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Regioselective reactions

Hwdration of alkenes with acid (“Markovnikowv-selective™)

CHg @ OH
H3C = HsO HO CHa H J-CHs
3 H H— - H = TH
H;C HyCc |
CH5 CH3 CH,
major minor
regiocoisomer regioisormer

Hydroboration of alkenes (“anti-Markovnikov selective™)

—1 H aH
CHg Ha, HoOo _CHg H CH
H3C.__— : — <h >|/I<H
\‘)\H >‘/ HaC

CH CHg3
minor major
regioisomer regiocisomer

dl 3588585l 23Ls[S Structural isomere Lguidl SLSLLl (o laslg Legs Laad Jany Jeladdl o ga3 5 Regiospecificity

LSO

o ¢l Uarmll elall lSLall (oo uxly g55 bade [y Jany Jeladl o gad g 2.21,all 25yl of Stereoselectivity
Elimination reactions E1, 2 cadad) cdlelas 3 bl sl v (o) (Sen 9 ope (e At lyall mlgidl oo loda Legs Junsy Jeladdl

wittig reaction adud Jelas B/Z clasgdll dai dos

A stereoselective reaction

Ab &

> ¥
(Epoxidation using H
m-chloroperoxybenzoic acid,  major minor
m-CPBA) stereoisomer stereoisomer

(attack on least
hindered face)
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[H,] H3C CH;  HsC H stereoisomers

H>=<H >=< (diastereomers)

H  CHj

HsC—C=C—CHj

) : OH : OH :
[H] H, H's stereoisomers

H,yC —> ue A He X .
3 \)LCH:, 3 CH, 3 \>\CH3 (enantiomers)

The Sy2 is a stereospecific reaction: a given starting material
produces only one product

The Sy2 proceeds with inversion.

H>-\‘L.-:.H20H3 Nu: 5 Hy JFH2CHs only product
Hsc | : Nu CH3
. (a 50:50 mixture of the two
iodides will produce a 50:50
mixture of the two products)
H;CH,C_, H .
3= >‘\\ . L HacﬂzcxH only product
H,C™ "l Nu” “CHg

laslg 4zl Jomy ol Jelazhl Capns g8 Aelazll solell 4uelyall a0l o Jelazll 200 5,400 Aag,ae 29 Stereospecificity

e yolall Jelazll 48 Stereospecific rection Jelas Jgas Loiad daslidl LS 40Ls oo Jlaill jasy 2l,all GlSLll o Laas

o 2uzlys alSlas 055 Of oS 9 Jelanll e Lmildl slgll § calisee ,5) £1,5 Sleo J Alelazll slsll § cnre (£1,8 Slas 33
bpsazs e las 9 dpuSee¥ mid cMlelas jull jlgs cMlelas SN2, B2 eMlelas Jlis Alhe wilSlas

Epoxidation is also stereospecific: cis alkenes give only cis products, and
trans alkenes give only trans products.

H H o

= - .at | duct
HaC CH, —_— H» 1H only produc

H,C CH,
'.o..
H CH,

>_<— > Hl'H"CHs only product

H;C H H4C H

Other stereospecific reactions:

- Alkene bromination (gives anti dibromide)

- Hydroboration (hydrogen and boron are delivered syn)

- Hydrogenation (hydrogens are delivered syn to double bonds)
- E2 (proceeds through anti transition state)
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oY) Ladsg JULI Jrwe (Jad Bas die (3 Bogasll dalisell A dogll clegomll Adlad cusys Ll (3,25 Chemeoselectivity
Badgll e esdy el il Bl Aadsgll e S AL Jolis ol dle 5 AdenSl) Aadsgll e Tl S o

4ls=sl
O, == Y
K/\ 100 *C ® N N
H

NH, toluens, reflux

H
H one equivalent Ac,0 Q\G\ 0
pyridine A NJ\
NH H

2

patacetamol

dapds e lely @l sue Jaad Lol ol Lisas Aadsg dcgams o ¥ Jead ¥ cslS 13) Ll Jelas adl e Js Chemeospecificity
9 okl e £L) alasial o (> @ Js=Sl degazma e swern oxydation (g ST Jlio dosiad) duadsgll oile gozel
Chemeospecific yay ¥ il 4alsy tlegame Sue amp O oSas gl LiAlIH,4 gl ¥

8,601 9 O (de podl ool Ae gl Jelas (o AnleasSI) &insadl I uaidsg dcgama JL53I (43 g Functionalisation
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2guidl Sleladl 5 3slall SLS, L ¢ likayol

EAPES] &szwg <le L oY1 &‘yi

-

doda

de Jysamdl 2y Lawlys 5 &gl GlS,all gl aleladl oo degazme sunms e 50all § ol gl deal (0S5
Jssamdl iy (flivo Sy audall Ladll a3 Gl juazs J) 28ls) J81 il ol 9 6a8l ales bl @l supus alSiw
Al ayiie plilsl Gob olmy) @ paklis Ll Claal cllla of LS. J31 2K 9 ST olws Lele

L“Ei QT ZLES_“LE:- OR dhade ;\33 ALY ‘3 éljﬂ\ aLJade\ 09 é_‘.b.e Bds 2&931 ] ALY ‘3 Lla bjo L.,Sb_u\ tLJa;,aY‘ u.a.lg
Wslpall Jae orpslanl llze @ Agasdl Sloshatll cl 03 g 1da .SHL i g lbagol g Y] Lagha] oSey ¥ Lo oiSHL gum Aulyo
LS sdd gl Gib (§ 9 wlS el sl 9 Jul=dl § (dlinsS)

oSt PC a9SI g H Ggiadl cads it Wslaed Jasdl Jle guabliall gosill oyl il mewd :Js¥ Jlell @1
Agiaall SLEU e (14610 (o J31) Bpdso

