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We report on the synthesis of the anti hepatitis C virus (HCV) ageatidoadenosinelf and the application

of the phosphoramidate ProTide technology to this nucleoside. The synthdsigasfachieved through an
epoxide intermediate followed by regio- and stereoselective ring opening by azidotrimethylsilane in the
presence of a Lewis acid. Compouhdlid not inhibit HCV replication in cell culture at concentrations up

to 0.1 mM. However, a submicromolar active agent could be derived ftdmg the application of the
ProTide technology. All the phosphoramidates prepared wetanine derivatives with variations in the

aryl moiety and in the ester part of the amino acid. The benzyl ester and the 1-naphthyl phok§hadel (

the best activity in replicon assay. Phosphoramiddt&s 21) achieved a significant improvement in antiviral
potency over the parent nucleosidg (ith no increase in cytotoxicity.

Introduction low or even lacking. The pharmacologically active triphosphate
species cannot be considered as a possible drug candidate
because of high instability and poor cellular permeation. For
many nucleosides the first phosphorylation constitutes the rate-
limiting step in the synthetic pathway to triphosphate formation,
suggesting that monophosphate analogues might be useful
World Health Organization (WHO), more than 170 million antiviral agents. However, nucleoside monophosphates are also

people are estimated to be chronically infected by this virus, ge_negally unstable in blood and show poor membrane perme-
representing the 3.1% of worldwide populatfon. ation: o o _

Current therapy for HCV treatment is both poorly tolerated N order to bypass this first rate-limiting step required of
and has limited efficacy, with less than 50% response ratesNucleoside analogues, our group has developed in the past a
among patients infected with the most prevalent virus genotype. Suitable nucleotide delivery strategy. The aryloxy-phosphora-
Therefore, there is a need for more efficient and better toleratedMidate @) allows the bypass of the initial nucleoside kinase
anti HCV agent. dependence, by the intracellular delivery of the monophospho-

The HCV genome is a single strand RNA molecule of ylated nucleoside analogue in the membrane permeable “Pro-
approximately 9600 nucleotidésontaining coding sequences ~ 11de” form.141 This technology increases the lipophilicity of
for structural and nonstructural HCV proteins, flanked by 5 the nucleoside monophosphate analogues and the intracellular

and 3-nontranslated regions '¢BITR and 3-NTR)? at the availability by passive diffusion. Previously we have reported
extremities of the HCV genonies4 the success of the ProTide approach applied to various nucleo-

Modified nucleosides already represent an important class Side analogues including d4A, ddA, L-Cd4A, and d4T:4
of polymerase inhibitors of other viruses, such as HSV and HIV.  In these examples the corresponding aryloxy-phosphorami-
It is notable that nucleoside derivatives generally need to be dates have shown an enhancement in antiviral activity against
phosphorylated to their corresponding triphosphate by host celltarget viruses such as HIV and HBV compared to the parent
(or in the case of some antiherpetics viral) kinases to be nucleoside analogues vitro. In contrast to the nucleoside
converted to their corresponding pharmacologically active analogues, the phosphoramidates retained full antiviral activity
species. in kinase-deficient cell lines.

However, in many cases nucleoside analogues are poor The putative monophosphate release pathway involves initial
substrates for nucleoside kinases. Moreover, the dependence oenzyme-catalyzed cleavage of the carboxy ester, followed by
phosphorylation for activation of a particular nucleoside may the internal nucleophilic attack of the acid residue on the
be a problem in cells where the nucleoside kinase activity is phosphorus center, displacing the aryloxy grétiphe putative
transient, cyclic mixed-anhydride is then hydrolyzed to the
* Corresponding author. Tek-44 29 20874537, fax4-44 29 20874537, corresponding amino acid phosphomonoester which has been

The hepatitis C virus (HCV) was identified for the first time
in 1989 as a single-stranded positive sense RNA virus of the
flaviviridae family® HCV is the most common blood-borne
infection and a major cause of chronic liver disease and liver
transplantation in industrialized countries. According to the
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Scheme 1.Initial Pathway for the Synthesis of-Azidoadenosinel)2
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a1. See Table 1; 2. tBuOK, pyridine; 3. ICl, NaNDMF; 4. BzCl, pyridine

; 5. a. MCPBA, CKCIo/H20, b. MeONa, MeOH.

R Another attempt was performed using pyridine as solvent.
NHy O NH, In this case, after purification by column chromatograpthy,
</Nj|\)§N R\(&O No Ay NMR and3P NMR showed clear evidence of the presence of
N N/) Ar-O, NH < | J triphenylphosphing_ oxi_de. An extrac_:tion in EtOAeMI was
Ho O,,P\ NTON explored as a purification method without success.
A ° ° o In order to use a different source of iodine, we tried the
N OH OH Ny — iodination reaction using Gland triphenylphosphine in a

1 2

Figure 1. 4'-Azidoadenosinel) and general structure of its corre-
sponding aryloxy-phosphoramidate.

Table 1. Conditions Attempted for the Synthesis dfBeoxy-5-
iodoadenosine

solution of adenosine and hexamethylphosphoric acid triamide
(HMPA).2® The difficulty of removing the solvent was a
limitation of this reaction on large scale.

