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Mstracts 2-Methylsulfonyinsbularine hes been synthesized from
2-aminonebulerine (iscedenosine or 2-amincpurine ribonuc|eos!de) by a
redical deamination-thloalkylation followed by sulfur oxidation. This
sulfone Is potentially en intermediate for the synthesis of many new
2-substituted enalogues of nedbularine as the nucleotugic mettyylsulfonyl
group cen be displeced by & varlety of nucleophiles. Representative
examples Inciude 2-cysno-, 2-carboxamido-, 2-scetamido-, and 2-bls
(carboxmmido)methy!- nebularine. Structures of the Intermediate and
products were confirmed by spectroscopic date, particulariy high-field
NR and FAB HRMS data.

¥hile many syntheses have been reported for analogues of the naturasl purine nucleosides,
adencsine ond guenosine (for a few representstive examples see references 1-10), relatively
feow compounds relsted to nebulerine are known !!=13 Nebularine [9-( 8 -D-
ribofuranosyllpurine]l has been Isolsted from microorgenisms S. yokosukanenats'$, fungil
Ciitocybs nshulacls batsch', snd Micronlspors ap. SOC 1279."6 1t Is an antiblotic with
strong competitive Inhibitory properties for the onzyme, eadencsine deaminase.'’
Additionally, It has been studled as sn anticencer agonf.""e Analogues of nebularine could
potentielly be of considerable blological Importence. For example, 2-eminonebulerine has
been found to be an Inhibltor of & nusber of purfne metabollzing mzvms.w'z1 Also, 2-
methytnebularine has shown octivity es a presynaptic Inhidbitor of acetylchol ine rolmo.zz
and the corresponding 2-triflvoromethylpurine nucieoside has proven to be active sgainst
sarcomes end nooplufs.”’z‘ Our Interest in the synthes!s of unusyal purine nucleosides as
potential sentlviral sgents has led us to explore general approsches to functlionallzed
nedulerine systems. This poper reports on the preperation of the new Intermediate 4, o

purine sulfone system, and Its conversion to some novel congeners of nebularine.

Synthesis ot the purine 2-sulfone 4. required the development of a procedure that would
sllow gram scele preparstion of this Intermediate. The sterting compound was protected 2-
aminopurine nuclieoside 1, which, when trested with n=pentyl nitrite (or t-butyl nitrite) and
dimethyl dlisulfides In refluxing ecetonitrile under nitrogen, gave & 37 % yield of 2-
mothy imerceptonedbularine (2). The reaction eppesrs to be ® redical desmination-
thiocelkyiation and Is Inhidited by moleculer oxygen, Deprotection of 2 followed by selective

oxldation of the sulfur with potassium hydrogen persulfate (oxone) In buffered squecus
7001
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solution, 23 gave the sulfone 4 in about 80% yleld after chromatogrephic purlfication (Scheme
1. The pH of this resction must be maintalned between about 4 and 6. Below this pH, the
nucleoside decomposes slowly xla glycosidic bond cleavage, while at higher phs, decomposition
of the oxone reegent impairs the oxlidetion reaction. It should be mentioned thst oxone

axhibits much grester selectivity end efficlency [n this resction than potessium

permanganate.
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Sulfone of the antibiotic, nebularine

The nucieofugic sulfonyl group In 4 Is susceptible to displacement by selected
nycleophiles. Thus, reaction of 4 with sodium cysnide In DI at O oC tor 15 h efforded the
novel 2-cysnonebularine 5 In 40% yleld sfter purification. If this reaction Is viewed as o
derk  Spyt resction 25:Z7, tnen the fellure of previous dispiacements of halogens at this
position '2 may be explained by & more favorable reduction potentisi for the sulfone
compared to the halogenated systems. The cyano functlonality at the 2-position in 3 can be
hydrolyzed ‘o glve the carboxamide &, snother new nucieoside. The structures of both the

cyanide and the carboxsmide vere established by UV, FTIR, FAB HRMS, and high-fleid NMR doata.

