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Introduction

Pd-catalyzed cross-coupling reactions have made an enor-
mous impact on organic synthesis over the past few decades,
as shown by the award of the 2010 Nobel Prize in Chemistry
to Heck, Suzuki, and Negishi. Moreover, the synthetic po-
tential of these reactions has been considerably expanded
by the development of carbonylative cross-coupling reac-
tions, in which carbon monoxide is inserted between the two
coupling partners.[1] Although isocyanides are isoelectronic
with carbon monoxide, synthetic applications of Pd-cata-
lyzed isocyanide insertion are extremely scarce.[2] These re-
actions would provide interesting opportunities for Pd-cata-
lyzed cascade reactions.[3] On the other hand, isocyanide in-
sertion into Pd�C bonds is a well-known phenomenon in co-
ordination chemistry.[4] In light of our experience with the

use of isocyanides in multicomponent reactions and our con-
tinuing interest in the efficient synthesis of nitrogen hetero-
cycles, we decided to investigate the potential of Pd-cata-
lyzed imidoylative cross-coupling reactions in the synthesis
of nitrogen heterocycles. The general mechanism of Pd-cata-
lyzed imidoylative cross-coupling reactions is depicted in
Scheme 1. We reasoned that intramolecular cross-coupling
reactions involving an isocyanide insertion that leads to the
formation of five- or six-membered rings would be most fa-
vorable because it would plausibly suppress multiple isocya-
nide insertion, which is the most likely side reaction. In ad-
dition, we assumed that reaction sequences that are termi-
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Scheme 1. Proposed general mechanism for Pd-catalyzed imidoylative
cross-coupling reactions.
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nated by an irreversible step, such as tautomerization/aro-
matization, would have a favorable effect on the reaction.

In light of these considerations, we envisioned the synthe-
sis of 4-aminoquinazolines 1 by Pd-catalyzed intramolecular
imidoylative cross-coupling of N-(2-bromoaryl)amidines 3,
which in turn can be derived from 2-bromoanilines 4 and ni-
triles 5. A plausible reaction mechanism is presented in
Scheme 2. First, palladium oxidatively inserts into the C�Br

bond in 3 (A) and then coordinates to the amidine moiety.
Alternatively, a directed oxidative addition involving pre-co-
ordination of amidine could occur.[5] Next, the isocyanide in-
serts into the oxidative addition complex (B). Subsequent
deprotonation of the amidine results in a seven-membered
palladacycle (C). Reductive elimination (D) followed by
tautomerization/aromatization (E) affords the desired 4-
aminoquinazoline 1. At the same time, this benchmark reac-
tion also poses a challenge, that is, to avoid the competing
direct intramolecular amination leading to 1H-benzimida-
zole formation.[6] For the selective formation of the desired
4-aminoquinazolines, isocyanide insertion into the aryl�pal-
ladium bond must be fast with respect to the amination re-
action with the amidine. However, our comparison with the
corresponding carbonylative reactions suggests that this is a
realistic assumption.[1]

The products resulting from this approach are interesting
from a medicinal chemistry perspective. 4-Amino-2-arylqui-
nazolines display diverse biological activities, including the

inhibition of kinases[7] and the modulation of cannabinoid
receptor 2,[8] glutamate receptors,[9] and ion channels.[10] Very
recently, 4-amino-2-phenylquinazolines were also identified
as potent topoisomerase I inhibitors.[11] Representative ex-
amples of pharmaceutically relevant 4-amino-2-arylquinazo-
lines are shown in Figure 1.

