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Il. Summary of reaction pathways

|. Diazotation, Diazoniation, or Diazotization

@ N_ N. N P+
NH; H;N™ -0 HN" =0 N= "OH —————  Ar-N=N-M"™"" Complex formation

@ HQ; 'H+, — @ Red Ar-MzHz Reduction

lll. Azo coupling

I'jB 'E'c E L Ar-MN=MN-Ar Azo coupling Ar' = anilines, phanols
2 ¥
; CuXs N
@ MaNQ;, HCI @ : Ar-X, Sandmeyer chemistry X = CI, Br, |, CN, SCN
: R
. P
: = ~ . Arf'%"ﬁ Meerwein chemistry
: . Pd (0) , _
=] H* * — . Ar-Mgz = AP
o. M__}G — = HO_ N::'D L HEU?N-;O -Hz0 |ﬁl‘f*ﬂ| : Cross coupling
: BF
: . AR Balz-Schiemann chemistry R = F, H, OH, |
: M

20 fﬂ " %' llL.1. Dyes |
N% ~OH, 4 | lil.1. Dyes N._
H' H;0 : NH; N Nsy
—_— e v
O, = O == X
E- - -I ---------------------------------------------------------------- CO.H COH CO.H
xamples. 1) E. B. Starkey, Org. Synth. 1943, 2, 225, !
e M 2)E.S Hand,D. C Baker, Synthess 1989, ' Methyl Red
1) NH # Mg 12, 905, v BO-T0 % of all dyes are azo dyes. Bright, intense colors; mainly yellow, orange, red, but also blue is
3) M. Wang, K. Funabiki, M. Matsui, » available, They are used to dye teutiles, fats, oils, wax, wood, paper, plastics, and groceries,
NaMO2z, HEF4, HzD Dyes Pigm., 2003, 57, 77. ; Ph
- ; lIl.2. Photo switches f
o . First Synthesis: : Ph~ .h N
07C, few min. P. Griess, Ann, 1858, 106, 123, :
NO, NOy -
. 333[! nm
2) HyN j-amyl nitrite, HBFs ~ ©N,, :
\Q - ,a\@\ : EI:II'.I nm
o BF; :
cl EtOH, 0 °C ci A ord
NaNO; Ar'-H | - WM,
3 Ar-NHz = [ Ar-N:" X'] = Ar-N=N-Ar | . M
ACOH, H80,, H;0 MeOH, AcOH, HzS04 : trans-Azo cis-Azo HO,C COH
0°C. 2 h digzonium satt HzO, rt, 16 h ¢ J-C.Micheau, J. Zhao, J. Phys. Org. Chem. M, Volgraf, P. Gorostiza, S, Szobota, M. R, Helix,
' used in sty + 2007, 20, 810, E. . lzacoff, D. Trauner, JACS 2007, 129, 260.
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V. Complex formation Dediazoniafion by pallsdium
o
ANz is isoelectronic with CO, NG”, and RNC. &2 -~ PFe  paPPhae PRy
Mumerous Arhz' - transition metal complexes have been isolated. J‘-‘iﬂ % —_ = N =]
Reviews: oc~ | _NzPhoMe 2 =N~ paPPhs);

F. B. King, J. Organomet. Cham. 1995, 187.

D. Sutton, Chem. Rev. 1993, 93, 995, First isolated complex

V. Reduction
NH
NH, Ny e HN- 2
cl
NaNQ3, HCI NaHSO04
—_— —_—
n ﬂc h&atll‘lg,, 5 h

J. . Robinsan, M. E. Good, Can. J. Chem, 1957, 35, 1578
Ore examgle of many, SciFinder yielded 458 papers for this reaction.

V1. Dediazoniation
W11, Heteralytic C-M bond cleavage

Kuerti, Czako, page 34

- Material science
&
A weakly basic nucleophiles
—_— + H,: | =
show fast, indiscriminate
2) N‘?
iMe
" N 3
— + Hg - 31 l::"ll:l ) %
MeaCM
p? At
3) 2 Ph._ N + PR~
hv F {WEIM% H
- e 5% 47 %
triplet MeCN '
photosensitizer St + M2

Nex, ° N\ ™
PFs

fj.} ,fn\@\
[ :l _N =
N*' ~Pd(PPhy),X o
®

Pd{PPh3);

l ArB(OH)a

L
Ar

R. Yamashita, K. Kikukawa, F. Wada, T. Matsuda, J, Organomet, Chem. 1980, 201, 463,

Examgles: - Balz-Schiemann Reaction

Homalytic Heterolytic

high nucleophilicity of the salvent {py, HMPT)

loww nucleaghilicity of solvent (H2O, DCM)
electronwithdrawing substituents oty :

electrondonating substiuents

N
®
OO

when O Is presant

Ady® + 'ED ——= Ar-N=N-ED"

—= A+ My 4 -ED'

in acidic metharnol:  under Oz exclusion

l. Szale, H. Zollinger, Helv. Chim. Acta 1978, 61, 1721,
D. F. DeTar, M. M. Turetzky, JACS 1955, 77, 1745,
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3] bytic Ded| igli
General considerations inner-sphere outer-sphera

R, N,
& - Mz :
e --;T—"- @ k=10 =" Ref1
1 2 3

Experimental evidenca for electrontransfer:

- Electrochemical electronwithdrawing substitwents facilitate reduction - stabilize 2.
electrondonating substituents impeade reduction - stabilize 1.