As it was proving difficult to avoid the presence of tri-
phenylphosphine mixed with the desired product, the same
reaction was performed using triphenylphosphine supported on
resin (polystyrene, PS-triphenylphosphine). In this case the

source of . . . -
solvent reagent iodine conditions desired productH) was obtained pure and in reasonable yield.
dioxane/pyridine PP b Y Because of the high polgrlty a, thls_ route required large
NMP PhP/imidazole ) rt amounts of EtOAc to achieve extraction.
HMPT PhP Cl rt. In an attempt to increase the lipophilicity of the desiréd 5
pyridine PhP b rt iodo derivative the same reaction was also performed using as
pyridine PS-PgP I 50°C

nucleosides, '4azidoadenosinelf was synthesized and evalu-
ated as a potential inhibitor of HCV replicatiéhThe ProTide
approach was applied tbto explore monophosphate delivery
and a potential increase of the antiviral activity. In addition it

starting material the' ZB'-isopropylidene-protected adenosid (
with PS-triphenylphosphine. In this case, the reaction required
an increase in temperature to 8C. After purification by
extraction, the pure desired produé) (vas obtained in poor
yield (13%). We noted the presence of a high polar compound:
it was isolated and fully characterized, and by H NMR we

was envisaged that delivering the adenosine analogue as attribute the structure to the cyclic product of intramolecular

monophosphate derivative could reduce the extent of intracel-
lular metabolism by deamination.

Results and Discussion

Chemistry. The synthesis of '4dazidoadenosinelf was
initially performed using the same conditions reported in the
literature (Scheme 2. The selective 5iodination of adenosine
was first attempted in the presence of dioxapgridine as

nucleophilic substitution in the'$osition from the nitrogen in
3-position (L0, Scheme 2§9-22

Because of the impossibility to avoid the use of the column
chromatography to purifip, this first step was repeated on a
large scale using column chromatographic purification. The
elimination step was performed according the reported procedure
(Scheme 1) in the presence of a solution of potassierq
butoxide in pyridine-” The regio- and stereoselective addition

solvent, but because of the low solubility of the starting material Of iodo-azide resulted successful only in the first attempt. The
(3), the y|e|d was poor. In an attempt to increase the y|e|d’ final three StepS involved the full prOteCtion of adenosine
different conditions were attempted (Table 1). The first alterna- followed by iodine displacement and deprotection with metha-
tive was to use triphenylphosphine, iodine, and an excess ofnolic ammonia (Scheme 1).

imidazole in a solution oN-methylpyrrolidinone (NMP}8 This A different synthetic pathway (Scheme 3) was envisioned in
procedure resulted in only a modest 26% yield with suboptimal which the introduction of the azido group atposition was
purity of the desired product leoxy-3-iodoadenosines).18 achieved trough an epoxide intermediate. In the literature this
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Scheme 2.lodination Attempted with PS-BR and Structure of the Side Product Isolat&f)
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Scheme 3. Alternative Pathway for the Synthesis df2-Cyclopentylidene-4azidoadenosirfe

o
NH, NH,
HN
. NN fw N
N N <N ‘ N/) <N ‘ N/) </ | N
< ] J
N N/J ! (6] o N N
1 2 3.
HO \/—\( - \/—\( - o
0 JES JES :d
—si— ST si—  $iC 0 0o
OH OH / / R Si—
3 K , 7< /}\ / 7<
1 ! 13
4.
o 0
NH, 0 HN HN
N
</ | SN HN </N SN </N N
N N/) N N N | N/J N | N/)
HO o < J HO
. 7 N7y 6 0] 5 O, o
Ny HO Ny
00 ° Y 0 O,
é I —si— /SI% —si— /517/<
17 16 /‘\
15 14

a1. a. b, pyridine, PRP; b. TBDMSCI, imidazole, pyridine; 2. tBuOK, pyridine; 3. pivaloyl chloride, DIEA, DCM; 4. DRX M in acetone; 5. TMSH

SnCl; 6. TBAF, THF;.7. a. dimethoxycyclopentane; b. MMeOH.

method has never been applied to introduce an azido group to The synthesis of the phosphoramidate was performed fol-

a purine nucleoside.

The modified synthetic pathway started with the selective 5
iodination followed by protection of'2and 3-OH with tert-
butyl dimethylsilyl groups. The elimination of HI was performed

lowing the Uchiyama procedure in the presenceenf-butyl
magnesium chloride (1 M solution in THE} The deprotection
step was performed in the presence of a solution of 80%
HCOOH in water fo 4 h atroom temperature (Scheme 4).

in the same conditions described above. The key step was theBecause of the stereochemistry at the phosphorus center, the

synthesis of the epoxidd4) and the subsequent ring opening
reaction. In order to avoid N1-oxidation with DMDO, it was
necessary to acylate the 6-MNigroup @3). The unsaturated
derivative of adenosinel8) was converted to the corresponding
epoxide (4) in the presencefol M solution of dimethoxy-

final compounds were isolated as mixtures of two diastereo-
isomers. The confirmation of the presence of two diastereo-
isomers was shown b$*P NMR (two peaks) andH NMR
(splitting of many of the nucleoside signals).

