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1.

100 Must Know Mechanisms

Arbuzov Reaction (1898-1906)

’
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RO_P\E;—\“— alkyl halide
phosphite
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phosphite
Ry P
1~ | "'OR
OR
phosphonate
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Arbuzov Reaction
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2. Acyloin Condensation 1903

(" Acyloin Condensation )
[1803)
® 0 e ® e
70 SET  one e Nao (ONa NaO) O
2 J_L + ZNEU—hJ\ + /l\ — g R ——* RH
S5 P R“TOMe R”TOMe MeO (OMe —NaOMe ooy R
o
—NEGMEJ
® 2 2 ® & 2 o @ ® o
NaO  ONa NaO ONa gy NaO (O g7 o) ©
e e e o
R R R IR R 1R Na° U R
B &
Ha0 | —2Na0OH
+ Bouveault-Blanc Reduction
+ Pinacol Coupling
HO, OH tautomerization HO, 0 + Banzoin Condensation
}—{ —— >"</
R R R R

\ © 2017 Roman A. Valiulin J
3. Alkyne (acetylene) Zipper 1975

4 Alkyne Zipper Reaction )
[1975]
CH3 R CHs R A H
) #H H,) ¢H ) H H H
H ':' ( f: H \”
2 @ C' o @ i = @
CNH NH K NH K CNH NH K “NH NH K

kapa

i
J _ H2 R_\_:CEI (;3(

@
R 2
_\%H:\I
NH;”~ ~""NH, o’ ®
NH, NH K
@ = = @
Li NH NH BuLi NH; NH KH NH: NH K
LAPA vzq— 2 W2 RF 2 KAPA
lithium 3-aminopropylamine potassium
J-aminopropylamide APA J-aminopropylamide
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4. Arndt-Eistert Synthesis 1935
f Arndt-Eistert Synthesis
(1935
9] =] s O @
Q oo ®
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R-ACI R R cH,e1 R
cn S HH N, H
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0 Agz0orhy @ @ _y
b:C:D == F -— © N~
: R
H ketene FE%JCH' -Ny Hu
R':NH carbene
ol
N
NR 3 + Wolff Rearrangement RJ\"; :
CUZH a-diazoketone
NH
ﬁCOZR 2
D © 2017 Roman A. Valiulin




Copper-Catalyzed Alkyne Azide Cycloaddition

Cu Catalyzed Alkyne Azide Cycloaddition )
CuAAC [2002)
N R'-——H [Cul®
"~ N-R? N L :
R ,J%{ [Cuyy =—— R''=——-H
! H n-complex [Cu]®
@®
H He
=N
TEL .
3 e +Huisgen 1,3-Dipolar Cycloaddition [Cu]
Ry + Click Chemistry G B
[Cu] + RUAAC R'—=——I[Cu}®
[Cu] = N;-R?
RE R
|
N-N’ @ -Ne

N

Ry [Cup

>=<‘.”:,[C ul®

[cuP

R'—=—"[Cu]®
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6. Baeyer-Villiger Oxidation 1899

f Baeyer-Villiger Oxidation h
[1899]
H
G [d-'———-..\_‘H@ %’H G D_‘_H Of
L s, g == nilg
R.” Rs R "% Rg Ph” "0~ "H o & 010 Ph
I (Hg~0" >pPh -H
l
in i\
R“® Ry
R “——% R R -
“0“ "R o "0 Rs 0@ Rs _ppcoo®
+ Dakin Reaction
H=>

> 3% alkyl > cyclohexyl > 2° alkyl > Ph > 19 alkyl > CH4
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7. Bergman Cyclization 1972
& Bergman Cyclization 1
[1972]
1.4-benzenediyl
1.4-benzenoid or p-benzyne)
R dlradlcal
'g;:_ é. or hy X _R
| “ ‘ D |
. a z R
enediyne (j /ﬂ_-—\H H H
9 R SR
— - B — L O
@ R 2D = Rp
H b -
+ Cycloaromatization
© 2017 Roman A. ‘.’aliuliy




8.

Beckmann Rearrangement 1886

r

Beckmann Rearrangement

(1886

H
M h o
. '\ telg s
Jo gl -
k'} ;R R* "R o
oxime
E = Alkyl, Ar, H

tautomerization

le ] zﬂl Et r
N=C N=C

N=C ,
R CN R

+ Curtius Rearrangement
+ Schmidt Reaction
+ Hofmann Rearrangement
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9. Baylis-Hillman Reaction 1972

F Baylis-Hillman Reaction h

[1972]
} R = alkyl, OR, NR,, H

XH O
R

" [%j x> ﬁ\i/w\
N DA.BCD X =0, NTs

[2] ar \& Ry, Rz = alkyl, Ar, H
¢ PhsP:
- 'D/J_\M

o Rz H [Sj
XT 0
RZ R_])H)JL R N

£
& ﬂ\

&

@ "5 | E%]
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10. Benzoin Condensation 1832

(" Benzoin Condensation

[1832]
ﬁ rch 0 Hzc-
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g Y
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O OH —"CN O CCNOH
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— ()
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&+ H
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11. Buchwald-Hartwig Cross Coupling 1994

4 Buchwald-Hartwig Cross Coupling
[1994]
Pd?*LaXy ——= Pd"Ls
. I
Ar—N Pd’L ArX
Ry
reductive oxidative
alimination addition
Ar_— R sl
TRV Ar Pd
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Ar—N ( pd" ArX
Ry L/
reductive oxidative
glimination addition
p-hydride bz A Lo ¥
Hands + Pd Chelatin 5
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H C Pd 2
Y MNax
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12. Claisen Condensation 1887

4 Claisen Condensation )

[1887]

0] 0 2
R —_— ==L :] R i
OEt - OEt == = |

iy —EtOH U
Et0°  Pka>> 22 &
pk, = 15-16 Il j\j

R* QEt
e
%5 o @ o Etﬁ)fb 0
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\ Dieckmann condensation © 2017 Roman A. 1‘."ﬂliu"l’l_.}

13. Cannizzaro Reaction 1853

4 Cannizzaro Reaction )
[1853]
(R eaom 0)c°
i KOH = OH 7 .
2 . -_ - — hydride transfer
«® —H,0
aldehyde Dj Dj

0 J ©)L H J DQ)L H
satvsRNeadiens
JHSD. i

0
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acid alcoho!
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14. Curtius Rearrangement 1890

4 .
Curtius Rearrangement R
[1890]
K® r«
e o) © 0
0 O® 0 e ®
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R7NCI B, RSN i R YL‘, L
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0 (@\ 0
- M
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R © 2017 Roman A. Valiulin
4 : ; N
Schmidt Reaction
[1923] m@ -
i —"'H i — > |Rr-C=0} «——» R-c=0: '—-'N:Nm D":'. SN
R OH < RJJ\D@Hz _H,0 A TR R’“féﬁl(_)
(‘" aH
J_NEN
o 0
H = H® HED/—R\‘
R-NH, TR—QJLDE’ R—Illlél\()’H T NJK%H - @N=C=0
2 &jl-li k0 O _H H }_|| H»

\ @ 2017 Roman A. Valiulin J




Hofmann Rearrangement 0 )
[1881] R:gc;”ﬁr
Na{gI ﬁ:}
0 1 0 o F:
it oH )iy ( “rler s 5 H it &’
RJ\H“H —> g N0 ——5 RN —— > [N —— ZL B
I'IIVI -H;0 [ _BrE' [ ~H;0 (_@ 0 R NT)
_o
[Brz, NaOH or NaOB] H""'{l“rx .
s &
nitrene J—Br

e N“ "OH "N*, "OH :
2 @J -H ,_'|® a isocyanate
H
© 2017 Roman A. Valiulin
4 Lossen Rearrangement R
[1872]
0 0 e 0% o
s XCl Py OH I:
R ~N-OH gt e RSN = o508
i X = Ac, SOAr o ~H;0 (o RT Ny X

o o 0® /_\
@ Hy0% M. Ay

— R R‘N%%H — N=C=0

- M OH .
2 H @J -H B A isocyanate
H

© 2017 Roman A. Valiulin




15. Claisen Rearrangement 1912

d Claisen Rearrangement

[1912)

+ Alyphatic [3,3]-sigmatropic shift

« Aromatic [3,3]-sigmatropic shift

5
A 1‘ tautomenzatlon
S -]

+ Overman Rearrangement
\L + Ireland-Claisen Rearrangement

o 7 vl
] ! S e
Me Z Me"}“‘“«’f Mo~ X
]
I
o ST — mwff::*] — M =

@ 2017 Roman A. Valiulinj




16.

Cope Rearrangement 1940

Cope Rearrangement

(1840]
Me
Meo 5 A [ M~ Mea_~_ 1° |
g =" — 0 —
Me = Me?” 2 Me : =
) - Me
I aromatic diradical
- R
Me Me Me Me
o s— e e — P
ME\Z\,—__;:#{ Me. =T - Me Me\;,%

Oxy-Cope Rearrangement

HO HO tautomerization O
i A P o
A = ——

+ Anionic Oxy-Cope Rearrangement
+Aza-Cope Rearrangement
+ Claisen Rearrangement © 2017 Roman A. Valiulin)




