ANALOGS OF PYRIMIDINE NUCLEOSIDES.
20.*% AMINOMETHYLATION OF 5-FLUOROURACIL AND THYMINE
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Reactions were studied of 5-fluorouracil and thymine with formaldehyde and
secondary amines (piperidine, morpholine) and also of their 2,4-bis(trimethyl-
silyl) derivatives with N-methoxymethylmorpholine and bis(amino)methanes. The
N-aminomethylation products are slightly stable and in aqueous solutions de-
compose readily to the starting components; their structure was confirmed by
PMR spectra.

It is known that aminomethylation of uracil proceeds at the 5-position [2, 3]. Several
S5-aminomethyluracils, including the azacyclo-analog of pseudouridine, 5-[N~(2-hydroxyethyl)-
N-methyl]-aminomethyluracil [3], were obtained by the Mannich reaction [3]. The aminometh-
ylation of 5~substituted uracils has not yet been investigated. According to [2], the amino-
methylation of thymine proceeds at the nitrogen atom at the 3-position, but this finding was
not sufficiently substantiated. The aminomethylation of 5-fluorouracil by the Mannich reac-
tion has not been described in the literature. Derivatives of 5-fluorouracil, aminometh-
ylated at the N(,) atom were obtained in [4] by the reaction of 2,4-bis(trimethylsilyl)-5-
fluorouracil with 2-methoxy-N-methoxy-N-methoxymethylcaprolactam., N-aminomethyl deriva-:-
tives, which, in contrast to the corresponding derivatives at the C(s) atom, are appreciably
less stable towards hydrolysis, were obtained by aminomethylation of 1,2,4~triazines,
including 6-azauracil [5, 6]. (5-Flurouracil-l-yl)azacycloalkanes, (5-fluorouracil-l-yl)-
lactams, and (5-fluorouracil-l-yl)amino acids, with a geminal diamine structure, are con~
sidered as potential antitumor agents [4, 7, 8]. Therefore, the N-aminomethyl derivatives
of 5-fluorouracil are also of interest from the standpoint of their antitumorigenic activity.

In the present work, we studied the reactions of 5-fluorouracil (Ia) and thymine (Ib)
with formaldehyde and secondary amines (piperidine, morpholine) and also of 2,4-bis(trimeth-
ylsilyl) derivatives of 5~fluorouracil (VIa) and of thymine (VIb) with N-methoxymethylmor-
pholine (VII) and bis(amino)methanes VIII-X.

s} OSiMe ¢
I e :
ENT T 7 o NSO
)J + CH,0 + HNR'E? ; lJ
0~ N7 o, Mo, 5107 N
H ) 27
1a,6 i \ V1a5
| S
o0 - 0
P ST G
BRINCH, N CMRC RIS
) J + # ! H
0’/\N OAN/ -
I 12 | 1,2
CH,NR'R Cit NR'R?
v, v, Xie,b X1
I, IV—-VI, XI a R=F, b R=CHy; Il IV, VIII R'R?=~—(CHy)s—, IIL V, IX RIR?=

=—(CH,);0(CHz)s—, X—XII R'=CH;, R*=C,H;

‘When 5-fluorouracil or thymine are boiled with a 3-~5-fold excess of piperidine or mor-
pholine and formaldehyde in ethanol, 1,3-bis-Mannich bases IV and V are formed in a yield up

*For Communication 19, see [1].
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TABLE 1. Characteristics of l1-Mono~ and 1,3-Bis(aminomethyl)
Derivatives of 5-Fluorouracil and Thymine IV, V, XI, XII

Com- mp, T Calculated, % Empirical Found, % Yield, %
’
pound c u N formula | < ‘ i l N A B
[Va | 150—1521{ 89,2 7.8 17,3 CisHusFNGOy | 594 1 7.9 17,2 65 50
{dec.)
W | 175—177 | 63,7 | 8.8 17,5 C;7H2sN.02 63,5 | 9,0 174 90 73
(dec.) :
Va 128—130 | 51.2 6.5 17,1 CiHyFNJO, | 511 6.6 17,0 72 6l
Vb 123—125 | 55,6 7.5 17,3 CisHaeN,O. 55.5 7.8 174 74 57
Xla | 103—105] 652 | 58 152 CaolHgiFN,O2 | 65,1 5,6 15,1 — 52
XIb | 104—106 | 69,2 6.7 15,4 CaHayN4Oo 69.3 | 638 15,2 — 23
X1 1130—132 | 636 | 62 17,1 CisHsN;Oq 639 1 6,0 17,3 53
(dec+}

to 90%Z. At a twofold excess of the amine, the yield of the products decreases to 45%. Com—
pounds IV and V are white crystalline substances, which decompose during recrystallization
from ethanol or chloroform with the formation of the initial bases Ia,b. However, they can
be purified by recrystallization from a 1:3 mixture of ethyl acetate and hexane. The char-
acteristics of products IV and V are given in Tables 1 and 2. The reaction could not be
obtained with N-methylaniline and dimethylamine.