Considering the established SAR previously reported, we

dioxirane, which has been previously reported as stereoselectivedecided to focus on-alanine phosphoramidates with ester and

reagent for such epoxidation reactigdsThe ring opening

aryl moiety variation. In previous work-alanine had shown

reaction was then performed in the presence of a Lewis Acid the best activity with 1-naphthyl as aryl moiety and the benzyl
(tin tetrachloride) and azidotrimethylsilane. The obtained product group as ester. We choose to have a variation of three ester

(15) was subsequently deprotected i @nd 3-positions in
presence of a solution of tetrabuthylammonium fluoride (TBAF).
For the synthesis of thé-phosphoramidate the protection with
a cyclopentylidine ketal group of and 3-OH was performed
(16). This protection guaranteed a selectivgBosphorylation

and an increased in the solubility of the nucleoside in THF,

(tert-butyl, ethyl, and benzyl) and 2 aryl moieties (1-naphthyl
and phenyly#

Antiviral Activity. The phosphoramidatesl&—23) were
characterizedn vitro as inhibitors of HCV replication in the
HCV replicon assay using similar conditions as descritdta
are presented in Table 2 as fCvalues representing the

which was the solvent used in the synthesis of the phosphora-concentration of compound reducing HCV replication by 50%

midate.

and CG values representing the concentration of compound

The pivaloyl group was removed in presence of a saturated reducing cell viability by 50% as determined using the WST
solution of ammonia in methanol to give the desired product assay. All of the compounds showed £&@alues>100 uM.

(17) in high yield (87%).

The parent compound) did not inhibit HCV replication (EGp
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Scheme 4.Synthesis of 4'-Azidoadenosine Phosphoramidates
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R=ren-Butyl Ar=1-Naphthyl (22) Ar= Phenyl, R*= cyclopentylidene (21a)
Ar=Phenyl (23) R=ten-Butyl Ar=1-Naphthyl, R'= cyclopentylidene (22a)

Ar=Phenyl, R*= cyclopentylidene (23a)

aCompound18 has been synthesized usirlg and it did not need deprotection. Compoufh, 20, 21, 22, 23 have been synthesized using

2',3-cyclopentylidene-4azidoadenosinel{).

Table 2. Anti-HCV Activity and Cytotoxicity Data for AZA and Aryl
Phosphoramidate Nucleoside Analogues

ECso CGCso

compd ester aryl moiety  (uM) (uM)

18 benzyl a-naphthyl 0.22 >100
19 benzyl phenyl 4.00 >100
20 ethyl a-naphthyl 0.59 =>100
21 ethyl phenyl 1.50 =>100
22 tert-butyl  a-naphthyl  >100 >100
23 tert-butyl  phenyl >100 >100
4-azidoadenosinel) >100 >100

> 100uM). In contrast, a number of phosphoramidate deriva-
tives (18—21) showed potent inhibition of HCV replication.
Assuming that 4azidoadenosine=&riphosphate is the active

Among the three esters tested, teet-butyl esters 22, 23)
were found to be inactive as inhibitors of HCV replication,
whereas benzyl and ethyl esters were potent inhibitors with
either 1-naphthyl or phenyl as aryl moiet¥§( 19). The lack
of antiviral activity of tert-butyl ester phosphoramidates may
be related to the relative stability of tertiary esters to enzyme-
mediated hydrolysis. Comparing compout8 and 19, we
noticed an increase of antiviral activity of 20 fold for the
1-naphthyl relative to phenyl as aryl moiety. This difference
might be related to the higher lipophilicity and/or the decrease
of pKy of 1-naphthyl relative to phenyl. In the case of ethyl
ester, instead the difference observed between 1-naphg@)yl (
and phenyl phosphoramidat2lj was not significant. There
was no significant difference in antiviral potency between the

HCV polymerase inhibitor, these results support the notions that ethyl and benzyl esters, indicating that both of these esters are

(a) the active phosphoramidates successfully delivered 4

good substrates for the esterase involved in phosphoramidate

azidoadenosine monophosphate to the replicon cells, that (b)conversion.

4'-azidoadenosinelf is a poor substrate for kinases in replicon
cells and that (c) '4azidoadenosine monophosphate is efficiently
phosphorylated to the'&riphosphate in replicon cells. There-

fore, the phosphoramidate approach could successfully overcome

the first phosphorylation ofl and converted an inactive
nucleoside analogue into a potent inhibitor of HCV replication.

Considering previously reported SAR of phosphoramidates,

we chose to focus our attention oralanine which previously

In conclusion, the most potent compounds in this series of
L-alanine ProTides were the 1-naphthyl derivatives with either
benzyl (L8) or ethyl ester moieties2Q). These compounds
nhibited HCV replication in the HCV replication system with
ECso values of 0.22 and 0.58M, respectively. In contrast the
parent nucleoside '4zidoadenosinelf was inactive as an
antiviral agent in this system (Eg&> 100uM). Therefore, the
ethyl and benzyl phosphoramidates provided a more than 3 log

provided the most potent pharmacological activity in a range improvement in antiviral potency of the ProTide as compared

of antiviral and antiproliferative assays.

to the parent nucleoside in the cell-based system.
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Experimental Procedures removed under reduced pressure, and the black solid was purified

