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FIGURE 1. General structure of novel indanylaminouracils.

derivatives such amsagiliné has been reported. In this context,
we synthesized a series of indanylaminouractil@igure 1)
designed to combine the neuroprotective activity of 1-amino-
indans with the antioxidant activity of uracils. These compounds
were found to be moderately active in several MS and irritable
bowel syndrome (IBD) models and were therefore deemed as
potential treatments of autoimmune diseases, specifically MS.
Herein, we wish to report on a novel reaction between
5-(dimethylamino)-1-aminoinda® and 6-chlorouracil to yield
6-chloro-5-(5-(dimethylamino)-indan-1-yl)Htpyrimidine-2,4-
dione9 in which a C-C bond between the indan and the uracil

5-Dimethylamino-1-aminoindan undergoes thermal decom- systems was formed via a putative novel imminium methide

position and reacts with 6-chlorouracil to give 5-indanyl-6- intermediateBa (Scheme 1).

chlorouracil derivative9. The formation of9 may be In the framework of our ongoing research on novel indanyl-

rationalized by a putative mechanism based on the interme-aminouracils for the treatment of multiple sclerosis, we prepared

diacy of the imminium methide speci@s. 4- and 6-(dimethylamino)-indanylaminouracil§R = Me,N),
whereas attempts to prepare the 5-analogue proved unsuccessful,

. ) ) affording 9 instead of the expected 5-dimethylamino isomer of
The connection between neurodegenerative diseases, such gs

Parkinson's (PD), Alzheimer's (AD), and multiple sclerosis — Thg key intermediate§ and 8 were prepared from 2- and
(MS), and oxidative stress in the brain is well documerited. 3 _aminoindan, respectively, by a four-step sequence comprising
In this context, it has been postulated that uric acid (UA) ifiyoroacetylation, nitration, reductive alkylation, and hydroly-

may act as an antioxidant and as one of the human defenseis itration of2 occurred exclusively at positiorf 5o give,
damage repair mechanisms. An interesting observation on the,ger N-trifluoroacetylation3b in an overall yield of 45%.
reduced occurrence of idiopathic Parkinson's disease (IPD) in Nitration of 1, on the other hand, gave a mixture of regioisomers,
nearly 8000 patients suffering from gout (hyperuricaemia) from which we isolated by chromatography the 5-isomer in 5%
provided clinical evidence to the remarkable neuroprotection yie|q Reductive alkylation (hydrogenation over Pd/C in the

conferred by UAZ In vitro, UA was found as a scavenger of
active oxygen radicals (e.g., OH2,"")3, and in vivo, it pre-

presence of paraformaldehyde) gave the dimethylamino deriva-
tives 4 and5, which were then hydrolyzed to affolgiand 8,

vented the symptoms of experimental autoimmune encephalo-regpectively. Reacting and8 with 6-chiorouracil in DMSO at

myelitis (EAE), the mouse model of MS. Moreover, MS and

gout are in fact mutually exclusive, strongly suggesting that

hyperuricaemia may protect against M%.ong alkyl chain

130-140°C in the presence of B gave7 and9, respectively.
The structure 09 was unequivocally determined by elemental
analysis, HRMS, and NMR. Unexpectedly, the chlorine re-

derivatives of UA and aminouracils were shown by Fraisse et ained, and the only methine of the 6-chlorouracil moiety was
al5 to be effective free-radical scavengers and antioxidants. Thereplaced by a carbon. Because of the lack of hydrogens in the

neuroprotective effect of aminoindans and thiipropargyl
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uracil unit, few long-range CH correlations were observed in
the HMBC spectrum (see Figure 2). In the IR spectrum,
absorptions in the 3000 and 1600 chregion, characteristic
of hydroxy-pyrimidines, were found.

Hydrogenation ofd to give 5-(5-(dimethylamino)-indan-1-
yl)-1H-pyrimidine-2,4-dionel0 further substantiates the as-
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SCHEME 1.

Preparation of 6-(5-(Dimethylamino)-2-indanylamino) Uracil 7 and 5-(5-Dimethylaminoindanyl)-6-chlorouracil ¢
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FIGURE 2. HMBC correlations for 5-indanyl-6-chlorouracd-HCI
and its reductive displacement produg¢t

signed structure by providing several more CH correlations in
the HMBC (Figure 2).

