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Abstmct: lke reactions of &aminopyrimidin4(3H)-one deriwtivcs. lad, with DEAD, 2, are discussai in this paper. 
2-aminopyidines. 3. and 6-amino-5-vinylpyMdin4(3H)-oner, 4 and 5. have been obtained as main products. which 
can be explained on the basis of DMRDA reactions, or Michael Addition on pyrb&iine dcriwtinz 

INTRODUCTION 

Recently, there has been a growing interest in Die&Alder reactions of heterocyclic azadienes with 

appropriately substituted alkenes or alkynes. Concerning pyrimidines, both inter and intramolecular hetero 

Diels-Alder @IDA) reactions involving such heterocyclic derivatives in the role of axadienes have been 

reported, most of the reports discuss inverse electron demand HDA reactions,2 while only few examples of 

normal demand HDA reactions performed on electron rich pyrimidines have been reported to date.’ Probably, 

this reflects the difficulties associated with the overcoming the intrinsic x-electron defficient charackr in the 

pyrimidine ring system. 

Our previous experience of the reactivity of 6aminopyrimidine derivatives as electron sources towards 

different electrophylic species,’ led us to regard them as good candidate8 for achieving results in the poorly 

explored field of pyrimidine axadienes in normal HDA reactions. Thus, herein we present a study on the 

reactivity of several 6-aminopyrimidin-4-(3H)ones towards the electrondefficient acetylene derivative DMAD, 

whose behaviour as dienophile in nomal DA reactions is well known. A discussion on the synthetic 

applicability of these reactions is also included. 

Furthermore, 2-aminopyridine derivative8 obtained in these reactions constitute an important class of 

nitrogen heterocycles used in the agrochemical and pharmaceutical indu8tries,s being also appropriately 

functional&d for obtaining other types of pyridine-fused hetemcyclic systems, with potential biological 

interest.6 
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RESULTS AND DISCUSSION 

The pyrimidmes used as starting material were 6-aminopyrimidin-4-(3H)-ones la-d (see Scheme 1 and 

3). The C(2) atom bears an electron releasing substituent, CH,O (la,c) or CH,S (lb,d), which together with 

the amino group at C(6) contribute to the increase of the electron-richness of the +-system in the heterocyclic 

nucleus. Aprotic solvents, namely acetonitrile and toluene, were selected as reaction media in order to reduce 

the obtention of undesired Michael adducts (by the addition of the C(5) atom or the 6-N& group to DMAD). 

These compounds, in our experience’, are always the main products in similar reactions performed in protic 

solvents. 

As a general rule, reactions of la-d towards DMAD reveal a marked difference of reactivity between 

compounds which have a methyl sub&tent at N(3), la,b, and those bearing hydrogen, lc,d. Thus, by tic 

monitoring, clean reactions were observed for la,b, whereas lc,d afforded very complex reaction mixtures, 

from which the isolation of the main reaction products was hardly accomplished. 

Firstly, the discussion will be centered on the reaction of the N(3)-methyl la,b with DMAD, 2, because 

they offer the cleanest and most valuable results. The main products obtained in these reactions were the 

pyridine derivatives 3, together with 5-(dicarbomethoxy vinyl)pyrimidines 4a,b and 5a,b (see scheme 1 and 

table 1). 

CH,X N NH, E CH3X N NH2CH3X N NH, 
GWII ykkb<lo% 

la,b 2 3a,b 4a,b: R’=E; R*=H 

Sa,b: R’=H; R*=E 

E: COOMe 

Scheme 1 

All of these compounds were fully characterized by spectroscopic methods and microanalysis. Jn 

addition, the structures of 3a and 3b were unambiguously confirmed by single crystal X-Ray diffraction 

analysis.* 

As shown in scheme 1, the compound 4 and 5 are configurational isomers. The assignment of the Z 

or E configuration for their vinyl moieties was firstly made on the basis of the pmr shift observed for the vinyl 

and 6-amino protons,’ and unambiguously determined by single crystal X-Ray diffraction analysis of compound 

Sa.‘O 
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Table 1: Data for the reactions of la and lb with DMAD 2. 

Yields (%) 

Starting X Time Reac. solv. 

compds. 
Minor products 

34 5 6 7 

la 0 4h acetonitrile 79 5 11 1.6 

la 0 3h toluene 29 4.6 24 2.3 8.7 

lb S 21 h acetonitrile 64 8.6 14.5 1.3 

lb S 19 h toluene 33 9.2 32 6 4 

The formation of 3 is explained through a tandem DA/RDA reaction: normal DA reaction between the 

acetylene compound 2 and the 2-azadiene moiety at the pyrimidine ring (that is located between C(2)-C(5) 

atoms) to form a cycloadduct intermediate a, which undergoes a RDA reaction, with extrusion of methyl 

isocyanate fragment, resulting the aromatized pyridine 3, as depicted in scheme 2. 

E 

CH,X N NH, 

1 

E 

WI,/ XCH, 

a 

E 

+ CH,NCO 

CH,X N NH, 

3 

Scheme 2 

Furthermore, compounds 4 and 5 (Z and E isomers) arise from a Michael-type addition of the highly 

nucleophylic C(5) atom at the pyrimidine ring to DMAD, being in competition with the DA/RDA reaction. 