The generellty of the utility of the sulfone as & precursor can be |ljustreted by the
synthesis of other snslogues of nebularine. For example, when the silyl protected sulfone 7
was treated with the snion of diethyimalonate, the corresponding melonate derivative 8 was
Isolated, If the reaction s run at room tesperature, It could be stopped at the malonate
stage. However, ralsing the tempersture to thet of refluxing tetrehydrofuran, results In
decorboxyiation to produce the ethylscetate derivative 9. The conversion of 8 to 9 may be

mechenistically expisined through a base—catalyzed retro-Clalsen resction,

Compound 9 was elsborated by resction of Its deprctected form (i.e. compound 10) with
methenolic eammonla to glve the novel cerboxamide 11, Similarly, the dlethyimalonyl

derivative 8 was converted through tts deprotected form to the bis-carboxamide 13.

In susmary, the novel 2-methyisultonyinebulerine, synthesized from 2-aminonebuiorine by
s redical elkylithloletion followed by oxidetion, Is sn Important Intermediate for the
synthesis of some new onslogues of nedbularine. This approach to novel congeners of
nebulerine may have considersble generallty es a wide varlety of nucleophiles could

concelvably be utillized to displace the nucleofugic group of the nebulerine sulfone

intermediate.

Exper imental Section

Irredistions were eccompiished wusing a Rayonet photochemical reector. The melting
points provided are yncorrected and were taken on 8 Thomes-Hoover seiting point apperatus
fitted with a microscope, Nuctesr magnetic resonance spectra using tetramethyisilane or
chlorotorm as (nternsl staadards were recorded on JEOL Model FX30Q and Bruker HKodel WOE0
pulse Fourier transform spectrometers. Muss spectra vere obtalined on @ Hewiett-Peckard 95985
GC/MS system or e YG Anslytical Mode! ZAB-HF Instrument with high-resolution FAB cepsbliity.
The ultrsviolet spectra were recorded on Yarisn Coery Model 219 or Gilford Response
spectrophotometers. Infrared spectra wvere recorded on a Mattson FTIR Instrument,

le—b—(&)-’-frlMl-l-o-rlbdﬁml)wlm (1) wes prepared from guasnosine
In 508 overali yleld as previocusly descrided.

2-¥athy lasrcapto9—(2,3, 517 |-O-ecetyl~ g -D-ribofuramcsyllpwrine (2}, A solution
consisting of 1,630 g (4.14 wmol) of 1, 30 sl of aoetonitrile, 1.1 sl (12.3 wmol) of
dimsthyldoifide, snd 2.6 oL (22 mmol) of npeatyl nitrite vas purged with nitrogen. The
solution wes then heated to reflux under with protection from |ight for 12 h. The solvent
was removed umnder reduced pressure, and the residue was purified by flesh chromstograpbhy on
siiice gol (elution with ether) to glvn 0.663 g (1.56 mmol, 378) of 2 s & yellow olis 'H MR
(CDCiy) 8 2.15-2.04 (m) 9 H), 2.63 (3, 3 M), 4.39 (m, 3 H)y 6,14 (ds | H), 8.3 (s, 1 H),
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9.25 (s 1 Hp UV(ETOH) ) 298, 29%nm; mass spectrum m/z (relative Intensity) 424 (M,
7.4), 166 (N"-guger, 15,977 The physical dete for 2 wes }g.nflcol to that reported
previously for the same campound prepered by a8 different method.

Isul fony|-9- g -D-riboferanosylpurine {(4). A solution consisting of 1.080 ¢
(2.54 wmol) of 2, 0.480 g (8.90 mmol) of sodium methox|de, and 40 mL of methanol was stirred
for 1 h. Asmonlum chloride (0.600 g, 10.9 mmol) wes then added, and the solution stirred ot
room tesperature for an additional hour. The solvent was removed under reduced pressure, and
the residue was purlfled by flash chromatography on slllca gel (911 chiorotorm/methanol) to
give 0.674 g (2.22 mmo!l, 81%) of 3 es & yellow oll: H R (Me,50-d¢) & 2.39 (s, 3 H),
3.62 (m, 2 H)y 3.93 (@, 1 H), 4.16 (m, 1 H), 4.37 {(m, | H), 4.52 (m, ?H)l 5.23 (ms 1 H),
5.55 (m0 1 H), 5.97 (d, 1 H), 8.68 (s, 1 H)) 9.01 (s, 1 H)j UVCEYOH) X . 258, 295nm.