The formation 0f9 may be attributed to the intermediacy of
the reactive imminium methid@a. The para orientation of the
dimethylamine and the benzylic amine moietieS8ifacilitates
elimination of ammonia to yield the reactive electroplie
which may then electrophilically attack the uracil ring at the
5-position. Indeed, refluxing (as a free base) in-butanol for
1.5 h afforded (1-butoxy-indan-5-yl)-dimethyl-amibg in good

7054 J. Org. Chem.Vol. 71, No. 18, 2006

accord with the putative mechanism suggested above. In
contrast8-HCl as well as 6-(dimethylamino)-1-aminoindan were
all inert under these conditions. Both 4- and 6-regioisomers and
compoundb act as nucleophiles, attacking the uracil ring at the
6-position. Formation of botB and11 is accompanied by full
racemization of the chiral center at the indan C1 carbon (as
indicated by the loss of optical activity), which supports the

planar structure o8a.

The N,N-dimethyliminoquinoindene moiety seems to have
been reported only when incorporated in either triarylmethane
dyes? or fused polycyclic ring systemis.

The reaction of 6-chlorouracil with-aminobenzylamine (the
ring-opened analogue &) was reportetf to result in a mixture

(10) Guinot, S. G. R.; Hepworth, J. D.; Wainwright, N.. Chem. Soc.,
Perkin Trans. 21998 297—303.

(11) Guinot, S. G. R.; Hepworth, J. D.; Wainwright, Blyes Pigm1999
40, 151-156.

(12) Brown, N. C.; Gambino, J.; Wright, G. B. Med. Chem1977, 20,
1186-1189.
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and 7-hydroxy aminoindar?é,as well as the documented self-
immolative connector concept in prodrugs, which undergo
spontaneous fragmentation to afford quinine methides and
enamine methide®.

Experimental Section

2,2,2-Trifluoro- N-(5-nitro-indan-1-S-yl)-acetamide, 3aA so-

— - lution of 1-S-aminoindan (33.9 g, 0.255 mol) in toluene (50 mL)
was added dropwise to a mixture of trifluoroacetic anhydride (58.5
g, 39.4 mL, 0.278 mol) and toluene (250 mL) at® °C. The

. - . reaction mixture was stirred at this temperature for 3.5 h. Potassium
of “unidentifiable products” instead of the expectedpé-(  hygroxide (17.1 g, 0.306 mol, 1.2 equiv) in water (150 mL) was
aminobenzylamino)uracil, whereas 6-aminouracil gave 6-amino- added gradually to the reaction mixture under cooling. The mixture
5-(p-aminobenzyl)uracil. Formation of the latter was rationalized was stirred at room temperature for 1 h, and the precipitated white
in a later repof€ by the same author via a thermal [1,3]- solid was collected by filtration and washed with water. The crude
rearrangement of the former to the latter, facilitated by the oxo product (37.3 g, 64%) was used for the next step without
groups in the pyrimidine ring and by electron-releasing moieties purification. Crude 2,2,2-trifluord-(5-indan-18-yl)-acetamide

in the aromatic ring (stabilizing the reactive benzyl carbocation (37.0 9, 0.16 mol) was added slowly to-667% nitric acid (370
species12) (Figure 3). Although this mechanism is not mL), and the suspension was stirred for 20 h. The reaction mixture

applicable in our case (chloro, not amino, at position 6), the Was Poured onto a water-ice mixture (2000 mL), and the resuiting
utative12 supports our proposed imminium methigeas the yellow solid was collected by filtration, washed with water to pH
P 6—7, and dried, to give 39.3 g (89%) ofa 30:5:70 (by TLC)

reactive species. mixture of 2,2,2-trifluoroN-(4-, 5-, and 6-indan-B5yl)-acetamides
The N,N-dimethylamino analogue of2 was proposed to 3. This crude product was crystallized twice from toluene (15 mL/
result from the irradiation of a solution df,N-dimethylaniline g) to give 17 g of a 95:5 mixture of 6- and 5-isomers, from which
in CH,Cl,.14 the latter was isolated by flash column chromatography to give
Although substitutions at position 5 by various electrophiles, 1.5 g (2%) of3a. mp 199-200°C; *H NMR (CDCk) 6 8.14 (m,
such as phenylselenyl chloritfend benzenesulfenyl chloridé, 2H), 7.45 (d, 1HJ = 9 Hz), 6.62 (br d, 1H), 5.61 (g, 1H =8