As shown in table 1, the ratio 3/4+5, i.e. cycloadditon towards Michael addition was clearly more 

favourable to cycloaddition in acetonitrile than in toluene. This effect can not be attributed to a solvent polarity 

change, an increase of which, from toluene to acetonitrile, should relatively favour the reaction having a more 

polar transition state, say Michael addition in the present case. Furthermore, studies on solvent effects on DA 

reactions indicate that changes in reaction rate cannot be ascribed to the polarity of the solvent but to molecular 

aggregation.” 
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Minor products 6 and 7 were isolated in these reactions and their structures were fully characterixed 

by spectroscopic methods and microanalysis (see figure 1). They come from further reactions of the pyridine 

derivatives 3, through their 2-amino group. Compounds 6 arise from a Michael addition of this 2-amino group 

to DMADIZ, while formation of compounds 7 involves two molecules of 3, and can be explained by addition 

of one molecule of 3 to methyl isocyanate (produced in the HDA reactions) to give a N-methyl-N’-pyridylurea 

intermediate, followed by nucleophylic displacement of N-methylamine from this intermediate by another 

molecule of 3. 

E E E 

CH,X N N E CH,X N N N N XCH, 

H H H 

6 X 

* 

7 x 

8 0 

* 

a 0 

b S b S 

Eiguml 

With reference to the reactions of lc,d with DMAD 2, very complex reaction mixtures were observed” 

under similar conditions to those described for la,b. In these mixtures several compounds could be isolated 

after careful column chromatography, but with poor global yields (see scheme 3 and table 2). 

E 3c,d + ‘i+; +6c,d+ ‘8’ 

CH,X N NH, CH,X N NH, 

0 

H. 
N 

\ 

‘I’ 

E 

A ’ . 
CH,X N NH, 

lc,d 
-+ HA&H + Hxy8:IE 

E: COOMe CH,X N y 0 CH,X N t!J E 

H H 

%d 10d 

Scheme 3 
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Table 2: Data for the reactions of lc and Id with DMAD, 2. 

StlWtiIlg Reaction Yields (%) 

compds. X The solvent 3 5 6 8 9 10 

lc 0 23 h acetonitrile 13 10 2.3 18 - 

lc 0 72b toluene _I’ -14 -13 1.2 

Id S 2Oh a&o&rile 25 -14 3 1 1.6 

Id S %h toluene -13 -14 -13 2.2 II 

As observed in scheme 3 and table 2, these reactions go on a reaction pattern basically similar to those 

described above, that is, a competition between Michael addition and DA processes. Thus, compounds 3, and 

6 (the same compounds as shown in scheme 1) indicate a tandem DA/RDA with extrusion of isocyanic acid 

in the present cases. Also, compound SC can be explained through a DA reaction, followed in this case by ring 

cleavage, aromatization of the resulting pyridine ring and further intramolecular cyclization, as depicted in 

scheme 4. 

E _ 

lc 
L 

a I 

I ~ E&:H-_ Ego 

CH,O N NH, CH,O N NH, 

-I 

II SC 

sehesne4 

On the other hand, compounds SC, and 9c,d result from Michael addition, followed by intramolecular 

cyclization in the case of compound 9c,d. 
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However, an additional feature of the pyrimidines carrying a hydrogen at N(3), lc,d, with reference 

to those carrying a methyl group, la,b, can be observed. This is, the higher reactivity of damino group of 

the former, reflected in the appearance of compounds 9c,d and lOc,d, which were not observed in the reactions 

of la,b. 

The marked relative reactivity differences of pyrimidines la,b and lc,d towards DA reactions, 

associated with the presence of N(3)-methyl group or N(3)-H, can be tentatively explained in terms of FM0 

theory. If a normal electron demand HDA reaction is assumed, then the reaction should be controlled by 

HOMO,-LUMO- interaction. Therefore, N(3)-methyl group enhances the reactivity of la,b with 

reference to lc,d by HOMO,, energy level increase. This is due to two effects: 

- The possibility of lactam-lactim tautomerism in lc,d (what produces a HOMO,, decrease by 

electronic delocaliition of C(2)-C(5) axadiene moiety) is avoided in la,b (see Scheme 5). 

0 OH 

W 

CH,X N NH* CH,X N NH, 

1 11 

Scheme 5 

- Methyl group is a better electron-donor than hydrogen. 

As a support for this explanation, the reaction of 6-amino-4-methoxy-2-methylthiopyrimidine 11 (an 

isomer of lb with a fixed lactim form) with DMAD in refluxing acetonitrile was performed. Under these 

conditions, DMAD was quickly consumed by polimerization (reaction darkens) while only little starting 

pyrimidine reacted, and a very complex reaction mixture was obtained, no observing by tic HDA products (this 

should be 3b, as when starting from lb). 

Further, the lactam-lactim tautomerism explains the higher nucleophylicity showed by the damino group 

in lc,d: in the case of la,b the presence of N(3)-methyl group only allows the lactam form, where the 

unshared electron pair of the nitrogen atom at C(6) is highly required by the push-pull character of the O- 

amino-o,B-unsaturated-amide system located between N(3)-C(6) atoms (see scheme 5), while the fully 

aromatized lactim form, allowed for lc,d, loses the push-pull character and enables a higher nucleophylicity 

of the 6-amino group. 

In conclusion, the better behaviour of the N(3)-methyl derivatives, la,b, for DA reactions, led us to 

regard them as synthetic equivaknf of electron rich 2-axa-1,3-butadienes (usually unstable compoundsi5) for 

practical synthetic purposes, where introduction of different alkyl groups at N(3) position of pyrimidine 

derivatives could model their physical properties (say, solubility) and improve the handle, and ever their 

reactivity for DA reaction. 
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On the other hand, modifying of the 6-amino group, i.e. introduction of a.glycosyl moiety at 6-amino, 

should not vary the behaviour above, yielding a new type of pyridine nucleosides’, with a potential biological 

interest. 

