AROMATIC SUBSTITUTION REACTIONS (S,,)

' I
Reactions of Aromates:

1) Electrophilic S,, (EAS) 2) Nuclephilic S,,
X X

X X
E+
X X Nu~ X
% Z =

E=NO,, F, Cl, Br. I, SO3H, SO,CI, R, RC=0 Nu=F. Cl, Br. |, G, Ny, OH, CH=CHR

3) Transition Metal-catalyzed S, 4) S, Involving Radical Intermediates
X Cu or Pd X
N catalyst | \\_Nu @ + Nu  — Nu
| /_Z Nu~ =

Z=1, Br, Cl, O3SAr Nu=CN, R;N, RO



Electrophilic Aromatic Substitution (EAS)

EAS:
- the most thoroughly studied classes of organic reactions
- substitution of some FG for H (not always — Si, Hg FG)
- various electrophiles

1) Electrophiles capable of substituting both activated and deactivated Ar

Electrophile Typical means of generation
O=N*+*=0 2Hy,SO, + HNO;  —= NO,*+ 2 HSO,  + H,0*
Br, or Bro—MX, Br, + MX, =— Br,—MX,
BrO*H, BrOH + H;O0f == BrO*H,
Cl, or Cl,—MX, Cl, + MX, =— ClL,-MX,
CIO*H, CIOH + H;O* —= CIO*H,
SOz or SO,0H H.,S,0;, — HSO, + SO,0O'H

RSO,* RSO,CI + AICl; =— RSO,* + AICI,~



Electrophilic Aromatic Substitution (EAS)

2) Electrophiles capable of substituting activated but NOT deactivated Ar

Electrophile Typical means of generation
R,C* R:CX + MX, == R;C* + [MX,,I
RsC+ R3COH + H* —_— R30+ + H2O
R,C*CHR), R,C=CRj, + H* == R,C*CHR,
RCH,X-MX,, RCHX + MX,, =—= RCHX—MX,
RC=0O* RCOX + MX, = RC=0" + [MX,,I
RCOX —MX, RCOX + MX, =— RCOX—MX,
RC*=0O*H RCOX + MX, + H* == RC*=O0*H + [MX,, I
H* HX =—= H+ i+ X
R,C=0"H R,C=0 + H* — R,C=0*H
R,C=0"-MX,, R.C=0 + MX, — R c=0+-MX,

HC*=N*H, HC=N + 2H* == HC*=N*H,



Electrophilic Aromatic Substitution (EAS)

3) Electrophiles capable of substitution only strongly activated Ar

Electrophile Typical means of generation
HC=N*H HC=N + HX == HC=N'H + X~
N=0O* HONO + H* — N=O* + H,O
ArN*=N ArNH, + HONO + H* =——= AMN*=N + 2H,0

- strongly activated Ar:
NH2 OCHs CHs
0.956

OH
0.975 0.983 0.972
1.070 1.068 1.063 1.018
0.994
0.977 0.976 0.979

1.044 1.039 1.038 1.012



Electrophilic Aromatic Substitution (EAS)

Mechanism:
1.step — complexation of Ar + E forming n-complex

X toluen+Br, I

2.step — formation of c-complex
(cyclohexadienylium cation)
3.step — deprotonation

X X

AN
B e — (e
Z

\ ; / n complex
S
7 acomiex N\

AN

Qo —
+ HY —— y
E

T complex

|
@

|
O

1 complex
o complex



Electrophilic Aromatic Substitution (EAS)

Energy profiles:

reactants

products

rate-controlling formation of E*

«{2)

reactants

products

rate-controlling o complex formation
(selective E™)

reactants

products

rate-controlling o complex formation
(non-selective electrophile)

ol

reactants

products

rate-controlling deprotonation 6



Electrophilic Aromatic Substitution (EAS)

Other Aromatics:
- naphthalene

H E
H E _ H
-

cationic intermediate cationic intermediate

has both allylic and has benzylic but not

benzylic stabilization allylic stabilization
- antracene

H__E

- phenanthrene

E
H
==



Electrophilic Aromatic Substitution (EAS)