; : ; ; : Hz), 3.19 (ddd, 1HJ = 17, 9, 4 Hz), 3.07 (dt, 1H] = 17, 8 Hz),
as well as acylation with acid chlorides such as cinnamoyl 2.8 (dddd, 1H, = 17, 9, 8, 4 Hz), 2.07 (dq, 1H] = 17, 8 Hz).

chloride'” or hydroximoy! chloridé® are known, electrophilic 13~ \vR (CDCh + CD,0D) 6 156.0, 149.1, 148.3, 145.0, 124.7
alkylationshave, to the best of our knowledge, not been reported. 155 6 120.0. 114.1. 54.5 and 54.4 ’(for two rotamers of é-l) 327

5-Alkyl-6-chlorouracild® were reportedly synthesized via 5-alkyl-  30.0; HRMS calcd for GHeFsN,Os 274.0565, found 274.0605.
barbituric acic?92! Alternatively, hydroxymethyl at position 5 2,2,2-Trifluoro- N-(5-nitro-indan-2-yl)-acetamide, 3b.2-Amino-

of 4-chloro-2,6-dimethoxypyrimidine was introduced by meta- indanHCI (5.04 g, 0.0294 mol) was dissolved in trifluoroacetic
lation of the latter followed by addition of ethyl formate and acid (30 mL), and K5O, (3 mL) and HNQ (2 mL, 0.03 mol)
further reductior?2 Similarly, nucleoside derivatives containing Wwere added at 0C. After ~3/4 h, the red solution was allowed to

a 5-allyl/propy! uracil moiety were prepared via the 5-chloro- Warm to room temperafure and stirred for 6 hy@twas added
mercury intermediate. Also, the electrophilic substitution of ©Ver 30 min, and the resultant suspension was stirred overnight

. ) i A g o and filtered to give 5-nitro-2-aminoindéf,SO, as a white solid
arylmethyl cations on the C-5 of 2-amino-4,6-dichloropyrimidine (7.37 g, 90%). This solid was dissolved in water (50 mL), and the

and _flzJ;ther nitration resulted in 5-diphenylmethyl-6-chloro- solution was made basic with 25% NBH (~15 mL) to pH 10
uracil; and then extracted with EtOAc (130 mL). The organic layer was
The relative orientation of the dimethylamino and amino separated, dried (MgS{) and evaporated to give 4.2 g. A toluene

groups in 5-dimethylamino aminoindans was found to strongly solution of this free base (5.5 mL) was added slowly (over 40 min)
affect the course of their reaction with 6-chlorouracil. Thus, into a stirred and ice-cooled mixture of trifluoroacetic anhydride
compoundb afforded the expected and9 was obtained from (3.6 mL, 0.025 mol) in toluene (20 mL). After stirring for 1/2 h at

8. Formation of9 may be rationalized by the conversion®f 0 °C. the mixture was allowed to warm to room temperature and
to a reactivep-imminium methide intermediagaand represents  [urther stirred for 1/2 h. KOH solution (1.5 g in 10 mL of water)

a novel entry for electrophilic alkylation at the uracil 5-position. was added to the mixture at room temperature, and the precipitated

. : ray solid was collected by filtration, washed with toluene and
This proposed mechanism resembles that reported by us for 5'8vat)t/er, and thoroughly driedyto gi8b (3.05 g, 47%) as a grayish

solid: mp 102-104°C; 'H NMR (DMSO-ds) 6 9.75 (br d, 1HJ

FIGURE 3. Reactive species proposed by Wridght.
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was hydrogenated, initially at 2 atm, at-385 °C for 0.5 h, then
at 4 atm at 50°C for 1.5 h, over 10% Pd/C (1.4 g, 20 wt % per
nitro compound). The reaction mixture was filtered through Celite,