(gl gl Byb (§ 8593 Silusly clasSIN & Olewlad olonas eabu Gl Jlell §-2
Jan Galall dblugs cllatll Lls¥ cd)elas ga: ¥l -
Transition-metal catalyzed cross-coupling reactions

sleassdl Uy B0L5 @ ,mgan ]l W ploseiwl 2uds 3 Lawd=s @ @l lshadl ceale s 450N sLeSdl 9o Gl -
gl oYl Gk ol Jeall oSy, 551 meaty Lawlys 9 SLSA i ey g g 3oL3) I,la3 (Combinatorial Chemistry) auS,Lall
Aydadl 295%1 BLAIS) 3 Bees (S 1355 o8 Lia (o cliadiadl g o] Jlall leasSl JLell (o33

oabas 389 SLS i) SileasSI sl @ay LolasS delibao dlas psg i LlaN CSpll 2aLesSIl 20l s g

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 21| 164



[

ioola
6)liall
‘:;)2_” &Lﬁ‘ﬁ#ﬁ **
BEL T CIAPR B X

(Partial Synthesis) izl & lilayoY! -1

oSl Gl alasial ide pmll plbaa¥) Llas dared Autll 2laall 13 Aigsdl Gladl ply ¥ § dolaiaad Jual
Agllall SLS, U ) Ly goudandl guaall ¢ bl alusil e S s Laad 2ol 25 Il 2] 3 Lugnl!

G ol ol pans g.p bl Ll 4dd slsll puazma) LUl 2alall Llas 13 Lsudl sl Gyl alusial wd
(F10 bl aue 38150) Badoma Autlyd cilaisgs clles ddleuS

S, g5 Sy .(Dioscorea specie) il jusas (w diosgenin oSy e Jgvamdl @iy Apusdg piad! 2&.:35‘4’\ gl L
JW USCad) § Amsge ol e Aidi e Ogdgiindl wlgilal J) ol

0]
(1) CH,COOCOCH,
i) CrOy
(iii) H™ or OH™
HO {iv) Ho/Pd CH,CO0
Diosgenin Pregnenolone ethanoate
Corticoid Microbial / l \0;
orticoids oxidation Progesterone Andeogens SIrogens

(Total Synthesis) JSJ1 & Lia ¥ -2

el Ky gzl goumall plibaa¥l e Tolozel lacus 835250 lSpa gl cilbbise ang JSII gl Gyl § o
399 Alondl SLSL 5 llaoy cllabiss paosas (S 4] dag,ll 2adesll clegenll 5 Gign,SI Keldl sleasSs B Adyae zlimy
Lea oreolael cnlaes

9 e wlshs alaziul Gl S plilhol @i plilaaY! o goull Ida § :Linear Synthesis Jaskll & lilao¥ -2-1
Sl il Jl Jgsmsll (s> gl Slghs o Sglas S ae delazld SIS son Ll aasny JWL
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A — B —— ¢ — D —» E — F

90% 81% 713% 66% 59%

S e elial b audias Jo¥1 Al § iy g ldassY] (e gsill i 3 : Convergent synthesis cuaddl! Loyl —2-2
@il g Budall bl g lilagel § Sale it o Gledl ull JSAD el2Y sl puemes oy 26l Aoy Ll 8 o3 (e 9 dagiuas sl
(o s b lide 5 S dagisat sLU G G Jl § 5usls HST ¢ LYl i siay Lazslie 5 Lasars @ (o 9 e puiiad (esay
Ol gl 1da sty Gl paae> 300 e AST e Bgloal) liwsg all guluas Jlie Akl Aol @ Lazslie o5 00 9 521 puias
Fasll gl 3 dule sa Las (el 09Sy Ll 393,10

A — B —— C

90% 81%

73%

D —>= E ——> F

90% 81%

L yes 7o) 9 legazll sde cayyasll

:E."‘)'" tL«Ja.an‘ -3

WilesS OlSie (10 (393! acliba s LUl elelaal) blasos ais9 9 Lol @l Jdl caudl S uudi ga axll gLl
oo degazme e lo Jadyl bl jlas o g uslell Syl ey gLl clhlazs Sue ausg o Say 41 (] digiddl cumy Ayl

i | éﬂﬂl‘;ﬂﬂﬂﬂu/ : ulall g Lg,all
| uq:W
S

y Jull JLll § LS

Isomérisation /
Réduction

Condensation de

RWCOZEIR\(LO + fcozEt < Knoevenagel
R COsEt (.)H

R CO,Et
a > >< Nl =T i <>
—R
< _ > 1—1
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ALY uilagll LBISL (e B3l Blelpe e Audlato e i3 ol Sines diby Silegeme oo cuydll pubasall slpa] o (o
EN(EL

-CH,X  -CH,0H  -CH,NH,
-CHX,  -CHO -CH=NH
-CX;  -COOH -C=N
Llerd! e gaze -4

4y ‘3 sagaoll Ladsoll cilegazll wﬂﬂji Buslg = Loy ady alegaxs R Lt wlegaxs Qi dl L 5,LaY cex
A Lo g, 201 L SSel lelpe Lol Aegame slasl wie cam Sykl 1 e Lo Jelas sla) IS5 3 (e Laalen sy S,

Lasbom SLU duidsgll dcgonll sl ducgs

Laabe oLl & gazell ) g Loy (Sa >

(ool Jeladll bogyd § anls >

S legame 3l e il 090 5 uledl delatl) sl aay WY A >
ool days >

293l pads o Jelazll d>lhe sue 8305 Lggluw (e X
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Bagzsll Aadsgll cilegazll cal Llax Gyl s Losd )90u

NSl 5 Jatd) ) 9 Jeeal) ) Jie Llemed! Silegazme Jindl (o Bapud) SAY dad itk gyupd! 2adssdl Lo —4—1
35 A ds2sr Ausas Lo bigys § 0sSad Ll Ll ldsdlSs Jludul Jelazy clegazll sda JBa) o+ Jelewd) Jiise
Ayl Lyl eamd i) degame Lol Jigidl of Lia¥l (& Llax!l degame 0555 Lodie (a2 95!