A solution consisting of 0.798 g (2.63 mmol) of 3 end 2.420 g (3.94 wmol) of oxone In 30
sl of scetate buffer (pH 4.2) wes stirred for 12 h ot 0 °C. After adjusting the pH to 7.0
with 2 N NoOH, the solvent was removed under reduced pressure. Methano! (50 miL) was then
odded and the Insoludble meterial was flitered. The filtrate wes dried "(MgSO,), and the
solvent was removed under reduced pressure. The residue was purlfied by flash chrometography
on sllice gel (ZX triethylmmine/chlorotorm followed by 911 _chlorofors/methenol) to glve
0.655 g (1.95 smol, 74%) of 4 s ® hygroscopic white solldi !°C MR (Me,SO-ds) & 57.9, 61.1,
70.6, 76.0, 82.8, 84,6, 132,3, 145,3, 143,6, 148,0, 155.7) 'H NMR (Me ¢ 3.28 (s, 3
H)»  3.63 (m, 2 HY, 3.90 (ms 1 H), 4,18 (ms 1 H), 4.35 (m | H), 4.52 (m, ? H), 5.25 (m» 1
H), 5.62 (ms 1 y). 6.03 (de ! H), 8,75 (s, 1 H)» 9.11 (3, 1 H)j UV(EtOH) A, 265 nm; FAB
HRMS 331.0719 (M"+H), calculeted for CyyH  NOgS 351.0712 ),

2-Cyano-9- g -O-ribofursncsyipurine (5). A solution consisting of 4 (0.270 g, 0.807
sm0l), sodlum cyenide (0,060 g, 1.2 smol}, and DMF (10 sl) was stirred st 0°C for 15 h. The
solvent was removed under reduced pressure, and the residue purifled by flash chrometography
on sllfice gel {911 chloroforw/methoancl} to glve 0.084 g (0.16 mmol, 40%) of 3 as a white
hygroscoplic solld: T {Mo,S0-dg) & 3.68 (m, 2 MYy 3.9 (ms 1 H), 4.03 (ms 1 H), 4.55 (m,
1 H)' 5.08 (4, 1 H), 5.25 (ds ! H), 5.59 (dy 1 H), 6.08 (ds 1 H)y 9.15 (s, 1 H), 9.38 (35, 1
H); NMR (Me. g) 4 61.1, 70.2, 74.3, 86.0, 88.3, l1619. 136.0, 136.3, 148.6.‘ 149.4,
151.1, UV(ETOH) 269nm (e = 9.559); FTIR(KBr) 2248 cm™'; FAB HRMS 278.0900 (M7+H),
calculoted for CyyHy Ns0, 278.0889 (M'+H).

2-Carbaxan | do-9- 8 ~O-r [bofurancsylpurine (6). To a solution consisting of 0.285 g (1.09
mol) of % 30 mL of ethanol, and | wL of 2N NaOH wes added 0.4 ml of 3% aqueous hydrogen
peraxide. After 1t.l.c. showed no evidence of starting material (1 h), & smell amount of
FeSO, was added untll no evidence of peroxides vas cbserved. The insoluble moterial was
flitered end the ¢flltrate removed under reduced pressure. The residue wos purifled by
reversed-phase HPLC on Amber|ite XAD-4 resin (2.5% ﬁh?nol/u?or) to glve 0,111 g (0.370
mol, 34%) of 6 as white crystsis: mp 152°C (decomp.); 'H NMR ( O=dg) & 3,67 (my, 2 H),
4.00 (m, t H), 4.24 (ms 1 H), 4.70 (m, 1 H), 5.05 (t, 1 H), 5.21 (4, ?H). ?35‘ (¢, t H)»
6.13 (ds 1 H)y 7.71 (bss 1 H), B.21 (bs, 1 H), B8.97 (s, 1 H)y 9.27 (5, | H); '“C NMR (Me,S0-
dc) & 61.3, 70.4, 74.0, 86.1, 87.7, 134.8, 1’7.4. 147.9, 151.7, 152.3.‘164.5; UY(ET1OH) 2