2:1 MeOH/water mixture (30 mL) was heated at reflux for 2.5 h.
The clear solution was evaporated to dryness. The residue was
dissolved in water (20 mL), and the product was extracted with

and the solvent evaporated to leave a white solid (7.5 g), which ethyl acetate (6« 80 mL). The organic layers were combined, dried,

was purified by Combi-Flash (hexane/EtOAc;-B0% EtOAc
gradient over 35 min) to givé as a white solid (4.5 g, 65%): mp
156-157°C; *H NMR (DMSO-ds) 0 9.68 (br s, 1H), 7.02 (d, 1H,
J =8 Hz), 6.62 (br d, 1HJ = 1.5 Hz), 6.57 (dd, 1HJ =8, 1.5
Hz), 4.52 (quintet, 1H) = 7 Hz), 3.13 (two dd, 2HJ = 14, 8
Hz), 2.85 (s and two dd, 8H,= 14, 8 Hz);13C NMR (DMSO-ds)

and evaporated to dryness to gi8eas slightly brown oil (1 g,
99%): H NMR (CDCly) 6 7.22 (d, 1H,J = 8 Hz), 6.67 (dd, 1H,
J=8, 2 Hz), 6.65 (br s, 1H), 4.33 (t, 1H,= 7 Hz), 2.95 (m and
s, 7TH), 2.79 (dt, 1HJ = 16, 8 Hz), 2.49 (dddd, 1H] = 12.5, 8.5,
7.5, 4 Hz), 2.28 (br s, 2H), 1.70 (dtd, 18= 12.5, 8.5, 7.5 Hz);
13C NMR (CDCk) ¢ 150.8, 144.4, 135.4, 123.9, 111.7, 109.0, 56.6,

0156.1,150.1, 141.4, 128.1, 124.6, 115.9, 111.6, 108.8, 51.0, 38.9,41.2, 37.3, 30.5; HRMS calcd for 1¢H16N, 176.1313, found

38.6, 37.3; MS TOF E$ m/z (273, MH'); HRMS calcd for
CigH15F3N20 272.1136, found 272.1120.

2,2,2-Trifluoro- N-(5-(dimethylamino)-indan-1-S-yl)-acet-
amide, 5.A mixture of 3a (1.5 g, 0.0058 mol), paraformaldehyde
(2.75 g, 0.044 mol), and 10% Pd/C (0.3 g, 20%) in MeOH (40
mL) was hydrogenated (4 atm) at 8C for 2.5 h. The reaction
mixture was filtered (Celite), and the filtrate was evaporated to
dryness, to givés as a white solid (1.5 g, 98%), which was used
without further purification: mp 188189 °C (dec); p]%° —180
(c 1, MeOH);*H NMR (DMSO-dg) 6 9.67 (br s, 1H), 7.00 (d, 1H,
J=8Hz), 6.58 (s and dd, 2H} = 8, 2 Hz), 5.27 (br t, 1HJ =
7 Hz), 2.93 (ddd, 1HJ) = 15, 9, 5 Hz), 2.86 (s, 6H), 2.76 (dt, 1H,
J=15, 7.5 Hz), 2.39 (dddd, 1H, = 12.5, 8, 7, 5 Hz), 1.93 (dtd,
1H,J=12.5, 8, 7 Hz)}3C NMR (DMSO-dg) 6 155.8, 151.0, 144.3,

176.1316.
6-Chloro-5-(5-(dimethylamino)-indan-1-yl)-1H-pyrimidine-
2,4-dione, 9HCI Salt. A mixture of 8 (1 g, 0.0055 mol),
6-chlorouracil (0.83 g, 0.0055 mol), and;Ht(0.55 g, 0.0055 mol)
in DMSO (1 mL) was heated at 13040°C for 4 h under nitrogen.
The reaction mixture was cooled to450 °C, and water (50 mL)
was added. The suspension was heated at reflux for 0.5 h and
filtered. The collected solid (free base, 1.3 g, 77%) was dissolved
in EO (50 mL), aml 4 N ethanolic HCI (1.1 equiv) was added.
The suspension was then further stirred for 0.5 h at room
temperature, and the solid was collected by filtration to give 1.1 g
(75%): mp 236-238C (dec). Free basetH NMR (DMSO-dg) &
11.24 (br s, 1H), 6.75 (d, 1H,= 9 Hz), 6.60 (d, 1 HJ = 2 Hz),
6.47 (dd, 1HJ =9, 2 Hz), 4.42 (br m, 1H), 2.95 (m, 1H), 2.84 (s,

