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5-(4-Methylpiperidino)methyl-2-thiouracil (1) has been obtained via the Mannich reaction between
2-thiouracil, paraformaldehyde, and a cyclic secondary amine such as 4-methylpiperidine (4-MP) in
ethanol. New S,N(1)-di-o-(m- and p-)bromo-(nitro-) benzyl-substituted derivatives have been synthe-
sized successfully in the reactions of 1 with the corresponding o-(m- and p-)bromobenzyl bromides or
o-(m- and p-) nitrobenzyl chlorides in DMF solution in the presence of K,COs. The opposite method of

synthesis, that is, the reaction between 2-o-(m- and p-)bromobenzylthio-1-o0-(m- and p-)bromobenzyl-
uracils and 2-o0-(m- and p-)nitrobenzylthio-1-o0-(m- and p-) nitrobenzyluracils (8), with paraformalde-
hyde and 4-methylpiperidine in ethanol failed, indicating the important role of the enol form of
2-thiouracil for the Mannich reaction to be successful.

© 2008 Elsevier Ltd. All rights reserved.

The thio analogs of pyrimidine bases, including 2-thiouracil, are
minor components of t-RNA. Their S-, N-, or S,N-disubstituted ana-
logs have shown therapeutic properties, especially antiviral, anti-
thyroid, and antitumor activities.! The prototropic tautomerism
of 2-thiouracil has attracted much attention in the last decade.
The tautomeric equilibrium of 2-thiouracil determines its chemo-
and regioselectivity, and depends on the temperature and on
whether the 2-thiouracil is in solution or in the solid state.?

This Letter reports the synthesis and physicochemical
properties of new, 5-(4-methylpiperidino)methyl-2-thiouracil (1),
2-0-(m- and p-)bromobenzylthio-1-0-(m- and p-)bromobenzyl-5-
(4-methylpiperidino)methyluracils (2-4), and 2-o-(m- and p-)
nitrobenzylthio-1-0-(m- and p-)nitrobenzyl-5-(4-methylpiperidi-
no)methyluracils (5-7). Compound 1 was synthesized via a
Mannich reaction of 2-thiouracil, paraformaldehyde, and 4-meth-
ylpiperidine. The structures of all the compounds obtained were
determined by examining their 'H and '*C NMR, FT-IR, UV/VIS,
EI-MS as well as ESI-MS spectra and elemental analyses.

Previously, Mannich reactions using 2-methylthio-6-methyl-
uracil or 6-methyl-2-thiouracil with 40% formalin, glacial acetic
acid, and piperidine in ethanol had given 2-methylthio-5-meth-
ylpiperidino-6-methyluracil or 6-methyl-5-methylpiperidino-
2-thiouracil, respectively, in low yields.> An antimetabolite of
thymine, 5-morpholinomethyl-2-thiouracil (MMTU), had been
synthesized via the Mannich reaction of 2-thiouracil, formalde-
hyde, and morpholine in ethanol as a solvent.* We used this meth-
od, with some modifications, to prepare compound 1.

* Corresponding author. Tel.: +48 0618291252.
E-mail address: tposp@amu.edu.pl (T. Pospieszny).
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A series of S,N(1)-di-o-(m- and p-)bromo-(nitro-)benzyl-substi-
tuted derivatives were synthesized regioselectively via the reaction
of 1 with o-(m- and p-)bromobenzyl bromides or o-(m- and p-)-
nitrobenzyl chlorides in dry DMF solution in the presence of
K;CO3 at room temperature for 24 h (Scheme 1). These compounds
were not produced from 2-o0-(m- and p-)bromobenzylthio-1-o-(m-
and p-)bromobenzyluracils and 2-o0-(m- and p-)nitrobenzyl-thio-1-
0-(m- and p-)nitrobenzyluracils (8), when heated with paraformal-
dehyde and 4-methylpiperidine in ethanol (Scheme 2).