Results and Discussion

We set out to investigate the potential of Pd-catalyzed isocy-
anide insertion in the synthesis of 4-aminoquinazolines by
using the reaction between the known amidine 3 a (R1 =H,
R2 = Ph) and tert-butyl isocyanide (2 a) as a benchmark. To
our delight, the use of [Pd ACHTUNGTRENNUNG(dba)2] (5 mol %; dba=dibenzyli-
deneacetone), XPhos (10 mol %; XPhos =2-dicyclohexyl-
phosphino-2’,5’,6’-trisisopropylbiphenyl), isocyanide
(1.5 equiv), and KOAc (3.0 equiv) led to full conversion of
the amidine starting material and, moreover, furnished the
desired 4-aminoquinazoline 1 a in 95 % isolated yield
(Table 1, entry 1).[12] Nevertheless, we decided to optimize
this model reaction further in terms of catalyst loading,
ligand, solvent, and temperature to achieve an optimal pro-
cedure.

Reduction of the Pd loading to 3 mol % still led to full
conversion of 3 a, but the isolated yield dropped to 75 %
(Table 1, entry 2). Further reduction of the catalyst loading
to 2 mol % led to incomplete conversion (Table 1, entry 3).
Evaluation of various monodentate dialkylbiaryl phosphine
ligands[13] (Figure 2) showed that the use of DCPB and
JohnPhos led to incomplete conversion of 3 a, whereas
SPhos performed similarly to XPhos (Table 1, entries 4–6).

Interestingly, when we changed the palladium source to
Pd ACHTUNGTRENNUNG(OAc)2 (Ac= acetyl) in combination with the relatively

Scheme 2. Proposed mechanism for the Pd-catalyzed synthesis of 1, in-
volving an isocyanide insertion (A : oxidative addition, B : isocyanide in-
sertion, C : deprotonation, D : reductive elimination, E : tautomerization/
aromatization).

Figure 1. Examples of biologically active 4-amino-2-arylquinazolines.

Figure 2. Structures of the biphenyl-based phosphine ligands used.
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inexpensive ligand DCPB, amidine 3 a was fully converted
and 1 a was isolated in 89 % yield (Table 1, entry 7). Since
these conditions led to a similarly high isolated yield to the
original conditions (Table 1, entry 1), but have the addition-
al advantages of easier handling of a PdII versus a Pd0

source and the lower cost of DCPB versus XPhos, we decid-
ed to continue the optimization with the PdACHTUNGTRENNUNG(OAc)2/DCPB
system. Changes in solvent, temperature, and the amount
and type of base did not lead to further improvements in
the isolated yield (Table 1, entries 8–13). The use of the
more expensive ligand SPhos did not offer an advantage
with respect to DCPB in combination with Pd ACHTUNGTRENNUNG(OAc)2 (com-
pare Table 1, entries 10 and 14). Thus, we decided to contin-
ue our investigation by using Pd ACHTUNGTRENNUNG(OAc)2 (3 mol %) and
DCPB (6 mol %) as the catalyst system, with KOAc
(1.5 equiv) as the base and DMF as the solvent (Table 1,
entry 7).

Having optimized the reaction conditions, we focused our
attention on the determination of the scope of our method-
ology. To this end, we synthesized a range of N-(2-bromoar-
yl)amidines (3 a–l, Table 2) by using a previously published
procedure.[14] We found that a range of electron-rich and
electron-deficient aromatic and heteroaromatic nitriles react
with 2-bromoanilines in the presence of sodium hydride to
afford the corresponding amidines 3 in reasonable to excel-
lent yield after chromatography (Table 2, entries 1–11). We
experienced some problems when applying the same proce-
dure to aliphatic nitriles because the expected amidines
were not isolated after chromatography. However, MS anal-
ysis of the reaction mixture indicated that the desired ami-
dines were formed quantitatively. It appears that the ami-
dines derived from aliphatic nitriles are generally not stable

to chromatography on silica.
However, the use of a slight
excess of a volatile aliphatic ni-
trile (acetonitrile) followed by
aqueous work-up without sub-
sequent chromatographic purifi-
cation led to the isolation of
the desired amidine 3 l (Table 2,
entry 12).