- Photoinduction:® rate of electrontransfer from pyrene to Arhlz' was measured.

- Pulse radiclysis: - Ar-N=MN-N=N-Ar was detected.*
- Alcohals sustain a radical-chain mechanism of reduction.®

Electrontransier:

AraT + B —=pArhs — = fret Mo — = ArH +RH

RH-+ Arb;' —s=Are+ Ny + R+ H

Dediazoniation by metal ions'

Elecirontransfer from metal ions to aryldiazonium salts has been shown with Sn{ll). Cr{ll}, Ti(lll},
Wi, Feilly, and Cu(l). Cu is superior to all other tested metals as it has the ideal redox potential.

Ar-N=N-M T

ANzt + M

™ Art Nz + MO

inner-

SW

ArMs' o+ Mn"

outersphere

! Summary in C. Galli, Chem, Rev, 1988, 88, 765 (p. 769f for kinetics and p, 771f for metal cat ),
?R. M. Elofson, F. F. Gadallah, J. Org. Chem, 1969, 34, 854,
*H. G. 0. Backer, R. Ebisch, G, Israel, G, Kroha, W. Kroha, O, Brede, R, Mehnert,

J. Prakt, Chem. 1977, 319, 98,

* 0. Brede, R. Mehnert, W. Maumann, H. G. O. Becker, Radiochem. Radicanal. Lett. 1979, 39, 247

“E. S Lewis, D. J. Chambers, JACS 1971, 93, 3267,

Comglex with Diazonium compaound is formed no complex is formead

examples: axamplas:
Fhenothiazine Phencthiazine
Sandmeyer chemistry Hydroguinone

Sandmeyer chemisln.r&

_CuCly @
cl
BF4

: B!
2 =N Cul
N" L
CuCNz’
—_
©‘cu k=10" /s Reduction potential 0.52 V

L = CN; less polarizable sp-orbital
CH ligand is kess conductive than CI

=10 1/s Reduction potential 0.54 V
L = Cl; more polarizable =-orbital
Clligand = more conductive than CN

Inner spheare mechanism is currently favoured, but an outer-sphere mechanism is not ruled out,

Still ongoing discusson
FE(CN}a"' was believed to react via an cuter-sphere mechanism,” but:®

N C=Fe(CN)s™
N, (CN)s N=C :Fe(CN)*
Fe(CM)e®
oxyoenfree
R phosphate buffer R= ﬁg;‘
or aq. NalClOy
ﬂbservad Eﬁ%

In cxygen-containing solutions phendl is obtained.

%P Hanson, $. C. Rowell, J. R. Jones, P. H. Waltan, A. W. Timms, J. Chem. Soc., Perkin Trans.
22002, 1128,

MP Dayle, J. K. Guy, K. C. Brown, 5. N, Mahapatro, C. M. VanZyl, J. R. Pladziewicz, JACS
1987, 109, 15346,

fu, Klaening, T, Lund, H. Lurd, 5, U Pedersen, K, Daashjerg, J. Phys, Cham. A 2010, 114, 6575
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Dedigroniation by anions
Mucleophilic arcmatic substitution’”

ANz -+ X —
AN+ X = u Ar. + Nz + X. Cl oHr H 0
‘ ey ﬂﬁ X: does usually not \©\ — —- m
: g o @ M ®
: 2 2 S

Ar-N=N-X couple with Ar-
inner-sphere outer-sphere
low diglectric constant of solvent suitable redox potential A
examples: examples: ; Methanolate ™
ArS’, OH RO, pyridine I", Br, ArS", Xanthate, Amines, HzPOy +  basic conditions

N-\. _,{:'

| f 2 Meo NTTS MeO .
ArMz" + pyridine ——m N N_ - — = Ar-4+ Ny + ' ; —_— _— + Mz + HiCOD-
Ar- TN @

Gomberg-Bachmann Reaction'” sirongly basic conditions (heterolytic)
M “ﬁ

ArNz' + O ——— =  Ar- + Nz +-ON=NAr : K. N. O
; 2 Ty
: MeO" N ™  MeD
: —_— —
8 : = ) + MeOH + CH.0

OH

?z oH N. _OH
— M . "-M
©/ @ H20 @ 5 &  MeOH
; E— —_—
: = Nz

Fluceing

Y] P—— Y i|-- ArF "
5 fast : J. Besse, W. Schwarz, H. Zollinger, Helv. Chim. Acfa 1981, 64, 504.
* '27.J Broxton, J. F. Bunnett, C. H. Paik. J. Org. Cham. 1977, 42, 643.

