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New Pyrimidine and Pyrimidone Derivatives of [60]Fullerene
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Abstract:

Pvrimidine and ovrimidone ivativ i
rynmidine ang pyrmgone genvaliy H

pyrimidone o-quinodimethanes with Cg. Fullerene derivatives having hydrophobic or hydrophilic chains were preparcd by

acylation of one of the adducts. A porphyrin-Cs, hybrid was also prepared. © 1998 Eisevier Science Lid. All rights reserved.

Kevwords: Diels-Alder reactions; Fullerenes; Porphyrins and analogues; Pyrimidines/pyrimidinones

1- INTRODUCTION

Recent studies on the biochemical and medicinal properties of some fullerene derivatives revealed important
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DNA are two of the most important applications of these compounds. In a different area, due to its ability to
accept electrons, [60]fullerene has been considered as a potential candidate to be used as acceptor in artificial
nd studied for this purpose.™" It
has been demonstrated that Cso acts as an effective primary electron acceptor in a carotene-porphyrin-fullerene
triad system, generating long-lived charge separated states with reasonable quantum yields."'

Recently we described the synthesis of some pyrimidine derivatives of fullerene Cso.'® Considering that
pynmlulnc Ut: T1Vé 'es are a g_""
one can foresee that pyrimidine derivatives of Cg might have important medicinal applications. Our previous
work has been extended to the synthesis of other pyrimidine-Cso derivatives, including a porphyrin-Cqs hybrid,

med 1o osrimcas vt aAd jn Aaeail
anda is now 1Cponca ii aciaii.
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production of heterocyclic derivatives of Cq is confirmed by the range of heterocyclic o-quinodimethanes

already used with success.'”™ We have also apphed this methodology to the synthesis of pyrimidine and

o-quinodimethanes 2 and 3, were generated in situ by thermal extrusion of sulfur dioxide from the
corresponding fused 3-sulfolenes 4 and 5. Another work on the synthesis of pyrimidine -Ceo derivatives, also

involving pyrimidine o-quinodimethanes, has been recently publ

positions 2 and 4 with two equal groups are used as precursors of the corresponding o-quinodimethanes.
Although this is an expeditious procedure to prepare some pyrimidine-Cq derivatives it lacks the versatility
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4a, X= OCH, Sa, R~ H
4b, X= piperazinyl Sb, R= CH;

2- RESULTS AND DISCUSSION

2.1- Diels-Alder reaction of pyrimidine and pyrimidone o-quinodimethanes with Ce,

The pyrimidine ** ** and pyrimidone ** ** fused 3-sulfolenes 4a, Sa and 5b were prepared as previously

reported. The new sulfone 4b was prepared by a similar procedure (see experimental).

l")

in refluxing 1,2 4-trichlorobenzene, under

e thermolvsis of pvrimidines 4 were done in the presence ¢ of C
€ thermolysis OI pyrimidir e 4o

,_.
-

a nitrogen atmosphere. When sulfone 4a was used, the obtained adduct 6a was separated from the unreacted
Ceo and the trichlorobenzene by column chromatography (silica). After partial evaporation of the eluent, the
e addition of hexane, filtered, dried and characterized by 'H, “C NMR and MS

(LSIMS). Its characterization presented no problem since adduct 6a is quite soluble in CS;. In contrast, adduct



6b could not be purified by column chromatography because of its very low solubility in mos
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hexane, filtered and the solid was then purified by
refluxing it in chloroform. Its mass spectrum confirmed the expected molecular weight (M+H= 988), but the

insolubility of adduct 6b prevented its characterization by solution NMR. However, the C CP/MAS NMR

idine-Ceo adduct: it displays a peak at 63.9 ppm (corresponding to

the bridgehead fullerene carbons), a peak at 115.2 ppm (corresponding to the carbon 4a of the pyrimidine ring),
8.7