Heteroaromatics:

m-excessive
[y —

- reactivity order: pyrrole > furan > thiophene O
- order In electron-donating capacity N > 0O > S ﬂ

—~I

+

m@ I—Z@ O@

- reactivity toward EAS: 2 > 3 N
H |
LX }Xg 1/H -
X
R X s
n-deficient
—N=CH- unit is ,deficient” Heteroaromatics
- reactivity toward EAS: 3 >4 ~ 2 0.411 0.310 057
= 0.310
H - | (/ )\ 0.203 </ )\ 0.147
= E N~ 0440 Il\l O
T =
N .
mcreasmg reactlvny _—

less
unfavorable

D

@)

=+

I
H

+
U’)\



Electrophilic Aromatic Substitution (EAS)

Nitration

- general reaction, normally for both activated and deactivated Ar
- nitro group reduces the reactivity — easy to control (mononitration x polynitration)
- nitration reagents:
1) HNO, 2) HNO,/H,SO,
2 HNO; == HoNOz*" + NO5~
HNOg* SIOW NO,* + H,0

AH + NO,&* 221 ANO, + HY

3) HNO,/Ac,0 (o- selectivity)
0
HNO; + (CH3C0),0 —— CHZCONO, + CH;CO,H

4) CF;COONO, (0-, p- selectivity + zeolites)
o)

I
NO;~ + (CF5C0),0 —= CFsCONO, + CF5CO, 9



Electrophilic Aromatic Substitution (EAS)

Nitration
- nitration reagents:

5) HNO,/Yb(OTf),

- stoichiometric amount of nitric acid (o
- various systems: Ln3+ —®—N/ — [O=N*=0]
Sc(OTf)4/ LINO; or AI(NO,), and Ac,O Y

6) NO,BF, (NO,OTHY)
- salts containing the nitronium ion (very reactive)

7) ,transfer nitration” X
- mild conditions .y
N "CHsg
NO,
8) NO,+0O4

10



Electrophilic Aromatic Substitution (EAS)

Examples: COH CO,H
SECIN N
HNOs O,N O, 54-58%
— CH,O CH=0
CHSO]@/CH O HNO, 3 j@i
CH,0 NO,

CH30 73-79%

CH=CHCH=O0 HNO, CH=CHCH=O0
O/ ACzO ©:NO2 36—46%
CHj, HNO

3 O
CN (CF5C0),0 CN 2 \@/
~(CH5CO),0

zeolite B 87% 13%

11



Electrophilic Aromatic Substitution (EAS)

Examples:

OCHj
OCHj

OCH,

Q.1?

CHj

OCH,4
o Z =
-50°C +|}| CH,
NO,

OsN
OCH, 81%
CO,CH, CO,CH;
NO,,04
CO,CH,4 1 mol % FeCl, ON CO,CH;

oH oH

Ll
HMNO; 20%,25°C .

oH

CHj

86%

100%
o.m.p 64:3:33

12



Electrophilic Aromatic Substitution (EAS)

Halogenation

- the order of reactivity of the halogens: I, < Br, < Cl, < F..
- LA — cleavage of the halogen-halogen bond

MX, + X, == X—X--MX,
X X
o+ o N
@J XX MX,— H — @ + H
Chlorination
1) Cl, /LA (ZnCl,, FeCl;, AICI,) 2) NCS/HCI (HCIO,)
3) HOCI (weak) 4) Cl,/Hg(OOCCF,;), or Hg(OTf),

- very reactive (for non-activated Ar)

+

2HOCI ClLO + H,0 Hg(O.CR), + X; == HgX(O,CR) + RCO,X

13



Electrophilic Aromatic Substitution (EAS)