? Summary in C. Galli, Chem. Rev, 1988, 88, 765 (p. 773f)
"'\, Gomberg, W. E. Bachmann, JACS 1924, 46, 2339,
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VIl. Reactions of the Arylradical VL2 Cu-catalyzed Sandmeyer chemisiry
e ; Cull}{CN)z"
ArCOCI co Cu-catalyzed Sandmeyer chemisiry ! —_— N CuCN——™ + Culll}CHz
i ﬁ]g N- “NC My
uClz X3 Coupling with a nucleaphile i
7 NG
' :J Ar. o Atom transfer l "g'f Cu; iL . Nq’ ﬁu L
-\._\- - " # - ¥
Ar
S = T A, Addition to a ¢-system : © '\ Ar
o XY ) — Ar ¢ loss of ligand —*
2z Coupling with GOS0z + Nz + Cu(l){CN); )
B+ NC, C)‘L | NC, cu'l + Cull}{CN}z
u -
NC* "L NC¥ "L
--------------------------------------------------------------------------------- ] Ar
WVIL1. Atom fransfes reductive alimination
Hydrogen RH R-

R,

Often the main product as a hydrogen atom can be transfered from the sohwent.

-105m1051rs

o

HaPO3, CuS
1 ¢ CuSts Hydro-dediazoniation is best performed with

HE{JI i, 4 h hypophosphorous aoid under Cu-catalysis s

ANt 4 HoPOw —eepfire ¢ Ne 4+ -HaPOs
Are + HiPOy —m=ArH + HaPOa
HzF'Dz: + Ay —=Ar- + Nz o+ . HzP0z" x4 K ¥
HzFOz" + HaO —eHsPOs + H g
heCH 5=l|:1|:|'|-i H
tert-alkyl 2x10 H
Halogens la 1x10" |

Ethylen  8x10°  CH:CH:
Ty, Kornblum, G. D Cooper, J. E. Taylor, JACS 1950, 72, 3013,

"R, G. Kryger, J. P. Lorand, N, R Stevens, M. R, Herron, JACS 1977, 99, 75889,

N~ O : !
MeO' Ej N™ ™ MeO" © MeOH !
H X

@ @\ Arl ax107 | !
X C8n 510 Br 5
NNcPhy ¥ PhH 1x10° Fh -

T. Sandmeyer, Chem. Ber. 1884, 17, 1633, 2650 (original procedure):

CuCl, HCI NaNQ:, CuCl, HCI
ArN:' O ————= AMCI ArNHz = ArCl
reflux reflux
C. Galli, J. Cham. Soc. Perkin Trans. 21981, 1455
i) NaNQs2, HCI, <5 °C
ArNH; = ArX %=l Br, |

ii) CuX, CufNO4)z, rt, 30 min

The reaction can be improved by addition of poly(ethylens gl'_-.-'cnls]w or crown ethers. '

Mucleophiles used in Sandrljeyer chemistry: CI, Br, I, CN7, MOg", OH
Mucleophiles not used: S04%, CI0s, NOy
rt
AT HE0, + CuzsD + CuiNOD3)z + HzD =i ApOH

T. Cohen, A G. Dietz, J. R. Miser, /. Org. Chem. 1877, 42, 2053.

P. Hanson, 5. C. Rowell, J. B. Jones, P. H. Walton, A W. Timms, J. Cham. Soc., Perkin Trans.
22002, 1126 (Mechanism).

"5 . Suzuki, ¥. Kaneko, T. Momoto, ¥. [zawa, Chem. Comm. 1984, 1523,
"% R A Bartach, H. Chen, M. F. Haddock, P. N_ Juri, JACS 1976, 58, 6753.
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Insertion: Balz-Schismann Reaction'” Recent arylations