NaH Hydrogenation

ROH » ROCH,Ph » ROH
PhCH,Br
Me;SiCl _ Hydrogenation

ROH » ROSiMe; > ROH
Et;N
CHl HI

PhOH »  PhOCHj,4 >  PhOH
OH"

o deted) sl ) Lbgoes e Miad sl ) gty 23 5 AliaSsn SO Zagdagll dlos @ sadiusSss SOl Aads ol les  -4-2
Ayl Ll @ sl ol ) agoetdl @3 13) Lol Gulol of (s alaiseialy Bylezedl &3] s gl S0 ol il
ROH OH"
RCOOH » RCOOR' » RCOOH
H+

9 @lignsIl o wlaandY oo S 4dlie Lles Slegame Lalell LS 9 e laY) pxad: Addga) S| Aadsgll Lles>  -4-3
1.3-dioxolanes (¥guSsl 63 3-1 A3l (o §yul 1.3-dioxanes oluSol s 3-T Al o) cus ¥l alaseiwly el

HsC CH;
Ho X _OH > o~°" > HO__~_ OH

SRS
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0 OH n + 0
L, S b no -l
RZ  TsOH-H.0 p'" ~p2 H20 R!

n=1,2

H
Huwﬂ

e
TsOH+-H QD
0 95 %

Cld g Bugel dagdsy ) Audead) dadagll Jigmi Lo Gyl Buay &udua¥l Aadagll Lles (Soy ! Ladsoll les  -4-4
Ssld Loy 391 (aem Lawy 3 Lol Aalnll Lbomll Aegazme Al3) o3 (10 9 padl i ys ae Ldelans

PhCH,COCI H,
RNH, » RNHCOCH,Ph ——— RNH,

Pd/C

Ampudl of wae> lawg @ L) L&l @5 Boc-NH i tert-butyloxy carbonyl alusiwls Loyl 2wl degezll Lla> (Say

LiA|H4 ‘aﬁ.yltb/\j ﬁ}.ﬁ.g.ll\ oy gﬁ\a) ‘A‘..\_'L’L.w\a

o)
EFJ“E‘D‘%‘J R—MH;

R—MH; + Bocd —— "N
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(Designing Of Organic Synthesis)
Haia

oo bl pe Lhons @i el Buass s Lilad 880550 &gl sl e Souls 4Ll 5l iles L GleasOl gl llas,
613 oy s Jil9s S S 5 lidaol siay 9. dl SOL ) 48U e cdlelLasll

oo ke 339 LA Syeld 2lasSI A1 oy 8Nl Lals: Bagall (e los Sye g liblais¥ Llisia aisgl Aalall 2Lkl cazad

st s Lylas 90550 sl sle ] Jyuasll o ool

el CByad Chl o Humio AST Llazg Lawlys pldy Ll L a9 gl S Warren @Jladl i (e alall sda jglay @5 il
(retrosynthetic analysis) a1l g lidasaWl Jul=3 of (disconnection approach) peadll &;lae

Lesal o Sl o0 Aegazmes Lo S Gload! ¢ bl Ll alasell aneny oF asias
LU e oSes sae S8 Gesany of P

OSan Gl 39350 (gadl >

Ta93,0 8% 9 1l J5¥1 9 Ju¥l e latll oty o >

Al Tl 9 8 ks JaY1 >

(Disconnection Approch) adaiill &,lis -1

el daisy 5SS olisllall S e Jginmeld Liad¥ 2o yall i oz ¢ LoD o1 Adg¥ slsll jlasl @z of (o d

Lolms 8580550 0585 0 5

gl lda @ Lels| Ul cilglasell dpases 9.5 Lidayad 2o Aol sloll wpums | U FPIPWES S
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I @l lae slelpe cMelan)l sia s | die
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Tz Jle 39350 93 Jeladl >
Ugny 2leasSI Ly puims Sy 5 2l 5 Jimdll A Jelaall il >
.(stereoselective) Lg.bs aslan) eMelas >

Syl Gl Y Uspe § Gebill Loyl 2ade 055 of wlall ! s § esseiad) clelazll e com >
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.(N-acylation) &) Jelas plasinly degine auuls Judlu JBob mowa sl Aegama 3929 o) 1l

CICOC(CH,), \I;l\/\mn:cu:u:l13].3

CICOCH,CH,CH,OCH,CH, \D\/\

NHCOCH,CH,CH,0CH,CH,

Juiad @iy Synthons el dyai eyl J) Ladaan clldg Lhauds (e Joady . cdudl S pald 3l Addl o0 a0kl sda 3llais
@‘(_SJWMC)*ML}&‘Q}&@QMW@J‘ Ll dlas () caelian e d=DA o 2> (S

Ay 93 ca sl eSS (reagent) ca &SI euly Byay Ara> Sye ] (Synthons) dzsLl 135 (e Busly S -Gogll e -Jems
RURUSERRE PRI I
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~R”
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Free radicals

H,C

¥ (559 9 Ledaw Wigmdin 055 9 9 ASIY 7 9301 e Lalus) el (de Jguamdl @iy Lia :(heterolytic) 3 boliutl e adsdall Lol
Lyl Ugmdn 01955 9 Slig ASTI cllas
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) + 3
R’ CH, _ _R?
1 T = pis + H,CT

Electrophile Nucleophile

Slalell JSa5 elelas e Talazel el g bl Js s Lyl Il (iay § auboanll olya) Sy

55—

Z = An electron withdrawing group
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Synthon Reagent Synthon Reagent
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® NG; i OMe
O
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0 0
C. ¢
— OCIII .r OC ]I +
HN™ + . + CGHO
H-N
Benzocaine | o |||
Key: IE_“I -
_ Indicates the real compound (derived from the /@” OH + CH.OH
H| =~ synthon) that is used in the reconnection reaction. H,N )

4-Aminobenzoic acid

Lme el Aegarme JU5o) el A2 oo 4l o 8 Toad S Al J8085 o Jiad¥ 3oyoll g i) die pubasall olpa) o)
O Al e Blgadd
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Functional Group Inter Conversion (FGI). ualssll olegazll (y JLan¥ >y (2 AL A L) (oS

I 1 G
H-MN Qﬂr\;
Reduction Oxidation
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Key: B i I

Indicates the real compound (derived from the CH,
|H = synthon) that is used in the reconnection reaction. ©/

degame Blaly Jeuol cnglotll 5754 puams L8 IS 31510 §3lams Sy (aaletl] 05ST 9 Al Ao game tie pubaddll el Jindy
Al 94 ] Jeles Aegazme A8LaLy din Gusdsadl ] 94
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{:‘Hﬁ HN03 {_H KMn\'} COOH /©/ COOH {:D‘D’EEH_;
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badll 4lae Sl pal aosy Jod b Lesd

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 32| 164



[

ojliall
Disconnections Examples of reconnection reactions
Functional group disconnections: p
Na _ R
Ether: R'-OH — R'—0" Na" ———RI—-0—R2
R_olpz — R—O "'R: Source of the Source ut“the
nucleophile elecirophile
For methyl ethers use dimethyl sulphate instead of Rl
Amide: 0
¥ - .{1" il
R'NH -é—CDR‘ —> R'-NH + R-C+ R'NH, + R*COCI R'NH— COR’

||| ||| Source of the Source of the
All types  Suitable acid ~ ™ucleophile  electrophile
of amines derivatives

Note: The acid anhydride will give the same compound but by a less vigorous reaction.