Bromination

1) Br, /LA (Fe) 2) NBS/HBr  3) Br,/CCl,/H,SO,

4) HOBI/AcOH

CH,CO,H + HOBr == CH,CO,Br + H,0

5) Br,/Hg(OAc), or Hg(OTf),
- very reactive (for non-activated Ar)

Br, + Hg(O,CCF;), == HgBr(O,CCF;) + CF,CO.Br
: : : : O
6) dibromoisocyanuric acid/H,SO, Br\NlLN/Br
O%T&O

H
(The estimated order of reactivity: Br,, CH;CO,Br and CF;,CO,Br: 1:106:10%0) 14



Electrophilic Aromatic Substitution (EAS)

lodination

- I, not a very powerful halogenating agent (only anilines or phenolate anions)

1) ICI/HCI or LA (ZnCl,) Ve — (0
2) l,/oxidant (HIO,, 1,05, CAN = Ce(NH,),(NO,),)
3) I,/CuCl,
4) 1,/Hg(OAc), or AgOOCCF,
- very reactive
5) py,I*/TfOH, etc.

Fluorination

- not very important in lab
- with F, ,uncontrolled reaction“ — use of inert gas

1) AcOF, CF;OF (for activated Ar) O oF: ( o,
2) N-fluorotriflimide (CF,S0.),NF CH,Cl, 40°C g e, Fo
3) Selectfluor, etc. [Sj E?] CH,CN, 20 [K’j CH.CN, 35 °c ES]

FBF 15


http://upload.wikimedia.org/wikipedia/en/3/3e/F-TEDA-BF4_synthesis.svg

Electrophilic Aromatic Substitution (EAS)

Examples:

@)
CHj I

CHs NCS NHCCH,
CH,O CH; HOIO, CHSO@iCHS NHCCH,
ccl, ol @ (CHy)5COCI

94%
92%

Cl
(0 e, CICL,
HsCO:H O Cl 759 on
28 kg scale
co2 002 Hs Br Ha
NO, N&
HCI O 98%
Br2
CO,H H2804 CO,H

16



Electrophilic Aromatic Substitution (EAS)

Examples:
CO,CH, CO,CH;
CO,H ol | CO,H
CL, s X
HCI
+ o
H B 80% NH, NH, 76—84%
CH30 CH,OH l> CH;0 CH,OH OCH, OCH;
Hg(O,CCHz), n-BuyN*I™
CH30 CH,0 |
OCH, OCH;  76% Ce(NH3)2(NO3)6
| 84%
O m @)
OH N* CH4S04" OH
I F
F
CH3 CGHH—F CHS CE5H11
O O 60%
CH, CH;~” “CH, CHj CH3™ "CHjg

17



Electrophilic Aromatic Substitution (EAS)

I
Friedel-Crafts Alkylation

Mechanism
(1) R—X + MY, =—— R—X*M7Y,
(2) R—X*MY,=——= R* + [MYX]
R—X*-M"Y,, R
R+
R +
(4) ZH z{ >*R + H
Alkylation reagents
+ - —
R—X + AICl; = R—X—AICl; = R* + XAICl,
+
R—OH + HY — R—Cl)H — R* + H,0
H ¥
RCH=CH, + H* = RCHCH,

18



Electrophilic Aromatic Substitution (EAS)

I
Friedel-Crafts Alkylation

Rearrangements CH3CHCH,
AlCl,
+ CH3CH,CHL,Cl ——
; ' n nden
alkylation reagent dependent CH,

(BF,, FeCl, (1) x AICI; (2)) |
T ’ CH4CCH,CH;  CHsCHCH(CHg),

O + (CH3)2C|>CHQCH3 —_ @ N

Cl

- migration of aroups
CH3 CH3 CH3

AlCI, CH(CHg),
+ CHsCHCH; — ;
| 50°C
Cl CH(CH3),

CH
CHs CHs °



Electrophilic Aromatic Substitution (EAS)

I
Friedel-Crafts Alkylation

Polyalkylation
- Increase of reactivity toward S,
- excess of Ar

Catalysts

BF;, FeCl; (RX, ROH)

