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A new approach to the synthesis of tri- or tetrasubstituted pyrimidines by a four-component coupling reaction using a functionalized silane,
two types of aromatic nitriles, and an acetal is described. The efficient transformation of the pyrimidine framework consisting of an isoxazolyl
ring and an ethoxy group to the 1,3,8-triazanaphthalene skeleton also proceeded in nearly quantitative yield.

The synthesis of pyrimidines has attracted considerable Previously, we reported that axrsilyl-1-azaallyl aniofi
interest in the scientific community, as this skeleton is reacts smoothly with Michael acceptors, such as 1,2-
present in many natural products and a variety of biologically diketones andu,S-unsaturated ketones, to produce poly-
active substances. Although various procedures for thesubstituted pyrroles and pyridine derivativeBuring our

synthesis of pyrimidine derivatives have been reportadst
have been restricted to methodologies involving a Pinner
synthesis (3,4- and 1,6-bond forming reactions, path a);
1,2- and 2,3-bond forming reactions (path3h},2- and
3,4-bond forming reactions (path t4,5- and 1,6-bond
forming reactions (path d)and 2,3- and 4,5-bond forming
reactions (path €).The development of a completely new
approach to pyrimidine synthesis has not been extensively
pursued (3,4- and 4,5-bond forming reactions; path f in
Scheme 1J.
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ongoing research on the synthesis of other nitrogen-contain-
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U.; Katzenellenbogen, J. 002 39, 1101.

(3) For selected papers on pyrimidine synthesis via path b, see:
Eilingfeld, H.; Patsch, M.; Scheuermann, EhgmeRer1968 101, 2426.

(4) For selected papers on pyrimidine synthesis via path c, see: (a) Sing,
Y.L.; Lee, L. F. M1.989 26, 7. (b) Alberola, A.; Andfs,

C.; Ortega, A. G.; Pedrosa, R.; Vicente, {ifilimingitiag 1987 17, 1309.
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s triazanaphthalene starting from a tetrasubstituted pyrimidine

Scheme 1 via an.ir_lt.ramoleculgr cyclization. _ .
" s We initially examined a one-pot synthesis of an amidine
C c [ g derivative. When the functionalized silahevas reacted with
N

benzonitrile in THF at—70 °C for 1 h in thepresence of
n-BulLi, 1-azaallyl anion2 was generated in situ, and after
¢ N; . addition of 2-cyanopyrazine, the desired amidBeewas

c N) Tl S L  This work produced in 90% yield (Scheme 3).
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ing heterocycles, we found that the reaction of a vinyl 2
amidine, formed from the 1-azaallyl anion and an aromatic [N\]\
nitrile, with an acetal could lead to the production of a N CN x‘ NH, N-o
pyrimidine derivative (Scheme 2). We report herein on a — PN LN X= Me—<¢k
m2h /] *
Scheme 2
R X Al The reaction of this amidine with an acetal was then
fjk = ]\ /)N\Hz + CHi ORI = investiggted under several cor_m!itions, and the resul_ts are
8 shown in Table 1. When amidin8a was reacted with
n=4:X=0R*
n=3:X=H
o e |
' Table 1. Reaction of Amidine3a with Acetals4 and5

Jus]

l?- i + R3-CN = R{_SiMe; + RZCN . ) ) N
2y -SiMes ° | Leading to the Trisubstituted Pyrimidirézg

CH(OMe),
NH, 4

i i i i PN NN
highly effective and novel method for the synthesis of tri j ,\AEZNCH(OB)2 | j
6a N

or tetrasubstituted pyrimidine derivatives by the four-
component coupling reaction of a functionalized silane, two
types of an aromatic nitrile, and an acetal. We also present .y  acetal  solvent  temp (°C)  time (h)  yield (%)
details of a new approach to the synthesis of 1,3,8-

1 4 THF rt 24 trace
2 4 THF reflux 24 trace
(5) For selected papers on pyrimidine synthesis via path d, see: (a) 3 4 100 24 6
Guzman, A.; Romero, M.; Talarfg F. X.; Villena, R.; Greenhouse, R.;
Muchowski, J. M gainisaimagin1996 61, 2470. (b) Guzria, A.; Romero, 4 5 THF rt 24 13
M.; Talamas, F. X.; Muchowski, J. Mjiissiassiesssisgtt]1992 24, 3449. 5 5 THF reflux 24 62
(6) For selected papers on pyrimidine synthesis via path e, see: (a) g 5 100 2 90
Pourzal, A.-A Sx@ibesid 983 717. (b) Martnez, A. G.; Fernandez, A. H.; 7 5 130 9 99

