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Tandem Pictet —Spengler-type cyclization and Smiles rearrangement have been discovered in the synthesis of pyrimidine-fused heterocycles.

The reaction of 4-chloro-5-pyrrol-1-ylpyrimidine amino aldehyde with an amine under an acidic condition yielded the Pictet
cyclization product diazepine, which readily underwent Smiles rearrangement to give a novel pyrrolo[1,2- flpteridine derivative.

—Spengler-type

Pyrimidine moiety, as a structural component of several key Although there are a few examples of pteridine scaffolds,
biomolecules, has been widely employed in the design of few reports exist describing the synthesis of pyrroloffl;2-
biologically active agents. Its fused bicyclic analogues, pteridines!

pteridines, have also been reported to exhibit a variety of As a part of our ongoing interest in novel pyrimidine-
biological activities and constitute the backbones of several fused heterocycle®;#we sought efficient methodologies to
marketed drugs. For example, methotrexate (MTX) is used construct novel fused heterocyles. Tandem reactions are
as an antitumor agent and triamterene as a diuretic. Inefficient strategies in organic synthesis, since they enable
addition, some pteridine derivatives exhibit potent inhibitory

activity against biological targets such as dihydrofolate 4

reductasé adenosine kinasepeuronal nitric oxide synthase,
cAMP-specific phosphodiesterasmycobacterial FtsZ and
hepatitis C virus NS5B RNA-dependent RNA polymerése.
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multiple transformations via a series of cascade reactions. ||| GTGcTGcTcTNGNGEGEGEGEGEGEGEEEEEEEEEEEEEEEE

Consequently, they have found wide application in the prepa- gcheme 2. Tandem Pictet—Spengler-Type Cyclization/Smiles

ration of complex molecules. For example, several interesting Rearrangement
nitrogen-containing natural products have been synthesized RNH(CH),OH

using tandem reactior¥8°The success of tandem reactions Q EtN, n-BuOH O
provides the impetus to new synthetic strategies that combine kj\/[ reflux, 3.5 h k%i
existing reactions into a single operatienew tandem (92%) thon
reactions. Pictet—Spengler cyclization reactiéng'* have DMSO
been widely used for €C bond formation to build various Fyrso lCHZCIz

nitrogen ring systems. Another important reaction often
reported in the synthesis of condensed heterocyclic systems )\/[ RINH, )I
is the Smiles rearrangemeft. § NHR? CHCl §

We envisioned that a tandem Pict&pengler-type cy-
clization and Smiles rearrangment may be feasible with 454 SIllca gel

. . . . - 2 st
potential application to the synthesis of pyrrolo[],Reridine @ eps A

derivatives outlined in Scheme 1. Reaction of 4-chloro-5- &N P &
'\i NHR' k
a R'=

" "_gn R

Scheme 1. Design of a Tandem PicteSpengler Cyclization/ b R'= Me
Smiles Rearrangement

cl
)i Q RZNH N pine4.10awas formed. Diazepiné.10awas not stable and
§ N/\/O quickly underwent Smiles rearrangement to produce the
expected pteridine derivatiie 10aat ambient temperature.
The initial Pictet-Spengler-type product could be intercepted

T N2 if the reaction time was kept short. Thus, after 12 min of
- ij iy reaction between aldehydga and p-toluidine, a careful
N" N R isolation afforded 26% of diazepiel0a whereas the same
R? reaction but with prolonged reaction time to ensure complete

conversion of diazepind.10a gave the desired pteridine
o _ _ _ 5.10ain 58% yield. To unambiguously identify the structures
pyrrol-1-ylpyrimidine amino aldehyde and an amine via a of these products, X-ray structures of both produttda

Pictet—Spengler-type cyclization reaction provides a diaze- and 5.10a (Figure 1) were obtained. These experiments
pine intermediate which then readily undergoes a Smiles

rearrangement to give the six-membered ring dihydropteri- _
dine analogue.

To test the feasibility of the above design, compoad
was prepared and reacted wipktoluidine as depicted in g
Scheme 2 (R = Bn, R = p-Me-Ph). Clauson—Kaas @
reactio® of 4,6-dichloro-5-aminopyrimidine and 2,5-di- o e ’
methoxytetrahydrofuran gave 4,6-dichloro-5-pyrrol-1-ylpy- g A
rimidine 1 in good yield. Nucleophilic substitution of N e Bers
pyrimidine 1 by N-benzylglycinol afforded®a in excellent ®
yield. Amino alcohoRawas then oxidized under conditions
of the Parikh-Doering oxidatioft to give the corresponding

aldehyde3a, which readily cyclized to give hydroxydiazepine 4.10a 5.10a
6aduring purification on a silica gel column. However, when
crude aldehyd8awas treated witlp-toluidine under Pictet Figure 1. X-ray structures of compounds10aand5.10a.

Spengler cyclization reaction conditions, the desired diaze-
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s Pictet—Spengler-type cyclization product, while @MeO
Table 1. Synthesis of 5,6-Dihydropyrrolo[1,2-flpteridirfes substitution did generate the desired prodaiéia (entry 6).
These results suggest that the Smiles rearrangement stage

entry R? product  time® () yield" (%) of this tandem reaction is sensitive to electronic effects at

1 Med 5.1a 48 30 (12 the ortho position. This reaction appears to tolerate various
2 n-Bu 5.2a 20 32 functional groups in the aromatic amine, such as electron-
3 Bn 5.3a 30 34 donating groupsn- andp-methyl or -methoxy) and electron-

g ;:‘yffi‘)hexyl g;: jg ig & withdrawing groups (m- ang-halo or -nitro).

6 0-MeO-Ph 5.6a 96 61 _In conclusion, a novel _me_thodology |_nvoIV|ng tandem
7 p-MeO-Ph 5.7a 16 40 Pictet—Spengler-type cyclization and Smiles rearrangement
S o0-Me-Ph 4.8a 18 86 was reported. The utility of this reaction sequence has been
9 m-Me-Ph 5.9a 18 31 demonstrated by the synthesis of novel pyrrolof]peridine

10 p-Me-Ph 5.10a 16 58 derivatives. This new method complements existing pteridine
11 Ph 5.11a 18 55 chemistry, thus allowing access of additional new pteridine
g Z;Cé‘lpfl}h ;gz ;g gg analogues. Exploration of this new strategy in the synthesis
14 -CLPh 5.14a 20 63 of other interesting molecules is currently underway.
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