R'COCI HO™/H,0 Sidnlaswg
H'/H,0
Urethanes  Chloroformates R’=CH2Ph sidnlaslwd
RNHCO.OR  R'OCOC! H, cat 30
HBr
Phthalimides  Phthlic NH NH
anhydride * o
1‘/108’&
RSH AcSR RSH + A . b
T RS DL didnlas g

BIG

UEUa AIAITING, 1IUNBY AIANTINE, NAENSNITHIATIZAAITOUNTE,

NN, RUARASN 1, 2552

=



Protecting group

1. Aldehyde/Ketone Protect A28 acetal/ketal

)J\ HQO )J\
) —> '
R™ R H,O* R™"R" H+ R R
ketal

H,0 )]\
PG o A,
R” H H0* R™H  H+
acetal
Protection Deprotection

Ua9nuan Nucleophile, base, reduction

32



Protecting group

2. Carboxylic acid Protect 78 ester

Example: N15894A512% peptide 310 amino acid 2 molecules

CO.H

. H
N_ _COH H,N
H2N/\”/‘\\ \[ 2 — H2N/\”/OH + \[
O Spp o Ph
Gly-Phe Glycine (Gly)  Phenylalanine (Phe)

A89n151i -COOH a4 Glycine U581 -NH, 89 Phenylalanine winiiu

—_—

H2N\[C02H CH,OH  HaN< _COCHz  Pprotect -COOH
Ph H+ Ph MY ester
Phenylalanine (Phe)

Protection

33



Protecting group

3. Amine Protect A28 urethane

Example: N15894A512% peptide 310 amino acid 2 molecules

CO.H

. H
N_ _COH H,N
H2N/\”/‘\\ \[ 2 — H2N/\”/OH + \[
O Spp o Ph
Gly-Phe Glycine (Gly)  Phenylalanine (Phe)

A89n151i -COOH a4 Glycine U581 -NH, 89 Phenylalanine winiiu

i 0
HQNWOH Ph-" 0 CI‘ Ph/\O)J\HN/\H/OH Protect -NH,
o o A28 Cbz-
Glycine (Gly)
(carboxybenzyl)

Protection

34



Protecting group

CO.H

. H
“N__CO.H H o (HoN
H2N/\”/\\ \[ 2 — H2N/\H/O + \[
© Ph 2 Ph

Gly-Phe Glycine (Gly)  Phenylalanine (Phe)

O

H,N
N )J\ OH 4 2\[
Ph-” >0 HN/\H/

0O Ph

CO,CHs O

H
H
. Ph/\OJ\HN/\n,N\[COQC .
O Spp

Deprotection ester

— e

2. H,/Pd-C
Deprotection Cbz- Gly-Phe

H
1. OH/H,0 HQN/\[(NTCOZH
° Ph

35



Protecting group
4. Alcohol
OH OTHP

Protect ¢i78) THP )\/\/6) — )\/\/\Br
Br

Cyclic ether

O OH

NaBH

- () (L
Protection o 0o LA,
—_— —_—
H+ )\/\/COQEt

OTHP PPh, OTHP
—_—

OH  cBry, Br
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Practice problems
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Asymmetric synthesis

o ¢ o . =
N1369LATISWEITNU enantiomer LAY

o) HOH .
H3C H 1O
ﬁ)ko"' Po H
NH, O
H OH
L-Alanine D-Glucose
amino acid a-pyranose form

Department of Chemistry, Faculty of Science, Maejo University



Asymmetric synthesis

1. Buanarsnedundu optically active  Example: amino acids, sugars

@)
nBu o)
/\I/\):O \E):O E— \E):O - Br/\E/E — HO/\E/EO

nB u —> nBu-CulLi
Analysis O

/ HO,C. o HOACa SINH,
0.
— HO , 0 — —
CO.H CO2H
S-(

-(+)-Glutamic acid

H
HOQC NH2 1N3.N02/HC| HOzC = OH H02C
. . o B —
Synthesis LCOZH 2.H0 COH \&

)
@)
L|AIH4 /\E>: Bry, PPh3 nBu-Culi 0 u/\£>:
—_—




Asymmetric synthesis

Ph
H
XNJ\Me
H

Chiral center?

2. 1N IUSEUINNVUADUNITEILATIZA

Ph _ O Ph _ o) Ph
)\ reduction Y )\ amide + )\
Analysis XH Me — CNTMe = Cl HN" Me

reduction Ph C-N Ph F-C o O
— a2 = = — +
HN® ~Me 0~ "Me Me
= J A
+
CI)J\Me
A
Ph Ph Ph
. Cl Me NH,OH NaBH
Synthesis = el e
y AICl, O)\Me HNéI\Me HzN)\Me
o)
| O Ph Ph
resolution Ph *J\C wH  LiAH, )\\\H
—>H N)\‘\|\|;||e —_— > N~ Me — N™ Me
2

H




Asymmetric synthesis

1. Stereoselectivity

A1516 stereoisomer URINNNNIDN stereocisomer LHBIRNN isomer 1
AnufAsela3ndn (Kinetic control) w3aiiautaiiesuinnin (Thermodynamics control)

2. Stereospecificity

nalnvesufnzenmiuadliaunsain stereoisomer LawuuLAg?




Asymmetric synthesis

1. Stereoselectivity

X(jo LiAIH,, >(©/OH >(©‘\\OH
LiAH, .
{ I
0] OH
W W WOH
10% 90%

Minor product Major product




Asymmetric synthesis

1. Stereoselectivity

O OH WOH
>(E:/r >(©, ' >(C

OH

Sl S~ Sl o

LiAIH, minor major Thermodynamic

control

LiAIH(OBu-t)5 major minor Kinetic control
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Asymmetric synthesis
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Asymmetric synthesis

2. Stereospecificity

SNZ RZ/‘\@
Nu
h .\\H

LG R1 -
back side attack

o
Et/_\
~ | VH OAc

TsO Me 5

R "Nu

Inversion

H Et
Me)\OAC

(S)



Asymmetric synthesis

2. Stereospecificity

3
H B R4 B R o R3
A — ¢
R2 —\‘ R2 R4



Asymmetric synthesis

2. Stereospecificity
®
B

/ﬂ Brfa‘ r‘j/\ g) Br B
-~ r ’,

Bromination — — S g

N S —>trans /—<

addition

Addition to alkene

R__0O ©
w//\;\ O)/—\
RCOH 5= Nu  HO, ,Nu
2 USE e i e g

Epoxidation o @] —_—

> cis trans
%\ addition addition
.‘\Q) /?20 _ HO;_<OH

trans-diol
- %o
7, NS S
(O o O - HO OH
Hydroxylation 0sO, }:\ 20H
Cis H >_<
addition cis-diol

T
T

X

Hydrogenation ==\ W

Cis
———— addition

T
T

X




Asymmetric synthesis
2. Stereospecificity

______________________

. Hy
STT— N\ — >
HO OH Pd/C

______________________

————————————————————————————————————————————

i . MeCuLi

____________________________________________




