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PYRIMIDINES. 

71.* REARRANG~4ENTS OF 2,2',4-TRIMETHOXY-6'-PHENYL-4',5- 

DIPYRIMIDINYL TO N-METHYL OXO DERIVATIVES 

I. I. Naumenko, M. A. Mikhaleva, 
and V. P. Mamaev 

UDC 547.855.1:542.952.1 

A trimethoxy derivative with three nonequivalent methoxy groups was obtained 
from 2,2',4-trichloro-6'-phenyl-4',5-dipyrimidinyl. Rearrangement of 2,2',4- 
trlmethoxy-6'-phenyl-4',5-dipyrimidinyl under Hilbert--Johnson conditions and 
thermal rearrangement with and without a catalyst make it possible to obtain 
2',4-dimethoxy-l-methyl-2-oxo- and 2'-methoxy-l,3-dimethyl-2,4-dioxodipyrimi- 
dinyls and both tri-N-methyl isomers, viz., the 1,1',3- and 1,3,3'-trimethyl 
derivatives. The possibility of obtaining N-methyl derivatives of trioxodi- 
pyrimidinyl by methylation under various conditions was also examined. 

We have previously reported the synthesis of 2,2',4-trichloro-6'-phenyl-4',5-dipyrimi- 
dinyl (I) and the sequence of nucleophilic substitution of the chlorine atoms in the com- 
pound by an amino group [I]. Continuing our study of the unsymmetrical 4',5-dipyrimidinyl 
system we carried out the replacement of the chlorine atoms by methoxy groups with the aim 
of subsequent rearrangements of the trimethoxy derivative to the isomeric N-methyl oxo de- 
rivatives of 4',5-dipyrimidinyl. It is known that the N-alkyl oxo derivatives of pyrimidine, 
both in the uracil series [2] and in the case of 4,6-diaryl-substituted pyrimidines [3] 
display physiological activity. 

The chlorine atoms in dipyrimidinyl I were readily replaced by methoxy groups when it 
was refluxed with a solution of sodium methoxide in methanol. The resulting 2,2',4-tri- 
methoxy-6'-phenyl-4',5-dipyrimidinyl (II) contains three nonequivalent methoxy groups. 

The rearrangements of alkoxy derivatives of the pyrimidine series to N-methyl oxo de- 
rivatives have been described in the literature. Most study has been devoted to the re- 
arrangements of the 2,4-dialkoxy derivatives by reaction with alkyl halides (under the 
conditions of the Hilbert--Johnson reaction) [2] and to thermal rearrangement in the presence 
of amines [4, 5] or without the use of catalysts [6] for monoalkoxypyrimidines. Known 
examples of rearrangements of methoxydipyrimidinyls have been described only for cases with 
2,4-oriented alkoxy groups in pyrimidine fragments. 2,2',4,4'-Tetramethoxy-5,5'- [7] and 
2,2',4,4'-tetramethoxy-4,5'-dipyrimldinyl [8] undergo rearrangement thermally, without the 
addition of a catalyst, togive products of complete rearrangement, whereas in the case of 
a symmetrical dipyrimidinyl [7] Chang and co-workers assume that an N,N'-dimethyl methoxy 
derivative is formed when it is heated under Hilbert--Johnson conditions, although the PMR 
spectra presented in [7] indicate, in our opinion, the formation of an N,N'N"-trimethyl 
monomethoxy derivative of 5,5'-dipyrimidinyl. It is known that N-CHs and OCHs groups in 
pyrimidines can be easily distinguished from their PMR spectra -- the position of the signal 
of the methoxy group differs from the signal of the N-methyl grouping by %0.5 ppm [4, 9, 
10]. 

*See [i] for communication 70. 

Novosibirsk Institute of Organic Chemistry, Siberian Branch, Academy of Sciences of 
the USSR, Novosibirsk 630090. Translated from Khimiya Geterotsiklicheskikh Soedinenii, 
No. 3, pp. 398-403, March, 1980. Original article submitted July 24, 1979. 