17. Chan-Evans-Lam Cross Coupling 1998
4 Chan-Evans-Lam Cross Coupling 3
[1998]
X =0, NH, NR'
Fa
Cu(OAc), RXH
+
o 2L
02 Dxld3[|Dr ||._'_:l;]r'||'_1 ABOH
exchange
L\E_XDAC
D
LoCu Cu () o
L XR
X. rec[_m.:Five transmetallation EI}H
Ar- "R elimination :
- Ar® "OH
W2
':I'-. CU\-\)
I“UXR  (AcO)B(OH);
“x\ i
,--“.;\ +e Jt};{-a]
B e s S
e M L \ﬂ_‘/ﬂr
— Cu
L %XR
fo ¥ = O, NH, NR'
X,
Ar” "R CuX RYH
+
2L
reductive ligand HX
elimination exchange
L 3+ Ar L i+
N
Cu ) C Cu—YR
u (I

oxidative

addition

X~ +B(OH), B + 1/50, + HX
"OH

© 2017 Roman A. Valiulin J




18. Darzens Condensation 1904

P Darzens Condensation 3
[1904]
o o] =]
) ) 2
Cl Cl.® Cl
OEt ————» OEt +—» = 0OEt
arh: —~EtOH & |
EtO" g-halo ester
0 O P
5 ' c. 9
Cl H.,-fl-.m f""L'NR- ' cN -_ul;,..r_.H R-,/lLRz
o o
]
8 R 8
O e Spe Rz
Ra. P\ _COEL R,}\?(U\oa
Ry R -c® Cl R
o, [i-epoxy ester
{glycidic ester)
\_ ® 2017 Roman A. Ualiulin)
19. Dess-Martin Oxidation 1983
- Dess Martin Oxidation )
[1983]
| 0, OH o om Aco,_ PAC
KBrOj ks |~ AC,0 L
OH — 0 +— By | e @@g
or
8] Oxane 0 3 o
2-iodoxybenzoic acic (IBX) Dess-Martin Periodinane
(DMP)
Ri Re Ry_O_R
iy GéH{H%Ac e
I+3 R,il:lz/m ACDJQ_E OH
AcOH + 9] +
=] o
0 s}
» © 2017 Roman A. Valiulin J




20. Diels-Alder Cycloaddition 1928

Normal Electron Demand
R n il .
a H i i + = "rm::u-uaudmc,r

Enargy T

ERG

- ¥
. _-EWG EWG
L[L: ], ] —_— r-_|a:5—:©/

HOMO + H
dieneg (2= &)
[dne)
HOMO
diange
(4n &)
LUMO EWG \g/‘,g
diencphile
(2n &)
P _.x'EI"""IG A P S
L, — [ ]
ERG™ = ERG™ ™~
ERG ERG
.-ﬂiJ _.-"EII"I‘I'IIG ;l.. ""L'H -~
< .. A | 1

[1928]

Energy 1

Diels-Alder Cycloaddition

Inverse Electron Demand

..................................

B—H—2+ Hj'mH
88 +

dienophile
2z &7)

LUMO
digna
(dre’)

HOMO

dienophile

LHtH\gyg

+« Ene Reaction
+ [4+2] Cycloaddition

2z &)

ERG = EDG = Electron Releasing/Donating Group
EWG = Electron Withdrawing Group

@ 2017 Roman A. Valiulin




21. Favorskii Rearrangement 1894

(- Favorskii Rearrangement

(1894

O (:D‘
EtO,C ELO H™ "Et
- 6 -
"  _Eo®

\__ @ 2017 Roman A. Valiulin

=
@’/_\H, i cl G:l Etob
“EtOH

Bﬂn) OEt

¥

g




22.

Friedel-Crafts Acylation & Alkylation 1877
Friedel-Crafts Acylation )
[1877 EFS_\']
%"
Cl. . .Cl _,e-__a._f/.ar::f!ium cation
Al O DD TR
& LR P R | -
017 clyﬁ.l—cb - AN
AICI,
O & O
L ""L\ e
i ] — J@?&\’ e
.-""""\-\.\_,_.-"' =HCI
_AICly sl .\ cf!a
CI-—.l-":.I—CI
Cl
Friedel-Crafts Alkylation
Br. Ee Br Br.;Fea lEr1 U cation
] a ®
Br (7~ T BpFe-Bra~" —* C:I/‘ i
. &) i
H-shift
2% cation
By
’{hq’-'.-/lm“ -— 5 . e rﬂ " -
,Ilh = FebBr; = ,-'~| J Br Fe
e _HBr ERG BIIIE;_) G 4
Er-Fie-Br
Br
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23. Fischer Indole Synthesis 1883

4 Fischer Indole Synthesis )
[1883]
D/ﬁ\'@ gCi’H r, OH
(L S RS — O
N-NH2 " R, “H @ L W G N-NH2
" I acid2 HJNHz H

A
proton
transfer
H
Ry Ry Ry —:0 df)
= Rz Rz Rz H R St
= H - U H E\V\Rq
N N ] (-Nl H
" H Ir_q" H

N “H-.0 N
N -H M H 2 .
H 30 e N
®
H H
)
R1 R1 ® H R"I H R‘I
.,_%/R? Rz H Ry Rz
—_— -
3 OhH, NHS HE @ ’f‘ ;:21@
H ® NH; {;SHE -H,0 NH,
[3.3] sigmatropic shift
H
D\.
Ry H R H R4 proton R4
1 R, lransfer R,
Py wﬁ*z NONHg ® 7 NH
N 30 N2 =M NCe® N, e
" o H H H

\_ © 2017 Roman A. valiuliy




24. Grob Fragmentation 1955

(- Grob Fragmentation 9
[1955]
/\H—D Me @/ED Me o
Br —BuOH G S SN
Il
Me
(" = E
= ; E}O
mo® @ o, —BuOH s
© 2017 Roman A. Valiulin
25. Grignard Reaction 1900
é Grignard Reaction i
[1900]
- (‘__\
il SET MgX
R"™X + Mg — Rf’QP — g et R “MgX
Mg =
o e
8r @
IJ t E'MgBr
L2 | B | s wder 22 W
—_ ] _— R
Rr’u\ﬂz /f-r*'dﬂk - MgBr _Mg(CH)Br Riﬂ
Ri l/ Br 2
2
fre (=)
] Lo = o
®
B
e @ MgBr © MgBr
(j\'/\ oMgBr o ) B H,0 .
L Sy * —_— =
By R R1/1\U R1<l?|< —Mg{OH)Br R R,
© 2017 Roman A. Valiulin




26. Haloform Reaction 1822

4 Haloform Reaction )
[1822-1831-1870]
¢ '/-—'\E) @E’/—\‘ - fo ) C‘OE}
Jlr"l'* OH /]% H aeliied J-Lr\IEI.r 255 ,J% Br
Y Tt Y e VR JEE R
H -H;0 H —Br 4 H -Hz0 H
Hi,|-'|:--.\|:_r'3 5, =
e
0JOH oﬁ‘:‘ (c® Bl (O
A Br Br e-— ,Jgk Br *——= JLr\rEl.r
i I:'lt;"Ei.r R [I:HB e - L _H,D R ?"Hﬁﬁ}
Br r r - ér Er OH
0 Qﬁr Q h Ho®  © H
A on © C — J o ot —e ] ¢ mCom
R0, Br R” 0 g -H20 R TOH Br
k © 2017 Roman A. Valiulin )

27. Hofmann Elimination 1851

( Hofmann Elimination )
[1851]
L
HoO i © St
O Hy OH o
R Ag” TAg el R
Y — Ve 2 fe = .
Ry “Rz R{"h}l Rz © -Agl Ri7\oRz -H:0 Me.:: R,
L 5 ~AgOH N
HyC—I Ry
\h @ 2017 Roman A. Valiulin j




28. Heck Cross Coupling 1968

4 Heck Coupling

[1968]

® ©
R;NH Br

RaN:~, (\L ,_4‘ L
s H— E’t‘] —Br reductive pfj o Br
Cﬂ'z Me L“:‘ I\_.A" eliminatian Lf @‘/

oxidative
addition

Ph
~Z 00 Me L
. o
2z Pd—B
H—Pd —Br @ i
I_; w-complex L
Q
OMe
[i-hydride coordination =
elimination
[syn)
CDZME

) ) |~ m-comples
InSaron
(syri-addition)

g
| e
= o
=
[i 1]
o
la*=]
1)

@ 2017 Roman A. Valiulin




29. Hiyama Cross Coupling 1988

A Hiyama Cross Coupling )

[1988]

0
L,Pd

2 R
My
Pd
B L
®
NBU_q
2 TBAF
FiSi-R < —— =R
rransmaeatallation 2
L 2+ R &5
/F‘ﬂ\ FaSi—X
R L @
NBU_q_
\_ © 2017 Roman A. Valiulin J
30. Kumada Cross Coupling 1972
f Kumada Cross Coupling R
[1972]
i 0
R-R L,Pd RX
reductive I"'INI oxidatve
L.+ R L 2+ R
Pd Pd
L/L\RI L/" \‘:{
transmetallation
Mg, XMg—-R'

\_ @ 2017 Roman A. ‘U"aliulinj




31. Michael Addition 1887
4

Michael Addition )

[1887]

o o oo 0 0‘3
3
Nu = Et%Y”\GEt -— EIGJ\E}KLLOEt " E0” V' OE

~EtOH
g HH H H 0%

EtO
EWG
Micheal donor ﬂ C‘b - ,|f

{ o .
DEJ Micheal acceptor

o BH @'H

o] 0O ‘\‘
AEWG EtOH
= EtO —  Fi0 * =) EtO
Nu~ tautomerization —Eto
0 "OEt (aq. workup) o~ TOEt O~ "OEt
Micheal adduct

\_ © 2017 Roman A. ‘.’aliulinj




32. Mannich Reaction 1912

a Mannich Reaction .
Acid Catalyzed. [1912]
e /—\e ®
o H@ D'H R R
M. = )l\J —> HO. N® +——= HO_ N
H™ H H\H ~ "R ® ~~."R
non-enolizable |‘;| H —H
N ®
R --" R H
N5
,O:-;’,Nﬁ
i /—\ ® H ) H'® U R
O H@ D’:} CDH
N T LT R N O
2 2
H H H H Ha0 | —H,0
enolizable HyDs: A enol form
H (-‘.'R
R4 R, | H R
R; - R, +— iminium ion
R H® R
"’Il ‘N
R R
Base Catalyzed:
0 o R H,0 R
e — e ——
1 0 HJLH = "o N, Fo5 = HO_ N,
R "R - OH
IS 0]
0 {) R . (E) Ry Ry
2 R1¢\R2 S — HDVMRJ' 1\12\th —-F@ *
H H e H enolate - OH hul
HQE)\._J R
@201?ananA.ValiulinJ