EXP-AL SECTION 

Melting Points were determinated in a Melting Points Apparatus Gallenkamp and are uncorrected. 

Proton nuclear Magnetic Resonance (‘H-NMR) spectra were recorded in a Perkin-Elmer R-600 and Bruker 

AM-308 Spectrometer from “Servicios Tdcnicos de la Universidad de Granada” (STUGRA), using 

tetramethylsilane as internal standard; the following abreviations are used to describe signal multiplicity: s= 

singlet; bs=broad singlet. Carbon-13 Nuclear Resonance (i3C-NMR) spectra were recorded in a Bruker AM- 

300 Spectrometer from STUGRA. Ultraviolet and Visible (UV) spectra were recorded in a GBC UV/VIS 911 

spectrophotometer. Infrared spectra were recorded in a Beckman 4250 spectrophotometer (potassium bromide 

pellets). The analysis C, H and N were performed in a Perkin-Elmer 240 C from STUGRA. Flash column 

chromatography was performed in an Eyela equipment EFlO on Merck Silica Gel 60 (0.040-0.063 mm) using 

the solvent system indicated in each case. Reaction progress and products purity were monitorixed by thin layer 

chromatography (tic) on Merck Silica Gel 6OGF, (0.2 mm) aluminium precoated sheets with fluorescent 

indicator, the spots were visualized by ultraviolet irradiatiion and by spraying with 4% sulphuric acid/methanol 

solution and subsequent heating. DMAD (99%) was purchased from Aldrich, and directly used without further 

purification. 

General procedure for reactions of 6-aminopyrimidiu4(3H)-ones, 1, with DMAD, 2. 

Compounds 1 and 2 (molar ratio 1:2), were added to the appropriate apolar solvent (dry acetonitrile 

or dry toluene) (4 ml/mm01 l), and the mixture was stirred under reflux until the starting compound 1 was not 

detected in tic (methylene chloride/methanol 9: 1). Reaction products were purified as indicated in each case. 

Reaction of 6-amino-2-methoxv-3-metbvltwrimidin-4-13ne la with DMAD 2 in acetonitrile 

155 g (0.01 mol) of la and 2.46 ml of 2 (0.02 mol) were added to 40 ml of acetonitrile and refluxed 

for 4 h. The resulting solution was evaporated in VUCIW to give 3.74 g of an oily residue. 2.50 g of which were 

applied on flash chromatography column (5x16 cm, 1OOg of Silica gel) and eluted with methylene chloride-ethyl 

ether (4: 1). A main fraction was obtained, which after solvent elimination and crystalliition from metbylene 

chloride gave 1,27 g (79 96) of &amino-4.5dicarbomethoxv-6-methoxv ~widine 3a, mp: 106-108 “C; tic: 

Rf=0.43 (methylene chloride-ethyl ether 4: 1); UV (5.83 - lo5 M, methylene chloride) &,&)nm : 330 (sh), 

316 (6390), 250 (8610); IR u,, (cm-‘): 3460, s; 3360, s; 3000, w; 2940, w; 1710, w; 1680, s; 1620, s; 1595, 

s; 1560, s; 1450, s; 1360, s; 1190, w; ‘H-NMR (dimethyl sulfoxide+d,J 6 @pm): 3.7-3.85 (3s, 9H, two 

CGGCH3 and OCH,), 6.4 (s, lH, C(3)-II), 6.9 (s, 2H, NH,, exchangeable with deuterium oxide); ‘H-MNR 

(deuteriochloroform, 300 MHz) 6 @pm): 3.83 (s, 3I-Q 3.85 (s, 3H) (two CGGCH3), 3.91 (s, 3H, GCH,), 

4.95-4.65 (bs, 2H, NH,, exchangeable with deuterium oxide) 6.35 (s, lH, C(3)H); i3C-MNR 
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(deuteriochloroform): 52.4, 52.8 (two COOGH,), 54.2 (WH3), 99.0 (C-3), 104.1 (C-5), 142.5 (C-4), 158.3, 

161.5 (C-2, C-6), 166.4, 166.9 (two COCH,); MS m/z (abundance 96); 24O(M+, 29), 209(100), 181(18), 

150(14), 123(g), 92(17), 78(6), 59(19); Anal. calcd. for C,&J,,N,O,: C, 50.00; H, 5.00; N, 11.66; Found: 

C, 49.60; H, 4.99; N, 11.67. 