H,SO,, H;PO,, HF, BF;, FeCl, (alkenes)
Sc(OTf), - allylic, benzylic carbcations
Sc(OTf);, Cu(OTf), (ROMS)

Very active Moderately active Mild
AlCl;, AlBry, InCl,, InBry, SbCl,, BCl;, SnCl,,
GaCl;, GaCl,, FeCl;, AICI;—CH;NO,, TiCl,, TiBr,,
SbFs, MoCls, SbF;—-CH;NO, FeCl,

20



Electrophilic Aromatic Substitution (EAS)

Examples
@ + CH3CH2CHCH=CH2SC(O3SCF3)3 QCHQCH=CHCHQCH3
o 64% yield, 94:6 E:Z
Sc(O3SCF3)s,
sH 1mol%
96%
CHj

|
CH20H2(|3CH(CH3)2 H,SO,
O/ OH CHj,

CH; "CHj 589,
21



Electrophilic Aromatic Substitution (EAS)

I
Friedel-Crafts Acylation

Mechanism
I
RCX + MX, — R—C=0 + (MX4)”
+
R—C=O0 + H* == RC=OH protonated acylium ion
O
P H |
+ RC=0H — — CR + H*
(|3=O + H*
R
or
C”> *0—MX,,

||
RCX + MX, _~ R—C—X — R—c=0* + MX,,.

O
|

H

@ + RC=0*— — @CR + H
GR
O

22



Electrophilic Aromatic Substitution (EAS)

I
Friedel-Crafts Acylation

Acylation catalysts

AICl;, SbF., BF;,Bi(OTf); - RCOX
Hf(OTf),, LICIO, - (RCO),0
H,PO,, (H*) — RCOOTT

Regioselectivity
para — alkylated aromatics, ortho — increased with electrophilicity of acylium ion

no rearrangements
monoacylation products (CH5)3CO,H .
intramolecular acylation PPA ‘O @)

CHq Ot CH,

CH, 0 CH3ﬁ ?HS |
CH, CCH,CHCO,H
AICI 2 2 (CH,),CHCO,H
O Tt (T (T
CH3
CH,4 O CHj

CH, CH; O



Electrophilic Aromatic Substitution (EAS)

Examples 0 o)
] ]
NHCCH, NHCCH,
AlCI,
+ CICCH,Cl —
80-85%
O=CCH,ClI
OCH,CH,N(CHg), (CH4),NCH,CH,0 on
Ph(|3HCQH5 (CF5C0),0
+ CO2H 85% H3PO4 o C2H5

96%
O
I

- Bi(O3SCFy)s, P
+ PhCCl  10mol% T o

86%

24



Electrophilic Aromatic Substitution (EAS)

Examples

91-96%
7 polyphosphate e
o TR G
<
0 O
_ O 87%

OCHj OCH,

BF;
I

CH,O O,CC,H; CHsO .
909 Friesr.

25



Electrophilic Aromatic Substitution (EAS)

Related Alkylation and Acylation Reactions
Chlormethylenation
HCOH/HCI — benzene, activated Ar

.
CH,=O + HCl +H* == H,OCH,Cl — CH,=ClI*

ROCH,CI/SnCl,

CH, CH,
CICH,O(CH,),OCH,CI CHLCI
snCl,
CH, CHs

chlormethylium ion

26



Electrophilic Aromatic Substitution (EAS)

Related Alkylation and Acylation Reactions

Formylation

a. Formylation with carbon monoxide:

+ + +

_ H ) .
C=0+H" = H—C=0 == H—C=0—H dications
ArH + HC=O—H — ArCH=0 + 2H*

b. Formylation with hydrogen cyanide:
H+
H—C=N+H* = H—C=R—H == HC=NH,

H,O

AH + HC=NH, —  ArcH=RNH, 22 ArCH=0

c. Acylation with nitriles:
* +

HY
R—C=N +H* ==R—C=N—H == RC=NH,

O
~_F R " H,O
ArH + RC=NH R—C=NH, ' 2 |
° [~ 2 ™ AR



Electrophilic Aromatic Substitution (EAS)