33. McMurry Coupling 1974

( McMurry Coupling 1
[1974]
R R + 0 +2 +2
\gf + TiCly + 2Zn —_— Y + TiCly + 2ZnCl;
TiCly + K
TiCly + Zn (Mg)
TiClg + LiAlH,
o R R
R_._R R,RR__R R.RR_R R;ER R R
2 Y = \T/ Y = T Y - 2k :ﬁ i
Og o 0O 0.*2_0 0 L0 R R
‘ Ti d‘l
O=Ti=0
- © 2017 Roman A, Halnulm)

34. Meerwein-Ponndorf-Verley Reduction 1924

& Meerwein-Ponndorf-Verley Reduction )
[1924]
-~
o
R;*Glfﬂ D“A:[) RJJ\R
/ ki é“‘l/
oL i
&ﬁ.lf—}o %/u Al—
B ,C >_
\I/ .-’
R R
OH hd o
A RO )
R D\(

\ © 2017 Roman A. Valiulin j




35. Mitsunobu Reaction 1967

F Mitsunobu Reaction
[1967] |-|-:':i H
& Ry R;
PhsP: ® ® 9 ®
"\ cogt PhsP,  COE PhaP,  )—OEt PhoP.r, CO,E
N=N — N -— \ - NeN
! N-N N-N = N-NH
EtO,C B0, ©7 EtO,C -B EtO,C
DEAD H-B
betaine J
@ ” Fh%%ﬁﬂ
CO,Et i Q" . F o
HN-NH PhEP-D}{I PhyP -, H R1}\R2 o COEt
Et0,C Ri“% Ry Ry Ry ol
2
Ph-0°
o
Mu Sp R
| l [
R
H Nu H p@ H 0—(
- ta D
Ry R ROR, RR,
+
PhyP=0 © 2017 Roman A. Valiulin
\_ J/




36.

Negishi Cross Coupling 1977

Negishi Cross Coupling

[1977]

L.Pd

L,Ni

oxidative
addition

reductive
elimination

w2t R = Ar, alkany % w2,
Rd, R'=Ar Bn, ¢ Pd
L/ 'L; R X=Ci Br, JAC) L/ X

transmedallation

ZI"IXz

\ @ 2017 Roman A. Valiulin /
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37. Nef Reaction 1894

P Nef Reaction B
[1894]
n.:) oe ® OH OH
1l I ] © ]
RN o l:base g N o 2.HO RN H30 r (W
> _BH gl H.0 Y’@‘De o e oH
H H H 2 H HB
B ,[.jk J
H™ "H
OH @ OH OH
R H"l:l@' H:0 R hll |"‘l“,l;:||_|
AL s Y o o E’
OH OH A H"® H
R. _H R. _H HN{OH Hgo:—/’
N Y 2 _H,0 HQDJ
o] W@ @0 HNO
9 H.02 9
Booo®, o98 R. _N:
A" Tho T
: OH :OH
\_ © 2017 Roman A. ‘o"EI|II..I|II"|J




38. Nazarov Cyclization 1941

é Nazarov Cyclization &
[1941]
o
D/\ | AICIS J|5i|(j|3 I[:],ﬁ!«ll':lg
A:-:|3 o
—r &
a fi f\P = oY
" " E R
Energy 4 ® Dﬁﬂlg —Hl elimination
HH_g _ R

2

AICI,
o
B—H—E — R

R R

Yo 4- Homo R ® oAl
(re) & ] - AlCI; | | tautomerization
22 s I X
R
Q
i A hy
an . con dis b
_.___+...__.__'.__.__. R R

-;1n+2 . dis con
® 2017 Roman A. Valiulin




. Oppenauer Oxidation 1937

Oppenauer Oxidation y

[1937]

R Al—0 ch
~ H @ Al—0
HsC” "CHs

€ 2017 Roman A. Valiulin .




40. Ozonolysis 1840

F Ozonolysis 3
(Criegee Mechanism)
ozone :
[1840-1875]
$)
%00 o
(/_/ i 0.: roiss )
1,3-dipclar g retro-1,3-dipola R R
PRy .‘- P D D.‘ weloaddition - @ D
H E | R cycloadditior Rll;.h] .?I-é cycloaddition /l[:l]\ 4 j:l}\ = C“él/mjf*-
. R R R"R R™ 'R “0@ R™y R
molozonide carbonyl carbonyl
oxide
1, 3-dipolar
OH NaBH cycloaddition
4
R"OH © R7R
j\ PhsP or Me,S H,}{D\ﬁﬁ R?{O\?‘\“R
+ - : A—
- = R R
R" ™0 R R0-0 ® | rR=n 0-0
O (0] H.0 ozonide
/JH i JJ\ 22
R OH R R
\_ © 2017 Roman A. ‘.’aliulinj

41. Pinacol Rearrangement 1860

F Pinacol-Pinacolone Rearrangement h
[1860]
HO H® H20>
O == () = O — OO —=
OH A OH =H:0 r_:l@ _H®
Aol 0
N >
HO H@ H20>
= 23X w B —2C = €
OH A OH =H2 CI'D HO @ o
pinacol I pinacolone
© 2017 Roman A. ‘.faliuliru




42. Pummerer Rearrangement 1909

4 Pummerer Rearrangement )
[1909]
O
O O
%> )LDJLH Qs?j?'kﬁ 65‘) R . N
RN T T RV o Aam B T Ghee
H’"“\E)JJ\ k 0 o
o o J_ i
oA o Ho ©
Cl)e H_. Rz
R~ I
\L © 2017 Roman A. Valiulin)
43. Polonovski Reaction 1927
4 )

Polonovski Reaction

[1927]

o © WOQ
HsC, 0° )LGJ\ HaC o\_\( © HaC {CD\\( \H,D@ H MRz
N — N = N — =N®

Ri"@ Rz _Ac0® Ri“® Rz 0 Rr@R: @ _aAcoH O H R

1

8]
S0 0 O CO
u)f\?jawg‘z -— /I'%O hll.-@RQ - "J-I\D E‘\':"H?
R \",DE:

\ © 2017 Roman A. Valiulin)




44. Prins Reaction 1919

a Prins Reaction

[1919]
H
j')!\ —"HEOE} - Hlﬁ

akdehyde

\ © 2017 Roman A. Valiulin /




45. Paterno-Biichi Reaction (1909, 1954)

Paterno-Blichi Reaction

[1909+1954]
Mechanism:

T .
0 hv o | ISC O i |
R’LLR H’J\R I> RA\LR)‘ Rij

%, n*}
FPhoto-excitation:
0 O 9] 9]
A - ] = ] E- |
R R R R R R R R

1 *
Energy Liagram: 32 R 3{ ")
mw.m
1[”, ';IT*] FS{: TE
S —”" IC
ﬂ{nl ﬂ:f} T
1
by
%(n?)
So

\h © 2017 Roman A. Valiulin ' J




46. Ramberg-Backlund Rearrangement 1940

(" Ramberg-Backlund Rearrangement )
[1940]
RDE]/‘\L i H“SE:‘ X q\ % (% D\\S,,D RI_ Rz
X ROH am[/ e ,@Q SO '
R . RJZ_ ‘ i Ri Rz - X R4 R 4 Rh\:__»;ﬁxﬂz

x=Cl OMs, OTE, OTs Episulfone . e
w=halosulfone Qs =1ra

- © 2017 Roman A. Valiulin /

47. Robinson Annulation 1935

( Robinson Annulation )
[1935]
57
oy
H E)DH m ‘j (\EJ ':ACI
0320&@1&* : oL
S - H,0 o) sl
II\-E ) iticar :::‘D (
ketone o, frunsaturated ketone OH
loe-H) [ex-H) l]
(“@
0
I, < C@ o
v - DH |l. l.l| b\-“D
5 HQO‘ Coander [\J
“oH
k © 2017 Roman A. Valiulin




48. Reformatsky Reaction 1887

L N
4 Reformatsky Reaction
[1887]
R, OEt
OZnBr
COOEt Ri.. _COOEt Br- Zn‘)"-\
Y — T — O e EOTS
Zn ZnBr Oy Zn-Br R,
Reformatsky enolate
X = :\TE{ (C-Zn enclate) B0 Ry i
a-haloester (n]
RJJ‘R
Br {’“ x® zE'::
o 0' 15 il <3
LT &L e = Y
EtO — ZnBr, EmJ\I/FL\R 2. H® EtoJﬁ R™ R
Ry Ry
[ hydroxyester
5 © 2017 Roman A. Valiulin

49. Suzuki Cross Coupling 1979

7

Suzuki Cross Coupling
[1979]

]
L,Pd

reductive
elimination

baoronale pathway

W2+, +,R
Pd boronale pathway
,
AN L Ox
s
NEBIOH}Il ansmelallation NaCH
L.& R
0_g OH Pd’ NaX
o oH NaoH FO N
R-B —— B L~ “OH
OH HO ® R axo-Pd pathway
owo-Pd pathway MNa

@ 2017 Roman A. \faliuliy




50. Stille Cross Coupling 1978

4 Stille Cross Coupling R
[1978]
f i
reductive oxadative
elimination addition
gl R = Ar, alkeny!, all L2 R
Fd\ R'= Ar, alle a Pd
VR x=clBrioOT V. x
ransmetallation
XSnBuy BuzSn—R'
© 2017 Roman A. Valiulin
. J
51. Shapiro Reaction 1975
F : - b
Shapiro Reaction
Ri-_N. _SOzAr RN, .SOAr Ry (N2, sozar R ONS
ZN n-BuLi Z "N n-BuLi = Ny N
b T o T © o |
Rz Rj (e Rz Y R3 (2eq) R;"©R3 SOLAr Rz Ra
tosylhydrazones
Ry. _H H O@ Ry L Riwg
I —— 1 =]
Rz R3 Rz™ Rj R2™ 'Ry

k © 2017 Roman A. Valiulin L3




52. Staudinger Ligation 1919

" ; " N
( Staudinger Ligation
[1919]
t
: 7 e Ph
® 9 e @ -/_\-Ppha, & | N-PPh; p:tl‘ﬁ_N
fN:N:N - = N—N=N _— N=M [ |
R R W R’ N=N)
azide phosphazide R
.o H - N=N
R"'NHz ||'..;_;Irj.'.1.J|I::-'- H":\l, |'|l|1if|('.:.-:(!.|lr:.|' ﬁ iy
r-Npph AL
* ‘TL < B ‘7L o, < R-N=PPh
O=PPh; H® OH e H'g H iminophosphorane
\ @201?ananA.Valiulin)
53. Swern Oxidation 1978
s . N
i Swern Oxidation
[1978]
O
C/'U\F/C' ci® k'
Cl (=] CHy O
3 0@ Hoe' s o @Em . % ol ° lln o
s . — M- "D/\\l( —* HGy A
A A 3
HaC CHy H3;C @ CH; owalyl chioride {CIO U o]
DMSO
" -0=0=0
R-CH,0H _:€=0
/Eijj\ aldehyde A = alcohol \\_/_\ _cI®
N O’éFH-} o’i‘H 5
* - fsi - Elr - HSCH-S..-CHE
- HiIC'®CHEY  —RNH® HiC'@CH, - HCI &
HsC™ “CH, H
RiN;_A chlorosulfonium
s salt

© 2017 Roman A. Valiulin _J




Sonogashira Cross Coupling 1975

Sonogashira Cross Coupling

[19735]

reductive
eliminatior

i
Pd
L’/t—’ .
transmetalation
CuX Cu—~RF’
a e
H—R EtaMNHX
Cux
E ELBN:
H——R"'
r-Complex

© 2017 Roman A. Valiulin V.