0009-3122/80/1603-0303507.50 �9 1980 Plenum Publishing Corporation 303 



A new compound that is isomeric with respect to the starting compound was obtained by 
refluxing dipyr~idinyl II with methyl iodide. The F~ spectr~ of this compound (Table i) 
contained sig~is t~t attest to the fact that only one methoxy group undergoes rearrange- 
ment under ~Ibert--Johnson co~itions. It follows from the data in [2] that rearrangement 
of 2-monoal~xypyrimidines u~er Hilbert--Johnson co~itions probably does not occur, 
whereas the group in the 2 position primarily u~ergoes rearra~ement in the case of 2,4- 
dial~xy der~at~es. We therefore concluded that the 2-OCH, group of the A ri M u~ergoes 
rearra~ement in trimet~xydipyr~idinyl II, which contains 2,4-d~ethoxy- a~ monomet~xy- 
substituted pyrimidine rings (A a~ B, respectively) a~ t~t the product has the 2',4- 
d~et~xy-2-oxo-l-met~l-6'-phenyl-l,2-dihydro-4',5-dipyr~idinyl structure (IIl). 

Further rearrangement of III was carried out the~ally, since u~er Hilbert--Johnson 
co~itions this product remained virtually uncha~ed -- an increase in the refluxi~ t~e 
in solution in CH, I led to the development of o~y traces of other products [according to 
the r~sults of thin-layer chromatograp~ (TLC)]. Heating dipyrimidi~l III at 235-240~ 
led rapidly to the formation in high yield of another isomeric product (IV), which, ac- 
cording to the PMR data, contains one OCHs group. Data t~t i~icate t~t the ther~l re- 
arra~entof most ~al~xyp~idines proceeds slowly in the absence of catalysts [5] 
made it possible to ass~e that the product has the 2'-methoxy-2,4-dioxo-l,3-dimet~l-6'- 
phenyl-l,2,3,4-tetra~dro-4',5-dipyr~idinyl structure. To confi~ this assumption we 
realized the alter~t~e synthesis of ~ from 1,3-dimethyl-5-acetyluracil via a previously 
developed scheme [ii] through trioxo derivative V and chlorodipyrimidinyl VI. ~e compounds 
obtained were identical. 

- - e l  . , C I  ~ O C H s  ~CH3 OCH3 N /OCH3 

- -  - o =  

II I11 

' \ J 
CH3/ VII 6 ~ IV 

O 
CH3 CH3CO , , ~ N / C H ~  C,, \N.~60 \~O 

oi j  
Cfl3/ VIII ~C6H5 I ell s 

CIi3\ /,6 O CI 
N---,( / N~----------~ 

CH~ / \CGH 5 
Vl 

/ 
CH3\ z 0 ~0  

CH~" I-r 
V 

.N_._.~O N__~o methy la t ion  
O = ~ N / . _ ~ ' ~ . ~  , v .  v,, �9 v,,, 

Ix 

Compound IV can also be obtained in one step from trimethoxydipyrimidinyl II by thermal 
rearrangement with an increase in the heating time. 

It was not possible to predict the direction of the rearrangement (at I'-N or 3'-N) 
of the remaining 2'-methoxy group, since the problem of the rearrangements of 2-alkoxy- 
4,6-diarylpyrimidine with nonequivalent substituents in the 4 and 6 positions has not been 
studied in the literature. 

In contrast to the data in [4, 5], heating 2'-methoxydipyrimidinyl IV without a 
catalyst at 235-240~ for several hours, as well as in triethylamine under the same con- 
ditions or at 180~ for 24 h, gave a mixture, from which we isolated only up to 50% of 
the starting dipyrimidinyl; N,N',N"-trimethyl derivatives were not found. 

