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Synthesis of Compounds related to Antitumor Agents. VL.V The
Conversion of 2,4-Dialkoxypyrimidines into N-Dialkyl-1,2,3,4-
tetrahydro-2,4-dioxopyrimidines in the Presence of
p-Toluenesulfonic Acid Derivatives®
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The conversion of 2,4-dialkoxypyrimidines into 1,3-dialkyl-1,2,3,4-tetrahydro-2,4-
dioxopyrimidines was brought about in the presence of p-toluenesulfonic acid derivatives
by simple heating. This reaction seems to proceed stabilized transition state in p-toluene-
sulfonic acid derivatives, and may give rise to a nucleophilic reaction by nitrogen on the
migrating alkyl group.

Keywords uracil; N-alkylpyrimidine; alkoxypyrimidine; the Hilbert-Johnson
reaction; the Claisen rearrangement; p-toluenesulfonic acid derivatives

In connection of our studies of the synthesis of antitumor agents, we have synthesized
some oxozolo[4,56-d]pyrimidines and pyrimido[5,4-b][1,4]oxazines and it became important
for us to study the rearrangement of alkoxypyrimidines into uracils.

Many studies on the rearrangements of alkoxypyrimidines into uracils have been reported,
while the most of them are application of the Hilbert-Johnson reaction® or the Claisen rear-
rangement® and other methods have not yet been investigated in detail. Thus it appeared
interesting for us to study a new type of a rearrangement of alkoxypyrimidines in the presence
of p-toluenesulfonic acid or its derivatives as catalytic agents.

That the lactim ether (I) undergoes rearrangement to its  §.&_.0-r —» R-N-C=0
isomeric and stable lactam configuration (II) has been known I T
for a long time. This transformation is not reversible and is
brought about by the application of heat or through the
influence of special catalytic agents, and have been observed to take place in both the acyclic
and cyclic series of organic compounds.®

The fused reaction of 2,4-dimethoxy-6-methylpyrimidine (IIIa)? in the presence of catal-
lytic amount of p-toluenesulfonic acid (TSA) at 180—190° for a few minutes underwent smooth-
ly to give rearranged product: 1,2,3,4-tetrahydro-1,3,6-trimethyl-2,4-dioxopyrimidine (IVa)
in 809, yield, which was identified with an authentic sample® by melting point, infrared (IR)
and nuclear magnetic resonance (NMR) spectra. This reaction proceeded also by the presence
of methyl p-toluenesulfonate (MTS) or ethyl p-toluenesulfonate (ETS) instead of TSA, and
IVa was obtained in 759, yield.

Chart 1
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Inc., New York, N. Y., 1970, T 46.

8 F. G Fisher, W.P. Neumann, and J. Roch, 4d#un., 633, 158 (1960).

NII-Electronic Library Service



216 Vol. 25 (1977)

CH; HsC- =>—803H CH,
1 -
1? 4\“ (catalytic amount) HCa-I?T/ AN
H;COYXNNOCH; 180—190° O7NNN0
m a 2—3 min éHg
IVa
Chart 2

Tasre I. The Reaction Conditions of 2,4-Dialkoxy-5,6-disubstituted-pyrimidines (I11la-1)
into 1,3-Dialkyl-1,2,3,4-tetrahydro-5,6-disubstituted-2,4-dioxopyrimidines
{IVa-1) in the Presence of p-Toluenesulfonic Acid Derivatives
(TSA, MTS or ETS)