129.9, 124.2, 116.1, 111.4, 108.3, 54.0, 40.5, 31.9, 30.2; MS TOF 6H), 2.82 (m, 1H), 2.20 (br m, 2H}3C NMR (DMSO-d;) 6 162.0,

ESt+ m/z (273, MH"); HRMS calcd for GsHisF3N20 272.1136,
found 272.1130.

5-N,N-(Dimethylamino)-indan-2,5-diamine, 6. Compound4
(1.5 g, 5.5 mmol) was suspended in a mixture of MeOH/water (20:
12 mL), and KCGO; (1.5 g, 9.48 mmol) was added. The mixture
was heated to 8590 °C with stirring. The reaction mixture was

cooled to room temperature and evaporated to dryness. The soli

residue was partitioned between EtOAc %530 mL) and water
(10 mL). The organic phase was separated, dried (MySEhd
evaporated to dryness to gi¥eas an oily liquid (0.95 g, 98%):
1H NMR (DMSO-dg) 6 7.00 (d, 1H,J = 8 Hz), 6.60 (br d, 1H,
= 1.5 Hz), 6.53 (dd, 1HJ = 8, 2 Hz), 3.75 (quintet, 1H) = 7
Hz), 3.03 (two dd, 2H, = 15, 7 Hz), 2.83 (s, 6H), 2.62 (two dd,
2H, J = 15, 6 Hz);3C NMR (DMSO-ds) ¢ 150.0, 141.9, 128.7,
124.6, 111.46, 109.0, 52.2, 40.8, 40.7; MS TOHE®V/z (177,
MH™).
6-(5-(Dimethylamino)-indan-2-ylamino)-1H-pyrimidine-2,4-
dione, 7HCI Salt. Compounds (~3 g, 0.016 mol) was dissolved
in DMSO (5 mL), and 6-chlorouracil (1.24 g, 8.46 mmol) was added
portionwise over a few min at 7080 °C. The homogeneous dark
mixture was heated to 135140°C. After 3 h, the reaction mixture
was cooled to 100C. Ethylene glycol dimethyl ether (40 mL) was
added, and the dark solution was refluxed4dr h, cooled to room

temperature, and filtered. The filtrate was evaporated to dryness,

and the dark residue was boiled in wates50 mL) for 0.5 h; the

suspension was filtered, and the collected solid was washed with

Et,0 to give a brown solid, which after drying under vacuum (2 g)
was suspended in MeOH. Ethanolic HGV3 N, 2—3 mL) was

added, and the resulting solution was evaporated to dryness. Th

residue was treated with dichloromethane (DCM) to give a brown
solid which was purified by Combi-Flash (DCM/MeOH) to give
7-HCl as a grayish solid (1.1 g, 20%): mp 23233°C (dec);'H
NMR (DMSO-dg) 6 10.36 (bs, 1H), 10.14 (bs, 1H), 7.70 (bs, 1H),
7.60 (bd, 1HJ = 8 Hz), 7.42 (d, 1HJ = 8 Hz), 7.32 (bd, 1H,J
=5.5Hz), 4.61 (s, 1H), 4.26 (tq, 1H, 7, 5 Hz), 3.33 (bdt, 2H5
16.5, 7 Hz), 3.10 (s, 6H), 2.87 (dd, 1H,= 16.5, 4.5 Hz), 2.85
(dd, 1H,J = 16.5, 4.5)13C NMR (DMSO-ds) 0 164.3, 154.0, 150.5,

142.9, 142.8, 141.7, 125.9, 119.1, 116.9, 73.1, 52.4, 45.5, 40.0,

39.5; MS TOF ES- m/z (287, MH"); HRMS calcd for GsH1gN4O2
+ H 287.1508, found 287.1472.

