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2, N8, and B-substituted adenosine derivatives were synthesized via alkylation of 2-oxypurine nucleosides

leading to 2-arylalkylether derivatives. 2-(3-(Indolyl

)ethyloxy)adenodinevas examined in both binding

and cAMP assays and found to be a potent agonist of the hum#iRASIimplification, altered connectivity,
and mimicking of the indole ring o7 failed to maintain AsAR potency. Introduction ofNé-ethyl or
Né-guanidino substitution, shown to favoL#R potency, failed to enhance potency in the 2-(3-(indolyl)-
ethyloxy)adenosine series. Indol¢-50r 6'-halo substitution was favored at the;gAR, but a 3-N-

ethylcarboxyamide did not further enhance potency.

'2(63-Bromoindolyl)ethyloxy)adenosin8 displayed

an AsAR EGCs value of 128 nM, that is, more potent than the pareEn{299 nM) and similar to 5N-
ethylcarboxamidoadenosine (140 nM). Compo@&iwas a full agonist at 4 and AxARs and a low
efficacy partial agonist at Aand AARs. Thus, we have identified and optimized 2-(2-arylethyl)oxo moieties
in AR agonists that enhance;#AR potency and selectivity.

Introduction
There are four subtypes of adenosine receptors (ARg): A

For several decades, NECA'{S-ethylcarboxamidoadenos-
ine) 2 was considered to be the most potent known agonist at

Asa, Azs, and Al Three of these subtypes already possess the AsAR, with an EGo of 140 nM?>°2" A survey of

selective and potent agonists and antagoRi€sly the Aps-
AR remains without a selective agonist. It should be noted,

structurally diverse adenosine derivatives as agonists of the
human AgAR failed to identify a lead that surpassed the

however, that highly potent and selective antagonists have beerpotency of2.28 Cristalli and co-workers have explored the SAR

reported for this subtyp&.® A,gAR antagonists are directed

(structure-activity relationship) of 2-substituted-bronamide

toward clinical use for treating asthma and diabetes. Conversely,adenosine derivatives such &-PHP-NECA4 (ECso = 220

a selective AgAR agonist would provide a useful pharmaco-
logical probe for exploring the role of receptor activation.
Activation of the AgAR is known to induce angiogenesis,
reduce vascular permeabilizati&hincrease production of the
anti-inflammatory cytokine IL-181 increase chloride secretion
in epithelial cells'>~14 and increase release of inflammatory
mediators from human and canine mast cBi$. AsAR
agonists have been proposed for the treatment of septic Shock
and cystic fibrosid® and cardiad? pulmonary2® and kidney?®

nM) as potent but relatively nonselective agonists of the
AZBAR_29—31

Recent reports provided new insights into the SAR of agonists
of the A;gAR. A 3-fold enhancement in potency at thesgAR
was achieved by combinirgwith the Né-guanidino modifica-
tion in 3.32 This structural change produced a 3-fold gain in
potency at the AAR, a 300-fold loss of potency at the, /AR,
and no change at the;AR. Also, while 2-ether derivatives of
adenosine were characterized as potert™R agonists, specific

diseases associated with remodeling and hyperplasia. Thus, sucB-(2-arylethyloxy) ethers were also noted to be particularly

an agonist may be useful in preventing restenosis. TRAR

potent at the AsAR.26 In the present study we characterized

mediates vasodilation in the corpus cavernosum of rabbit andthe SAR of potent AgAR agonists based on compouhd In

agonists, therefore, may be useful in treating erectile dysfunc-

tion2! Recently, Yang et al. described a proinflammatory
phenotype resulting from deletion of the gene encoding the A
AR in the mouse, suggesting that activation of thg#R can
have anti-inflammatory effecf Activation of the AAR also
promotes postconditioning salvage of ischemic myocarditim.
Modulation of AgAR potency has been achieved through

structural changes at several sites on the adenosine molecule.

R-PIA (R-N6-(phenylisopropyl)adenosing) was one of the

particular, 5 or 6'-functionalization on the indole moiety of
17 led to the achievement of new AR agonists with enhanced
potency at the AsAR and reduced potency at other AR
subtypes. Moreover, we have used molecular modeling of the
human AgAR to propose a mode of docking of the potent
2-substituted derivatives.

eResults
Chemical Synthesis.The structures of the target adenosine

earliest potent agonists to be extensively investigated at ARs2-ether derivativess—40 appear in Chart 1 and Table 1.
and was one of the nucleosides used initially to distinguish the Compounds5—7 and 9—16 were studied previously at the

low affinity Aog and high affinity A,ARs24 It was found to
activate the AgAR with a micromolar potency and later was
noted to bind to the /AR with nearly the same affinity as at
the AcpAR.
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human AgAR.2% Routes to the synthetic intermediates for the
2-ether component are shown in Schemes 1 and 2. The novel
2-alkoxyadenosine8 and17—36, N®-guanidino-2-(3-indolyl)-
ethyloxy)adenosine derivative37 and 38, Né-ethyl-2-(3-in-
dolyl)ethyloxy)adenosin89 and 3-N-ethylcarboxamido-2-(3-
indolyl)ethyloxy-adenosine40 were prepared via alkylation of
2-oxypurine nucleosides using arylalkyl/alkyl iodides as shown
in Schemes 35.

pyright. Published 2007 by the American Chemical Society
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Chart 1. Chemical Structures of Selected Adenosine Derivatil/ed Previously Used as Pharmacological Reference Compounds for
Characterization of the AAR and Novel Adenosine Derivatives and17—40
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aThe remaining adenosine derivatives in the sefes] and 9—16 (structures in Table 1), were reported previouly.

The various arylalkyl iodides used in this study, when not followed by iodination with sodium iodide gave the correspond-
commercially available, were synthesized by the routes showning iodides 59—61. Furthermore, other 5- or 6-substituted

in Schemes 1 and 2. Tryptophol (3-(2-hydroxyethyl)inddl&)
5-methoxytryptophol42, and 5-hydroxy-tryptopho#3 were
converted to the corresponding tosylates-46, respectively,
followed by iodination with Nal to give the iodide$7—49.
Indole-3-acetic acid analogub8—52 having a functional group

tryptophols67—70were prepared by refluxing the corresponding
phenylhydrazine hydrochloride salg8—66 and 2-ethoxytet-
rahydrofuran62 to effect a Fischer indole ring cyclizatiG.
Compound$7—70were converted to the corresponding iodides
74—77, respectively, by using the conventional method men-

at the 2- and/or 5-position were transformed to the correspondingtioned above. Compound® and 79 were transformed to the
esters, which were reduced with lithium aluminum hydride to ethyl glyoxylate derivative80 and81, which were reduced with

give the alcohols53—55. Tosylation of the alcohol$3—55

lithium aluminum hydride to give the corresponding tryptophol
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Table 1. Potency of Various Adenosine Derivatives in Activation of the HumapAR Expressed in CHO Celis

NHR,
S
Rs N”"\N//'\o
o]
HO OH R, 5-40,R,= H, R, = CH,OH, unless noted
Comp d Name/Substituti ECsyat K; at K; at K; at Efficacy, Comp d | NamelSubstituti EC;,at K; at K; at K; at Efficacy,
AAR AAR AAR AAR AAR AAR AAR A,,AR AAR AAR
(nM) (or % (nM) or % (nM) or % (nM) or % % (nM) (or % (nM) or % (nM) or % (nM) or % %
activation) inhib.” inhib.” inhib.” activation) inhib.” inhib. inhib.
Reference N
Agonists 2-Ethers R, =
1 R-PIA 1680+500 2.0£0.3 884=188 8.7+0.9 102+6
25 I 1870 350+60 9004200 110+20 =542
2 NECA 140x19 6.8+2.4 2.2+0.6 16.0£5.4 100 N
H
3 6-guanidino-NECA ~ 54.5:133  7.0:1.0  628+39  5.1=13 100 26 ) Br (30%)  (3852%)  (548%) 87304340  -1%5
4 (S)-PHP-NECA 220 2.1 2.0 0.75 N
Ts
2-Ethers R, = 27 216+59 1456 29.3£13.7  92.3+7.9 245
5 H (-1%) 2640540  360=139 568205 99:+4
N cl
, H
6 \O (36%) (36%) 5792250 578182 5243 28¢ 128532 25333 150820 9015 2041
/
7 \O 3490£1490 22157 93£2.9  54.2x143 71+3 2Nj©\sr
H
29 Br (16%) 443482 39.7+144  260+19 -5+1
8 /\@ (29%) 96095 500+50 66+3 4248 > j
9 (3%) 2060+ 519441 352£66 3748 N
630 30 (43%) 210£19 252+109 142+17 -8+5
10 CHs (13%) 1560+ 413+£37 312447 1848
250 N
H
31 Br (48%) 579+88 (64+2%) 59943 13+4

o
=2

(12%) 331222 58.1x249 77.8x13.5 45+5

T
(2]
N

53

32 (24%) 20+2%)  (26=4%)  (66+5%) 3+2

o
=z

(64%) 312+£24  693+£47 119+8 50+7

b ]
- -
E3
()
27N
a7z IZ
o
=2
)

(11%) 467100 56.8x163 112=16  74%5 33 1250 18204330 14004300  360£50  -3+3
14 1440570 141x51 161270 130+8 4549
34 896 310490 45048 120220 2443
OH
15° _@ 17805260  174=20 10948 933168 805 %j@(
N
s 35 H ©%)  (18=4%) 3870£497 2070+ 342
16° (9%) 280=72  133x4.1 101234  62=I5 N 700
<
I N
§ 0, 50, £20,
17° 200+45 148210  450+11.6 232s54 1743 36 N 0%)  (F135%)  (46:2%) '327%* 1344
Ny
u N
18 ) 4 (43%)  (39<6%) 2670:630 13408230 043 37 ) (40%)  T3.6+80 27774  90+10 5848
N N
Ts H
19 h 2580 218455 9518 104440 75:] R> = C(NH)NH,
Nl 38 @ (42%)  (5212%) 34472 45740 2447
H
20 ‘</\,© (49%)  197£47 37371 51384 3748 y
£
N R, = C(NH)NH,
21 m (32%) (47£2%)  2570£670 622419 301 39 3270 640+110  40+4% 30+10 54+12
N N
Ts H
2 767 150450 370480 490460 -1+l -
) E R,=Et
N 40 989 190420 250430 110420 10242
H
23 o 2180 130440 3904110 29648 41 "
4 H
N R; = CONHEt
H
36573 358kl 502432 234424 142

»
&
123
@

aValues are expressed either as thedq@M) or the percent stimulation at 1M (in parentheses). For comparison, binding affinities of the adenosine
derivatives at human 4 Aza, and AARs expressed in CHO cells (expressedKasalue or percent displacement at 2B) and maximal agonist effects
at 10uM at the AAR. Values for compounds—7 and9—16 are from ref 26 All experiments were performed using adherent CHO cells stably transfected
with cDNA encoding a human AR. Percent activation of the humagndk AsAR was determined at 10M. Binding at A, A2a, and AARs was carried
out as described in Experimental Procedures. Thee&eptor activation results were from three separate experiments;Tdred EG, values from the
present study are expressed as measie.m. N = 3—5. ¢ Compounds3, MRS3218;17, MRS3534;24, MRS3854; and®8, MRS3997 4 Data from refs 29
and 31.%Data from ref 26.

derivatives82 and83, respectively. Compound@2 and83 were A tosylated 2-tryptopho88 was prepared by the palladium-
converted to the corresponding iodid8S and 86 by using mediated heteroannulation of 2-iodoaniline with 3-butyn-1-ol
conventional methods. (Scheme 2). The amino group of 2-iodoanilBiéwas activated
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Scheme 1
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63 (3-Cl) 67 (e cly 71 (6- CI) 74 (s-cn
64(3-Br) —> 68 (6-Br) 72 (6-Br) 75 (6-Br)
65(4-Cl) —> 69 (5-Cl) 73 (5-CI) 76 (5-Cl)
66 (4-) — 70 (5-]) ab T
OEt OH
R Ra ° R4
) . N °_fF \ 78, 80, 82 (R,= Br, R; = H)
N N N 79,81, 83 (R, = H, R, = Br)
gr, H H H
7 Ry R,
78,79 80, 81 82,83
OTs ] 1
Br Br
a
N N N
Ts Ts Br H
84 85 86

aReagents and conditions: (a) TsCl, NaH, THFP@-rt; (b) Nal, DMF, 60°C; (c) (i) TsOH-HO, MeOH, 60°C; (ii) LAH, THF, 4 °C—rt; (d) EtOH,
reflux; (e) oxalyl chloride, BEO, EtOH; (f) LAH, THF, reflux; (g) b, PPh, imidazole, benzene.

by the strong electron-withdrawing sulfonyl group, and the
indole cyclization occurred in one pot to give the tosylated
2-tryptophol88.35 Compound88 was converted to the corre-
sponding iodideB9 with iodine, triphenylphosphine, and imi-
dazole.

Reduction of benzoimidazol-1-yl-acetic acdd@® and benzo-
triazol-1-yl-acetic acid91 with lithium aluminum hydride
followed by iodination gave the corresponding iodi®&sand
95, respectively.

N-Tosyl-3-pyrrolylacetic acid methyl estér was synthesized
from pyrrole by the known methg@glinvolving Friedel-Crafts
acylation followed by a WillgerodtKindler reaction. Reduction
of 97 with lithium aluminum hydride produced the alcotg8,
which was converted to the corresponding iodé$eby using
iodine, triphenylphosphine, and imidazole.

The synthesis of the' 8£H,0H analogues (Scheme 3) started
from 2-amino-6-chloro-9-(2,3,5-ti®-acetyl-b-ribofurano-
syl)purine100, which was converted to 6-chloro-2-hydroxy-9-
(2,3,5-tri-0-acetyl$-p-ribofuranosyl)purinel 01, as reported3

Reaction of the hydroxyl group at the 2-position 1 with
various iodides47—49, 59—-61, 74—77, 85, 86, 1l-iodo-3-
phenylpropane89, 94, 95, and 99, respectively, was carried
out in the presence of cesium carbonate to give compounds
102-118 Simultaneous removal of the acetyl group and
amination at the 6-position 0£02—-118 by using saturated
ammonia in ethanol solution afforded compou@8s119-121,
26, 32, 122-126, 30, 8, 21, 35, 36, and 127, respectively.
Deprotection of théN-tosyl group of the indole or pyrrole ring
of 18, 119121, 26, 32, 122—126, 21, and127was conducted
using potassium hydroxide in methanol to give compoutifjs
33, 34, 22, 24, 31, 27, 28, 23, 25, 29, 20, and19, respectively.
Synthesis of\8-guanidino derivative87 and38 began with
compound102 (Scheme 4). The guanidinolysis &2 in the
presence of 1,4-diazabicyclo[2.2.2]octane (DABCO) afforded
37 and the tosylat@8. Treatment ofL02with ethyl amine and
N,N-diisopropylethylamine in DMF at 140C followed by
removal of the tosyl group with potassium hydroxide gave the
N6-ethyl derivative39.
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Scheme 2
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a Reagents and conditions: (a) (i) TsCl, pyridine, £LLH; (ii) 3-butyn-1-ol,
rt; (c) LAH, THF, 0 °C—rt.

Scheme 3
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Pd(PP$).Cl,, Cul, E&N, DMF, 70°C; (b) I, PPh, imidazole, EXO—MeCN,
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— 19
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aReagents and conditions: (a)®H,CH,—I (47—49, 59—61, 74—77, 85, 86, 1-iodo-3-phenylpropan®9, 94, 95, and99, respectively), C£L O3, DMF,
rt; (b) saturated Nklin EtOH, 120°C; (c) deprotection of tosyl group dfg, 119-121, 26, 32, 122—126, 21, and127, KOH, MeOH 70-90 °C.

Synthesis of the '8N-ethylcarboxamido derivativé0 began
with 100(Scheme 5). Protection of the 1,2-diol¥0afforded
the acetonidel28 Oxidation of 128 with potassium perman-
ganate gave the corresponding carboxylic acid deriveitR@
which was converted to the-Bl-ethylcarboxamide derivative
130 using benzotriazol-1-yl-oxytripyrrolidinophosphonium
hexafluorophosphate (PyBOP). Diazotizatiori80with t-butyl
nitrite followed by hydrolysis gave the 2-hydroxy derivative
131in 47% yield. Coupling of1l31 with the iodide47 in the
presence of cesium carbonate in DMF gave the-alkylated
derivative 132, which was followed by displacement of the

6-chloro moiety with ammonia to giv&é33 Removal of the
2',3-O-isopropylidene group ofLl33 with 80% acetic acid
aqueous solution afforded compout®¥. Treatment ofl34with
potassium hydroxide in methanol resulted in the desiteld-5
ethyluronamide derivativéO.

Biological Evaluation. The AR binding affinities of novel
compounds8 and 17—40 were investigated in comparison to
known (L—4, 5—7, and9—16) nucleosides (Table 1). The SAR
proceeded from known agonists with high potency at thg A
AR, that is,1—4. A previous difficulty has been targeting the
A2sAR potency distinctly from the usually more potent activity



Adenosine Deriatives with Potent Actity Journal of Medicinal Chemistry, 2007, Vol. 50, No. 8815

Scheme 4
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aReagents and conditions: (a) guanidine solutBABCO, EtOH, 110°C; (b) (i) EtNH,-HCI, DIPEA, DMF, 140°C; (ii) KOH, MeOH, 80°C.