Three minor fractions (called as A, B, C) were also separated, which after solvent elimination gave the 

following compounds: 

Fraction A gave 4.5-v-2(1.2-Edivino ovridine 6a, 

0.04 g (1.6%), crystallized from ethanol, mp: 80-82 “C; tic: Rf=0.64 (methylene chloride-ethyl ether 4:1), 

UV (4.712 * lo-’ M, water) &,&)nm : 351 (2150), 294 (1050), 239 (sh); JR u_ (cm-‘): 3260, w; 3000, w; 

2960, w; 1720, s; 1685, s; 1630, s; 1600, s; 1575, s; 1500, w; 1460, s; 1435, s; 1360, s; 1340, s; 800, s; 

‘H-MNR (deuteriochloroform) 6 @pm): 4-3.8 (2s, 15H, four COOCH, and OCH,), 5.7 (s, lH, C=C-H), 7.0 

(s, lH, C(3)-H), 10.3 (s, lH, NH, exchangeablewith deuterium oxide); “C-MNR (deuteriochloroform): 51.35, 

52.26, 52.61, 52.95,(four COOGH3), 53.99 (OGH3), 101.64 (C=GH), 102.77 (C-3), 107.34 (C-5), 141.27, 

143.16 (C-4, c=C-H), 152.51, 159.50 (C-2, C-6), 164.63, 164.76, 165.14, 166.45,(four c=O). MS m/z 

(abundance 46); 382(M+, 6), 351(7.6), 323(92), 291(100), 245(10), 240(0.3), 92 (8), 77 (5), 59(43); Anal. 

calcd. for C,&Nz09: C, 50.26; H, 4.71; N, 7.33; Found: C, 49.90; H, 4.84; N, 7.31. 

Fraction B gave S_amino-2-methoxy-3-methyl-5(1.2-7.d&&cnethoxv 
. . 

(3M etbenvl)py&&m 4 _ _ -one 

4a, 0.10 g (5 %), crystallized from methylene chloride, mp: 150 “C; tic: Rf=O. 17 (methylene chloride-ethyl 

ether 4:l); UV (5.05 - lo-’ M, methylene chloride) &,&)nm : 334 (5810), 267 (sh), 231 (10940); IR u_ (cm- 

‘): 3510, w; 3310, w; 2960, w; 1710, s; 1670-1600, s, broad; 1435, w; 1385, w; 1330, w; 1230, w; ‘H-MNR 

(dimethyl sulfoxide-Q 6 @pm): 3.2 (s, 3H, N,-CH,), 3.6 (s, 6H, two COOCH3), 3.9 (s, 3H, OCH,), 6.1 (s, 

lH, =C-H), 6.9 (s, 2H, NH,, exchangeable with deuterium oxide); MS m/z (abundance 96): 297 (M+, 4) 

239(12), 238(100), 206(22), 149(5), 59(13) 

Fraction C gave ~no2-~v-3-methyl-5(L&&&&&ometboxv ethe&)Ry&$dm-4-(3H)~ 

Sa, 0.22 g (ll%), crystallized from methanol, mp: 178-180 “C; tic: Rf = 0.15 (methylene chloride-ethyl ether 

4:l); UV (5.05 - lo-’ M, methylene chloride) L( E nm ) : 355 (2050), 266 (7800), 231 (9940); JR u, (cm-r): 

3450, s; 3330, s; 3000, w; 2950, w; 1710, s; 1660-1610, s, broad; 1440, w; 1390, w; 1250, s; ‘H-MNR 

(dimethyl sulfoxidea 6 @pm): 3.20 (s, 3H, N3-CH3), 3.60,3.65 (29,6H, two COOCH,), 4.0 (s, 3H, OCH,), 

6.30 (s, 2H, NH,, exchangeable with deuterium oxide), 6.75 (s, lH, =C-H); ‘H-MNR (deuteriochloroform) 

6 @pm): 3.30 (s, 3H, N,-CH,), 3.80, 3.70 (2s, 6H, two COOCH3), 3.90(s, 3H, OCH,), 4.55 (s, 2H, NH,, 

exchangeable with deuterium oxide), 6.95 (s, lH, =C-H); MS m/z (abundance 96): 297 (M+, 4), 239(12), 

238(100), 206(22), 149(4), 59(14). Anal. calcd. for C,,H,,N,O,: C, 48.48; H, 5.09; N, 14.13; Found: C, 

48.33; H, 5.63; N, 13.97. 

Reaction of 6-~o-2-~v-3-methv@&kiin-4-(3H)-one la with DMAD 2 in toluene 

1,55 g (0.01 mol) of la and 2.46 ml of 2 (0.02 mol) were added to 40 ml of toluene and refluxed for 

3 h. After cooling at room temperature a yellow solid precipitated which was collected by filtration, washed 

with cold toluene and dried at room temperature to give0.87 g of a mixture of two compounds. This solid was 
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treated with a hot mixture of methylene chloride/ethanol (9:l) to give a solution, which after solvent 

elimination afforded 0.60 g (20%) of Sa, while the remaining solid residue consisted in a chromatographycally 
. . . 

pure compound, identified as N-~dil2(4.5-rne~oxy-~rn~~ 7a ,0.22 g (8.7 %), mp: 

266 “C (dc); tic: Rf=O.57 (methylenechloride-ethyl ether-ethanol 3.8:O.g:O.l); UV (4.738 - HT5 M, methanol) 

&,&)nm: 330.3 (22440), 256 (22490), 204.8 (26740); IR u_ (cm-‘): 3220, w; 3000, w; 2960, w; 1720, s; 

1700, s; 1560, s; 1440, s; 1390, s; 1300, w; 1250, s; 1240, s; ‘H-NMR (dimethyl sulfoxide-d,J &ppm): 3.9- 

3.8 (3s, 18H, four COOCHs, two OCH3,7.8 (s, 2H, two C,-H), 10.7 (s, 2H, NH-CO-NH, exchangeable with 

deuterium oxide); r3C-NMR (dimethyl sulfoxide-d& 52.33, 53.03 (four CmH3), 54.26 (two 0cH3), 

102.76 (two C-3), 109.55 (two C-5), 140.85 (two C-4), 150.7 (NH-CO-NH), 151.27, 159.28 (2 C-2, 2 C-6), 

164.5, 164.99 (four GOCH,); MS m/z; 506.5 (M+, 0.4), 267(5), 240(17), 235(16), 209(100), 181 (3), 59 (4); 

Anal. calcd. for (&H&O,,: C, 49.80; H, 4.38; N, 11.06; Found: C, 49.63; H, 4.35; N, 11.15. 

