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Traceless Solid-Phase Synthesis of Substituted Xanthines

Rongjun He, Shi Min Ching, and Yulin Lam*
Department of Chemistry, National Urrsity of Singapore, 3 Science De 3, Singapore 117543

Receied July 4, 2006

A traceless solid-phase route to substituted xanthines, based on the late-stage pyrimidine ring closure, has
been developed. This method is especially useful for the preparation of xanthines containing a variety of
substituents at the N1, N3, N7, and C8 positions in an unambiguous manner. A representative set of 22
compounds was prepared.

Introduction Scheme 1.SPOS of Xanthines

. . . . o
Xanthines constitute an important class of pharmacologi- (@Q-on HOOCCH:B BCC, - Ay Y\Br .
cally active compounds which are commonly used for their yy, o oing o OMF o <l 2

effects as mild stimulants, bronchodilators, phosphodiesterase 2 s ;
inhibitors, CFTR chloride-channel activators, and adenosine- o Rt Q O\H/\H’R
receptor antagonistdn recent years, the spectrum of clinical R3\N N o]
applications of xanthines has continued to widen and )\ | />—R2 3
presently include their use as anticonvulsémsptropics’ o7 N N NC-N=CFEOEL
and therapeutics for the treatment of migraine and illnesses R® 7 DBU, THF
where underactivation of the HM74A receptor contributes 1. Naoet, THF, ;
to the diseas&Accordingly, methodologies for the prepara- MeGH O’ Ojl/\N/R
tion of xanthines have attracted much attention, and various 2 R’ DiEA, o) )\ ,
solution-phase syntheses of these compounds have bee ™F e B
reportec® Generally, these syntheses involve multistep 0 g |‘| 4
reactions and require tedious chromatographic separationsQo N H
which would limit the synthesis of large number of com- |

organic molecule librariéswould offer a good pathway R0

toward a large number of these analogues. We have recently Hg

reported a traceless solid-phase synthesis of xanthines using

the PS-MB-CHO resin. Although the reaction is highly  ently and in better yields by reactirgwith bromoacetic
efficient, the strategy is limited to the preparation of mono- acid to give9 which, in turn, could be efficiently treated
and disubstituted xanthines. As part of our continuing studies with butylamine in THF to providd0in a 75% overall yield.

on the solid-phase synthesis of purines, we herein present js interesting to note that the latter reaction is dependent
the results of a new synthetic procedure for the preparation g, the concentration of the amine with lower concentrations
of disubstituted, trisubstituted, or fully substituted xanthines giving better yields ofL0. Hence, it was necessary to keep

(Scheme 1). the concentration of the amine below 0.2 M for good vyields.

1
N>—R2 RNCO Q) P R _J {BUOK, tBuOH
pounds. A solid-phase approach to the synthesis of small '1']; o-Xylene O&I\E - DMF
y,
HoN 5”

Results and Discussion Treatment ofl0 with ethoxymethylene cyanamide gave
) o ) intermediatell which upon reaction with NaOEt in anhy-
Solution-Phase SynthesisPrior to the solid-phase syn- 41,5 EtOH underwent rapid imidazole ring formatfon.
the§|s, preliminary solutlon-ph{?\s_e stud|e_s (Schemt_e 2) WETre owever'H NMR data of the product obtained showed that
carried out to survey the requisite reaction conditions and the benzyl group had been replaced by an ethyl moiety which

'T'ztizhsig gl]ﬁ i?lr\)/telzr;]tlizi[tlicc))zs \:feqlﬁggicforrzog?&ﬁﬁugdmat meant that the procedure could not be applied on solid-phase
9 g ’ prep format. Attempts to lower the reaction temperature tC0

glycine benzyl estedO which was initially achieved by did not prevent the loss of the benzyl moiety, and-@0

coupling benzyl alcoho8 with Fmoc-glycine followed by °C th lizati i dt d. To effect th
Fmoc-deprotection and alkylation. However, further experi- _~ € cyclization reaction fleasel 0 grocee t/ o etfec h €
mentation showed thatO could be obtained more expedi- formation of12, we eventually replaced NaOEVEOH wit
tBUOK/tBUOH which also provided a rapid imidazole ring
*To whom correspondence should be addressed. E-mail: chmlamyl format|on but without displacement Qf the benzyl group. With
@nus.edu.sg. Fax: (65)-6779-1691. 12 in hand, we proceeded to treat it with hexyl isocyanate
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0N
o-xylene N/ DMF H H J |
122N 7q (16%) 7r (15%) CeHs™ 75 (14%) 7 (14%)

of 13 with NaOEt in a MeOH-THF mixture affordedrain
good yield. Tu (7%) v (6%)
Solid-Phase Synthesiswith the solution-phase pathway Figure 1. Library of 7.
established, we proceeded to prove the versatility of this
methodology for solid-phase synthesis. Wang rekim Experimental Section
DCC/DMAP/DMF was allowed to react with bromoacetic General Procedures.Wang resin was purchased from

acid atroom temperature. The formation2oias amenable iz iy Nankai Hecheng Science and Technology Co. {100
to KBr FTIR monitoring (i.e., disappearance of the OH 200 mesh, 1.4 mmol/g, 1% divinylbenzene cross-linking).
stretch at 3566 cnt and the appearance of a strong-0 All other chemical reagents were obtained from Aldrich,
stretch at 1744 cn). Resin2 was then treated with various  \jerck; Lancaster, or Fluka and were used without further
primary amines in THF to giv@ which was subsequently 1 jification. The solid-phase reactions were agitated on a
reacted with ethoxymethylene cyanamide or methyl ethoxym- fask shaker SF1 (Stuart Scientific). Analytical TLC was
ethylene cyanamide in the presence of DBU to provide resin 4 ried out on precoated plates (Merck silica gel 60, F254)
4. Because of the poor swelling ability of polystyrene/1% anq visualized with UV light or stained with ninhydrin. Flash
divinylbenzene in butanol, the cyclization 4iising tBuOK column chromatograph was performed with silica (Merck,
was carried out in a DMFtBUOH (v/v 1:1) mixture. The  70-230 mesh).