Ester:
/
R‘(:t;ah%L::IR2 —> R'—C+ + R—0O° R'COCI + ROH R'CO-OR’
Il Il Source of the  Source of the
Suitable acid ~ All types of electrophile nucleophile
derivatives  alcohol and phenol
Note: The acid anhydride will give the same compound but by a less vigorous reaction.
Lactone: Dr'rr{ o OH - 0.
:Lf co > < =0 { COOH — ( CO
Source of both the nucleophile
and electrophile

0998 — 0g)S Aylydl e adadddl 141

10553 Ol ¢ pubadall sz e ¥ (S0 9 CX Aay L) e (6T Slig ASIN Bulane Aegome 0 copilly pulasall elyz] Bole ccmgny
Bl Sl S (0s0)8) Adla (90,8 B3yl JiSaS e 1,313 (Synthon) agaadll oo Zamslill elia¥ 1Y ablall @S, asi
2l AW cama 3550 e Sgimy O cum 51 6 5l
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6yLiall
R R + 1
\IX\R] w_ . TR
Zi ’ 1 ithdrawi z {I:I' ll;I:I' ll;|:|'
is an electron withdrawing CH.R'
SO,R, CN. | — I — |
COOC,H; COOC;Hs| Source of the COOC;H;
Carbanion electrophile
Friedel-Crafts disconnections: RCOCI
0 0 or
: RCOOCOR
3{;}:'& — Ar & tp Sewrce of the ArH ArCOR
Ar R “R nucleophile AICI,
Ar = an aromatic system. The position of substitution will depend on the nature of the
substituents on the aromatic (Ar) ring system
Adjacent to a ketone: ] ﬁ
O o RMgBr R Codl - Lo
‘!-_! —> R + +g Source of the  Source of the R™R
R™ R “R! nucleophile  electrophile
Adfacent to an alcohol:
OH OH 0 OH
2 ! 2
2 2 + - R™=C + RMgBr R~ '4\
i, + R g
R ’l%r\“{k R ’% Source of the " Source of the p R
R RIII " electrophile nucleophile R
Aldehyde Grignard
or ketone  reagent
Carboxylic acids: CO, H.O
RMgBr = RCO,MgBr ? RCO-H
- -
R*? COOH —— R + CO,H
. C'Dl 2
RLi = RCO,Li — RCO,H
Source of the Source of the H
nucleophile electrophile Reaction work up
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AN i 2 G, ~o &£
Ao — ANcopt — S co
hydrolysis
1 ll
CHO -
‘chozEt

Lesd (FGI) Auadsodl cilegazll oy Jan¥ dayyb alusiwly csllall U Al § Aadsgdl clegaxll (o sie (e Jsvaxll on

AN e i (e Jgds en

Alkenes: By elimination of alcohols and halides.

HDj—é H' >=< b/ ou‘;>:<
H /%

Aldelydes and keiones: By oxidation of the appropriate alcohol.

Oxidation R Oxidati R,
RCH,0H RCHO N "CH-OH &’Ru‘:ﬂ
Primary alcohol Aldehyde Secondary alcohol Ketone
Amines:
Reduction ] Reduction |
R-NO, »R-NH, RCONHR RCH,NHR
R Condensation R Reduction R
RNH, + 0=C ———— RN=C RNH-CH
- 'Rl ‘Rl 1!
Useful one carbon additions to aromaiic ring systems:
HCHO/MCVZnCl, CHCly/OH™ _OH
Ar-H — Ar-CH(l Ar-OH : : = Ar_
Chloromethylation Phenols  Riemer-Tiemann CHO
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(Asymmetry in synthesis) 5lolal| pe <100 g llaol  -1-2

Azl e lyall oLSLll iad @3 (1 (non-stereoselective reaction) Lcl)s Llan) ae eMlelas alaseiul -1
e lpall SLSLl (o ladd usly couusy JSKhy (Jaad (I 9 (stereoselective reactions) Lelys aglanl eelas plaseiw! -2
PAPESY
Isomers
WEH
H-C-C-C-H :
HHH Constitutional Stereoisomers
HHH (structural) isomers (spatial isomers)
[ |
H-C-C-C-F o loow
(I
HHH Diastereomers Enantiomers | | |

Covng o C

F|F

Br/ N T \Br
Cl | Cl

cis/trans isomers

o CH, CH,y
/C= | ./C_C\ Conformers ’ CH, H H
H H HSC H
cis-2-hutene trans-2-butene H H H H

Rotamers

(Non-stereoselective reaction) L.g.cbﬁ aslan! pe odlelas alusiwl -2-2-1
Ll 2lamd e cdlelanll alusiul oo il
(diastereoisomers) 4.2 |,all SLSLll (0 3o >

[(enantiomers) (sl z23) asll o LSl e Sy >
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Jiod) tesiadl Gl cal o LSes aadl Laan oo Llad Jam Lo daline Aobps (eilas 26080 olSLL gus
(2 aelyall olsledl

(Fractional crystallization) 8132ell 5 54l -1

.(Chromatogrphy) s}l :,a1ll -2

Hamin panell Lsins 56 Llumd Jms Low BliLaia 2lid pmilias gl sl g cllias

el oSl Jl il alSlas oo ligSA sda Jg=3 e (resolution) paadl Lpasy oo (ousl ) @il @lisSe Juad dainy
AJE Aolaold Ladg A db.n —Slos e Ldelas M5 op0 &3 g
Racemic modification Pure enantiomer

consisting of
Enantiomers (+)A and (-)A

ce (1B isomer . Iwo Isomers: [(+)A—(+)B] and [(H)A-(+)B]