Iliz R
|
//\ /R3 heat /\ /R3
I}I | —_ er?l IVa—I1
Ri~O YN NO-R; 07 "\N7NO
)
IIla-1 Ry
Compd Substituents Anéggarit (de):rof Reaction Yiekgf(%)
pC. — ¥y temperature
No. R R R per 1 g of oC roduct
1 2 B I ¢ (IVa-1)
: TSA 0.1 180—190 80
Ha® CH, CH, H MTS 0.1 180—190 76
ETS 0.1 180—190 75
TSA 0.1 180—190 74
Jills32) CH, H H MTS 0.1 180—190 73
ETS 0.1 180-—190 76
TSA 0.1 180—190 80
Tc® C,H; H H MTS 0.1 180—190 76
ETS 0.1 180—190 75
TSA 0.1 180—190 72
il By CyH; CH, H MTS 0.1 180-—190 76
ETS_ 0.1 180—190 73
TSA 0.08 190—195 63
e CH, H Br MTS 0.08 190—195 65
ETS 0.08 190—195 62
TSA 0.08 190—195 52
T CH, CH, Br MTS 0.08 190—195 71
ETS 0.08 190—195 68
TSA 0.1 180—190 51
Tig CH,CH,CH, H H MTS 0.1 180—190 64
ETS 0.1 180—190 68
TSA 0.1 180—190 ) 50
1h CH,CH,CH, CH; H MTS 0.1 180—190 62
ETS 0.1 180—190 65
TSA 0.1 140—150 60
T CH,CH=CH, H H MTS 0.1 140—150 59
ETS 0.1 140—150 64
TSA 0.1 140—150 61
H CH,CH=CH, CH, H MTS 0.1 140—150 63
ETS 0.1 140—150 60
TSA 0.08 150—160 42
Mk CH,CH=CH, H Br MTS 0.08 150—160 63
ETS 0.08 150—160 58
TSA 0.08 150—160 41
jlin} CH,CH=CH, CH,; Br MTS 0.08 150—160 62
ETS 0.08 150—160 60
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The reaction conditions of the conversion of some dialkoxypyrimidines (IITa—1)%9%-11
into the corresponding 1,2,3,4-tetrahydro-2,4-dioxopyrimidines (IVa—1)%9-11 in the presence
of TSA, MTS, or ETS are summarized in Table I. When TSA was used, the yields of higher
alkyl derivatives (IVe—I) were worse than those of lower alkyl derivatives (IVa—d). The
reason seems due to the fact that ether bonds of IIIe—I are hydrolyzed by the acid catalyst.

Treatment of 2-amino-4-methoxy-6-methylpyrimidine'® (V) by the above described con-
dition gave 2-amino-3,4-dihydro-3,6-dimethyl-4-oxopyrimidine (VI) and 2-amino-4-(3',4-
dihydro-4'-oxopyrimidin-2’-yl)amino-6-methylpyrimidine (VII), whose structure was proven
by the fact that hydrolysis of VII in 10%, HCI gave VI and 2-amino-4-hydroxy-6-methylpyri-
midine'® (VIII). :

Although the rearrangement of V into VI was successful in the presence of TSA, MTS, or
ETS, the heat of V with aniline or N-methylaniline in place of TSA, MTS, or ETS did not give
rearranged products but resulted in the formation of 2-amino-4-anilino-6-methyl-pyrimidine!!)
(X), 2-amino-4-(2'-amino-6'-methylpyrimidin-2’-yl)anilino-6-methylpyrimidine (XI) or 2-

. amino-4-N-methylanilino-6-methylpyrimidine (XII). Similarly the reaction of 4-amino-2-
methoxy-6-methylpyrimidine (IX) with aniline or N-methylaniline afforded 4-amino-2-anilino-
6-methylpyrimidine (XIII), 4-amino-2-(4’-amino-6"-methylpyrimidin-4'-yl)anilino-6-methyl-
pyrimidine (XIV) or 4-amino-2-N-methylanilino-6-methylpyrimidine (XV) and no rearranged
product was obtained.

CHs CH, CH,  CH; CH
: ,
A TSA A AL A 109 HCI A
N — U - — N 4w
HZN/§N/\OCH3 heat HEN/\DII/QO H2N/\N/\N/\}1I/\\O HZN/\N/\O
v CH, H (g, H
: VI » VI VI
S =\ NHCH CHs R
-NH, or < >—N CHs A ) X
_ _ N
N N
HzN/‘N/\N—< > HNYN/AN/YN/NH,
] S |
R
X : R=H ()
XI: R=CH, N
C[Ha - NH — NHCH §H3 (':Hs (IZH:«;
N O oK e NN NNy
= 1 | 1
H;«}CO/]VN/\NHZ < >_1F/\\N/\NH2 I—Izl\]'/\‘1“/1\1|ﬂ'/\\N/\I\II—I2
1X — R N
XII: R=H - )
XV: R=CH, N X1y
Chart 3

H.J. Minnemeyer, et al.*® have reported the Claisen rearrangement in some pyrimidines
in the presence of N,N-diethyl-m-toluidine (DEMT) or N,N-diethylaniline. Thus it was con-
sidered of interest to compare the Claisen rearrangement of 2,4-dicrotoxy-6-methylpyrimidine
(XVI) in the presence of DEMT, and the reaction of XVI in the presence of TSA, MTS, or ETS.

