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ABSTRACT
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A palladium-catalyzed aromatic decarboxylation reaction has been developed. With electron-rich aromatic acids, the reaction proceeds efficiently
under fairly mild conditions in good yields. The method was useful with complex functionalized substrates containing hindered carboxylic
acids.

A mild and efficient method for aromatic decarboxylation The Barton protocol does not permit direct protonation in
has yet to be reported. In general, aromatic decarboxylationaromatic systems although an indirect approach via radical
is difficult due to the unstable intermediates that are formed decarboxylative bromination is viabteThis three-step
during the course of the reaction. As a result, the methodsprotocol (ester formation, decarboxylative bromination, and
available for decarboxylation all require harsh, forcing bromine hydrogenolysis) still requires high temperatures and

conditions. is not suitable for highly hindered esters or substrates with
Prototypical methods include heating in the presence of a hydrogenolytically sensitive functionality.
strong acid and heating with a copper catalyst and quino- |, this Letter, we report the development of a single-step

line 2 The first method proceeds through ipso protonation pnajjadium-catalyzed decarboxylation utilizing trifluoroacetic
of the aromatic ring and thus requires electron-rich systems 5¢iq as the proton source that proceeds<afo °C. Our

and temperatures of at least 190. In the copper/quinoline  jnestigations were motivated by the need to remove
method, the copper catalyst coordinates to the aromatic riNGefficiently the carboxylate groups from as part of our
and helps stabilize the anion that results upon loss of carbong;,,qies of the perylenequinone natural proddotScheme
dioxide. Again ihese rgactlc_)ns only proceed at very high 1y \ynfortunately, decarboxylation reactions with protic acid
temperatures (>160C).” While mercury mediated decar- yere ynsuccessful and those under the copper/quinoline

boxylatlor:? cart1 _prhc_)ceedt _under mllderltcond(;tltcr)]ns_, ;che '€ conditions resulted in low yields and racemization of the
quirement for stoichiometric mercury salts and the interven- biaryl stereochemistry.

tion of toxic organomercury(ll) intermediates is restrictive.
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s Having solved the atropoisomerization issues that were

Scheme 1. Perylenequinone Family Common Intermediate  OUr initial concern, our attention turned to reducing the

OH O amount of palladium required for an effective reaction. To
QPG OPG OMe do this required identification of a hydride or proton source
O‘ that (1) can be employed in the presence of palladium(Il)
__, RO ‘ R2 and (2) will allow catalytic turnover. The former condition
— RO R excludes most hydride sources such as hydrogen, borohy-
O‘ drides, etc. which cause rapid reduction of palladium(ll) to

OMe

palladium(0) before decarboxylation can occur. The latter
. condition either requires a reoxidation step if a reductive

Rerylenequinone elimination pathway occurs or Brgnsted acid to allow
protonolysis of the aryl palladium intermediate. This last
proposal proved to be the most effective. Upon generation

Recently, the Myers group reported a palladium-catalyzed of the aryl palladium intermediate froia with stoichio-
decarboxylative Heck couplirfef.Inspired by this precedent;  metric palladium(ll) trifluoroacetate, addition of trifluoro-
we proposed that a catalytic decarboxylation could be acetic acid produced the decarboxylated mat@ag5cheme
achieved if an appropriate hydride or proton source could 3). Since a closed catalytic cycle was anticipated, we were
be discovered. To begin with, we explored stoichiometric

palladium decarboxylation by treatment with palladium(ll) _

OPG OPG OH ©O

Common Intermediate (1)

trifluoroacetate and silver carbonate followed by introduction Scheme 3. Decarboxylation of the Model System
of a hydrogen atmosphere to reduce the resultant aryl OMe Pdé%ggFE‘)21(§O mol %) OMe
palladium species. Rewardingly, this protocol produced high COM 5o DVSOIBME Tooe b
yields of decarboxylated product in model systems (Scheme
2) at much lower temperaturegompared to classical ) OMe 100% . OMe
a a
Scheme 2. Initial Decarboxylation Results gratified that the amount of palladium catalyst could indeed
1) PA(O,CCF), be lowered to 20 mol % without any effect on the yield of
(1.2 equiv) 3a (Scheme 3).
Ago,CO;3 (3 equiv) . . .
OMe 5% DMSO/DME OMe On the basis of a number of mechanistic experiments
MeQ CO,H  90°C MeO performed in our lab as well as work reported by the Myers
OO 2) Hy OO group? the following mechanism for catalytic decarboxyla-
2b OMe 99% yield 3b OMe tion is proposed (Scheme 4). Coordination of the palladium
OBn OMe 1) (Zdéozc_Cf):a)z OBn OMe
.2 equiv i
MeO. CO,H AdyCOs (8 equiv) MeO. Scheme 4. Proposed Mechanism
5% DMSO/DMF OMe O OMeO oo
OMe  90°C OMe on PA0CCFg, O—P4-O.C0F
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n e no loss of ee n €
4 5 s
DMSO
Bd—0 |DMSO MeQ DMSO CFiCOH ~ OMe
. . FsCCOs” iOMe Pd-O,CCF;
methods? and to another report with a palladium catafifst. | ° Zj- DMSO
As a result, no loss of enantioselectivity was seen with these e €O, OMe Pd(0:CCFy), OMe
conditions in thermally atroposensitive substrates sueh as © 7 3a
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be determined. ThuéH NMR spectroscopy was employed ||

to monitor the formation of the aryl palladium intermediate
(7) and the product3g) during the course of the reaction.
In the first experiment, substrat2a was treated with
stoichiometric palladium(ll) trifluoroacetate in the presence

of excess methanesulfonic acid. Under these conditions,

carboxylate exchange occurred rapidly and adéweas the

only species observed at the beginning of the reaction. Upon

heating to 65°C, formation of the aryl palladium species
(7) was directly related to the disappearance of adduct
during the initial stages of the reaction (Figure 1). The

Figure 1. NMR monitoring of the decarboxylation @& (reaction
conditions: initial concentratior2f] = 88 mM and [Pd(@CCF),]
= 105 mM, CHSG;H (10 equiv), 0.75 mLde-DMSO, 65°C).