a peak at 128.7 ppm (corresponding to the phenyl ring carbons), two very strong peaks at 142.7 and 145.2 ppm
{rnrrocnnndino tn the fiilllarana rarhanel and thrao naalg a+ 184 & 167 1 and 144 pom {(corresnon J LIV Lq
LVULTOSPUNIUILLE, LU LUD TULGI LU LAT DU} alild uilll pJedRs at 10455, 141 anld 190, I ppu \L,Ullcbpullullls LU L

carbons of the pyrimidine ring). Further evidence for the structure of adduct 6b was obtained by its

transformation into other fullerene derivatives (vide infra). For instance, the °C NMR spectrum (solution) of

comnonnd Ra ic dmilar (althauioh mare recaluad) ta tha B30 CD/MAQ NMR cnoantrim fenlid etatal ~F
VULLIPUUWLG Ta 1 SHIHIGL (QIUUEll HIVIL IWOULYWU) LU v o N LJLVEZWD LNIVHIN P UL \auuu btalc} vl
compound 6b
/\\
X = = X
1 7N |
/4 A\
N\ 4 >
N7 ]/\ 214°C | N
I ! SO, + Cg —— | | )\
>~ - _ =
e N SO:  \/N\ Y
i N \ A /, Ly il
. o
4a, X= OCH; =L YT 6a, X=0CH,
4b, X= piperazinyl 6b, X= piperazinyl
Thermolysis of pyrimidones Sa and Sb in the presence of Cg, under similar conditions to those used for the

preparation of adducts 6a and 6b, yielded the corresponding adducts 7a and 7b in moderate to good yields. In
the reaction of Cgy with 5b the adduct 7b was accompanied by a minor fraction corresponding to 2:1 adducts
(two pyrimidone o-quinodimethanes added to one fullerene molecule), as indicated by its mass spectrum (M+H

=1021).

©
/
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Adduct 7b was fully characterized by 'H and "C NMR, MS and IR. All the spectra are consistent with the

proposed structure. However, because of its very low solubility in most solvents, adduct 7a was characterized
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by “C CP/MAS NMR, MS and IR spectroscopies. The “C CP/MAS NMR spectrum (figure 1) clearly shows

bhha #:a:0m
Hno twuo

~

ppm),
bridgehead fullerene carbons (65.0 ppm). the carbon 4a of the pyrimidone ring (119.5
carbons (135.3-155.8 ppm) and the other three carbons of the pyrimidine ring (163.0 ppm). Again, this

compound 7b (31.3 ppm).

SR AAC NN v\

2.2- Synthesis of hydrophobic and hydrophilic fullerene derivatives

Compound 6b has the synthetically useful amine functionality. Hence it was decided to explore this feature
to transform it into other fullerene derivatives with different solubility paterns.

The reaction of adduct 6b with acetic anhydride, in pyridine, yielded its N-acetyl derivative 8a. This

IR AT 1

compound, which is very solubie in chioroform, was characterized by 'H and '"C NMR and MS. It is interesting
to note that the *C NMR spectrum of compound 8a shows nine signals corresponding to nine sp” carbons. This

means that the four carbon atoms of the piperazinyl group are not magnetically equivalent. This effect (not

the acetyl group) is probably due to the restricted rotation o

observed in suifone 4b lacking fth up

the acetyl group
about the C-N bond (a phenomenon common to N, N-disubstituted amides).” In a similar reaction, compound

6b was transformed into its AN-palmitoyl derivative 8b by reaction with palmitoyl chloride. As expected,

The reaction of compound 6b with cyclic anhydrides was expected to give water soluble fullerene

f
derivatives. It was disappointing to find that compound 9, obtained by reaction of compound 6b with succinic

one carboxvlic
one carboxyi

group is not enough to allow its solubilization in aqueous solutions. The IR spectrum of compound 9 shows
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clearly the peaks corresponding to the absorptions of the carboxylic (1716 cm™) and the amide (1625 cm™)
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10 and its use in th
synthesis of novel derivatives of meso-tetraphenylporphyrin.”’ The extrusion of sulfur dioxide from this
porphyrin derivative 10 in the presence of [60]fullerene was expected to yield the new porphyrin-quinazoline-

llerene triad 11 In the event, we found that, in fact, 10 can be successfully employed to the functionalization

of Cqo.

