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ABSTRACT

An efficient one-step amination of cyclic amides and ureas has been developed. Treatment of cyclic amides and cyclic ureas with BOP in the
presence of DBU in various solvents led to the formation of cyclic amidines and cyclic guanidines in good to excellent yields. Concise
syntheses of biologically intriguing kinetin and potent kinase inhibitor olomoucin were thus achieved in just one and two steps, respectively.

Amino heterocycles are ubiquitous and have great biological
and pharmaceutical interest.1 The synthesis of such com-
pounds, however, remains challenging. Multiple steps are
routinely required, including protection of functional groups
if present, activation of corresponding cyclic amide or urea
moieties often under harsh acidic conditions, followed by
an SNAr displacement, and finally deprotection of the
functional groups to generate the desired products. The
overall efficiency of these multistep syntheses is frequently
unsatisfactory. Destruction of acid-labile functional groups
and loss of protecting groups are common problems encoun-
tered in these transformations. Recently, the Buchwald-
Hartwig amination2 has gained enormous attention, allowing
numerous amino heterocycles to be synthesized, all of which,
however, also require preformation of a heteroaromatic hal-
ide. We have recently developed a one-step synthesis ofN6-
adenosine andN6-deoxyadenosine derivatives promoted by
a phosphonium salt intermediate without protection of free

hydroxyl groups.3 The generality and applicability to many
heterocyclic systems, including acceptability of various types
of nucleophiles, as well as its application to concise syntheses
of the biologically interesting kinetin and a potent and a
selective kinase inhibitor olomoucin are reported herein.

Our studies began with the synthesis of 4-aminoquinazo-
lines, a class of compounds which has drawn considerable
attention due to its various pharmaceutical interests,4 typically
prepared from aniline derivatives.5 Our BOP promoted
amination conditions are first examined in the reactions with
4-hydroxyquinazoline (Scheme 1, Table 1).6 DBU was found

to be the most effective base (entry 1, Table 1) in comparison
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with others, although DIPEA and TEA were also satisfactory.
The solvent effect was found to be minimal in our studies
(entries 1 and 7-10, Table 1); however, MeCN was slightly
favored. Near-quantitative conversion was achieved in MeCN
within minutes at room temperature as judged by LCMS
analysis (entry 10, Table 1).7 Since heterocycles generally
have a broad spectrum of solubility, it is believed that this
solvent-independent amination could be beneficial to many
systems.

It was of great significance in this new methodology
development to demonstrate high compatibility of various
functional groups, especially acid-labile ones. All reactions
with 4-hydroxyquinazolines carrying various functionalities
(Scheme 1, Table 2) gave desired products in excellent

isolated yields (85-99%)8 at room temperature under
optimized conditions (base) DBU; solvent ) MeCN).
These functional groups include CCl3 (entry 1), halide
(entries 2 and 3), amine (entry 5), ester (entries 7 and 8),
ketal (entry 8), olefin (entry 9), sulfide (entry 10), and acyclic
amide and ketone (entry 11). There were no complications
or side reactions observed in these transformations.

A panel of nucleophiles was subsequently examined in
reaction with 4-hydroxyquinazoline1a (Scheme 2, Table 3).

Without an external nucleophile,3a (entry 1, Table 3, Figure
1) was isolated in 87% yield as the sole product. Primary
and secondary amines (entries 3 and 4, Table 3) reacted with
1a smoothly to give the desired products in good isolated
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SiO2 column.
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Table 1. Solvent and Base Effect on Direct Amination of
4-Hydroxyquinazoline1a (R1 ) R2 ) R3 ) H) with n-BuNH2

entry base solvent
product 2a (%)a

(R1 ) R2 ) R3 ) H)

1 DBU NMP 95
2 TEA NMP 87
3 DIPEA NMP 78
4 colidine NMP 74
5 proton sponge NMP 54
6 NaOt-Bu NMP 68
7 DBU DMF 95
8 DBU THF 99
9 DBU DCM 93

10 DBU MeCN quant

a The percentage of yield was determined by LCMS analysis calibrated
by an internal standard.

Table 2. Compatibility of BOP Mediated Direct Amination of
4-Hydroxyquinazolines in the Presence of DBU in MeCN

Scheme 2

Table 3. Various Nucleophiles in Direct Amination with
4-Hydroxyquinazoline

a Conditions A: BOP (1.3 equiv), DBU (1.5 equiv), nucleophile (1.5
equiv), MeCN, rt. Conditions B: BOP (1.3 equiv), DBU (1.5 equiv),
nucleophile (1.5-3.0 equiv), MeCN, rt to 60°C.
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yields. Sterically hinderedtert-butylamine reacted more
slowly, but also gave the desired product3b in 64% isolated
yield (entry 2, Table 3). Similarly, more hindered phenyla-
lanine methyl ester (entry 5) and less nucleophilic aniline
and imidazole (entries 6 and 7) also required heating to drive
the reactions to completion.