It is known that during the alkylation of 2,4-bis(trimethylsilyl) derivatives of 5-
fluorouracil and thymine (VIa,b) by glycosyl halides [9] and a-chloroethers [10], l-substi-
tuted pyrimidine bases are formed. Therefore, to obtain N-mono-substituted derivatives of
5-fluorouracil and thymine, we used the silyl derivative method. As aminomethylating rea-
gents, we used N-methoxymethylmorpholine (VII), bis(piperidino)methane (VIII), bis(morpho-
lino)methane (IX), and bis(methylanilino)methane (X). The reaction was carried out in an-
hydrous medium without a solvent, and also in acetonitrile or dichloroethane at a tempera-
ture of 20-50°C., The reaction of the silyl derivative VIa with amine VII (in a 1:2 ratio)
at 20°C 1is completed after a few minutes with the formation of a Mannich base Va, identical
to that described above. At a l:1 ratio of the reagents, compound Va is also formed, but
with a lower yield. Product Va was also obtained by using amine IX. Compounds IVa,b and
XIa were synthesized in a similar way, while in the reaction of the silyl derivative VIb
with amine X, not only the bis-Mannich base XIb, but also a mono-substituted derivative,
l-methylanilinomethylthymine (XII), could be isolated. In the PMR spectra, the NCH,N signals
at the N(i) and N(;) atoms were assigned on the basis of comparison with the data for l-mono-
and 1,3-bishydroxymethyluracils [11]. Aminomethylation of compounds VIa,b by the action of
bis(dimethylamino)methane could not be accomplished.

The N-Mannich bases of 5-fluorouracil and thymine decompose in polar solvents with the
liberation of the starting pyrimidine. In water, at room temperature, they decompcse in the
course of a few minutes. The synthesized compounds may find application in organic synthesis
as reactive bifunctional derivatives of 5~-fluorouracil and thymine.

EXPERIMENTAL

The melting points were determined on a Boetius microblock, The PMR spectra were ob-
tained on a Bruker WH-90 spectrometer in CDCla, relative to HMDSO as internal standard.

Preparation of Bis(amino)methanes. Bis(dimethylamino)methane was obtained according
to [12]. Compounds VIII-X were obtained in a similar way. Bis(piperidino)methane (VIII),
bp 114-116°C (22 mm), np®°® 1.4820 (according to the data in [13], bp 59.5-61°C (0.6-0.7 mm),
np?° 1.4830). PMR spectrum (CDCls): 2.82 (2H, s, NCH.N), 2.38 (8H, d, J = 6.0 Hz, Ci,"CH),
1.47 ppm (12H, s, CHa). Bis(morpholinc)methane (IX), bp 97-100°C (7 mm), np®° 1.457C. PMR
spectrum (CDCls): 3.73 (8H, t, CH,OCH.), 2.96 (2H, s, NCH.N), 2.56 ppm (8H, t, CHzNCHj).
Bis(methylanilino)methane (X), bp 192-195°C (10 mm), nD2° 1.6145. PMR spectrum (CDCls):
7.33-7.09 (54, m, Ph), 6.93-6.64 (5H, m, Ph), 4.96 (2H, s, NCHy;N), 2.87 ppm (6H, s, CHs).

Methoxymethylmorpholine (VII) was obtained by a method described in [14].

1,3-Bis(aminomethyl) Derivatives of 5-Fluorouracil and Thymine (IV, Va,b, XIa). A. A
5 ml portion of a 317 solution of formaldehyde and 0.06-0,10 mole of the correspondir: amine
II or III are added with stirring to a suspension of 0.02 mole of Ia or Ib in 50 ml or
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TABLE 2. PMR Spectra of 1-Mono- and 1,3-Bis(aminomethyl)
Derivatives of 5-Fluorouracil and Thymine IV, V, XI, XII

Cont- Chemical shift, 6, ppm J, Hz)
pound 61'13‘: V'S';{Hs \E?I}){CsH other signals
I'Va | 7.40 (5.8) 4,93 4,49 2ég (?H m, CH:NCH;); 1,52 [i12H, m,
(CHz)
IVb | 7,09 (0,9) 4,93 449 2,58 (8H, m, CH:NCH,): 1,93 (3H, d, /=
=0,9Hz, CH;); 1,49 {12H, m, (CHy)]
Va 7,38 (5,8) 4,97 4,51 3,67 (8H, q, CHOCH;); 2,67 (8H, m,
CH,NCHy)
Vb 7.09 (0.9) 4,96 4,50 369 (8H, q, CPQOCH) 2,67 (8H, m,
CH,NCH,); 1,96 (3Hd,, 9Hz CHjy)
Xla — 5,60 5,29 7,40—6,69 (11H,m, Ph, 6H 3,13 (3H, s,
NCH,); 3,04 (3H, s, NCH,
XIb — 5,62 5,31 740—6,73 (11H, m, Ph, 6H) 3,13 (3H,s,
NCH,); 3.04 (3H, s, NCH;); 1,82 (3H,4d,
J=09Hz, CH;
X1l - — 5,33 891 (1H,s., NH); 742—7.18 (5H, ™ Ph);
700—678(5H m Ph); 3.07 (3H,s, NCH;);
1,84 (3H. d,/=09Hz, CH;)

ethanol. The reaction mixture is boiled for 2 h, then coocled, and the precipitate that sepa-
rates is filtered. The filtrate is evaporated, and 10 ml of hexane is added to the residue.