HEL =Sy

L= P
g e T, by A

: "f = - ™ g™ iy
NHZ ﬁz F | C:L \_‘:‘j\v" R HT:J i LA
HCI, MaNO;, HBF, A : -.r ol I
- BF; —= + BF: : L R = NH, 1s 2 -l
H.0, 090, © E R /'}—-;_E\ Eritry Equi Tidl, Addition < 1a ¥

| e 'FH R _ [elateve oo W aj LPET TR ot :\é-l".'l“'vl'_
Sandmayer conditions will not yield flucrinated aryls due to the high oxidation potential of F :‘,{‘I 55 _ Initition Ay ; 1: ': ’:’;?‘
and the inefficiency of the ransfer of the fluoride ligand from the copper salt. : @j F g v e ‘%_flu; ! ; : ‘ 6::-'*-1
In absence of BFs” phenols can be prepared. r |I B A 5 15 2 50y
Other arylhalogenides are available by this procedure, but Sandmeyer conditions are SIJI}BHDF.H R’II |: -;? : H;"
-------------------------------------------------------------------------------- b I [ ] [ Ti/-
E\Lﬂ r-’*rHI . " E L] z i
WIL3. Addition o aromalic systems “b \;j R = NH;, OMa, OH, F, Cl, CO:Me, COMa, Alkyl
[+
Gomberg-Bachmann reaction'™ O A, Wetzel V. Ehrhardt, M. R, Heinrich, Angew. Chem, Int, Ed. 2008, 47, 9130
N: KOQAc, crown ether o

CY e == - {
o BF4 anisol, rt, 55 % o -
-H*
* / Ar-N=N-C, —® ArN=N-OH
) EL,/ MHJ
Ar

Ar-+ Nz
Pschorr reaction®™ + Ar-N=N-O-

- TiCls (2 eq)
@7‘2 . \©\ HCl, Ha0, rt, 20 mln
NZ  R=H, CHaNHz R
S z R' = Cl, CO:Me

other substrates: banzofuran, indole

Ar, + Ar-N=N-Or A Walzel G. Pratsch, R. Kolb, M. R, Helnrich, Chem. Eur, J. 2010, 16 2547,

Electronrich arens ara suitable substrates, but these tend 1o undergo diazocoupling. Thus the
diazonium salt has to be added slowly (see above) or "protected” (see below),

D = OO0 r
2 i, Hz0 ; Ny -SPh i) tBuOK, DMSO, hy O
i OH
| CN

Reductants: Cu(l) salts, I', pyridine, hypophophoric acid %' Fa(ll) sals®

sXat-teRasato

"D, T. Flood, Org. Synth, Coll, Vol 21943, 295; R, A, Abramovitch, J. G, Saha, Can, J. Chem,
1965, 43, 3260,

" G, A, Ohla, W. 5. Tolgyesi, J. Org. Chemn, 1961, 26, 2053

%), J. Li, Name Reactions, Springer (Berlin) 2009, 262

*' R, Pschorr, Chem, Ber. 1898, 29, 496,

' C, Galli, Chem. Rev. 1988, 88, 765 (p. T81).

2B W, Wassmundt, W, F. Kiesman, J. Org, Chemn. 1995, 60, 196,

i) H', 50 %

o
=

G, Petrillo, M. Novi, C. DellErba, ©. Tavani, Tetrahedron 1991, 47, 9287,

N-::N,NO benzene
Sy O
TFA, B0 °C
(0]

Q BT %
Synthesis of Biaryls from Aryltriazenes, J. Org. Gham. 1985, 50, 2232,
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Some informative examples not based on aryldiazonium sals

In modern variations aryl radicals are generated from aryl hydrazines,” and grignard reagents, ** * - Radical leaving group leads 1o ipso substitution,

or from halides using organotin, arganosilicon, or samarium compounds.® And Carbosylic and .o Tosyl substituents are specially good leaving groups.
boronic acids. ™ i
P BuasSnH
- Cridation of the coupling product performed by c-xg.'genz? ' h Z AIBN — N
. M M
i ) " . reflux
i" w e A : ! B,
" =15 o
Cahg. 1 E;r . Ay .
. 14 Bl e (TMSHS LR L (THS Sl i 3Ph 25
Taet Zad 1 n 5. Caddick, K. Abutayab, K. Jenkins, R. |, West, J. Chem. Soc. Perkin Trans. 7 1986, 675,
;m:ry any ockde ! " produch +.-¢£". PR k=10t et e 2 E __________________________________________________________________
i ia CipMe [T aa wr @ H ﬂ '
2 1" H H 2 75 LL 12 + - Synthesis of heterocycles (Toddagquinoline).
3 ie [+ H kS L] Ar - 10 s : P
4 1d M Cos®t 2 B H « 0 L=TOME ”_@ + HOy R o o] rU HG
5 Is s H 20 80 12 g i —
8 0 H Cibe P ] ka . \' OH BuaSnH 0 N
Aran gnndy 1, (TMSR5H (1.2 eguiv). and pyriding (5 aguv) were HOy & (TMERSH  —————=  HiOy o (TMS)yS- [ ;
it o Bz in 50 el & ey Tlgolanen s " .ﬁ'EM
__________________________________________________________________ ' reflux
' Br
: 29 %

= ring formation (S-exo) prefered to G-ring formation (G-endo).