disappearance of the CN stretch at 2178 tand the shift 1H NMR and3CNMR spectra were measured at 298 K
of the G=0 stretch from 1744 to 1690 crhwere indicative on a Bruker DPX 300 or DPX 500 Fourier Transform
_ofthe formation ob. Treatment oEvyith varioys isocyanates spectrometer. Chemical shifts were reported in parts per
in 0-xylene (126-125°C, 24 h) provideds which underwent — mjjjion (o), relative to the internal standard of tetramethyl-
a concomitant cyclization-cleavage in NaOEt in MeOH  jjane (TMS). The signals observed were described as
THF (viv 1:2) to give 1,7- or 1,7,8-substituted xanthines fo|lows: s (singlet), d (doublet), t (triplet), m (multiplet).
which was subsequently alkylated in a one-pot reaction t0 The number of protonsnf for a given resonance was
afford the fully substituted xanthines. To illustrate the jndicated asH. All infrared (IR) spectra were recorded on
versatility of this chemistry, a representative set of 22 3 Bjo-Rad FTS 165 spectrometer. Mass spectra were

compounds {a—7v) was prepared (Figure 1). The overall performed on VG Micromass 7035 spectrometer under
yields obtained were 1435% (purities of>95% by NMR) electron impact (EI).

[0} [0}
| I
which provided13in a 90% yield. Subsequent ring closure viJIN/)—CsHs \/\)N\)j[N/)_CGHS
07N N 0 II\I N

indicating an average yield at75% for each step of the Synthesis of Benzyl Bromoacetate (9Bromoacetic acid
solid-phase reaction, except in the more sterically hindered (9 5131 g, 3.698 mmol), DCC (0.7630 g, 3.698 mmol), and
7uand7v where lower yields were obtained. DMAP (0.0677 g, 0.5547 mmol) were added to benzyl

In summary, an efficient and scaleable synthetic procedurealcohol 8 (0.2000 g, 1.849 mmol) in DMF (5 mL) in the
affording disubstituted, trisubstituted, or fully substituted stated order. The reaction mixture was stirred at room
xanthines in good overall yields has been developed. Furthertemperature for 2 h, then quenched with water (50 mL), and
studies are currently in progress to extend this methodology extracted with EtOAc (50 mlx 3). The combined organic
to other purine systems. layer was dried with MgS@ filtered, concentrated, and



Synthesis of Substituted Xanthines

purified by column chromatography (EtOAtiexane=
1:20) to give9 as a pale yellow liquid (0.4201 g, 99% vyield).
IH NMR (CDCls, 300 MHz): 6 7.41-736 (m, ArH, 5H),
5.21 (s, ArCH, 2H), 3.87 (s, CkBr, 2H). **C NMR (CDCl,

300 MHz): ¢ 166.8, 134.8, 128.4, 128.4, 128.2, 67.7, 25.7.

Mass spectrum (El)m/z 227.8 (M+). Exact mass calcd for
CoHoBrO,: myz 227.9786. Found: 227.9790.

Synthesis of Butylaminoacetic Acid Benzyl Ester (10).
Compound (0.5031 g, 2.20 mmol) was dissolved in THF
(25 mL), and the solution was cooled in an-ogater bath.
Butylamine (0.3213 g, 4.40 mmol) was diluted in THF (25
mL), and the solution was addedQaropwise. After which,

Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 825

128.1, 128.1, 101.1, 65.4, 47.2, 32.7, 19.4, 13.4. Mass
spectrum (EI): m/z 273.1 (M+). Exact mass calcd for
CisH1gN3O2: mVz 273.1477. Found: 273.1473.

Synthesis of 3-Butyl-5-(3-hexyl-ureido)-3H-imidazole-
4-carboxylic Acid Benzyl Ester (13).Hexyl isocyanate
(0.1895 g, 1.49 mmol) was added to a solutiod »{0.0814
g, 0.298 mmol) ir-xylene (7 mL), and the reaction mixture
was heated at 120C for 8 h. After which, the resulting
mixture was concentrated and purified by column chroma-
tography (EtOAe-hexane= 1:3 and then EtOAehexane
= 1:1) to givel3(0.1133 g, 90% vyield) as a white solitH
NMR (CDCls, 300 MHz): ¢ 8.66 (s, GH13NHCONH, 1H),

the ice-water bath was removed, and the reaction mixture 8.04 (s, GH1sNHCONH, 1H), 7.43-7.28 (m, CH and ArH,
was stirred at room temperature for 2 h. This mixture was 6H), 5.34 (s, ArCH, 2H), 4.174.12 (t,J = 7.1 Hz, NCH,-
concentrated and purified by column chromatography CH,CH,CHjz, 2H), 3.35-3.28 (g,J = 6.5 Hz, NHCH,CH,-

(EtOAc—hexane= 1:3 and then MeOHDCM = 1:20) to
get10as a colorless liquid (0.3702 g, 76% yiel&hHl NMR
(CDCls, 300 MHz): 6 7.35 (s, ArH, 5H), 5.16 (s, ArCH
2H), 3.45 (s, COCENH, 2H), 2.62-2.57 (t,J = 7.0 Hz,
NHCH,CH,CH,CHg, 2H), 1.99 (s, NH, 1H), 1.521.42 (m,
NHCH,CH,CH,CHjs, 2H), 1.40-1.28 (m, NHCHCH,CH,-
CHjs, 2H), 0.93-0.88 (t,J = 7.1 Hz, NHCHCH,CH,CHj,
3H). 13C NMR (CDCk, 500 MHz): 6 172.3, 135.5, 128.4,