7 (e= 11,000); FTIR(KBr) 1601, 1688 cm '; FAB HRMS 296,1018 (N"+H), celculated 'g
CyiHysNsOy 296.0995 (M*eh),

2-81s(carboxamido)methy 1=9- 5 -D-r Ibofuranosy Ipurine {13). A solution consisting of 0.958
g (2.85 mmol) of 4, 1.72 g (11.4 mwo!) ot t-butyldimethylsiiyl chlioride, 1.55 g (22.8 mmol)
of Imldazole, and 10 sl of DMF wes stirred et 40°C for 24h. The reaction mixture was
partitioned between water (100 ml) and ether (40 ml). The organic leyer was collected ond
dried (MgSO,), snd the solvent wes removed under reduced pressure. The residue wos purltfied
by fiash chrmfograqhy on slitca gel (111 ether/hexsnes) to give 1.37 g (2.04 mmoi, 728) of
7 os 8 yellow olis 'H NMR (COCl4) & 0.117 fo -0.238 (m, 18H), 0.931~0.736 (m, 27 H), 2.90
(s, 3H), 3.95 (ms 2 H), 4.07 (m; | H), 4.30 (m, 1 H), 4.55 (m, 1 H), 6,08 (d, 1 H), B.63 (s,
1 HY 9.%7 (3. 1 HY; UV(ETOM) X . 265.5 nm; moss spectrum s/ (relstive Intensity) 616
(22.6), 615 (M ~t-Bu, 48.9).

A solutfon of 0,650 g (16.3 mmol) of sodlum hydride (60%), 3.1 wml (20 wmol) of
disthyimsionate, and 10 mL of THF was edded dropvise to 90 sl of & THF solution containing
1.37 g (2.04 smol) of 7. The resuiting soiution vas purged with nitrogen, and stirred for 29
h. After mass spectral evidence Indicated the absence of the starting msterlal, 1.300 g
(25.00 mmol!) of ssmonlum chloride wes ad@ed. The solution ves stirred for on additionsl 2 h
snd the solvent waes removed under reduced pressure. The residue wes purified by flesh
chromstography (hexanes followed by 111 ether/hexanes) to glve ? mixture of 0.763 g (1.06
mmol, 50%) of 8 and 0.344 g (0.50% mmol, 29%) ot 9. Date for 81 'H NMR (CDCiy) & 0.39 to -
0.29 (m, 18 H), 0.85-0.69 (m, 27 H), 1.15 (%, 6 H), 3,93 (m, 2 H), 4.27-3.95"(m, 6 H), 4.43
(ms 1 H), 5.02 (3, 1 H), 5.98 (d, 1 H), 8,47 (s, 1 H), 8.99 (s, 1 H)y (E¢OH) A 274.5
nm; sasy spectrum m/z (reletive Intensity) 754 (2.7), 696 (21.9), 693 (M -t-Bu, no.!f’.‘ Dets
for 9: 'H NMR (COCI4) 8 0.07 to =0.23 (m, 18 H), 0.88-0.74 (m, 27 K}, 1,17 (¢, 3 H), 3.63 (m,
2 H), 3.99 (s, 2 HY, 4.25~4.15 (m, 4 H), 4.52 (m, T H), 6.0% (4, 1 H), B.44 (s, 1 M), 8.99
(s, 1 M)y UV(ETOM) A 272.9 ne; mess spectrum m/z (relative Intensity) 6531 (M'- CO), 624
(43.8), 623 (N - ¢-84%Y00.0).
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A solution consisting of 1.34 g (2.01 mmol) of 8, 50 sl of acetonitriie, and 12 sl of
0.5 N tetrasthylammonium fluoride (ocetonitrile) wes stirred tor 2 h atter which time 0.540 g
(10.0 smo!) ssmonium chloride was sdded. The resulting solution vas stirred for en odditional
2 h. The solvent was removed under reduced pressure snd the residue puritied by flosh
chrometogr aphy on 'iiiu gei (V11 chioroform/methenoi) to give 0.586 g (1.75 wmoi, 868) of 12
as s yellow olly 'H MR (bzzso-ds) 8§1.20 (¢, 6 H), 3.62 (m, 2 H), 4.24-4.04 (my, 6 H), 4.32
(mo 1 H), 5,18 (£, 1 H), 5.28 (my 2 H), 5.51 (ds 1 H)y 5,97 (ds | H), B.87 (3, 1 M)y 9.19 (s,
1 H)g UV(EtOH) ) 274.0 rm. A solutlon containing 0.379 g (1.12 mmo)) of 12 In 50 =L of
sethenol was purqoﬂtﬁl ssmonla at 0°C and stored In the freezer for 6 days. The solvent was
then removed under reduced pressure and the residue purified by reversed-phase HPLC on
Amber|ite XAD-4 resin (2.5’ ethonol/water) to glve 229 mg (0.651 meol, 58%) of 13 as & pale
yollow hygroscopic sollid: 'H MR (Me g) 6 3.43 (m, 2 H), 3,51 {my 1 H), 4.38 (m, 1 H),
4,68 (m;, 1 H), 4.78 (s, 1 H), 4,98 {t, 1 H), 5.23 (d, 1| H), 5,%Q (ds 1 H), 6.03 (d» 1 H),
7.29 (bs, 2 H), 7.5 (bs, 2 H), 8,82 (3, | H), 9.15 (s, 1 M}y NR  (Me,S0-dc) § 62.2,
63.7. 71.3, 74.4, 86.6, 87.6, 133.4, 146.2, ]48.8, 152.4, 159.6, l&g.t; UVIEHOH) A
266.5 nm (¢ = 7090); iR {(KBr peiiet) 1687 c@ '; FAB iiS 333.iZ2i7 (¥ +), coaicuiaied 7Tor
CysHigNgOs 353.1209 (M4H).