— - 26 %

40 % 0% 0% added iPrOH 35 % I'_'I % 0%

20 % 11 % 25 % L L e L
- breaking of aromaticity possible,
» = competition between rearrangement and radical uappmg

BuzSnH :

i 0 MeO 0 OH : IJ. o

wEN g g g E O Smia HUPA

reflux | FPh THF

OMe OMe

o E

Br ' c

:‘ﬁ A 3. Demir, O. Reis, E. Oezguel-Karaaslan, J. Chem. Soc. FPerkin Trans. 72001, 3042

S wW. R. Bowman, J. M. D. Storey, Chem. Soc. Rev, 2007, 36, 1803; D. P. Curran, A_ |. Keller,

JACS 2006, 725, 13706.

B Seiple, 5. 5u, R A Rodriguez, R. Gianatassio, Y. Fujiwara, A. L. Sobel, P. 5. Baran, JACS - - .

2010 132 13194 : H. Ohno, H. Iwasaka, T. Eguchi, T Tanaka, Chem. Comrmn. 2004, 2228

Tw R Bowman, E. Mann, J. Pamr, J. Chem. Soc. Perkin Trans. 7 2000, 2931,
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W13, Addition to olefins

Mesrwain reaction

R; ,?E

L= + R CuXz (cat.) Y
| R, B —
o HzOfsowvent

Ri =H. alkyl, Q-alkyl, G, Br, |, COzalkyl, COMHR, S02R., MOz, CF3

Rz =H. alkyl, aryl. CHO, CO-alkyl, COz-alkyl, CO2H, COzMNHz, COxMRz, T, alkenyl, CI, Br

¥ =Cl Br
¥ =H, ArNz", OR, SR, Cl, Br. I, CN
solvent: acetone, MeCN

Three classes of Meerwein arylation sustrates:

1) Activated olefins - acceptor-substituted or conjugated olefins

2) Mon-activated olefins - only spa-carbﬂns adjacent to double bond

3) Borderline cases - e.g. vinyl ethers, vinyl halogenides, vinyl trifluoromethanes

Activated olefins
usual subsirates
fast addition to the aryl radical
can undergo polymerisations
form electrophilic radical
uze nuclecphilic trapping agent
(Sandmeyer product formation possible)

Mon-activated olefins

relatively slow addition 1o aryl radical
do not polymerise
form nucleophilic radical
use electrophilic trapping agent
(Sandmeyer product formation unlikely)

Activated olefins

# COR ( (o) MK YN m
/ A P
k= 10"M's" COR COR

(D (J]\ > BN
g = 10*M'g? R
A
k=107 Mg .
BN o )t A S @
= JOR S A OR = OR
Monactivated olefins D

M. R. Heirrich, Chem. Eur. J. 2009, 15, 820.

Trapping by Hydrogen - Tijllll-catalyzed Meanwsain reaction

TiCls
HCI, Hz0

g L mim

further substrates: maleinic and fumaric acids, winyl sulf:::nes, iyl phosphonates, acrylonitrike

unactivated clefing give yields < 10 %

A Citteric et al. Spnthasis 1980, 291, Synthesis 1986, 308.
H. I. Tashioush, R, Sustmann, Chemn, Ber, 1983, 126, 1759,

Trapping by CM - Carbocyanation

@,&9* S

CLICH KCHM

2 acet

M. D. Obushak, M. |. Ganushchak, ¥, 5. Matiichuk, Russ. J. Org. Cherm 1996, 32, TGE.

Trapping with Aryldiazonium ion - Carboamination
CO;Me ) NaNO3, Hy50. CO,Me A
L —_—
MH ii} TiCl3, H;0, MeOH - OAc
2 F}ﬁfﬂ.ﬁ.c
0
Eﬂ;l‘d‘lu I
N~ N Raney-Ni H
T
OAc Hy, MeOH
64 % B4 %

\ hydrazonas

[Faryl kelones
vinyl diazenes
heterocycles

M. B. Heinrich, O. Blank, 5. Woelfal, Org. Laft. 2006, 8 3323.

o

Cnna O

OAC
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MeQ, 0
MeO "7 ) Hel, NaNOg, 0°C, H0 SCSOE
31 . COLEt TiCls, FeS0, . CO,E -
rjﬁ AcOH, H;0 NH; i) EtDCSSK,
2 Ar“’"* N cyclohexane, H;0 o
53 % . 49 %
L. Tourmier, £, Zard, Tel, Left. 2005, 46, 971,
Sterically hindered [l-posiion induces attack of the radical in the o-position.
A Citteric, F. Miniscd, A. Albinati, 5. Bruckner, Tet. Latt. 1980, 2909,
Trapping by Chiloring - Carbochlorination
Trapping by Ceoygen - Carbohydrosylation
Atom

