A.SCHOENBERG, I. BARTOLETTI, R. F. HECK* (UNIVERSITY OF DELAWARE, NEWARK, USA)
Palladium-Catalyzed Carboalkoxylation of Aryl, Benzyl, and Vinylic Halides
J. Org. Chem. 1974, 39, 3318-3326, DOI: 10.1021/j000937a003

Category

Metals in Synthesis

The Heck Carbonylation: Palladium-Catalyzed
Alkoxycarbonylation of Organic Halides

Key words

carboalkoxylation

carbon monoxide

Heck carbonylation
palladium(ll) salt (1.5 mol%)

o co PN n-BusN (1.1 equiv) o palladium catalysis
X + +  HO QJ\
100 °C o "N
@ =Ar, Bn, vinyl (1 atm) (1.2 equiv) 2-80h
X=Cl,Br, |
— Selected examples: >
. . SyRiace; |
o Classic
Yo g @\)J\ X o NN
O/\/\
R
R=H: 70% yield 45% yield 80% yield
R = OMe: 69% yield (W/ (PhgP),PdCl, (W/ (PhgP),PdBr,
(w/ Pd(OAc), from X = Cl) from X = Br)
from X =1
) (o]
o o O/\/\
\WJ\O/\A X Yo L
83% yield 95% vyield, ZIE = 2.6:1 68% yield
(w/ (PhgP),Pdl, (w/ (PhgP),PdBr, (w/ (PhgP),PdBr,
from X =1) from X = Br) from X = Br)
— Proposed mechanism:
(o) . ‘
<, 0 . Lo o
Q)J\O/H-BU L/Pd_CO Q_X : [n-BU3NH]+X_ L/Pd_CO O_X
_ L . n-BusN + CO
co co |} +co , 3 -co ” +CO
1
Lo 0 ' L
o L/Pd ' Lo U_H L/Pdo Lol ,Q]
: L X oc” X
L\P';,)J\O/n-Bu (L=PPhy) [ » L'% ] ! (L=PPhy)
ig oc :
Q ! oj\ o -L
. n-Bu L
! o L )% *
’ n-BugN + L : n-BuOH |~ "~y
[n-BugNH]™X +n-BuOH .

Significance: Two years after the invention of the
famous Heck reaction (/. Org. Chem. 1972, 37,
2320), Heck and co-workers reported the palla-
dium-catalyzed alkoxycarbonylation of aryl, benzyl,
and vinyl halides with an alcohol under a carbon
monoxide atmosphere. This carbonylative coupling
is broadly applicable and represents a pivotal trans-
formation for the synthesis of esters.
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Comment: Heck and co-workers proposed two
possible mechanisms for the palladium-catalyzed
alkoxycarbonylation (see scheme). The mixtures of
alkene geometries observed in certain cases are
likely due to a m-allylic palladium intermediate,
which can lead to both Z and E products.