Diastereoisomers
(+)B \_ Separation by the
Pure (+)A = Pute (H)A-(+)B - use of physical
Regeneration of the methods
enantiomer of A
Pure (-)A = /. Pure (-)A-{+)B =
(+)B

el dadt gols e cSles alusiwl @z clliS 2elall lSiell @uwldl mill dhadl gaes Gl cSlas alusiul @

Enantiomers used

Functional group (resolving agents) Diastereoisomers Regeneration
Carboxylic and A suitable base, e.g. Salts Treatment with a
other acids suitable acid, e.g. HCI

(=) Brucine
(—) Strychnine
(=) Morphine
Amines and A suitable acid, e.g. Salts Treatment with a
other bases suitable base, e.g. NaOH
(+) Tartaric acid
(=) Malic acid
(+) Camphorsulphonic acid
Alcohols A suitable acid (see above) Esters Acid or base hydrolysis
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sl ST CSLll e Jgvamdl @1y 9 Asbinall Luatbas 3 s e slenedly bl 4lya)l olSlll mie ad @iy

190, dl 8 palasl ) Slodl 5 liba o) (8 2as all sl plusial eo% Auawldl c)lelazll alusiwly 38lsll (#1801l CSLll e (33l

dadz (e uely e B8 T CSLall e sgay o 4461Ka) ol IS %50 (2 Gilye SLal Gaumall dlaill Zudll 85 o
ST Sy 395l st Lea

(stereoselective reactions) Lé-"‘)ﬁ alan! oilelss alusiw! -2-2-2

oo ¥ L g gulad U0 Aarell 22 all LS Ll o sy oSlas Jaad @I cdlelanl) (2 cananlly Lels 2planyl cdlelasl]
1393, Glus @ oedWd! nllaall J) 8,20

2lan| gue oo 9.4 ],all cLSLLL o Lelys Sax! Jelas 595500 ey dee. l,ats! 4 ja, :diastereoisomeric excess

Jelazll 1

lia 2lan! sae oo s 9 .35l GLSLll oo Gelys Slanl Jelas 393,00 1oy . ec€. l,uais! 4 50, : enantiomeric excess

e laztl
A 2Nl il sda Sl @i

d ( yield of the major stereoisomer — yield of the minor stereoisomer)
ge.orde. =

= 100

yield of the major stereoisomer + yield of the minor stereoisomer

e.e.or d.e. = Yo major sterecoisomer — %o mMinor isomer

055 9 Lglude ceudy Aozl Aeelyall olLSLall o> G Jelad| ol de (%0) yaall Loludl dee. g ee. @8 Jus >
Ailye Al SLSLl sl 13) Tagaaly il sl

3L 989 Aeimll LSLL oo Tusly Gzld LSl Jael ud Jeladdl :of J (%100) axell Lgludl dee. 9 ece. qud pdd >
glate caudy S0 9 2etlyall LSl (o Lrspe Joad cdlelazll wane ¢ Lloe Eigusdl

Sl s o Jelanll AT Asusrdl CaalsSIl Alelazl) slyel) 2SI ALd! b Los JSo Jelanll mlid £Lall asedll il
L.ﬁ-“—.’.—*“‘) L?—:)A W ‘awﬁ’l Sl Fly 2 alS alusiuly but-2-ene Sy e JeuS 9y0ull 805 Joo| Jelas Jaay il

Liges Jlad e a9 .(meso compound) 9w S poll alusinly duds Gludl LS gy Jelas Jany
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CH, H
S CH CH; H
e~ HOs CcH
0s04 / i -—-_.I_[.3_l_)_.. \&C—C/ ’
O~ /A
CH —H Os
3ol 0¥ 20 HO OH
PN +
- 1 CHE/ o o HO OH
@i \‘\Q\(}f H-O \ f
4 L C i
The osmium tetroxide can Y / H CH-
approach from either side I_\.-n\C_C iy, ) )
CHy f AN H (#) 2.3-dihydroxybutane
H CH, (racemate)
) - 0s0,/H,0
Overall reaction: CHCH=CHCH, 4/t {Z‘lISCI[(_}HICHO!ICII3
(%) 2.3-dihydroxybutane (racemate)
but-2-ene (a)
Br™
g l\

CH; [/ B
/-"';C_qw /
B'! B_
S — /r, H SN :_“[H3__‘ /Br
" e \:‘:_—__
A’f ! \CHB/\‘ /C Cﬁ"‘u

Br, CH ~H/ B
The bromine can approach H VS "'CI[_1 Meso-2, 3-dibromobutane

from either side hl‘.r+
Overall reaction: Br,
CH,CH=CHCH; ——————+ (CH,CHBrCHBrCH,
but-2-ene (b) Meso-2,3-dibromobutane

bl sl e caslSll a1 Geas Jeladl] Gigas (8 § 2uklyd Ale) 392y die Grouzll [ielyd Slany Jeladll Jue
BUSCH-Br Sya plagiuly oot AT Jelas elyar] byssnlS g bl dolyn g § oz :Jlie

il Y coled) e aelall LY Cuuy ol ddae @ c¥eY! Calgr sl e e sl A8l Al Ll sda & e

bl JSy S Laaddl (e £33 puses cllies U JuSCAT ] 355 Los aiall (o il 1 oo couabael JSCa Jelaadl . JUlly
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Ph Ppi
co \, Ph py,
| P Co \
Various Fe. I w P Various

..T_C - - ) ) .
steps (4 ~ FE-....C C- “steps S.5-Captopril
+- CH A Co=cH;
L9 _[:-‘ 7 Y
'BuSCH,-Br 'BuSCH,

Unhindered reaction can only occur ) .
from the near side of the C=C New S configuration chiral centre

L daiad . Budl CSiel) Al Addl ) &uslyd bl aue 3She JBoY desil e ol il sl alusiwl (Sey
OF LS e lall oSl sda JSa5 Gyl Buoliedl bapadall cllad 2uwd)l quall (e paadl Loaa J) 2l 2elall oSl
& Lwd S8 52 U5 bopaddl) Bl 93 SLll 06Ss . Lelyd Glanl Jelas digas 2608a) coly LS ST paddl bl § G,all
S8 Lol a8l 03 CSLall JSAT Juaas J) Jelanl) 8yl (ads B dilly «gogs JSAdL) gl