55.

Wacker Oxidation 1959

Wacker Oxidation
[1959]
Ho0
0.50,+2HCI

2CuCl, .,
Pd 2CuCl
HZO pxigaton

HCI F;aCh

complexatior

Bl
c ™

coordination

© 2017 Roman A. Valiulin)




56.

Birch Reduction 1944

@ EWG EWG SET

Birch Reduction )
[1944]
M MO + & = NHyee®
(Ma, Li) NH; (/) {solvated electron)
SET ERG
ROH
R ® _Rro®

z@ @_“;:: @ 6_231* O

R R (Na, Li) Ny ) (Na, Li) =
"~ NHa () S~ “ X - NH () X
\_ © 2017 Roman A. Valiulin)
57. Barton Decarboxylation 1983
( Barton Decarboxylation )
[1983]
CN I H
N Aor hy ./r_ H-SnBu;, Y 8nB
= —_— 2 —_— - 2 + *SnBu
NI TN 2w o :
AIBN CN
= | ~*SnBuy 0 = | 0 4 HfgnBug
(—"‘ Jdnon g — N R* —— R-H
R™ 0" -pPyssnBu; R) 0* -CO; ~ +SnBus
Barton ester S“SI‘IBL@
SOCl, ﬁ
(COCI), A
EDC " b
OH
0 + Barton-McCombie Deoxygenation
RJ‘I\OH
\_ © 2017 Roman A. Valiulin J




58. Benzyne Mechanism 1953

4 Benzyne Mechanism h

[1953]

Mucleophilic Aromatic Substitution:
Elimination-Addition

Ce

SO S Ln=0Cx
HsC ) NHa () H4C © —c®  |Hc HaC O]
e

1\_3'

benzyne = dehydrobenzene

NH,

)
J NH,/NH;

NH, NH, NH; e
o A, = -
HaC HaC NH; HaC @ He NH

Benzyne Formation:

o = h”
base hyv O
- ® .
l.;'.:._. -,H NH; HN02 @Nz A or hv @ @:N\«N HN02 {H, .H”‘_, MH 2
S “CO.H G' —CO, —SDQ ”3'_:_0 = ~SO,H
-N, d
TBAF/ - \ b(OAc),
™S N
OTf N

\_ NH; © 2018 Roman A. Valiulin




59. Diazotisation 1900

4 Diazotisation )
[1900]
0
NaNO, = 2HONO 9% N. .O N,O; + H,0
NaX' nitrous acid ® N
H, M H H ~®
NH, 0~N N o© __slow N O HO N. 0 H,0% N. (O,
® &N —_— @/-UN H
~NOP ~H,0® -H,0
-0 nitrosamine
K,H,

(X = Cl, Br, ONO) tautomerization

- H

st .".—\J | H

N=N N< O ® - 0. :
@/ NTH 10 Ney-O-y L HO E\,‘N’D‘H

—HQO -H20 _H30®
diazonium salt diazohydrate
\JLJ:_.-:J Nucleophilic Aromatic Substitution:
Elimination-Addition
© 2018 Roman A. Valiulin Yy,




60. Electrophilic Addition

4 Electrophilic Addition )
. l @Br“‘ B BF , B
rate = KE*][C=C] P— Brﬁ* © e
- mmplex H
Br & (bromonium ion) g i Z Br
Br H

P

Br
H
Br 5+ Br
m-complex o- cc-mplex
Br &=

H—X
- H
N—/ 2HX r.,,5+_(;;.- P i
?,;c—c\ SEC
X

rate = K[HCIJ?[C=C]
© 2018 Roman A. Valiulin
\_ J




61. Electrophilic Aromatic Substitution

4 Electrophilic Aromatic Substitution A
+ @ + + g+ + + + +
rate = K[E"][ArH] E = CI', Br', I", NO,", R", RC(O)", S03H
E E
EG} H -“E
i slow ®
O =G 0—=0r=0"
fast fast
m-complex g-complex m-complex
ERG EWG
&~ 5+
Electron Releasing (Donating) Group Electron Withdrawing Group

\. © 2018 Roman A. Valiulin J




62.

Beta-Elimination

5-
B-H B—H‘
Q { 5 {
L L
Eicb E1cb-like
5 - a- -
P
=) Hf} Rj
B + > {:
Y L
rate = k[B][RL]
)
~ H R
87+ iy
Ry L
rate = k[B][RL]
H R,
R, L'
rate = k[RL]
Ry Rs;
;J i«
H,.\(D
0=
rate = k[S] R

5-
B--H B---H B---H
\___ 5+
4 . : \A : .9
L L% L7
E2 E1-like E1
0 - ot - @
fast &) fe slow Rz
P — f—<rj —_— = + LE)
-BH b { L Y
6- 1
B"H\\ R, R, 5
E—— H _— r‘:f + L7 + BH
R‘l .Lﬁ- R‘[
B@’\,
slow H R ot R
slow .ﬁ@ 2 L@ fal;il é.:! 2
R B R4
A Rz O
—_— ;":/ + HO—(
R R

B-Elimination

© 2018 Roman A. Valiulin)




63. Cope Elimination 1949

( Cope Elimination R
[1949]
' . H
) mCPBA D ‘\'e A OH
~y O * N
NMe; @Nx Me™ Me
| hydroxylamine
R 20 R HO R
N N b g N
IEr" R". mCPBA a @ _ H —-"lN@ -"-f
\_/ P Ho /R
%

© 2018 Roman A. Valiulin_)




64. Brown Hydroboration 1956

( Brown Hydroboration
H [1956]
H. M. _H
H/B‘H’BHH
diborane
l H B“"'H
~— %
’ H 5 &+ .H

2H—B T H-B<y —

R/E borane H R.. ' . H R,,.‘(::___(:: wH R BH, BH
_oorane " Runa— el | Re oot R A
- RO~y R™ 5+ & H R R =Me >
m-complex l
e R R
RO.., - “ooH e OR RR\EC? é:OH O-OH '-.B! ;
R™ 2] - . | B
—OH “OH  R- & >4 }
@DOH}-@OH
0 i Q R OH
RO.., |
“B—OR { B-o —H. 3 )/
RO o () R
\>\ ~B(OH),
© 2018 Roman A. Ualiulin)




65. Bischer-Napieralski Reaction 1903

& Bischler-Napieralski Cyclization
[1903]
<9
Cl—P-CI
W, (e (e (e

HN. R HN: R

) \|/ ﬂ@ —CI@ \]/CI
0. ‘o Q. Cl

cijac f

Jcl 0

=
- - Cl
b = e =, g

@ & - Cl,OPO 4
1 rE cl : {oﬁgl,m
@ E:l Il
_H || -c o —
x/\
D Y NE—— N% ——— N - R )
o R n Co\ ,m
cl
~ HClI

\_ isoquinoline © 2018 Roman A. Valiulin _J




66. Chichibabin Amination 1914

4 : hihahi T A
Chichibabin Amination
[1914]
Q5 OF Q 42
P -~ H — ﬂ ,ﬂ
N A N/) \B L(\_NHQ N\, N’H
¢ NH2 E}./ .
N@ n-complex Na
a (Meisenheimer complex) ]
® [ W ®
. 2. C]
N N}H Na —Fe NNt e
[ © Na
H
H,O | - NaOH
-
@ (L
N MH;
\@ 2018 Roman A. Valiulin 2-aminopyridine y




67. Criegee Oxidation 1931 - Malaprade Oxidation 1934

. " . N
4 Criegee Oxidation
[1931]
44 1
R R _ ppoAc), R R
R-HR' RH 7& %R' b R — =
HG  on —AcOH ~0 AcOH H >:° 0:(
is = fas e @ F'b
C - AcO;Pb-OAc f
trans = slow » =) F’b{DAC}z
0 i ACOL AcO " '0Ac AcO “0Ac
Malaprade Oxidation
[1934]
R R +7 R R R R R R ©
R Lr HOs g R R R o_,0
HﬁjH periodate ﬁ _H® 0)‘\"" >:0 ' DZ( " ' Ho‘ﬂ-!%\o
0 R R H
H 02120 ©90i£0 l
(e ST
Ac’ on o on Qs
iodate &I—‘O' + H0
0

\_ © 2018 Roman A. Valiulinj




68. Di-pi-Methane (DPM) Rearrangement (Zimmerman
Reaction) 1967

é Di-t-Methane (DPM) Rearrangement )
(Zimmerman Reaction)

[1967]