Scheme 8
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aReagents and conditions: (a) 2,2-dimethoxyproparesOH-H0O, DMF; (b) KMnO,, KOH, H;0; (c) PyBop, DIPEA, EtNH HCI, DMF; (d) t-butyl
nitrite, 2-PrOH/HO (1:1); (e) iodide47, CsCOs, DMF, rt; (f) saturated NB EtOH, 120°C; (g) 80% AcOH, 80°C; (h) KOH, MeOH, 70°C.

at the ApAR. Compound4 was reported as a potentbfR 400-fold greater than the8AR functional potency. Therefore,
agonist; nevertheless, it remained two orders of magnitude great improvement was necessary to approagf\R selectiv-
selective for the AWAR in comparison to the &AR.31 Among ity.

2-substituted derivatives, 2-ethers were more potent than the Elongation of the spacer alkyl chain beyond ethyl weakened
corresponding amines or thioethé?sA 2-phenylethyl ethei? the affinity against all ARs, as shown 9. CompoundlLOis
was only 2-fold less potent than R-PIA at the AgAR. a variation of8 in which a methyl group is branched in the
Nevertheless, the affinity in binding to the;4AR was nearly alkyl chain and its affinity was reduced in comparisor8to
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The effect of fluoro substitution of the phenyl ring was also
probed. The 2-A1, 3-F 12, and 4-FL3analogues were invariant
in affinity at Ai, Aza, and A ARs, with K; values at these

Adachi et al.

34 was more potent than thé'Bnethoxy analogug3 at all
ARs. Bulkiness of the substituent at thé-position might be
related to the reduced affinity.

subtypes ranging from 60 to 500 nM. These three analogues The effect on the B-halo-substitution of the indole moiety

were also nearly inactive at the;#AR.

Three other aromatic moieties in 2-(2-arylethyloxy) ethers
14—16 were reported in a previous stuéfy2-Naphthyl and
2-thienyl moieties were tolerated at thgsAR, while a 3-thienyl
group resulted in inactivity at that subtype. Those modifications
produced relatively minor changes af,M2a, and AARS in
comparison to the phenyl analogide

Interestingly, the 3-indolyl analoguk? (a tryptophol ether)
was 12-fold more potent than at the AgAR and 4-5-fold
less potent thaf@ in binding to the Aa and AsARs. Also, 17
was only 2-fold less potent thahat the AgAR. This consid-

was also investigated. The correspondifighalo analogueg2—
25 were well tolerated by the AAR. Of these analogues, the
5"-bromo analogu@4 was equipotent ta7 at the AgAR, but
was 11-fold less potent thah7 in binding to the AsAR.
Compound24 was roughly equipotent at all four ARs, however,
its selectivity was improved compared to the parent compound
17. This series of B-halo derivatives showed a tendency toward
increasedK; values at A and AsARs, depending on the
bulkiness of halogen atom.

The importance of bromo-substitution @6 for AzgAR
potency prompted us to design the positional isomers of bromo-

erable enhancement was exploited in subsequent SAR explorasubstituted indole, leading to the"4 6'-, or 7'-bromo

tion. The correspondingl-tosyl derivativel8, as for similar
N-tosyl derivatives, was considerably less potent at all ARs.

The 3-pyrrolyl derivativel9 was the simplest analogue in
this study, whose pyrrole ring moiety is a critical component
of an indole ring. Compound9 was tolerated at the AAR,
with a potency close to that of the 2-thienyl derivatis,
leading to 1.4-fold and 8-fold decreased potency at thard
A2pARS, respectively, and similar potency atAR.

On the other hand, the corresponding 2-indolyl deriva?@e
decreased markedly,AAR potency compared tb7. Thus, the
3-position was clearly the favored connection point and was
utilized in subsequent synthesis. Nstosyl derivative21 was
less potent at all ARs, similar to results witl3.

Itis known from SAR studies of 4 agonists that substitution
of the 4-hydroxymethyl group of an adenosine analogue with
a 5-N-ethylcarboxamido group often yields compounds en-
dowed with higher affinity than the parent compoud’Based
on these findings, we have prepared thé\Eethyluronamido
analoguet0 of 17. Unexpectedly40was 3-fold less potent than
the parent 5CH,OH compoundl? at the AgAR and showed
a 2-fold increased potency at only theAR.

Cristalli and colleagues have established that Msesthyl
analogue of §-PHP-adenosine was more potent than fie
methyl and\S-isopropyl derivatives at the A subtype3! These
findings were applied to 3-indolyl analogud€, leading to the
Né-ethyl analogued9. Compound39 was somewhat tolerated
at A2gAR and 7-fold more potent than the parent compouiid
at the AAR.

AnotherN8-functionalization forl7 was also investigated at
ARs. Recently theNb-guanidino derivative3 was reported to
display a 3-fold potency enhancement over the paréiN-5
ethyluronamide2 at the AgAR.32 However, introduction of a
Né-guanidino group tal7 led to derivative37 and its tosyl
derivative38 with decreased £ potency compared to the parent
compounds. Compourigl7 showed a 2-fold increased potency
at A; and A ARs. Thus, the effect oN®-guanidinylation to
enhance AgAR selectivity is not always compatible with other
beneficial structures.

Benzoimidazole and benzotriazole analog@ésand 36 are
simple congeners df7, in which the indole ring was substituted
with an imidazole or triazole ring, respectively. CompouBfs
and 36 showed low potency at all AR subtypes.

The effect of substitution of the indole ring moiety was tested.
A 2"-methyl-8'-methoxy indolyl derivative81 showed reduced
potency compared td7, especially at the fsAR. Its N-tosyl
derivative32lost potency at all ARs. A'5methoxy derivative
33 was tolerated at AR, but the affinities against A Aza,
and AARs were significantly reduced.'8Hydroxy analogue

derivatives28—30. Of these bromo analogues, surprisingly,
compound28 surpassed the AAR potency of the 3-bromo
analogue24, the parent compoundl7, and even2. Also, 28
displayed improved selectivity compared1@ and 2. On the
other hand, the '5chloro analogue27 showed a decreased
potency at AsAR compared t®8.

Activation curves were determined f@8 in comparison to
2 atthe A, Aza, A28ARS, and AAR (Figure 1). Compoun@8
was a partial agonist atand AARs and a full agonist at £
and AARS.

Molecular Modeling. A recently published rhodopsin-based
molecular model of the human,8AR38 was adapted to study
the binding mode of compoun28 after docking and energy
optimization using Monte Carlo multiple minimum (MCMM)
calculations®® The position of the adenosine moiety 28 in
the A;gAR obtained after MCMM calculations was found to
be similar to its initial position. Furthermore, it was observed
that the 2-(6-bromoindol-3-yl)-ethyloxy substituent fits the
binding site well (Figure 2). In the resulting model, the oxygen
atom of this moiety was found in proximity to the side chain
amino group of Asn254 (6.55) and seemed to be involved in
H-bonding with this residue. The indole ring occupied a pocket
formed by several residues located in TM3 and EL2. In
particular, the NH-group of the indole ring was found near the
OH-group of Serl165 (EL2). Although, a H-bond between the
NH-group of the indole ring and Ser165 was not observed in
the model, a formation of this bond seems to be possible due
to the rotation of the side chain of Ser165.

Discussion

The goal was to prepare nove}AR agonists having high po-
tency and selectivity. Although the most potent ago2sis not
truly selective for the AgAR, it is effectively a mixed AsAR/
A2sAR agonist, with minimal ability to activate and AARS.

Initially, we found a novel lead compoundl7 in which
adenosine is substituted with a 3-indolylethyloxy functional
group at the 2-position as an#R agonist having favorable
pharmacological properties. The#\R potency (299 nM) of
compoundl7 was similar to that o (140 nM). These promis-
ing findings encouraged us to optimize thgsAR activity and
selectivity of17 by derivatization at the indole 2-position and
by modification at the ribose fosition or the purine 6-position.
Generally, substitution of the 2-position of adenosine is not well
tolerated by the AsAR; however, §-PHP-Ado and §-PHP-
NECA 4 were known to show higher AAR potencies
compared td.3! Distinct from the 2-ethynyl substituent df
exploration of the SAR of a 2-(3-indolylethyloxy) substituent
could provide novel insights to molecular recognition at thg-A
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Figure 1. Functional effects of compoun28 on adenylate cyclase in CHO cells stably expressing the human ARs. Compa8umas a full

agonist at the A, and AgARs to stimulate CAMP production. In the curves shown, the&@lues for2 were 21.9 (An) and 110 (Ag) nM, and

for 28, the EGp values of 39.7 (Ax) and 109 (As) NM were obtained. The relative maximal efficacy2d at the A and AARs to inhibit cCAMP
production was 31.8% and 202 1.0% of the full agonis®, respectively.

Agonist efficacy (% Max.)
Agonist efficacy (% Max.)
g

254 -254

AR. We can speculate that the lack of an additive effect on moindole-3-acetic acid, 5-methoxyindole-3-acetic acid, and other
Ap potency of combining the 3-(indolyl)ethyloxy- and-1S- reagents and solvents were purchased from Sigma-Aldrich (St.
ethyluronamido fragments (i.e40 in comparison t® and17) Louis, MO), and 5-fluoroindole-3-acetic acid was purchased from
may be due to an unfavorable change in the conformation or WWako Chemicals U.S.A,, Inc. (Richmond, VA). Compols@iiwas
position of the ribose ring inside the ligand binding site. prepared as reportéd.

. PSRt o IH NMR spectra were obtained with a Varian Gemini 300
First, we focused on the simplification, altered connectivity, h . ;
and mimicking of the indole ring 017, as shown in the case spectrometer using CDEAnd CROD as solvents. Chemical shifts

i I ith tet thylsil .
of compoundsl9, 8, 20, 35 and 36. Unfortunately, these fag;e ceé%fzsn%d@IﬂSY;O;J?Sr(gEngDVYI etramethylsilané 0.00)

approaches failed to’maintain thesAR potency. Next, we The purity of the nucleosides submitted for biological testing
tried to transform the'4nydroxymethyl moiety to an ethylcar-  \yas checked using a HewletPackard 1100 HPLC equipped with

boxamide, which was expected to favorably increaseAR a Luna % RP-C18(2) analytical column (250 4.6 mm; Agilent
potency. However, the B\-ethyluronamide analogu showed Technologies, Santa Clara, CA). System A: linear gradient solvent
only a 2-fold increased potency at theAR compared tadl7. system, CHCN/H,O from 20/80 to 40/60 in 20 min; the flow rate

In this respect40 has quite different pharmacological charac- was 1 mL/min. System B: linear gradient solvent systemg-CH
teristics from (S)-PHP-NECA. Also, the 6 modification of CN/H,0O from 20/80 to 60/40 in 20 min; the flow rate was 1 mL/

17, as shown in the case of compouBd@ and 39, did not min. System C: linear gra(_:iient so_lvent system, 3CN/5 mM
improve potency at the AAR. Finally, we focused on TBAP from 20/80 to 60/40 in 20 min; the flow rate was 1 mL/

- - . . . N min. System D: linear gradient solvent system, ;CN/5 mM
functionalization of the indole moiety. Even minor modifications TBAP from 5/95 to 80/20 in 20 min: the flow rate was 1 mL/min.

were examined bepause Qf the I"?‘Ck ofa prior phf’;\rmacologlcal Peaks were detected by UV absorption with a diode array detector.
precedent for the indole ring moiety at this position. All derivatives tested for biological activity showet98% purity
Eventually, through probing a relatively restrictive SAR, we in the HPLC systems.
achieved the new # agonist28that gained an advantage over  TLC analysis was carried out on glass precoated with silica gel
the parent compounds7 and2 for the AsAR in both potency Fas4 (0.25 mm) from Aldrich. Low-resolution mass spectrometry
and selectivity. In addition, compour2B produced quite a  was performed with a JEOL SX102 spectrometer with 6-kV Xe
different selectivity from §-PHP-NECA4 and 6-guanidino- atoms following desorption from a glycerol matrix or on an Agilent
NECA 3. Compound4 showed a high potency/affinity at each  LC/MS 1100 MSD with a Waters (Milford, MA) Atlantis C18
AR (Table 1)3! Compound3 displayed a selectivity at Aand column. High-resolution mass spectroscopic (HRMS) measurements
AsARs32 Compound 28 showed the improved selectivity were performed on a proteomics optimized Q-TOF-2 (Micromass-

P - Waters) using external calibration using polyalanine. Observed mass
compared to_ compounds-4, prov_|d|ng a novel_type of potgnt accuracies are those expected based on known performance of the
A2eAR agonist. Molecular modeling results wig® docked in

: e : instrument as well as trends in masses of standard compounds

the human AgAR demonstrated that, in addition to all interac-  gpserved at intervals during the series of measurements. Reported

tions proposed for adenosife the 2-(6-bromoindol-3-yl)-  masses are observed masses uncorrected for this time-dependent

ethyloxy fragment can provide additional favorable interactions drift in mass accuracy.

of the ligand with a distal region of the putative agonist binding  General Tosylation Procedure for the Synthesis of 3-lodo-

site of the receptor. ethylindole Derivative 44—46, 56-58, 71-73, and 84.To a

. solution of the alcohol in THF (tetrahydrofuran) was added sodium

Experlmental Procgdures ) ) ) hydride (60%, 3 equiv) at €C, and the reaction mixture was stirred
Chemical Synthesis. Materials and Instrumentation2-Amino- at 0°C for 1 h. To the suspension was added tosyl chloride (3

6-chloropurine-9-riboside, tryptophol, 1-iodo-3-phenylpropane, 5-bro- equiv) at 0°C, and the reaction mixture was stirred at room
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A

Figure 2. Docking model of compoun@8in the binding site of the
human AsAR, showing residues in proximity (A) and the Van der
Waals surface of the receptor (B).

temperature overnight. The reaction mixture was diluted with ethyl
acetate and washed with water, dried over MgSand filtered.

Adachi et al.

J=9.1Hz), 7.71 (2H, d with small coupling,= 8.5 Hz), 7.53
(2H, d with small coupling] = 8.2 Hz), 7.27 (1H, s), 7.21 (2H,
dd,J = 0.6 and 8.8 Hz), 7.15 (2H, dd,= 0.6 and 8.5 Hz), 6.89
(1H, dd,J = 2.5 and 9.1 Hz), 6.71 (1H, d,= 2.2 Hz), 4.23 (2H,
t, J = 6.6 Hz), 3.77 (3H, s), 2.97 (2H, df,= 0.8 and 6.6 Hz),
2.39 (3H, s), 2.32 (3H, s); HRMS (ESI-M%/2) calcd for GsHye
NOsS;, 500.1202 (M-H)*; found, 500.1207.
1-(p-Toluenesulfonyl)-3-p-toluenesulfonyloxyethyl)-5-f-tolu-
enesulfonyloxy)indole (46)The yield was 57%1H NMR (CDClg)
0 7.80 (1H, d,J = 9.1 Hz), 7.71 (2H, d with small coupling,=
8.5 Hz), 7.82 (2H, d with small couplind,= 8.5 Hz), 7.58 (2H,
d, with small couplingJ = 8.2 Hz), 7.36 (1H, s), 7.31 (2H, dd,
= 0.6 and 8.5 Hz), 7.25 (2H, d,= 8.4 Hz), 7.19 (2H, dJ = 8.2
Hz), 6.97 (1H, dJ = 2.2 Hz), 6.84 (1H, ddJ = 2.3 and 8.9 Hz),
4.18 (2H, t,J = 6.5 Hz), 2.90 (2H, tJ = 6.5 Hz), 2.46 (3H, s),
2.40 (3H, s), 2.35 (3H, s); HRMS (ESI-M%/2) calcd for GiHzo-
NOgS; (M+H)*, 640.1134; found, 640.1099.
3-lodoethyl-1-(p-toluenesufonyl)indole (47).The yield was
70%: 'H NMR (CDCl) 6 7.98 (1H, d with small coupling] =
8.2 Hz), 7.76 (2H, dtJ = 1.9 and 8.5 Hz), 7.45 (2H, m), 7.32
(1H, ddd,J = 1.3, 7.1, and 8.4 Hz), 7.23 7.28 (2H, m), 7.20
(2H, d with small couplingJ = 8.0 Hz), 3.41 (2H, t with small
coupling,J = 7.1 Hz), 3.24 (2H, t with small couplingl = 7.3
Hz), 2.33 (3H, s); HRMS (ESI-MS$12) calcd for G7H17/NO,SI
(M + H)*, 426.0025; found, 426.0016.
3-lodoethyl-5-methoxy-1-(p-toluenesulfonyl)indole (48)The
yield was 74%: 'H NMR (CDClL) ¢ 7.74 (1H, d with small
coupling,J = 9.1 Hz), 7.73 (2H, d with small coupling, = 8.2
Hz), 7.40 (1H, s), 7.20 (2H, dd,= 0.7 and 8.7 Hz), 6.92 (1H, dd,
J=2.5and 9.2 Hz), 6.85 (1H, d,= 2.5 Hz), 3.82 (3H, s), 3.40
(2H, dt,J = 0.7 and 7.6 Hz), 3.20 (2H, § = 7.3 Hz), 2.33 (3H,
s); HRMS (ESI-MSm/z) calcd for GgHigNO3SI (M + H)T,
456.0130; found, 456.0135.
3-lodoethyl-1-(p-toluenesulfonyl)-5-f-toluenesulfonyloxy)in-
dole (49).The yield was 83%:'H NMR (CDCl) 6 7.85 (1H, d,
J =9.1 Hz), 7.73 (2H, d with small coupling,= 8.5 Hz), 7.68
(2H, d with small coupling) = 8.2 Hz), 7.47 (1H, s), 7.30 (2H, d,
J = 8.3 Hz), 7.23 (2H, dJ = 8.3 Hz), 7.02 (1H, dJ = 2.5 Hz),
6.91 (1H, ddJ = 2.3 and 8.9 Hz), 3.26 (2H, t with small coupling,
J = 7.4 Hz), 3.12 (2H, t with small couplingl = 7.1 Hz), 2.46
(3H, s), 2.36 (3H, s); APCI-MSn{/z) 596.0 (M + H)™.
General Procedure for the Synthesis of 3-Hydroxyethylindole
Derivatives 53-55. Esterification and Reduction: To a solution
of a 2- and/or 5-substituted-indole-3-acetic acid in methanol was
added p-toluenesulfonic acid monohydrate (3 equiv), and the
reaction mixture was stirred at 6C overnight. After neutralization
with 1 N aqueous NaOH, the solvent was evaporated leaving an
oily residue, which was dissolved in ethyl acetate. The solution
was washed with water, dried over Mgs@nd filtered. The filtrate
was evaporated leaving an oily residue, which was subjected to
column flush chromatography on silica gel. Elution with a mixture
of toluene and acetone (5:1) gave the corresponding ester.

