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Abstract

A novel application has been developed to separate regioisomers chemoselectively using a solid-supported
reagent. An N7/N9 purine regioisomer mixture was purified using aluminum oxide/drovide the N9 isomer
selectively as a parallel or high-throughput format (chemoselective high-throughput purification). 2,9-Disubstituted
guanines were conveniently prepared by this new method in conjunction with solid-supported reagents. © 2000
Elsevier Science Ltd. All rights reserved.
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The guanine scaffold has been of considerable interest because of its potent antiviral therapeutic
activity. Some analogs such as acyclovir, buciclovir, and gancyclovir have demonstrated antiherpes
activity.? Several communications regarding high-throughput synthesis of 2,6-diaminop2iinesie-
nines3 have been publishetihowever, no synthetic approach to the guanine scaffold using a combi-
natorial application has as yet been reported. During the course of exploring new synthetic strategies
directed toward the purine scaffolds described in Fig. 1, we developed an effective high-throughput
purification method to separate the N7/N9 regioisomers by solid-supported reagents (chemoselective
high-throughput purificatiorf)2 This novel application using solid-supported reagents avoids laborious
regioisomer separation and work-up steps and facilitates the library synthesis of diverse purines. Herein,
we describe a convenient high-throughput purification method using solid-supported reagents to separate
N7/N9 regioisomers of purines and its application to 2,9-disubstituted guanine syfthesis.
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Fig. 1. The purine class and the numbering of the core structure
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The guanine synthesis outlined in Scheme 1 started with the simple and direct alkylation of
Of-benzyl-2-aminopurine4 with polymeric BEMP (2tert-butylimino-2-diethylamino-1,3-dimethyl-
perhydro-1,3,2-diazaphosphorirté).This convenient alkylation approach using polymeric base was
attempted in order to avoid the laborious Mitsunobu reaction introducing N9 substituents and tedious
aqueous work-up steps. The alkylationsQ@ff-benzyl-2-aminopurine proceeded smoothly in aceto-
nitrile at room temperature to yield a mixture of N7 and N9 regioisorief$ie regioisomer ratio varying
between 1:4 and 1:9 was determined by the integration of tHé4@M8VIR signal’ Several inorganic-solid
filtration pads and ion exchange resins were examined to explore an appropriate and convenient high-
throughput method that could isolate the N9 isomer selectively from the mixture. Fortunately, aluminum
oxide/H" proved to be the best filtration medium to obtain the N9 regioisodnier moderate yields
(30-75%) and high purity (>99%) without any N7 isomer contamination. The moderate yiéd of
(R1=cyclohexylmethyl) is partially attributed to incompldtealkylation, however, the unreactiviewas
also scavenged while the reaction mixture was passed through the alumina pad. The N7 isomer started to
elute by washing the alumina pad with a 2 M solution of J¥leOH 8
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Scheme 1. Synthetic approach to purine analogs mediated by solid-supported reagents: isolated yield of the N®Daftemers
chemoselective purification employing an aluminafiéd;6a (R,=CHs;, 75%),6b (R;=CH,CH,CHjz, 48%),6c (R;=CH,Ph,
56%),6d (R;=cyclohexylmethyl, 30%)

Following the precedent method developed in our laboratory, subsequent acylaBgros$essing
a weakly nucleophilic amine at C2 proceeded successfully with polymeric BEMP (Scheh#tay.
completion of the reaction, polymer-bound trisamine treatment to remove the excess acyl chloride
(scavenging pathway A) was followed by the deprotectiorO8fbenzyl with 80% TFA/CHCI, to
provide several guanine core structuge¥ Although the purities of final compounds determined by
LC/MS (ELSD) are good overall, isolated yields are not satisfactory (Tablé ITh improve the
isolated yield, amino-functionalized silica was tested to sequester the excess acyl chloride instead of
the polystyrene-based trisamine resifislhe intrinsic advantages of silica such as no swelling and
compatibility with various solvents were envisioned to affect the isolation of products in solution phase
synthesis. After completiniy-acylation, ultrapure amino-silica (Si-NlHwas added and the mixture was
shaken overnight (scavenging pathway B). Interestingly, the isolated yields increased from 10 to 40%
with high purity. The increased yields were presumably attributed to the intrinsic physical properties
of silica as described above. General synthetic procedures of 6,9-disubstituted guanine ar@alogues
are described as follows: a solution ©f-benzyl-2-aminopurind (1.0 equiv.), polymer-bound BEMP
(1.2 equiv.) and various alkylating reagents (1.2 equiv.), and anhydrous acetonitrile (0.2 M) was stirred
overnight at room temperature. The mixture was passed through a pad of aluminum 6&xide'ta
weight ratio of 1 g alumina per 1.0 mmol dfand then washed with anhydrous acetonitrile to provide
diverse N9 alkylated purine8. For large-scale reactions, after passing through the alumina pad, the
combined organic filtrates were evaporated in vacuo and the residue was triturated with 1:1 diethyl
ether/hexane to provide highly pure N9 regioisomer (>99%). Subsequent acylatonithf polymer-
supported BEMP (3.0 equiv.) and diverse acyl chlorides (5.0 equiv.) in THF was carried out overnight at
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room temperature. Amino-silica gel (1.5-fold excess over acyl chloride) was added to the slurry in order
to remove the excess acyl chloride from the mixture. After shaking overnight, the mixture was filtered
and washed with THF. The combined filtrates were concentrated in vacuo. Treatment of the residue with
80% TFA/CHCI, provided diverse guanine scaffoldi moderate yield with high purit}? The isolated

yield and purity of 2,9-disubstituted guanin@sising two different sequestration methods are displayed

in Table 1.
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Scheme 2. The library synthesis of 2,9-disubstituted guanines
Table 1
Isolated yields and purity scores of guani®es
Ry Scavenging
R, Method Methyl n-Propyl Benzyl Cyclohexylmethyl

34* (99) 51(86 28 (99 39 (99
MO 99) (86) 99 39(99)
B 68 (99) 75 (88) 37 (88) 55(99)
PhY“s_L A 68 (78) 69 (95) 63 (98) 49 (96)
Ph B 79 (91) 75 (99) 77 (98) 69 (93)
Ph/\o/\; A 34 (99) 60 (91) 32 (99) 42 (99)
B 75 (99) 82 (99) 42 (99) 60 (99)
@\ A 57 (79) 70 (86) 53 (74) 76 (53)
g B 78 (75) 99 (97) 99 (99) 64 (99)

“Isolated yield, "Purity determined by LS/MS. The number reported in parenthesis is based on
evaporative light scattering detector (ELSD) (see reference 11). Scavenging Method A done by
polymeric trisamine, B by amino silica.

In summary, we report a novel application of solid-supported reagents that conveniently separates
N7/N9 purine regioisomers in a high-throughput format or on a large scale. Using this method, 2,9-
disubstituted guanines were prepared without any laborious regioisomer separation and tedious aqueous
work-up. To the best of our knowledge, this is the first feasible high-throughput application of a solid-
supported reagent used for regioisomer separation. In addition, the possibility of silica as a different solid-
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supported reagent was examined for sequestration. Progress towards the library synthesis of different
purine classes will be reported in due course utilizing these novel high-throughput purification and solid-
supported reagents.
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The structures of four N9-alkylated purinésind 2,9-disubstituted guanin8svere assigned b¥H, 3C NMR, and mass
spectrometry (FAB).