Biology. The HCV replicon assay was performed in the stable DY column chromatography using as eluent a mixture of GHCI
replicon cell line 220923 derived from Huh-7 cells stably ~MeOH 9:1, and then 8:2 and 7:3. The product was obtained as
transfected with a bicistronic HCV replicon (genotype 1b) express- Prown solid (18.54 g, 0.074 mol, 80%)y (dg-(CH3).SO): 8.37
ing the renilla luciferase reporter gene, as described. (1H, s, H2), 8.16 (1H, s, H8), 7.32 (2H, s, M}, 6.16 (1H, d,

Chemistry. General Procedures.All experiments involving H1', J = 5.3 Hz), 5.73 (1H, s, OH?, 5.58 (1H, s, OH3, 4.83
water-sensitive compounds were conducted under scrupulously dry(1H, t, H2), 4.73 (1H, t, H3), 4.31 (1H, s, H9, 4.21 (1H, s, H).
conditions. Anhydrous tetrahydrofuran and dichloromethane were  Synthesis of 4Azido-5'-deoxy-3-iodoadenosine (8)Sodium
purchased from Aldrich. Proton, carbon and phosphorus nuclearazide (11.73 g, 0.180 mol) was added to a solution of ICI (14.65 g,
magnetic resonancéH, 13C, 3P NMR) spectra were recorded on  0.090 mol) in DMF (50 mL) and stirred at 3@ for 20 min. Then
a Bruker Avance spectrometer operating at 500, 125, and 202 MHz, a solution of 1-(5-deoxy-b-erythro-pent-4-enofuranosyl)-adenine
respectively. All 13C and 3P spectra were recorded proton- (7, 9 g, 0.036 mol) in DMF (200 mL) was added dropwise in 30
decoupled. All NMR spectra were recorded in Cp@t room min. After 1 h asaturated solution of N&O3 was added, and the
temperature (20C + 3 °C). Chemical shifts fotH and*3C spectra solvent was removed under reduced pressure. The solid was
are quoted in parts per million downfield from tetramethylsilane. dissolved in MeOH, and the precipitate was removed by filtration.
Coupling constants are referred to &svalues. Signal splitting The solvent was removed under reduced pressure, and the yellow
patterns are described as singlet (s), doublet (d), triplet (t), quartetsolid was purified by column chromatography using as eluent
(g), broad signal (br), doublet of doublet (dd), doublet of triplet CHCIly/MeOH 9:1. The desired product was obtained as a yellow
(dt), or multiplet (m). Chemical shifts fé¥P spectra are quoted in  solid (19 g, 0.045 mol>100%). oy (ds;~CHsOH): 8.86 (1H, s,
parts per million relative to an external phosphoric acid standard. H2), 8.78 (1H, s, H8), 6.26 (1H, d, H1) = 5.1 Hz), 5.28 (1H, m,
Many proton and carbon NMR signals were split because of the H2'), 4.73 (1H, t, H3), 3.71 (1H, s, HY, 3.68 (1H, s, HY. For
presence of (phosphate) diastereoisomers in the samples. The mod€-13 NMR data see SI.
of ionization for mass spectroscopy was fast atom bombardment  synthesis of N,N-Dibenzoyl-2,3-di-O-benzoyl-4-azido-5-
(FAB) using MNOBA as matrix. Column chromatography refers  deoxy-5-iodoadenosine (9)To a solution of 4azido-5-deoxy-
to flash column chromatography carried out using Merck silica gel 5'-jodoadenosineg; 18 g, 0.040 mol) in pyridine, benzoyl chloride
60 (40-60 uM) as stationary phase. _ (33 mL, 0.320 mol) and dimethylaminopyiridine (4.9 g, 0.040 mol)

For convenience, standard procedures have been given, as similajyere added. After 15 h the solvent was removed under reduce
procedures were employed for reactions concerning the synthesispressure, and the dark solid obtained was purified by column
of precursors and derivatives of ProTides. Variations from these chromatography using as eluent EtOAc/hexane 3:7. The desire
procedures and individual purification methods are given in the product was obtained as a yellow solid (8.5 g, 0.010 mol, 35%).
main text. _ _ On (dr-CHsOH): 8.76 (1H, s, H2), 8.67 (1H, s, H8), 8.06.86

Standard Procedure 1: Preparation of 2,3-Di-O-cyclopen- (10H, m, benzoyl), 7.637.40 (10H, m, benzoyl), 6.88 (1H, d, H3
tylidene-4-azidoadenosine Phosphoramidate®88uMgCl (2.0 mol J = 3.0 Hz), 6.60-6.59 (2H, m, H2, HI'-adenosine), 3.93 (1H,
equiv) and 2,3-di-O-cyclopentylidene-4azidoadenosine (1.0 mol H5).
equiv) were dissolved in dry THF (31 mol equiv) and stirred for
15 min. Ther a 1 Msolution of the appropriate phosphorochloridate
(2.0 mol equiv) in dry THF was added dropwise and then stirred
overnight. A saturated solution of N8I was added, and the solvent
was removed under reduced pressure to give a yellow solid, which
was subsequently purified by column chromatography.