Related Alkylation and Acylation Reactions
Formylation

Vilsmeler-Haack reaction
N,N-dialkylamides + POCI; (CIOCCOCI)

] 1
RCN(CHz), + POCl;  —  RC=N(CHg), chloroiminium ion

- no LA, activated Ar

Dichloromethylethers (SnCl,, TiCl,)

CI,CHOR H,0
Ar—H ~——= AICHCl, — ArCH=0

28



Electrophilic Aromatic Substitution (EAS)

Examples
CH, CH,
@ + CO + HCI A'C'?
CuCl
CH—O 46-51%
CH, CHs
AICl; H,O
+ HCI + Zn(CN), —= —~
CH; CH, CHy CHs
CH=0 75-81%
N(CHa)

O

| POCI H,O — CH=
¢ HON(CHy), —= 2= (CH3)2N© H=o
80-84%

29



Nucleophilic Aromatic Substitution (NAS)

NAS:
- different to other nucleophilic substitution (Sy1, Sy\2)

@ = O=

back-side approach of the phenyl cation is
nucleophile with inversion a high-energy
is impossible intermediate

- addition-elimination and elimination-addition mechanism

Addition-Elimination Mechanism

30



( - : e
. Nucleophilic Aromatic Substitution (NAS)

Addition-Elimination Mechanism

- one of the vacant n* orbitals for bonding interaction with the nucleophile
- intermediate isoelectric with a cyclohexadienyl anion

Nu X H H S c’r-j_.?_ﬁ
S o—/3
F o
a+ 3
a+1.753

- stabilization of intermediate with EWG (NO,, CN, COR)
- extreme reaction conditions

- LG:
halogens: association of Ar with Nu (slow) - F > Cl > Br > |
(Sp1, Sp2: strength dominant — | > Br > Cl > F)
alkoxy: (poor in Sy1 and S,2)
nitro, sulfonyl groups

31



.( Nucleophilic Aromatic Substitution (NAS)
|

Addition-Elimination Mechanism

- Meisenheimer complexes

- Nucleophiles: (the same with S,2 reactions)
RS-, RO, ArO-, F, RNH,, etc.

- Solvents: (the same with Sy 2 reactions)
DMF, DMSO, etc.

- Heteroaromatics:
2-halopyridines, 2-haloquinolines, 1-haloisoquinolines, etc.

- Vicarious Nucleophilic Aromatic Substitution

£GH +©N02—' 2 cﬁ@ @ . ZCH?@NOQ

Z = CN RSO,, CO,R, SR ‘de—F Cl, Br, I, ArO, ArS



Nucleophilic Aromatic Substitution (NAS)

Examples O

N=CCHCO,C,Hs + Cl No, 22C
18 h
O,N
R R?
| |
O,N P+ HaNCHONHCG-— ——
NO, O O
Sanger

80°C

I g
F@CCHs + (CHy)L,NH Bh

I
(CH3)2N©—00H3
96%
NE(|3
CQHSOQCCH4©7N02
ON 80%
R! R2
I |
O,N NHCH(ﬁNHC(ﬁ----
NO, O O
lhydrolysis
R‘I
|
O,N NHCHCO,H

33
NO,



Nucleophilic Aromatic Substitution (NAS)

Elimination-Addition Mechanism

- via benzyne

X
X O et
+ base —— |
H Nu

- generation of benzyne

@)
O
CI) hv O hv | hv o hv [ |
O O O//"
@)

- relative reactivity: Br>1>CI > F

«-Cl KNH,
NH,

/

\

NH, 34



Nucleophilic Aromatic Substitution (NAS)

