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Course syllabus

158.A. 63 Class 1: Functional gr. Interconversion |
435.a. 63 Class 2: Functional gr. Interconversion |I
8 5.A. 63 Class 3: Functional gr. Interconversion |l
11 5.A. 63 No class Holiday
15 5.A. 63 Class 4: Functional gr. Interconversion |l
18 5.A. 63 Class 5: Retrosynthesis | Quiz I (Functn gr.)
22 5.A. 63 Class 6: Retrosynthesis I
25 5.A. 63 Class 7: Retrosynthesis |li
29 5.A. 63 Class 8: Retrosynthesis |l
14.A. 64 No class New Year Holiday
5u.a. 64 Class 7: Pericyclic reactions Quiz Il (Retro syn)
8 u.A. 64 Class 8: Electrocyclic reactions
12 4.a. 64 Class 9: Cycloaddition reactions
15 u.m. 64 Class 10: Sigmatropic rearrangement
19 u.A. 64 Project presentation Quiz Il (Pericyclic)

22 1.A. 64 Final Review




Grading (50% of final grade)
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Multistep organic synthesis
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Multistep organic synthesis

> Linear synthesis

90% 90% 90% 90%
B C D E

Multistep synthesis

Overall %yield = 90% x 90% x 90% x 90% x 90%
=59%

> Convergent synthesis

90%

90% ;
90%
Y

Overall %yield =90% x90% =81%




Retrosynthesis

The Nobel Prize in Chemistry 1990 was awarded to
Elias James Corey
"for his development of the theory and methodology of organic synthesis".

“Retrosynthetic analysis”

Past method Trials and errors

Retrosynthesis Logical and systematic
Target molecule Building blocks)
(Desired product) (Starting materials)

The 1990 Nobel Prize in Chemistry (http://www.nobel.se/chemistry/laureates/1990/ index.html)



Retrosynthesis

hydroboration
—

H How to make this molecule?
(@)
Retrosynthesis
H  oxidation
>
© FGI OH

Forward direction

©/K 1. BH, ©)\ PCC H
’ o e
2. H,0,, NaOH OH  CHxCl, O

FGI




Retrosynthesis

Functional
Group Inter-
conversion

Retro
synthesis

Disconnection
protocol

Carbon-
Carbon bond
formation



Molecule of the day

0
o~

HoN

Benzocaine
(local anesthetics)




ORGANIC FUNCTIONAL GROUP INTERCONVERSIONS

Cracking (variety of products) [ Ry R 0, Agcat., 250-300°C, 10-20 atm (ethene only); other alkenes: RCOH in CH.CI
ALKANE ) > Se= ALKENE 2 a2

7/
" H, Nicat, 150°C, 5atm R3 Re A
Jd Polymerication ADDITION POLYMER
ols onl
Y

Hydrogen halide (sq). room temperature ]}
H,50,, heat {1° akoh: ly)
50, e . ETHER
HALOALKANE

l Y v
1° only: Cr,0.%, H, distil Cr,07 H, refux
ekt DS @ ALCOHOL D m— ALDEHYDE i .

Conc. H,SO,

Hot, conc. ITOH, alcoholic solution

Halogen & UV ight

=
<
Steam, 300°C, 60 atm, conc. H PO, cat
ALQ, 300°C, or conc. H_SO,, reflux

H,0,wam

P,0, distil
H,0, reflux

NaBH, (3, hest)or LIAM, (ether)

KCN, ethanolic solution, reflux
. ~\ u
Conc. NH,, heat in sealed tube 2" only: Cr,0,% H-, reflux -
s KETONE
NaBH,, alcohelic or alkaline aq. solution, heat; or LIAIH, in dry ether
REACTIONS KEY L 0

1° only: Cr,0.>, H-, reflux

- I
s ADDITION — > i
- SUBSTITUTION H- (aq), H,0, refiux
s OXIDATION ' 1 e
s REDUCTION
e ELIMINATION ».
e HYDROLYSIS

ACYLATION l(')  J
s3> ESTERIFICATION [ Lk, ether) o My mem e s o R monme o\ py” o, —

RNH,, refiux (gives 2° amide) 1
gy OTHER

<€
ROH (anhydrous), reflux

)

(ether’

LA,

Reflux, H* or OH

ROH, conc. H,50, cat

£,0, dstl

HO J
ACYL CHLORIDE pr =/
e 50Cl,, PCI, or PCl,, reflux

H,0 & acidbase catalyst

E<

NH,, reflux (gives 1° amide); RNH,, reflux (gives 2* amide)

©® COMPOUND INTEREST 2014 - WWW.COMPOUNDCHEM.COM @ 0 e e
Shared under a Creative Commons Attribution-NonCommercial-NoDerivatives licence.