The filtrate was evaporated to give a crude oil, which was subjected  To a solution of the ester in THF was added lithium aluminum

to column chromatography on silica gel. Elution with a mixture of
toluene and acetone (40:1) gave the tosylated derivative.
General lodination Procedure for the Synthesis of Com-
pounds 4749, 59-61, 74-77, and 85.A solution of the tosylate
and sodium iodide (3.5 equiv) iN,N-dimethylformamide was
stirred overnight at 60C. The reaction mixture was diluted with
ethyl acetate and washed with water, dried over Mga@d filtered.

hydride (2.8 equiv) at OC, and the reaction mixture was stirred at

0 °C for 1 h and at room temperature for 1 h. After addition of
ethyl acetate, the reaction mixture was stirred at room temperature
for 30 min. The reaction mixture was diluted with ethyl acetate
and washed with water, dried over Mgs@nd filtered. The filtrate
was evaporated, leaving an oily residue that was subjected to
column chromatography on silica gel. Elution with a mixture of

The filtrate was evaporated to give a crude oil, which was subjected toluene and acetone (3:1) gave the pure alcohol.

to column chromatography on silica gel. Elution with a mixture of

hexanes and ethyl acetate (4:1) gave the iodide.
3-(p-Toluenesulfonyloxyethyl)-1-p-toluenesulfonyl)indole (44).

The yield was 62%:H NMR (CDCl) ¢ 7.93 (1H, d with small

coupling,J = 8.0 Hz), 7.74 (2H, dJ = 8.2 Hz), 7.56 (2H, dJ =

8.5 Hz), 7.12-7.34 (7H, m), 4.24 (2H, t} = 6.6 Hz), 3.01 (2H, t,

J=6.6 Hz), 2.38 (3H, s), 2.32 (3H, s); HRMS (ESI-M%2) calcd

for Co4H2aNOsS;Na (M+Na)t, 492.0915; found, 492.0914.
5-Methoxy-3-(p-toluenesulfonyloxyethyl)-1-p-toluenesulfonyl)-

indole (45).The yield was 56%:1H NMR (CDCl) 6 7.82 (1H, d,

5-Fluoro-tryptophol (53). Compound53 was identical to the
known compound reported by Mewshaw et@l.

5-Bromo-tryptophol (54). Compound54 was identical to the
commercially available compound.

3-Hydroxyethyl-5-methoxy-2-methylindole (55).The yield was
81%: H NMR (CDCls) 6 7.27 (1H, br s), 7.16 (1H, d] = 8.8
Hz), 6.97 (1H, dJ = 2.2 Hz), 6.78 (1H, ddJ = 2.5 and 8.5 Hz),
3.78-3.88 (2H, m overlapped with OG} 3.85 (3H, s), 2.94 (2H,
t,J=6.5Hz), 2.39 (3H, s); HRMS (ESI-MB8VZ) calcd for G,H16
NO,, 206.1181; found, 206.1190.
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5-Fluoro-1-(p-toluenesulfonyl)-3-f-toluenesulfonyloxyethyl)-
indole (56). The yield was 58%:H NMR (CDCls) 6 7.87 (1H,
dd,J=4.1and 9.1 Hz), 7.72 (2H, d with small couplinds: 8.5
Hz), 7.55 (2H, d with small coupling] = 8.2 Hz), 7.36 (1H, S),
7.24 (2H, d with small coupling) = 8.0 Hz), 7.16 (2H, ddJ =
0.7 and 8.7 Hz), 7.00 (1H, df,= 2.4 and 9.0 Hz), 6.89 (1H, dd,
J=2.2and 8.5 Hz), 4.22 (2H, §,= 6.5 Hz), 2.95 (2H, t) = 6.5
Hz), 2.39 (3H, s), 2.34 (3H, s); HRMS (ESI-M®/2) calcd for
Co4H23NOsSF (M + H)t, 488.1002; found, 488.0995.
5-Bromo-3-(p-toluenesulfonyloxyethyl)-1-p-toluenesulfonyl)-
indole (57).The yield was 63%:H NMR (CDCl) 6 7.80 (1H, d
with small couplingJ = 9.6 Hz), 7.73 (2H, d with small coupling,
J=8.2 Hz), 7.52 (2H, d with small couplind,= 8.5 Hz), 7.32-
7.39 (3H, m), 7.25 (2H, d) = 8.0 Hz), 7.13 (2H, dJ = 8.0 Hz),
4.23 (2H, t,J = 6.3 Hz), 2.95 (2H, dtJ = 0.8 and 6.5 Hz), 2.39
(3H, s), 2.34 (3H, s); HRMS (ESI-MBV2z) calcd for G4H2NOsS,-
BrLi (M + Li)*, 554.0283; found, 554.0292.
5-Methoxy-2-methyl-3-{-toluenesulfonyloxyethyl)-1-p-tolu-
enesulfonyl)indole (58)The yield was 30%:*H NMR (CDCls) 6
8.02 (1H, d,J= 9.1 Hz), 7.58 (2H, d with small couplind,= 8.2
Hz), 7.48 (2H, d with small coupling] = 8.2 Hz), 7.18 (2H, dd,
J=0.7 and 8.7 Hz), 7.13 (2H, dd,= 0.6 and 8.5 Hz), 6.84 (1H,
dd,J = 2.8 and 9.1 Hz), 6.64 (1H, d,= 2.5 Hz), 4.11 (2H, tJ
= 6.7 Hz), 3.79 (3H, s), 2.90 (2H, § = 6.7 Hz), 2.43 (3H, s),
2.39 (3H, s), 2.33 (3H, s); HRMS (ESI-M#?2) calcd for GeHor
NOsS:Na (M + Na)*, 536.1178; found, 536.1186.
3-lodoethyl-5-fluoro-1-(p-toluenesulfonyl)indole (59). Yield
70%: H NMR (CDCls) 6 7.92 (1H, dddJ = 0.6, 4.3 and 9.1
Hz), 7.74 (2H, dtJ = 1.9 and 8.5 Hz), 7.48 (1H, s), 7.22 (2H, d,
J=8.0Hz), 7.09 (1H, ddJ = 2.5 and 8.5 Hz), 7.04 (1H, di,=
2.5and 9.1 Hz), 3.39 (2H, dj,= 0.7 and 6.8 Hz), 3.19 (2H, §
= 7.3 Hz), 2.35 (3H, s); HRMS (ESI-M&V2) calcd for G/H15
NO.FS (M — I)*, 316.0808; found, 316.0810.
5-Bromo-3-lodoethyl-1-(p-toluenesufonyl)indole (60).The yield
was 65%: 'H NMR (CDCly) 6 7.85 (1H, d,J = 8.8 Hz), 7.74
(2H, d with small couplingJ = 8.2 Hz), 7.57 (1H, dJ = 1.9 Hz),
7.45 (1H, s), 7.41 (1H, dd} = 1.9 and 8.8 Hz), 7.22 (2H, d,=
8.2 Hz), 3.88 (2H, tJ = 7.0 Hz), 3.19 (2H, tJ = 7.3 Hz), 2.35
(3H, s); HRMS (ESI-MS12) calcd for G;H1sNO,SBrl (M + H)™,
502.9025; found, 502.9036.
3-lodoethyl-5-methoxy-2-methyl-1-p-toluenesufonyl)indole (61).
The yield was 85%:*H NMR (CDCl) 6 8.07 (1H, d,J = 9.1
Hz), 7.58 (2H, dtJ = 1.8 and 8.5 Hz), 7.17 (2H, d,= 8.2 Hz),
6.87 (1H, ddJ = 2.5 and 9.1 Hz), 6.79 (1H, d,= 2.5 Hz), 3.84

(3H, s), 3.26 (2H, m), 3.14 (2H, m), 2.52 (3H, s), 2.33 (3H, 3);

HRMS (ESI-MSm/z) calcd for GgH»iNO3IS (M + H)*, 470.0287;
found, 470.0294.

General Synthetic Procedure for 3-Hydroxyethylindole De-
rivatives 67—70 via Fischer Indole Ring Preparation.A solution

of substituted phenylhydrazine hydrochloride and ethoxytetrahy-
drofuran (1.5 equiv) in 95% ethanol was refluxed overnight. The
reaction mixture was filtered through celite. The filtrate was

evaporated to give a crude solid. The solid was dissolved in ethyl
acetate, and the solution was washed with water, dried over JgSO
and filtered. The filtrate was evaporated to give a crude oil, which
was subjected to column chromatography on silica gel. Elution with

a mixture of toluene and acetone (2:1) gave the alcohol.
6-Chloro-tryptophol (67),4* 6-Bromo-tryptophol (68),%> and
5-Chloro-tryptophol (69).24 Compounds67—69 are identical to

the known compounds.

5-lodo-tryptophol (70). The yield was 32%:H NMR (CDCly)
0 8.07 (1H, brs), 7.95 (1H, m), 7.45 (1H, dil= 1.7 and 8.5 Hz),
7.16 (1H, d,J = 8.5 Hz), 7.06 (1H, dJ = 2.2 Hz), 3.89 (2H, br
s), 2.98 (2H, dtJ = 0.8 and 6.3 Hz), 1.45 (1H, br s); APCI-MS
(m/z) 288.0 (M+ H)*.

6-Chloro-3-(p-toluenesulfonyloxyethyl)-1-f-toluenesulfonyl)-
indole (71).Yield 32%: 'H NMR (CDClk) 6 7.94 (1H,dJ= 1.7
Hz), 7.74 (2H, d with small coupling] = 8.5 Hz), 7.51 (2H, d
with small coupling,d = 8.2 Hz), 7.29 (2H, dJ = 8.5 Hz), 7.25
(1H, s), 7.19 (1H, dJ = 8.2 Hz), 7.16-7.16 (3H, m), 4.27 (2H, t,
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J=6.3 Hz), 2.97 (2H, tJ = 6.3 Hz), 2.40 (3H, s), 2.35 (3H, s);
APCI-MS (m/2) 504.1 (M + H)*.
6-Bromo-3-(p-toluenesulfonyloxyethyl)-1-p-toluenesulfonyl)-
indole (72).The yield was 30%:H NMR (CDCl) ¢ 8.10 (1H, d,
J= 1.4 Hz), 7.74 (2H, d with small coupling,= 8.2 Hz), 7.51
(2H, d with small coupling] = 8.2 Hz), 7.23-7.30 (5H, m), 7.13
(2H, dd,J = 1.7 and 8.2 Hz), 4.23 (2H, § = 6.3 Hz), 2.97 (2H,
t, J = 6.3 Hz), 2.40 (3H, s), 2.35 (3H, s); APCI-M&z) found
548.0 (M+ H)™.
5-Chloro-3-(p-toluenesulfonyloxyethyl)-1-p-toluenesulfonyl)-
indole (73). The yield was 30%:H NMR (CDCl) 6 7.85 (1H,
dd,J = 0.6 and 8.8 Hz), 7.73 (2H, df,= 2.1 and 8.7 Hz), 7.53
(2H, dt,J = 1.8 and 8.5 Hz), 7.36 (1H, s), 7.27.26 (3H, m),
7.19 (1H, ddJ = 0.6 and 1.9 Hz), 7.14 (2H, dd,= 0.5 and 8.5
Hz), 4.23 (2H, tJ = 6.5 Hz), 2.95 (2H, dtJ = 0.8 and 6.5 Hz),
2.39 (3H, s), 2.34 (3H, s); HRMS (ESI-M&/2) calcd for G4H2o
NOsNaSCI (M + Na)*, 526.0526; found, 526.0535.
6-Chloro-3-iodoethyl-1-(-toluenesulfonyl)indole (74). The
yield was 67%:H NMR (CDCl) 6 8.00 (1H, d,J = 1.7 Hz),
7.76 (2H, d with small coupling) = 8.5 Hz), 7.43 (1H, s), 7.36
(1H, d,J = 8.5 Hz), 7.25-7.28 (2H overlapped with CHE), 7.22
(1H, dd,J = 1.8 and 8.4 Hz), 3.39 (2H, t with small coupling=
7.3 Hz), 3.21 (2H, tJ with small couplingJ = 7.3 Hz), 2.38 (3H,
s); APCI-MS (z) 460.0 (M+ H)*.
6-Bromo-3-iodoethyl-1-p-toluenesulfonyl)indole (75). The
yield was 67%: H NMR (CDCly) ¢ 8.16 (1H, d,J = 1.7 Hz),
7.76 (2H, ddJ = 1.9 and 8.5 Hz), 7.42 (1H, br s), 7.36 (1H, dd,
J=1.7 and 8.5 Hz), 7.30 (1H, d,= 8.2 Hz), 7.25 (2H, dJ =
8.5 Hz), 3.38 (2H, t with small coupling,= 7.4 Hz), 3.21 (2H, t
with small coupling,J = 7.3 Hz), 2.36 (3H, s); HRMS (ESI-MS
m/z) calcd for G/H1sBrINO,S (M)*, 502.9052; found, 502.9066.
5-Chloro-3-iodoethyl-1-(-toluenesulfonyl)indole (76). The
yield was 60%:'H NMR (CDCl) 6 7.90 (1H, ddJ= 0.6 and 8.8
Hz), 7.74 (2H, d with small coupling] = 8.2 Hz), 7.47 (1H, s),
7.41 (1H, ddJ = 0.6 and 1.9 Hz), 7.247.29 (1H overlaped with
CHCl), 7.22 (2H, d,J = 8.3 Hz), 3.39 (2H, dtJ = 0.8 and 7.3
Hz), 3.20 (2H, tJ = 7.3 Hz), 2.35 (3H, s); HRMS (ESI-M8V2)
calcd for G7H16NO,ICIS (M + H)*t, 459.9635; found, 459.9625.
5-lodo-3-iodoethyl-1-f-toluenesulfonyl)indole (77).The yield
was 68%: *H NMR (CDCl;) 6 7.77 (1H, d,J = 1.6 Hz), 7.74
(1H, d,J = 8.8 Hz), 7.73 (2H, d with small couplind,= 8.5 Hz),
7.58 (1H, ddJ = 1.7 and 8.5 Hz), 7.41 (1H, s), 7.22 (2H,H=
8.2 Hz), 3.83 (2H, tJ = 7.2 Hz), 3.19 (2H, tJ = 7.3 Hz), 2.35
(3H, s); APCI-MS (Wz) 551.9 (M+ H)*.

Ethyl 4-Bromo-3-indolylglyoxylate (80). To a solution of78
(2.94 g, 15.0 mmol) in diethyl ether (60 mL) was added oxalyl
chloride (3.01 mL, 34.5 mmol) at €C, and the reaction mixture
was stirred at room temperature for 10 h. After evaporation, ethanol
(30 mL) was added to the solids, and the solution was stirred at
room temperarure overnight. The solvent was evaporated to give a
solid. This residue was dissolved in ethyl acetate, washed with
water, dried over MgSg) and filtered. The filtrate was evaporated
to give a crude solid, which was subjected to column chromatog-
raphy on silica gel. Elution with a mixture of hexanes and ethyl
acetate (1:1) gave0 (2.3 g, 52%).1H NMR (CDCl) 6 9.55 (1H,
brs), 8.24 (1H, dJ = 3.3 Hz), 7.50 (1H, ddJ = 0.8 and 7.7 Hz),
7.42 (1H, ddJ = 0.8 and 8.3 Hz), 7.13 (1H, §, = 8.0 Hz), 4.41
(2H, q,J = 7.1 Hz), 1.40 (3H, tJ = 7.1 Hz); APCI-MS (W2)
296.0 (M+ H)™ .

Ethyl 7-Bromo-3-indolylglyoxylate (81). Compound81 was
obtained from79 by the similar procedure for the preparation of
80 (yield 70%).'H NMR (CDCl3) 6 8.96 (1H, br s), 8.55 (1H, d,
J= 3.3 Hz), 8.39 (1H, dd) = 0.6 and 8.0 Hz), 7.48 (1H, dd,=
0.8 and 8.0 Hz), 7.23 (1H, ] = 7.8 Hz), 4.43 (2H, qJ = 7.1
Hz), 1.44 (3H, tJ = 7.1 Hz); APCI-MS (W2) 296.0 (M+ H)*.