Aryl Diazonium lons

. L : . o)
- aliphatic diazonium salts — carbocation + N, s
- aryl diazonium salts: ,stable” <— aniline + ,HNO," @ijN
- anions: BF,, CF,COO-, C;H,S,0O,N- O,
benzenedisulfonimidate anion
- mechanism:
H
He |
ANNH, + HONO — ArN—N=O + H,0
H

| Ht ot
AI‘N—N=O — ArN=N—OH — ArN=N + HQO

- another generation of ArN,* (from alkylnitrites)

H

I
RO—N=0 + ArNH, — ArN—N=0 + ROH

H

I +

AN—N=0 == AN=N—OH " AN=N + H,0 35



Nucleophilic Aromatic Substitution (NAS)

Aryl Diazonium lons

- stability:

AIN=N + 20OH — AN=N—O" + H,0
diazoate anion

AIN=N—O- + ArN =N == AN=N—O—N=NAr
diazo oxide

- stable adducts:

=+
ArN=N + HNR, — ArN=NNR,

AfN=N + -SR — ArN=NSR

36



Nucleophilic Aromatic Substitution (NAS)

Aryl Diazonium lons

General Mechanisms of NAS:

- unimolecular thermal decomposition QNEN — @ T+ N,
(hydrolyzis of ArN,* to phenols)
O v~ O

- formation of adduct and collabse (the loss of N,)

.
QNEN + X‘.—:QN=N—X —-Qx + N,

- redox process (Cu)
AIN=N + [Cu()X,]- — Ar—Cu(lilX, + N,

Ar—Cu(lll)X, — ArX + Cu()X 37



Nucleophilic Aromatic Substitution (NAS)

Reductive Dediazonization

= H3P02
- single-electron process

+
initiation AIN=N+e~ — Ar-+N,
propagation  Ar. + H;PO, —  Ar—H +[H,PO,’]
AINZ=N + [H,PO, ]  —=  Ar-+Ny+ [HPO,"]

[H2P02+] + HQO —_— H3P03 + H+

- another reagents (NaBH,, DMF/FeSO, or RONO)

initiation AINEN + & — Ar + N,
propagation Ar- + H(HDN(CHS)Q__. Ar—H + -(||3N(CH3)2
O O

AIN=N + -CN(CH,), — Ar- + Ny + C=0 + CHN*H=CH, .

|
O



Nucleophilic Aromatic Substitution (NAS)

Phenols from Aryl Diazonium lons

= H20
- formation of a phenyl cation

. H,O
AIN=N — Arf+ N, — ArOH + H*
- redox mechanism (Cu)
+
AIN=N + Cu(l) — Ar. + N, + Cu(ll)

HQO
Ar- + Cu(ll) — [Ar—Cu'"P* == AfOH + Cu(l) + H*

Aryl Halides from Diazonium lon Intermediates

- ArCl, ArBr via Cu(l) - Sandmayer

39



Nucleophilic Aromatic Substitution (NAS)

Aryl Halides from Diazonium lon Intermediates

Sandmayer reaction - mechanism
AIN=N + [CuX " — Ar—Cu"' X, + N,

'
X aryl free radicals 2 ArN=N + 27OH — ArN=N—O—N=NAr + H,0
ArN=N—O—N=NAr — AIN=N—O0- + Ar- + N,

- crownethers, PTC, solvents (CCl,, CHBr;, CCIl;Br, Mel, CH,l,)

Schiemann reaction (BF,, PFy)
- via Ar*

+
AI’NEN + BF4_—1-= ArF + |\]2 4 BF3
40



Nucleophilic Aromatic Substitution (NAS)

Aryl Halides from Diazonium lon Intermediates

Aryl lodides
- lodine salts
- reduction of ArN,* by I

- mechanism +
AIN=N + |7 — Ar + N, + |- o] — I

Ar 4+ 17— Arl 1y

+
AI‘NEN+|2'—*AP+N2+|2 |2+|_ _"'ls_

Introduction of Other Nuclephiles from Diazonium lon Intermediates
- ArCN, ArN;, ArSR, etc.