9) E. Proff and H. Raddatz, Arch. Pharm., 295, 649 (1962).
10) T, Nishiwaki, Tetrahedvon, 22, 2401 (1966).
11) S. Senda, K. Hirota, and K. Banno, f. Med. Chem., 15, 471 (1972),
12) A. Maggiolo and A,P. Phillips, J. Org. Chem., 16, 376 (1951),
13) H.J. Minnemeyer, J.A. Egger, J.F. Holland, and H. Tieckelmann, J. Org. Chem., 26, 4425 (1961); F.J.
Dinan, H.J. Minnemeyer, and H. Tieckelmann, J. Org. Chem., 28, 1015 (1963).
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Chart 4
When XVI was heated in the presence of
—4- “ DEMT at 230—240°, 1,2,3,4-tetrahydro-1,3-
XVIII l' 3H 6H dimethallyl-6-methyl-2,4-dioxopyrimidine (XVII)
CTMS was prepared in 109, yield. But the compound
5H 4Hy that the rearrangement of a crotyl group to an
LA adjacent carbon atom took place could not be
separated. When TSA, MTS, or ETS was used
- ‘l at 140—150°, XVII was not obtained but 1,3-
XVl gy A SH6H rys - dicrotyl-1,2,3,4-tetrahydro-6-methyl-2,4-dioxopy-
o 1H oH ! rimidine (XVIII) in 509, yield. The structural
: . — confirmation of these isomers (XVII and XVIII)
8 7 6 5 4 3 2 1 0 was carried out by NMR spectra. The methyl
(ppm) group on methallyl group of XVII was appeared
Fig. 1. NMR (CDCly) Spectra of XVII as a sharp doublet (J=7 cps) but the methyl
and XVIII

group on crotyl group of XVIII was appeared as a
intricately split doublet coupled with olefinic

proton on crotyl group, which was snmlar to thatof XVI Irradiation of oleﬁmc proton of
XVIII resulted in a clear doublet (see Fig. 1). o

It is obvious that in the presence of aniline derivatives such as DEMT, the Claisen rear-
rangement occurred, on the contrary in the presence of p-toluenesulfonic acid derivatives such
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as TSA, MTS, or ETS, an intramolecular 1,3-shift'¥ (from oxygen to nitrogen) was
participated. :

It is said that the Hllbert-Johnson reaction is the conversion of alkoxypyr1m1dme into
N-alkylpyrimidine through the quarternary salt activated by using of alkyl halide. However,
our method which seems to be proceed via a stabilized transition state in TSA, MTS or ETS,
may be considered as a nucleophilic reaction by nitrogen on the migrating alkyl group.

Experimental

Al melting points were measured on a Yanagunoto Melting Point Apparatus and are uncollected. IR
spectra were taken on a JASCO infrared spectrophotometer IR-S. NMR spectra were run on a JEOL JNM-
MH-100 spectrometer using tetramethylsilane as an internal standard.

" General Procedure of 2,4-Dialkoxy-5,6-disubstituted-pyrimidines (IIIa—I) A mixture of 0.1 mol of
2,4- dlchloro 5,6- dlsubst1tuted-pyr1m1d1ne,15) 0.3 mol of sodium and 100 ml of absolute alcohol was refluxed for
1—3hr. ~ After evaporation of the solvent, water was added to the residue and the mixture was extracted
with CHCl;. The CHCl, layer was dried over MgSO, and evaporated to dryness. The residues were recrys-
tallized or d;stﬂled A m1xture of 1.6 g of 2,4-dichloro-6-methylpyrimidine,'®) 0.7 g of sodium and 10 ml of
absolute methanol was refluxed for 1 hr, . After evaporatlon of the solvent, 10 ml of water was added to the
residue and the mixture was extracted with CHCl,. The CHCly layer was dried over MgSO, and evaporated
to dryness. The residue was recrystallized from »-pentane to give IlIa.