4-Bromo-tryptophol (82). To a solution 0f80 (20 mg, 0.0675
mmol) in THF (1.4 mL) was added lithium aluminum hydride (17.4
mg, 0.459 mmol), and the reaction mixture was refluxed for 2 h.
The mixture was diluted with ethyl acetate and washed with water,
dried over MgS@, and filtered. The filtrate was evaporated to give
a crude oil, which was subjected to preparative TLC developed
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with a mixture of hexanes and ethyl acetate (1:1) to @210
mg, 63% yield)!H NMR (CDCl;) ¢ 8.12 (1H, br s), 7.32 (1H, dd,
J=0.8and 7.7 Hz), 7.28 (1H, dd,= 0.8 and 7.7 Hz), 7.14 (1H,
d,J=2.5Hz), 7.02 (1H, tJ = 7.8 Hz), 3.97 (2H, qJ = 6.1 Hz),
3.29 (2H, dtJ = 0.6 and 6.5 Hz), 1.46 (1H, §,= 5.6 Hz); HRMS
(ESI-MSm/2) calcd for GoH11BrNO (M + H) ™, 240.0024; found,
240.0028.

7-Bromo-tryptophol (83). Compound3was obtained fron81
by the similar procedure for the preparation8 (yield 52%).'H
NMR (CDCl) ¢ 8.82 (1H, br s), 7.57 (1H, d] = 8.0 Hz), 7.36
(1H, d,J=8.0 Hz), 7.16 (1H, dJ = 2.2 Hz), 7.02 (1H,t) = 7.8
Hz), 3.91 (2H, qJ = 6.2 Hz), 3.02 (2H, dtJ = 0.5 and 6.3 Hz),
1.46 (1H, t,J = 6.0 Hz); HRMS (ESI-MS1/2) calcd for GoH11-
NOBr (M + H)*, 240.0024; found, 240.0031.

4-Bromo-3-(p-toluenesulfonyloxyethyl)-1-p-toluenesulfonyl)-
indole (84). The yield was 41%:*H NMR (CDCl;) ¢ 7.91 (1H,
dd,J= 0.8 and 8.2 Hz), 7.75 (2H, d with small couplin= 8.5
Hz), 7.55 (2H, d with small coupling] = 8.2 Hz), 7.41 (1H, s),
7.28 (1H, ddJ= 1.0 and 7.8 Hz), 7.25 (2H, d,= 8.2 Hz), 7.11
(2H, d,J = 8.0 Hz), 7.09 (1H, t) = 8.0 Hz), 4.32 (2H, t) = 6.5
Hz), 3.25 (2H, tJ = 6.3 Hz), 2.34 (6H, s); APCI-MSn{/z) 548.0
(M + H)*.

4-Bromo-3-iodoethyl-1-f-toluenesulfonyl)-indole (85). The
yield was 67%:H NMR (CDCl) 6 7.96 (1H, dd,J = 0.8 and 8.2
Hz), 7.76 (2H, d with small coupling] = 8.5 Hz), 7.52 (1H, s),
7.38 (1H, ddJ = 0.8 and 8.0 Hz), 7.23 (2H, dd,= 0.6 and 8.5
Hz), 7.13 (1H, tJ = 8.1 Hz), 3.45 (4H, s), 2.35 (3H, s); HRMS
(ESI-MS nmV2) caled for G/H1gNO2IBrS (M + H)*, 509.9130;
found, 509.9114.

7-Bromo-3-iodoethylindole (86).The yield was 88%1H NMR
(CDCl) ¢ 8.21 (1H, brs), 7.52 (1H, dd,= 0.8 and 8.0 Hz), 7.36
(1H, d,J=7.7 Hz), 7.16 (1H, dJ = 2.2 Hz), 7.02 (1H, t) = 7.7
Hz), 3.39-3.46 (2H, m), 3.29-3.37 (2H, m); HRMS (ESI-M31/2)
calcd for GoHioNBrl (M + H)*, 349.9041; found, 349.9036.

2-Hydroxyethyl-1-(p-toluenesulfonyl)-indole (88).To a solution
of 2-iodoaniline (1.0616 g, 4.84 mmol) in dichloromethane (20 mL)
were added pyridine (1.17 mL, 14.5 mmol) and tosyl chloride (1.10
g, 5.81 mmol), and the reaction mixture was stirred overnight. The
mixture was diluted with chloroform, washed with water, dried over
MgSQO, and filtered. The filtrate was evaporated to give crude solids
which were subjected to column chromatography on silica gel.
Elution with a mixture of hexane and ethyl acetate (5:1) gave
N-tosyl-2-iodoaniline (1.40 g, 77%). To a solution Nftosyl-2-
iodoanilide (1.172 g, 3.14 mmol) in DMF were added 3-butyn-1-
ol (1.42 mL, 18.8 mmol), copper iodide (119 mg, 0.628 mmol),
triethyl amine (13.56 mL, 97.3 mmol), and Pd(BREI, (220.3
mg, 0.314 mmol), and the reaction mixture was stirred afQ0
overnight. The reaction mixture was diluted with ethyl acetate. The
solution was washed with water, dried over MgsS@nd filtered.
The filtrate was evaporated to give an oil, which was subjected to
column chromatography on silica gel. Elution with a mixture of
hexanes and ethyl acetate (1:1) g&8{820 mg, 83%)1H NMR
(CDCly) ¢ 8.16 (1H, d,J = 8.2 Hz), 7.61 (2H, d with small
coupling,J = 8.2 Hz), 7.42 (1H, ddJ = 1.7 and 7.4 Hz), 7.28
(1H, dt,J = 2.2 and 7.6 Hz), 7.23 (1H overlapped with Ph), 7.18
(2H, d,J = 8.5 Hz), 6.50 (1H, s), 4.01 (2H, § = 6.1 Hz), 3.29
(2H, t, J = 6.2 Hz), 2.33 (3H, s); APCI-MSn{z) 316.0 (M +
H)*.

2-lodoethyl-1-(p-toluenesulfonyl)-indole (89).To a solution of
88 (638 mg, 2.02 mmol) in a mixture of diethylether (24 mL) and
acetnitrile (8 mL) were added triphenylphosphine (1.589 g, 6.06
mmol), imidazole (439 mg, 6.46 mmol), and iodine (1.639 g, 6.46
mmol), and the reaction mixture was stirred at@for 1 h. The
reaction mixture was diluted with ethyl acetate. The solution was
washed with water, dried over MgQQand filtered. The filtrate
was evaporated to give an oil, which was subjected to column
chromatography on silica gel. Elution with a mixture of hexanes
and ethyl acetate (4:1) ga®® (847 mg, 98%)IH NMR (CDCls)
0 8.14 (1H, d with small coupling] = 8.2 Hz), 7.60 (2H, dtJ =
2.0 and 8.6 Hz), 7.45 (1H, dd,= 1.0 and 6.7 Hz), 7.30 (1H, dt,
J=1.5and 8.0 Hz), 7.23 (1H, dd,= 1.2 and 7.6 Hz), 7.18 (2H,
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d with small couplingJ = 8.0 Hz), 6.50 (1H, s), 3.463.60 (4H,
m), 2.33 (3H, s); HRMS (ESI-M$&V2) calcd for G7H;/NO,IS (M
+ H)*, 426.0025; found, 426.0035.

Benzoimidazol-1-yl-ethanol (92).To a solution of benzoimi-
dazol-1-yl-acetic acid (893 mg, 5.06 mmol) in THF (20 mL) was
added lithium aluminum hydride (672 mg, 17.7 mmol) at@,
and the reaction mixture was stirred at room temperature for 5 h.
After dilution with ethyl acetate, the solution was washed with
water, dried over MgS@ and filtered. The filtrate was evaporated
to give a crude oil, which was subjected to column chromatography
on silica gel. Elution was with a mixture of chloroform and
methanol (8:1) to give92 (620 mg, 76%).!H NMR (CDCl) ¢
7.63 (1H, s), 7.38 (1H, dj = 1.0 and 8.2 Hz), 7.31 (1H, di,=
1.0 and 8.0 Hz), 7.17 (1H, ddd,= 1.0, 7.1, and 8.1 Hz), 7.06
(1H,ddd,J=1.1, 7.1, and 8.1 Hz), 4.22 (2H,3= 4.9 Hz), 3.99
(2H, t,J = 4.8 Hz); HRMS (ESI-MS1/2) calcd for GH1;N,O (M
+ H)*, 163.0871; found, 163.0880.

Benzotriazol-1-yl-ethanol (93). The procedure used for the
preparation of93 from 91 was similar to those used for the
preparation 0©2 from 90; amorphous solid, the yield was 59%.
IH NMR (CDCl) 6 (1H, d with small coupling) = 8.5 Hz), 7.61
(1H, d with small coupling) = 8.2 Hz), 7.50 (1H, ddd) = 1.1,

7.0 and 8.1 Hz), 7.36 (1H, ddd,= 1.2, 6.9 and 8.1 Hz), 4.75
(2H,t,J=5.1 Hz), 4.25 (2H, ddJ = 5.9 and 10.3 Hz), 2.55 (1H,
t, J = 6.0 Hz); HRMS (ESI-MSn/2) calcd for GH1oN3O (M +
H)*, 164.0824; found, 164.0812.

Benzoimidazol-1-yl-ethyliodide (94).To a solution 0f92 (22
mg, 0.134 mmol) in a mixture of acetonitrile (0.3 mL) and
diethylether (0.9 mL) were added triphenylphosphine (105 mg,
0.402 mmol), imidazole (29 mg, 0.428 mmol), and iodine (108 mg,
0.428 mmol) at 0C, and the reaction mixture was stirred for 2 h.
The mixture was diluted with ethyl acetate, washed with water,
dried over MgS@, and filtered. The filtrate was evaporated to give
a crude oil, which was subjected to preparative TLC developed
with a mixture of toluene and acetone (2:1) to gb#£(32.3 mg,
88%)."H NMR (CDCl) ¢ 7.97 (1H, s), 7.867.87 (1H, m), 7.28
7.42 (3H, m), 4.58 (2H, tJ = 7.0 Hz), 3.51 (2H, tJ = 7.1 Hz);
APCI-MS (m/2) 273.0 (M+ H)*.

Benzotriazol-1-yl-ethyliodide (95).The procedure used for the
preparation of95 from 93 was similar to those used for the
preparation 0©4 from 92; amorphous solid, the yield was 88%.
IH NMR (CDCl) 6 8.09 (1H, dt,J = 1.0 and 8.3 Hz), 7.50-
7.60 (2H, m), 7.40 (1H, ddd] = 1.8, 6.3, and 8.1 Hz), 5.02 (2H,

t, J = 7.3 Hz), 3.67 (2H, tJ = 7.3 Hz); HRMS (ESI- MSm/2)
calcd for GHoNal (M + H)*, 273.9841; found, 273.9833.
3-Hydroxyethyl-1-(p-toluenesulfonyl)pyrrole (98).To a solu-
tion 0of 97 (1.24 g, 4.21 mmol) in THF (20 mL) was added lithium
aluminum hydride (340 mg, 6.32 mmol) afG. The reaction mix-
ture was stirred for 2 h. After addition of ethyl acetate, the mixture
was stirred for 30 min. The mixture was diluted with ethyl acetate,
washed with water, dried over Mg3Qand filtered. The filtrate
was evaporated to give a crude oil, which was subjected to column
chromatography on silica gel. Elution with a mixture of chloroform
and methanol (20:1) ga\@8 (692 mg, 62%)H NMR 6 7.74 (2H,
d,J=8.4 Hz), 7.28 (2H, d) = 8.7 Hz), 7.10 (1H, tJ = 2.7 Hz),
6.99 (1H, m), 6.19 (1H, dd] = 1.5 and 3.3 Hz), 3.74 (2H, §, =
6.5 Hz), 2.64 (2H, tJ = 6.5 Hz), 2.40 (3H, s); HRMS (ESI-MS
m/z) calcd for G3Hi1NO3S (M + H)*, 266.0851; found, 266.0837.
3-lodoethyl-1-(p-toluenesulfonyl)pyrrole (99). The procedure
used for the preparation @ from 98 is similar to those used for
the preparation 889 from 88; the yield was 62%'H NMR (CDCly)
0 7.73 (2H, dJ = 8.2 Hz), 7.29 (2H, dJ = 8.5 Hz), 7.08 (1H, t,
J=2.8Hz),6.99 (1H, m), 6.16 (1H, dd,= 1.6 and 3.3 Hz), 3.24
(2H,t,J=7.3 Hz), 2.96 (2H, tJ = 7.6 Hz), 2.40 (3H, s); HRMS
(ESI-MSm/2) calcd for GgHisNO,SI (M + H)*, 375.9868; found,
375.9857.

General Synthetic Procedure for 2-Substituted Adenosine
Derivatives. To a solution of 6-chloro-2-hydroxy-9-(2,3,5-(0-
acetyl$-p-ribofuranosyl) purine irN,N-dimethylformamide were
added iodide (1.8 equiv) and £30; (2.7 equiv) at room temper-
ature, and the reaction mixture was stirred overnight. After dilution
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with ethyl acetate, the solution was washed with water twice, dried 2.09 (3H, s), 2.03 (3H, s); HRMS (ESI-M®vVz) calcd for

over MgSQ, and filtered. The filtrate was evaporated to give a

crude oil that was purified by column chromatography or prepara-

tive TLC on silica gel. Elution or developing with a mixture of
toluene and acetone (4:1) gave the 2-substitutedi,2-triacetyl-
6-chloroadenosine derivative.

A solution of 2-substituted 'Z',5-triacetyl-6-chloroadenosine

C33H3:N5010SCIBr (M + H)*, 804.0742; found, 804.0752.
6-Chloro-2-(3'-(5"-methoxy-2'-methyl-1"-(p-toluenesulfonyl)-
indolyl)ethyloxy)-3',4',5 -triacetyladenosine (107)The yield was
72%: 'H NMR (CDCls) ¢ 8.08 (1H, s), 8.07 (1H, d] = 9.6 Hz),
7.60 (2H, d with small coupling] = 8.5 Hz), 7.17 (2H, dJ = 8.0
Hz), 6.98 (1H, dJ = 2.5 Hz), 6.87 (1H, dd) = 2.8 and 9.1 Hz),

derivative in saturated ammonia ethanol solution was stirred in 6.12 (1H, d,J = 5.0 Hz), 5.83 (1H, tJ = 5.2 Hz), 4.36— 4.54

sealed tube overnight at 13020°C. The solvent was evaporated

(5H, m), 4.31 (1H, ddJ = 4.1 and 12.4 Hz), 3.86 (3H, s), 3.13

to give an oil, which was subjected to preparative TLC developed (2H, t,J = 7.8 Hz), 2.61 (3H, s), 2.32 (3H, s), 2.13 (3H, s), 2.06

with a mixture of chloroform and methanol (8:1) to give the
2-substituted adenosine derivative.

In case of deprotection of the tosyl group of the 2-substituent,

(3H, s), 2.05 (3H, s); HRMS (ESI-MBV2) calcd for GsHz7NsO11-
SCI (M + H)*, 770.1899; found, 770.1895.
6-Chloro-2-(3'-(6"-chloro-1""-(p-toluenesulfonyl)indolyl)ethyl-

the tosylated adenosine derivative was treated with KOH (20 equiv) 0XY)-3.,4 5 triacetyladenosine (108).The yield was 70%:'H

in methanol overnight at 70C in a sealed tube. The reaction

NMR (CDCl) d 8.09 (1H, s), 7.99 (1H, dl = 1.9 Hz), 7.76 (2H,

mixture was concentrated to a small amount of solution, which was d With small coupling,) = 8.5 Hz), 7.53 (1H, d) = 8.5 Hz), 7.52

