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Figure 1.
Ring expansion of [6,6] bicyclic pyrimidones led, through an aziridinium intermediate, to potent HIV-
integrase inhibitors with a [7,6] core. A more flexible and diversity-oriented synthesis of functionalized
pyrimidohexahydrodiazepines was then developed; the key benzylic substituent was introduced in one
pot by using sequentially DDQ and BnMeNH. Both synthetic routes are described.

� 2008 Elsevier Ltd. All rights reserved.
In our drug discovery project on HIV-integrase, bicyclic pyrim- OHCl
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idones (1A in Fig. 1) were identified as potent inhibitors,1 and we
reasoned that an additional heteroatom in the tetrahydropyridine
ring would give us another handle to modulate the physico-chem-
ical properties of this class of compounds. With this idea in mind
we started the synthesis of tetrahydropirazopyrimidones 1B.

The fused bicyclic core was obtained in five steps as depicted in
Schemes 1 and 4 could be isolated in 44% yield from intermediate
22 without the need to purify at intermediate stages using the fol-
lowing sequence: reaction with 2 equiv of p-fluorobenzylamine
both formed the carboxamide and cleaved the benzoate-protecting
group. TFA promoted removal of the Boc group then afforded the
free amine. Imine formation by reaction with 1 equiv of chloro-
acetaldehyde and removal of volatiles, followed by reduction in
MeOH then gave crude 3. Base-mediated cyclization, followed by
chromatographic purification, afforded 4. After protection of the
secondary amine as a carbamate and deprotection of the benzyl
group by hydrogenation, the primary alcohol 5 was activated as
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cheme 1. Reagents and conditions: Tetrahydropirazopyrimidones: synthetic
heme and conditions. (a) 4-Fluorobenzylamine, MeOH, rt; (b) TFA, DCM; (c) aq

lCH2CHO, CH(OMe)3; (d) NaCNBH3, AcOH, MeOH; (e) t-BuOK, dioxane, reflux; (f)
oc2O, MeOH; (g) 10% Pd/C, H2, MeOH; (h) MsCl, TEA, CHCl3; (i) 2 M Me2NH, THF, rt;
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Scheme 2. Pyrimidohexahydrodiazepines by ring expansion of the [6,6] system.
Reagents and conditions: (a) aq HCHO, AcOH, NaCNBH3, MeOH; (b) 10% Pd/C, H2,
MeOH; (c) MsCl, TEA, CH3CN, 0 �C to rt; then MeBnNH (or BnNH2 for 9b), 60 �C.
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Scheme 4. Reagents and conditions: Final steps and an alternative intermediate to
this class of compounds. Reagents and conditions: (a) 10% Pd/C, H2, MeOH, aq HCl;
(b) ClCOR, TEA, DCM.
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the corresponding mesylate. Displacement with dimethylamine
went cleanly to give 6; Boc cleavage and final acetylation then
led to isolation of 7.3

The scaffold 1B is versatile, opening up the possibility for di-
verse functionalization of the endo- and exo-cyclic amines. We
decided to evaluate analogs complementary to 7, bearing the basic
amine on the core and an acyl substituent at the outside of the ring.
To this end, amine 4 was methylated by reductive amination, fol-
lowed by hydrogenation of the benzyl ether, mesylation and reac-
tion with MeBnNH; but to our initial surprise instead of the
anticipated [6,6] system, a hexahydrodiazepine was obtained in
this case (Scheme 2).

Under optimized reaction conditions, bis-amine 9a was isolated
in ca. 25% yield from primary alcohol 8.4 Furthermore, use of differ-
ent amines was disappointing: benzylamine afforded only 15% of
9b, and similar or lower yield resulted when aliphatic primary
amines (e.g., cyclohexyl and benzyl) were used.

A potential rationale for this (not entirely unexpected5) finding,
can be found by invoking the participation of the ring nitrogen to
form an aziridinium ion (path a, Scheme 3) from mesylate 10a.
The corresponding quinoid-like species depicted in Scheme 3 could
also be involved in this reaction.