With a highly diverse set of
N-(2-bromoaryl)amidines (3 a–
l) in hand, we turned our atten-
tion to the investigation of the
scope of the Pd-catalyzed imi-
doylative cross-coupling reac-
tion. To our delight, we found
that all of the synthesized ami-
dines react with various aliphat-
ic isocyanides to afford the de-
sired 4-aminoquinazolines in
moderate to excellent yield
(Scheme 3). The optimized con-
ditions for the formation of 3 a
(Pd ACHTUNGTRENNUNG(OAc)2 (3 mol %), DCPB

(6 mol%), KOAc (3 equiv), DMF, 120 8C; method A in
Scheme 3) did not prove optimal for all combinations of
amidines 3 and isocyanides 2 and the target 4-aminoquina-
zolines 1 were sometimes isolated in disappointing yields.
Fortunately, simply increasing the catalyst loading to 5
mol % Pd (methods B and D in Scheme 3), optionally com-
bined with increasing the reaction temperature to 160 8C
(method C) led to significant improvements in yield in many

Table 1. Screening of the reaction conditions for the Pd-catalyzed synthesis of 1a from 3a and tert-butyl isocy-
anide (2, R3 = tBu).

Entry[a] Base Solvent Pd source Ligand PdACHTUNGTRENNUNG[mol %]
T
[8C]

t
[h]

Remaining
3 a

Yield of
1a [%][b]

1 KOAc DMF [Pd ACHTUNGTRENNUNG(dba)2] XPhos 5 120 5 no 95
2 KOAc DMF [Pd ACHTUNGTRENNUNG(dba)2] XPhos 3 120 7 no 75
3 KOAc DMF [Pd ACHTUNGTRENNUNG(dba)2] XPhos 2 120 7 yes 50
4 KOAc DMF [Pd ACHTUNGTRENNUNG(dba)2] DCPB 3 120 7 yes 67
5 KOAc DMF [Pd ACHTUNGTRENNUNG(dba)2] JohnPhos 3 120 7 yes 77
6 KOAc DMF [Pd ACHTUNGTRENNUNG(dba)2] SPhos 3 120 7 no 87
7 KOAc DMF Pd ACHTUNGTRENNUNG(OAc)2 DCPB 3 120 7 no 89
8[c] KOAc DMF Pd ACHTUNGTRENNUNG(OAc)2 DCPB 3 120 7 yes 76
9 K2CO3 DMF Pd ACHTUNGTRENNUNG(OAc)2 DCPB 3 120 7 yes 59

10 KOAc 1,4-dioxane Pd ACHTUNGTRENNUNG(OAc)2 DCPB 3 110 7 no 79
11 K2CO3 1,4-dioxane Pd ACHTUNGTRENNUNG(OAc)2 DCPB 3 110 7 yes 9
12 KOAc DMF Pd ACHTUNGTRENNUNG(OAc)2 DCPB 3 100 7 yes 54
13 KOAc DMF Pd ACHTUNGTRENNUNG(OAc)2 DCPB 3 160 3 no 87
14 KOAc 1,4-dioxane Pd ACHTUNGTRENNUNG(OAc)2 SPhos 3 110 7 yes 74

[a] Reactions were performed in a preheated oil bath on a 1 mmol scale in the indicated solvent (5 mL).
1.5 equivalents of isocyanide and 3 equivalents of the base were used. [b] Isolated yield. [c] 1.5 equivalents of
KOAc were used.

Table 2. Synthesis of N-(2-bromophenyl)imidamides (3).