I(BR:)

hv
81(11:,11*)‘ R Acyclic Alkenes: J’ P

B — B — b

g

‘R I(BR,)
3sens R Rigid Cycloalkenes & Arylalkenes: P
Tq(m,n*) r
barrelene semibulvalene

k © 2018 Roman A. Valiulinj




69. Gewald Reaction 1966
4 Id R : N
Gewald Reaction
[1966] Knoevenagel Condensation
o]
R1\)J\ RO
0 base &+ Rg
o) Rg (8]
Nc\)LOR — NC\)LOR - Mc\)\OR o)
ni-Cyanoester w-methylene R CN
carbonyl compound 1
s H O} H 0@
8o’ Na S - 3
\SS,S..Sx
RO RO RO
Rz (o] R, O  base R; o
ES ":... HO- (S] B HO
R base o CN CN
1 \\—) R R
o~ SN ! '
T
_Syl
2]
Rz CDzR COZ CDzR H30 Rz COER
R g7 =N - H0 R1 NH —H20 R, -H0 R, s~ ~NH;
Z2-aminothiophene
HO

© 2018 Roman A. Valiuliry




70. Gabriel Synthesis 1887
4

Gabriel Synthesis

[1887]

—~ NHz
Ta J,-w_' CO/—\ @O} NH,

o
KOH - R HzN—-NHz @
N-H N @ [ -—— UN—,
-H,0 Ing—Manske R
o

—K)( 0O procedure 0
phthalimide potassmm N-alkyl-
phthalimide phthalimide “‘:;'fl‘t”r
.NH3
RANHz protan Q H ‘\‘
transfer
— Wikt S /g/
4h- —
Py NH? NH_R
IK hH o N"'\ o N C
A NH © H R 0

0]

phthalhydrazide -
© 2018 Roman A. Valiulin
\. J




71. Glaser-Hay Coupling 1869

(- Glaser-Hay Coupling )
[1869]
2R—=—H
CusCly = 2 Cu’ 2R : "
C-u'1
m-complex
R—==—=—R
B B 24
" B
0, \/CL]/ ase
X" X
. ¢t 2H®
s ® 8" e
Cuc R
S 4 2R—=0
R 'c‘u/
v \B Cu
2@
\ B\é?/B R //
e u
X g ,,/
X, # e
R—=0 L;/ X
S 8”7 g
Cu

© 2018 Roman A. Valiulin
\_ J




72. Hell-Volhard-Zelinsky Reaction 1881-1887

4 Hell-Volhard-Zelinsky Reaction )
[1881-1887) -
Br-. ,I;:' H-Br
Va E’ ’Br Br (
R O Br R O:-P R O-FPF R O
| AN
R n:’ :\: — R } <’I“} Br - R :} A;;{Br R {
H  OH H (" OoH HBFO'H O=P-Br H Br
carboxylic acid B S acyl halide
r
tautomerization H
@9 ¥ N . ®
R O R O-H Br R (O-H R  O-H
R4 R d — R }d {f_)
Br B -HSr Br  Br o o RJ B THBO e
a-halo acyl halide Br—Br iennl fomm Bre
Nul leo
R O R O
R%—‘Q R
Br Nu Eir> OH -
\_ a-halo acid © 2018 Roman A. Valmlmj




73. Horner-Wadsworth-Emmons (HWE) Olefination 1958

7

Horner-Wadsworth-Emmons (HWE) Olefination R
[1958]
o @ M
- base g\j@ M g 0
MeO PR MHMDS MeO' MeO
4 (M =Li, Na, | MeO‘ e o { OR
phosponate ester phosphonate carbanion
R, = COR, CO:R, CN, SO,R, etr i
MO\
—MeQ'P=0
B Mé- M@ . Moo
MBOJEI 0° MeO\g-} T . Meo®M cor ) W\ COR
Cj’\ —= MeO” @’LOR MeO fLOR B Meo_g’i |
H R 3 H R
R; J H 2 EIO R Rz Z-alkene
cis-oxaphosphetane (minar)
O| o N
M +,
Me0 ;7" “OR S M
MeO © Meo‘gl of meo 8 MeO. RDzC
R2 H H @0 Rg E-alkene

trans- oxaphcsphetane
—MFO P 0
4
MeQ

© 2018 Roman A. Valiulin)




74. Jones Oxidation 1946

( Jones Oxidation )
- [1946]
. ™,
. _HO 9 H0: o O Q T
0,,Cr¢ _Cr=__H H,0-Cr-OH <——= HO-Cr-OH HO-Cr-0-Cr-OH
-H0 07 (0 o -H® 0 o o
chromic acid dichromic acid
i
H O o]
.Cr.. oD =] ™
OH 070  ®0-Cr-0 0-CI-0” M0~ OCf-OH o
R_< R 0O P R—< 0] R7<) (O T‘ R—q
R4 R; _H® R - H0 Ry H A Ry
17 and 2° alcohol H O) lernat Clllr”
2% Al
0 chromate ester HO OH R1 =H
g
gb—@r-oe 0“0 OH OH Hzﬁzﬁ\ ®0-H H30® o
I /2 -
R4 0 R—A R—A R—( R—
H{?(H HO H _H® H-O H k/ H -H0 H
H
_H®
(8] 0]
®
7(0-0"{-0@ H0 7<ofE:?ﬂ-0H _{o
R 0 R} (O —~ R
HO H -H0  Ho H OH
. Q ., carboxylic acid
Hzo.‘"'/ ifermativ O,Cr\DH

\ chromate ester © 2018 Roman A. Valiuliy




75. Kucherov Reaction 1881

4 Kucherov Reaction )
[1881]
S
H,0 -S04 ©)] 2
()] Q @ H ;803 ‘7) -‘Soa
H;0 (Hg H-0O Hg-0 H=0 Hg-0O
R——H .‘72 \._r/B\ - >=< = : =
alkyne Hg R H R H “H R Q o
H tautomerization
H
@ a; ©
O H H-O H H—,(_J) H / _ (;03
’;:} é H - R\ H - —. - H& {—\Hg 0
R H - H® R H tautomerization R H - HgS0, : ;:
R HH
ketone enol
k © 2018 Roman A. Valiuliy




Ley-Griffith Oxidation 1987

Ley-Griffith Oxidation h
[1987]
—\ o ? OH
0 N_ ﬁ+? /‘--_-h/ /J\
N/ O=Ru=0 ®N
NMM I ) aad l
TPAP
O / OH
(?ﬂ o = Nl
O=Ru—0/" 0 20 S —a- ';R"i_o R
1+ “N@ ) Tl o CI) 4
. 0 7 | O—RILJ—D - E)_)H R
0
RUO
o)
/! N
N Py
N/ \O(" R R
~Ru=0 Ru
V -~ OH
H,0

© 2018 Roman A. Valiulin}




77.

Liebeskind-Srogl Coupling 2000

Liebeskind-Srogl Coupling

[2000]

reductive
elimination

(HO)B-R;

© 2018 Roman A. valiulinj




78. Mukaiyama Hydration 1989
4 Mukaiyama Hydration h
[1989]
HO_ Ph
Si.
/(I)\H H,0 O "H Col,
R” CH; R CHy/ {acac}z\\
I—zC. HON originally CHL
O77USiHPh ol
J\ mecnanism
0. 33 R
j)\’ “Col,
PhSiH
*  R7TCH,
2
CDLZ
I
HO_ _Ph 0 Co(aln::au:jz
si PhH,Si”~ "0 ' 0,
OH HO 0" H . PhSIiH
- ¥ 3
R” "CH;, . RN
.Sy CH, H-Col,
PhSiH; /
+3 +3
L2CD’O‘O CDLz
R CHZ! modified R CHS
mecnanism
+2 -'0' +32
Col, i . Col,
R” “CH, R™CH,
0,

© 2018 Roman A. Valiuliy




79.

Miyaura Borylation 1995

Miyaura Borylation
[1995]

0 f PdCl,(dppf) X
< >7B or @’
\O — 0
L,Pd
arylboronic
ester

reductive

elimination

0 N0 O
X-B B-B
o o o

bis(pinacolato)diboron
Bzpin;

© 2018 Roman A. Valiulinj




80. Olefin (Alkene) Metathesis 1955

( Olefin (Alkene) Metathesis R
[1955]
Cy)aP
(Cy) o
Cl— Ru:\
" ~L Ph
”
P(Cyh~. //
.-"",'"
(Cy)sP (Cy)sP
| C Ph R 3| C ph
Cl—Ru — "R|d:/
P initration cl
RS Piey) (Cy)P
& Grubbs 1°
P(Cyks =
- (CylsP
| C1 Ph
cl |
S o
Ry
\_ © 2018 Roman A. Valiulinj

81. Minisci Reaction 1968

a4 Minisci Reaction )

[1968)
0.2 0.58,04% f<"' SO 058,04
<

0 0 —
R‘{ % éh\' = R: LA.. - | ;_%, = |
OH ® oe ~CO2 radical addition g AR
H

radical initiation oxidation
(rearomatization)

I-Z»
®
I
®
e
=

k © 2018 Roman A. Valiuliru




82. Norrish Type I and II Fragmentation 1937

( Norrish Type | Fragmentation )
[1937]
h - |1“' - |3* T |°) o
o \Y% ‘0 1ISC ‘0 :0-
M PN S G
Ar” R Ar R Ar” YR Ar” "R AU‘"
'(n, ) ¥(n, ™)
S, Ty
|
,L l_:CO
0 Ar- + *R
. Rr-H |
Ar H
Disproportionation _Ar-Ar  Ar-R R-R + Ar-H R-H
o \ 7 ‘_ )
ArHAr R-R Ar)l\Ar Combination Disproportionation
...\' O - - I
Combination
Energy Diagram: (r, )
0 S;
PhJLPh g Jnm) isc Ymm)
1 ®~10 o0l 2
IC
3 *
I 0.7 T4 most reactive
0(n2)
Sy
Norrish Type Il Fragmentation
[1937] s
H__R; . - < HOUR,| R,
o 1 3 0 OH *
/U\/T hv = o1 sc | PP $ [
R‘I 1(nrni} 3(”, T[*) R1 = R1 '\_..
S Ty
[
Cleavage: Yang Cyclization
)cf\ OH R, R2
Ry R‘,/& W H°q:|
R4
© 2018 Roman A. Valiuliy