Functional Group Interconversion (FGI)

** Alcohols

¢ Olefins

¢ Carboxylic acid and derivative
s Aromatic compounds

¢ Carbonyl compounds




FGI of alcohol

R-X
alkyl halide o
AACal Acid/base I . 63’{\0(\ R)L R'
\
ether of 60(3{\0“ Aldehyde/ketone
e
R-OH )
00" %%
\.\((\\(\3 alcohol ra Olaly bf)
\\\\6( duct n esteri- On &
R=R reauetion|l fication R~ OH

alkene carboxylic acid

O
A

ester




R-OH to R-X

Sulfonate ester Good leaving group

O X
R—O—§—R' —> R-X X =Cl, Br, |
(@)

1. tosyl chloride

thC=CHCH20H20H
2. LiBr

Substitution reaction

—CHj; (mesylate) mesylate  Ms-

—CF,4 triflate TfO-

OCH 3 tosylate Ts-

O

11
> Ph,C=CHCH,CH,Br C"?“QCHS

89%

O
tosyl chloride



R-OH to R-X Substitution reaction

R-OH ———— RX

Halides

R-OH to R-Ci R-OH to R-Br R-OH to R-I

- SOCly - PBr3, pyridine - Ph3P, DEAD, CHj;l

- Ph3P, CCly4 - Ph3P, CBry (Mitsunobu reaction)
- Ph3P, Cly - Ph3P, Br,

- Ph3P, Cl3CCOCCl3

E>\ PBrj @ Nitrile
R
o CHOH yiidine g CHaEr
53-61%
@CHQCI + Nacn 120 CoHsOH QCHZCN
reflux

9 or KCN .
HsC H CI3CCCCly H3C H 80-90%

H  CH,OH PPh; H  CH.CI
99%




Oxidation of alcohol

A /YO
OH
carboxylic acid
_ T strong No reaction
Incresing| | ~ % ttmomomooos
oxidation
state on (@)
carbon ~0 /\)k
more C-0 aldehyde ketone
less C-H weak/  No reaction
T weak T strong T
OH OH
primary secondary tertiary
alcohol alcohol alcohol




Oxidation

Weak oxidants

| X

O @

cI-Cr—0° "N
9] H

pyridinium
chlorochromate (PCC)

Strong oxidants

KMnO4

potassium
permanganate

/\/OH

primary
alcohol

A
ACO\? - 8AC
A

@)

O
Dess-Martin
Periodinane

(DMP)

e /\70

aldehyde

CrOg, piridine
Collins reagent

primary
alcohol

H2Cr04

chromic acid

KgCr207, H2804
KQCI'O4, HZSO4

CrO3, H 2804
Jones reagent

over

/\/OH No oxidized /YO

1. (COCI),, DMSO
2. EtgN

Swern oxidation

OH
carboxylic acid

Na20r207, H2804
NazCrO4, H 2804

Cr03, H30+



Reduction to alcohol

Oxidation

more C-O
less C-H

\ (0]
/\f
OH

carboxylic acid

!

NO
aldehyde

T

~_-OH

primary
alcohol

.

ketone

T

OH

/\)\

secondary
alcohol

tertiary
alcohol

Reduction

less C-O
more C-H



Reduction to alcohol

/Yo LiAIH, or NaBH,, _~_OH
OH primary
carboxylic acid alcohol
NO
aldehyde
O OH
/\)J\ > /\)\
ketone secondary
alcohol
O :
/\)k LiAlIH,
OR >~  ""0H
ester primary

alcohol




Alcohol to ester

O
Esterification R'—G-OH

carboxylic acid
Q Q
R-OH + R'—C-Cl — R-O0-C—-R'
acid chloride ester

Q@ Q
R'—C-0O-C-R!'
acid anhydride

Fisher esterification

9 acid catalyst (n)
R-OH + R'—C-OH ¥ R-0-C-R'
carboxylic acid heat ester
= + HZSO4 =
HO,CC=CCO,H CH;OH - H,CO,CC=CCO,CHj4

excess 25 C, 4 days 72-88%



Alcohol to ether

Acid-catalyzed

acid catalyst
2x R-OH > R-0-R
e.g.HQSO4

heat

ether

Williamson ether synthesis

base catalyst

limit to synthesis of
symmetrical ether

R-OH > R-O-R
R-X ether
base ,
R-OH —— R-0° A% R-o-r
ether

e.g. NaOEt/EtOH
K>COg, acetone



Organic Chemistry Synthesis (Chem 451)