subjected to preparative TLC developed with a mixture of
chloroform and methanol (5:1) to give the final product.
6-Chloro-2-(3'-(1"-(p-toluenesulfonyl)indolyl)ethyloxy)-3,4',5 -
triacetyladenosine (102)The yield was 86%:H NMR (CDCl)
0 8.09 (1H, s), 7.98 (1H, d with small coupling= 6.6 Hz), 7.76
(2H, d with small coupling] = 8.2 Hz), 7.61 (1H, d with small
coupling,J = 7.1 Hz), 7.53 (1H, s), 7.14 7.36 (4H, m), 6.13
(1H, d,J = 4.7 Hz), 5.93 (1H, tJ = 5.1 Hz), 5.65 (1H, tJ=5.5
Hz), 4.71 (2H, m), 4.39- 4.49 (2H, m), 4.32 (1H, dd] = 4.7 and
12.6 Hz), 3.24 (2H, tJ = 7.0 Hz), 2.32 (3H, s), 2.14 (3H, s), 2.09
(3H, s), 2.05 (3H, s); HRMS (ESI-MB8v2) calcd for GsH3oNsO10-
CISNa (M + Na)*, 748.1456; found, 748.1455.
6-Chloro-2-(3'-(5""-methoxy-1"'-(p-toluenesulfonyl)indolyl)-
ethyloxy)-3,4',5"-triacetyladenosine (103).The yield was 72%:
1H NMR (CDCly) ¢ 8.09 (1H, s), 7.86 (1H, ddl = 9.1 Hz), 7.73
(2H, d,J = 8.5 Hz), 7.48 (1H, s), 7.20 (2H, d,= 8.2 Hz), 7.03
(1H, d,J = 2.5 Hz), 6.92 (1H, ddJ = 2.3 and 8.9 Hz), 6.12 (1H,
d,J=4.7 Hz), 5.93 (1H, tJ = 5.1 Hz), 5.66 (1H, tJ = 5.6 Hz),
4.69 (2H, dddJ = 3.8, 7.4, and 14.3 Hz), 4.46 4.49 (2H, m),
4.31 (1H, ddJ = 4.4 and 12.6 Hz), 3.85 (3H, s), 3.19 (2HJt=
6.7 Hz), 2.32 (3H, s), 2.14 (3H, s), 2.09 (3H, s), 2.05 (3H, s); HRMS
(ES"MS rTVZ) calcd for Q4H35N50115C| (M + H)Jr, 756.1742,
found, 756.1735.
6-Chloro-2-(3'-(5"-(p-toluenesulfonyloxy)-1'-(p-toluenesulfon-
yhindolyl)ethyloxy)-3',4',5'-triacetyladenosine (104).The yield
was 51%: *H NMR (CDCls) 6 8.09 (1H, s), 7.83 (1H, d]= 8.5
Hz), 7.72 (2H, d with small coupling] = 8.5 Hz), 7.68 (2H, d
with small coupling,J = 8.2 Hz), 7.57 (1H, s), 7.257.31 (3H,
m), 7.22 (2H, dJ = 8.0 Hz), 6.83 (1H, ddJ = 2.3 and 8.9 Hz),
6.12 (1H, d,J = 4.4 Hz), 5.94 (1H, ddJ = 4.7 and 5.5 Hz), 5.67
(1H, t,J = 5.4 Hz), 4.64 (2H, m), 4.484.50 (2H, m), 4.31 (1H,
dd,J=5.1 and 12.8 Hz), 3.13 (2H, §, = 6.7 Hz), 2.42 (3H, s),
2.34 (3H, s), 2.15 (3H, s), 2.08 (3H, s), 2.03 (3H, s); HRMS (ESI-
MS mV2) calcd for GoHz9CINsO413S, (M + H)™, 896.1674; found,
896.1638.
6-Chloro-2-(3'-(5"-fluoro-1"-(p-toluenesulfonyl)indolyl)ethyl-
oxy)-3,4',5-triacetyladenosine (105).The yield was 59%:'H
NMR (CDCls) 6 8.09 (1H, s), 7.91 (1H, ddl = 4.4 and 9.1 Hz),
7.74 (2H, d with small coupling] = 8.5 Hz), 7.57 (1H, s), 7.25
7.31 (1H overlapped with CHg), 7.22 (2H, d,J = 8.0 Hz), 7.04
(1H, dt,J = 2.6 and 9.0 Hz), 6.11 (1H, d,= 4.7 Hz), 5.94 (1H,
t, J= 4.9 Hz), 5.67 (1H, tJ = 5.5 Hz), 4.69 (2H, m), 4.404.50
(2H, m), 4.31 (1H, ddJ = 4.9 and 12.9 Hz), 3.18 (2H, ,= 6.9
Hz), 2.33 (3H, s), 2.15 (3H, s), 2.09 (3H, s), 2.04 (3H, s); HRMS
(ESI-MS m/z) calced for GoH23N5016SFCI (M + H)*t, 744.1542;
found, 744.1522.
2-(3'-(5"-Bromo-1"-(p-toluenesulfonyl)indolyl)ethyloxy)-6-
chloro-3,4',5 -triacetyladenosine (106)The yield was 47%:H
NMR (CDCl) 6 8.09 (1H, s), 7.84 (1H, d] = 8.8 Hz), 7.75 (1H,
s), 7.73 (2H, d with small coupling] = 6.6 Hz), 7.54 (1H, s),
7.40 (1H, ddJ = 1.8 and 8.9 Hz), 7.22 (2H, d,= 8.5 Hz), 6.13
(1H, d,J = 4.7 Hz), 5.94 (1H, t) = 4.9 Hz), 5.67 (1H,t)=5.4
Hz), 4.69 (2H, tJ = 6.6 Hz), 4.46-4.50 (2H, m), 4.31 (1H, dd]
= 5.2 Hz), 3.19 (2H, tJ = 6.7 Hz), 2.33 (3H, s), 2.15 (3H, s),

(1H, s), 7.20-7.28 (3H, m), 6.11 (1H, dJ = 4.7 Hz), 5.95 (1H, t,
J = 4.9 Hz), 5.66 (1H, tJ = 5.5 Hz), 4.68 (2H, m), 4.384.50
(2H, m), 4.31 (1H, ddJ = 4.5 and 12.2 Hz), 3.20 (2H, §,= 6.9
Hz), 2.35 (3H, s), 2.14 (3H, s), 2.09 (3H, s), 2.06 (3H, s); APCI-
MS (m/z) 760.1 (M+ H)*.
2-(3'-(6""-Bromo-1"-(p-toluenesulfonyl)indolyl)ethyloxy)-6-
chloro-3',4',5 -triacetyladenosine (109) The yield was 45%:H
NMR (CDCl) ¢ 8.15 (1H, d,J = 1.6 Hz), 8.09 (1H, s), 7.76 (2H,
d with small coupling,) = 8.2 Hz), 7.50 (1H, s), 7.49 (1H, d,=
9.1 Hz), 7.38 (1H, ddJ = 1.7 and 8.5 Hz), 7.25 (2H, d,= 8.2
Hz), 6.11 (1H, dJ = 4.7 Hz), 5.95 (1H, tJ = 4.9 Hz), 5.66 (1H,
t, J= 5.5 Hz), 4.68 (2H, m), 4.184.50 (2H, m), 4.31 (1H, dd]
= 4.5 and 12.5 Hz), 3.20 (2H, §, = 7.0 Hz), 2.35 (3H, s), 2.14
(3H, s), 2.09 (3H, s), 2.06 (3H, s); HRMS (ESI-M$2) calcd for
Cs3H3:Ns50,0SCI Br (M + H)*t, 804.0742; found, 804.0760.
6-Chloro-2-(3'-(5"-chloro-1""-(p-toluenesulfonyl)indolyl)ethyl-
oxy)-3,4',5'-triacetyladenosine (110).The yield was 46%:1H
NMR (CDCls) ¢ 8.09 (1H, s), 7.89 (1H, d] = 9.1 Hz), 7.73 (2H,
d with small coupling,d = 8.2 Hz), 7.59 (1H, dJ = 2.2 Hz),
7.24-7.30 (2H, m), 7.22 (2H, d] = 8.0 Hz), 6.12 (1H, dJ = 4.4
Hz), 5.94 (1H, tJ = 5.1 Hz), 5.67 (1H, tJ = 5.4 Hz), 4.69 (2H,
m), 4.40-4.49 (2H, m), 4.31 (1H, dd] = 4.9 and 13.2 Hz), 3.18
(2H, t,J = 6.7 Hz), 2.33 (3H, s), 2.15 (3H, s), 2.09 (3H, s), 2.04
(3H, s); HRMS (ESI-M31/2) calcd for G3H31Ns0,0SChLNa (M +
Na)*, 782.1066; found, 782.1071.
6-Chloro-2-(3'-(5"-iodo-1"-(p-toluenesulfonyl)indolyl)ethyloxy)-
3,4 5-triacetyladenosine (111).The yield was 45%:'H NMR
(CDCl) 6 8.09 (1H, s), 7.93 (1H, d) = 1.7 Hz), 7.73 (3H, m),
7.57 (1H, ddJ = 1.8 and 8.7 Hz), 7.50 (1H, s), 7.22 (2H,H=
8.0 Hz), 6.13 (1H, dJ = 4.7 Hz), 5.94 (1H, tJ = 5.1 Hz), 5.67
(1H, t,J =5.4 Hz), 4.68 (2H, t) = 7.0 Hz), 4.46-4.48 (2H, m),
4.31 (1H, ddJ = 5.1 and 13.3 Hz), 3.18 (2H, §,= 6.9 Hz), 2.33
(3H, s), 2.15 (3H, s), 2.09 (3H, s), 2.04 (3H, s); HRMS (ESI-MS
m/z) calcd for GsH3NsO1SCIl (M + H)*, 852.0603; found,
852.0566.
6-Chloro-2-(3'-(4"-bromo-1"-(p-toluenesulfonyl)indolyl)ethyl-
oxy)-3,4',5'-triacetyladenosine (112).The yield was 40%:'H
NMR (CDCl3) 6 8.09 (1H, s), 7.95 (1H, dd] = 0.8 and 8.2 Hz),
7.75 (2H, d with small coupling] = 8.5 Hz), 7.59 (1H, s), 7.39
(1H, dd,J = 0.8 and 8.0 Hz), 7.23 (2H, d,= 8.5 Hz), 7.12 (1H,
t,J = 8.1 Hz), 6.13 (1H, dJ = 5.0 Hz), 5.92 (1H, tJ = 5.1 Hz),
5.64 (1H, t,J = 5.4 Hz), 4.75 (2H, m), 4.384.50 (2H, m), 4.33
(1H, dd,J = 4.7 and 12.9 Hz), 3.53 (2H, 3,= 7.0 Hz), 2.34 (3H,
s), 2.13 (3H, s), 2.09 (3H, s), 2.05 (3H, s); APCI-M&Z) 806.1
M + H)*.
6-Chloro-2-(3'-(7""-bromoindolyl)ethyloxy)-3',4',5 -triacetyl-
adenosine (113)The yield was 10%:'H NMR (CDCls) ¢ 8.06
(1H, s), 7.66 (1H, dJ = 8.0 Hz), 7.35 (1H, dJ = 7.7 Hz), 7.27
(1H overlapped with CHG), 7.03 (1H, t,J = 7.7 Hz), 6.11 (1H,
d,J=5.0Hz), 5.91 (1H, tJ = 5.2 Hz), 5.64 (1H, t) = 5.2 Hz),
4.70 (2H, m), 4.374.46 (2H, m), 4.32 (1H, dd] = 5.4 and 13.1
Hz), 3.30 (2H, tJ = 7.1 Hz), 2.13 (3H, s), 2.07 (3H, s), 2.07 (3H,
s); APCI-MS (wz) 672.1 (M+ Na)".
6-Chloro-2-phenypropoxy-3,4',5-triacetyladenosine (114)The
yield was 63%:'H NMR (CDCl;) ¢ 8.08 (1H, s), 7.167.34 (5H,
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m), 6.14 (1H, dJ = 4.9 Hz), 5.91 (1H, tJ = 5.4 Hz), 5.63 (1H,
t,J=05.2 Hz), 4.38-4.52 (5H, m), 4.31 (1H, dd] = 3.8 and 11.8
Hz), 2.85 (2H, ddJJ = 7.4 and 8.0 Hz), 2.122.24 (2H, m), 2.15
(3H, s), 2.10 (3H, s), 2.09 (3H, s); HRMS (ESI-MS2) calcd for
CasH27N4O6CILI (M + Li)*, 553.1677; found, 553.1661.
6-Chloro-2-(2'-(1"-(p-toluenesulfonyl)indolyl)ethyloxy)-3,4',5 -
triacetyladenosine (115)The yield was 40%:'H NMR (CDCl)
08.16 (1H, dJ = 8.2 Hz), 8.09 (1H, s), 7.63 (2H, d,= 8.5 Hz),
7.42 (2H, d,J = 7.1 Hz), 7.15-7.32 (3H, m), 6.59 (1H, s), 6.16
(1H, d,J = 5.0 Hz), 5.87 (1H, tJ = 5.2 Hz), 5.61 (1H,tJ = 5.2
Hz), 4.83 (2H, m), 4.464.48 (2H, m), 4.34 (1H, dd] = 4.9 and
13.2 Hz), 3.58 (2H, tJ = 6.6 Hz), 2.33 (3H, s), 2.12 (3H, s), 2.08
(3H,s), 2.07 (3H,s); HRMS (ESI-M8V2) calcd for G3H33NsO10-
CIS (M + H)*, 726.1637; found, 726.1640.
6-Chloro-2-(3'-(benzoimidazol-1'-yl)ethyloxy)-3',4',5'-tri-
acetyladenosine (116)The yield was 51%:H NMR (CDsOD) 6
8.09 (2H, d,J = 8.0 Hz), 7.79 (1H, ddJ = 1.4 and 7.1 Hz), 7.55
(1H, dd,J=1.1 and 7.1 Hz), 7.34 (1H, d§,= 1.4 and 7.4 Hz),
7.28 (1H, dtJ = 1.4 and 7.5 Hz), 6.05 (1H, d,= 4.7 Hz), 5.92
(1H, t,J = 4.9 Hz), 5.67 (1H, tJ = 5.4 Hz), 4.82 (2H, m), 4.66
(2H, t,J = 5.4 Hz), 4.39-4.48 (2H, m), 4.27 (1H, dd] = 5.2 and
13.2 Hz), 2.16 (3H, s), 2.09 (3H, s), 2.02 (3H, s); HRMS (ESI-MS
nvz) calcd for GsHaeNeOsCl (M + H)*, 573.1501; found, 573.1503.
6-Chloro-2-(3'-(benzotriazol-1'-yl)ethyloxy)-3',4',5 -triacetyl-
adenosine (117)The yield was 53%:'H NMR (CDCl) 6 8.08
(1H, s), 8.03 (1H, dtJ = 0.8 and 8.5 Hz), 7.72 (1H, dj, = 0.8
and 8.5 Hz), 7.52 (1H, ddd} = 1.0, 7.1 and 8.1 Hz), 7.36 (1H,
ddd,J= 1.1, 7.1 and 8.2 Hz), 6.07 (1H, d= 4.4 Hz), 5.89 (1H,
dd,J = 4.7 and 5.5 Hz), 5.62 (1H, § = 5.4 Hz), 5.11 (2H, m),
5.00 (2H, m), 4.46-4.48 (2H, m), 4.26:4.34 (1H, m), 2.15, 2.10
and 2.05 (each 3H, s); HRMS (ESI-M82) calcd for G4H2sN70g-
Cl (M + H)*, 574.1453; found, 574.1456.
6-Chloro-2-(3'-(1"-p-toluenesulfonyl)pyrrolyl)ethyloxy)-3',4',5 -
triacetyladenosine (118)The yield was 61%:H NMR (CDCls)
0 8.08 (1H, s), 7.73 (1H, d] = 8.5 Hz), 7.27 (2H, d overlapped
with CHCl3), 7.08 (2H, m), 6.28 (1H, dd] = 1.9 and 3.0 Hz),
6.13 (1H, d,J = 5.0 Hz), 5.91 (1H, tJ = 5.1 Hz), 5.63 (1H, tJ
= 5.4 Hz), 4.57 (1H, ddJ = 2.8 and 7.4 Hz), 4.53 (1H, dd,=
3.0 and 7.7 Hz), 4.384.45 (2H, m), 4.32 (1H, ddJ = 4.3 and
12.2 Hz), 2.95 (2H, tJ = 7.0 Hz), 2.40 (3H, s), 2.15 (3H, s), 2.09
(3H, s), 2.07 (3H, s); HRMS (ESI-MB8V2) calcd for GgH3iNsO;0-
SCI (M + H)*, 676.1480; found, 676.1450.
2-(3'-(5"-Methoxy-1"-(p-toluenesulfonyl)indolyl)ethyloxy)-
adenosine (119)The yield was 56%:'H NMR (CD3;OD) 6 8.14
(1H, s), 7.81 (1H, dJ = 9.3 Hz), 7.67 (2H, dtJ = 1.9 and 8.5
Hz), 7.52 (1H, s), 7.15 (2H, dd,= 0.6 and 8.5 Hz), 7.02 (1H, d,
J=2.5Hz), 6.89 (1H, ddJ = 2.8 and 8.8 Hz), 5.89 (1H, d,=
6.0 Hz), 4.72 (1H, tJ = 5.6 Hz), 4.55 (2H, dtJ = 1.1 and 6.3
Hz), 4.33 (1H, ddJ = 3.3 and 5.0 Hz), 4.12 (1H, d,= 3.0 Hz),
3.88 (1H, ddJ = 2.7 and 12.4 Hz), 3.78 (3H, s), 3.74 (1H, dd,
=3.2and 12.5 Hz), 3.11 (2H,3,= 6.3 Hz), 2.25 (3H, s); HRMS
(ESI-MSn/2) calcd for GgHziNegOgS (M + H)*, 611.1924; found,
611.1899.
2-(3'-(5"-(p-Toluenesulfonyloxy)-1'-(p-toluenesulfonyl)indolyl)-
ethyloxy)adenosine (120)The yield was 63%:'*H NMR (CDs-
OD) 6 8.15 (1H, s), 7.86 (1H, d) = 8.8 Hz), 7.71 (2H, d with
small coupling,J = 8.5 Hz), 7.64 (1H, s), 7.60 (2H, d with small
coupling,J = 8.2 Hz), 7.28 (2H, dJ = 8.5 Hz), 7.21 (2H, dJ =
8.0 Hz), 7.08 (1H, dJ = 2.5 Hz), 6.93 (1H, ddJ = 2.2 and 9.1
Hz), 5.90 (1H, dJ = 6.1 Hz), 4.71 (1H, tJ = 5.6 Hz), 4.42 (2H,
t,J = 6.6 Hz), 4.33 (2H, tJ = 6.6 Hz), 4.33 (1H, ddJ = 3.2 and
5.1 Hz), 4.14 (1H, gJ) = 3.0 Hz), 3.90 (1H, dd) = 2.8 and 12.6
Hz), 3.74 (1H, ddJ = 3.2 and 12.5 Hz), 3.00 (2H, 4,= 6.6 Hz),
2.34 (3H, s), 2.29 (3H, s); HRMS (ESI-M$&Vz) calcd for
C34H35Ng010S, (M + H)*t, 751.1856; found, 751.1819.
2-(3'-(5"-Fluoro-1"-(p-toluenesulfonyl)indolyl)ethyloxy)aden-
osine (121).The yield was 55%:'H NMR (CDsOD) 6 8.13 (1H,
s), 7.91 (1H, ddJ = 4.4 and 9.1 Hz), 7.70 (2H, d with small
coupling,J = 8.5 Hz), 7.64 (1H, s), 7.29 (1H, dd,= 2.5 and 8.8
Hz), 7.16 (2H, dJ = 8.0 Hz), 7.05 (1H, dtJ = 2.5 and 9.1 Hz),
5.89 (1H, d,J = 6.0 Hz), 4.73 (1H, tJ = 5.5 Hz), 4.54 (2H, tJ
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=6.2 Hz), 4.33 (1H, dd) = 3.3 and 5.2 Hz), 4.12 (1H, 4,= 3.0
Hz), 3.89 (1H, ddJ = 2.7 and 12.4 Hz), 3.74 (1H, dd,= 3.2
and 12.5 Hz), 3.10 (2H, ] = 6.3 Hz), 2.26 (3H, s); HRMS (ESI-
MS m/2) calcd for G7H.gNgO;SF (M + H)*, 599.1724; found,
599.1714.
2-(3'-(6"-Chloro-1"-(p-toluenesulfonyl)indolyl)ethyloxy)aden-
osine (122).The yield was 51%:'H NMR (CD;OD) ¢ 8.13 (1H,
s), 7.92 (1H, dJ = 1.7 Hz), 7.72 (2H, d with small coupling,=
8.2 Hz), 7.61 (1H, s), 7.58 (1H, d,= 8.5 Hz), 7.25 (1H, ddJ =
1.9 and 8.5 Hz), 7.21 (2H, dd,= 0.7 and 8.7 Hz), 5.89 (1H, d,
J=6.1Hz), 4.72 (1H, tJ = 5.5 Hz), 4.55 (2H, m), 4.33 (1H, dd,
J=3.3and 5.2 Hz), 4.12 (1H, d,= 2.9 Hz), 3.88 (1H, ddJ =
2.8 and 12.4 Hz), 3.74 (1H, dd,= 3.3 and 12.4 Hz), 3.12 (2H, t,
J = 6.5 Hz), 2.28 (3H, s); HRMS (ESI-MSwz) calcd for
Co7H28NsO7SCI (M + H)*, 615.1429; found, 615.1413.
2-(3'-(6"-Bromo-1"-(p-toluenesulfonyl)indolyl)ethyloxy)aden-
osine (123).The yield was 50%:'H NMR (CDs;OD) 6 8.13 (1H,
s), 8.08 (1H, dJ = 1.7 Hz), 7.71 (2H, dtJ = 2.1 and 8.5 Hz),
7.60 (1H, s), 7.53 (1H, d] = 8.2 Hz), 7.38 (1H, ddJ = 1.7 and
8.2 Hz), 7.21 (2H, d with small couplind,= 8.2 Hz), 5.89 (1H,
d,J = 6.1 Hz), 4.72 (1H, tJ = 5.5 Hz), 4.54 (2H, m), 4.33 (1H,
dd,J = 3.3 and 5.2 Hz), 4.12 (1H, ¢, = 3.0 Hz), 3.88 (1H, dd,
J= 2.7 and 12.4 Hz), 3.74 (1H, dd,= 3.3 and 12.4 Hz), 3.12
(2H, t,J = 6.5 Hz), 2.28 (3H, s); HRMS (ESI-M8Y2) calcd for
CoH28NsO7BrS (M + H)*, 659.0924; found, 659.0910.
2-(3'-(5"-Chloro-1"-(p-toluenesulfonyl)indolyl)ethyloxy)aden-
osine (124).The yield was 62%:'H NMR (CDs;OD) 6 8.13 (1H,
s), 7.90 (1H, dJ = 8.8), 7.71 (2H, d with small coupling,= 8.8
Hz), 7.64 (1H, s), 7.57 (1H, &= 1.9 Hz), 7.27 (1H, dd) = 1.9
and 8.8 Hz), 7.18 (2H, d] = 8.2 Hz), 5.89 (1H, dJ = 5.8 Hz),
4.73 (1H, t,J = 5.6 Hz), 4.55 (2H, tJ = 6.5 Hz), 4.33 (1H, dd,
J=3.3and 5.2 Hz), 4.12 (1H, d,= 3.1 Hz), 3.89 (1H, ddJ =
2.7 and 12.6 Hz), 3.74 (1H, dd,= 3.2 and 12.5 Hz), 3.11 (2H, t,
J = 6.3 Hz), 2.27 (3H, s); HRMS (ESI-MSnz) calcd for
Cz7H23NGO7SC| (M + H)+, 615.1429; found, 615.1401.
2-(3'-(5"-lodo-1"-(p-toluenesulfonyl)indolyl)ethyloxy)aden-
osine (125).The yield was 71%:'H NMR (CDs;OD) ¢ 8.14 (1H,
s), 7.89 (1H, dJ = 1.7 Hz), 7.73 (1H, dJ = 9.1 Hz), 7.71 (2H,
d with small couplingJ = 8.5 Hz), 7.58 (1H, s), 7.57 (1H, dd,
= 1.8 and 8.7 Hz), 7.18 (2H, d,= 8.2 Hz), 5.89 (1H, dJ = 5.8
Hz), 4.73 (1H, tJ = 5.5 Hz), 4.54 (2H, t) = 6.3 Hz), 4.34 (1H,
dd,J = 3.3 and 5.2 Hz), 4.12 (1H, ¢, = 3.0 Hz), 3.89 (1H, dd,
J= 2.9 and 12.5 Hz), 3.75 (1H, dd,= 3.3 and 12.4 Hz), 3.10
(2H, t, J = 6.3 Hz), 2.27 (3H, s); APCI-MSn{z) 707.0 (M +
H)™.
2-(3'-(4"-Bromo-1"-(p-toluenesulfonyl)indolyl)ethyloxy)aden-
osine (126).The yield was 43%:!H NMR (CDsOD) 6 8.13 (1H,
s), 7.95 (1H, ddJ = 0.7 and 8.4 Hz), 7.73 (2H, d with small
coupling,J = 8.5 Hz), 7.69 (1H, s), 7.39 (1H, dd,= 0.8 and 7.7
Hz), 7.19 (2H, ddJ = 0.6 and 8.5 Hz), 7.15 (1H, §, = 8.1 Hz),
5.89 (1H, d,J = 6.1 Hz), 4.74 (1H, tJ = 5.5 Hz), 4.61 (2H, m),
4.33 (1H, ddJ = 3.3 and 5.2 Hz), 4.12 (1H, d,= 3.1 Hz), 3.89
(1H, dd,J = 2.8 and 12.4 Hz), 3.75 (1H, dd,= 3.3 and 12.4
Hz), 3.44 (2H, m), 2.27 (3H, s); APCI-MSr(2) 659.1 (M+ H)*.
2-(3"-(1"~(p-Toluenesulfonyl)pyrrolyl)ethyloxy)-adenosine (127).
The yield was 69%:H NMR (CDz;OD) ¢ 8.12 (1H, s), 7.72 (2H,
d with small coupling,) = 8.5 H), 7.29 (2H, dJ = 8.5 Hz), 7.08-
7.14 (2H, m), 6.30 (1H, dd] = 1.7 and 3.2 Hz), 5.88 (1H, d,=
6.0 Hz), 4.71 (1H, tJ = 5.5 Hz), 4.41 (2H, tJ = 6.7 Hz), 4.32
(1H, dd,J = 3.4 and 5.1 Hz), 4.11 (1H, ¢§,= 3.2 Hz), 3.86 (1H,
dd,J=2.6 and 12.5 Hz), 3.73 (1H, dd= 3.3 and 12.7 Hz), 2.85
(2H, t,J = 6.5 Hz), 2.36 (3H, s); HRMS (ESI-M8V2) calcd for
Co3H27NgO7S (M + H)*, 531.1662; found, 531.1667.
(2R,35,4S,5R)-2-(2-Amino-6'-chloropurin-9'-yl)-5-hydroxy-
methyl-3, 4-O-isopropylidene-tetrahydrofuran (128). To a solu-
tion of 2-amino-6-chloropurine-9-riboside (100 mg, 0.331 mmol)
in N,N-dimethylformamide (2 mL) were added 2,2-dimethoxypro-
pane (0.242 mL, 1.97 mmol) ar@toluenesulfonic acid monohy-
drate (188 mg, 0.993 mmol), and the reaction mixture was stirred
overnight at room temperature. The reaction was diluted with ethyl
acetate, washed with water, dried over MgsSeénd filtered. The
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filtrate was evaporated to give an oil, which was subjected to t, J= 6.7 Hz), 2.97 (2H, m), 2.32 (3H, s), 1.61 (3H, s), 1.35 (3H,
preparative TLC developed with a mixture of toluene and acetone s), 0.69 (3H, t,J = 7.3 Hz); HRMS (ESI-MSm/z) calcd for
(1:1) to give128(56 mg, 50%)*H NMR (CDCls) 6 7.81 (1H, s), Cs2H33NgO7SCINa (M + Na)t, 703.1718; found, 703.1732.
5.79 (1H, d,J = 4.9 Hz), 5.68 (1H, ddJ = 1.4 and 11.3 Hz), (2R,3S,4S,5R)-5-Ethylcarboxyamide-2-(8-amino-2-(3"-(1"-(p-
5.14-5.24 (3H, m), 5.08 (1H, dd] = 1.4 and 6.0 Hz), 4.51 (1H,  tolyenesufonyl)indolyl)ethyloxy)-purin-9-yl)-3,4-O-isopropylidene-
d,J = 1.7 Hz), 3.97 (1H, d with small coupling, = 12.6 Hz), tetrahydrofuran (133). A solution of 132in saturated ammonia
3.78 (1H, dddJ = 1.9, 11.3 and 13.2 Hz), 1.64 (3H, s), 1.38 (3H,  ethanol solution was stirred at 12@ overnight. The solvent was
s); HRMS (ESI-MSm/2) caled for GaHiNsO,Cl (M + H)™, evaporated to give an oil, which was subjected to preparative TLC
342.0969; found, 342.0979. _ developed with a mixture of chloroform and methanol (10:1) to
(2R,35,4S,5R)-2-(2-Amino-6'-chloropurin-9'-yl)-5-carboxy- - give 133(17 mg, 88% yield)*H NMR (CDCl,) ¢ 7.96 (1H, d.J
3,4-O-isopropylidene-tetrahydrofuran (129).To a solution ofL28 = 7.7 Hz), 7.77 (2H, dJ = 8.2 Hz), 7.68 (1H, s), 7.547.60 (2H,
(16.9 mg, 0.0494 mmol) in water (4.5 mL) were added potassium m), 7.30 (1H, dtJ = 1.6 and 7.7 Hz), 7.24 (1H, overlapped with
permanganate (703 mg, 0.445 mmol) and potassium hydroxide (25CHC|3), 7.19 (2H, dJ=185 HZ), 6.44 (1H, tJ=5.9 HZ), 6.07
mg, 0.444 mmol), and the reaction mixture was stirred for 1 h. (1H, d,J = 1.9 Hz), 5.59 (1H, br s), 5.51 (1H, dd,= 1.9 and 6.0
After addition of isopropanol, the reaction mixture was filtered. Hz), 5.43 (1H, dd] = 1.8 and 6.2 Hz), 4.70 (1H, d,= 1.9 Hz)
The filtrate was neutralized with 0.1 N hydrochloric acid aqueous 4 gq (2H, m), 318 (2H, ) = 6.7 H2), .96 (2H, nl1),12.31 (3H, é),