General Procedure of 1,3-Dialkyl-1,2,3,4-tetrahydro-5,6- dlsubstltuted-2 4-dioxopyrimidines (IVa—1) by
Rearrangement—-—A mixture of 1 g of I1Ta—1 and a catalytic amount of TSA, MTS or ETS was heated on an
oil bath for a few min. After cooled, the product was purified by recrysta,lhzatlon or distillation; A mixture
of 1g of IITa and 0.1 g of TSA was heated on an oil bath at 180—190° for a few min. After cooled, the mixture
was recrystallized from benzene to give 0.8 g (80%) of IVa as colorless prisms, mp 114—115° (ht 113—115°).

2-Amino-3,6-dimethyl-3,4-dihydro-4-oxopyrimidine (VI) and 2-Amino-4-(3",6'~-dimethyl-3’, 4’~dihydro-
4’-oxopyrimidin-2’-yl)amino-6-methylpyrimidine (VII) by Rearrangement A mixture of 0.7 g of V and 50
mg of TSA, MTS, or ETS was heated on an oil bath at 180—190° for a few min. After cooled, the mixture
was washed with methanol, the deposited crystals were recrystallized from methanol to give VI and VII. VI;
mp 172—174°, 85 mg (12%), colorless needles. NMR (CDCly: DMSO-dg=1: 2) d: 2.15 (3H, singlet, C-CH,),
3.47 (3H, singlet, N-CH,), 5.20—5.70 (2H, broad singlet, NH,, exchanged with D,0), 6.00 (1H, singlet, aro-
matic proton). Anal. Caled. for CgHy,ON,: C, 51.79; H, 6.52; N, 30.20. Found: C, 51.85; H, 6.70; N, 29.88.
VI I; mp>300°, 0.52 g (42%), yellow prisms. NMR (DMSO-dg) 6: 2.20, 2.30 (6H, each singlet, 2 x C-CH,),
3.56 (3H, singlet, N-CH,), 6.20, 6.25 (2H, each singlet, 2 X aromatic proton). Anal. Calcd. for C;;H,,ONg:
C, 53.65; H, 5.73; N, 34.13. Found: C, 53.42; H, 5.92; N, 34.25.

Reaction of VII with 109, HCi A mixture of 0.3 g of VII and 15 mi of 109, HCl was heated at 80—90°
for 2 hr. After evaporation of the solvent, the residues were washed with a saturated NaHCO, solution and
the deposited crystals were collected. It was recrystallized from ethanol to give 85 mg (50%) of VI and 42
mg (289%) of VIIL.®

4-Amino-2-methoxy-6-methylpyrimidine (IX)——A mixture of 1.4 g of 4-amino-2-chloro-6-methylpyri-
midine,'® 0.8 g of sodium and 15 ml of absolute methanol was refluxed for 2 hr. After evaporation of the
solvent, 10 ml of water was added to the residue and unsoluble crystals were collected. It was recrystallized
from benzene to give 0.6 g (43%) of IX as colorless plates, mp 144—146°. Anal. Calcd. for CgHON;: C, 51.79;
H, 6.52; N, 30.20. Found: C, 52.01; H, 6.62; N, 30.41.

Reaction of V or IX with Aniline A mixture of 0.003 mol of V or IX and 10 ml of aniline was heated
at 170—180° for 6 hr through nitrogen gas. After cooled, 20 ml of ether was added to the mixture and the
deposited crystals were collected. The crystals were recrystallized from methanol to give X! and XI, or
XIIT and XIV. XI; mp>300° 0.19 g (21%), pale yellow plates. NMR (DMSO-dg) ¢: 2.30 (6H, singlet,
2 x C-CH,), 6.20 (2H, singlet, 2 X pyrimidine C;~H), 7.20—7.50 (5H, multiplet, benzene ring protons). Aual.
Caled. for C,sH,,N,: C, 62.52; H, 5.58; N, 31.90. Found: C, 62.73; H, 5.73; N, 31.55. XIII; 0.32 g (53%),
colorless prisms, mp 213—215°. NMR (DMSO-d;) 6: 2.30 (3H, singlet, C~CH,), 6.12 (1H, singlet, pyrimidine
C.~H), 7.25—1.55 (5H, multiplet, benzene ring protons). Aual. Caled. for CyyH,;N,: C, 65.98; H, 6.04; N,
97.98. Found: C, 65.78; H, 5.97; N, 27.81. XIV; 0.17 g (18%), mp >300°, yellow needles. Anal, Caled.
for C,4H,,N,: C, 62.52; H, 5.58; N, 31.90. Found: C, 62.37; H, 5.63; N, 32.01.