Lty 3ybliatl pé 38100 gLl § dedsiwd| Zalall @ykall-2-2-3

Ledsiias caall o il o L/.:.\)s 8ylbliall e ST g lilas! 3 deasiud) cMlelad! (0 o> el Jlma dz g

é Blaize AL é)]a .GLh.éﬁj 3929 le‘; Z\.ﬁ..cb.n.]\ LQ:.QLE_B\ L? L(f)ir-LaS oy é).‘a Jl LQ.&_ﬁJ..‘an é).‘a.“ PR Ewa._\.v La ‘a}é_r.w

ailyd aolanl e Josamll clhawgll e sueiall Gyl -2-2-3-1
ELL.A.:).'TJ_LL C«LEA‘Q 3.5.&;.;).»1 ella g ?‘..L'z.‘@\ é)Ja_H sia L__? uia._y

Melss we¥gmtll sda (et Lpd  Sxtll 5 Azlall el bis e 5l Slor¥ e gsite 9 S sae L ey
Apaloed) Mol o) Jai Lise! 28La) ¢ LYl 5 50usY)
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MAMARA UNIVERSITY

Oxidation: {3}

(S)
P. oleovorans l
@_ o= @ /\> """ g R@"/\:’/\NH’H
OH

R = CH,OCH,CH,—

Reduction: Metoprolol 98% e.e.
Bdkers yeast Various routes to carotenoids and
other terpenoid compounds

Oxmsophcrone

(R} 80% e.e.
B804l il e Jblisll 2 38,64 (Configuration) (£1,411 sl detay

@31 e B ileS zlims a3 LS (chiral) ) Lelys 5lslatl e sl plagial &b (o Lobaidl el 2 Gylall ja

gl Balll (e Badg iliaS 7 LY

I Leelyd Jlaline pe 13S0 cllas 858y ogmets pods Luelyd 2alanYl clelarl] § Lodiiadl Aeasii¥ pd sllawsll (o sue jighas o

Apdas Lgae OlSis Apdas ae Lgac cludas plaugll sda oty Lt lyd Jlline ui 38,0 ey s

cl o a o
a CH,CYPhCH,/NaOH cl ©

A ) o
CH:0 CH,0 CH, *=-- 8 chiral

H
m [ 9% ee. centre

This starting compound is Variou\S\ » Steps
produced in the form of a *
racemate A
Indacrinone
(a) (a diuretic)
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0 Ph Ph

- _N‘\ (’N -

R- w M IR.25-(+) he e
(+) b e.e. o "o
©/ 6 An eumple of Ihe type of ~/\ ./l—\
IR, 258-{-) 59% e.e.  catalyst used in these (+) 67% e.e.
CONVErsions

ddra e e pdkiun Ml g(epoxidation)  aeuSso¥) JSAD Sharpless — Katsuki - Jelas ga dlell sdd cbdiwl uzg
ool ) L Gle oSles o Lelys bl 4é pguibul]

T|{D Pr)y . T1[D Pr}4 .
R o CHOH l'pyooH R’ CH,0H 'BuOOH R” CH,0OH
N/ CH,Cl, / CH,Cl, \ /
RI—C—C—pt! - - C—cC - -

T rlC—C— r!
(+)-Diethyl tartrate R.:f \Rl {(—)-Diethyl tartrate \D(

aelys aslan! e Jguamll slhawgll e Busiall pe Gylall -2-2-3-2
dl Gyl s Casihas Say

(Chiral building blocks) Li&l,s 8,lsbis e Lguly I8 plaziul -1

(Chiral auxiliary) Lelys 8,lsbxs e diclus Slegazs pliseiul -2

(Achiral substrates and reagents) L_L;\)s 8bolize 3315 9 adleS alusiul-3
:(Chiral building blocks) (1&l,8 5ybolite & gy JiS aluise! -2-2-3-2-1

LU s 3550 slacy 2ol 5501 ao Loy Jdelin &l 5 collall FLall assdll clles gely JiS alaia e sezas
bl S, 3 sllal
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MAMARA UNIVERSITY

Flall posdl iy g Gl S Lo Jguaxll (L-alanine , L-proline) (£1,8 ,slis e 3850 cllas aialsS alasiul @
gl

S configuration S configuration

CH o
H,N / 3 HOOC
COCl, b
co-o]{—-.;ua"y' f —U H- ] —_

HN 0 L Proline ¢y s

Cuj
L-Alanine (0] i
0 Ph Ph
P~ C00C,H, \ C”‘ H, I\I H §Hs
— S — C’ N
C,H:00C ¢ 1 Raney Ni - C,H;00C™ N >
0 ' COOH H o' toon
Enalapril

87 5y4d 393501 5,55 SLall (e Juams > Lielyd Jlanl Jelas sa gludl JUL § g lay! Jelas
(2la95:¥) 2uel,all LSl (o e JSAT 9 oy Gl Slen JSET O celaall (o Loaidl s il ol
(LAl sl § OME el G Az 3geidl edlelatll 9 Lealusial (Jls 3T e oSa

:(Chiral auxiliary) Ll.sbﬁ Byblite pf Buclus wilegome plaseiwl -2-2-3-2-2

Aadlas (6355 - £lyd L5 auie Spe clley Jaus Sye JuSad) (chiral aundliary) a5 il alas ae Lutlyd 81l 8565 Loy o
SLSLell uaf JSCa5 ) Selad) degezll 5985 itz Sl pue 3S0 (e dguand] J) Zalio ca2lsS pe Golad! Jopusll S
Bale) o Lasloiul Dlal (oS Gl 5 buelud) Zegazll AL Al sda @ Jelazll JLSiul w2 opé e Jinde JKdy 42lyall
Gslll Boyatll of Byslll alasiuly Llad (Sl oo u2ld alSlas Jans Lol 2lall sl jans 4ol 28K e Jla) oo Leoltseiu

ool ae (£hall CSLl o palidl elld way @iy

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 43| 164



[

ojliiogJl
1. _coon H.  _aCH,OH ", _acHon H, —o Li:
’ _ ) 2 2 ? - O Li

C,HC0),0
E/(N” LiAlH, E/(N“ (C;H5CO)y i/(N_CDCHJCH} 2LDA 6 —&

The substrate \C— CH;4
S-(—)-Proline The chiral O 1 -

auxilary H
N\ 0.—\5 CH,

N——< . 9 CH

rf 3 2
) H N H + I — CH;CH,I
e /
CH;CH1 CH,CH,
H “,, aCHOH
HOOC —Cla N—CO C,Cll;
ic aci o < wH Hydrolysis T
2R-Methylbutanoic acid (84% e.e.) CH,CH, Chiral auxiliary removed CH;CH,