Alvarez, R. M.; Losada, M. C. S.; Vilchez, D. M.; Subramanian, L. R.;
Har_lack, M.WS].QQ_Q 881. (c) Marinez, A. G.; Ferfiadez, A. H.; ayx = 3—methy|—5—isoxazonIP Isolated yields.
Fraile, A. G.; Subramanian, L. R.; Hanack, \inisiteisiasn 1992 57,
1627. (d) Martnez, A. G.; Ferfadez, A. H.; Avarez, R. M.; Vilchez, M.
D. M.; Gutigrrez, M. L. L.; Subramanian, L. Faaktaaaea 999 55, 4825.
(1‘*9)9%“8;953'57 Jnoff, E.; Bayard, P.; Sainte, F.; BeaudegniGiiSiaie"  trimethy| orthoformate4) in THF, the expected cyclization

(7) For example, sets of numbers in 3,4- and 1,6-bond forming reactions réaction did not proceed (runs 1 and 2). However, when
shown in Scheme 1 denote the position of bonds formed between-N(3) acetald was used in the absence of So|vent a small amount
C(4) and N(L)-C(6).

(8) (a) Konakahara, T.; Sato, |EEEG—SD'1 083 56, 1241. of the desired 2,4,5-trisubstituted pyrimidiéa was pro-

(b) Mangelinckx, S.; Giubellina, N.; Kimpe, N. [niaatming 2004 104, duced (run 3). The structure 6&was confirmed byH and
2353. 1
(9) () Konakahara, T.; Kurosaki, YJ. Chem. Res1989 130. (b) °C NMR spectroscopy and by mass spectrometry. We next
Konakahara, T.; Watanabe, A.; Maehara, K.; Nagata, M.; Hojahmat, M. choseN,N-dimethylformamide diethylacetab) as an ap-
MQQQS 35,1171. (c) Konakahara T Mojahmat, M Sujimoto, i i i
4907 45 271, (d) Konakahara, T.. Hojahmat, M.. Tamura, propriate sm_Jbstrate, as the amide anion was expected to be a

5 1999 2803. (e) Hojahmat, M.: better leaving group than a methoxy anion. As expected,
_PFOHSKaharaRT TTamuraswﬁgog 53, 629. (f) Kggg’fh;ga when cyclization of the amidine with thd,O-acetal was

gawa, amura akeni akai, M . .
1737. (g) Konakahara, T.; Sugama, N.; Yamada, A.; Kakehi, A.; Sakai, N. conducted in THF at 70C for 24 h, the yleld of prOdU(ﬁa

Eaisiasals 2001, 55, 313. was increased to 62% (run 5). Moreover, it was noteworthy
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that increasing the reaction temperature to 1G0without

any reaction solvent dramatically improved the product yield tapie 3. Reaction of Amidine3a with Acetal 9

to 99% (runs 6 and 7).

To examine the general applicability of this cycliza-
tion, the reactions of five types of amidines with several
acetals were carried out under the above-optimized condi- |
tions, and the results are summarized in Table 2. With

i OEt
NH, additive
+  C(OEY, (01 equiv)
j 9 (2 equiv) I )\[ ]

run additive solvent temp (°C) time (h) yield (%)°

1 160 36 34

2 1,2-C¢H4Clg 130 24 trace

3 PhMe reflux 48 12

4 ZnCly 1,2-C¢H4Clg 130 24 52

5 Zn(OTf)g 1,2—CGH4CIZ 130 24 6

6 ZnBI‘z 1,2—CGH4CIZ 130 24 73

7 ZnCly PhMe reflux 72 64

8 ZnBry PhMe reflux 65 80

9¢  ZnBry PhMe reflux 60 78

ax = 3-methyl-5-isoxazolyl® Isolated yields¢ ZnBr; (0.4 equiv) was

used.

Table 2. Cyclization of Amidine3 with Acetal5 or 72
RZ
Me,NCH(OEY)
X ]\ NH, R X fN
Ar N)\R‘ * or 140°C,2h  ,. N/)\ R
3 Me,NCMe(OMe),
7 6:R%=
8: R2= Me
amidine 3
run Ar R! acetal yield (%)°
1 4-MeO-CgHys 2-pyrazyl 3b 5 6b 88
2  4-MesN—-CgHy 2-pyrazyl 3c 5 6¢c 90
3  4-Cl-Cg¢Hy 2-pyrazyl 3d 5 6d 92
4 Ph 4-CF3—CgHy 3e 5 6e 90
5 Ph 2-pyrimidyl 3f 5  6f 97
6 4-MeO—-CgHy 2-pyrazyl 3b 7 8b 80
7  4-MegN—-CgHs 2-pyrazyl 3c 7 8c 82

the reaction described above to a 1,3,8-triazanaphthalene
derivative (pyrido[2,3-d]pyrimidin-5(#)-one), the analo-
gous skeletons of which are widely distributed in natural
products and biologically active substances (Schen@ 4).