Reaction of V or IX with N-Methylaniline A mixture of 0.003 mol of V or IX and 10 ml of N-methyl-
aniline was heated at 170—180° for 6 hr through nitrogen gas. After cooled, 20 ml of ether was added to the

14) J.W. Schulenberg and S. Archer, “Organic Reactions,” vol. 14, John Wiley and Somns, Inc., New York,
N. Y., 1965, p. 3.

15) J.R. Marshall and J. Walker, J. Chem. Soc., 1951, 1015.

16) S. Gabriel and J. Colman, Ber., 32, 2921 (1899).
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mixture and the deposited crystals were collected. The crystals were recrystallized from methanol to give
XIIor XV. XII;0.29 g (45%), mp 225—227°, yellow prisms. NMR (DMSO-dy) d: 2.25 (3H, singlet, C-CH,),
3.25 (3H, singlet, N-CH,), 6.27 (1H, singlet, pyrimidine C;~H), 7.20—7.45 (5H, multiplet, benzene ring pro-
tons). Aunal, Caled. for C,,H,,N,: C, 67.27; H, 6.59; N, 26.15. Found: C, 66.98; H, 6.82; N, 26.35. XV:
0.24 g (389%), yellow prisms, mp 232—235° (decomp.). Anal. Caled. for C,,H,,N,: C, 67.27; H, 6.59; N, 26.15.
Found: C, 67.15; H, 6.40; N, 26.07.

2,4-Dicrotoxy-6-methylpyrimidine (XVI) A solution of 6.5 g of 2,4-dichloro-6-methylpyrimidine in
10 ml of 2-butene-1-0l was dropped into a solution of 2 g of sodium in 15 ml of 2-butene-1-ol under cooling.
The mixture was stirred for 1 hr at room temperature and the solvent was evaporated to dryness. To the
residues was added 20 ml of water and extracted with CHCl;. The organic layer was washed with water and
dried over MgS0,. After evaporation of the solvent, the residual oil was fractionated by distillation. bp, 4
85-—87°, 5.7 g (619%). pale brown oil. Aal. Caled. for C;3H,,O,N,: C, 66.64; H, 7.74. TFound: C, 66.93;
H, 7.98.

1,2,3,4-Tetrahydro-1,3-dimethallyl-6-methyl-2,4-dioxopyrimidine (XVII) by Rearrangement A mix-
ture of 1 g of XVI and 10 ml of DEMT was heated at 230—240° on an oil bath for 6 hr through nitrogen gas.
After cooled, most of the solvent was vacuum distilled. The residue was allowed to cool and stand at room
temperature for 2 hr. During this time the product (XVII) crystallized. The crystals were mixed with a
small amount of petroleum ether to facilitate filtration and collected. The product was washed with
a minimum amount of isopropyl ether to give 0.1 g (109%) of XVIII as a colorless needles, mp 39—41°.
Anal. Caled. for C,3H,50,N,: C, 66.64; H, 7.74; N, 11.96. Found: C, 66.39; H, 7.50; N, 11.88.

1,3-Dicrotyl-1,2,3,4-tetrahydro-6-methyl-2,4-dioxopyrimidine (XVIII) by Rearrangement A mixture
of 1 g of XVI and 0.1 g of TSA, MTS, or ETS was heated at 140—150° on an oil bath for a few min. After
cooled, the mixture was fractionated by distillation to give 0.5 g (50%) of XVIII as a colorless oil, bpg o, 82—
85°.  Amnal, Caled. for C;3H,,0,N,: C, 66.64; H, 7.74. Found: C, 66.72; H, 7.56.
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