83. Prilezhaev Epoxidation 1909

( Prilezhaev Epoxidation

[1909]

benzoic acid

R
R
A\g/\/R = RD:.’.‘O

epoxide

© 2018 Roman A. Valiulinj




84. Paal-Knorr Syntheses 1884

a Paal-Knorr Furan Synthesis )
[1884] N
H,0: 7
o H,0% Hﬁlof .
R 3 R HO 2 HO
RO e A == R )
o _H,0 \JO 1 8 2 _H,0 10 2
p H-_a,D@ ~H,0
H,0: d .
-‘\‘
AN %) oYy
Ri™ ~o~ Rz My O@ Ry g Rz ~H,0 R, .0’ R;
furan
Paal-Knorr Thiophene Synthesis
[1884] 5’”_“*}
H,O:
o X & H.XE) H
P4Sqp H40 | HX J
R - R - R . O
R 5 R - R4 - R b =]
S, = _H,0 S
0 AT_P\ ,Pl_Ar X—O.S S 2 \_/._5_. @
Sg
Lawesson's Reagent - H30®
.
H,0: H ® ®
X=0,5 ) H,O
7\ n ' H2X ) \ 3 HX \
R"O\R R Y R RQR RD\R
S B H30@ % — HuX r.S. ~H,0 S
thiophene
Paal-Knorr Pyrrole Synthesis
[1884]
R;—NH, M- HO OH H.O HO OH,
R, > 2 3
R_')J\/\H, 2 — g, O R R1)Q<R2 FE1>Q<R2
0 H® HN" OH  _{® & ~H,0 .
R3 3 3
hemiaminal
- ~H,0
H,0:
00 ) Y
a b/ o o
Ri™ N~ "Rz o R g R - H,0 R1>QR2 o RToN R
— | ] _ |
Ry H50 R Re H40 R,
furan

\ © 2018 Roman A. ’d’aliulinj




85. Pictet-Spengler Reaction 1911
4

Pictet-Spengler Reaction

[1911]

R‘:YRz "
(] NH, /‘{3) — EJHQN R,
\‘_// H @

-H
OH OH
Rl 1
m R, ~— & m R no m R,
Yo e Che Oon
Shiff base R, R, Ri®°
H®
@
N
L .
R1 Rz R1 RZ R1 Rz

tetrahydroisoquinoline

\_ © 2018 Roman A. Valiulin




86. Passerini Three-Component Reaction 1921
( Passerini Reaction
3-Component Reaction (3-CR)
[1921]
Concerted Mechanism:
SR TR 2
* _— R, - Rj e
Ry OH Rz Ry J( isocyanide R E:O k
o R,
carboxylic acid  ketone j
Ry—N=C:
®
H H. ®
LTI (T TR )5
R0 E'N"R.; R O)Qﬂ, Ry R2 —
0 0 C_N R4
u~acyloxycarboxamide
. : . O
lonic Mechanism:
i R iH BT
+
R(M\OH R-‘;)J\Rg R; Re™ oy’
oacd o ) <R
carboxylic aci etone R~N=CO
isocyanide
\_ © 2018 Roman A. Valiulin /




87.

Pauson-Khand Reaction 1977

Pauson-Khand Reaction

[1977]
(9] o 0
oc
oc—}:g—clo—co OC-Co Co-CO = Co To
" II.' '\\ W .
ac OC co ocC W co OCQL:J Eoco
0
R1%R2 oxidative
_ addition
co
0] OC\|/CO

Co
R3 f R1 OC\ ’/_. R
oc-%° 1
R2 oC co
Rz
CO loss

oc o
0C-Co R—R; oc | co
oc’| co  loss of Coy(CO)g o
0O, (Co-CO reductive oc. /" R,
m: co elimination UC"CD
TR,
R
3 Rz R2
R;3
reductive alkene ﬂ
elimination coordination
cO co
0C\| La OC,_ | CcO
- </
OC Co o
0C— g R oc._/ )
—Co i ~od- 1
OC™ g4 0C50S
0=\ (= )
R;:_r Rf:;_ Ra

R . co alkene . [
CO insertion : - n-complex
l = OC\ | /CD insertion
OC\ Co
co 00;05—* R =
0C™-,

R3 R2

© 2018 Roman A. \r“aliulinj



88. Nucleophilic Substitution

Nucleophilic Substitution
(see Finkelstein Reaction)
It‘-+ 5 ¥
E 3
Unimolecular Nucleophilic Substitution
rate = kK[R-L]
L =Cl, Br, I, 0SQ,R', OTf, OMs, OTs, OBs, ONs
37=2°>1
R-Nu
Reaction Coordinate
- = .
R4 Ry
© T = zﬂ\ fast
t Nu TR, T
R4 Ry © ?alu RRZ Nu RRZ
slow Rar,, L 3 .
Ay WA e | AT . 4
R," L Ry - © Ry R, R
Rs Rs o} ’
Nu — — R)MS ———
ias 2|l' S = Rzlu
i R3 Nl.l_ R3 Nu
2 :
Nu-R-L
E L
Bimolecular Nucleophilic Substitution
rate = k[Nu][R-L]
L =Cl, Br, 1, 0S0O;R', OTf, OMs, OTs, OBs, ONs
1¢>2°>3
R-L
R-Nu
s Reaction Coordinate
= R R R
Nu /_\\ slow |@ fast
H“II. - = NLI JC L f“ ""er
L % L=  Nu
H™ g3 H

© 2018 Roman A. 1\»"aliulin)




89. Nucleophilic Aromatic Substitution

é Nucleophilic Aromatic Substitution \
Bimolecular Mucleophilic Aromatic Substitution =
(addition-elimination)

rafe = k[Nu][ArX]

X Nu

X, Nu
1 = 2 , f = = % ')
EWG—— + Nu =—= EWG — EWG—— + X
= = o

a-complex
(Meisenheimer complex)

X X X
o™ @ (;FEWG
EWG EWG

Electron Withdrawing Group
NO,, SOsR, CN, Ny*

© 2018 Roman A. Valiuliy




90. Radical Nucleophilic Aromatic Substitution 1970

( Radical Nucleophilic Aromatic Substitution
[1970]

Nu = * . | =

Sandmeyer 3
% rate = k[ArX] @ @ Reacti:'n @
[1884]

Nue lE}

\L © 2018 Roman A. Valiulin)




91. Steglich Esterification 1978

( Steglich Esterification )
(1978)
RNV
N N N
o/ Q \ o R-N=C=N-R o R o
Ri—4¢ \ H_ND_Nf o R4 A p e DMAP-H
0O-H DMAP Bh— \ 0© carbodimide Ry” TO7 TN’ - DMAP
wS =
. H9R !NC\>7N/ H®R R
o )'N\j =/ N 9N H® )DL N
ﬁ - -
,R R _,R ,R -
Ry © H DMAP Ry O H R” O H
T
M 0 =
P N 0
)L@ ('/i\m
-~ —_— R1
e
N ® N Z N7 - DMAP 0-R,
i | -H ester
R, ~~yR
H H
urea
Carbodiimid t: H7o o
daroodinmide reagen . —N® cl
OrwendD) ywond Nwonny
DCC DIC EDC
© 2018 Roman A. Valiuliry




92.

Upjohn Dihydroxylation 1976

Upjohn Dihydroxylation

[1976]

SN 0\-3/0 _R
N 05 <
A
NMM o 0
R R
§° —
|~
0=0s—-0/%/ 0.+ 0
el Ne o Os.
NS “ 0
H,0
H,0
HO_.. OH
Vi +6
o oN 08, R r
— 0~ 0" o
NMO HO  OH

© 2018 Roman A. Valiuliry




93. Ugi Reaction 1959

4 Ugi Reaction h
4-Component Reaction (4-CR)
[1959]
@
H
/—\ H@ ﬁla '?3 ® "N'RS
R;—NH; + — HN® OH H-N:3 3H2 P E— /“\
R TR, - R "R, Ri” "R,
ketone
o}
o] Rs)J\OH
JJ\ carboxylic
RHN’RE‘ EgmNHKﬁO Rs R4 N co w ) acid
2 —_— 2
e} Rs
R1>tﬁ/ R j\ N lsocyamde R)\ 5
N O k.f R
Ry 4
4 RS’JLOE}
Rs.: |T| 0® Rs @9
Ra“Nﬁ RS—N@—'—RE, ‘N—'—Rs O Ry R;
R2 o' R, — & RMO — & (o Rs)J\N N‘R4
! \ﬂ/) ? Ry @ 2 R, !
RA,N.HO roNy - R,N:D Ry O
= « 8 e u-acylaminocarboxamide
© 2018 Roman A. Valiulin /




94. Ullmann Aryl-Aryl Coupling 1901

4 Ulimann Aryl-Aryl Coupling h
[1901]

5 Cu X =Cl, Br, |

+1
CuX “\ ,.l' reductive

V' elimination

Not Understood
Mechanism |

Not Understood
‘ Mechanism I 2

LY '1
2Cu
\:l\
ll. B @ ! +1
@ ) 2cux

\ © 2018 Roman A. Valiuliy




95. Vilsmeier-Haak Formylation 1927

i Vilsmeier-Haack Formylation A
[1927]
<9 @°
o) o)
u/—\i';ﬁ’—c' .Gl | I
gy o e & PR \n O-P-Cl \ ~P=Cl
SNTH — N @Y T eNT et —— @ cl
| /" H /" H a® /' Cl
DMF
-2
o s ¢l
® H CI ScAr /.)
MeD—@—( Meo@( _SA med? F“@
N} - HCl ¥ N—
/ /e 'U"IlSI'HEI&r Reagent
_c.@J
(\" Hb®H OH
H.0: & H,0
MeO X : Meo@—( : MeO@—(
GN— N— ® N—
"; f o = H30 / .
per
@ P
P H20 0-H :OH
MeO / \.—4 q—@ MED—Q—e - Mm@q
== H - H30 H — MezNH H-N—
/®
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96. Wagner-Meerwein Rearrangement (1899-1914)