The mother liquors were evaporated in vucuo to dryness to give 2.60 g of an oily residue, 0.60 g of 

which were applied on a flash chromatography column (2x15 cm, 20g of silica gel). Elution with methylene 

chloride-ethyl ether (4: 1) afforded by order of elution two pure fractions containing the compounds 6a (0.02 

g, 2.3 %), and 3a (0.16 g, 29 %), respectively; together with another fraction containing a mixture of 4b and 

5b, (0.06 g, 8.7 96) in a ratio 4a:Sa of 1:0.9 (determined by ‘H-NMR measurement). 

eactton of 6-amino-2-methvlthio-3-met&l uvrimidin-COHkone lb with DMAD 2 in aceton’trile R ’ 1 

0.66 g (3.85 mmol) of lb and 0.94 ml of 2 (7.64 mmol) were added to 16 ml of acetonitrile and 

refluxed for 21 h. After cooling at room temperature a yellow solid precipitated which was filtered, washed 

with cold acetonitrile, recrystalhzed from methanol and identificated as &amino-2-methvlthio-3-methvl-5(1.2-E- 

dicarbomethoxv ethenvl)Dvrimidin-4-(3Hkone Lib, 0.13 g (10.8%), mp: 210-2 “C; tic: Rf=O.15 (methylene 

chloride-ethyl ether 4:1), UV (4.79 - lo-5 M, methylene chloride) &&)nm : 353 (2630), 283 (6410), 230 

(14880); IR u_ (cm-‘): 3460, s; 3340, s; 3000, w; 2950, w; 1710, s; 1660-1590, s, broad; 1440, s; 1380, s; 

1250, s; 1130, w; ‘H-NMR (dimethyl sulfoxide-d& 8 @pm): 2.4 (SCH,), 3.15 (s, 3H, N(3)-CH,), 3.5, 3.55 

(2s, 6H, two COOCH3), 6.25 (s, 2H, NH,, exchangeable with deuterium oxide), 6.60 (s, lH, =C-H); ‘H- 

NMR (deuteriochloroform) 6 @pm): 2.50 (SCH,), 3.40 (s, 3H, N3-CH,), 3.80-3.70 (2s, 6H, two COOCH,), 

4.55 (s, 2H, NH,, exchangeable with deuterium oxide), 7.00 (s, lH, =C-H); “C-NMR (deuteriochloroform): 

15.02 (SCH,), 30.03 (N(3)-CH,), 51.94, 52.87 (two COKH,), 91.104 (C-5), 130.11 (C=pH), 139.06 

G=C-H), 156.39, 159.83, 162.98 (C-2, C-4, C-6), 164.89, 166.37 (two COCH,); MS m/z(abundance 46); 

313 (M+, 4), 256(6), 255(13), 254(100), 222(10), 206(3), 83(4). Anal. calcd. for C,,H,fi30$: C, 46.00; H, 

4.82; N, 13.41; Found: C, 46.29; H, 4.86; N, 13.87. 

The mother liquors were evaporated in vacua to dryness to give 1.51 g of an oily residue, which were 

applied on flash chromatography column (5x16 cm, 109g of Silica gel) and eluted with methylene chloride-ethyl 

ether-ethanol mixtures (5:&O to 4: l:O. 1). A main fraction was obtained, which after solvent elimination and 

crystallization from methylene chloride gave 0.63g (64 W) of 2tamioo_4.5~-6methv&j&r 

pvridine 3b, mp: 100 “C; tic: Rf=O& (methylene chloride-ethyl ether 4:l); W (5.073~1@s, methylene 

chloride) &,&)nm: 326.8 (5960), 282.8 (9080), 241.3 (13060); HI u_ (cm”): 3470, s; 3360, s; 3000, w; 
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2950, w; 1720, s;’ 1680, s; 1625, s; 1595, s; 1530, s; 1440, s; 1400, s; 1200, w; 710, w; ‘H-NMR (dimethyl 

sulfoxide-Q 6 @pm): 2.35 (s, 3H, SCH, ), 3.8 (s, 3H), 3.7 (s, 3H) (two COOCH,), 6.3 (s, lH, C(3)-H), 7.0 

(s, 2H, NH,, exchangeable with deuterium oxide); “C-NMR (deuteriochloroform): 13.99 (SGH,), 52.66,52.80 

(two C!OOGH3), 102.02 (C-3), 112.92 (C-5), 142.75 (C-4), 158.44, 161.73 (C-2, C-6), 166.40, 167.40 (two 

COCH,); MS m/z (abundance 96); 256(M+, 55), 224(100), 197(19), 166(48), 138(94), 91(67), 78(18), 59(54); 

Anal. c&d. for Cu,H,zN20$: C, 46.87; H, 4.72; N, 10.93; Found: C, 46.98; H, 4.81; N, 10.65. 