solution and evaporated to give a crude solid, which was subjected
to preparative TLC developed with a mixture of chloroform,
methanol, and saturated aqueous ammonia (2: 1: 0.3) talg®@e
(9 mg, 51%).H NMR (CDs;OD) 6 8.29 (1H, s), 6.18 (1H, d] =
1.2 Hz), 5.52 (1H, ddJ = 1.7 and 6.2 Hz), 5.37 (1H, d,= 6.0
Hz), 4.59 (1H, dJ = 1.7 Hz), 1.55 (3H, s), 1.39 (3H, S); HRMS
(ESI-MSnVZ) caled for G3Hi3NsOsCl (M — H)~, 354.0605; found,
354.0622.
(2R,3S,4S,5R)-2-(2-Amino-6'-chloropurin-9'-yl)-5-ethylcar-
boxyamide-3,40-isopropylidene-tetrahydrofuran (130). To a
solution 0f129(11.9 mg, 0.0334 mmol) itl,N-dimethylformamide
(0.8 mL) were added ethylamine hydrochloride (8.1 mg, 0.100
mmol), N,N-diisopropylethylamine (0.035 mL, 0.200 mmol), and
(benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluorophos-
phate (22.5 mg, 0.0434 mmol), and the reaction mixture was stirred
overnight. The mixture was diluted with ethyl acetate, washed with
water, dried over MgSg) and filtered. The filtrate was evaporated
to give a crude oil, which was subjected to preparative TLC
developed with a mixture of chloroform and methanol (10:1) to
give 130 (10 mg, 78%).*H NMR (CD3;OD) ¢ 8.16 (1H, s), 6.27
(1H, s), 5.73 (1H, ddJ = 1.9 and 6.3 Hz), 5.43 (1H, d,= 6.3
Hz), 4.62 (1H, dJ = 1.7 Hz), 2.91 (1H, dtJ = 6.0 and 13.3 Hz),
2.80 (1H, dtJ = 6.0 and 13.3 Hz), 1.55 (3H, s), 1.40 (3H,s), 0.61
(3H, t,J = 7.3 Hz); HRMS (ESI- MS1/2) calcd for GsH2oNgOs-
Cl (M + H)*, 383.1235; found, 383.1229.
(2R,3S,4S,5R)-5-Ethylcarboxyamide-2-(2-hydroxy-6'-chloro-
purin-9'-yl)-3,4-O-isopropylidene-tetrahydrofuran (131). To a
solution 0f130 (10 mg, 0.026 mmol) in a mixture of 2-propanol
(0.4 mL) and water (0.4 mL) was addedutylnitrite (13.3xL,
0.115 mmol) at £C, and the reaction mixture was stirred at room
temperature overnight. The reaction mixture was diluted with ethyl
acetate, washed with water, dried over MgSeénd filtered. The
filtrate was evaporated to give a crude oil, which was subjected to
preparative TLC developed with a mixture of chloroform and
methanol (10:1) to givel31 (5 mg, 50%).*H NMR (CDCl3) 6
7.99 (1H, s), 6.37 (1H, br 1= 6.1 Hz), 6.11 (1H, dJ = 1.6 Hz),
5.72 (1H, ddJ = 1.7 and 6.1 Hz), 5.36 (1H, dd,= 1.7 and 6.0
Hz), 4.75 (1H, s), 3.05 (2H, m), 1.61 (3H, s), 1.41 (3H, s), 0.77
(3H, t, 3 = 7.3 Hz); APCI-MS (Wz) 384.1 (M+ H)™.
(2R,3S,4S,5R)-5-Ethylcarboxyamide-2-2-(3"-(1"-(p-toluene-
sufonyl)indolyl)ethyloxy)-6'-chloropurin-9'-yl)-3, 4-O-isopropy-
lidene-tetrahydrofuran (132). To a solution 0f131 (19.4 mg,
0.0505 mmol) inN,N-dimethylformamide (0.8 mL) was added
iodide 47 (43 mg, 0.101 mmol) and cesium carbonate (49.3 mg,
0.151 mmol), and the reaction mixture was stirred at room
temperature overnight. The reaction mixture was diluted with ethyl
acetate, washed with water, dried over MgSénd filtered. The
filtrate was evaporated to give a crude oil, which was subjected to
preparative TLC developed with a mixture of toluene and acetone
(4:1) to givel32(24 mg, 70%)*H NMR (CDCl3) 6 7.99 (1H, s),
7.98 (1H, dJ= 8.2 Hz), 7.77 (2H, d with small couplind,= 8.5
Hz), 7.61 (1H, d with small coupling] = 7.7 Hz), 7.56 (1H, s),
7.24-7.35 (2H, m), 7.21 (2H, dJ = 8.5 Hz), 6.27 (1H, tJ = 6.0
Hz), 6.14 (1H, dJ = 2.2 Hz), 5.52 (1H, ddJ = 1.9 and 6.1 Hz),
5.39 (1H, ddJ = 2.1 and 6.2 Hz), 4.664.80 (3H, m), 3.27 (2H,