It was recently proposed that p-toluenesulfonic acid or its derivatives be used as 
the catalyst for rearrangements of 2,4-dialkoxypyrimidines [12]. We carried out the re- 
arrangement of dipyrimidinyl II in the presence of p-toluenesulfonic acid under various 
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conditions and found that primarily the 2-methoxy group undergoes rearrangement. Thus 60% 
of dipyrimidinyl III was isolated from the reaction mixture after 30 min at 180~ while 
dipyrimidinyl IV was formed in only trace amounts. Lowering the temperature to 155-165~ 
in order to reduce resinlfication of the reaction mixture and increasing the heating time 
to 2 h led primarily to the formation of a mixture of III and IV. Rather severe conditions, 
viz., heating at 210~ for 5.5 h, were necessary for complete rearrangement of dipyrimidinyl 
II; we were able to isolate isomeric N,N' ,N"-trimethyl derivatives VII and VIII in low 
yield. According to the results of TLC dipyrimidinyl III was not present in the reaction 
mixture, while IV was present in small amounts. 

To prove the structures of products VII and VIII we carried out the alternative syn- 
thesis of one of them by the method developed for the synthesis of the 4,5'-dipyrimidinyl 
system [ii]. The reaction of 1,3-dimethyl-5-acetyluracil and N,N-benzalbis(N'-methylurea) 
[13] yielded 2,2',4-trioxo-l,3,3'-trimethyl-6'-phenyl-l, 2,2' ,3,3' ,4-hexahydro-4' ,5-di- 
pyrimidlnyl, which was found to be identical to VIII. Compound VII is consequently the 
I,i', 3-trimethyl derivative. 

To obtain the N-methyl derivatives we used, in addition to rearrangements of the 
methoxy derivatives, methylation of 2,2 ', 4- trioxo-6' -phenyl-l, i', 2,2 ', 3,4-hexahydro-4 ', 5- 
dipyrimidinyl (IX) [ii], which reduces the stepwise character of the process substantially. 

Of the numerous methods for N alkylation of oxopyrimidines [14] we selected a method 
that, according to the data of the authors, gives high yields of only the N-methyl products 
[15]. As a result of the reaction of trioxodipyrimidinyl IX with CHsI in dimethyl sulfoxide 
(DMSO) in the presence of sodium methoxide, weobtained a three-component mixture, from 
which we isolated three individual compounds that are identical to products IV, VII, and 
VIII in a ratio of 3.2:2.8:1. In other words, the use of the method in [15] in our case 
led to the formation of N-methyl and O-methyl derivatives in approximately equal ratios; 
O alkylation occurs only in the B ring. 

To increase the yield of the N,N' ,N"-trimethyl derivatives we checked the possibility 
of using other alkylating agents. Compounds IV, VII, and VIII were not obtained (according 
to TLC) when dipyrimidinyl IX was heated with trimethyl phosphate [16] at 210~ for 2.5 h. 

Methylation of IX with dimethyl sulfate, as in the case of CH~I, led to the formation 
of a mixture of IV, VII, and VIII; however, the overall yield of the N,N',N"-trimethyl 
derivatives considerably exceeded the yield of the O-methyl derivative (the ratio was 
~5:1). However, the ratio of the products of methylation at I'-N and 3'-N (selectivity 
of the reaction) decreased to ~2:1 (VII and VIII, respectively). 

Thus, therearrangement of trimethoxydipyrimidinyl II under Hilbert--Johnson conditions 
and thermal rearrangement with and without a catalyst make it possible to obtain selectively 
the N-monomethyl derivative, the N,N'-dimethyl derivative, and both N,N',N"-trimethyl de- 
rivatives. However, the yields of the latter are low because of the extreme difficulty 
with which the methoxy group in the 2' position migrates. 

The characteristics of II-VIII are presented in Table 2. According to the data ob- 
tained in the Scientific-Research Institute BIKhS (Kupavna), II, IV, and Vlll did not 
display antiphlogistic, antipyretic, or analgesic activity. 

EXPERIMENTAL 

The IR spectra of KBr pellets of the compounds were recorded with a UR-20 spectrometer. 
The UV spectra of solutions of the compounds in alcohol were recorded with a Specord UV-vis 
spectrophotometer. The PMR spectra were recorded with a Varian A56/60A spectrometer with 
hexamethyldisiloxane as the internal standard. The molecular weights were determined with 
an MS-902 high-resolution mass spectrometer with a system for direct introduction at 120- 
150~ Preparative TLC was carried out on Silufol UV-254 and KSK silica gel plates in 
chloroform-alcohol solvent systems [30:1 (A), 25:1 (B), and I0:I (C)]. The Rf values are 
presented for systems with the use of purified chloroform [17]. 