It was also observed that reactions with non-nitrogen-
containing nucleophiles such as phenol and thiophenol also
proceeded at room temperature to give the desired products
in excellent isolated yields (entries 8 and 9, Table 3), thus
representing a facile formation of C-S and C-O bonds in
cyclic amide systems.

Although the desired products were observed generally
within minutes by LCMS analysis, HOBt adducts, i.e.,3a,
were found to be the major products in cases with less
reactive nucleophilies (i.e., aniline) at room temperature.
Mechanistically, the formation of intermediateA (Figure 1)
might be a fast process upon treatment with DBU followed
by elimination of 1 equiv of HMPA.9 Subsequent substitution
would be largely dependent upon the nucleophilicity of the
substituents. A likely ranking of nucleophiles in order of
decreasing reactivity is as follows: alkylamine> HOBt >
arylamine. This could thus explain the absence of HOBt
adducts in reactions with alkylamines while they (e.g.,3a)
were found to be the major products with less reactive
nucleophiles at room temperature.3a is presumably formed
from A via a stepwise pathway, although a concerted
pathway could not be ruled out at this point.10 When3a was
subjected to similar reaction conditions, it gave the desired
product3f. It is thus reasonable to believe that reactions with
more reactive nucleophiles go through Route I while those
with less reactive nucleophiles mainly follow Route II.11

With these encouraging results in hand, a panel of
heterocycles was then examined to demonstrate the generality

of this direct and facile amination reaction (Scheme 3). Some

of these results, all from commerically available starting
materials, are summerized in Table 4.

It was shown that this new C-N bond forming reaction
is suitable for various heterocyclic amides ranging from
monocyclic to tricyclic systems in good efficiency. To our

(9) Formation of HMPA was confirmed by31P NMR studies. The
phosphoninum saltA could also be detected occasionally.

(10) Mechanistic studies and applications of these synthetic intermediates
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S. K.; Meher, N. K.Tetrahedron2005,61, 2555.

(11) At room temperature, reactions of5a with anilline did not proceed
while a small amount of5f was observed within a few minutes by LCMS
analysis in the reaction conditions listed in entry 6, Table 3.

Figure 1. Proposed reaction pathways

Scheme 3

Table 4. BOP Promoted Direct Amidinylation and
Guanidinylation on Various Heterocyclic Systems

a Conditions A: BOP (1.3 equiv), DBU (1.5 equiv),n-BuNH2 (3-5
equiv), DMF, rt then 60°C. Conditions B: BOP (1.3 equiv), DBU (1.5
equiv),n-BuNH2 (1.5 equiv), MeCN, rt. Conditions C: BOP (1.2 equiv),
DIPEA (1.2 equiv),n-BuNH2 (3 equiv), CH2Cl2, rt. b LCMS yield calibrated
with an internal standard
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pleasant surprise, excellent chemoselectivity (C4 over C2-
Cl) was achieved in the reaction with 6-chloropyrimidin-
4(3H)-one (entry 9, Table 4), clearly demonstrating an
advantage over conventional C-N bond formation from an
aryl halide. Regioselectivity was also achieved with uracil
systems (entry 7, Table 4) due to higher reactivity of the C4
position.12 It was also discovered that guanidinylation of
cyclic ureas proceeded smoothly to produce the desired cyclic
guanidines5l and 5m, in good yields (entry 10, Table 4).

The success of these direct aminations turned our attention
to the syntheses of kinetin and olomoucine. Kinetin, a well-
known plant growth factor that was first isolated from plant
DNA13 and recently from human urine,14 has a wide variety
of biological effects, including those on gene expression,
inhibition of auxin action, stimulation of calcium flux, and
human DNA-repair reactions.15 Olomoucine has been shown
to be a potent and selective cyclin dependent kinase
inhibitor.16 In our hands, kinetin6 was synthesized in just
one step from hypoxanthine4a in 90% yield (eq 1, Scheme
4). Meanwhile, direct amination of 1-methylguanine7,
followed by one-pot reductive amination and desilylation,
provided olomoucine8 in 80% overall yield in just 2 steps
(eq 2, Scheme 4).

In summary, an efficient one-step amination of cyclic
amides and cyclic ureas has been developed. This mild,
metal-free amination of cyclic amides and cyclic ureas has
demonstrated a clear advantage over existing procedures. It
facilitated efficient and concise syntheses of biologically
intriguing kinetin and olomoucine in just one and two steps,
respectively. Direct amidinylation and guanidinylation of
more challenging acyclic systems as well as the application
to the syntheses of important heterocyclic products are
underway. The results will be reported in future publications.
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