Take home

- Make 10 or more flash cards

- Finish Homework 1 before next class

Department of Chemistry, Faculty of Science, Maejo University



Organic Chemistry Synthesis (Chem 451)

Molecule of the day

Department of Chemistry, Faculty of Science, Maejo University



FGI of Alkene

H OH | H H
\ b2 X /
TR TR

X\ /OH HO\ /OH
c—C Alcohol Alkane c—C
e 4 X

H,/cat.
Halohydrin \/HO Oso% 1,2-Diol
KMnO,
X X Ojor \
\_ .- \ C/ 20| /c=o
—_ 4
7\ / \
Carbonyl
1,2-Dihalide Alkene compound
TN
H X C
\C C/ /O\ C/ \C
- _ A e
TN A 2
Halide . Cyclopropane
Epoxide




FGI of Alkene-Alkyl halide

Halogenation

Br
|
RzC:CHQ + X2 —_— RzC_cl:Hz
_ B_r_ Halogen atoms are on
X=Br, CI, | anti-addition the opposite site
Example Cl,
—_—
H H
Hydrohalogenation
R, @ITI X@ )|( ITI
R,C=CH, + H-X —> C-CH, —> R,C—-CH, Markovnikov’s rule
H-X =HBr, HCI, HI Nucleophile add to more stable carbocation

+ HCI —_ >

Example CH,

H




FGI of Alkene-Alcohol

Hydration H,SO, QH ;

R,C=CH, + H,0 R,HC—CHs Markovnikov rule
Example H,S0,

@CHQ, —_—

H,O
Hydroboration
H
R,C=CH, 1. BH, _ RQHCI—BZ OH Anti-Markovnikov rule
2. Hz0,, NaOH Syn addition

Example

| CHs  1.BH,THF
2. H,0, OH-




FGI of Alkene 0

1. R-C-O-OH N15LHU hydroxyl group (2-OH)
: 2. HzO*
Hydroxylation
y 1. 0sO, OHOH
Cc=C | —C-C—
/N 2. NaHSOg4 | |
1,2-diol
\ 1. KMnO, (cold) / (glycol)
2. NaOH/H,0
Epoxydation—>hydration
o)
i HO =
\C:C/ R-C-O-OH > u--C/C—)\C--u H3—0+> ""\C—é/
peroxyacid { D { OH
epoxide trans-1,2-diol
Epoxidation hydration
Example
H._ _CH,
I 1.mCPBA, CHxCl,




FGI of Alkene

Hydroxylation
0s0,~>NaHSO; KMnO,~>H,0
Example
CHj - HsC
OS'O.4 OOSO NaHSO3 CH3 KMnO4 = OM /O HZO 3 4 OH
pyridine o O —_— Mn’ —
cis-1 ,2-cyclohexanediol CHs 3
cis-1,2-dimethyl-1,2-
cyclopentanediol
Example HICHS 1. OsO,, pyridine

HSC H 2. NaHSO3, Hzo




FGI of Alkene

Oxidative cleavage  n15én Alkene > Ketone

Example

1.0,
2.Zn, H,0*
R\ é /RI 3 \ R\ R|
C=C C=0 + 0=C
R 'R R R
KMnO, He0t /7
. CHs CH
CHs 2.Zn, HyO* CHg
cleavage=cutting
9H3 KMnO4, H30+‘