:(Achiral substrates and reagents) L&lyé §,llis 356 g algS plasiwl-2-2-3-2-3
(F8 1L aue 3S1e ST ) 355 o oSer @1 g Lielyd ,aliall 356,01 5 o sl oSl oo S sie s

O ol 958 -2 LS 5 R sl cSLell (o awsly e sl I ell) oS (aacd Aulido ASIY A3LaY) Jaai 1 lia
Aaelall 2oy, 2l cnslad! YIS oo Jguasl] Liglude Layd clles 28LaY1

~—H
e H
Il —_— |
C C H

H i, 1

Butene a Cl ‘-.._C/__.C:Hs

H

o0 mie e Jysamdl Jl> 39 cqiidl Al e Lels Slanyl plilaaY! § cdlelatll oo Lol lda pluseil (o 55001 dazal
4 S LSl ) ) sl Juad Ugiw gte e B5Lall daxad i Tl of 221,40 S LSLL
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-
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aed iy 9 audaaall 4lal dake Jindl d8pal elld g Bz § Cnddby Cnie ozl (qudll a8oll wgudd luyde caduatll da azay
A LS,

bl asls 31 oSV
dalell asls 41 olS V)
dadsoll 4505 -5-1 wlSye 4
dadsedl 4ol -3-1 oSl -1

b Lesd Ll altal i 0pmSIl (pe LMl pigas (3 (5Slay Bugie Aaglasll 285 -3-1 wliSpe uzgy

on Rq OH O NH3 OH NH»
| /J\HL NaCNBH3
—_—
R Rs OH NHp Ri R reductive M Ry
R Ro amination Ro
2 Ry R3
A\ & Re OH ©O OH OH
OH OH NaBH,
Rs OH O OH OH H,/Jﬁ/kna —> R R3
R; Ry 2 R carbonyl A
! R? Ry —— Ry Ry 2 reduction 2
1 OH ©O base

E heating O
_—
H])\l/u\ As A /\\‘)I\ a
o E2 3

R, elimination R,
R'I/\\‘HJ\ Fl3

Ry OH O R4MgX OH OHR3
Fl1)\]/LL Ry 12-addilon M Ry

Ra Rz

Rs
OH O " on 4
PN . |
—_—

Ry Rs Wittlg Ry R3

Ro reaclon Ro
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Jod¥ Jelas § pusiad dpaine olidlSe cllas @1 g synthons ¢l3213-2 dayl,U adaaall 2las Jass

OH O OM

O
Ry +eHLn3 = J e,
1

Ra2

Aadsell Aol -4-1 LS -2

59dy 291 o Ayl alad O (> 3 Aadleie pe LS g duaine L8 clles (&1 g synthons el3213 92 o alayl | alad Jasy

4-1 a_é,ub;ﬂ ‘_;1
O Rs 0] R; oM
2 a —_— Br
R1);W H4 |:> H‘l/uﬁ@ e Kl'rm — H1 + = R4
Ro 0 Ro O Ro R3
2 reactive centers
BAD DISCONNECTION

O Rj R3 OH E Rs
_ x
H1 1 2 3 4 R4 :> R)Ie ®NR4 — H«])\(_/? (H.rm
R, O R, O R,N R, O

Baudngl 2305 1.4 =L el By Bl e Jpunnll o Buiulog Ao yoml Aacull A5 11 gl g

Rs
— | Re — Re
FhJ © ®(H7/ = CuCN M
Ry O

0 n:g RB

H)‘Kzﬁl\fr ) m— RAL#\F(H‘

—> n/g A, —> n/g \[R
Ry Rz }

Aadsell Aol 51 LSl -3

4-1 L Awlal 2l Jany 392 oy pubaaall o)
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Ry Ry R, R R, R i
A A O e e 2 e
o o Ry O (o} Ry O [0} Ry O Rs D

3

Ox P ® R, Ry

Ra Rs o, Rs 1) H;0
0o o Ry O OMe R; O -CO, O Ry O
3L elld g calily Al (e Jlda¥l i (de Jgsaxdl Sy

Rs
R R R
1 1)03 2 4

R4 —_— R11 2 3 f < R5
2) Ho0O,

Rs

Ry O Ry O

Fuctional Group Interconversion ailb ol (o 51T Jlasy -4

AL 2 § LS JSLal e ol o 3 ols¥l aas 3 oy 5 ilasa¥] J e sats BaL5 0

Me  Bag Me
N N L poyallyito
PN e Ph™ “NHy * " me akylatlons
M
Me 0
reduction . Good AN\ NaBH, e
A~ N P NH, —
PN e — ph/\Né\Me — Me)LMe E1OH PnAN)\Me

2liaa e -lignSIl — Sline¥l (2 LS (e degama b Losd Jolidin
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I LGy danzrad) Gl (o e (oyaiude 2l 2agdsy (e Ly § Lniall Clua¥l g daplall LS, (e dyuadl gos
Jord wlignsl CARWRL AW S TIRPS-5.1 glmyl Gob oo anly dladiuly wILd! e ) oYl e Jgsaml oSy Eao Ayl
Sl gyl of 5 LSy gl Ausla¥] Al Gl o liaad]

0
J
R
VAN
0 NH, N
3
R {3
\)J\NHQ R |:> R)
A4
NO,
R
R X ———— > RN, ———= R NHp
? Nhs AN
— NH
R) NaCNBH3 2
NaOH
i Brp AN
R\)L —— > R” TNHp
NH,
Pd/C
RTONO, ——(—= R7 NH,
2

ligusd! -4-2

MLl gl 2-1 28Ul Weinreb amides g cilagal (o Bl ol 8uusSYL c¥gmSIl e BMail wlisnSIl e Jgvamdl (Say