Ns,Ns-Dimethyl-indan-1-S, 5-diamine, 8.A mixture of 5 (1.5

149.6, 145.6, 145.2, 142.4, 142.2, 124.1, 118.6, 116.7, 110.3, 45.6,
42.2, 31.4, 29.9. HCI salttH NMR (DMSO-dg) 6 11.89 (bs, 1H),
11.20 (bs, 1H), 7.69 (bs, 1H), 7.53 (bd, 1H= 8 Hz), 7.15 (bd,

1H, J = 8 Hz), 4.50 (bt, 1H,] = 8 Hz), 3.08 (s, 6H), 3.07 (bddd,
1H, 16, 7, 5 Hz), 2.94 (bdt, 1H] = 16, 9 Hz), 2.30 (m, 2H)13C

NMR (DMSO-dg) 6 161.2, 149.4, 145.1, 145.06, 142.22, 142.18,

gl23.9,118.3,116.4, 110.4, 45.4, 42.0, 31.3, 29.7. Microanal. calcd

for CoH36ClsNgOs (two molecules of free bas¢ 2 x HCI +
H,0): C, 51.29; H, 5.17; CI, 20.19; N, 11.96; O, 11.39. Found:
C, 50.96; H, 5.13; CI, 20.13; N, 11.82.
5-(5-(Dimethylamino)-indan-1-yl)-1H-pyrimidine-2,4-dione,
10. Triethylamine (0.1 mL) and 10% Pd/C (20 mg) were added to
a solution of9-HCI (100 mg, 0.3 mmol) in a 2:1 MeOH/water
solution (3 mL). The mixture was reduced under hydrogen-(40
45 psi) fa 5 h and filtered. The catalyst was washed with hot
MeOH. The filtrates were combined and evaporated to dryness,
and the residue was washed with water and filtered to give a white
solid (50 mg, 60%): mp 261262 °C; 'H NMR (DMSO-ts) ¢
11.07 (bs, 1H), 10.54 (bs, 1H), 6.89 (d, 1Hs= 8.5 Hz), 6.65 (s,
1H), 6.64 (d, 1HJ) = 2.5 Hz), 6.55 (dd, 1HJ = 8.5, 2.5 Hz), 4.06
(dd, 1H,J = 8, 6.5 Hz), 2.86 (s, 6H), 2.83 (bddd, 1Bl= 15.5,
7.5, 6 Hz), 2.74 (bddd, 1H] = 15.5, 8, 6.5 Hz), 2.28 (ddd, 1H,
=125, 8, 6 Hz), 1.84 (ddd, 1H, 12.5, 8, 6 HXC NMR (DMSO-
ds) 0 164.3, 151.2, 150.0, 144.9, 136.9, 131.9, 124.4, 116.0, 111.3,
108.7, 40.8, 40.6, 32.8, 31.1; HRMS calcd forsid;7N3O,
271.1321, found 271.1303.
(1-Butoxy-indan-5-yl)-dimethylamine, 11.A solution of com-
pound8 (0.3 g, 1.7 mmol) im-butanol (3 mL) was heated at 171D

efor 1.5 h under nitrogen. The solvent was evaporated to dryness,

and the residue was purified by column chromatography (hexane/
EtOAc 95:5) to give 0.15 g (38%) of a clear ofiH NMR (DMSO-

ds) 0 7.30 (m, 1H), 6.67 (m, 2H), 4.89 (dd, 1H,= 7.5, 6.5 Hz),
3.11 (bdt, 1HJ = 16, 8 Hz), 2.98 (s, 6H), 2.80 (ddd, 1H~= 16,

8.5, 4.5 Hz), 2.34 (ddt, 1H] = 13, 8.5, 6.5 Hz), 2.13 (dddd, 1H,
13, 8.5, 4.5, 3.5 Hz)}*C NMR (DMSO-0g) 6 151.4, 145.6, 131.6,
125.7, 111.4, 108.8, 82.8, 41.1, 32.8, 32.3; HRMS calcd for
C15H23NO 233.1780, found 233.1730.

Supporting Information Available: H and!3C NMR spectra
of reported compounds. This material is available free of charge
via the Internet at http:/pubs.acs.org.

g, 0.0055 mol) and potassium carbonate (1.14 g, 0.082 mol) in a JO0609881
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