Entry[a] R1 R2 Product Yield
[%][b]

1 H Ph 3 a 90
2 H 4-MeC6H4 3 b 80
3 4-Cl Ph 3 c 75
4 5-CF3 Ph 3 d 77
5 H 4-ClC6H4 3 e 97
6 H 3-ClC6H4 3 f 82
7 H 2-ClC6H4 3 g 97
8 H 4-pyridyl 3 h 53
9 H 2-furyl 3 i 60

10 5-CF3 4-ClC6H4 3 j 53
11 4-Cl 4-ClC6H4 3 k 49
12 H Me 3 l n.d.[c]

[a] Reaction conditions: nitrile 4 (1 equiv), 2-bromoaniline 5 (1.2 equiv),
NaH (1.5 equiv), DMF, RT, overnight. [b] Isolated yield. [c] The reaction
was performed in THF with nitrile 4 (1.2 equiv) and 2-bromoaniline 5
(1 equiv). The yield was not determined (n.d.) because the reaction prod-
uct was not purified, but was taken straight on to the subsequent reac-
tion.
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cases. Interestingly, a catalyst loading of 3 mol% Pd proved
sufficient for reactions involving primary isocyanides, but
the use of XPhos instead of DCPB as the ligand proved es-
sential to achieve a satisfactory isolated yield (1 ac and 1 ad,
Scheme 3). Another remarkable observation is that halogen-
substituted amidines 3 c, 3 e–g, 3 j, and 3 k are also converted
into the corresponding 4-aminoquinazolines 4. In some
cases, dehalogenation was observed (by MS analysis) as a
side reaction. Two interesting observations were made con-
cerning this side reaction. First, dehalogenation proved
more pronounced at elevated temperature (i.e., method C)
and could typically be fully suppressed by limiting the reac-
tion temperature to 120 8C (method D). Second, although
dehalogenated 4-aminoquinazolines were observed during
MS analysis, the corresponding dehalogenated amidines
were not observed. This implies that the dehalogenation
side reaction only takes place after the desired reaction has
been completed. Careful monitoring of the conversion of

the amidine starting material
combined with maintaining a
lower reaction temperature can
therefore completely suppress
the dehalogenation reaction.

Interestingly, 4-aminoquina-
zolines substituted on both the
quinazoline core and the C2
phenyl ring (1 ja and 1 ka) were
also obtained in good yield,
even under the standard reac-
tion conditions. Not only
phenyl, but also heteroaryl C2
substituents are tolerated in this
reaction, as exemplified by the
synthesis of 2-(4-pyridyl)- and
2-(2-furyl)-substituted 4-amino-
quinazolines 1 ha, 1 hb, 1 ia, and
1 ib (Scheme 3). These com-
pounds were isolated in reason-
able to good yield, although an
elevated temperature was re-
quired to achieve full conver-
sion in the case of substrate 3 i.

Although the reactions with
aliphatic isocyanides proved
very efficient, we were thus far
unsuccessful in employing aro-
matic isocyanides (phenyl isocy-
anide and 2,6-dimethylphenyl
isocyanide) in our synthesis of
4-aminoquinazolines. This is
somewhat surprising in light of
a recent study by Chatani and
co-workers, who reported a
direct intramolecular arylation
reaction involving isonitrile in-
sertion.[2f] However, they could
only use 2,6-dimethylphenyl

isocyanide (and similar sterically hindered aromatic isocya-
nides), whereas phenyl isocyanide and aliphatic isocyanides
were unreactive.[15] A possible rationalization for this obser-
vation is catalyst deactivation by multiple coordination of
the isonitrile to Pd[16] and/or decomposition of the reactants,
for example, through polymerization of the aromatic isoni-
triles under our catalytic conditions.[17] On the other hand,
the Pd-catalyzed isocyanide-insertion reactions recently re-
ported by the groups of Jiang[2g] and Murakami[2h] proceed
with both aromatic and aliphatic isocyanides. It appears that
a very subtle combination of steric and electronic effects of
the isocyanide, substrate, and catalyst used determine the
final outcome of the reaction.