The mechanism of the well-known Mannich reaction involves
nucleophilic attack of the free electrons of the nitrogen atom of
4-methylpiperidine on the carbonyl atom of formaldehyde, leading
to formation of an intermediate formaldehyde-amine adduct.® This
adduct is a very good aminomethylation agent. In the next step, the
adduct reacts with the lactam-thione form of 2-thiouracil to give
C-5-substituted derivatives of 2-thiouracil.® Compounds 8 cannot
lose an N-hydrogen because the N(1) atom is substituted with an
0-(m- and p-)bromo- or nitrobenzyl group, and this must prevent
the Mannich reaction taking place.

The reaction of 5-(4-methylpiperidino)methyl-2-thiouracil (1)
with relatively soft o-(m- and p-)bromobenzyl bromide electro-
philes or hard o-(m- and p-)nitrobenzyl chloride electrophiles in
DMF at room temperature led regioselectively to 2-o-(m- and
p-)bromobenzylthio-1-0-(m- and p-)bromobenzyl-5-(4-methylpi-
peridino)methyl uracils (2-4) and 2-o-(m- and p-)nitrobenzyl-
thio-1-0-(m- and p-)nitrobenzyl-5-(4-methylpiperidino)methyl
uracils (5-7).

The "H NMR spectra of compounds 1-7 in DMSO-dg showed a
characteristic two-hydrogen singlet in the range 3.11-3.37 ppm,
assigned to the methylene protons C-CH,-N, and a one hydrogen
singlet in the range 7.23-8.59 ppm for C6-H of the 2-thiouracil
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ring. The 'H NMR spectra of compounds 2-7 in DMSO-dg showed
characteristic singlets in the range 4.45-4.58 ppm and 4.91-
5.21 ppm, assigned to the S-CH, and N1-CH, protons, respectively.
The protons of the o-, m-, and p-bromo- or o-, m-, and p-nitrosub-
stituted benzyl rings gave signals in the range 7.27-8.33 ppm.

The FT-IR spectra of all the compounds in KBr tablets revealed
two strong, characteristic bands in the region 1669-1641 cm™!
and 1587-1541 cm™!, assigned to v(C4=0) and v(C5=C6), respec-
tively. The most characteristic peaks in the FT-IR spectra of water-
free 2-7 in KBr pellets were the bands at 2871-2863 cm™!, 2951-
2926 cm !, and 1448-1427 cm ™, assigned to v(N-CH,), v(S-CH5),
and §(S-CH,), respectively.

In conclusion, 5-(4-methylpiperidino)methyl-2-thiouracil (1)
was synthesized via a Mannich reaction of 2-thiouracil, formalde-
hyde, and 4-methylpiperidine. From this, six new compounds
2-0-(m- and p-)bromobenzylthio-1-0-(m- and p-)bromobenzyl-5-
(4-methylpiperidino)methyl uracils (2-4) and 2-o-(m- and p-)
nitrobenzylthio-1-0-(m- and p-)nitrobenzyl-5-(4-methylpiperidi-
no)methyl uracils (5-7) were prepared.”
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Compound 1—(isolated yield 89%, mp 95-96 °C). 'H NMR (300 MHz, DMSO-ds,
ppm): § 3.11 (2H, s, C5-CH,), 7.23 (1H, s, C6-H), 2.50 (4H, t, J=12.3 Hz,
N(CH,),), 1.46 (4H, q, J=12.3 Hz, CH;), 1.35 (1H, m, C10-H), 0.88 (3H, d,
J=12.0 Hz, CHs). 13C NMR (75 MHz, DMSO-ds, ppm): § 174.15 (C2), 161.15 (C4),
113.90 (C5), 139.41 (C6), 52.97 (C7), 52.67 (C8), 33.96 (C9), 30.12 (C10), 21.87
(C11). FT-IR (KBr, cm™'): w(C4=0) 1652, v(C5=C6) 1569, v(C2=S) 1246. EI MS
(m/z, % int.): 239 (M*, 26), 98 (100). UV/Vis (CH30H, nm, loge): 213.5 (4.09),
273.0 (4.16). Anal. Calcd for Cy1H;7N30S: C, 55.20; H, 7.16; N, 17.56; S, 13.40.
Found: C, 55.23; H, 7.15; N, 17.63; S, 13.46.

