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Buchwald-Hartwig Coupling

General Mechanism

*Ligands omitted for clarity "Pre-Catalyst"
actlvatlon
: NR3 Pd(O) : _X
?/ \§ =1, Br, Cl, OTs, OSO,Ph, OTf
Pd”-NRZ ©/ Pd'-x
R,NH, base

Ro,NH = primary, secondary, aryl, amide
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The Buchwald-Hartwig Reaction as a Tool in Organic Synthesis

TBDPSO, N3 FO2Me
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/\_/< R @E - — N
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N | N3 N NTs
H 80°C, 66%

OTBDPS 1,2-aziridinomitosene

(antitumor antibiotic)
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N N
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CO,Me COzMﬁ CO,Me
Br H2N 0 Pd(OAC),, BINAP N 0 Ny 0
+ mowle > OMe ——™, OMe
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Ph 100°C, 99% Ph Ph
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Activation of Precatalyst

2Ar—B(OH), + Pd"X; — Ar—Pd-Ar —>  pd® + Ar—Ar

Huang, X.; Anderson, K. W.; Zim, D.; Jiang, L.; Klapars, A.; Buchwald, S. L. J. Am. Chem. Soc.
2003, 125, 6653.

Me,NH + Pd”XZ EE— X_IIDdII ’ - X_PdII_H - Pdo
-HX Me/N\/ ) 'T'l/ -HX

Trzeciak, A. M.; Ciunik, Z.; Ziolkowski, J. J. Organometallics, 2002, 21, 132.

PR
2PR (" RRs O ®  HxO
AcO-Pd'"-OAc _ S AcO— pd” -OAC —_— (R3P)Pd°(OAc) + AcOPRy ———> (R3P)PdO + O=PRj
pR -2 HOAc
3

Amatore, C.; Jutand, A.; M’'Barki, M. A. Organometallics, 1992, 11, 3009
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Water-Mediated Preactivation

Catalyst activation: Pd(OAc), (0.01mmol), XPhos (0.03 mmol), H,O (0.04 mmol), 1mL 1,4-dioxane, 80°C

XN S E TR TR =T 3 AR e R LR

s
0 sec 30 sec
cl HoN 1 mol% Pd H
2.2 1% 1 (XPh
« 31p NMR was inconclusive as /©/ o © N:(;t-Bu(BOO((_:S); /@f ©
to the structure of active Pd MeO La-dioxane, 2min €O
species 1.0 equiv 1.2 equiv
100
* Activated catalyst may be :g
stored under Ar at -25°C for % 0 -
24h with minimal loss in = 601
- . ] 50
activity ®
- . . g
- Order of addition is >
iImportant!! Catalyst must be 10 1 - m —
activated prior to addition of ¢ & S & . S
.. U M
remaining reactants s & & N
W o @@ Q&“ ?53"
o
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Improved Amidation of Aryl Chlorides

1 mol% Pd(OACc),

Cl O 3 mol% 2 N_ _R3
RUE>/ + S N KaPOg, -BUOH Rl‘©/ T
R?HN™ "R 3P0y, t-BUOH
4 mol% H,O
1.0 equiv 1.2 equiv 110°C, 3h
N
’d
H H H N H |
N\H/Cy N\H/Me N N\H/H N LN
|
o] (0] yz (0] yz O — o)
MeO MeO N N

98% 98% 84% 83% 95%

96% 99% 82% 83% 97%

24h 24h 4 mol% Pd 2 mol% Pd 24h

12h 24h
Previous Results obtained w/ Pddba, or Pdodbas
Me
Me Me
" O p(t-BU) Shen, Q.; Hartwig, J. F. J. Am. Chem. Soc. 2007, 129, 7734-7735.
e -buU)o
i-Pr i-Pr Ikawa, T.; Barder, T. E.; Biscoe, M. R.; Buchwald, S. L. J. Am. Chem. Soc. 2007, 129,
O 13001-13007.
i-Pr
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Efficient Coupling of Electron Deficient Anilines

1 mol% Pd(OAc),

Cl NH, 3mol%el N
RIS s
4 mol% H,0
1.0 equiv 1.2 equiv 110°C, 1 h

H Ho 02 H
n-Bu NO; n-Bu CO,Et

94% 86% (2h) 86%
y Me |, Ac y
MeO Me NHAc
93% Me 9504 92%
O For similar examples, see:
PCyz Briscoe, M. R.: Fors, B. P.: Buchwald, S. L. J. Am. Chem. Soc. 2008, 130, 6686.

i-Pr ! i-Pr

i-Pr For examples involving a-arylation of ketones, see:
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Coupling of Anilines and Aryl Chlorides with 0.05 mol% Pd Loading

0.05 mol% Pd(OAc),

Cl NH> 0.15mol% 1 H
Rl@ * RZ@ NaOt-Bu, 1,4-dioxane Rl©/ \E} R?
2 mol% H,0
1.0 equiv 1.2 equiv 110°C, 20min

Me |, Me H Me H OMe H
O N 0 o
MeO F
Me Me Me CF3 OMe

95% 98% 95% 99%

For examples involving coupling of anilines and aryl chlorides using 0.5 mol% Pd see:
Xu, C.; Gong, J.; Wu, Y. Tetrahedron Lett. 2007, 48, 1619.
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Conclusions

* Improved Pd-Catalyzed C-N cross-coupling reaction is described

« Preactivation of Pd(OAc), using water in the presence of
biaryldialkylphosphine ligands affords a highly active catalyst

» Active catalyst may be stored at low temperature under argon for short
periods of time

* Protocol allows for lower catalyst loading and shorter reactions times

» Provides efficient coupling of deactivated aryl chlorides and anilines
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