CH3CHCH=CHCH3



FGI of Alkene

Hydrogenation Alkene = Alkane

\ / H2 H\ /H
C=C > 1C-C
/0 N\ Pd, Pt, Ni /i N\

Alkene
Syn-addition

Example
CHj

Y

CH3 H2 B H
i: :CH3 Ni catalyst [ E; H




E

XN E* X
R—O R R—!
= =

E =NO,, F, Cl, Br, I, SOgH, SO,CI, R, RC=0

FGI of aromatic

Electrophilic substitution

Electrophile (E) Reagent
NO, HNO3/H,SO,4
Cl Cl,, AICI3
Cl,, FeClj
NCS, HCIO4
Br Br,, Fe
Br,, HCI
NBS, CH3;CN
| l5, HIO,
ICl, HCI
R(alkyl) R-Br, AlBrg Friedel-Crafts Alkylation
R-CI, AICl5
RC=0 (acyl) anhydride, AICls; Friedel-Crafts Acylation
acid chloride, AICl3
CH.CI CH,0, HCI, ZnCl, Chloromethylation
CHO(formyl) CO, HCI, AICl; Formylation

Me,NCHO, POCI4 Vilsmeier-Haack formyaltion




FGI of aromatic + I

E =NO,, F, Cl, Br, I, SOgH, SO,CI, R, RC=0

Electrophilic substitution

R= EDG R= EWG
(Alkyl-, RO-, HO-, X-) | (R-C=0, -NO,)

Substitution ortho-, para- meta-
Directing
position
EDG EDG EWG




FGI of aromatic

Electrophilic substitution

Example
OCH,
HNO,
—_—

H,SO,
@)

Brs

— =

FeBrj




FGI of aromatic

Nucleophilic substitution

Nitration Diazotization

N2+ Nu
\ HNO3 AN NaN02 Xy Nu- AN

c R ) . T
/ 2804 Pd/C HCI 5°C = 2

diazonium salt

Nucleophile (Nu) Reagent
HO H,0
RO R-OH
CN Cu(l)CN
Cl Cu(l)ClI
Br Cu(i)Br
I Kl
Ar Ar-H
H H4PO,

N3 NaN3



FGI of aromatic

Nucleophilic substitution

Example

________________

________________________________

________________




FGI of aromatic

Reduction

Oxidation —CHLCI

_CH2R
_CH3

—C-R

_CH3

Substitution —CCl,

—CN

Reagent

H,/Pd-C

NaBH,

Zn/Hg, HCI

hexamethylenetetramine

KMnO4

R'COgH

Cl,, PCl;
SbFs

OH', Hzo



FGI of aromatic

Example

NaBH,

Cl,
PCl,



FGI of carboxylic acid and derivatives

. D T o it ? K
Reactivity R-C-Cl > R-C-O-C-R > R-C-OH > R-C-O-R' > R-C-N-R'
0
R—C—OH O
R-C-Cl
o o, 0
R-C-O-C-R acid chloride R-C-H
acid anhydride O TSO% or  [ox] aldehyde
R—C—OH |PCI,
lR'-OH \ /
CII) R'-OH |O| [OX] R_OH
R-C-O-R' =—— R-C-OH -~
ester carboxylic acid alcohol
@) l A\‘Hz Grign_:h
R—&-H—R' reaction R-MgBr + CO,



FGI of carboxylic acid and derivatives

Example
—_— e
C,HsOH
e
H,SO0,



Organic Chemistry Synthesis (Chem 451)

Molecule of the day

How to make this molecule?

Department of Chemistry, Faculty of Science, Maejo University



Retrosynthesis

- Functional group interconversions (FGI) m'iLiJ?ilsJumgﬂ\‘lhf%Ju
- Bond formations 158519 UsY
- Disconnection protocol m'il,mﬂiw,aqa

- Disconnection strategy

- Aromatic compounds

- One function compounds

- Chemoselectivity

- Asymmetric synthesis




Bond formation

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,

45



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



Organic Chemistry Synthesis (Chem 451)

Disconnection strategy wailan1suanlutana

Department of Chemistry, Faculty of Science, Maejo University



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)

Lanaiiflauunns (@esrnumilouiu) Wdansouduisaasnny launainansdiaeaiu

______________

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 =




Emolecules : https://www.emolecules.com

Support Hi Guest User ~

W h e re to d i SCO n n e Ct ? eMolecules’ empowering drug discovery

Search and order from over 1.5 million Building Blocks
Building Blocks »»

4. uAnLAA1INAUNNIZB91Y 51ATQN

Bo ‘

Antibodies N,
. ®/
Acros Organics: http://www.acros.com 34
o®
Ooo
AQ
part of Thermo Fisher Scientific R Do o
HOME I PRODUCT LINES I ORDER I SEARCH I TECH SUPPORT l ABOUT US Login I E ‘
You are here: Home welcome, you're not logged in