CH,CH,CH,CHs, 2H), 1.73-1.52 (m, NHCHCH,CH,CH,-
CH,CH; and NCHCH,CH,CH3, 4H), 1.3+1.17 (m,
NHCH,CH,CH,CH,CH,CH; and NCHCH,CH,CHz, 8H),
0.90-0.85 (m, NHCHCH,CH,CH,CH,CH; and NCHCH,-
CH,CHs, 6H).13C NMR (CDCk, 300 MHz): 6 159.7, 154.6,
148.5, 137.2, 135.4, 128.8, 128.6, 128.5, 103.1, 66.3, 47.8,
40.1, 32.9, 31.5, 29.9, 26.7, 22.5, 19.6, 14.0, 13.5. Mass
spectrum (EIl): m/z 400.1 (M+). Exact mass calcd for

128.2, 128.2, 66.3, 50.8, 49.1, 32.0, 20.2, 13.8. Mass Cx2H3N4Os: m/z 400.2474. Found: 400.2471.

spectrum (El):m/z221.1 (M+). Exact mass calcd forigH: o
NO,: m/z 221.1416. Found: 221.1408.

Synthesis of Benzyl N-Methylene Cyanamide Butyl-
carbamate (11).Compoundl0(0.1362 g, 0.6155 mmol) in
THF (3 mL) was cooled in an iecewater bath, and ethoxym-

Synthesis of 1-Hexyl-7-butylxanthine (7a)THF (6 mL)
and MeOH (3 mL), followed by NaOEt (21% (w/w) in
denatured EtOH, 0.32 mL, 0.849 mmol) were added 3o
(0.1133 g, 0.283 mmol). The mixture was refluxed at’@0
for 1 h. Subsequently, the mixture was concentrated, and

ethylene cyanamide (0.1207 g, 1.231 mmol) in THF (3 mL) water (10 mL) was added. The precipitate that formed was
was added dropwise. The reaction mixture was stirred atremoved by filtration. HCl acid (1.5 M) was added dropwise
room temperature for 2 h. The mixture was concentrated andto the filtrate until the pH was<6, and the precipitate that

purified by column chromatography (EtOAtexane= 1:1)
to obtainl11l as a colorless liquid (0.1649 g, 98% yieléi
NMR (CDCls, 300 MHz): ¢ 8.13 (s, CH, 1H), 7.3#7.32
(m, ArH, 5H), 5.17 (s, ArCH, 2H), 4.14 (s, COCEN, 2H),
3.39-3.34 (t,J = 7.3 Hz, NCH,CH,CH,CHjs, 2H), 1.60-
1.50 (m, NCHCH,CH,CHjz, 2H), 1.36-1.24 (m, NCH-
CH,CH,CHjz, 2H), 0.93-0.89 (t,J = 7.4 Hz, CHCH,-
CH,CHs, 3H).*3C NMR (CDCk, 300 MHz): 6 166.6, 163.9,

formed was collected and washed with cold water to give
7aas a white solid (0.0744 g, 90% yieldd NMR (acetone-

ds, 300 MHz): 6 10.83 (s, NH, 1H), 7.87 (s, CH, 1H), 4.35
4.30 (t,J = 7.1 Hz, NCH,CH,CH,CH,CH,CHg, 2H), 3.94-
3.89 (t,J = 7.5 Hz, NCH,CH,CH,CHjs, 2H), 1.89-1.80 (m,
NCH,CH,CH,CH,CH,CHj3, 2H), 1.63-1.58 (m, NCH-
CH,CH,CHjz, 2H), 1.43-1.29 (m, NCHCH,CH,CH,CH,-
CH;z and NCHCH,CH,CHjz, 8H), 0.95-0.86 (m, CHCH,-

134.6,128.3,128.2,127.9, 117.5, 67.1, 52.8, 46.7, 29.6, 19.1 CH.CH,CH,CH3 and CHCH,CH,CHs, 6H). 3C NMR

13.2. Mass spectrum (EI)1Vz 273.0 (IVH-). Exact mass calcd
for CisH1gN3O2: miz 273.1477. Found: 273.1475.
Synthesis of 5-Amino-3-butyl-3H-imidazole-4-carboxy-
lic Acid Benzyl Ester (12). tBuOH (5 mL) and tBuOK
(0.0616 g, 1.0976 mmol) were addedltb(0.1500 g, 0.5488

(CDCls, 300 MHz): 6 156.8, 152.5, 149.3, 143.6, 108.0,
47.7,41.5, 34.3, 32.9, 29.4, 28.0, 23.9, 20.8, 14.9, 14.5. Mass
spectrum (El): m/z 292.2 (M+). Exact mass calcd for
C15H24N402: m/z 292.1899. Found: 292.1901.

General Procedure for the Preparation of Benzyl

mmol) in THF (5 mL), and the reaction mixture was stirred Bromoacetate Resin (2)Wang Resin ) (2 g, 2.8 mmol)
for 1 h. After which, the reaction mixture was quenched with was swollen in DMF (15 mL) for 30 min. Bromoacetic acid

NH.CI, diluted with HO (30 mL), and extracted with GH
Cl; (30 mL x 3). The combined organic layer was dried
with MgSQ,, filtered, concentrated, and purified by column
chromatography (EtOAe€CH,Cl, = 2:1) to give a colorless
solid 12 (0.0757 g, 52% vyield)!H NMR (CDCl;, 300
MHz): 6 7.33-7.21 (m, ArH, 5H), 7.09 (s, CH, 1H), 5.20
(s, ArCH,, 2H), 4.70 (s, NH, 2H), 4.00-3.95 (t,J = 7.1
Hz, NCH,CH,CH,CHj, 2H), 1.63-1.53 (m, NCHCH,CH.-
CHs, 2H), 1.20-1.08 (m, NCHCH,CH,CHjs, 2H), 0.80-
0.76 (t,J = 7.3 Hz, NCHCH,CH,CHs, 3H). 3C NMR
(CDCl;, 300 MHz): 6 160.5, 155.8, 138.8, 136.0, 128.5,

(0.7781 g, 5.6 mmol), DCC (1.1554 g, 5.6 mmol), and
DMAP (0.103 g, 0.84 mmol) were added in the stated order.
The reaction mixture was shaken at room temperature for 5
h. After which, the resin was filtered, washed with DMF
(20 mL x 3), HO (20 mL x 3), EtOH (20 mLx 3), CH.-

Cl; (20 mL x 3), and EfO (20 mL x 3), and dried in a
vacuum oven at 50C for 12 h.