The precipitate that separates is filtered. The combined precipitate is recrystallized from

a hexane—ethyl acetate (3:1) mixture. Compounds IVa,b and Va,b are obtained.

B. A 0.02 mole portion of VII (or IX) is added slowly, with stirring, to 0.0l mole of
Vla, and the mixture is stirred for 1 h at 20°C. A 10 ml portion of hexane is added, the
precipitate is filtered, and extracted by 10-15 ml of ethyl acetate. The solvent is evapo-
rated, and the residue is recrystallized from a hexane—ethyl acetate (3:1) mixture. Compound
Va is obtained.

Compounds IVa and XIa are obtained in a similar way using amines VIII and X.

Compounds IVb and Vb are obtained by reacting compounds VIb with amine VII (or VIII,
IX) in 5 ml of dry dichloroethane at 30-50°C.

1,3-Bis(methylaminomethyl) thymine (XIb) and l1-Methylanilinothymine (XII). A 0.02 mole
portion of amine X is added to a solution of 0.0l mole of VIb in 5 ml of dry dichloroethane,
and the mixture is stirred for 1 h at 30-50°C. A 10 ml portion of hexane is added, and the
precipitate is filtered and recrystallized from a hexane—ethyl acetate (3:1) mixture. Com-
pound XII is obtained. Evaporation of the filtrate and treatment of the residue by ethyl
acetate (7 ml) and hexane (10 ml) gives crystalline XIb, which is purified by recrystalliza-
tion from a hexane—ethyl acetate (3:1) mixture.
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SYNTHESIS OF 1-(3-HALOTETRAHYDRO-2-FURYL) DERIVATIVES
OF URACIL, 5-SUBSTITUTED URACILS, AND CYTOSINE

L. T. Kaulinya and M. Yu. Lidak UDC 547.854.4'722,4:542.94.944

The cis and trans isomers of 1-(3-halotetrahydro-2-furyl) derivatives of ura-
cil, 5-substituted uracils, and cytosine were obtained by alkylation of 2,4~
bis(trimethylsilyl) derivatives of uracil, 5-substituted uracils, and cytosine
with 2,3-dihalotetrahydrofurans. 2,3'-Anhydro compounds are also formed in
the alkylation of 5-halouracil derivatives. The physicochemical properties of
the compounds obtained and the antineoplastic activities of the 5-fluorouracil
derivatives were studied.

Some analogs of nucleosides that contain a halogen atom in the glycoside part of the
molecule have antineoplastic [1, 2] and antiviral [3] activity. It seemed of interest to
synthesize analogs of the well-known antineoplastic preparation fluorafur [4] that contain
a chlorine or bromine atom in the 3 position of the tetrahydrofuran ring. The introduction
of halogen increases the lipophilicity of the compounds, thereby changing their ability to
penetrate through the cell membranes and the overall biological effect in the organism.

To synthesize the 1-(3-halotetrahydro-2-furyl) derivatives of the pyrimidine bases we
used alkylation of silyl derivatives of uracil, S5-substituted uracils, and cytosine, as well
as our previously developed method for the alkylation of nucleic acid bases in the presence
of triethylamine [5]. A preliminary communication regarding the synthesis of these compounds
has been published [6]. 2,3-Dihalotetrahydrofurans, which are formed by the addition of chlo-
rine orbromine to 2,3-dihydrofuran and have a trans structure [7, 8], served as the alky~
lating agents. In the course of the reactions we obtained mixtures of cis (IIa-g, IVa-g)
and trans (IIIa-g, Va-g) isomers of 1~(3-halotetrahydro-2-furyl)uracils and cytosine. A
side product, which is formed in maximum amounts in the alkylation of Ic, was detected
chromatographically in the alkylation of silyl derivatives Ic—f of 5-halouracils. We iso-
lated side product VIc of the reaction of the silyl derivative of 5-fluorouracil and 2,3-
dihalotetrahydrofurans and proved its structure to be that of a 2,3"-anhydro compound on
the basis of PMR spectroscopy and the results of elementary analysis. Compounds VId,e are
formed in very small amounts, and their presence in the mixtures of reaction products was
detected by means of PMR spectroscopy.
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