In MeQ Ac
_—
ACOH, Ac;O mu.ﬁc

B4 M

MeQ o FeSOs, TEMPO
BFs o "“-..-f"ﬁ“‘.DAc —_—e MeQ _N
N® DMSO, Hz0 o
OAc

M. . Heinrich, A Wetzel, M. Kirschatein, Org. Laft, 2007, 8, 3833

H CuS0y, FeS
O o~
rﬁj acetone, H:O

28 % 7 %

M. K. Heinrich, Chem. Eur. J. 2009, 15, 820; M. |. Ganushchak, B. D. Grishchuk, A. V. Dombrovskil,

Zh. Org. Khim 1973, 9, 1030 [paper cited in Hainrich review),

Trapping by Sulfur - Carbothionylation
EF
* SCN
Cl

Cu(BFs)z, KSCN
)vﬂl etorn FoO
pr acetone, HzO
B3 %
M. R. Helrrich, Chem. Eur. J. 2000, 15, 820; P. M, Gorbovol, G, M. Tulaldan, B, D, Grishchuk,
Russ. J. Gen Chem. 2008, 78, 133 (paper cited in Heinrich review].

SsUNEJ
+
==-"0H =

\\tr‘aisfer
|
/H’educ-ti'-'e R

Cl._ Cl
@\/ﬂt eliminaticn + CucCl
R
H. Brunrer, C. Buechel, M, P, Doyle, J. Organomed, Chem. 1987, 547, 89,
Standard Meerwein conditions
(8] NH; i} NaNQgz, HCI, HzO
E j©/ i) CuClz, KCI, NE'DAG l: Df\(
8] acetone, H;n
2h,rt = 26 %
. J. Wells, M. Tao, K. A, Josef, R, Bihowvsky, J. Med. Chem. 2001, 44, 3488,
Alternative Meerwein conditions
tBUONO, CuClz |
+ ZCN —_—
NH; MeCN CN
T1 %

M. F. Doyle, B. Siegried, R. C. Ellict, J. F. Dellaria Jr, J. Org. Chem. 1977, 42, 2431.
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VIl Pd-catalyzed cross-couplin

Trapping by Bromine - Carbobromination

Surmmary: Carborylative coupling
Achieved under almost identical conditions as for chlorine, Lower yields are observed, because ’_,%R
of a higher tendency to form Sandmeyer products ArCOR Ar Heck coupling
Trapping by lodine - Carboiodination © Alhﬂne Suzuki coupling

Alkyne
Ar—== R a—0 ANy’ 2BOR:_ arar Stille coupling

Me BF. KI Me
i'@ +¢L - = /ﬁﬁa \fuﬁhﬁ.r Heteroatom coupling
CO-Me DMF, Hz0
2 2 COzMe Ar-S0-H Ar-Ar Sonogashira coupling
4T %
Aryldiazonium salt is reduced by iodide. Review: A. Roglans, A. Pla-Quintana, M. Moreno-Manas, Chem. Rev. 2006, 4622,
ARN:® + I —= Ar-4 Ny + I W1, Heck coupding
A —= I3 + 7 —» I3 C. Galli, Chem. Rev. 1988, 58, 765
Ar-+ Iy —  Arl + 13- M. R. Heinrich, Chem. Eur. J. 2009, 15, 820 Scope: Diazonium salts™ Olefins®
ArNz' + Iye —= Aro 4+ Nz + 2
— (B8 aim) i
ArNBF, - # M m] ﬂmm
------------------------------------------------------------------ Pegidbaly (25 mol %) [ Nate 1)

Related reactions
ArM:* + S0; + CuCl, ——* ArS0:Cl + CuCl

acelong-CHCly
Ao T Qo
L
Ar = oMeCeHy 75 % Ar= o CieHa: 75 % E;,_ {40%) (8%

ArN;* + CO + CuCl; —= ArCOCI + CuCl Ar = m-MeCqHy: 30 % A ® -CHCgH,: T8 % H
J. K Kochi, Tetrahedron 1962, 18, 483. Ar = pMlaCely: 61 % - e @M Q
"""""""""""""""""""""""""""""""""""" Ar = p-OMeCeH,: 82 % "‘"'"‘B:H* M TEGGE: %
+ o AT pNCOLCHL 3% 1917%)
X N: o X PhCCH X 2 P ArE pCOOMEGIHEBE R = oNOCeH, 0% e
- - T e 50
SR SR SR Ar= 1-Naphtryl 68%  Ar= 2-Naphibl: 72 % {18%) ks
) ® broad scope, exceplion NDg broad scope, activied and non-activated olefing
Ph — = Ph
X
3 S l‘.'.IH R
R - OMe
R. Leardini, . F. Pedulli, A. Tundo, G. Zanardi, Chem. Comym. 1985, 1300 I‘EB Pdz{dbajs {SmalY)
------------------------------------------------------------------ MeOH OMe