When porphyrin 10 and Cs were heated in refluxing 1,2,4-trichlorobenzene, two fractions, corresponding to
new compounds, were obtained after chromatography (column and preparative TLC). The less polar one
(shown by TLC and NMR to be only one compound) was obtained in 60% yield. Mass spectrum (M+H = 1469,
M+2H = 1470) and the detailed analysis of the 'H and "C NMR spectra, allowed us to confirm that we were in
the presence of the novel 1:1 mono-adduct 11. The 'H NMR spectrum, in addition to the aromatic protons due

to the porphyrinic ring, revealed the presence of one singlet at 3 2.81 ppm, which was assigned to the methyl



protons of the pyrimidine ring, and two singlets at 3 4.52 and 4.63 ppm corresponding to the four methylene

protons. Besides the multitude of signals between 121.8 and 153.6 ppm (due to the presence of the porphyrin
and fullerene carbons), the “C NMR spectrum showed resonances at 22.3, 42.3 (assigned, respectively, to the

methyl and methylene carbons) and § 64.3 ppm (bridgehead fullerene carbons).

NP
) A 214°C )
P + C60 - - s
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- AN it I
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The analysis of the other fraction by MS showed parent ions (M+H = 2217) which suggests the presence of

1 LA SHI L i

;
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the 2:1 adducts 12. The formation of this type of adducts was confirmed by the reaction of the monoadduct 11

obtained. It was observed by TLC that this fraction is constituted by several compounds with very similar Ry

These are, presumably, isomeric bisadducts;™* no attempts were made to separate them.

3- EXPERIMENTAL

'H

Z

nd "*C solution NMR spectra were recorded on a Bruker AMX 300 spectrometer. CDCl; or CS,/CDCl,

1 1 . 1 TR ALY el | T (U i S, oiven i 1y, lir 13~ g -
was used as solvent and 1MD as miernal rererence. 1 ne€ coupling constanis are g en in H ri- U LUT0S8s-

polarization magic-angle spinning (CP/MAS) NMR spectra were recorded at 100.62 MHz on a Bruker MSL
400P spectrometer. The 7 mm double-bearing rotors were spun in air at 9.0 and 10.0 kHz. Contact times of 2
and 5 ms and recycle delays of 8s were used. Chemical shifts are quoted in ppm from (external) TMS. Mass

spectra were recorded on a VG AutoSpec-Q instrument. The IR spectra were recorded on a Mattson 7020

Galaxy FTIR spectrometer. The UV-Vis spectra were recorded on a Hitachi U-2000 spectrophotometer.
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Sulfone 4b was obtained by the reaction of 4-chloro-2-phenyl-5,7-dihydrothieno[3,4-d]pyrimidine 6,6-dioxide

(4, X= Cl) with piperazine following the procedure described in [22, 23]. Yield = 98%,; m.p. = 225-226 °C;
'H NMR (300 MHz, CDCl;) 8= 3.0 (t, 4H), 3.67 (t, 4H), 4.36 (s, 2H), 4.38 (s, 2H), 7.45-7.48 (m, 3H), 8.32-
8.35 (m, 2H), "C NMR (75 MHz, CDCl;), 3= 46.0, 47.6, 56.6, 57.0, 106.2, 128.1, 128.4, 130.9, 137.2,

163.5; MS (El') mv/z (rel.int.) 330 (M+, 4%), 262 (60), 224 (13), 211 (27), 210 (30), 198 (36),

| VYalal 1 LN Y
16G.0, 160.3,
8

181 (18), 104 (100), 85 (19), 77 (35), 69 (29)

Adduct 6a: Cs (72 mg; 0.1 mmol) and pyrimidine 4a (28 mg; 0.1 mmol) were heated in refluxing 1