+ + + +
ArN=N + "N=N=N"— AN=N—N=N=N- — ArN=N=N" + N,
X ~Sandmayer” (Cu)

propagation Ar-+ PhAS- —  ArSPh

- + 41
ArSPh + ArN=N — ArSPh + Ar- + N,



Nucleophilic Aromatic Substitution (NAS)

Aryl Halides from Diazonium lon Intermediates

. +
Aryl lodides AIN=N + |- — Ar + N, + I- o — Iy
- lodine salts A |- _
- + i +13  — Arl + Iy
- reduction of ArN,* by | N
- mechanism AIN=N + I," — Ar + N, + I, b+ 17 I\

Introduction of Other Nuclephiles from Diazonium lon Intermediates
- ArCN, ArN;, ArSR, Meerwein Arylation Reactions, etc.

AIN=N + - N=N=N"— AN=N—N=N=N- — AN=N=N" + N,
X ~Sandmayer” (Cu)
propagation Ar-+ PhS~ — ArSPh
ArSPh + AINS=N —  ArSPh + Ar + N,

H,C=CHZ
QW + Cul) — @ + Np + Cu(ll QCH?E_.CHZ
@—CHEQHZ+CUC|2 — QCHE?HZJrCum 42
Cl




Nucleophilic Aromatic Substitution (NAS)

Examples
1) HONO
Oy B 0
2) HsPO, 76-82%
CH; CHj CHj CHj
. CHs 1) NaNO,,
NoBF4~ CH4CO,H
om0, O 32
2) FeSO,,
Cu,O
cl Cl c 9790 CH, DMF
CH,
OH OH
1) C,H5ONO
CO,H )2) ey CO,H 1) HONO
2) H,0, A
NHCO,C(CHz)s  3) HCl NH3* 70, o i
NH,
NH,
CHy CHg
NH2  4) HoNO OH NH
) G0, O,N NO,  1)HONO
U(NUsz)o,
e 2) Cu,Cly
NO, NO,  95%

CH,
CH,
o, 6%
CH,
Br go-929%
OH
Cl
O,N NO,

71-74%



Nucleophilic Aromatic Substitution (NAS)

Examples
Br
NaOAc, Br 1) HONO F
+ - 18-crown-6 -
QNQBH e QBr NH, 2) HPF,
- 3 cl 88% 3) A 73-75%
pyridine—HF
n-C4Hqg N=NSPh n-C4Hg F
AgNO;,
90°C 39%
Br
Br 1) HONO @: 1) HONO
@NH 2) Kl | 72-83% NH, 2) NaN, N3 88%
C=N
NH, CH,

CH, 1)HONO
2) CuCN 64-70%

44



Transition Metal-catalyzed Reactions S,

Cu-catalyzed Reactions

- heterogeneous condition
- 1> Br>Cl > OSO,R
- aryl halides with either EWG or ERG substituents

Ar—X + Cu(l)Z — Ar—(|3u(|||)—Z — Ar—Z + CuX
X=halide X

Z=nucleophile

Palladium-Catalyzed Reactions Ar—N(R’)CH,R
L Pd° Ar—X
-1, Br, Cl, OTf, ON, etc. \<
- with either EWG or ERG substituents N(R)CHR v
- h - 2
ligand-control LnPd|I<A and”\/
r\_{ Ar
HN(R")CH,R
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Transition Metal-catalyzed Reactions S,

Examples
CHj CHj
CN
Br NMP
Br DMF CN £ CUCN ———
+ CUCN — 200°C
‘j

930/ o g 5 0;’/0

Pd(PPhs),,

CHso@l (CoHs)aN CHSO@CN
(CHg)3SICN 89%
80°C

PA[P(CeH1)3],Cly,

1 mol % 7\
@—Cl + HN  NCH QN\ NCH,
. , 3 NaO-tBu

120°C 88%

5 mol % Cul

CH;;@Br ) HQN% 20 mol % ligand CH3@NH
2 eq KzPO, 959%

DMF, 90°C 46
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