1.64 (3H, s), 1.31 (3H, s), 0.69 (3H,3,= 7.3 Hz); HRMS (ESI-
MS m/z) calcd for GyH3zeN;O;S (M + H)*, 662.2397; found,
662.2374.
(2R,35,4S,5R)-5-Ethylcarboxyamide-2-(8-amino-2-(3"-(1"-(p-
toluenesufonyl)indolyl)ethyloxy)-purin-9'-yl)-tetrahydrofuran
(134). A solution 0f 133 (13.4 mg, 0.0202 mmol) in 80% acetic
acid aqueous solution was stirred at®Dfor 63 h and evaporated
to give an oil, which was subjected to preparative TLC developed
with a mixture of chloroform and methanol (8:1) to git&4 (9
mg, recovery yield 85%)H NMR (CDs;OD) 6 8.09 (1H, s), 7.94
(1H, d,J = 7.7 Hz), 7.69 (2H, d with small couplind,= 8.5 Hz),
7.56 (1H, d with small coupling) = 7.7 Hz), 7.52 (1H, s), 7.30
(1H, dt,J= 1.3 and 7.7 Hz), 7.167.26 (3H, m), 5.93 (1H, d] =
7.4 Hz), 4.54-4.76 (2H, m), 4.42 (1H, d) = 1.9 Hz), 4.31 (1H,
dd,J = 1.8 and 4.8 Hz), 3.083.18 (4H, m), 2.28 (3H, s), 0.83
(3H, t,J = 7.1 Hz); HRMS (ESI-MS1/?2) calcd for GgH3.N707S
(M + H)*, 622.2084; found, 622.2095.
2-Phenylpropoxyadenosine (8)The yield was 66%:*H NMR
(CDsOD) 0 8.11 (1H, s), 7.167.28 (5H, m), 5.88 (1H, dJ = 6.1
Hz), 4.72 (1H, tJ = 5.5 Hz), 4.36-4.34 (1H overlaped with C}),
4.29 (2H, t,J = 6.6 Hz), 4.10 (1H, gJ = 3.2 Hz), 3.85 (1H, dd,
J =29 and 12.5 Hz), 3.72 (1H, dd,= 3.3 and 12.4 Hz), 2.78
(2H, t,J = 7.7 Hz), 2.06 (2H, dtJ = 6.4 and 15.3 Hz); HRMS
(ESI-MS m/2) calcd for GgH24NsOs (M + H)*, 402.1777; found,
402.1771; HPLC (system A) 14.1 min (99%), (system C) 10.7 min
(99%).
2-(3'-Indolylethyloxy)adenosine (17)The yield was 72%:1H
NMR (CDs;OD) ¢ 8.12 (1H, s), 7.60 (1H, d with small coupling,
= 7.7 Hz), 7.32 (1H, d with small couplingl = 7.7 Hz), 7.15
(1H, s), 7.07 (1H, dtJ = 1.2 and 7.5 Hz), 7.01 (1H, dj = 1.2
and 7.3 Hz), 5.90 (1H, d] = 5.5 Hz), 4.71 (1H, tJ = 5.5 Hz),
4.58 (2H, m), 4.31 (1H, dd] = 3.6 and 5.2 Hz), 4.11 (1H, §,=
3.2 Hz), 3.85 (1H, ddJ = 2.8 and 12.4 Hz), 3.73 (1H, dd,= 3.4
and 12.2 Hz), 3.24 (2H, § = 7.3 Hz); HRMS (ESI-MS1/Z) calcd
for CyoH23aNeOs (M + H)*t, 427.1730; found, 427.1711; HPLC
(system A) 11.4 min (99%), (system C) 9.3 min (99%).
2-(3'-(1"-(p-Toluenesulfonyl)indolyl)ethyloxy)adenosine (18).
The yield was 60%:H NMR (CD3;OD) 6 8.14 (1H, s), 7.93 (1H,
d with small coupling]) = 7.4 Hz), 7.70 (2H, d with small coupling,
J=28.2 Hz), 7.59 (2H, m), 7.29 (1H, di,= 1.7 and 8.1 Hz), 7.23
(1H, dt,J = 1.5 and 8.1 Hz), 7.17 (2H, d,= 8.0 Hz), 5.90 (1H,
d,J = 6.0 Hz), 4.73 (1H, tJ = 5.6 Hz), 4.57 (2H, m), 4.33 (1H,
dd,J = 3.2 and 5.1 Hz), 4.12 (1H, d,= 3.0 Hz), 3.88 (1H, dd,
J=2.8and 12.4 Hz), 3.74 (1H, dd,= 3.3 and 12.4 Hz), 3.14
(2H, t,J = 6.3 Hz); HRMS (ESI-MS1/2) calcd for G7H29NgO7S
(M + H)*, 581.1818; found, 581.1797; HPLC (system B) 16.5 min
(99%), (system C) 16.7 min (99%).
2-(3'-Pyrrolylethyloxy)adenosine (19).The yield was 57%1H
NMR (CDsOD) ¢ 8.11 (1H, s), 6.63 (2H, dJ = 2.2 Hz), 6.04
(1H, t,J= 2.1 Hz), 5.88 (1H, dJ = 5.8 Hz), 4.72 (1H, t) = 5.5
Hz), 4.42 (2H, tJ = 7.4 Hz), 4.31 (1H, ddJ = 3.4 and 5.1 Hz),
4.10 (1H, qJ = 3.2 Hz). 3.85 (1H, dd) = 3.0 and 12.4 Hz), 3.73
(1H, dd,J = 3.6 and 12.4 Hz), 2.91 (2H, § = 7.3 Hz); HRMS
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(ESI-MS nV2) calcd for GeH21NgOs (M + H)™, 377.1573; found,
377.1577; HPLC (system A) 4.5 min (99%), (system C) 4.7 min
(99%).

2-(2'-Indolylethyloxy)adenosine (20)The yield was 32%:H
NMR (CD;0D) 6 8.08 (1H, s), 7.37 (1H, d with small couplings,
J= 7.4 Hz), 7.25 (1H, d with small coupling,= 8.0 Hz), 6.97
(1H, dt,J = 1.4 and 7.1 Hz), 6.88 (1H, dj, = 1.1 and 7.2 Hz),
6.21 (1H, d,J = 0.8 Hz), 5.86 (1H, dJ = 5.8 Hz), 4.69 (1H, t]
=5.5Hz), 457 (2H, tJ = 6.6 Hz), 4.30 (1H, ddJ = 3.3 and 5.2
Hz), 4.08 (1H, gJ = 3.3 Hz), 3.83 (1H, ddJ = 2.9 and 12.2 Hz),
3.72 (1H, dd,J = 3.3 and 12.4 Hz), 3.18 (2H, ] = 6.7 Hz);
HRMS (ESI-MSm/2) calcd for GoH23NgOs (M + H) ™, 427.1730;
found, 427.1735; HPLC (system A) 14.6 min (99%), (system C)
10.9 min (99%).

2-(2'-(1"-(p-Toluenesulfonyl)indolyl)ethyloxy)adenosine (21).
The yield was 55%:H NMR (CDCl) 6 8.10 (1H, d,J = 8.2
Hz), 7.577.64 (3H, m), 7.37 (1H, d] = 7.7 Hz), 7.11-7.26 (4H,
m), 6.52 (1H, s), 5.71 (1H, d] = 6.9 Hz), 5.66 (2H, br s), 5.03
(1H, t,J= 6.9 Hz), 4.62 (1H, m), 4.46 (2H, m), 4.27 (1H, s), 3.89
(1H, d,J = 11.5 Hz), 3.74 (1H, dJ = 11.5 Hz), 3.43 (2H, m),
3.19 (1H, br s), 2.30 (3H, s); HRMS (ESI-M8VZ) calcd for
CoH20N6O7S (M + H)*, 581.1818; found, 581.1802; HPLC (system
A) 23.0 min (99%), (system C) 16.7 min (99%).

2-(3'-(5"-Fluoro-indolyl)ethyloxy)adenosine (22).The vyield
was 80%:H NMR (CD3;OD) 6 8.12 (1H, s), 7.267.30 (3H, m),
6.83 (1H, dtJ = 2.5 and 9.1 Hz), 5.89 (1H, d,= 5.8 Hz), 4.72
(1H,t,J=5.5Hz), 4.55 (2H, 1) = 7.0 Hz), 4.31 (1H, dd) = 3.3
and 5.2 Hz), 4.11 (1H, g] = 3.3 Hz), 3.86 (1H, ddJ = 2.8 and
12.4 Hz), 3.73 (1H, dd]) = 3.6 and 12.4 Hz), 3.16 (2H,3,=7.1
Hz); HRMS (ESI-MSm/z) calcd for GoH»1NeOsFNa (M + Na)*,
467.1455; found, 467.1479; HPLC (system A) 13.1 min (99%),
(system C) 10.2 min (99%).

2-(3'-(5"-Chloro-indolyl)ethyloxy)adenosine (23).The yield
was 54%:H NMR (CD;OD) ¢ 8.12 (1H, s), 7.55 (1H, d]= 1.9
Hz), 7.28 (1H, ddJ) = 0.5 and 8.5 Hz), 7.22 (1H, s), 7.03 (1H, dd,
J=1.9and8.5Hz), 5.89 (1H, d,= 6.0 Hz), 4.71 (1H,t)J=5.5
Hz), 4.56 (2H, tJ = 7.0 Hz), 4.31 (1H, ddJ = 3.6 and 5.2 Hz),
4.11 (1H, gJ = 3.2 Hz), 3.86 (1H, ddJ = 2.9 and 12.5 Hz), 3.73
(1H, dd,J = 3.3 and 12.4 Hz), 3.17 (2H, §, = 7.0 Hz); HRMS
(ESI-MSm/Z) calcd for GoH2oNgOsCl (M + H) T, 461.1340; found,
461.1332; HPLC (system A) 16.6 min (99%), (system C) 11.8 min
(99%).

2-(3'-(5"-Bromo-indolyl)ethyloxy)adenosine (24).The vyield
was 70%:H NMR (CDsOD) 6 8.12 (1H, s), 7.70 (1H, d] = 1.9
Hz), 7.24 (1H, dJ = 8.8 Hz), 7.20 (1H, s), 7.15 (1H, dd,= 1.8
and 8.7 Hz), 5.89 (1H, d] = 5.8 Hz), 4.71 (1H, tJ = 5.5 Hz),
4.56 (2H, t,J = 7.0 Hz), 4.32 (1H, ddJ = 3.6 and 5.2 Hz), 4.11
(1H, 9,J=3.2 Hz), 3.86 (1H, ddJ = 2.8 and 12.4 Hz), 3.73 (1H,
dd,J = 3.6 and 12.4 Hz), 3.17 (2H, §,= 6.9 Hz); HRMS (ESI-
MS m/2) calcd for GoH2NgOsBr (M + H)*, 505.0835; found,
505.0822; HPLC (system A) 15.2 min(98%), (system C) 12.2 min
(98%).

2-(3'-(5"-lodo-indolyl)ethyloxy)adenosine (25)The yield was
56%: *H NMR (CD;OD) ¢ 8.12 (1H, s) 7.89 (1H, dd} = 0.6 and
1.7 Hz), 7.32 (1H, dd) = 1.7 and 8.5 Hz), 7.16 (1H, s), 7.15 (1H,
dd,J = 0.6 and 8.5 Hz), 5.89 (1H, d,= 5.8 Hz), 4.71 (1H, tJ
=5.5Hz), 4.55 (2H, tJ = 7.0 Hz), 4.32 (1H, ddJ = 3.6 and 5.2
Hz), 4.11 (1H, gJ = 3.2 Hz), 3.86 (1H, ddJ = 2.8 and 12.4 Hz),
3.73 (1H, dd,J = 3.3 and 12.4 Hz), 3.16 (2H, 1 = 6.9 Hz);
HRMS (ESI-MSm/z) caled for GoH22NgOsl (M + H)*, 553.0696;
found, 553.0681; HPLC (system A) 19.0 min (98%), (system
13.1 min (98%).

2-(3'-(5"-Bromo-1"-(p-toluenesulfonyl)indolyl)ethyloxy)aden-
osine (26).The yield was 68%:'H NMR (CD;OD) 6 8.14 (1H,
s), 7.86 (1H, ddJ = 0.6 and 8.8 Hz), 7.687.74 (3H, m), 7.63
(1H, s), 7.40 (1H, dd) = 1.8 and 8.8 Hz), 7.18 (2H, d with small
coupling,J = 8.5 Hz), 5.89 (1H, dJ = 6.0 Hz), 4.73 (1H, tJ) =
5.6 Hz), 4.55 (2H, tJ = 6.3 Hz), 4.33 (1H, ddJ = 3.3 and 5.2
Hz), 4.12 (1H, qJ = 3.0 Hz), 3.89 (1H, ddJ = 2.9 and 12.5 Hz),
3.74 (1H, ddJ = 3.3 and 12.4 Hz), 3.11 (2H, §,= 6.2 Hz), 2.27

)
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(3H, s); HRMS (ESI MSQ/2) calcd for G7H2eNgO7BrS (M + H) ™,
659.0924; found, 659.0921.
2-(3'-(6"-Chloro-indolyl)ethyloxy)adenosine (27).The yield
was 54%: IH NMR (CDsOD) 6 8.08 (1H, s), 7.52 (1H, d] = 8.5
Hz), 7.27 (1H, dJ = 1.7 Hz), 7.13 (1H, s), 6.95 (1H, dd,= 1.9
and 8.5 Hz), 5.86 (1H, d] = 6.0 Hz), 4.67 (1H, tJ = 5.5 Hz),
4.51 (2H, m), 4.28 (1H, dd] = 3.4 and 5.1 Hz), 4.07 (1H, §,=
3.2 Hz), 3.81 (1H, ddJ = 2.8 and 12.4 Hz), 3.69 (1H, dd,= 3.3
and 12.4 Hz), 3.14 (2H, § = 7.0 Hz); HRMS (ESI-MS/2) calcd
for CyoH22NeOsCl (M + H)*, 461.1340; found, 461.1339; HPLC
(system A) 15.7 min (99%), (system C) 11.9 min (99%).
2-(3'-(6"-Bromo-indolyl)ethyloxy)adenosine (28).The yield
was 71%:*H NMR (CDsOD) 6 8.12 (1H, s), 7.52 (1H, d] = 8.5
Hz), 7.48 (1H, dJ = 1.7 Hz), 7.17 (1H, s), 7.12 (1H, dd,= 1.7
and 8.5 Hz), 5.90 (1H, dJ = 5.8 Hz), 4.71 (1H, tJ = 5.5 Hz),
4.56 (2H, m), 4.31 (1H, dd] = 3.3 and 5.2 Hz), 4.11 (1H, §,=
3.2 Hz), 3.85 (1H, ddJ = 3.4 and 12.2 Hz), 3.73 (1H, dd,= 3.4
and 12.2 Hz), 3.21 (2H, § = 7.2 Hz); HRMS (ESI-MSW?2) calcd
for CyoH22NgOsBr (M + H)*, 505.0835; found, 505.0840; HPLC
(system A) 18.1 min (98%), (system C) 12.6 min (98%).
2-(3'-(4"-Bromo-indolyl)ethyloxy)adenosine (29).The yield
was 44%: 'H NMR (CD;OD) 6 8.11 (1H, s), 7.31 (1H, dd] =
0.8 and 8.0 Hz), 7.24 (1H, s), 7.16 (1H, dd= 0.8 and 7.4 Hz),
6.93 (1H, t,J = 7.8 Hz), 5.89 (1H, dJ = 6.0 Hz), 4.71 (1H, tJ
= 5.5 Hz), 4.60 (2H, m), 4.31 (1H, dd,= 3.6 and 5.0 Hz), 4.10
(1H, 9, = 3.2 Hz), 3.85 (1H, ddJ = 2.9 and 12.5 Hz), 3.73 (1H,
dd,J = 3.4 and 12.5 Hz), 3.47 (1H, §,= 7.1 Hz); HRMS (ESI-
MS m/2) calcd for GoH22NeOsBr (M + H)*, 505.0835; found,
505.0843; HPLC (system A) 15.3 min (99%), (system C) 11.7 min
(99%).
2-(3'-(7""-Bromo-indolyl)ethyloxy)adenosine (30).The yield
was 27%:*H NMR (CDsOD) 6 8.12 (1H, s), 7.60 (1H, d] = 8.0
Hz), 7.25 (1H, dJ = 7.4 Hz), 7.24 (1H, s), 6.95 (1H, § = 7.8
Hz), 5.90 (1H, dJ = 5.8 Hz), 4.71 (1H, tJ = 5.6 Hz), 4.58 (2H,
m), 4.31 (1H, ddJ = 3.6 and 4.9 Hz), 4.11 (1H, d,= 3.2 Hz),
3.85 (1H, dd,J = 2.9 and 12.2 Hz), 3.73 (1H, dd,= 3.3 and
12.4 Hz), 3.20 (2H, tJ = 6.9 Hz); HRMS (ESI-MSW2) calcd for
CaoH22NgOsBr (M + H)*, 505.0835; found, 505.0837; HPLC
(system A) 15.9 min (99%), (system C) 12.1 min (99%).
2-(3'-(5"-Methoxy-2"-methylindolyl)ethyloxy)adenosine (31).
The yield was 29%:H NMR (CD3;OD) 6 8.13 (1H, s), 7.10 (1H,
dd,J = 0.6 and 8.8 Hz), 6.96 (1H, d,= 2.2 Hz), 6.65 (1H, dd,
J=2.3and 8.7 Hz), 5.90 (1H, d,= 5.8 Hz), 4.68 (1H,t) = 5.5
Hz), 4.47 (2H, m), 4.30 (1H, dd,= 3.6 and 5.2 Hz), 4.10 (1H, q,
J= 3.2 and 6.5 Hz), 3.84 (1H, dd,= 2.9 and 12.2 Hz), 3.72
(1H, dd,J = 3.3 and 12.4 Hz), 3.13 (2H, 3,= 7.3 Hz), 2.37 (3H,
s); HRMS (ESI-MSm/2) calcd for GoHeNgOgNa (M + Na)*,
493.1812; found, 493.1792; HPLC (system A) 11.8 min (98%),
(system C) 9.4 min (98%).
2-(3'-(5"-Methoxy-2"-methyl-1"-(p-toluenesulfonyl)indolyl)-
ethyloxy)adenosine (32)The yield was 71%:1H NMR (CDsOD)
0 8.12 (1H,s), 7.96 (1H, d] = 9.1 Hz), 7.52 (2H, dJ = 8.5 Hz),
7.11 (2H, d,J = 8.5 Hz), 6.92 (1H, dJ = 2.5 Hz), 6.82 (1H, dd,
J=25and 9.1 Hz), 5.87 (1H, d,= 6.0 Hz), 4.66 (1H,t) = 5.6
Hz), 4.41 (2H, m), 4.29 (1H, dd,= 3.2 and 5.1 Hz), 4.10 (1H, q,
J = 2.9 Hz), 3.82 (1H, ddJ = 2.8 and 12.4 Hz), 3.77 (3H, s),
3.70 (1H, ddJ = 3.2 and 12.5 Hz), 3.06 (2H, 3,= 6.6 Hz), 2.56
(3H, s), 2.21 (3H, s); HRMS (ESI-M8Vz) calcd for GgH3aNgOsS
(M + H)*, 625.2081; found, 625.2079; HPLC (system B) 17.3 min
(99%), (system C) 17.6 min (99%).
2-(3'-(5""-Methoxy-indolyl)ethyloxy)adenosine (33)The yield
was 54%:H NMR (CD;0D) 6 8.12 (1H, s), 7.20 (1H, d]= 8.8
Hz), 7.12 (1H, s), 7.05 (1H, d = 2.5 Hz), 6.73 (1H, ddJ = 2.5
and 8.8 Hz), 5.89 (1H, d] = 5.8 Hz), 4.71 (1H, tJ = 5.5 Hz),
4.56 (2H, t,J = 7.1 Hz), 4.31 (1H, ddJ = 3.3 and 5.2 Hz), 4.10
(1H, q,J=3.2 Hz), 3.84 (1H, dd) = 2.8 and 12.4 Hz), 3.72 (1H,
dd,J = 3.3 and 12.4 Hz), 3.18 (2H, §,= 7.1 Hz); HRMS (ESI-
MS m/z) calcd for GiH2sNeOs (M + H)*™, 457.1836; found,
457.1815; HPLC (system A) 10.7 min (98%), (system C) 8.8 min
(98%).
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2-(3'-(5"-Hydroxyindolyl)ethyloxy)adenosine (34).The yield
was 31%;H NMR (CDsOD) 6 8.12 (1H, s), 7.15 (1H, dd] =
0.6 and 8.8 Hz), 7.09 (1H, s), 7.01 (1H, dd= 0.5 and 2.5 Hz),
6.65 (1H, ddJ = 2.3 and 8.4 Hz), 5.90 (1H, d,= 5.8 Hz), 4.72
(1H,t,J=5.6 Hz), 4.54 (2H, 1) = 7.4 Hz), 4.31 (1H, dd) = 3.3
and 5.2 Hz), 4.11 (1H, q] = 3.2 Hz), 3.86 (1H, ddJ = 2.7 and
12.4 Hz), 3.74 (1H, dd) = 3.3 and 12.4 Hz), 3.13 (2H, 3,= 7.3
Hz); HRMS (ESI-MSmV2) calcd for GoH2:NgOgNa (M + Na)*,
465.1499; found, 465.1471; HPLC (system A) 5.5 min (98%),
(system C) 5.3 min (98%).