=2 S35
trichlorobenzene (5 ml), under nitrogen atmosphere, for 3 hours. Afier cooling to room temperature, the
mixture was applied to the top of a silica column; the trichlorobenzene and the unreacted Cqo were eluted with

toluene and the adduct was then eluted with chloroform. Yield = 77%; m.p. > 320 °C; 'H NMR (300 MHz,

CS/DMSO-ds) 8= 4.23 (s, 3H, OCHs), 4.66 (s, 2H, CH,), 4.77 (s, 2H, CH,), 7.38-7.44 (m, 3H, ArH), 8.53-
8.53 (m, 2H, ArH), '*C NMR (75 MHz, CS,/DMSO) 5= 36.1, 45.8, 53.4, 64.6, 64.7, 114.2, 128.0, 128.1,
1903, 135.1, 135.2, 137.0, 139.7, 141.17, 141.21, 141.6, 141.7, 142.1, 142.6, 144.16, 14419, 144.8, 144.9,

1T AL N 1 A- 1 T AL D 1 AL
140U, 145.1, [40.0, 14D,

>

[C@(}] = 720

Adduct 6b: Sulfone 4b (37 mg; 0.11 mmol) and Cs (72 mg; 0.10 mmol) were heated in refluxing 1.2 4-
trichlorobenzene (5 ml), under nitrogen atmosphere, for 3 hours. After cooling to room temperature, the adduct
was precipitated by the addition of hexane. The solid was filtered, washed with hexane and refluxed with
chloroform. After cooling to room temperature, the brown solid was filtered and dried (94.4 mg; 95%). m.p. >
320 °C; "*C CP/MAS NMR described in the text; IR vy. (KBr) 1702, 1556, 1400, 1226, 1041, 759, 703, 669,
649,526 cm™".

Adduct 7a: Obtained from the reaction of Cq with pyrimidone Sa following a procedure similar to the one

11 Ao, 134 Arxmama o mraa

described for the synthesis of adduct 6b. Yieid = 82%; m.p. > 320 °C;, “C CP/MAS NMR described in the
text; MS (LSIMS; NBA) [M + H] = 857, [Cso] = 720; IR vp (KBr) 2360, 2343, 1654, 1598, 1567, 1427,
1110, 748, 669, 617, 574, 526 cm’".

Adduct 7b: Obtained from the reaction of Cg with pyrimidone Sb foilowing a procedure simiiar to the one
described for the synthesis of adduct 6a. Yield = 52%, m.p. > 320 °C, '"H NMR (300 MHz, CS,/CDCl) &=

2H); “C NMR (75 MHz, CS,/CDCL;) 8= 23.4, 31.3, 36.8

140.0, 141,40, 141.44, 141.8, 141.9, 1423, 142.9, 1443,
5.

, 1462, 146.3, 147.3, 147.4, 15 155.8, 158.4, 160.0, 160.7,

6,
(KBr) 2360, 2341, 1666, 1540, 1428, 669, 526 ¢

. IR v,
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room temperature, the reaction mixture was added to water and acidified (pH= 4) with 20% HCI. The mixture
was extracted with chloroform (3 x 20 ml) and the organic fraction was washed with a saturated solution of

a}—lcn. (7 v 158 mIY The aroanie avtrant wace dried (Na-QN .\ tho anlvent wae avanaratad and tha racidiie wae
1N EUNS & A 1Y HHE ) 1LV VIESQLUU CALTAVL Wad UTIVA (1¥aZ0%74 J, LT SUIVULIIL Wad Lvapuiaivu qliud Liiv 1031uuv wad
punﬁed by preparative TLC. 'H NMR (300 MHz, CDCl;) 6= 2.20 (s, 3H, CHs), 3.78-3.88 (m, 8H,

141.7, 141.8, 142.0, 142.1, 142.3, 142.6, 142.7, 143.2_ 144.6, 144 8, 145.5, 145.6
162.5, 163.6, 167.1, 169.4; MS (LSIMS; NBA) [M | H] = 1029, [Cso] = 720.