General Procedure for the Preparation of N-Substi-
tuted Benzyl Carbamate Resin (3)Resin2 (2.8516 g, 2.8
mmol) was swollen in THF (30 mL) for 30 min and then
cooled in an ice-water bath. The respective primary amine
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(3 equiv), diluted in THF (25 mL), was added dropwise.

He et al.

by column chromatography (EtOAtexane= 2:1 and then

After which, the water bath was removed, and the reaction MeOH—CH,Cl, = 1:10) to give7.
mixture was shaken at room temperature for 12 h. The resin  General Procedure for the Preparation of 1,3,7- or

was then filtered, washed with DMF (20 mkt 3), H,O (20
mL x 3), EtOH (20 mLx 3), CH,Cl, (20 mL x 3), and
Et,O (20 mL x 3), and dried in a vacuum oven at 30 for
12 h.

General Procedure for the Preparation of Benzyl
N-Methylenecyanamide N-Substituted Carbamate Resin
(4) (R>=H). Resin3 (2.2698 g, 2.8 mmol) was swollen in
THF (15 mL) for 30 min and then cooled in an iceater

1,3,7,8-Substituted Xanthines (7)THF (6 mL), MeOH (3
mL), and NaOEt (21% (w/w) in denatured EtOH, 0.42 mL,
1.1268 mmol) were added # (0.3249 g, 0.3756 mmol),
and the mixture was refluxed at 9C for 2 h. After which,

the mixture was concentrated, and THF (8 mL), DIEA (6
equiv), and the respective halide (3 equiv) were added. The
reaction mixture was stirred at room temperature for 12 h
and filtered. The resin was washed with MeOH (10 mL

bath. Ethoxymethylene cyanamide (0.8236 g, 8.4 mmol) in 3) and CHCl; (10 mL x 3), and the combined organic layer
THF (15 mL) was added dropwise, and the reaction mixture Was concentrated and purified by column chromatography
was shaken at room temperature for 12 h. After which, the (EtOAc—hexane= 2:1 and then MeOHCH,Cl, = 1:10)

resin was filtered, washed with DMF (20 mk 3), H,O
(20 mL x 3), EtOH (20 mL x 3), CHCI, (20 mL x 3),
and EtO (20 mL x 3) and dried in a vacuum oven at 30
for 12 h.

General Procedure for the Preparation of Benzyl
N-Methyl Methylene Cyanamide N-Substituted Carbam-
ate Resin (4) (R = CH3). Resin3 (2.2551 g, 2.8 mmol)
was swollen in THF (20 mL) for 30 min and then cooled in
an ice-water bath. DBU (1.066 g, 14 mmol) was added,
followed by the dropwise addition of methyl ethoxymeth-
ylene cyanamide (0.4704 g, 8.4 mmol) in THF (15 mL).
After which, the reaction mixture was shaken at room

temperature for 12 h. The resin was then filtered, washed

with DMF (20 mL x 3), H,O (20 mL x 3), EtOH (20 mL
x 3), CH.CI; (20 mL x 3), and E4O (20 mL x 3), and
dried in a vacuum oven at 5 for 12 h.

General Procedure for the Preparation of 5-Amino-
(3-substituted)imidazole-4-carboxylic Acid Benzyl Ester
Resin (5).Resin4 (2.2876 g, 2.8 mmol) was swollen in DMF
(15 mL) for 30 min and then cooled in an ieavater bath.
tBuOK (0.6284 g, 5.6 mmol) in tBuOH (15 mL) was added,

to give 7.

1-Allyl-7-butylxanthine (7b). *H NMR (CDCl;, 300
MHz): ¢ 10.40 (s, NH, 1H), 7.60 (s, CH, 1H), 6.66.87
(m, NCH,CHCHj, 1H), 5.30-5.18 (m, NCHCHCH,, 2H),
4.62-4.60 (d,J = 5.6 Hz, NCHCHCH,, 2H), 4.3+-4.26
(t, 3 = 7.1 Hz, NCH,CH,CH,CHs, 2H), 1.9%-1.81 (m,
NCH,CH,CH,CHjz, 2H), 1.42-1.30 (m, NCHCH,CH,CHj,
2H), 0.99-0.94 (t,J = 7.5 Hz, NCHCH,CH,CHjs, 3H).3C
NMR (CDCls, 300 MHz): 6 155.1, 151.1, 147.3, 141.0,
132.1, 117.5, 107.0, 47.1, 42.8, 32.7, 19.6, 13.5. Mass
spectrum (EI): m/z 248.2 (MH). Exact mass calcd for
CioH16N4O2: miz 248.1273. Found: 248.1272. Overall
yield: 35%.

