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Organic Chemistry Synthesis (Chem 451)
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- Michael B. Smith, Organic Synthesis, 2"9 ed, 2002.
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Multistep organic synthesis N IIOL

2000 NH

Ph” “Ph
COH (S)-BINAP

[ I H2304 [ ICOzMe Br\[ ICOZMG H,S0,, NaNO, Br\[NICOZMe Pd2(dba)3
MeOH MeCN MeOH N” NOMe 43%

35%

NaN02

H-oN N\ COzMe NH3 H,0 HoN CONH2 HF— CONH2 Nal, TMSC| N\ CONH2
| = | =
N~ OMe 87% 3% 4.3% N~ “OH
0.44%
2014
1. SOCl,
MeOH H2304 Ni Raney NaNO,
- 1
2 NH3-H2O 40°C 4h MeOH A, 2h = —20°C, 20 min
N~ “OH 89
rt, 12 h 48% 77% thenrt, 1 h 2

78% 30% (over 4 steps)




Multistep organic synthesis

Favipiravir 8181ul258 ansnulsafnaladn-19

2017 Scheme 3
[ ICOzH 550 [ ICOZMe Br\[ ICOZMe
MeOH MeCN
0°C, 8 h t, 24 h
70% 87%
H,SO,
NaNOS Br\[ ICOZMe - Br\[ ICONHZ
H,0, rt, 2 h t, 3 h
93% 94%
1. KF, BuyNBr
POCI,, DIEA C'\[N\:[CN DMSO, 50°C, 3 h 1
) o P o
o 1n N O S e, 2%
100°C. 4 h 5 3. NaHCO3, H,0 (over 6 steps)

70% 50°C, 8 h
60%




Multistep organic synthesis

Favipiravir 8161ul258 81s5nwlsafnialadn-19

2019
NCS, TSA, NaCN, Cul TiCly,
[N\ _orBSA_ C'\[ j\ C'T I Pd(PPho)s C'\[N\ G _+BUNO, \[ I
| I —
N “NH, MeCN H, CH2Cl DMF N~ “NH, CH2Cl
6 rt, 8 hor rt, 15 min 120°C 10 h rt,3 h
50°C, 12 h 87% 85% 81%
55-80%
CONH : 0 E
_KF, BuNBr 2 NaHCOj; | BSA'R=H A
L . TSA'\R=Me R AN
60°C, 2.5-3 h 60°C,1.5h 60°C, 8 h (Over 7 steps)  tro-etromeemossemossesosseoseseosemeooeioondd
60% 75% 82%
2019 _N._o N o 7) NaOH (aq)
| N KUKy j i (o /[ I 110 °C, 15 min_ E
c” >N “Ddmso e 2 ‘/ 1918 £ L(NHZ
% 'Q 130°C, 10 min &9
1 G Fluorine-19, 3
s ;ﬂﬂz Fluorine-18, ['°F]3 CoFIFavipiravie
/. 15-24%
basic condrtions""-\\. -CO,
\ N _.-o“\, (2 step)
1913F/[ I /)
/ OL:)

o}




Multistep organic synthesis

HO., COH

" O, CO.Et
= T =
N e |
e HO N
O, A~ OH O
/j/ . o
HN (-)-Shikimic acid

/&O NH, o 9
. o} CO,Et A/( ;Q)ko/\
Oseltamivir '
Tamiflu® /j/ J;j/ _— HN _
HN AO NH,,

Oseltamivir
Tamiflu®

v (Y] v (Y]
grdulasalvniaun
wazlundn 2009
NAMLABUSEN Roche

https://en.wikipedia.org/wiki/Oseltamivir#t/media/File:A_Tamiflu_(oseltamivir) capsule.jpg




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