= Wagner-Meerwein Rearrangement -
1899-1914)
1.2} = Hl@ R R
15 el <hift (Y = R e A
r R R 1'2-aryl shift i =
Y _')i.\_\. R —n Yﬁ\,R . R)@)\rﬂ ] Y
%2 X Y Nu R R
2° carbocation 3° carbocation == Nu }_ (
R Y
L _ H_30., H20'> JL‘“‘
“"’ Hzo
CHs CHs
Y carbocation 3? carbocation
N © 2017 Roman A. Valiulin J

97. Weinreb Ketone Synthesis 1981

s

0
Ri—4
X

X = Hal. (OR, OCOR)

'ﬂ
OMe

Weinreb Ketone Synthesis

[1981]

feo 0] o]
R:F I (E'l R )I\C;I:',DME )‘I\N OMe
= 1 -
@ -l ' H @
Me,f';l OMe Me O | Me
H Weinreb amide
® D_""! R,—Li | Ry=MgBr
/*(:(9 OMe -2© R&?LN,OHMG <—|
1 2
RZM Me
M = Li, MgX
OMe

© 2018 Roman A. Valiulin




98. Wittig Reaction 1954

4 Wittig Reaction h
[1954]
' © base ®
R.‘\J}x —_—- R-IVPRg R1 -,&_S_,JPR; - R1RU4PR3
S c
. X :
RiP: alkyl halide phosphonium salt D"EGIS]L;EOL%&JI:::?G
X=CIBrl OTs Phasp
=]
o ® &
(o R PPh,  Raa O} Req o Ra._H
T, — R - — B o T e
e 3 —Ph-P=0 (minor)
/—\RZ/ H H H Rg R'I Pph3 R{ 3 H R1
@ threo-betaine frans-oxaphosphetane
R1\L|’—7/Pph3, — (obsaolete)
S
; R 2 F@Ph Re., 0 H.R:
L o= ! ? = Ef‘Fl,Ph - :[ F’_-n_lh_r--'\
R2 H R{“‘ 3 - PhSP_D H R-‘ {major)
i cis-oxaphosphetane
\_ © 2017 Roman A. Valiulin J

99. Wolff-Kishner Reduction 1911

(" Wolff-Kishner Reduction
[1911]
H,N-NH, o HE
(0._/ hydrazine o] OH
RHJ\RE -— R14’*R2 % R1—|—Rz
asSatod HzNEEr)aIH NN
R, = Ar, Alk, H 2 2
(o e CH
N N*\JH OH HNl'
& o m— —
R1/||_|\R2 - H,0 Riy Re -H0 RH\ﬁ
diimide TR
N=N /1
)H\ H,0 H H
R{OR, o R1>< R,
~OH

“oH (OH
Ri——R,
- H,0 ('N
©" NH,
e
- OH
- _NH-
“oH FJNl\ ‘
—_—
~ H,0 R R
hydrazone
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100. Wohl-Ziegler Reaction (1919-1942)
( Wohl-Ziegler Reaction h

[1919-1942)

| S
.0__R —
R 0“-;' \ﬂ/ or hv 2(;; S

or AIBN © /K
R CcO

Br

@ chain O
termination

succinimide MBS

k © 2018 Roman A. Valiuliy




II. 100 Must Know Reagents

1. Lawesson’s Reagent 1956
OMe

PhCHj (toluene) PaSio +
PhCI {chlorebenzene) s

PhOMe (znisole)
(CH;OMe); (dimethaxyethane)

Davy reagen
R = Me (De-Me) WUUHIH!:

R = p-tolyl (De-T) _ °F 9 reagent
? R* 'R
s,

Lawesson's
reagent

£y
R-“ixs)‘*R-

X, ¥Y=N,CH
Paal-Knorr Synthesis

N

R X

X
n

3 @RomanValiulin m WWW.romanv.us © 2018 Roman A. Valiulin




2. Grubbs’ Catalyst First Generation 1995

[RuClz(PPh3)s]

Ph SN,
CH,Cl, THF .
acetone | = P(Cyh

@_ Et,0 PhMe

Ru=—
Ph

..U
o
ol
2
..U
o0
[
L]

(Cy)sP Grubbs'

catalyst 15¢
Hzc = CHZ [acyclic diene metathesis
[nng-closing metathesis] palymerization]

RCM ADMET

‘,jx\l\ ; k
[ring-opening metathesis] ] '--"-I'-I'q me tiII 25

ROM
f"wf Rz

4

HEC cnz
[olefin cross-metathes
CM = XMET

zlosing enyne metathe e

RCEYM EYI‘\.-"I

, @RomanValiulin m WWW . romanv.us © 2018 Roman A, Valiulin




3. Grignard Reagent 1900

DG QDG X or Ar-X
H H _ .
TMPMgClsLiCl FPMGCIsLICt o MgCieLicl
7:~:‘§ T

I
MgCle=LiCl R = H: i-PrMgClsLiCl
TMPMgClsLiCl ! R = CHj: sec-BuMgClsLiCl

cyanide .
s (Mitrile)
[1900]

HC(OEt) RM gx

ethyl Grignard reagent

arthoformate R =sp® sp® sp
X=Br.ClI
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Grignard Reagent C-C Bond

[Frychrolyss)

o

N

R™ "CHj
(R =alkyl, R'=H CHs-H)

W @RomanValiulin m Www.romanv.us © 2016 Roman A. Valiulin




Grignard Reagent C-X Bond

BF;
B

[ PbCl, Bci?,a @ R;B
HgCl, NP/ == [R4B]°
C-Hg
@\ C-E R-B(OMe),
CdcCl, B(OMe);,
c

C—B\

INH,
C-N

@ RMgBr

RCuMgBr, @
O = 9
cs
O @

Iz
cl
R
SiR,
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Weinreb Amide 1981

ketone

Weinreb ketone
synthesis

Me. .OMe
'TI s HCI
H

M, O-dimethylhydroxylamine

Weinreb / Shapiro
synthesis

wia
enamineg

YW @RomanValiulin

m WWwW.romanv.us
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5. 3-Chloroperoxybenzoic Acid - mCPBA 1970

CHsCls, CHCI3, EtOAC
o 1,2-dichloroethane,
_OH benzene, Et,0 peroxyacetic acid F O,OH

ok Mg?* « 6H,0 FF
triflucroperacetic acid

o 2
magnesium bis{maonoperoxyphthalate) ?}-{‘0

hexahydrate
- . H;C CH
H. .0, 3 3
dimethyldioxirane
Murray's reagent

0O

epoxKae

Prilezhaev reaction

0

J_r

R™ O

aster

Baeyer-Villiger oxidation

o]

PN

R™ OH

acid
Baeyer-Villiger oxidation

OH

OH

'.."ZZI.'“')."“.I"I ne nitrene

(?AC fo) 0® 09 R
' "N =
Rubottom oxidation I RO—H—OR . aof )=N
aryliodine(ll) OR R’L‘R R”J\Fe R OH

i-hydroxy ketone

N

diacetate phosphate nitro-compound nitroso oxime
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III. Misc

1. Fundamental Organic Mechanisms

Fundamental Organic Mechanisms

Electrophilic (E*):
Hal*, H30%, NO,*, R*, BF3, AICI3, Bry, HCI

Bimolecular Electrophilic Addition
rate = k[ET][C=C]

Trimolecular Electrophilic Addition
rate = k[HCI}[C=C]

Nucleophilic (Nu):

Bimolecular Nucleophilic Addition
rate = k[Nu][C=0]

Not Covered @ @

Hal~, OH-, CHy~, RS™, N3~ :NRg, :PRg, H,0:

I SUBSTITUTION |

ELIMINATION

Electrophilic (E*):
Hal*, H30%, NO,*, R*, BF3, AICl3, Br,, HCI

a—Eliminationl I[S—Eliminationl |y—E]iminati0n

Unimolecular Electrophilic Substitution
rate = k[RM]

Bimolecular Electrophilic Substitution
rate = k[E*][RM]

Electrophilic Aromatic Substitution
rate = k[ArX]

Electrophilic Aromatic Substitution
rate = k[ET][ArH]

SUBSTITUTION

Nucleophilic (Nu):
Hal™, OH™, CH3™, RS™, N37, :NR3, :PR3, H,O:

OO

Unimolecular Nucleophilic Substitution
rate = k[RX]

Bimolecular Nucleophilic Substitution
rate = k[Nu][RX]

Internal Nucleophilic Substitution
rate = k[RX]

OO0

Nucleophilic Aromatic Substitution
rate = k[ArN, "]

Nucleophilic Aromatic Substitution
(addition-elimination)
rate = k[Nu][ArX]

o

Radical Nucleophilic Aromatic Substitution
rate = k[ArX]

Unimolecular B-Elimination
rate = k[RL]

Bimolecular p-Elimination
rate = k[B][RL]

Unimolecular B-Elimination
conjugate base
rate = k[B][RL]

Internal/Intramolecular
B-Elimination
rate = k[S]

OOGO

Unimolecular Allylic Nucleophilic Substitution
rate = k[allyl]

Bimolecular Allylic Nucleophilic Substitution
rate = k[Nu][allyl]

m www.romanv.us

9 @Romanvalilin
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2.

Isomerism

MESOMERISM = RESONANCE
| TOPOMERIZATION I— 4' NUCLEAR/SPIN ISOMERISM |
CONSTITUTIONAL ISOMERISM
[STRUCTURAL] STEREOISOMERISM
| ] [ |
TAUTOMERISM I CONFIGURATIONAL ISOMERISM | I CONFORMATIONAL ISOMERISMI
CHAIN [SKELETAL] CXY-Z o Xov-z-G | VALENCE ISOMERISM I
ISOMERISM |
OPTICAL ISOMERISM
[(+)/d dextrorotatory (-)/ levorotatory] CONFORMER
POSITION ISOMERISM
[REGIOISC ] [ |
PROTOTROPIC TAUTOMERISM| | I
[PROTOTROPY] VALENCE TAUTOMERISM IDIASTEREOMERI IENANTIOMERI | I I ROTAMER IIATROP]SOMER
FUNCTIONAL H-X-Y=Z <== X=Y-Z-H
I1SOl T ring conformations
I ANN|ULAR — LHAIN GEOMETRIC ISOMERISM EPIMER allylic strain
| |SOTOPOMER I ITAUROMERISM' |TAUTOMERISM|
ABSOLUTE RELATIVE m
ter istry stereochemistry
E/Z-ISOMER cis/trans-ISOMER
M somerism [ Constitutional Isomerism I - - Isomerism o @Romanvaliviin  [ff] www.romanv.us @ www.ivpacorg  © 2016 Roman A. Valiulin

3.