7-Butyl-1-phenylxanthine (7c).*H NMR (CDCl;, 300
MHz): 6 7.70 (s, CH, 1H), 7.547.41 (m, ArH, 3H), 7.29-
7.26 (m, ArH, 2H), 4.284.23 (t,J = 7.3 Hz, NCH,CH,-
CH,CHs, 2H), 1.96-1.80 (m, NCHCH,CH,CHg, 2H),
1.41-1.31 (m, NCHCH,CH,CHa, 2H), 0.96-0.91 (t,J =
7.3 Hz, NCHCH,CH,CHs, 3H). 3C NMR (CDCk, 300
MHz): 6 155.5, 151.5, 147.9, 141.3, 134.9, 129.4, 129.2,
128.8,107.2,42.2,32.7,19.6, 13.4. Mass spectrum (B&i:
283.9 (M+). Exact mass calcd fori@H1eN4O,: m/z284.1273.

and the reaction mixture was stirred at room temperature Found: 284.1270. Overall yield: 34%.

for 2 h. After which, the reaction mixture was quenched with
NH.CI, and the resin was filtered, washed with DMF (20
mL x 3), H,O (20 mL x 3), EtOH (20 mLx 3), CHCl,
(20 mL x 3), and E4O (20 mL x 3), and dried in a vacuum
oven at 50°C for 12 h.

General Procedure for the Preparation of 5-(3-
Substituted Ureido)imidazole-4-carboxylic Acid Benzyl
Ester Resin (6). Resin5 (0.3054 g, 0.3756 mmol) was
swollen ino-xylene (10 mL) for 30 min. Isocyanate (3 equiv)
was added, and the reaction mixture was heated at- 120
125°C for 24 h. The resin was filtered, washed with DMF
(20 mL x 3), HO (20 mL x 3), EtOH (20 mLx 3), CH,-

Cl; (20 mL x 3), and E4O (20 mL x 3), and dried in a
vacuum oven at 50C for 12 h.

General Procedure for the Preparation of 1,7- or 1,7,8-
Substituted Xanthines (7). THF (6 mL), MeOH (3 mL),

1-Benzyl-7-butylxanthine (7d).'H NMR (CDCl;, 300
MHz): ¢ 10.55 (s, NH, 1H), 7.60 (s, CH, 1H), 7.57.47
(m, ArH, 2H), 7.32-7.24 (m, ArH, 3H), 5.17 (s, ArCH
2H), 4.30-4.25 (t,J = 7.1 Hz, NCH,CH,CH,CHs, 2H),
1.90-1.80 (m, NCHCH,CH,CH;, 2H), 1.4+1.29 (m,
NCH,CH,CH,CHjs, 2H), 0.98-0.93 (t,J = 7.3 Hz, NCH-
CH,CH,CHjz, 3H). *C NMR (CDCk, 300 MHz): ¢ 155.4,
151.4,147.3, 141.0, 137.2, 128.8, 128.4, 127.5, 107.0, 47.0,
43.9, 32.7, 19.5, 13.5. Mass spectrum (E1)z298.2 (Mt).
Exact mass calcd for H1gN4Op: m/z 298.1430. Found:
298.1435. Overall yield: 29%.

7-Benzyl-1-hexylxanthine (7e).*H NMR (CDCl;, 300
MHz): 6 11.26 (s, NH, 1H), 7.62 (s, CH, 1H), 7.44.35
(m, ArH, 5H), 5.48 (s, ArCH, 2H), 3.99-3.94 (t,J = 7.3
Hz, NCH,CH,CH,CH,CH,CHs, 2H), 1.64-1.62 (m, NCH-
CH,CH,CH,CH,CHjz, 2H), 1.31+-1.25 (m, NCHCH,CH.-

and NaOEt (21% (w/w) in denatured EtOH, 0.42 mL, 1.1268 CH,CH,CHs, 6H), 0.89-0.85 (t,J = 6.1 Hz,CHs, 3H).13C

mmol) were added to resi;(0.3249 g, 0.3756 mmol), and
the reaction mixture was refluxed at 9C for 2 h. After

NMR (CDCl;, 300 MHz): 6 155.7, 151.4, 147.2, 140.8,
134.9,129.1, 128.7, 128.2, 107.0, 50.3, 40.9, 31.5, 28.0, 26.6,

which, the reaction mixture was filtered, and the resin was 22.5, 14.0. Mass spectrum (Elyz 326.0 (M+). Exact mass

washed with MeOH (10 mlx 3) and CHCI; (10 mL x 3).

calcd for GgH2oN4O2: m/z 326.1743. Found: 326.1740.

The combined organic layer was concentrated and purified Overall yield: 25%.



Synthesis of Substituted Xanthines

7-Benzyl-1-phenylxanthine (7f).*H NMR (CDCls, 300
MHz): 6 11.47 (s, NH, 1H), 7.69 (s, CH, 1H), 7.53.25
(m, ArH, 10H), 5.44 (s, Clj 2H). *3C NMR (CDCk, 300
MHz): 6 155.7, 151.4, 147.8, 141.2, 134.8, 134.7, 129.3,

Journal of Combinatorial Chemistry, 2006, Vol. 8, No. 827

calcd for GgHi1eN4O2: m/z 320.1273. Found: 320.1275.
Overall yield: 19%.
7-Benzyl-1,3-diallylxanthine (7m). *H NMR (CDCl;, 500

MHz): 6 7.54 (s, CH, 1H), 7.387.33 (m, ArH, 5H), 6.06-

129.1, 128.8, 128.8, 128.4, 107.1, 50.5. Mass spectrum5.88 (m, NCHCHCH,, 2H), 5.49 (s, \CH,, 2H), 5.32-5.19

(E): m/z 318.0 (MH). Exact mass calcd for 1gH14N4O5:
m/z 318.1117. Found: 318.1118. Overall yield: 30%.

1,7-Dibenzylxanthine (7¢. 'H NMR (DMSO-ds, 300
MHz): ¢ 8.21 (s, CH, 1H), 7.337.26 (m, ArH, 10H), 5.46
(s, NCH, 2H), 4.99 (s, NCH, 2H). 13C NMR (DMSO-ds,
300 MHz): 6 155.0, 150.9, 148.0, 143.1, 137.7, 137.0, 128.7,

(m, NCH,CHCH_, 4H), 4.7+4.62 (m, NCH,CHCH,, 4H).