Three minor fractions (called as A, B, C) were also separated, which after solvent elimination gave the 

following compounds: 

Fraction A gave 4.5-dka&g&hoxy-6methylthio-2(1 .ZE-di~ 6b, 

0.02 g (1.3 %), solid foam; tic: Rf = 0.6 (methylene chloride-ethyl ether 4:l); JR u_ (cm-‘): 3280, w; 3000, 

w; 2960, w, 2860, w; 1725, s; 1685, s; 1650-1620, s, broad; 1590, s; 1560, s; 1440, s; 1350, s; 1330, s; 790, 

s; ‘H-NMR (deuteriochloroform) 6 @pm): 2.5 (3H, s, SCH,), 4-3.8 (2s, 12H, four COOCH,), 5.7 (s, lH, 

C=C-H), 6.9 (s, IH, C(3)-H), 10.2 (s, lH, NH, exchangeable with deuterium oxide); ‘“C-NMR 

(deuteriochloroform): 13.90 (SGH3), 51.805,52.805,53.134 (four C-H,), 100.18 (C=CH), 106.39 (C-3), 

119.08 (C-5), 140.91, 145.08(C-4, C=C!-H), 152.81, 160.07(C-2, C-6), 164.80, 165.69, 1665.45, 169.13, 

(4 c=O). MS m/z (abundance %); 398(M+, 8), 3670, 339(97), 307(100), 275(6), 240(2), 59(43); Anal. 

calcd. for C,&,N,O,S lnH,O: C, 47.17; H, 4.70; N, 6.87; Found: C, 46.89; H, 4.36; N, 6.92. 

Fraction B gave 6-amino-2_methvltio-3-methvl-5(1.2-Z-dic&9m&oxv ethen&Rj&&bn-4-O_one 

4b, 0.08 g (6.6%), crystallized from methylene chloride, mp: 162-4 ‘C; tic: Rf=O.22 (methylene chloride- 

ethyl ether 4: 1); UV (4.79. 105 M, methylene chloride) &,&)nm : 343 (5305), 276 (sh), 235 (11530); JR u_ 

(cm-‘): 3420, s; 3320, s; 2950, w; 1710, s; 1660-1590, s, broad; 1440, s; 1380, w; 1350, s; 1225, s; ‘H-NMR 

(dimethyl sulfoxid+) 6 @pm): 2.5 (s, 3H, SCH,), 3.3 (s, 3H, N3-CH3), 3.65 (s, 6H, two COOCH,), 6.15 

(s, lH, =C-H), 7.0 (s, 2H, NH, ,exchangeable with deuterium oxide); ‘H-NMR (deuteriochloroform) 6 @pm): 

2.60 (SCH,), 3.50 (s, 3H, N,-CH,), 3.97-3.85 (2s, 6H, two COOCH3), 5.40 (s broad, 2H, NHz, exchangeable 

with deuterium oxide), 5.60 (s, lH, =C-H); “C-NMR (deuteriochloroform): 14.89 (SCH,), 30.18 (N(3)-CH,), 

51.93,52.83 (twoC~H,), 91.85 (C-5), 121.99 (C=c-H), 141.99 a=C-H), 158.25, 160.50, 163.36(C-2, 

C-4, C-6), 165.94, 168.97 (two GOCH,); MS m/z (abund. 96); 313 (M+,5), 256(6), 255(13), 254(100), 

222(8), 206(2), 83(5). Anal. calcd. for C,,H,,N,O,S: C, 46.00; H, 4.82; N, 13.41; Found: C, 45.90; H, 4.74; 

N, 13.12. 

Fraction C contained a mixture of 4b and 5b (0.07 g, 5.8%) in ratio 4b5b of 1:1.8 (determined by 

‘H-NMR measurement). 

Reaction of 6-amino-2-methvlWv1 ovrimidin-4-(3H)-one lb &II DMAD 2 in tohrene 

1.72 g (0.01 mol) of lb and 2.46 ml of 2 (7.64 mmol) were added to 40 ml of toluene and refluxed 

for 19 h. After cooling at room temperature a yellow solid precipitated which was collected by filtration, 

washed with cold toluene and dried at room temperature to give sb, 0.76 g (24 46). 

The mother liquors were evaporated in vucuo to dryness to give 3.67 g of an oily residue, 1.02 g of 

which were applied on a Sash chromatography column (5x16 cm, 1lOg of silica gel). Elution with methylene 



Reactions of 6-aminopyrimidin4-(3iY)-ones with DMAD 10355 

chloride-ethyl ether mixtures (5:O to 4:l) afforded by order of elution four pure fractions containing the 

compounds 6b (0.02 g, 1.8 %), 3b (0.11 g, 15.5 %), 4b (0.08 g, 9.2%) and sb (0.07, 8%), respectively; 

together with 0.30 g of another fraction containing a mixture of several compounds, which were treated with 

hot ethanol to give 0.03 g (4 96) of a remaining solid residue , consisted in a chromatographycally pure 

compound, identified as N-N’dif2(4.5dicarbomethoxv-6-methvltiokridinill urea 7b (see below for analytical 

data), while solution after solvent elimination afforded 0.27 g, 0.17 g of which were applied on flash 

chromatography column (2x15 cm, 20g of Silica gel) and eluted with methylene chloride-ethyl ether (95.5:4.5) 

to give after solvent elimination 6b, 0.03 g (4.3 46) and 3b, 0.08 g (17.8%). 