Compound 2—(isolated yield 62%, mp 185-186 °C). 'TH NMR (300 MHz, DMSO-
ds, ppm): 6 3.33 (2H, s, C5-CH,), 8.59 (1H, s, C6-H), 2.50 (4H, t, J=12.3 Hz,
N(CH;),), 1.72 (4H, q, J=12.3 Hz, CH;), 1.34 (1H, m, C10-H), 0.91 (3H, d,
J=12.0Hz, CHs), 4.52 (2H, s, S-CH>), 5.21 (2H, s, N1-CH,), phenyl ring: 7.68 (H,
d, J=7.4Hz, C3'-H), 7.32 (H, t, J=7.6 Hz, C4'-H), 7.27(H, t, ] = 7.6 Hz, C5'-H),
7.46 (H, d, J=7.4 Hz, C6'-H), 7.57 (H, d, J = 7.4 Hz, C3"-H), 7.29 (H, t, ] = 7.6 Hz,
C4"-H), 7.27 (H, t, J=7.6 Hz, C5"-H), 7.44 (H, d, J = 7.4 Hz, C6”-H). '*C NMR
(75 MHz, DMSO-dg, ppm): § 165.99 (C2), 161.14 (C4), 116.90 (C5), 152.18 (C6),
55.38 (€C7),51.93 (C8), 34.41 (C9), 30.85 (C10), 20.34 (C11), 34.41 (S-CH,), 64.66
(N1-CH>), phenyl ring: 134.67 (C-1"), 123.92 (C-2'), 132.78 (C-3'), 127.91 (C-4'),
130.13 (C-5'), 131.45 (C-6'), 133.03 (C-1"), 121.59 (C-2"), 132.49 (C-3"), 127.68
(C-4"),129.92 (C-5"), 131.27 (C-6"). FT-IR (KBr, cm™!): v(C4=0) 1645, v(C5=C6)
1541, v(N-CH,;) 2869, v(S-CH;) 2926, §(S-CH,) 1439. EI MS (m/z, % int.): 577
(M™, 3), 168 (100). UV/Vis (CH30H, nm, loge): 218.0 (4.36), 291.0 (4.16). Anal.
Calcd for C;5H,7N30SBr,: C, 52.01; H, 4.71; N, 7.28; S, 5.55. Found: C, 52.06; H,
4.78; N, 7.33; S, 5.59.

Compound 3—(isolated yield 68%, mp 103-104 °C). '"H NMR (300 MHz, DMSO-
ds, ppm): 6 3.34 (2H, s, C5-CH,), 8.50 (1H, s, C6-H), 2.50 (4H, t, J=12.3 Hz,
N(CH,),), 1.74 (4H, q, J=12.3 Hz, CHy), 1.39 (1H, m, C10-H), 0.91 (3H, d,
J=12.0 Hz, CH3), 4.50 (2H, s, S-CH,), 5.21 (2H, s, N1-CH>), phenyl ring: 7.59 (1H,
s, C2'-H), 7.41 (1H, d, J = 7.4 Hz, C4’-H), 7.28 (1H, t, ] = 7.6 Hz, C5'-H), 7.33 (1H,
d,J=7.4Hz, C6'-H), 7.49 (1H, s, C2"-H), 7.38 (1H, d, ] = 7.4 Hz, C4"-H), 7.29 (1H,
t,J = 7.6 Hz, C5"-H), 7.31 (1H, d, ] = 7.4 Hz, C6”-H). '3C NMR (75 MHz, DMSO-ds,
ppm): § 165.30 (C2), 161.27 (C4), 116.80 (C5), 152.10 (C6), 55.26 (C7), 52.73
(C8), 34.14 (C9), 30.64 (C10), 20.24 (C11), 34.14 (S-CH,), 65.32 (N1-CH>),
phenyl ring: 140.87 (C-1’), 131.67 (C-2'), 121.94 (C-3'), 129.84 (C-4), 130.95 (C-
5'), 128.09 (C-6'), 139.10 (C-1"), 131.33 (C-2"), 121.40 (C-3"), 129.51 (C-4"),
130.76 (C-5"), 127.07 (C-6"). FT-IR (KBr, cm™'): v(C4=0)1641, v(C5=C6) 1541,
v(N-CH,) 2869, v(S-CH;) 2927, 5(S-CH,) 1427. EI MS (m/z, % int.): 577 (M™, 3),
168 (100). UV/Vis (CH30H, nm, loge): 220.0 (4.39), 295.0 (4.15). Anal. Calcd for
C5Hy7N30SBry: C, 52.01; H, 4.71; N, 7.28; S, 5.55. Found: C, 52.11; H, 4.68; N,
7.32; S, 5.58.