2-(3'-(Benzoimidazole-1-yl)ethyloxy)adenosine (35)The yield
was 57%: 'H NMR (CD;OD) ¢ 8.22 (1H, s), 8.10 (1H, s), 7.62
(2H, d with small couplingJ = 8.2 Hz), 7.31 (1H, dt) = 1.2 and
7.6 Hz), 7.24 (1H, dt) = 1.3 and 7.6 Hz), 5.84 (1H, d,= 5.8
Hz), 4.63— 4.74 (5H, m), 4.31 (1H, dd] = 3.2 and 5.1 Hz), 4.11
(1H, 9, = 3.0 Hz), 3.86 (1H, dd) = 2.8 and 12.4 Hz), 3.73 (1H,
dd, J = 3.0 and 12.4 Hz); HRMS (ESI-MSw/2) calcd for
C19H22N;Os (M + H)*, 428.1682; found, 428.1691; HPLC (system
A) 4.9 min (99%), (system D) 8.3 min (99%).

2-(3'-(Benzotriazole-1'-yl)ethyloxy)adenosine (36)The yield
was 40%:H NMR (CD;0OD) 6 8.10 (1H, s), 7.93(1H, di] = 1.0
and 7.4 Hz), 7.80 (1H, dj = 0.8 and 8.2 Hz), 7.52 (1H, ddd,
=1.0, 7.1 and 8.1 Hz), 7.38 (1H, ddd= 1.0, 7.1 and 8.1 Hz),
5.83 (1H, d,J = 5.8 Hz), 5.13 (2H, m), 4.824.92 (2H, m,
overlapped with HDO), 4.64 (1H, § = 5.6 Hz), 4.31 (1H, ddJ
=3.3and 5.2 Hz), 4.10 (1H, 4,= 3.1 Hz), 3.83 (1H, dd) = 2.8
and 12.6 Hz), 3.72 (1H, dd] = 3.3 and 12.4 Hz); HRMS (ESI-
MS m/2) calcd for GgH2:NgOs (M + H)*, 429.1635; found,
429.1642; HPLC (system A) 4.7 min (99%), (system C) 4.8 min
(99%).

6-Guanidino-2-(3'-indolylethyloxy)adenosine (37) and 6-Guani-
dino-2-(3'-(1""-(p-toluenesulfonyl)indolyl)ethyloxy)adenosine (38).
To a solution of guanidine hydrochloride (98 mg, 1.02 mmol) in
acetonitrile (2.2 mL) andN,N-dimethylformamide (1.1 mL) was
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0.261 mmol) was added, and the reaction mixture was stirred for
42 h at 80°C. The solvent was evaporated to give a crude solid
that was subjected to preparative TLC developed with a mixture
of chloroform and methanol (5:1) to gia9 (2.2 mg, 28% yield in
two steps).!H NMR (CDsOD) ¢ 8.05 (1H, s), 7.60 (1H, d with
small couplingJ = 7.1 Hz), 7.32 (1H, d with small couplind,=

7.7 Hz), 7.14 (1H, s), 7.07 (1H, di,= 1.3 and 7.6 Hz), 7.00 (1H,
dt,J=1.1and 7.4 Hz), 5.87 (1H, d,= 6.0 Hz), 4.71 (1H, t) =

5.6 Hz), 4.60 (2H, tJ = 7.0 Hz), 4.30 (1H, ddJ = 3.2 and 5.1
Hz), 4.11 (1H, gJ = 3.0 Hz), 3.86 (1H, ddJ = 2.6 and 12.5 Hz),
3.73 (1H, ddJ = 3.2 and 12.5 Hz), 3.563.66 (2H, br m), 3.22
(2H, t,J = 7.1 Hz), 1.26 (3H, tJ = 7.3 Hz); HRMS (ESI-MS
m/z) calcd for GoH27NgOs (M + H)™, 455.2043; found, 455.2063;
HPLC (system A) 19.5 min (99%), (system C) 13.5 min (99%).

(2R,3S,4S,5R)-6-Amino-5-ethylcarboxyamide-2-(3-indolyl)-
ethyloxy)-purin-9-yl)-tetrahydrofuran (40). Potassium hydroxide
(12.6 mg, 0.025 mmol) was added to a solutionl8# (7.0 mg,
0.0112 mmol) in methanol (1.5 mL), and the reaction mixture was
stirred at 70°C overnight. The mixture was evaporated to a small
amount of solution that was subjected to preparative TLC developed
with a mixture of chloroform and methanol (5:1) to gi¥6é (1.7
mg, 33% yield).'H NMR (CD3;OD) ¢ 8.06 (1H, s), 7.56 (1H, d
with small couplingJ = 8.0 Hz), 7.32 (1H, d with small coupling,
J=28.0 Hz), 7.11 (1H, s), 7.08 (1H, di,= 1.2 and 8.1 Hz), 7.00
(1H, dt,J = 1.1 and 8.1 Hz), 5.91 (1H, d,= 7.4 Hz), 4.74 (1H,
dd,J = 4.8 and 7.3 Hz), 4.61 (2H, m), 4.41 (1H, 3= 1.9 Hz),
4.30 (1H, ddJ = 1.7 and 4.9 Hz), 3.153.26 (4H, m), 0.99 (3H,
t,J = 7.2 Hz); HRMS (ESI MS1/2) calcd for GoH2eN;Os (M +
H)*, 468.1995; found, 468.2015; HPLC (system A) 15.7 min (98%),
(system C) 11.4 min (98%).

Pharmacological Methods. [123] N¢-(4-amino-3-iodobenzyl)-
adenosine-5N-methyluronamide (I-AB-MECA; 2000 Ci/mmaol),
[BH]CCPA (2-chloroN®-cyclopentyladenosine, 42.6 Ci/mmoBH]-
CGS21680 (24-(2-carboxyethyl)phenylethylamino]-Bi-ethylcar-

added sodium hydride (60%; 41.2 mg, 1.02 mmol) at room boxamido-adenosine, 47 Ci/mmol), ariti]cyclic AMP (40 Ci/
temperature, and the reaction mixture was stirred overnight. This mmol) were from Amersham Pharmacia Biotech (Buckinghamshire,

guanidine solution was added to a mixture of compofd (46

mg, 0.0633 mmol) and 1,4-diazabicyclo[2.2.2]octane (14 mg,

U.K)).
Cell Culture and Membrane Preparation. CHO (Chinese

0.0126 mmol), and the resulting mixture was stirred overnight at hamster ovary) cells expressing the recombinant humariAiRse
110 °C and filtered. The filtrate was evaporated to give a crude cultured in DMEM supplemented with 10% fetal bovine serum,
oil, which was subjected to preparative TLC developed with a 100 units/mL penicillin, 100ug/mL streptomycin, 2umol/mL
mixture of chloroform, methanol, and saturated aqueous ammoniaglutamine, and 80Q:g/mL geneticin. Cells were harvested by

(2:1:0.3) to give37 (2.3 mg, 8%) and38 (9 mg, 23%) as an
amorphous solid.

37: 'H NMR (CDz0D) 6 8.09 (1H, s), 7.60 (1H, d with small
coupling,J = 7.7 Hz), 7.32 (1H, d with small coupling,= 7.2
Hz), 7.16 (1H, s), 7.08 (1H, df = 1.3 and 7.6 Hz), 7.01 (1H, dt,
J=1.2and 7.3 Hz), 5.90 (1H, d,= 6.0 Hz), 4.73 (1H,t) =5.5
Hz), 4.54 (2H, tJ = 7.1 Hz), 4.32 (1H, ddJ = 3.3 and 4.9 Hz),
4.12 (1H, gJ = 3.0 Hz), 3.87 (1H, ddJ = 2.8 and 12.6 Hz), 3.73
(1H, dd,J = 3.3 and 12.4 Hz), 3.24 (2H, § = 7.4 Hz); HRMS
(ESI-MS nv/z) calcd for GiH»sNgOs (M + H)™, 469.1948; found,
469.1952; HPLC (system B) 8.9 min (97%), (system D) 7.5 min
(97%).

38: IH NMR (CD30OD) 6 8.25 (1H, s), 7.93 (1H, dd] = 1.4
and 7.4 Hz), 7.71 (2H, d with small coupling,= 8.5 Hz), 7.61
(1H, dd,J = 1.4 and 7.1 Hz), 7.59 (1H, s), 7.30 (1H, dt= 1.2
and 7.6 Hz), 7.24 (1H, dfj = 1.2 and 7.6 Hz), 7.18 (2H, d with
small coupling,J = 8.5 Hz), 5.96 (1H, dJ = 6.0 Hz), 4.74 (1H,
t,J=5.5Hz), 4.59 (2H, tJ = 6.5 Hz), 4.35 (1H, dd) = 3.4 and
5.1 Hz), 4.13 (1H, gJ = 3.2 Hz), 3.89 (1H, ddJ = 2.9 and 12.5
Hz), 3.76 (1H, ddJ = 3.6 and 12.4 Hz), 3.18 (2H, §,= 6.5 Hz),
3.26 (3H, s); HRMS (ESI-MS1/2) calcd for GgH3:NgO;S (M +
H)*, 623.2036; found, 623.2045; HPLC (system A) 16.3 min (97%),
(system C) 8.7 min (97%).

6-Ethylamino-2-(3'-indolyl)ethyloxy)adenosine (39).To a
solution of 102 (28.3 mg, 0.0389 mmol) in DMF (1.4 mL) in a

trypsinization. After homogenization and suspension, cells were
centrifuged at 50@ for 10 min, and the pellet was resuspended in
50 mM Tris-HCI buffer (pH 8.0) containing 10 mM Mg&Il1l mM
EDTA, and 0.1 mg/mL CHAPS. The suspension was homogenized
with an electric homogenizer for 10 s and was then recentrifuged
at 200009 for 20 min at 4 °C. The resultant pellets were
resuspended in buffer in the presence of 3 units/mL adenosine
deaminase, and the suspension was stored &t °C until the
binding experiments. The protein concentration was measured using
the Bradford assaif

Binding Assay. Human A; and A;a Receptors: For binding
to human A receptors, JH]CCPA (1 nM) was incubated with
membranes (4@g/tube) from CHO cells stably expressing human
A; receptors at 258C for 60 min in 50 mM Tris-HCI buffer (pH
7.4; MgCh, 10 mM) in a total assay volume of 2@.. Nonspecific
binding was determined using 1M of CPA. For human Aa
receptor binding, membranes (2@/tube) from HEK-293 cells
stably expressing humamnAreceptors were incubated with 15 nM
[®H]CGS21680 at 25C for 60 min in 200uL of 50 mM Tris-
HCI, pH 7.4, containing 10 mM MgGI NECA (10uM) was used
to define nonspecific binding. Reaction was terminated by filtration
with GF/B filters.

Human A3 Receptor: For competitive binding assay, each tube
contained 10@:.L of membrane suspension (2@ protein), 5QuL
of [*?3]I-AB-MECA (0.5 nM), and 50uL of increasing concentra-

sealed tube were added ethylamine hydrochloride (63.5 mg, 0.779tions of the nucleoside derivative in Tris-HCI buffer (50 mM, pH

mmol) andN,N-diisopropylethylamine (0.271 mL), and the reaction
mixture was stirred at 148C overnight and evaporated to give an
oil. The oil was dissolved in methanol (1 mL), KOH (14.6 mg,

7.4) containing 10 mM MgGl and 1 mM EDTAPRIVATE.
Nonspecific binding was determined using @ of CI-IB-MECA
in the buffer. The mixtures were incubated at Z5 for 60 min.
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Binding reactions were terminated by filtration through Whatman
GF/B filters under reduced pressure using a MT-24 cell harvester
(Brandell, Gaithersburgh, MD). Filters were washed three times
with 9 mL of ice-cold buffer. Radioactivity was determined in a
Beckman 5500B/-counter.

Cyclic AMP Accumulation Assay. Intracellular cyclic AMP
levels were measured with a competitive protein binding meth$d.
CHO cells that expressed recombinant humagARs were
harvested by trypsinization. After centrifugation and resuspension
in medium, cells were plated in 24-well plates in 1.0 mL of medium.
After 24 h, the medium was removed and cells were washed three
times with 1 mL of DMEM, containing 50 mM HEPES, pH 7.4.
Cells were then treated with agonists and/or test compounds in the
presence of rolipram (1@M) and adenosine deaminase (3 units/
mL). After 45 min, forskolin (10uM) was added to the medium,
and incubation was continued an additional 15 min. The reaction
was terminated upon removal of the supernatant, and cells were
lysed upon the addition of 2Q@L of 0.1 M ice-cold HCI. The cell
lysate was resuspended and stored-20 °C. For determination
of cyclic AMP production, protein kinase A (PKA) was incubated
with [3H]cyclic AMP (2 nM) in K,HPO/EDTA buffer (K;HPOy,

150 mM; EDTA, 10 mM), 2QuL of the cell lysate, and 3@L of

0.1 M HCl or 50uL of cyclic AMP solution (0-16 pmol/200uL

for standard curve). Bound radioactivity was separated by rapid
filtration through Whatman GF/C filters and washed once with cold
buffer. Bound radioactivity was measured by liquid scintillation
spectrometry.

Statistical Analysis. Binding and functional parameters were
calculated using Prism 4.0 software (GraphPAD, San Diego, CA).
ICso values obtained from competition curves were converted to
K; values using the ChergPrusoff equatior® Data were expressed
as mearnt standard error.

Molecular Modeling. A published molecular model of the
human AgAR in which (§-PHP-NECA was docke8was utilized
to study the binding mode &*8. Toward this goal, the ribose and
adenine moieties &8 were superimposed upon the corresponding
moieties of §-PHP-NECA located inside the binding site. Then
(9-PHP-NECA was removed from the receptor. The obtained
complex of the AgAR with 28 was subjected to MCMM calcula-
tions using MacroModel softwaf® The MCMM calculations were
performed for28 and all residues located withi5 A from the
ligand, using a shell of residues located within 2 A. The following
parameters were used: MMFFs force field, water was used as an
implicit solvent, a maximum of 1000 iterations of the Potdkibier
conjugate gradient (PRCG) minimization method was used with a
convergence threshold of 0.05 :kibl"2:A-1 the number of
conformational search steps 100, and the energy window for
saving structures= 1000 kdmol=1.
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