poi 52 M l:0): V' 4

L3

APR 20

RFNEWRE FTHHAEFR, AAXE—MRENSENEY), 55
CEMEERENRNE, HEMRRNMNERLSEREESYIRE




Co ding 'C |hem |Eu|cation® chem.pre-u.org

Bt LAV R B

= MBS

5 FEBE: SAr

ANERE BRVIE T RYUFEAZEL: S\Ar
SERIEEF: Syl

ZJR: Elcb-Ady

& BHREFEZEI: Sl

R _EFZN0FIFXIF: ANRORC
HHREIR

B)iE S EF A

& B B RbR LAY

© o N o kB W=



Co ding 'C |hem |Eu|cation® chem.pre-u.org
e -

Bt LAV R B

= RAVERY . FEFEEU SAr

x
i

©+E+ *-:h@_‘E'F _—

1 2a 3

2b



Co ding 'C |hem |Eu|cation® chem.pre-u.org

Bt LAV R B

= MES) BEEFRZEMN SyAr

X —
N Nu
| ’_L,

EWG

EWG = electron-
withdrawing group

o complex

X Nu

Q

EWG |

o Nu
2o
EWG



Co ding 'C |hem |Eu|cation® chem.pre-u.org

Bt LAV R B

» FEMESF: S\l

N2 _ _ Nu
N, ¥ NuH

N X XN

O 2o ) A‘r |

N N N

R I R H R

aryl cation



Co ding 'C |hem |Eu|cation® chem.pre-u.org

Bt LAV R B

= FMR: Elcb-Ad,

P O] O X
.—l- | —_— +
||q. NH3 NH2

benzyne




Co ding 'C |hem |Eu|cation® chem.pre-u.org

Bt LAV R B

= AEIIAENRNAEMEEMBNUFFPHNEREZ =

= HEFRAENARN, BHTFTEEFEINA
= JUFEFEEIRERHS BRI

= BIRATEEmAINAEMNNAIEIL?



Co ding 'C |hem |Eu|cation® chem.pre-u.org

Hammett 5=

» BYEESR, Hammett AIZERA T RNEERSFEEB VKR,
Hammett BVAEARBEHESR, MAEANFNEAFIEIL

- WEEHBENSWOIR, RIHERIYHRAL XY BIAE

1 X EXREEREE PR B@Oﬂ<:>—d
). CEFRBERMMER, EXEERH

3. YERRAIS GREVRHEES) X G Y



Co ding 'C |hem |Eu|cation® chem.pre-u.org

Hammett 5=

= Hammett A

K

log,  — =
0810 K, op

= Hr:
. \ , MeO@C]
" Ky X=HBKFEEHEEHR/ R NIERFLN

= K. FENAENTE RN/ RNMNERRER X G Y
= p ERMER, HTFHENRNENELR
= o BCEREREZ, WTHENXHEABX

10.1021/ja01280a022



2(?'}0 ding 'C |hem |Eu|cation® chem.pre-u.org

K
Hammett 51 l0g1 7~ = 0p

z

» KRB ESTEHAINRINFENE, KBS
O O
O, — O o
OH O
= Hammett MMEZ R MY p =1

BXE p-H p-NMe, p-Cl p-OMe p-CN p-NO,
PK, 4.21 6.03 4.00 4.25 3.55 3.43

= IRIELIAYEE, TEIEAENEEE K



2(?'}0 ding 'C |hem |Eu|cation® chem.pre-u.org
_______________________________§ |

Hammett 5=

o A EVAUERERER M 1T R I SRAVFIE B3
BXE p-H p-NMe, p-Cl p-OMe p-CN p-NO,
PK, 4.21 6.03 4.00 4.47 3.55 3.43
0] 0.00 -1.82 0.21 —-0.26 0.66 0.78

EdHEMRN (W0 BAEFRIEERREEKFRE) , HEERT—

ERNMEREN 0O oo
OFEt

= FEIRN FHRERHEEITER, ENTARZSHRN, BHHREE
GNLIEPOE A




Co ding | C |hem |Eu|cation® chem.pre-u.org

Hammett 5=

» BT RZERNIREH FFEYy FEREEHRC
HKXE pH p-Me p-Cl pBr pl p-OMe p-NO,
0] 0.00 -0.17 0.23 0.23 0.18 -0.27 0.78
BAE m-Me m-Cl m-Br m-l m-OMe m-NO,
0] -0.07  0.37 0.39 0.35 0.12 0.71
s —R AR EDBUENRENFFEREL, EREMTA?
A VASI VRS RS (VA-AES )N
o B F RN = B BN B SR 2R

10.1021/cr00002a004 .,



27
Co

ding | C |hem |Eu|cation® chem.pre-u.org
S

Hammett 5=

1.
2.
3.