Synthesis of 4-Azidoadenosine (1).To a solution of N,N-
dibenzoyl-2,3'-di-O-dibenzoyl-4-azido-3-deoxy-3-iodoadenos-
ine (9, 2.20 g, 2.64 mmol) in CECl, (20 mL, saturated with 1%
of water) was added 85% MCPB#M{chloroperbenzoic acid) (3.63
g, 15.84 mmol), and the reaction was stirred at@dor 1 h. EtOAc
was added and then washed with a saturated solution (58a

Standard Procedure 2: Preparation of 4Azidoadenosine : . :
Phosphoramidates. The appropriate 25-ai-O-cyclopetidene- 18 GORAE C1 % CAlE 1= (A (MO0 08 S,
4'azidoadenosine phosphoramidate was added to a solution 80% N

; S : i dissolved in a solutio 1 N MeONa in MeOH (6 mL) for 1 h. The
formic acid in water. The reaction was stirred at room temperature

for 4 h. The solvent was removed under reduced pressure, and tht%rOdUCt (200 mg, 0.649 mmol, 24%) was obtained after purification
L . . P ' y column chromatography using as eluent C#®leOH 9:1 with

obtained yellow oil was subsequently purified by column chroma- 1% NH.OHconeaOn (di-CHsOH): 8.31 (1H, s, H2), 8.19 (1H,s, H8)

tography. concdVH (U4 3 - 0. ) » O. I )

Standard Procedure 3: Preparation of 4-Azidoadenosine 6.25 (1H, d, H1 J = 6.4 Hz), 5.00 (1H, t, H3, 4.53 (1H, d, H3,

Phosphoramidates!BuMgCl (2.0 mol equiv) and '4azidoadenos- ﬁ/lg (14, d, ,H5 J =122 Ha), 3'(_50 (IH, d, H5J L 12.2 Hz).

: ] - - . (ES) m/e: 331.1 (MNg 100%); Accurate mass: 1611,NgOq4-
ine (1.0 mol equiv) were dissolved in dry THF (31 mol equiv) and Na required 331.0879 found 331.0886

stired for 15 min. The a 1 M solution of the appropriate q ) AR ROARS )
phosphorochloridate (2.0 mol equiv) in dry THF was added _Synthesis of 23-Di-O-isopropylidene-3,N3-anhydro-5-
dropwise and then stirred overnight. A saturated solution ofNH ~deoxyadenosine (10py (DMSO): 9.41 (1H, s, H2), 9.31 (1H, s,
Clwas added, and the solvent was removed under reduced pressurgl8) 8-54 (1H, NH6), 5.87 (1H, s, Hll 5.07-5.01 (3H, m, H2,
to give a yellow solid, which was purified by column chromatog- 15, HS), 4.59-4.51 (1H, m, H3 H4), 1.45 (3H, s, 1 Cht
raphy. isopropylidene), 1.21 (3H, s, 1 GHsopropylidene).

Synthesis of 5-Deoxy-3-iodoadenosine (5)lodine (35.43 g, Synthesis of 2,3'-Di-O-tert-butyldimethylsilyl-5'-deoxy-8-io-
0.140 mol) and triphenylphosphine (36.80 g, 0.140 mol) were added doadenosine (11)lodine (14.22 g, 0.056 mol) and triphenylphos-
to a solution of adenosine,(25 g, 0.093 mol) in pyridine (200  phine (14.22 g, 0.056 mol) were added to a solution of adenosine
mL). After 2 h asaturated solution of N&O; was added; the (3, 10 g, 0.037 mol) in pyridine (45 mL). After 2 Hhert-
solvent was removed under reduced pressure, and the yellow solidbutyldimethylsilyl chloride (24.54 g, 0.149 mol) and imidazole
was purified by column chromatography using as eluent GHCI  (20.36 g, 0.299 mol) were added at®©. After 30 min, the reaction
MeOH 9:1. The obtained product (60 g, 0.159 nel,00%) was was slowly warmed at room temperature and stirred for 15 h. The
pure enough for the following reactiony (ds-(CH3),SO): 8.82 solvent was removed under reduced pressure, and the crude was
(2H, s, NH6), 8.59 (1H, s, H2), 8.36 (1H, s, H8), 5.95 (1H, d, purified by column chromatography using as eluent a mixture of
H1',J=5.6 Hz), 4.75 (1H, t, H2, 4.16 (1H, t, H3), 4.01 (1H, m, EtOAc/hexane in gradient: 1:9, 8:2, 7:3, 65:35, 50:50, and 6:4.
H4'), 3.60 (1H, m, HH, 3.46 (1H, m, H5). The pure product (10 g, 0.0165 mol, 44%) was a white sdlid.

Synthesis of 1-(5-Deoxy3-p-erythro-pent-4-enofuranosyl)- (CDCly): 8.38 (1H, s, H2), 7.92 (1H, s, H8), 5.87 (1H, d,'H1=
adenine (7).tBuOK (47.0 g, 0.418 mol) was added to a solution 5.2 Hz), 5.25 (2H, NK6), 5.23 (1H, t, H2), 4.42 (1H, m, H3,
of 5'-deoxy-3-iodoadenosines( 35 g, 0.093 mol) in pyridine (200  4.16 (1H, m, H4), 3.73 (1H, m, HY, 3.41 (1H, m, CHY, 1.00
mL), and the reaction was stirredrfb h at 80°C. The solvent was (9H, s, 3 CH-tert-butyl), 0.81 (9H, s, 3 Chitert-butyl), 0.21 (3H,
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s, CH-silyl), 0.16 (3H, s, CH-silyl), —0.10 (3H, s, CHsilyl),
—0.27 (3H, s, CHsilyl).