Login AcroSeal News

New Video: AcroSeal Packaging Dual

Flash out-of-date €, ‘Tamper Evident Cap
Password:

Email:

@ Remember login

Login Register
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Forgot password
UPDATED FOR END OF 2016 - Discover our newest products, to support your chemistry!
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e New Molecular/Cell Biology Tools sizes and customer feedback.
* New Other Products UPDATED

Go « New Reagents UPDATED [ —

* New Screening Tools ChemSearch App
* New Solvents UPDATED

Structure Search

ChemSearch Ann

SIGMA-ALDRICH

A Part of Merck

200,000+ 500+ Featured
o . PRODUCTS v SERVICES v INDUSTRIES v
S | g ma A ld ric h . Type in Product Names, Product Numbers, ADVANCED SEARCH
or CAS Numbers to see suggestions. STRUCTURE SEARCH
http://www.sigmaaldrich.com CERT OF ANALYSIS
SDS SEARCH

PN A B0 —

52
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Organic Chemistry Synthesis (Chem 451)

Where to disconnect?

Department of Chemistry, Faculty of Science, Maejo University



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) 61un1siiin 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 : yansasnuninyileandunineniseguds ielydansigie

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 : yansasnuninyileandunineniseguds ielydansigie

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 6 : #aniagsn1siinasHauved ortho wag para lnan1sua (block) auntsnlifeenis

n-hexyl can add
Example Retrosynthesis n-Hex to o- and p-

OH
n-Hex\/

n-Hex X ) ©
02N ’\\ ’/.

NO
OH N C:OH =
O.N NO,

O,N NO,
Synthesis
n-Hex
OH Y
HNO, OH n-Hex™ ~ClI OH
—_— EEEEE——
H2804 o,N NO, Al onN NO,

-NO, blocks one ortho- position so alkylation occurs at only one position




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

Protocol 6 : #aniagsn1siinasHanwad ortho Wag para lnan1sua (block) dunisnlifeenis




Molecule of the day

Cl
\©\K()/\/NM62

Ph

Antihistamine drug




Add slide class 3 here



Organic Chemistry Synthesis (Chem 451)

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

Department of Chemistry, Faculty of Science, Maejo University



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 a9latlaand1d15n96U

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

68



ChEI’T\OSElECtIVIty wanviufisenanisngilandundeens
3. dowiylimilauiu Aasmsivivyidaslhidesndninufiizen

la Taens 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




arnA 7.1 wijinilay (Protecting group)

S Foaua
wefiu  wnfuniles e
Adwdun  Adadnsen
[ sailod o Acetal ﬁmﬁa‘lﬂé, e
RCHO RCH(OR), ~ ROH, H' H'/H0 B
oy Acetal (ketal) fonflalnd, we
RCOR/ RCH(OR), ~R'OHH'  HYHOQ FBaaaud
- :
ron ) \adwa3
RCOH RCOR CHN, HO/HO  wadow Binlasl,
i3 R'OH/H'
RCOCHPh PhCHOH/H' H,cat¥iaHBr
RCOBu-t t-BuOH/H'  t-BuOH/H'
RCO,CHCCl, CLCCHOH/H' Zn,MeOH
uaudnau
RCO, wa NN fndlolng
uwaanagad dwas
ROH ROCHPh  PhCHBrwd Hcatvia  Siinlanlw,
Nt BBr/CCl, W, aanBiodu
Acetals
THP H'/HO H'/HO e
MEM ZnBr2 wd
Esters
RCOR  RCOCIPy NHMeOH  Aifinlotvd
Wwd, sandetu
uoa Ether
AOH ArOMe MeSO,  HIHBr  waddinlainddon
K,CO, ED) BBr,

Protecting group

AT 7.1 (Ad)

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

BIG

UEUas ASAITING, 1IUNBY AIANTINEG, NAENSNITHIATIZAAITDUNTE,

NN, RUARASN 1, 2552

G



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

72



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

73



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

74



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

75



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



Organic Chemistry Synthesis (Chem 451)

Practice problems
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Organic Chemistry Synthesis (Chem 451)

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

A1519 stereoisomer UHRINNNNIIDN stereocisomer LHBIANN 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




Organic Chemistry Synthesis (Chem 451)

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

____________________________________________