NH; = Br R=H  X=H, NO;, OMe 40-76%"
HCI, NaNO P
1} HCl, NaNo- @\/\/ POz, He R CHy  H,NO; OMe B7-83%
NO, ii) f’uilf LiCl NO, H
== “Br 72 % an %
S, Raucher, G. A, Koolpe, J. Org. Chem. 1983, 2066,

K. Kikukawa, K. Magira, M. Terac, F. Wada, T. Matsuda, Bull. Chem. Soc. Jon. 1979, 52, 2600,
K. Kikukawa, K. Nagira, F. Wada, T. Matsuda, Tefrahedron 1981, 37, 31.
). Masllorens, 5. Bouguillon, A Roglans, F. Henin, J. Muzart, J. Organomet. Chem, 2005, 3822,
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Diazoniation and cross-coupding in one pat
_'_.-v"

ST Pdz(dba)s (10mol%) S
rI_ 4+ . R_IO/\/
1 i
= tBUONO, MeCN =

a
60 °C 38-97 %

R = Me, Ohlde, NO3, CI1, Br, |, naphthyl

F. Akivama, H. Miyazaki, K. Kaneda, 5. Teranishi, Y. Fujiwara, M. Abe, H. Taniguchi, J. Org. Chem.

1980, 45, 2359

Reaction in water

NH; i) NaNO3, HBF4, 0 °C S
I ]
= i) Pe(OAE)z (2Zmol®y) ==

COOH

3. Sengupta, 3. Bhattacharyya, J. Ghem. Soc. Perkin Trans. 71993, 1943,

Chemoselective reaction

h?z R_Ia“"ﬂx‘“;:_,_ Rz'-% o Ry
/@1%"' Pd(OAc)z (2Mol%)  Pd(OAc)z (2Mol%) /\/@\/
I EtOH, 80 °C NaHCOs, TBAC, Rz™ ™=

DMF, 100 °C 47 -B1 %
5. Sengupta, 5. K. Sadhukhan, Tet, Lett. 1998, 39, T15.

Industrial application

50'1;;3 ii) Charcoal, Hz CE

Prosuliron (herbizide)

H
N N OMe
p&? i) HzCCHCFs, =) g%. -\;Illf q:l,/

R Rl E SR

V112, Suzuki coupling

wath boronic acids

.
B(OH —R;
o "5? (OH)2 Pd{OAC); {5mol%) N
=L BF, * > R,
e
32 -95 %

Ry = Me, Br, PhCO, OMe, COOEL, CN, Ny, OTH
Rz = F, Cl, OMe, Ar. naphthyl

3. Darses, T. Jeffery, J. P. Genet, J. L. Brayer, J. P. Demoute, Tel. Laft. 1996, 37, 3857; 5.
Darses, T. Jeffery, J. L. Brayer, J. P. Demoute, Buwl. Soc. Chim. Fr. 1996, 133, 1095; 5.
Senqupta, 5, Battacharyya, J. Org. Cham. 1997, 62, 3405, 5 Sengupta, 3, K. Sadhukhan, Taf,
Left. 1998, 39, 715,

with Molander salts

FaK
LS N? . Pd(OAc); (2mol%) S
- ] erF = Ry
T - Ri:—x dioxane g
=

Ry = Me, PhCO, OMe, COOEL NOs, Br, F, |, OTF
Rz =F, Cl, OMe, SPh, PhCO, |, OTF, naphthyl

S, Darses, J. P, Genet, J. L Brayer, J. P, Demoute, Tet. Latf, 1997, 38, 4393, 5, Darses, G
Michaud, J. P. Genet, Eur. J. Org. Chem. 1999, 1875.

Chamuosalective reaction

’E—) PhB{OH). o-TolyIB(OH)z Ry
BF - -
| /©;Er 4 Pd{OAc)z (10mol%) Pd{OAc); (5Smol%) R, /Cl/\

MeOH, 60 °C EtOH, Ba{OH)z, rt

Ry = Ph, Rz = o-Tol
S. Sengupta. 5. K. Sadhukhan, Tet. Lett, 1998, 39, 715. 40 %
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W3 Carbonylative coupling

Amides, Anhydrides, Acids

@ ENH _  Amide 45-56% |

2 CO,NaOAc, JJ\ :

R EF, 100°c o Sym. anhydride ;
2 Pd{OAC): :zmm: Bd-67%

MeCN, rt NaOH _ |

—— Acid 28-86%

K. Magira, K. Kikukawa, F. Wada, T. Matsoeda, J. Org. Chem. 1980, 45, 2365, K. Kikukawa, K.
Kone, K. Nagira, F. Wada, T. Tet, Letf, 1980, 27, 2877, K. Kikukawa, K. Kono, K. Nigira, F. Wada,
T. Matsuda, .J. Org. Chem. 1981, 46, 4413,