Synthesis of 2,3-Di-O-tert-butyldimethylsilyl-1-(5-deoxy-f-
p-erythro-pent-4-enofuranosyl)-adenine (12)tBuOK (0.627 g,
4.95 mmol) was added to a solution of2-di-O-tert-butyldim-
ethylsilyl-5-deoxy-53-iodoadenosine 11, 1.0 g, 1.65 mmol) in
pyridine (15 mL), and the reaction was stirred & h atroom

Perrone et al.

Synthesis of &-Pivaloyl-4'-azidoadenosine (16)To a solution
of 6N-pivaloyl-2,3'-di-O-tert-butyldimethylsilyl-4-azidoadenosine
(15, 2.8 g, 4.52 mmol) in THF (30 mL) was addi@ 1 Msolution
of TBAF (tetrabutylammonium fluoride, 9.0 mL, 9.0 mmol), and
the reaction was stirred at room temperature for 1 h. The solvent
was removed under reduced pressure to give a yellow oil that was
purified by column chromatography using as eluent a mixture of

temperature. The solvent was removed under reduced pressure, an@HCly/MeOH 85:15. The pure product was obtained as white solid
the solid was purified by column chromatography using as eluent (1.15 g, 2.93 mmol, 76%} (ds-(CHs).SO): 10.23 (1H, s, NH6),

a mixture of EtOAc/hexane in gradient: 7:3, 65:35, 50:50, and then 8.77 (1H, s, H2), 8.74 (1H, s, H8), 6.33 (1H, d,'H1= 6.1 Hz),

8:2 and 7:3. The pure product was obtained as white solid (0.7005.97 (1H, d, OH2 J = 4.7 Hz), 5.82 (1H, d, OH3J = 5.96 Hz),

g, 1.46 mmol, 89%)dy (CDCly): 8.22 (1H, s, H2), 7.72 (1H, s,
H8), 5.96 (1H, d, H1 J = 6.2 Hz), 5.52 (2H, s, NE6), 4.92 (1H,
m, H2), 4.44 (1H, d, H3 J = 4.2 Hz), 4.37 (1H, d, H5J = 2.3
Hz), 4.13 (1H, d, H5 J = 2.3 Hz), 0.80 (9H, s, 3 Chitert-butyl),
0.61 (9H, s, 3 Chttert-butyl), 0.00 (3H, s, Chtsilyl), —0.22 (3H,
s, CHs-silyl), —0.45 (3H, s, CHsilyl), —0.27 (3H, s, CHsilyl).
Synthesis of ®&N-Pivaloyl-2',3'-di- O-tert-butyldimethylsilyl-1-
(5-deoxy-p-erythro-pent-4-enofuranosyl)-adenine (13)To a
solution of 2,3-di-O-tert-butyldimethylsilyl-1-(5-deoxys-p-erythro-
pent-4-enofuranosyl)-adening? 3.6 g, 7.53 mmol) in anhydrous
DCM (145 mL) were added tBuOCtdrt-butanoyl chloride, 1.86

mL, 15.10 mmol) and diisopropylethylamine (2.63 mL, 15.10

mmol), and the reaction was stirredr 8 h atroom temperature.

5.65 (1H, m, OHYH, 4.94 (1H, m, H2), 4.48 (1H, m, H3, 3.67
(1H, m, HB), 3.51 (1H, m, HYH, 1.33 (9H, s, 3 Chtpivaloyl).
Synthesis of 23-Di-O-cyclopentylidene-4-azidoadenosine
(17). 6N-Pivaloyl-2,3-di-O-cyclopentylidene-4azidoadenosine (1.12
g, 2.44 mmol) was dissolved in a solution of MeOH saturated with
NHs;. The solution was sealed at room temperature overnight. The
solvent was removed under reduced pressure, and the crude was
purified by column chromatography using as eluent a mixture of
CHCIy/MeOH in gradient: 100:0, 98:2, and 90:10. The pure product
was obtained as white solid (0.80 g, 2.13 mmol, 87%).
(CDCly): 8.44 (1H, s, H2), 8.00 (1H, s, H8), 6.23 (1H, d,'H1=
5.1 Hz), 6.20 (2H, s, Nk6), 5.46 (1H, m, H), 5.21 (1H, d, H3
J=5.6 Hz), 3.99 (1H, d, H5J = 12.3 Hz), 3.75 (1H, d, H5J

The reaction was washed three times with a saturated solution of= 12.3 Hz), 2.39-2.22 (2H, m, CH-cyclopentyl), 2.06-1.85 (6H,

NaHCG;. The organic layer was dried with Mgg@nd the solvent

m, CH,-cyclopentyl).

was removed under reduced pressure. The crude was purified by Synthesis of 4Azidoadenosine 50-[a-Naphthyl(benzyloxy-
column chromatography using as eluent a mixture of EtOAc/hexane l-alaninyl) Phosphate (18). Prepared according to Standard
in gradient: 1:10, 1:5, 1:1. The pure compound was obtained as Procedure 3, from'4azidoadenosine (165.6 mg, 0.537 mmél),

white solid (4.0 g, 7.13 mmol 95%y (CDCl): 8.62 (1H, s, H2),
8.42 (1H, s, NH6), 7.90 (1H, s, H8), 6.02 (1H, d, 'H1 = 6.2
Hz), 4.91 (1H, m,), 4.42 (1H, d, H3J = 4.2 Hz), 4.38 (1H, d,
H5', J = 2.3 Hz), 4.15 (1H, d, H5J = 2.3 Hz), 1.26 (9H, s, 3
CHs-pivaloyl), 0.80 (9H, s, 3 Ckttert-butyl), 0.60 (9H, s, 3 Ckt
tert-butyl), 0.00(3H, s, Chtsilyl), —0.22 (3H, s, CHsilyl), —0.47
(3H, s, CH-silyl).