2-Acetamido~9-( B -D-ribofursnosyllpurine (11), A solution consisting of 0.560 g (14.0
mmol) of sodium hydride (60%), 2.50 sL (16.4 mmol) of diethyimslonate, and 15 al of THF was
added dropvise to 40 sl of & THF solution contalning 1,100 g (1.64 mmol) of 7. The resultant
solution was opurged with nitrogen and stirred tor 48 h et reflux. After nar evidence
Indicated the absence of intermediate 8, ammonium chloride (0,810 g, 15.0 mmol) was added.
The sclution was stirred for an edditional 2 h and the solvent was removed under reduced
pressurs. The residuve was purified by flash chromatography (hexanes followed by 1:}
ether/hexanes) to glve 0.803 g (1.18 mmol, 72%) of 9 as & |ight yellow off.

Deprotection ot 9 (0.803 g, 1.18 smol) was carried out as described previously f?r the
deprotection of 8 to give 0.301 g (0.956 swmol, 81%) of 10 as e light-yellow oll: 'H MR
(Mo 80-66) é 1.2% (¢, 3 H)y 3.62 (my 2 H)» 4.28-4,10 (m, 6 H), 4.35 (m;, 1 H)y 5.15 (1, 1 H),
5.32 (d, 1t H)y 5.53 (d, 1| H), 6.05 (ds 1 HY, B.71 (s, 1 H), 9.02 (s, 1 H); UY(EHOM)

272.0 om. The formetion of 11 from 10 (0.204 g, 0.603 wmol) wes coerrled out as described
previously for the forn1l0n of 13 to afford 0.160 g (0.514 mmol, 858) of 11 as white
crystels; mp. 175-176°C; 'H NMR (Me 0-dg) 6 3,65 (my 2 H), 3.81 (s, 2 H)y 3.95 (m, 1 H),
4.16 (m, 1 H), 4.60 (m, 1 H), 5.08 {t, 1°H), 5.21 (d, 1 H), 5.43 (ds 1 H)» 6.03 (d» 1 H),
7.41 (bs, 1 H), 7.48 (bs, 1 H), B.78 (s. 1 H), 9,11 (s, | H); '°C NMR (Me 0-6-6) § 46.2,
61.%, 70.6, 73,7, 87.1, 89.0, 132.5, |45.1. 148,2, 151.6, 159,7, 170.5; UV(ETOH) ) 266.9
(¢ = 77303 IR (KBr pellet) 1664 cn™'; FAB HRMS 310.1132 (M'sH), calculated for By, sNsO
310.1151 (M7 +H),
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