3C NMR (CDCk, 500 MHz): 6 154.8, 150.7, 148.5, 141.0,
135.1,132.2,131.5,129.1,128.7,128.1, 118.0, 117.5, 107.0,
50.3, 45.3, 43.3. Mass spectrum (Eijrz 321.8 (Mt). Exact
mass calcd for gH1gN4O,: m/z322.1430. Found: 322.1435.
Overall yield: 23%.

128.2, 128.0, 127.5, 127.3, 127.0, 105.7, 48.9, 42.8. Mass 1-Allyl-3,7-dibenzylxanthine (7n).*H NMR (CDCl;, 300

spectrum (El): m/z 331.9 (M+). Exact mass calcd for
CigH16N4Oo: m/z 332.1273. Found: 332.1274. Overall
yield: 23%.

1-Allyl-7-benzylxanthine (7h). *H NMR (CDCls;, 300
MHz): 6 11.60 (s, NH, 1H), 7.63 (s, CH, 1H), 7.40.33
(m, ArH, 5H), 5.99-5.79 (m, NCHCHCH, 1H), 5.48 (s,
NCH,, 2H), 5.28-5.09 (m, NCHCHCH,, 2H), 4.61-4.59-
(d, J = 5.6 Hz, NCH,CHCH;,, 2H). *3C NMR (CDCk, 300
MHz): ¢ 155.3, 151.2, 147.5, 141.0, 135.3, 132.1, 129.1,
128.8, 128.2, 117.4, 106.9, 50.4, 42.7. Mass spectrum (El):
m/z 282.0 (M+). Exact mass calcd for H14N4O2: miz
282.1117. Found: 282.1115. Overall yield: 27%.

7-Benzyl-3-methyl-1-phenylxanthine (7i). 'H NMR
(CDCls, 300 MHz): 6 7.55 (s, CH, 1H), 7.467.16 (m, ArH,
10H), 5.40 (s, Chl 2H), 3.54 (s, CH, 3H). 13C NMR
(CDCl;, 300 MHz): 6 155.2, 151.6, 149.5, 141.1, 135.4,
129.4,129.1,128.7,128.2, 107.2, 50.4, 29.8. Mass spectru
(EN: m/z 332.0 (MH). Exact mass calcd for gH16N4O2:
m/z 332.1273. Found: 332.1274. Overall yield: 20%.

7-Benzyl-1-phenyl-3-propargylxanthine (7j)."H NMR
(CDCls, 300 MHz): 6 7.65 (s, CH, 1H), 7.537.25 (m, ArH,
10H), 5.47 (s, NCh} 2H), 4.91-4.90 (d,J = 2.5 Hz, NXH,-
CCH, 2H), 2.28-2.27 (t,J = 2.4 Hz, CHCCH, 1H). 13C
NMR (CDCl;, 300 MHz): 6 155.0, 150.7, 148.2, 141.3,

m

MHz): 6 7.46 (s, CH, 1H), 7.427.41 (m, ArH, 2H), 7.29-
7.14 (m, ArH, 8H), 5.9%5.78 (m, NCHCHCH_, 1H), 5.40
(s, NCH,, 2H), 5.19-5.08 (m, NCH and NCHCHCH;, 4H),
4.56-4.54 (m, NCH,CHCH,, 2H). 3C NMR (CDCk, 300
MHz): 6 154.8, 151.0, 148.7, 140.9, 136.4, 135.1, 132.2,
129.1, 128.7, 128.5, 128.2, 127.8, 117.5, 107.1, 50.3, 46.6,
43.4. Mass spectrum (Elywz 371.7 (Mt+). Exact mass calcd
for CaoH20N4O: miz 372.1586. Found: 372.1584. Overall
yield: 24%.
3-Allyl-7-benzyl-1-phenylxanthine (70)."H NMR (CDCl,
300 MHz): 6 7.54 (s, CH, 1H), 7.457.17 (m, ArH, 10H),
6.00-5.87 (m, NCHCHCH,, 1H), 5.40 (s, NCH 2H),
5.30-5.15 (m, NCHCHCH, 2H), 4.67+4.65 (d,J = 5.9
Hz, NCH,CHCH,, 2H). 3C NMR (CDCk, 300 MHz): ¢
155.2,151.1, 149.0, 141.2, 135.3, 135.0, 131.4, 129.3, 129.1,
128.7,128.7,128.4, 118.6, 107.3, 50.4, 45.6. Mass spectrum
(El): m/z 358.1 (M+). Exact mass calcd for &H1gN4O,:
m/z 358.1430. Found: 358.1422. Overall yield: 23%.
3,7-Dibenzyl-1-phenylxanthine (7p)H NMR (CDCls,
300 MHz): 6 7.54-7.15 (m, CH and ArH, 16H), 5.36 (s,
NCH,, 2H), 5.20 (s, NCH 2H). 3C NMR (CDCk, 300
MHz): ¢ 155.1, 151.4, 149.1, 141.0, 136.2, 135.3, 135.0,
129.3,129.2,129.1, 128.7, 128.6, 128.5, 128.4, 127.9, 107.3,
50.3, 46.7. Mass spectrum (Elyyz 408.1 (\VH). Exact mass
calcd for GsHaoN4O2: vz 408.1586. Found: 408.1588.

135.1, 134.9,129.4, 129.1, 128.8, 128.7, 128.4, 107.4, 72.0,0yerall yield: 20%.

50.5, 32.6. Mass spectrum (Elxz 356.0 (M+). Exact mass
calcd for GijH16N4O2: m/z 356.1273. Found: 356.1272.
Overall yield: 19%.