M ERFEEHEER:

SR (HH) SR
SRR
g

Hammett SR BEIEHIRART, RN FEERMN, MM
BAREFEENAE o' ]»



Co ding 'C |hem |Eu|cation® chem.pre-u.org

Hammett 5=

= o' L@ XNIT [2.2.2] Fhn-1-FREREERY R N sh D FIR1S

» 05 o' WEETEEEFNEYELS /FI B FEE
RAE H p-OH p-CO,Et  p-Br p-CN
o—-0 0.00 -0.624 0.105 —-0.222 0.077

COOR

X

10.1021/ja01105a045

14



Co ding 'C |hem |Eu|cation® chem.pre-u.org

Hammett 5=

= EFUNFES RIFEAEREIRIN RN £, SRS ESE
ERKNIRE

<

Cl
s WFREGTEYMNEE RN, BEEt EFEEESSIeH
RIMHEKRN o

= WFFEXRER Syl kN, sEHEIRIGERIER FRYRAEELEH
RIHEHR 0



Co ding | C |hem |Eu|cation® chem.pre-u.org

Hammett 5=

» SHIRERESESHEERE, KR o, (FEESEF) Mo, (FE
MEF) RFITEL
BUKXE®E p-H p-Me p-Cl p-Br p-l1 p-OMe p-NO,
0] 0.00 -0.17 0.23 0.23 0.18 -0.27 0.78
o, -0.31 0.11 0.15 0.14 -0.78 0.79

O, -0.17 0.19 0.25 0.27 -0.26 1.27

= ERTRNER o, BEEFRIAMEXR, RERNAEREAREFE
IEEFY

10.1021/cr00002a004 5



Co ding 'C |hem |Eu|cation® chem.pre-u.org
e [ —

Hammett 5=

= Hammett AIZR T AT FEE R, RMREBE, M IR MR EZ
Fis LR BTN _EERAR 2 B Th

= HfhERRL (twisted amide) EERFHT K NEESRES AR FHITA
SN EEENEE A

» Stolz B RS RHIHE RN R N E—BIFE LN BN ESE, RN
YN sEtiess, FHEFEEH=E

10.1038/nature04842



Co ding 'C |hem |Eu|cation® chem.pre-u.org
]

Hammett 572 ,/1\/1\7‘\/\(\?(X
V O

= Gutekunst F A G AL T HH A R ERRLZTTEY

« FERERNRESSESLYE, ARHE 1=0, STeHthpIEti&iHsE
A990°, ZAEM Winkler-Dunitz %%

- EEHHE N RF B TEGE (sp?) T sp’, BNBRBELRE
SREE

B. Winkler-Dunitz parameters

0 0 i = il
twist angle E \  pyramidalization O «
)LT/ (1) )LN<.. E O?N\_ () l,
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Op" 000 -031 011 -0.78 0.79 -1.70 0.66

(t+x) 87.43 8797 87.38 88.65 8577 90.35 86.21

= IRIAAINIZER 0 IEE 0, X (T+X) HITLEMEINE?

- FEEREBFHENE, REER o

10.1021/jacs.1c05854



Co ding 'C |hem |Eu|cation® chem.pre-u.org
N

K
Hammett 51 logi 7~ = 0p

HUXE p-H p-Me p-Cl p-Br p-l  p-OMe p-NO,
0] 0.00 -0.17 0.23 0.23 0.18 -0.27 0.78

= RNVEER p EINEASFERIIERE LR
= 25°CF 85% ZEZFREVURERER Z A5 RYAR /KRR AN T

BRAE p-H p-Me p-Cl p-Br p-l p-OMe p-NO,
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(ii) direct X atom/group transfer