Adehydes '|:'
NC;) CO, EtaSiH,
R @l BF, ™ R
=) Pd{OMc); (2mol%)
MeC

R = Me, Ph, Cl, Br, COMe, COOEL, OMea, |, NO;z

K. Kikukawa, T. Totoli, F. Wada, T. Matsuda, J. Organcmet. Chem. 1984, 270, 283

Ketones, Amides a
CO, ArB(OH)3,
. Ar
= R
Pd{QAc)z (2mol%)
NC? Dioxane, 100 °C 50-90 %
R BF,
e H
CO, NH3, ArB({OH); N.___Ar
= B \ﬂ/
Pd{0Ac); (2mal%) o]
THF, rt 5889 %

R = Me, tBu, Br, NOa, Ar, naphthyl
Substituents on Ar: me, OMe, Ar, CH=CHPh

M. B. Andrus, Y. Ma, Y. Zang, C. Song, Tef. Lefl. 2002, 43, 9137, Y. Ma, C. Song, Q. Chai, M. B.
Andrus, Synthesis 2003, 2886,

WILA, Stille coupling

N2

T

R =Me, Cl, Br, NOg2
H
Me

R'4Sn
Pd{OAG): (10mol%:)
MeCN, rt

n@/w

R=Me 34-95%
wiryl 80 %
FPh 66 %

K. Kikukawa. K_ Kono, F. Wada, T. Matseda, J. Org. Cherm, 1983, 48, 1333,

WIS, Heterostom coupling
No

S0z, Hz OzH
R @/ BF; = R
=) PAIC (10mol¥)
EzOMe0H, rt
R =Me, Cl, Br, NOz 81-93%

K. Kikukawa, T, Totali, F, Wada, T. Matsuda, J, Organomeat. Chem, 1984, 270, 283, L. 5.
Varnedoe, B. 0. Angel, J. L McClellan, J. M. Hanna Jr., Letf. Org. Cham, 20190, 7,1

PdCla(dppf) (3mol%)

" )
MeOH, reflux

R = Br, Me, | COOMea, Ole, NG, Ar

D. M. Willis, R. M. Strongin, Tet. Letf. 2000, 41, 8633,

VIILE. So hira cougli
N@ PdCl;{PPh3);. Cul
2

TBAI, EtaNH
+ R -
“J@/E}F" MeCN, rt

F1 = alkyl, CH2OH, SiMeaa, pyridine, aniline, Ar
Rz = OMe, Cl, MeCO, Br, CN, CF3, NG»

. Fabrizi, A Goggiamani, A Sferrazza, 5 Cacchi, Angew. Inf. Ed. 2010, 49, 4067,

Ry

B3 - 92 %
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L N5 Pd(OAck PhiSIH hOMe
Ph—=—COOEt + /@’ B en " S, -, .
MeO it

5. Cacchi, G. Fabrizi, A. Goggiamani, D. Persiani, Org. Laft. 2008, 10, 1597,

Pd{0Ac); hOMe
m2 TBA KeCO;
N ph
MeCHN, ﬁﬁﬂc
NHCOCF; MeO N
69 %

3. Cacchi, G. Fabrizi, A. Goggiamani, D. Parboni, A. Sferrazza, P. Stabile, Org. Latt. 2010, 72, EIE?EI.E

R ..
Addition to [“‘ o F,{,gﬁ H Hydrogen
sulfur dioxide -H‘) ﬂ/ abstraction
o "-‘Q—\:__,
R L]
rf"f'\‘]’so" (R R
;Q“\-, |-l \ r- .I'J H "'-I"-:H.‘f"'# '
g ' PR /. 41‘_ |
@\ v / OH -
I F
NHR k=~10" g~10 B | Halogen
R ’,l\ ®MHR d transfer
"‘AT M k=10° < I reactions
S 5 e
Addition to . « BICClL, R _Br
iminium ions , = k=10 —— F |
CuCL:F__k =10 | S
R -~ ko~ 10" :f"d‘“t“.g
el # k=~ 10° [
L !J k=10 \
e 3
= Ph-X \ ,L
Sandmeyer =R | =~ R 0
reactions / R )
\';:‘- ".-' 1 -i S
\.\-"m R = L :"" =
A -\.._‘___.-"-'"\-\. e
1 LT
"“*-,, e

Meerwein arylations
Biaryl couplings

M. B. Heinrich, Chem. Eur. J. 2009, 15, B20.
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