Constitutional Isomerism

pent-1-ene

D

pentane-1-d

/\/\/D/‘\/I\,

cyclopentane

CONSTITUTIONAL ISOMERISM
[STRUCTURAL]

TAUTOMERISM
G-X-Y=Z =—= X=Y-Z-G

VALENCE ISOMERISM

N
Qo O
N = - N-R
R N
benzene benzvalene fulvene
[ | (1825) (1971)
CHAIN [SKELETAL] PROTOTROPIC TAUTOMERISM VALENCE TAUTOMERISM “ H
neopentane ISOMERISM [PROTOTROPY]
T T H-X-Y=Z <= X=Y-Z-H
/\/\ POSITION ISOMERISM i = ™ Ng
_— N $
OH [REGIOISOMERISM] )K/H & (,‘\“ N-N Dewar benzene prismane bicyclopropenyl
pentan-3-ol T Ketone - enol . )QN . /MN'N (1962) (1973) (1989)
enamine - imine | ==
FUNCTIONAL ketene - enol 7 7
ISOMERISM nitroso - oxim azide-tetrazole
amide - imidic acid
| lactam - lactim ( =
/\(\ @O == | o]
ISOTOPOMER INe] =
ANNULAR RING-CHAIN oxepine
TAUROMERISM TAUTOMERISM
CHO
H
H<H > H—-oH HOH
N~ H’\r/\n HO——H " Ho
N ~ H—OH Po
4H-imidazole 1H-imidazole H OH H OH "OH
CH,0H
D-Glucose D-Glucopyranose
HOOC_ o o HOOC_HO. o
HO - o

I B Preferred by IUPAC

Il B Frequently used but not preferred by IUPAC

’ @RomanValiulin m www.romanv.us @ www.iupac.org
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4.

Stereoisomerism

STEREOISOMERISM

I CONFIGURATIONAL ISOMERI

SM|

|
OPTICAL ISOMERISM

[(+)/d dextrorotatory (-)Il levorotatory]
I

DIASTEREOMER

COOH

GEOMETRIC ISOMERISM

CHO CHO
ABSOLUTE RELATIVE H—~oH H—~OH
stereochemistry stereochemistry Ho A H Ho A H
E/Z-ISOMER cis/trans-ISOMER Ao o c
H——OH H——OH
cl Br cl cl Cl Cl CH,OH CH,OH
= = (RS.RR) (RS.S\R)
H F H H
(Z)-zusammen cis- cis- H \H
cl cl cl OH HOOH
H o er AR LA A
(E)-entgegen trans- trans- OH"oH OH"oH
D-Glucose D-Galactose

OH
I ANOMER | o
HO HO
HO

glycosides, hemiacetals, sugars
o™

a-D-Glucose

OH

) HS%OH

| CONFORMATIONAL ISOMERISM I

CONFORMER

| ENANTIOMER I

ROTAMER I

I ATROPISOMER I

chirality centre
(asymmetric atom):

Br | Br
m}‘e" *1:')\0|
(S) R)
COOH ! COOH
HO——H | H—OH
H OH | HO——H
COOH | COOH
(S.8) (RR)
axial chirality:
,HO, c i cl OH
Sm=e=— | =
77 N
HsC CHj ! HyC CHs
(Ra=P) (Sa=M)
OH

/+D-Glucose

Yy

ring conformations:

<X> "twist"
m "chair"

allylic strain:

&

e}

o
&

o

H eclipsed

Hs
staggered
(gauche)

T T
I
o
&
I o

o
&F

D
0z

T

CHj eclipsed

R~ ROR

I T
ie}
F
-

staggered
(anti)
CHj
H CHs
H  eclipsed
H@H P
HaC
CHj
HsC H staggered
H H (gauche)
H
HaC §Hs
eclipsed

T
IZ
T

axial chirality:

Y .

W Cy
SO
L :
HO,C NO, | ON
HO,C._|\NO2 | OoN
O

S.=M '

g COH
! COH

R,=P

(conformational enantiomers)

planar chirality:

H :
S=Mm

H
%
H
R,=P

(conformational enantiomers)

Il Preferred by IUPAC:

(ism),

Il Examples/Terminology: meso, gauche, anti, eclipsed,
Wl Stereodescriptors: R, S, Ra, Sa, R, Ry, P, M, D, L, d, I, (+), (-), E, Z, cis, trans, a (alpha), B (beta)

isomer(ism),

centre chirality,

(RS, DL, dl, +-)

1al isomer(ism), diastereomer(ism), enantiomer(ism), epimer, anomer, conformer, rotamer, atropisomer(ism)
Il Obsolete by IUPAC: optical isomer(ism), geometrical isomer(ism), d, I, (+), (-), erythro, threo [__| Not covered: erithro, threo, s-cis, s-trans, pro-R, pro-S, R* S* rel, r, s, Re, Si, u, I, A, A, pro-E, pro-Z, endo, exo, syn, anti, ap, sp, sc, ac, &(xi)

, @RomanValiulin m www.romanv.us @ www.iupac.org
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5. Alkenes

1. Hg(OAc),, ROH
2. NaBD, (NaBH,)

[
“:R’E.*G ~ A\
~or.
.o
X5, ROH
(X =Br, ClIj

%’ @RomanValiulin m WWW.TOManv.us © 2016 Roman A. Valiulin




6. Terminal Alkynes

1. NaNH,, NH5
2. CH,0

Y @RomanValiulin m WWW_rOmanv.us @ 2016 Roman A. Valiulin




7. Internal Alkynes

Lindlar cat

HEr (2 eq)

'|, mﬁ?_?;‘l

)

W @RomanVvaliulin
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8. Nucleophylic Substitution

‘H\N \f'\\
v I3

L“.’-‘
na
KF, 18-crown-6

pald
H\J%

: P(OEt)s, A R'ONa | ArONa R
T \,-"""-ORP
L=Cl, Br, | , THF | DMSO
C DSDER f O‘Tf, OMS. 4COHf

+ =

OTs, OBs, ONs 4‘"’-"0,4
c

45508
S
<O, > OTg

W @Romanvaliulin  [f}] www.romanv.us © 2016 Roman A. Valiulin




9. Diazonium Chemistry

1. NaNO,, H,0*
2. TMSCF;, [Cu]
o

OR

(mixture with H)

—
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10. Condensation

R X

0o R Q R
0 RJ\(‘\/RI R’K‘(”"J\/R. o 0
R OH f
R ol — rotonization

OH

acyloin [1903]
R‘ [&=tar]

HO
R R
OH
R
pinacol

[etare]

o}
o

OR
%=ClLBr R,

Darzens [1004
a-Pakeesar + ddaFivde ke

RK\JE\’U’G

EWG = COR, CO:R, CN, MO;
Stetter [1277]

[akizhyria + 4 jursaturaied carbomd]

benzoin 1532
|aromeatic alckahiyvde]

oy 0
Robinson [1935]
[Michraal + akdol condanaaton|

EWG

EWGE

aldol X=H, OR
[alzahyda katong]
ketone-ester

laldehyde ketane + eter]

o o
RGMR
R

Claisen |[1887]

[erster]

0o 0
é)tm

Dieckmann

[his-zsier]

OH O
RQM OR
Rs
Ry
Reformatsky [1857

Ja-bromoaster = aldahde keinne|

X, ¥ = COOH, COzR, CN, NOz
Knoevenagel [1596
laldahyda katane + 1,3-dicarband]

: i COOH
H

R Perkin [1868
N - [arcmatic akdehyda + acid anfedride]

EWG

EWG = COR. COzR. CN, NOz R"

Michael [1887]
lenclane + u.|l-u|‘|3—&h.|ldlt"] L?-dltlmyll

Mannich [1912
[ketare + formaldebyde + amine]

9 @RomanValiulin
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11. Aryl-Aryl Coupling

Liebeskind-Srogl [2000]

|Ar-Ar cross coupling]

vs)

Chan-Evans-Lam [1998
[Ae-NHMHEH creess coupling]

X=Cl, Br, I, 050:R
Buchwald-Hartwig [1954]
|Ar-MH croes coupling]

Hiyama-Denmark [2008]
[A-Ar croes coupling]

¥=F OR R
¥ =Cl, Br, |, OTf

Hiyama [1982]

|Ar-Ar* ormss coupling]

| He
e

[Ar-Ar creas couping]

¥=0H OR FK.R @ s ®=F, Cl,Br,1,OTf
X =Cl, Br, I, OTf, OMs_ OTs 5 o
Suzuki-Miyaura [1079] umada [1597

® = Cl, Br, |, OTf, OPD{OR)z % =Cl. Br, |, OTf, DAC
Stille (1978

[Ar-ar cross caupling]

=
\c_p

NDo
L: N
I
radical arylation
[r-FhiH. fran, thiophene coupling]

‘i.
X =CHp, CH=CH,CO MH, 0,5

Pschorr [ 1596
[Irra-moka cLdar Soupiing) H

Graebe-Ullmann [1895]
[irilra-makecilar caupling]
1. HNO:

@ 2 AW
!
A

X=ClBrl

Ullmann [1901
[Ar-Ar hame couplingl

[Catalyst] X ’©

ARYL-ARYL
COUPLING

Gomberg-Bachmann [1924]
[A-FIH couplirg)]

Li

-78°C

Wittig [19427]

|benzyrie mechanism]

[Ar-Ar' crass coupling|

MNegishi [1277]

[Ar-fr' crass coupling]

" @ RomanValiulin m WWW.romanv.us
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12. Thiophene Synthesis A

R R
L3
R—“g” ™R
Paal-Knorr
(18541

Paal-Knorr
[1834]
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13. Thiophene Synthesis B

R

R
R
Paal-Knorr vy
MeD:C CO:Me

[1884] S

Hinsber
g Ry CO;R
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