2~2'~47Trimethoxy-6'-phenyl-4',5-dipyrimidinyl (II). A 2-g (6.0 mmole) sample of di- 
pyrimidinyl I was added to a solution of sodium methoxide obtained from 1.2 g (52.2 creole) 
of sodium and 100 ml of methanol, and the mixture was refluxed for 2 h. The solution was 
cooled and evaporated, and the residue was washed repeatedly with water and dried to give 
1.73 g of trimethoxydipyrimidinyl II. IR spectrum: 1020, 1035 cm-* (C-O-C). 
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2'~4-Dimethoxy-2-oxo-l-methTi-6'-phenyl-l~2-dihydro-4'~5-dipyrimidinyl (Ill). A mix- 
ture of 136 mg (0.42 m mole) of dipyrimidinyl II and 4.5 mg of dry methyl iodide was re- 
fluxed for 6 h, after which it was cooled, and the solution was evaporated. The brown 
residue was refluxed with 3 ml of alcohol, the mixture was cooled in a refrigerator, and 
the white precipitate of III was removed by filtration to give 106 mg of product. IR 
spectrum: 1027, 1263 (C--O-C); 1640, 1670 cm -~ (C=O). 

2~-Meth~xy-2~4-di~-~3-dimethy~-6~-~.hen~-~2~3~4-tetrahydr~-4~5-dipyrimidiny~ (IV). 
A) A 0.4-g (1.23 nunole) sample of II was placed in a wide test tube and heated at 235- 
240~ for 1.5 h. The brown melt was dissolved in CHCIs and separated by preparative TLC 
on silica gel in system B. Workup of the zone with Rf 0.5-0.7 yielded 0.32 g of colorless 
IV. IR spectrum: 1660, 1710 cm-* (C=O). 

B) A 0.12-g (0.37 mmole) sample of III was heated at 235-240~ for 30 min. Subsequent 
workup of the melt was carried out as in method A. The yield of IV was 95 mg (78%). 

C) A 0.2-g (0.61 mmole) sample of dipyrimidinyl VI was added to a solution of sodium 
methoxide obtained from 0.03 g (1.3 mmole) of sodium and i0 ml of methanol, and the mixture 
was refluxed for 6 h. The white precipitate that formed after the mixture was allowed to 
stand in a refrigerator overnight was removed by filtration, washed repeatedly with water, 
and dried. The yield of IV was 0.16 g (81%). 

l~3-Dimethy!-5-acetyluracil. A suspension of 2 g of dry sodium methoxide in 50 ml of 
absolute DMSO was added to a solution of 0.5 g (3.34 mmole) of 5-acetyluracil in 75 ml of 
absolute DMSO, 50 ml of freshly distilled methyl iodide was added dropwise, and the mixture 
was heated on a water bath at 70~ for 5 min. It was then cooled rapidly and poured into 
water, and the aqueous mixture was extracted with chloroform (six 40-ml portions). The 
chloroform solution was washed with water, dried with MgSO~, and evaporated. The white 
residue was washed with ether and sublimed (170~ mm) to give 0.35 g (58%) of 1,3- 
dimethyl-5-acetyluracil with mp !82-182.5~ (mp 175~ [18]). 

[~2'~4-Tri~176176 I (V)" 
A 236-mg (1.3 mmole) sample of 1,3-dimethyl-5-acetyluracil and 541 mg (2.6 mmole) of 
benzalbisurea were added to a solution of 98 mg (2.7 mmole) of dry HCI in 4.25 ml of ab- 
solute n-butanol, and the mixture was refluxed for 7 h. It was then allowed to stand in 
a refrigeratorovernight, and the resulting yellow precipitate was removed by filtration 
and washed with 10% NaHC03 solution, water, alcohol, and ether. The yield was 350 mg (87%)~. 