1-Allyl-7-benzyl-3-methylxanthine (7k).*H NMR (CDCl,
500 MHz): 6 7.54 (s, CH, 1H), 7.387.32 (m, ArH, 5H),
5.96-5.88 (m, NCHCHCH,, 1H), 5.49 (s, NCH, 2H),
5.28-5.17 (m, NCHCHCH,, 2H), 4.63-4.62 (m, NCH,
2H), 3.57 (s, NCH, 3H). 3C NMR (CDCk, 500 MHz): ¢

1-Allyl-7,8-dimethylxanthine (7q). *H NMR (DMSO-ds,
300 MHz): 6 11.76 (s, NH, 1H), 5.985.75 (m, NCHCH-
CH, 1H), 5.08-5.00 (m, NCHCHCH,, 2H), 4.42-4.40 (d,
J = 4.9 Hz, NCH,CHCH,, 2H), 3.78 (s, NCH, 3H), 2.36
(s, CCH;, 3H). 13C NMR (DMSO-ds, 300 MHz): ¢ 154.0,
151.0, 150.0, 146.3, 132.8, 115.4, 105.8, 41.0, 30.8, 12.2.
Mass spectrum (El)m/z 219.9 (MH). Exact mass calcd for
CigH12N4O2: mvz 220.0960. Found: 220.0960. Overall

154.8,151.2, 149.0, 140.9, 135.2, 132.3, 129.1, 128.7, 128.0yield: 16%.

117.5,107.0, 50.3, 43.4, 29.7. Mass spectrum (Bl 296.0
(M+). Exact mass calcd for 6H16N4O2: mVz 296.1273.
Found: 296.1280. Overall yield: 20%.
1-Allyl-7-benzyl-3-propargylxanthine (71). *H NMR
(CDCls, 500 MHz): 6 7.58 (s, CH, 1H), 7.397.33 (m, ArH,
5H), 5.96-5.88 (m, NCHCHCH, 1H), 5.49 (s, N\CH,, 2H),
5.29-5.18 (m, NCHCHCH,, 2H), 4.88-4.87 (d,J = 1.9
Hz, NCH,CCH, 2H), 4.64-4.62 (m, NCH,CHCH,, 2H),
2.25-2.25 (t,J = 2.2 Hz, NCHCCH, 1H). 3C NMR
(CDCls, 500 MHz): 6 154.7, 150.4, 147.7, 141.1, 135.0,

132.0, 129.1, 128.7, 128.2, 117.8, 107.2, 77.6, 71.8, 50.4,

43.5, 32.5. Mass spectrum (Elvz 320.0 (Mt). Exact mass

7,8-Dimethyl-1-phenylxanthine (7r).*H NMR (DMSO-
ds, 300 MH2z): 6 11.85 (s, NH, 1H), 7.487.21 (m, ArH,
5H), 3.76 (s, NCH, 3H), 2.39 (s, CCHl 3H). 1*C NMR
(DMSO-ds, 300 MHz): 6 155.0, 151.6, 150.9, 147.2, 136.0,
129.4, 128.7, 127.8, 106.6, 31.3, 12.7. Mass spectrum (El):
m/z 255.9 (MH). Exact mass calcd for €H1,N,Oo: miz
256.0960. Found: 256.0960. Overall yield: 15%.

1-Allyl-3-benzyl-7,8-dimethylxanthine (7s).*H NMR
(CDCls, 300 MHz): 6 7.41—7.17 (m, ArH, 5H), 5.96-5.72
(m, NCH,CHCH,, 1H), 5.23-5.03 (m, ArCH and NCH-
CHCH;,, 4H), 4.54-4.53 (d,J = 5.6 Hz, NCH,CHCH,, 2H),
3.81 (s, NCH, 3H), 2.38 (s, CChH 3H). 3C NMR
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(CDCl;, 300 MHz): 6 154.8, 151.0, 150.8, 147.8, 136.6,
132.5, 128.6, 128.4, 127.7, 117.2, 107.5, 46.4, 43.2, 31.8,
13.1. Mass spectrum (El)n/z 310.2 (M"). Exact mass calcd
for C17H18N4O2: mVz 310.1430. Found: 310.1430. Overall
yield: 14%.

1-Phenyl-3,7,8-trimethylxanthine (7t).*H NMR (CDCl,
300 MHz): 6 7.46-7.16 (m, ArH, 5H), 3.82 (s, NCk 3H),
3.52 (s, NCH, 2H), 2.42 (s, CCH 3H). 13C NMR
(CDCly): ¢ 155.2,151.7,151.1, 148.6, 135.7, 129.3, 128.8,
128.6, 107.7, 31.9, 29.7, 13.1. Mass spectrum (Efg 270.1
(MT). Exact mass calcd for qH14N4O,: mz 270.1117.
Found: 270.1110. Overall yield: 14%.

1-Allyl-7-methyl-8-phenylxanthine (7u)."H NMR (CDCls,
500 MHz): 6 10.26 (s, NH, 1H), 7.747.53 (m, ArH, 5H),
5.99-5.91 (m, NCHCHCH,, 1H), 5.36-5.19 (m, NCH-
CHCH, 2H), 4.65-4.63 (m, NCH,CHCH,, 2H), 4.06 (s,
CHjz, 3H). 13C NMR (CDCk, 500 MHz): 6 155.6, 152.5,
151.1,146.7,132.2, 130.5, 129.3, 128.9, 128.0, 117.4, 108.5,
42.7, 33.9. Mass spectrum (ESHYz283.1 (M+ H*). Exact
mass calcd for GH14N4O,: m/z282.1117. Found: 283.1190
(M + HY). Overall yield: 7%.