Compound 4—(isolated yield 64%, mp 98-99 °C). '"H NMR (300 MHz, DMSO-ds,
ppm): ¢ 3.33 (2H, s, C5-CH,), 8.56 (1H, s, C6-H), 2.51 (4H, t, J=12.3 Hz,
N(CH,),), 1.74 (4H, J=12.3Hz, q, CHy), 1.39 (1H, m, C10-H), 0.91 (3H, d,
J=12.0 Hz, CH3), 4.46 (2H, s, S-CH;), 5.21 (2H, s, N1-CH,), phenyl ring: 7.58 (1H,
d,J=7.2Hz,C2'-H),7.39 (1H, d,J = 7.2 Hz, C3'-H), 7.38 (1H, d,] = 7.2 Hz, C5'-H),
7.57 (1H, d, J=7.2 Hz, C6'-H), 7.52 (1H, d, J=7.2 Hz, C2"-H), 7.37 (1H, d,
J=7.2Hz, C3"-H), 7.37 (1H, d, J = 7.2 Hz, C5”-H), 7.51 (1H, d, J = 7.2 Hz, C6"-H).
13C NMR (75 MHz, DMSO-ds, ppm): 6 166.14 (C2), 161.36 (C4), 117.99 (C5),
153.99 (C6), 55.18 (C7), 51.79 (C8), 34.28 (C9), 30.76 (C10), 20.24 (C11), 32.84
(S-CH,), 64.83 (N1-CH,), phenyl ring: 136.17 (C-1"), 135.59 (C-2’), 131.57 (C-3),
121.26 (C-4'), 131.57 (C-5'), 135.59 (C-6'), 135.78 (C-1"), 135.05 (C-2"), 131.19
(C-3"), 120.54 (C-4"), 131.19 (C-5"), 135.05 (C-6"). FT-IR (KBr, cm~'): v(C4=0)
1642, v(C5=C6) 1548, v(N-CH,) 2869, v(S-CH,) 2926, §(S-CH,) 1429. EI MS
(m/z, % int.): 577 (M*, 3), 168 (100). UV/Vis (CH30H, nm, loge): 222.0 (4.38),
290.0 (4.14). Anal. Calcd for CysH,7N30SBr;: C, 52.01; H, 4.71; N, 7.28; S, 5.55.
Found: C, 52.09; H, 4.80; N, 7.34; S, 5.51.

Compound 5—(isolated yield 62%, mp 133-134 °C). 'TH NMR (300 MHz, DMSO-
ds, ppm): 6 3.37 (2H, s, C5-CH,), 7.67 (1H, s, C6-H), 2.51 (4H, t, J=12.3 Hz,
N(CH;),), 1.67 (4H, q, J=12.2 Hz, CH;), 1.41 (1H, m, C10-H), 0.90 (3H, d,