= RNFEFREBBRE, UEHMBRARNEERSX—HIE~Y)
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= PR _HRERET IR T RS RIZSR

xf =0

s RMNTE 77T KF#HIT, IRYEIERIN T HkehH 2087 cm! BYUE

= 197T9FERIFERUNXZHRRA C=C UiRzhlE, B3R 1990 F£85 A
HEAS— 4 X By C=0 H4aHxzh

)

10.1002/anie.200390151
10.1071/CH09640
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= PER_HRERET IR T MR, YR AIMT IRHRENZA 2087 cmL BILE
= RT3 X B9 C=0 fHZaikn), X NEUEREEREN 104 u

= X Ali@d Meldrum BRUTEMRVRER = ARIRE

= 08 12-F-RRE S 2R, 2,3-F_REREFARILL

D oy ood

@c:c:o

10.1002/anie.200390151
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* BM—R=REREREFS KNH, N, RISGHM~Y)
= R AZRRNIE, TieEMEREREIYSRIEEA 1:1.589 A B

CH, CH,

cl CH, H,N CH,
A
CH, CH,
K + NI,
or > + A:B=1:1.5

CH, CH,

CH, CH,
B
cl H,N

CH, CH,
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= EA—HM=RERERRFG RN, FYLLFIaT

= R NARE T & ERAENA

CH,
I CH,
CH,

CH,

CH,
I
CH,

CH,

H,N H

CH,
+

CH,

K + NH, CH;

Y

H,N
CH,

A:B=1:0.63

A:B=1:5.86

10.1021/ja00728a037 &
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1. TEHEAAIHERIENLTT, EAKNH, + NH; IERERIRYIIE RN
2. BERRNBFYFREEED2-RB KR U4 SRR

3. BREFAGEEMNGI RN A SE

4. STBERIRAZEL SERARE R BB Hammett 72 R RZ 44K
p=+6 (FIRHIE—HEH 2)

10.1021/cr00002a004
10.1021/jo01329a002 .
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b Classical view of the Sty 1-mechanism ¢ Sgn1-process considering the electron as a catalyst
R—X ‘Precatalyst’ (initiator)
11 ET 1 Electron
injection

R-X) R-Nu

R-X
R—-Nu
2
(R-Nu) ~ (R-X)
R—Nu)
4 3
w . R. X -
Nu

Nu
10.1038/nchem.2031 72
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= MEES EXRiR, BFEMHERD VMR FELIFERIL

Br

N
Of hv
NH3, KO'Bu

10.1038/nchem.2031
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.
I »

N
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Ph
N
X
N—N
1 l ‘?_.t. ’ JZ

Iniation

o 1 N—Ph

L

o)
0 N—

J{h S

' 4

\\< Ph

0 \
N

o o) O
)\ ﬂ\y‘N o
N // /
Ph— | N N}\Y
%N
N
O \
Ph

Catalytic cycle

\

Z2=Z

A
e S

N>

10.1021/jo00359a035 76
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= BT EMRY DA RN, M2 ZIERY DA FFE 200 °C LA LRYERE
= BE=FEREREMS FENTEEE 0°C &7

ArsN T
SR |j¥:
cat
» N RBERKEEEK?
= 2F % HOMO 1 LUMO K&k 752

O — o

10.1021/ar00142a003
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B. Classic Diels-Alder

( N ” cycloaddition _
e

Radical-cationic Diels-
l e Alder cycloaddition te

"cation"
i 1t reacts with - 2 et

A -O = O

10.1021/jacs.3c06106
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—_— --I—I/
.+ R
B —— -+ L
10.1021/jacs.3c06106
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0 rs
NH, R R
E =
. oM f [
-10 - Ph X
& &
OH
-20
N.H2 Cols "Crossover"
Ph Region  c(o)H
| |
-30 [
oH OCHs C(O)H
Ha cr;® NO,
Cl o .
-40 CF; >
NO,
MNeutral (p = - 3.1 R?= 0.33)
®RC (p =-17 R?= 0.86)
-50
-1.4 -1.0 -0.6 0.2 0.2 06
0+R

AG,, (kcal/mol)
@
[¢)]

"Crossover" [

e Region CN g
el e NO,
-39 [NH, Ph c
© OH. .
x
09H3 W Neutral (p = -2.5 R?>= 0.84)

® RC (p=4.5R?=0.71

42 (p )