Synthesis of ®-Pivaloyl-2',3-di-O-tert-butyldimethylsilyl-
4' 5'-epoxy-adenosine (14)6N-Pivaloyl-2,3-di-O-tert-butyldim-

ethylsilyl-1-(5-deoxypg-p-erythro-pent-4-enofuranosyl)-adenine (13,
2.0 g, 3.56 mmol) was added to a 0.1 solution of DMDO

BuMgCI (1.34 nL 1 M solution of THF, 1.343 mmol), and
a-naphthyl(benzyloxy-l-alaninyl) phosphorochloridate (1.34 mL of
solution 1 M in THF, 1.343 mmol). The crude was purified by
column chromatography, using as eluent CiA@EOH (85:15), and
preparative HPLC. The obtained pure product was a white solid
(20.2 mg, 0.0306 mmol, 6%Pp (ds-CHzOH): 3.71, 3.67Py (ds-
CH;OH): 8.26 (1H, d, H2), 8.17 (1H, s, H8), 8.17 (1H, s, CH-
naphthyl), 7.88 (1H, d, CH-naphthy,= 7.9 Hz), 7.69 (1H, m,
CH-naphthyl), 7.53-7.43 (4H, m, 3 CH-naphthyl, 1 CH-phenyl),
7.38-7.25 (5H, CH-naphthyl, 4 CH-phenyl), 6.28 (1H, d, 'H1

= 5.1 Hz), 5.05 (2H, m, Ckbenzyl), 4.95 (1H, m, H2, 4.70 (1H,

(dimethoxydioxirane) in acetone (110 mL). The reaction was stirred d, H3, J = 5.4 Hz), 4.40 (2H, m, H5), 4.05 (1H, m, @), 1.28
for 15 min at room temperature, and then the solvent was removed(3H, m, CH-alanine). MS (E/I) 698.1852 (MNa),sgH30N¢OgNaP
under reduced pressure to give a the pure white product (2.05 g,requires 698.1853. Anal. ggH3zoNoOgNaP) C, H, N.

3.56 mmol, 100%)dy (CDCl): 8.70 (1H, s, H2), 8.07 (1H, s,
NH6), 8.07 (1H, s, H8), 6.11 (1H, d, H1) = 5.2 Hz), 4.94 (1H,
m, H2), 4.12 (1H, d, H3 J = 3.8 Hz), 3.10 (1H, d, H5J= 3.5
Hz), 2.94 (1H, d, H§ J = 3.5 Hz), 1.31 (9H, s, 3 CHpivaloyl),
0.85 (9H, s, 3 Chttert-butyl), 0.71 (9H, s, 3 Chkttert-butyl), 0.03
(3H, s, CH-silyl), 0.00 (3H, s, CH-silyl), —0.14 (3H, s, CH
silyl), —0.33 (3H, s, CHsilyl).

Synthesis of &N-Pivaloyl-2',3-di-O-tert-butyldimethylsilyl-4 '-
azidoadenosine (15)To a solution of &-pivaloyl-2,3'-di-O-tert-
butyldimethylsilyl-4,5 epoxy-adenosineld, 3.09 g, 5.34 mmol)
in anhydrous DCM (200 mL) were added TB$WNert-butylazi-
dosilane, 2.10 mL, 16.02 mmol) and Sp@in chloride, 3.4 mL,

16.02 mmol) at-78 °C. The reaction was stirred for 30 min, and

Synthesis of 2 3-Di-O-cyclopentylidene-4-azidoadenosine 5
O-[Phenyl(benzyloxy-I-alaninyl)] Phosphate (19a)Prepared ac-
cording to Standard Procedure 1, froff82di-O-cyclopentylidene-
4'-azidoadenosinel{, 150 mg, 0.40 mmol)BuMgCI (1.00 mL,

1 M solution in THF, 1.00 mmol), and phenyl(benzyloxalaninyl)
phosphorochloridate (1.00 mL of solutid M in THF, 1.00 mmol).