aX = 3-methyl-5-isoxazolyl® Isolated yields.

amidines containing an electron-donating group, an electron-

withdrawing group, and a heterocycle, when these systems

were treated with acet#&l, the desired trisubstituted pyrim-
idines6 were obtained in all cases, in good to excellent yields
(runs 1-5). Similarly, by employing acetal, the present
reaction could be adapted to the preparation of a tetra-
substituted pyrimidine containing an alkyl group on C-4 atom
(runs 6 and 7).

We next attempted the synthesis of a tetrasubstituted
pyrimidine having an ethoxy group acting as the leaving
group. Unfortunately, when the reaction of amidBaewith
tetraethyl orthocarbonat®)(was carried out under the above
conditions, the yield of the expected prodi6iwas moderate

Scheme 4. Synthesis of 1,3,8-Triazanaphthalene Derivative

I N-o0  OEt NH, O OEt
MeJ\/E(gN Mo(CO)s  Me™ D SN
P N MeCN/H,0 Z N
PR N Y j reflux, 2 h Ph N/K[j
— ~
10 N 11: 94% N
Ph O
|
THF N P
reflux, 36 h [j/k"‘ N" Me
N/
12: 96%

(run 1 in Table 3). To increase the product yield, the reaction The reductive opening of the isoxazole ring with a catalytic
was carried out using several different solvents and a Lewis amount of Mo(CQy initially produced pyrimidine11;**
acid as an additive, and the results are listed in Table 3. Weintramolecular cyclization of the pyrimidine with the teth-

found that when the reaction was conducted in PhMe at 110ered amino group was then effected with base, leading
to the production of the triazanaphthalet2 in excellent

°C in the presence of a catalytic amount of ZpBne desired
product10 was obtained in 80% yield (run 8.

Finally, to illustrate the utility of an isoxazole rirlgwe
examined the transformation of pyrimidid® prepared by

(10) Typical Lewis acids, such as AlCIBF;»OEL, Cu(OTfy, and
MgBr,, were not effective for the reaction.

(11) We previously found that the isoxazole ring acts as a good
substituent to promote in situ generation of this type of 1-azaallyl anion
derivative?2 namely, the existence of the ring affects an easy preparation
of this type of a vinyl amidine derivative. Actually, the reaction of the

practical yield (10%). Although the reaction of a vinyl amidine involving
other aromatic rings with an acetal was not examined, the reaction would
proceed. The detailed results will be published elsewhere.

Org. Lett, Vol. 7, No. 21, 2005

yield.

In conclusion, we have reported a new synthesis of tri- or
tetrasubstituted pyrimidines through the cyclization of a vinyl
amidine and an acetal, and the four-component coupling
reaction of a functionalized silane, two types of aromatic
nitriles, and an acetal. We have also succeeded in transform-

(12) (a) Gangjee, A.; Adair, O. O.; Queener, Sgizkataiagin?003
46, 5074. (b) Perner, R. J.; Gu, Y.-G.; Lee, C.-H.; Bayburt, E. K.; McKie,
1-azaallyl anion having a pyridine ring instead of the isoxazole ring with J.; Alexander, K. M.; Kohlhaas, K. L.; Wismer, C. T.; Mikusa, J.; Jarvis,
2-cyanopyrazine did not produce the corresponding vinyl amidine in a M. F.; Kowaluk, E. A.; Bhagwat, S. Saidatisagin?003 46, 5249. (c)
Sanmam C,; Echevera M.; Mendvil, B.; Cordeu, L.; Cubedo, E.; Gaasi
2005 13, '2031.

. /_ﬂ
(13) Li, C.-S,; Lacasse [nieniassiesmsing(t2002 43, 3565.
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ing a pyrimidine framework containing an isoxazolyl group Project for Private Universities: a matching fund subsidy
and an ethoxy group to the 1,3,8-triazanaphthalene skeletonfrom MEXT, 2000-2004.
Further investigations directed toward the preparation of other
types of pyrimidine derivatives are currently in progress. Supporting Information Available: Experimental pro-
) ) cedures and spectroscopic data of novel compounds prepared.
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