2~-Ch~-2~4-di~x~-~3-dimethy~-6~-Phen~-~2~3,4-tetrahydr~-4~5-dipyrimidiny~ (VI). 
Two drops of water were added to a mixture of 0.35 g (i.i mmole) of dipyrimidinyl V, 3.5 ml 
of freshly distilled POCI3, and 0.35 ml of dimethylaniline, and the mixture was refluxed 
for 4 h. It was then cooled to 20"C, and the resulting light-pink solution was poured 
over ice. The white precipitate was removed by filtration and washed thoroughly with 
water. The yield was 0.34 g. 

2~2~,4-Tri~x~-~,3,3~-t~imethy~-6~-pheny~-~,2,2~,3,3~4-hexah7dr~-4~5-diPyrimidiny~ 
(VIII). A 0.56 g (3.1 mmole) sample of 1,3-dimethyl-5-acetyluracil and 1.41 g (6.2 mmole) 
of benzalbis(N'-methylurea) were added to a solution of 0.24 g (6.6 mmole) of dry HCI in 
i0 ml of absolute n-butanol, and the mixture was refluxed for 8.5 h. The white crystals 
that formed after the mixture was allowed to stand in a refrigerator for several days were 
removed by filtration and washed with ether. The yield was 0.78 g. IR spectrum: 1670, 
1715 cm -l (C=O). 

Thermal Rearransement of 2,2'~4-Trimethoxy-6'Tphenyl-4'~5-dipyrimidinyl (II). A mix- 
ture of 0.2 g (0.617 mmole) of dipyrimidinyl II and 0.02 g of p-toluenesulfonic acid was 
heated at 210~ in an argon atmosphere for 5.5 min. The resulting black melt was sepa- 
rated preparatively on silica gel in system B; workup of the zone with Rf ~ 0.2 yielded a 
brown product. Washing of the latter with ether gave 0.024 g (12%) of a compound with 
mp 286-290~ (from alcohol), which was identical to dipyrimidinyl VIII with respect to its 
IR spectrum. Similarly, workup of the zone with Rf 0.40 yielded 0.052 g (26%) of isomeric 
(with respect to VIII) dipyrimidinyl VII with mp 267-268~ (from alcohol). 

MethTlation of 2,2',4-Trioxo-6'-phen~l-ipl'~2~2'~3,4Thexahydro-4',5-dipyrimidinyl (IX). 
A) A suspension of 2.4 g of dry sodium methoxide in 50 ml of absolute DMSO was added to a 
solution of 0.46 g (1.6 mmole) of trioxodipyrimidinyl IX in 50 ml of absolute DMSO, after 
which 50 ml of freshly distilled methyl iodide was added dropwise, and the solution was 
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heated at 70~ for 5 min. It was then cooled rapidly and poured into water, and the 
aqueous mixture was extracted with chloroform (five 50-ml portions). The chloroform so- 
lution was washed with water, dried over CaClz, evaporated to the minimal volume, and 
applied to a column filled with silica gel. The product was chromatographed in system B 
to give 132 mg (25%) of IV, 113 mg (22%) of VII, and 43 mg (8%) of VIII. 

B) A suspension of 1 g (3.55 mmole) of oxopyrimidine IX in a solution of 0.5 g (12.5 
mmole) of NaOH in 15 ml of water was stirred until a homogeneous gelatinous mass formed, 
after which 1.2 ml (10.7 mmole) of distilled dimethyl sulfate was added dropwise, and the 
mixture was stirred for 4 h. The white precipitatewas removed by filtration, washed 
thoroughly with water, and dried to give 0.74 g of a mixture, which was separated by pre- 
parative TLC on silica gel in system B. Workup of the zones with Rf 0.1, 0.2-0.3, and 
0.5-0.7 gave, respectively, 0.15 g (13%) of pyrimidine VIII, 0.29 g (25%) of VII, and 
0.091 g (8%) of dipyrimidinyl IV. 
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