Several of the products shown in Scheme 3 display phar-
maceutically important biological activities. For example,
compound 1 ad inhibits phosphodiesterase V (PDE 5) with
an IC50 of 320 nm.[18] Furthermore, compound 1 ab was re-
cently reported to display topoisomerase I inhibitory activity

Scheme 3. Study of the scope of our Pd-catalyzed isocyanide insertion reaction: synthesis of 4-aminoquinazo-
lines 1 aa–1 la. All reactions were performed by using amidines 3 (1 equiv), the appropriate isocyanide
(1.5 equiv), and KOAc (3 equiv) in DMF. Method A: Pd ACHTUNGTRENNUNG(OAc)2 (3 mol %), DCPB (6 mol %), 120 8C, 7 h;
method B: PdACHTUNGTRENNUNG(OAc)2 (5 mol %), DCPB (10 mol %), 120 8C, 3 h; method C: Pd ACHTUNGTRENNUNG(OAc)2 (5 mol %), DCPB
(10 mol %), 160 8C, 7 h; method D: Pd ACHTUNGTRENNUNG(OAc)2 (5 mol %), DCPB (10 mol %), 120 8C, 7 h; method E: Pd ACHTUNGTRENNUNG(OAc)2

(3 mol %), XPhos (6 mol %), 120 8C, 7 h. A * indicates reactions for which the dehalogenated product was
formed. Cy=cyclohexyl.
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equal to camptothecin.[11] All of the compounds reported in
Scheme 3 can therefore be considered to be potential topoi-
somerase I inhibitors. In addition, these compounds have
potential as, for example, kinase inhibitors.[7] Therefore, the
constructed library of 4-aminoquinazolines could serve as a
valuable source of new leads in various fields of medicinal
chemistry. Biological activities of compounds 1 will be re-
ported in due course.

Conclusion

We have developed an efficient Pd-catalyzed intramolecular
imidoylative cross-coupling reaction of readily available N-
(2-bromoaryl)amidines, yielding 4-aminoquinazolines that
are of considerable interest in medicinal and agricultural
chemistry. We have optimized the reaction with respect to
the ligand, catalyst loading, base, temperature, and solvent.
Easier to handle Pd ACHTUNGTRENNUNG(OAc)2, in comparison with [Pd ACHTUNGTRENNUNG(dba)2],
proved to be equally suited as the Pd source and generally
allowed the use of the relatively inexpensive (compared
with XPhos) ligand DCPB. An array of diversely substituted
amidines can be combined with various aliphatic isocyanides
to afford the target 4-aminoquinazolines in good to excel-
lent yield, although fine-tuning of the reaction conditions
was required for the more challenging substrates. The syn-
thesized 4-aminoquinazolines include known potent topoiso-
merase I inhibitors, as well as phosphodiesterase inhibitors.
The high modularity and mild reaction conditions make this
methodology very attractive for future applications in me-
dicinal chemistry.

Experimental Section

General procedure for the synthesis of 4-aminoquinazolines (1) by Pd-
catalyzed intramolecular imidoylation of N-(2-bromoaryl)amidines (3): A
round-bottomed flask was charged with Pd ACHTUNGTRENNUNG(OAc)2 (7 mg, 0.03 mmol) and
DCPB (21 mg, 0.06 mmol), followed by dry DMF (3 mL). The mixture
was flushed with N2 for 10 min. Meanwhile, amidine 3 (1.0 mmol), KOAc
(3.0 mmol, 3 equiv), and isocyanide 2 (1.5 mmol, 1.5 equiv) were added
to another round-bottomed flask. The Pd catalyst solution was then
added to this mixture, and the flask was subsequently flushed with N2 for
5 min. The resulting mixture was heated at the indicated temperature in
a pre-heated oil bath for 7 h under magnetic stirring. After cooling to
room temperature, EtOAc was added and the suspension was filtered
over a pad of Celite and rinsed with EtOAc (125 mL). The solvent was
removed under reduced pressure and the residue was purified by flash
column chromatography on silica gel to afford 4-aminoquinazolines 1 in
high purity.
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