For carbamate 10b this mechanism is unlikely, due to the elec-
tron-withdrawing nature of the carbamate; elimination seems to
take place (path b, Scheme 3), and addition of the amine to the dou-
N

N
N

OMs

R1

O
OMs

H
N

O

N

N
BocN

O
OH

H
N

O

path b

N

N

O

N

N

N

O

N

path a

R2NH2

R2NH2

10a (R1=M e), 10b (R1=Boc)

F

F

Scheme 3. The two different reaction pathways leading to ei
ble bond (intermediate compatible with mass spectrum) would
lead to the expected [6,6] bicyclic system.

To finish the synthesis, the benzyl group of 9a was removed by
hydrogenation, and the exocyclic amine was acylated as shown in
Scheme 4 to provide the first analogs in the series. Preliminary SAR
proved sufficiently encouraging to warrant a more extensive
exploration of this novel structural class.

To facilitate a more complete SAR, a better synthesis of a more
versatile intermediate (Scheme 4) with the [7,6] core was needed,
ideally fulfilling the following requirements:

(1) Flexibility: potential for the introduction of diversity
(orthogonal P1, P2, and formation of the carboxamide as late
as possible).

(2) Acceptable overall yield.
(3) Trouble-free purification of intermediates (suitable for

multi-gram scale).

Based on our previous experience,6 we decided to use N-Boc-4-
piperidone as the starting material. Lactam 11 was prepared by
Beckmann rearrangement according to a published procedure,7

and then converted to amidoxime 12 and reacted with DMDA un-
der conditions previously optimized6,8 to afford 13 in 19% overall
yield on a 25 g scale ( Scheme 5). Conveniently, for large-scale
purposes, no chromatography was needed to obtain pure 13.
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ther [7,6] or [6,6] system depending on the nature of R1.
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Figure 2. A possible intermediate in the formation of 14 is derivative 16. 15a and
15b were identified as by-products of the reaction.
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Scheme 5. Pyrimidohexahydrodiazepine core from commercially available, N-Boc-
4-piperidone. Reagents and conditions: (a) NH2OH (1.2 equiv), MeOH, 55 �C, 2 h; (b)
TsCl, (1.5 equiv), K2CO3 (2.5 equiv), DME/water 1.5:1, 82 �C, 3 h; (c) P4S10

(0.2 equiv), hexamethyldisiloxane (2 equiv), DCM, 1 h; (d) NH2OH (1.2 equiv),
MeOH, 55 �C, 2 h; (e) Dimethyl acetylenedicarboxylate, CH3CN; (f) Xylenes, 145 �C.
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Despite being precedent with related pyrimidone substrates,9

attempts to functionalize the benzylic position via bromination
failed, resulting only in Boc deprotection under forcing conditions.

We turned our attention to DDQ ( Scheme 6) because of its
known ability to selectively oxidize activated benzylic positions.
We optimized the reaction conditions using different stoichio-
metries of the reagent, and we found that upon treating 13 with
2.1 equiv of DDQ and 6 equiv of benzylmethylamine the desired
amine 14 was obtained in greater than 50% yield.10

During these trials, we discovered two main side products that
were characterized as 15a and 15b, excess of the nucleophile being
essential to minimize their formation (Fig. 2).

It is generally accepted that quinones (Q) react with C–H bonds
abstracting a hydrogen to give a radical, a second electron is
transferred from the quinol radical (QH.) to form a carbocation or
a donor–acceptor complex.11a However, also electrophilic interme-
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Scheme 6. Reagents and conditions: (a) DDQ (2–2.5 equiv), dioxane, reflux; then
MeBnNH (6 equiv), dioxane, 65 �C.
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Scheme 7. Further transformations of key interm
diates such as 16, in which there is a covalent bond between DDQH
and the substrate, have been proposed.11b

Even though the use of other nucleophiles was less successful,12

14 itself still represents a versatile intermediate since it bears three
orthogonal-protecting groups (carbamate, benzyl amine and
methyl ester). Thus, R1, R2, and Ar groups could be incorporated
sequentially passing via through either 19 or 21 ( Scheme 7) as
appropriate, based on the SAR requirements. Details of these
studies will be reported in due course.13
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