Figure 2. Protonolysis of the aryl palladium intermediate corre-
sponding to7 from 2a (reaction conditions: initial concentration
[2a] = 88 mM and [Pd(QCCF;),] = 105 mM, CHSOH (10
equiv), 0.75 mLds-DMSO, 65°C (aryl palladium formed at 70C
but protonolysis at 65C)).

of a strong acid such as trifluoroacetic acid, and no base
such as AgCQOs.

Surprisingly, when the methodology was extended to other
substrates it was found that twartho substituents were
required to obtain high yields of the decarboxylation

Table 1. Catalytic Palladium Decarboxylation

disappearance @& was a first-order proces& & 0.25 h't,
ti, = 2.8 h). As the reaction progressed, aryl palladium

species/ began to react forming the produga via a zero-
order process (k= 2.73 mM/h, ty, = 17.7 h). Overall,
formation of aryl palladiun¥ is much faster than the final
protonolysis stepqto 3a). This result clarifies the need for
excess acid to achieve a reasonable reaction time. While the
mechanism in Scheme 4 does not require any additional acid
for turnover, the slow step ([ 3a) does depend on the acid
concentration.

To further probe the protonation reaction, the aryl pal-
ladium intermediate?) was generated in the absence of acid
and then treated with 10 equiv of methanesulfonic acid.
Monitoring by 'H NMR spectroscopy revealed a linear
relationship between formation of produ®aj and con-
sumption of intermediat@ (Figure 2). The much slower rate
of this reaction (reaction of was apparently zero ordek,
= 2.69 mM/h,t;, = 13 h) even with excess acid explains
why the decarboxylative Heck reactfaran be so successful.

Namely, the aryl palladium species is sufficiently stable
that migratory insertion into the alkene can occur before
protonation. Additionally, the basic AGO; employed in the
Heck procestlikely serves to scavenge any free acid further
preventing protonation. Overall, the results of theNMR
experiments indicated that protonation is the slow step. On

substrate product® )(/;/eol)?
OMe OMe
CO,H
100
OMe OMe
2a 3a
OMe OMe
MeO CO,H  MeO
O U, ™
OMe OMe
2b 3b
OMe OMe OMe OMe
CO,H
O 2, »
MeQ OMe MeO OMe
2c 3c
OMe OMe
MeC CO,H  MeO
e co,
MeO' OMe MeO OMe
2d 3d
OMe OMe
MeO. CO,H  MeO.
MeO OO OMe  MeO OO ome 75°
Me Me
2e 3e

this basis, the following general parameters were devel- gqyiv). 50 DMSO/DMF? Isolated yield 80 °C.

oped: <20 mol % of palladium(ll) trifluoroacetate, an excess

a Reaction conditions: Pd¢QCFs); (0.2 equiv), 70°C, CRCOH (10
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Table 2. Stoichiometric Palladium Decarboxylation

a yield
entry substrate product %)
MeO:I::j:CCbK MeO:[::]\
6 MeQ OMe MeO OMe 55
3f
Me
7 42
8 64

2i 3i

aReaction conditions: Pd¢CCRs); (1.2 equiv), 70°C, CRCOH (10
equiv), 5% DMSO/DMFP! Isolated yields¢ Pd(Q:CCRs), (2.5 equiv),
Ag2CO; (6 equiv), 75°C, followed by NaBH. ¢ No loss of enantioselec-
tivity. ®No loss of diastereoselectivity.

found to be good with use of the catalytic palladium
conditions as illustrated in Table 1.

Further substrates were also explored with stoichiometric
palladium as shown in Table 2. For entries 6 and 7, the
potassium carboxylate salts were employed which precluded
turnover. Even so, these salts were found to undergo more
rapid reaction than the free acid under comparable conditions.
The substrates from entries 8 and 9 were not explored with
catalytic palladium as they are very late stage intermediates.
For these compounds, the aryl palladium species was
deliberately formed and then reduced with sodium borohy-
dride. In fact, many other hydrogen sources were found to
be effective when this approach was employed. For example,
methanesulfonic acid, acetic acid, nitric acid, g@Acitroben-
zoic acid were all effective with catalytic palladium. With
stoichiometric palladium, diethylsilane, triethylsilane, triiso-
propylsilane, triphenylsilane, diethylmethylsilane, borane
THF complex, PHMS/KF, Mg/NEDAc, sodium formate,
ammonium formate, sodium methoxide, and potassium
carbonate/methanol were all found to be viable.

In conclusion, a catalytic decarboxylation method has been
realized for electron-rich bisftho-substituted aromatic
compounds. This mild and efficient decarboxylation can be
employed with sensitive substrates. This method works
especially well with substrates that contain sterically hindered
carboxylic acids. Further details about this and other aspects
will be reported in due course.
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pathway with mono-ortho-substituted substrates comprised
of C—H insertion into positions adjacent to the carboxyl
group. Unfortunately, no conditions were found to completely
prevent this undesired reaction from occurring. Nevertheless,
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and characterization of all new compounds. This material is
available free of charge via the Internet at http://pubs.acs.org.

the substrate scope of bistho-substituted compounds was OL070749F
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