J=12.3 Hz, CH3),4.58 (2H, s, S-CH,), 5.05 (2H, s, N1-CH,), phenyl ring: 8.28 (1H,
d,J=7.2Hz,C3'-H), 7.99 (1H, t,] = 7.3 Hz, C4'-H), 7.84 (1H, t, ] = 7.3 Hz, C5'-H),
7.77 (1H, d, J=7.2Hz, C6'-H), 8.16 (1H, d, J=7.2Hz, C3”"-H), 7.96 (1H, t,
J=7.3Hz, C4"-H), 7.74 (1H, t, ] = 7.3 Hz, C5"-H), 7.48 (1H, d, = 7.2 Hz, C6"-H).
13C NMR (75 MHz, DMSO-dg, ppm): § 167.95 (C2), 160.92 (C4), 117.90 (C5),
153.04 (C6), 54.09 (C7), 51.90 (C8), 34.27 (C9), 30.35 (C10), 21.27 (C11), 32.08
(S-CH,), 64.09 (N1-CH,), phenyl ring: 132.42 (C-1"), 148.62 (C-2'), 125.11 (C-3’),
130.20 (C-4'), 134.08 (C-5), 133.54 (C-6'), 132.15 (C-1"), 147.99 (C-2"), 124.53
(C-3"), 128.53 (C-4"), 133.79 (C-5"), 132.92 (C-6"). FT-IR (KBr, cm™"): v(C4=0)
1669, v(C5=C6) 1586, v(N-CH,) 2863, v(S-CH,) 2947, 5(S-CH,) 1442. EI MS
(m/z, % int.): 98 (100), 509 (M*, 2). UV/Vis (CHsOH, nm, loge): 225.0 (4.38),
285.0 (4.14). Anal. Calcd for Cp5H,7Ns0sS: C, 58.93; H, 5.34; N, 13.74; S, 6.29.
Found: C, 58.99; H, 5.38; N, 13.79; S, 6.34.

Compound 6—(isolated yield 63%, mp 124-125 °C). '"H NMR (300 MHz, DMSO-
ds, ppm): 6 3.64 (2H, s, C5-CH,), 8.30 (1H, s, C6-H), 2.50 (4H, t, J=12.3 Hz,
N(CH,),), 1.64 (4H, q, J=12.2 Hz, CH,), 1.47 (1H, m, C10-H), 0.90 (3H, d,
J=12.3 Hz, CH3), 4.46 (2H, s, S-CH,), 4.94 (2H, s, N1-CH,), phenyl ring: 8.33 (1H,
s, C2'-H), 8.23 (1H, d, J = 7.3 Hz, C4'-H), 8.19 (1H, t, ] = 7.2 Hz, C5'-H), 8.26 (1H,
d,J=7.3 Hz, C6'-H), 8.30 (1H, s, C2"-H), 8.22 (1H, d, J = 7.3 Hz, C4”-H), 8.15 (1H,
t,J=7.2 Hz, C5"-H), 8.23 (1H, d, ] = 7.3 Hz, C6”-H). '3C NMR (75 MHz, DMSO-ds,
ppm): § 166.15 (C2), 163.70 (C4), 116.95 (C5), 152.94 (C6), 53.64 (C7), 51.73
(C8),33.20(C9), 31.92 (C10), 21.48 (C11), 32.55 (S-CH;), 65.82 (N1-CH5), phenyl
ring: 140.83 (C-1'), 123.38 (C-2'), 147.38 (C-3'), 122.86 (C-4'), 129.99 (C-5),
135.49 (C-6'), 139.99 (C-1"), 123.17 (C-2"), 147.30 (C-3"), 122.00 (C-4"), 129.47
(C-5"), 135.34 (C-6"). FT-IR (KBr, cm™'): v(C4=0) 1669, v(C5=C6) 1586, v(N-
CHy) 2871, v(S-CH,) 2951, 5(S-CH,) 1446. EI MS (m/z, % int.): 98 (100), 509 (M*,
2). UV/Vis (CH30H, nm, loge): 221.0 (4.37), 283.0 (4.14). Anal. Calcd for
Cy5Ho7N505S: C, 58.93; H, 5.34; N, 13.74; S, 6.29. Found: C, 58.97; H, 5.30; N,
13.76; S, 6.35.