Zu)ﬂ\_, U3 g = LS Y
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OH 0 )OL 0 Dess-Martin
— — ,0\ : R or IBX
Me R” “OH > )L
R Ry
I -
0
R R 0 HN, ,-Me J\ RyMgX 0
Ed ~
) O e " ——
R OMe 'L'e R R1

9 Juiss,STl Aegaml 2udlly Lall adsll 8 Lo Auaidsy legame Bue o) c¥leisl zidy Auiadl @ JuissySl degazs 929 O]
. Cross couplings zolAll elelas &,k e 8]0 ¢35 e AlSGal 8oL 9 B O99,S— (99,S Lol eSS JWL

0 LDA O
R . - .
R J‘k/ R RJ\( a-functionalization

RyX

R,
R
j\/ﬁ LDA I R —-R1M 1 R cross coupling
—_— \
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(N B! =
H COOH ' Q‘COOH
H -
( )-a-ka‘!nic acid a-amino acid proline
H Key step: formation of C-C bond
-/{ /COOH
/(NLCOOH
Alkylation at nitrogen easy A

enm

/
A 7% X )
. 5 \A / /
N’ YCOOH N” ~COOH HoN" ~COOH HN” ~COOH
H H Br
methionine

X = H: Ene reaction
X = EtZn: Metalla-ene reaction
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BzHN reflux
(sulfoxide pyrolysis) The elimination step works best with the more stable Bz-group,
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1.BuOCIHOAc  Cl KOAc OAc PBry OAc
2 MeOHNaCOy HA/OH Nal AOH P
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*Tetracyclines

Bacteriostatic Antibiotics

*Spectinomycin
*Sulphonamides
*Macrolides
*chloramphenicol

*Trimethoprim

Bactericidal Antibiotics

*Fluoroquinolones(ciprofloxacin)

*Glycopeptides(vancomycin)

*Penicillin’s

*Cephalosporins

*Monobactams

*Carbapenems
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—an enzyme that '
binds NAM to NAG

during cell wall
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C O-C -COOH
COOH Va Q - NSO
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Synthesis of bumetanide

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 113 | 164



[

ojliaJl
MANARA UNIVERSITY
Cl—S05 Cl—50; "
CISOzH HNO3 Q 3
m-@—cocu—u = m-@—cmH —— . ¢l ooH @ ——
2141 02N 2142

ON 5143 OMN - 5144
HzN =505 CaHaOH / HaSO HaMN =502
4
Dol oo =50 Dol ooon
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Synthesis of furosemide
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Synthesis of chlorthalidone
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2-Chloro-5-(3-oxoisoindolin-1-yl)
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(Stage III)
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Cl Cl
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In-plane-bending

scissoring (ss CH») rocking {, CHp)
~ 1465 cm’’ ~720cm’

Out-of-plane bending

\/

wagging (& CHy) twisting (; CHy)
1350-1150 cm’' 1350-1150 cm'!

181980 dag ) ) ALY <l ) A Y awdi
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:Twisting &/ 4
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In-plane Bending Out of plane bending
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R-CH=CF, or R—CF=CF2
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WU Largpied) agill IR — Sblae : 1-Jgur

Wavenumber (cm™") Assignment
Alkanes
2960 Methyl symmetric C-H stretching
2930 Methylene asymmetric C-H stretching
2870 Methyl asymmetric C-H stretching
2850 Methylene symmetric C-H stretching
1470 Methyl asymmetrical C-H bending
1465 Methylene scissoring
1380 Methyl symmetrical C-H bending
1305 Methylene wagging
1300 Methylene twisting
720 Methylene rocking
Alkenes
3100-3000 =C-H stretching
1680-1600 C=C stretching
1400 =C-H in-plane bending
1000-600 =C-H out-of-plane bending
Alkynes
3300-3250 =C-H stretching
2260-2100 C=C stretching
700-600 =C-H bending
Wavenumber (cm™") Assignment
3100-3000 C-H stretching
2000-1700 Overtone and combination bands
1600-1430 C=C stretching
12751000 In-plane C—H bending
900 —-690 Owt-of-plane C-H bending
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Wavenumber (cm ') Assignment
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ELE N

35503500
13060 — 100
1100

20— 2T
1740-1720
1730— 1700
17201680
17— 1680
1750-1730
17301705
1310-1250
13060 —1 1003
33002500
1700

1430

12440

930

1840 — 1800
17T80— 1740
13000 —1 103

Alcohol and phenols
Alcohol O—H stretching
Fhenol O—H stretching
C—) stretching

Erhery
C0—C stretching

Aldehvdes and kefones

Aldehyde C—H stretching

Aliphatic aldehyde C=0 stretching
Aliphatic ketone C=40) stretching
Aromatic aldehyde C=C} stretching
Aromatic ketone C=0 stretching

Exlers

Aliphatic C=0C}F stretching
Aromatic C={) stretching
Aromatic T stretching
Aliphatic C—F stretching

Carboxylic acids

O—H stretching

C=0¥ streiching

C—-—H in-plane bending
C—) siretching

C——H out-of-plane bending

Anfpvdirides

C=} strelching
=¥ streiching
C—) strewching
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Syl e bl Sl IR — Sllas 1 4—Jour

Wavenumber (cm™) Assignement
3400 - 3250 Strectching N-H

Primary amine Two bands : 3300 - 3400 and 3330 — 3250
Secondary amine 1 bande : 3350 - 3310
Tertiary amine No

1650 — 1580 Bending N-H (primary amine)
1335-1250 stretching C-N (aromatic amine)

1250 -1020 stretching C-N (aliphatic amine)

910 -665 Bending out of plane (Primary and
secondary amine

Table 4.5 Characteristic infrared bands of amides

Wavenumber (cm™') Assignment

3360-3340 Primary amide NH; asymmetric stretching

3300-3250 Secondary amide N-H stretching

3190-3170 Primary amide NH, symmetric stretching

3100-3060 Secondary amide amide II overtone
1680-1660 Primary amide C=0 stretching

1680-1640 Secondary amide C=0 stretching

1650-1620 Primary amide NH; bending

1560-1530 Secondary amide N-H bending, C-N stretching
750-650 Secondary amide N-H wagging
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