1-Allyl-3,7-dimethyl-8-phenylxanthine (7v). *H NMR
(CDCl;, 500 MHz): 6 7.69-7.52 (m, ArH, 5H), 5.99-5.91
(m, NCH,CHCHj, 1H), 5.31-5.19 (m, NCHCHCH,, 2H),
4.67-4.66 (m, NCH,CHCH,, 2H), 4.06 (s, NCH, 3H), 3.63
(s, NCHg, 3H).13C NMR (CDClk, 500 MHz): 6 155.2, 152.2,
151.3,148.5,132.4,130.4, 129.2, 128.9, 128.4, 117.4, 108.6,
43.3, 33.9, 29.7. Mass spectrum (ESHz297.1 (M+ H*).
Exact mass calcd for H16N4O,: miz 296.1273. Found:
297.1346 (M+ H*). Overall yield: 6%.

Acknowledgment. We thank the National University of
Singapore for financial support of this work.

Supporting Information Available. H and3C NMR
spectra of all compounds, X-ray structure @b, and IR
spectra of resind—6. This material is available free of
charge via the Internet at http://pubs.acs.org.

References and Notes

(1) (a) Dorfman, L. J.; Jarvik, M. EClin. Pharmacol. Ther.
197Q 11, 869-872. (b) Wang, Y.; Chackalamannil, S.; Hu,
Z.; Boyle, C. D.; Lankin, C. M.; Xia, Y.; Xu, R.; Asberom,
T.; Pissarnitski, D.; Stamford, A. W.; Greenlee, W. J.; Skell,
J.; Kurowski, S.; Vemulapalli, S.; Palamanda, J.; Chintala,
M.; Wu, P.; Myers, J.; Wang, MBioorg. Med. Chem. Lett.

He et al.

2002 12, 3149-3152. (c) Strappaghetti, G.; Corsano, S.;
Barbaro, R.; Giannaccini, G.; Betti, Bioorg. Med. Chem.
2001, 9, 575-583. (d) Schweighoffer, F.; Guillet, P. U.S.
Patent 2005043319, 2005. (e) Daly, J. W.; Hide, .}l

C. E.; Shamim, MPharmacologyl991, 42, 309-321. (f)
Jacobsen, K. A.; van Galen, P. J. M.; Williams, 81.Med.
Chem.1992 35, 407-422. (g) Chappe, V.; Mettey, Y.;
Vierfond, J. M.; Hanrahan, J. W.; Gola, M.; Verrier, B.;
Becq, F.Br. J. Pharmacol.1998 123 683-693.

(2) DeSarro, A.; Grasso, S.; ZappaM.; Nava, F.; DeSarro,
G. Arch. Pharmacol1997, 356, 48—55.

(3) (a) Dawe, R. A,; Parkin, C.; Kerr, J. S.; Hindmarchiied.
Sci. Res1995 23, 335-336. (b) Kase, H.; Nakagawa, Y.;
Shiozaki, S.; Kobayashi, M.; Toki, S.; Seno, N.; Ikeda, K.
International Patent WO2005056016, 2005.

(4) (a) Takeuchi, M.; Takayama, M.; Shirakura, S.; Kase, H.
International Patent WO2005072739, 2005. (b) Pinto, I. L.;
Rahman, S. S.; Nicholson, N. H. International Patent
W02005077950, 2005. (c) Yasui, K.; Komiyama, IAt. J.
Hematol.2001, 73, 87—92.

(5) (a) Zavialov, I. A.; Dahanukar, V. H.; Nguyen, H.; Orr, C;
Andrews, D. ROrg. Lett.2004 6, 2237-2240. (b) Baraldi,

P. G.; Tabrizi, M. A.; Preti, D.; Bovero, A.; Romagnoli, R;
Fruttarolo, F.; Zaid, N. A.; Moorman, A. R.; Varani, K.;
Gessi, S.; Merighi, S.; Borea, P. A. Med. Chem2004
47, 1434-1447. (c) Hayallah, A. M.; Ramez, J. S.; Reith,
U.; Schobert, U.; Preiss, B.; Schumacher, B.; Daly, J. W.;
Miller, C. E. J. Med. Chem2002 45, 1500-1510. (d)
Hirokazu, S.; Manabu, Y.; Susumu, S.; Ken-ichi, M.; Keniji,
Y.; Hiroyuki, S. Chem. Pharm. BulR002 50, 1163-1168.
(e) Bridson, P. K.; Wang, X. DSynthesid 995 855-858.

(f) Hutzenlaub, W.; Pfleiderer, WLiebigs Ann. Chen1979
1847-1854. (g) Senga, K.; Ichiba, M.; Kanazawa, H.;
Nishigaki, S.; Higuchi, M.; Yoneda, Synthesid977, 264—
265. (h) Kramer, G. L.; Garst, J. E.; Mitchel, S. S.; Wells,
J. N. Biochemistryl1977, 16, 3316-3321.

(6) Balkenhohl, F.; von dem Bussche-Huennefeld, C.; Lansky,
A.; Zechel, CAngew. Chem., Int. Ed. Endl996 35, 2288—
2337.

(7) He, R.; Lam, Y.J. Comb. Chenm2005 7, 916-920.

(8) (a) Zavialov, I. A.; Dahanukar, V. H.; Nguyen, H.; Orr, C;
Andrews, D. ROrg. Lett.2004 6, 2237-2240. (b) Kramer,
G. L.; Garst, J. E.; Mitchel, S. S.; Wells, J. Riochemistry
1977, 16, 3316-3321. (c¢) Hayallah, A. M.; Sandoval-
Ranirez, J.; Reith, U.; Schobert, U.; Preiss, B.; Schumacher,
B.; Daly, J. W.; Miller, C. E. J. Med. Chem2002 45,
1500-1510. (d) Hirokazu, S.; Manabu, Y.; Susumu, S.; Ken-
ichi, M.; Kenji, Y.; Hiroyuki, S. Chem. Pharm. Bull2002
50, 1163-1168. (e) Bridson, P. K.; Wang, X. Bynthesis
1995 855-858.

CC060092+