1.4 -1.0 0.6 -0.2 0.2 0.6
0+R

10.1021/jacs.3c06106
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» WEERS— RN

\/@ KOBu (3 eq)
O LHAE (40 mol%) j
P =HR
Br

100 °C
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2. TERHARFESSEMAEARR N
3. T EHSREEEINRF
4. MR EBREEF
5. B_RIERVZENERESTIMAD, EFREAIAN Co(acac); t
R NS EIFY)
\Q KO"Bu (3 eq) . O
O SB—3E (40 mol%) O
@[ b= O
Br 100 °C

10.1038/nchem.862 &5
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Ar—X Initiator
1 ,[ET l Electron

@ injection

Ar Ar

Q (Ar-X)"~ )/» e
6

ET

S 2 X
Ar-X -
r Ar (Ar-X)
Ar Ar HO'Bu
HO'Bu

3
4 KOBu
H Ar
T GO0 s
KOtBU Ar ‘_’<
10.1038/nchem.2031 @
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Togni reagent
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v

Bu,NI (5 mol%)
80 °C
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= SMIE AR FHROELE, PTLESSRIEFRMF T&HTT

— @ Ar= e
N
£ NO,

1

AN
..
N

Ar

| AN = | RNH, = |

+ R —m K .R s ;
Nk NN N
Ar - Ar R

= 2024 FRFE_E 10
Zincke HREMARIR N, FHABTSELURREN

FEZET ANRORC (FEZ
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F MR XIE

= WERN 1, [ERN2BY)

O @) @) O
EtOH
Z NaOH
N l ©
N ® C|O4 85% HN
| |
Ph 0O
N\\ //N EtOH " ~N
= NaOH Y ~
| o —* |
NG ClO4 88% HN \N

Strategies and Solutions to Advanced Organic Reaction Mechanisms A New Perspective on McKillops Problems,

Andrei Hent, John Andraos. Q12, P70
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‘3\ Ph N ?ﬂ Ph
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0 Ph \ 0 Ph
Z
= Ketonization =
| OH —_—
HaN “*ril HoN \ri:
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h
ZN H ';/N\
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| | OH
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Strategies and Solutions to Advanced Organic Reaction Mechanisms A New Perspective on McKillops Problems,
Andrei Hent, John Andraos. Q12, P70
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Friedel-Craft R : IEWEELEL
Vilsmeier-Haack: DMF ® 3 FRELE 1K
Gattermann-Koch: CO/HCN g7 R ELE (L
Reimer-Tiemann: S EEBEEY
Kolbe-Schmitt: CO, #E2&

Blanc: FREEHFIKEBAEN

Lederer-Manasse: #3EEK

Pechmann 85 . ER#HKRIFALIA
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Bradsher: ERHIXZEIFZAE
Bischler-Napieralski: FIFhREY Vilsmeier [N
Pictect-Spenglerfz [z : IR A2 p% F EMAIF
Haworth: 3FW F-C Bi &1k

Scholl: FZRKEEE

Hoesch: RB&E#HIH Ak ERAZ

Fries EHF: M F-C ki
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17. Orton EHf: N-REXRIINET

18. Hofmann-Martius: N-IZEREEHGETHE
19. Hayashi ;. —XKBREFNEEEH
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EEIAA Wheland BEY)R 5 & F BETRIAIEIR
= BNAUEX Wheland BEYINREERIAE T RRACEME ARIEZEME

» PRXEFRREMURANERBEHSFTNEREHRLE CIBRUT UL
AL

Reactant fo" [ fo Reaction

Toluene (R = CH,) 38.9 1.3 45.8 Nitration
t-Butylbenzene (R = {-Bu) 5.5 3.7 71.6 Nitration
Chlorobenzene (R = Cl) 0.028 0.00084 0.13 Nitration
Bromobenzene (R = Br) 0.030 0.00098 0.103 Nitration

Toluene (R = CH,) 617 5 829 Halogenation (Cl,)
Toluene (R = CH,) 600 5.5 2420 Halogenation (Br,)
Toluene (R = CH;) 32.6 5.0 831 Acylation (PhCOCI)
Toluene (R = CH,) 4.5 4.8 749 Acylation (MeCOCI)
Toluene (R = CH;) 4.2 0.4 10.0 Alkylation (BnCl, AlCl5)