1
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mmol) in dry pyridine (4 ml). The mixture was stired, under N,, during four hours at room temperature and

then for another hour at 50 °C. The pyridine was evaporated under reduced pressure and the residue was

purified by preparative TLC (chloroform as eluent). The adduct (10 mg, 48%) was crystalized from
chloroform/ petroleum ether. m. p.= 144-145 °C, '"H NMR (300 MHz, CDCls) 8= 0.88 (t (CH)13CHa),
1.25-1.67 ( 6H, (CH»)1:CH;3), 2.04 (t, 2H, COCHy,), 3.82-3.86 (m, 8H, piperazinyl), 4.64-4.85 (m, 4H
CH,); 7.52-7.55 (m, 3H, C¢Hs), 8.58-8.61 (m, 2H, C¢Hs); '>C NMR (75 MHz, CDCL) 8= 14.1, 22.7, 25.4,
29.35,29.46,29.53,29.7,31.9,33.4,404,41.3,45.2,46.9,48.7,49.8, 649, 65.3, 1159, 1283, 128.5, 130.6,
138.0, 140.2, 1403, 141.7, 142.05, 142.10, 142,15, 1426, 142.7, 143.2, 1446, 144 8, 1455, 1463, 146.5,
146.6, 1477, 148.8, 155.9, 162.5, 163.6, 167.1, 172.1; MS (LSIMS; NBA) [M + H] = 1226, [Cg] = 720.

Adduct 9: Succinic anhydride (12 mg; 6 equiv.) was added to a suspension of adduct 6b (20 mg; 0.02 mmol) in

chlorobenzene (5 ml). The mixture was stired, under N,, during two hours at 80 °C. On cooling to r.t., a brown

R T T T

U L T . SUIUURPN T SR 1' P JC RSV IS (SRR R tere .] PR, ain PRIV R T T Y ~
SONna was 1ormnea. 1t wds I Iere renuxeg im CnioroncnzZenc, lllB U OIICC dgdl ang wasned witn neéxane. 1nc
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°C; IR Vamax (KBr) 1716, 1625,

a
-
<
3
4=
g
a
=
8
=

solid was dried (17 mg; 77%) and characterize

1556, 1401, 1230, 1166, 1041, 771, 701, 647, 526 cm™.

Adducts 11 and 12: porphyrin 10 [27] (75 mg) and Cgo (85 mg, 1.3 equivalents) were heated in refluxing 1,2,4-
trichlorobenzene (5 ml), under nitrogen atmosphere, for 4 hours. After cooling to room temperature, the
mixture was applied to the top of a column of silica; the trichlorobenzene and the unconsumed Cso were eluted
with petroleum ether and the adducts were then eluted with chloroform. The adducts were separated by

preparative TLC. Spectroscopic data for 11: m.p. > 300 °C; 'H NMR (300 MHz, CDCI3) 8= -2.92 (s, 2H,

ATITY A Q1 Ffe D
INI1}, £.01 {8, O>11
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8.12-8.22 (m, 8H, phenyl-o-H), 8.75-8.86 (m, 8H, porphyrin B-H); *C NMR (75 MHz, CDCl/CF;CO,H) 5=
223,423, 643, 121.8, 123.9, 124.3, 128.8, 129.5, 129.8, 131.0, 135.5, 138.4, 139.0, 140.7, 141.8, 141.9,

1AA N 144 72 14A A
10U, 190.4, 170.0

]

14/ Q
190,75

3 2

148.1, 1529, 153.6, MS (FABT, CDCL/CF;COH) 1469 (M+H)t, 1470 (M+2H)"; UV-Vis (o-

592 (3.75), 649 (3.68) nm
AT I2 A 7 -
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Due to the fact that the o-quinodimethane generated from 10 is an asymmetric diene, the formation of 16
isadducts 12 is theoretically possible (considering that the additions take place exclusively at 6-6 ring