Analiticsl data for 7t.r were: mp: 210-2 “C; tic: Rf=O.41 (methylene chloride-ethyl ether 4:l). IR II_ 

(cm-‘): 3220, w; 3000, w; 2960, w; 1720, s; 1690, s; 1560, s; 1440, s; 1380, s; 1300, s; 1260-1240, s, broad; 

1195, s; ‘H-NMR (dimethyl sulfoxided& Qpm): 2.6 (s, 6H, two SCH,), 4.0 (2s, 12H, four COOCH,,), 8.1 

(s, 2H, two C,-H), 10.5 (s, 2H, NH-CO-NH, exchangeable with deuterium oxide); MS m/z; 538.5 (M+, 0.4), 

282(29), 256(35), 250(100), 225(73), 197 (10.4), 78 (8), 59(21.5); Anal. c&d. for C,,H,N,O&: C, 46.88; 

H, 4.11; N, 10.40; Found: C, 46.84; H, 4.01; N, 10.38. 

Reaction of 6-amino-2-methoxy py&)i&n-4-f3H)-one lc with DMAD 2 in ac@nitrile 

1,41 g (0.01 mol) of lc and 2.46 ml of 2 (0.02 mol) were added to 40 ml of acetonitile and refluxed 

for 23 h. During the reaction a yellow solid precipitated which was collected by filtration, washed with cold 

_ _ a&o&rile, recrystahized from N-Ndimethylformamide and identificated as 7-amino+carbomethoxv 5 

JnethOXV D@Ors . 
. . 

4-clp~-1.3d~ &, 0.45 g (18%), mp: 230-232 “C (d). UV (4.78.105 M, water) 

&&)nm : 422.6 (5680), 306 (sh), 262.2 (12660), 224.5 (11950), 202.9 (18540), 192.3 (17450). IR u_ (cm- 

‘): 3450 w; 3340 w; 2800-2220 t, broad; 1680 t; 1630 t; 1540, t, broad; 1470-1450, t, broad; 1360 t; ‘H-NMR 

(dimethyl Sulfoxide-dJ 6 @pm): 3.8 (s, 3H, OCH3, 3.9 (3H, s, COOCH,), 7.6-6.4 (s, broad, 4H, Nz-H, C,- 

NH,, exchangeable with deuterium oxide); 13C-NMR (dimethyl sulfoxide-d& 50.0 (CmH3), 54 (KH,), 

96.7, 100.1 (C-3, C-5), 140.8 (C-4), 163.2, 164.3, 165.1, 166.5 (C-2, C-6, G=O). MS m/z (Abundance 96); 

251@4+, 44), 220(57), 206(100), 192(23), 188(25), 163(63), 162(11), 135(33), 92(23), 78(16), 59(11), 43(14). 

Anal. c&cd. for C!,&,N30~~rn H,O: C, 46.15; H, 3.85; N, 16.15; Found: C, 45.80; H, 3.45; N, 16.36; 

Examination by tic of the mother liquors indicated very complex mixture, which were evaporated in 

VQCUO to dryness, and the oily residue obtained was applied on column chromatography (6x60 cm). Elution 

with methylene chloride-ethyl ether-ethanol mixtures (4:l:O to 4:4:2) afforded by order of elution three 

fractions, which after fractional crystallization from ethanol yielded, respectively, the compounds 6a (0.09 g, 

2.4 %), 3a (0.31 g, 13 96) and another identified as fkmino-2-methoxv-5U.ZE-dicarbomethoxv 

ethenvl)nvrimidin-4-(3Hkone 5c, 0.28 g (10 %), mp: 176-8 “C (d); tic: Rf=O. 13 (methylene chloride-ethyl 

ether-ethanol 3.8:0.9:0.1) UV (5. 10’ M, methyl alcohol) &,,.&)nm : 353 (1400), 331 (2200), 319 (2400), 

265 (11900), 224 (12300); IR u_ (cm-‘): 3320, w; 3210, w; 2940, w; 2840, w; 1710, s, 1640, s; 1600, s; 

1565, s; 1515, s; 1435, s; 1360, s; 1265, s; 1225, w; 1015, s; ‘H-NMR (dimethyl sulfoxide-d,J 6 @pm): 3.65, 

3.70 (2s, 6H, two COOCH3), 3.90 (s, 3H, OCH,), 6.30 (s, 2H, NH,, exchangeable with deuterium oxide), 
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6.70 (s, HI, =C-H), 11.6 (s broad, IH, N(3)H, exchangeable with deuterium oxide); Anal. calcd. for 

C,,H,,N,06: C, 46.65; H, 4.63; N, 14.83; Found: C, 46.32; H, 4.90; N, 14.41. 

. . 
Reaction of 6-- _ _ one lc with DMAD 2 in @&l~ 

1,41 g (0.01 mol) of lc and 2.46 ml of 2 (0.02 mol) were added to 40 ml of toluene and refluxed for 

72 h, observing by tic a very complex mixture. I3 After cooling at room temperature a yellow solid precipitated 

which was collected by filtration, washed with cold toluene and dried at room temperature to give 0.112 g of 

a mixture of two compounds. This solid was treated with hot methanol to give a remaining solid consisted in 

a chromatographycally pure compound, identifkated as 5_carbometho 2 
. . . 

xv- -me thoxv-pyndoI2.3-da 

4.7-(3H. 8I-Ddione a, 0.03 g (1 %), mp: 250-2 “C. UV (4.98 * lQ5 M, methanol) &,&)nm : 352 (1940), 

318 (10380), 280 (2900), 273 (sh), 222 (12670); IR II,, (cm-‘): 3030, w; 2950, w; 1750, s; 1670, s; 1640, 

s; 1610, s; 1520, s; 1260, w; 1210, s; 1030, s; ‘H-NMR (dimethyl sulfoxide+ 6 @pm): 3.80 (s, 3H, 

COOCH,), 4.00 (s, 3H, OCH,), 6.20 (s, lH, C(5)=C(6)H), 12.5 (s broad, 2H, N(3)H, N(8)H, exchangeables 

with deuterium oxide); Anal. calcd. for C,&,N30s: C, 47.81; H, 3.61; N, 16.73; Found: C, 47.73; H, 3.63; 

N, 16.96. 