Modern Physical Organic Chemistry, Anslyn Eric and V. Dougherty Dennis, P610  ¢s
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= UHEIHERAREE RN UDEINEHRTT, RNMFE Wheland TEZS

— CH3NO, solvent
TS 16.34 ——— CFCl; solvent

e —

o_ QO|*
TN

7N,

L O 0 -
Transition State

TS212.13

TS111.57

benzene + 2S0;

Sulfonation with two SOj3's
-23.29
-24.84 benzenepyrosulfonic acid

10.1021/acs.accounts.6b00120 90
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o z
N 0
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10.1039/¢2¢c31699d 100
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H,SO4 (conc)
Boiling
HOOC water-bath, 1h L

10.1002/chem.201001478 ot
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Name
Heck

Sonogashira

Negishi
Stille
Suzuki?

First Reported M
1968 Hg
1975 Cu
1977 Zn
1978 Sn
1979 B

Example of Catalyst Precursor

Li,PdCl,
PdCl,(PPh;),
PdCl,(PPhs),
PhCH,Pd(PPh),Cl
Pd(PPhs),

102
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Reaction Year ReactantA Reactant B Catalyst Remark
Cadiot-Chodkiewicz coupling 1957 RC=CH sp RC=CX sp Cu requires base
Castro-Stephens coupling 1963 RC=CH sp Ar-X sp? Cu

) R.CuLi or Cu-catalyzed version by Kochi,
Corey-House synthesis 1967 sp? R-X sp?,sp® | Cu '
RMgX 1971
Kumada coupling 1972 RMgBr sp?, sp? R-X sp? Pd or Ni or Fe
Heck reaction 1972 alkene sp? Ar-X sp? Pd or Ni requires base
Sonogashira coupling 1975 | ArC=CH sp R-X sp? sp? Pd and Cu requires base
Negishi coupling 1977 | R-Zn-X sp?, sp?, sp | R-X sp*sp? | PdorNi
Stille cross coupling 1978 R-SnR; sp? sp?,sp | R-X sp? sp? Pd or Ni
Suzuki reaction 1979 R-B(OR):2 sp? R-X sp? sp? Pd or Ni requires base
Murahashi coupling*® 1979 | R-Li sp?, sp® R-X sp? Pd or Ru
Hiyama coupling 1988 | R-SiR; sp’ R-X sp>sp’ | Pd requires base
) ) see Liebeskind-Srogl coupling,

Fukuyama coupling 1998 R-Zn-I sp? RCO(SEt) | sp? Pd or Ni .

i gives ketones

_ _ _ RCO(SEt)
Liebeskind-Srogl coupling 2000 | R-B(OR): sp?, sp? Ar-SM sp? Pd requires CuTC, gives ketones
r-SMe —
Cross dehydrogenative sp, sp?, requires oxidant or
, 2004 R-H sp, sp%, sp® | R'-H Cu, Fe, Pd etc. )

coupling sp? dehydrogenation
Decarboxylative cross-coupling | 2000s | R-CO:H sp? R'-X sp, sp? Cu, Pd Requires little-to-no base .
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Ph

Rh4(CO)42 Ph
Ph,C=C=0 + > Ph
CO0,200°,5h

O
68%

NBn 1) RhCI(PPhs); (5 mol%) O
toluene, 150 °C, 2 h
2 ’ ’ 2
R™+ Z Ewe - - R
2) H;0
R R EWG
Me

[ReBr(CO)s(THF)], (3 mol%)
-anisidine (15 mol%)
O . Zcogt —& ( 4 o ‘ CO,Et
toluene, 180 °C, 24 h

10.1021/cr500610p 105
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HX
I
M

(i) (MeS)3CLi
(i) -78 to -10 °C

(i) HMPA, Mel, CO
Q0 :
\
Cr(CO)3

MeO

X

X

- F
M

(MES)gC

HF
/ EDG<§;>*%X

I
M

~COMe
' l “COMe

SME)g
6:1(73%)

10.1021/acs.organomet.6b00285
10.1021/cr9902852
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NaH, DMF, R*OH

\
OR*

(i) (Me)o(CN)CLI @ (i) (Me)o(CN)CLI
(i) H* / Cr(CO)gw) H*

0 68-81% 0

CN

10.1021/cr9902852  10s
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