Compound 7—(isolated yield 66%, mp 112-113 °C). '"H NMR (300 MHz, DMSO-
ds, ppm): 6 3.45 (2H, s, C5-CH,), 8.18 (1H, s, C6-H), 2.51 (4H, t, J=12.2 Hz,
N(CH,),), 1.65 (4H, q, J=12.2Hz, CH;), 1.46 (1H, m, C10-H), 0.90 (3H, d,
J=12.0 Hz, CHs), 4.45 (2H, s, S-CH,), 4.91 (2H, s, N1-CH,), phenyl ring: 8.26 (1H,
d,J=7.2Hz, C2'-H),8.15(1H,d,]J = 7.2 Hz, C3'-H), 8.15 (1H, d, ] = 7.2 Hz, C5'-H),
8.26 (1H, d, J=7.2Hz, C6'-H), 8.18 (1H, d, J=7.2 Hz, C2"-H), 7.65 (1H, d,
J=7.2Hz, C3"-H), 7.65 (1H, d, ] = 7.2 Hz, C5"-H), 8.18 (1H, d, ] = 7.2 Hz, C6"-H).
13C NMR (75 MHz, DMSO-dg, ppm): § 166.21 (C2), 161.72 (C4), 116.81 (C5),
152.82 (C6), 53.82 (C7), 51.79 (C8), 33.20 (C9), 31.96 (C10), 21.19 (C11), 32.74
(S-CHy), 64.75 (N1-CH,), phenyl ring: 145.73 (C-1"), 130.28 (C-2'), 123.58 (C-3’),
146.57 (C-4'), 123.58 (C-5'), 130.28 (C-6'), 145.44 (C-1"), 129.89 (C-2"), 123.32
(C-3"), 146.03 (C-4"), 123.32 (C-5"), 129.89 (C-6"). FT-IR (KBr, cm~'): v(C4=0)
1669, v(C5=C6) 1587, v(N-CH,) 2869, v(S-CH;) 2947, 5(S-CH,) 1448. EI MS (m/
z, % int.): 509 (M™, 10), 98 (100). UV/Vis (CH30H, nm, loge): 219.0 (4.33), 286.0
(4.12). Anal. Calcd for C;5H27N505S: C, 58.93; H, 5.34; N, 13.74; S, 6.29. Found: C,
58.96; H, 5.37; N, 13.72; S, 6.33.

Compound 8, for example, the para-nitro isomer (isolated yield 78%, mp 117-
118°C). '"H NMR (300 MHz, CDCls-d, ppm): & 6.54 (1H, d, J=7.5 Hz, C5-H),
8.24 (1H, d, J=7.3Hz, C6-H), 443 (2H, s, S-CH,), 5.44 (2H, s, N1-CHy),
phenyl ring: 7.35 (1H, d, J= 7.2 Hz, C2'-H), 7.90 (1H, d, J = 7.2 Hz, C3’-H), 7.90
(1H, d, J=7.2 Hz, C5'-H), 7.35 (1H, d, J = 7.2 Hz, C6'-H), 7.50 (1H, d, J= 7.2 Hz,
C2"-H), 7.68 (1H, d, J=7.2 Hz, C3"-H), 7.68 (1H, d, J=7.2 Hz, C5"-H), 7.50
(1H, d, J=7.2 Hz, C6"-H). '*C NMR (75 MHz, CDCls-d, ppm): & 170.02 (C2),
157.57 (C4), 104.49 (C5), 167.88 (C6), 34.50 (S-CH,), 66.69 (N1-CH;), phenyl
ring: 145.52 (C-1"), 128.28 (C-2'), 123.87 (C-3'), 151.87 (C-4'), 123.87 (C-5'),
129.97 (C-6'), 142.99 (C-1"), 128.09 (C-2"), 123.72 (C-3"), 151.87 (C-4"),
123.72 (C-5"), 129.56 (C-6"). FT-IR (KBr, cm™!): v(C4=0) 1673, v(C5=C6)
1555, v(N-CH;) 2828, v(S-CH,) 2884, §(S-CH,) 1425. EI MS (m/z, % int.): 398
(M™, 51), 136 (100). UV/Vis (CHCls, nm, loge): 271.50 (4.34). Anal. Calcd for
Cy8H14N405S: C, 54.27; H, 3.54; N, 14.06; S, 8.05. Found: C, 54.11; H, 3.39; N,
14.32; S, 8.33.
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