. . . . 
Reaction of 6-amino-2-mm -4-(3H)-one 

. . 
Id with DMAD 2 in ag&,g&& 

1,57 g (0.01 mol) of Id and 2.46 ml of 2 (0.02 mol) were added to 40 ml of acetonitrile and refluxed 

for 20 h. Examination by tic of the mother liquors indicated very complex mixturei3, which were evaporated 

in vacw to dryness give 3.74 g of an oily residue, 1.52 g of which were applied on flash chromatography 

column (5x16 cm, 1 log of silica gel). Elution with methylene chloride-ethyl ether-methanol mixtures (10:0:0 

to 8:2:0 and 9:O:l) afforded by order of elution two pure fractions containing the compounds 6b (0.05 g, 3 

96) and 3b (0.26 g, 25 96); together with 0.68 g of another fraction mixture of several compounds, from which 

two compounds were separated by fractional crystallization from methanol, and identiticated in order of 

crystallixation as - Mmethoxy-2-methylthio pvridoI2.3-cl.@rimidin-4.7-13m 9d, 0.01 g (1%); 

mp: 292-4 “C (d); tic: Rf= 0.44 (methylene chloride-methanol 9: 1); UV (4.64 * 10’ M, methanol) &,&)nm 

: 329 (26300), 292 (16500), 245 (21500), 224 (31700); IR v_ (cm-‘): 3040, w; 2920, w; 1750, s, 1680-1640, 

s, broad; 1595, s; 1500, s; 1440, w; 1360, w; 1250, s; ‘H-NMR (dimethyl sulfoxide&) 6 @pm): 2.50 (s, 3H, 

SCH,), 3.70 (s, 3H, COOCH,), 6.20 (s, lH, C(5)=C(6)H), 12.5 (bs, 2H, N(3)H, N(8)H, exchangeables with 

deuterium oxide); Anal. c&d. for C,&,N30,S: C, 44.94; H, 3.39; N, 15.72; Found: C, 44.88; H, 3.36; N, 

16.03; and ~-methvlthio-6r~l.2-~)dicarbomethoxvethenyl~~nolo~~din~-~3H)~n~ lOd, 0.02 g (1.6%); 

mp: 222 “C (d); tic: Rf= 0.56 (methylene chloride-methanol 9:l); W (4.91 - l@’ M, methanol) &_(e)nm 

: 320 (20100), 284 (19400), 243 (11600), 224 (12500); IR v,, (cm-‘): 3250, w; 3000, w; 2940, w; 1740, s; 

1680, s; 1650, s; 1610, s; 1430, s; 1370, w; 1280, s; 1210, s; ‘H-NMR (dimethyl sulfoxide-u 6 @pm): 2.40 

(s, 3H, SCH,), 3.70 (s, 6H, two COOCH,), 5.50 (s, lH, C(5)H), 5.80 (s, lH, C=C-H); 9.80 (s, lH, C(6)- 

NH, exchangeable with deuterium oxide); Anal. calcd. for C,,H,,N,O$: C, 44.14; H, 4.38; N, 14.04; Found: 

C, 44.17; H, 4.24; N, 14.10; 
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tion 
. . . . 

of 6-amino-2-~m4~3HI-one Id with DMAD 2 in tolt&ne 

1,57 g (0.01 mol) of Id and 2.46 ml of 2 (0.02 mol) were added to 40 ml of toluene and refluxed for 

96 h, observing a very complex mixture by tic. i3 After cooling at room temperature a brown solid precipitated 

which was collected by filtration, washed with cold toluene and dried at room temperature to give 0.29 g of 

a mixture of two compounds. From which 0.06 g (2.2 96) of 9d were separated by recrystallization from 

ethanol-acetone (50:50 v:v). 

4.5-dicarbomethoxv-6-methoxy-2(1.2-Edicarbomethoxy ethenvll@&g nyridme 6a 

To a solution of 0.24 g (1 mmol) of 3a in 7 ml of absolute ethanol 0.25 ml (2 mmol) of DMAD 2 were 

added, and the solution was stirred at room temperature for 24 days, and then evaporated in vucuo to dryness 

to give an oily residue, which was purified by flash column chromatography (2x15 cm, 20g of Silica gel). 

Elution with methylene chloride-ethyl ether (97:3) gave a homogeneous residue, which was crystalbred from 

ethanol to yield 6a, 0.3 g (80%). 

4.5dicar&I@hoxv-6-methy~2f 1.2~E-dicarbomeso Dvridine 6l.1 

To a solution of 0.115 g (0.45 mmol) of 3b in 3 ml of absolute ethanol 0.1 ml (0.9 mmol) of DMAD 

2 were added, and the solution was stirred at room temperature for 19 days, and then evaporated in vucuo to 

dryness to give an oily residue, which was purified by flash column chromatography (2x15 cm, 20g of Silica 

gel). Elution with methylene chloride-ethyl ether (98:2) gave a homogeneous residue as solid foam, yielding 

6b, 0.11 g (62%). 
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