The crude was purified by column chromatography, using as eluent
CHCI:/MeOH (95:5). The obtained pure product was a white solid
(200 mg, 0.290 mmol, 72%yp (CDCl): 2.28;64 (CDCl3): 8.22

(1H, s, H2), 7.90 (1H, s, H8), 7.277.19 (6H, m, 1 CH-phenyl, 5
CH-benzyl), 7.13-7.10 (3H, m, 2 CH-phenyl), 7.976.98 (2H, m,

2 CH-phenyl), 6.33 (1H, s, H), 6.20 (1H, s, NH6), 5.12-4.98

(4H, CH,-benzyl, H2, H3), 4.42 (2H, m, NH-alanine), 4.23 (1H,

then it was slowly warmed at room temperature and stirred for other m, H5), 4.13 (1H, m, H9, 3.98 (1H, m, CH), 2.16-2.03 (2H,

30 min. A saturated solution of NaHGQvas added until the

m, CH,-cyclopentyl), 1.68-1.62 (6H, m, 3 CH-cyclopentyl), 1.25

reaction reached pH 7. The white emulsion formed was filtered on (3H, d, CH-alanine,J = 6.9 Hz).

a celite pad, and the solution was washed three times with a

saturated solution of NaHGOThe organic layer was dried with

Synthesis of 4-Azidoadenosine 5O-[Phenyl(benzyloxy-I-
alaninyl)] Phosphate (19).Prepared according to Standard Pro-

MgSQs. The solvent was removed under reduced pressure, and thecedure 2, from 23-di-O-cyclopentylidene-4azidoadenosine’s
crude was purified by column chromatography using as eluent a O-[phenyl(benzyloxy-l-alaninyl)] phosphatda 200 mg, 0.290
mixture of EtOAc/hexane in gradient: 50:50 and 70:30. The pure mmol) and a solution 80% of HCOOH in water (10 mL). The crude

product was obtained as white solid (1.6 g, 5284)(CDCl;): 8.58

(1H, s, H2), 8.50 (1H, s, NH6), 7.91 (1H, s, H8), 6.26 (1H, m,

OHS), 5.84 (1H, d, H1, J = 7.9 Hz), 5.08 (1H, m, H2, 4.22
(1H, d, H3, J = 4.4 Hz), 3.64 (1H, m, HY, 3.31 (1H, m, HY),
1.24 (9H, s, 3 Chtpivaloyl), 0.83 (9H, s, 3 Chitert-butyl), 0.59
(9H, s, 3 CH-tert-butyl), 0.03(3H, s, Chtsilyl), 0.00 (3H, s, CH-
silyl), —0.32 (3H, s, Chsilyl), —0.88 (3H, s, CH-silyl).

was purified by column chromatography, using as eluent
CHCI/MeOH (95:5). The obtained pure product was a white solid
(100 mg, 0.159 mmol, 55%)p (d;-CH3OH): 3.38. 3.21;04
(d4-CH3OH): 8.30 (1H, s, H2), 8.21 (1H, s, H8), 7.4%.33 (1H,

m, CH-phenyl), 7.327.28 (7H, m, 2 CH-phenyl, 5 CH-benzyl),
7.25-7.15 (2H, m, 2 CH-phenyl), 6.30 (1H, d, HI = 5.1 Hz),
5.12 (2H, m, CH-benzyl), 4.96 (1H, m, H2, 4.68 (1H, d, H3 J
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= 5.4 Hz), 4.32 (1H, m, HY, 4.23 (1H, m, HH, 3.92 (1H, m,
CHo), 1.28 (3H, m, CH-alanine). MS (E/I) 648.1696 (MN3,
CoeHo2eNgOgNaP requires 648.1696. Anal.iﬁngQOgP) C, H, N.

Synthesis of 23-Di-O-cyclopentylidene-4-azidoadenosine 5
O-[a-naphthyl(ethyloxy-l-alaninyl)] Phosphate (20a).Prepared
according to Standard Procedure 1, froifB2di-O-cyclopentyl-
idene-4-azidoadenosinel{, 150 mg, 0.40 mmolYBuMgCI (1.00
mL, 1 M solution in THF, 1.00 mmol), and-naphthyl(ethyloxy-
I-alaninyl) phosphorochloridate (1.00 mL of solutié M in THF,
1.00 mmol). The crude was purified by column chromatography,
using as eluent CHgMeOH (95:5). The obtained pure product
was a white solid (250 mg, 0.369 mmol, 92%p.(CDCl): 2.74;
ou (CDCly): 8.19 (1H, s, H2), 7.91 (1H, m, CH-naphthyl), 7.83
(1H, s, H8), 7.80 (1H, d, CH-naphthyl,= 4.85 Hz), 7.52 (1H, d,
CH-naphthylJ = 8.2 Hz), 7.44-7.29 (3H, m, CH-naphthyl), 7.24
(1H, m, CH-naphthyl), 7.427.21 (1H, m, CH-naphthyl), 6.17 (1H,
d, HI', J= 2.3 Hz), 6.03 (1H, s, Nb6), 5.06 (1H, m, H9, 4.96
(1H, d, H3, j= 6.5 Hz), 4.35, 4.25 (2H, m, NH-alanine, H54.22
(1H, m, HB), 4.00-3.91 (2H, m, CH, CHy-ethyl), 2.18-2.03 (2H,

m, CH,-cyclopentyl), 1.671.60 (6H, m, 3 CH-cyclopentyl), 1.23
(3H, d, CH-alanine), 1.08 (3H, Ckethyl).

Synthesis of 4Azidoadenosine 50O-[a-naphthyl(ethyloxy-I-
alaninyl)] Phosphate (20).Prepared according to Standard Pro-
cedure 2, from 23-di-O-cyclopentylidene-4azidoadenosine's
O-[a-naphthyl(ethyloxy-l-alaninyl)] phosphate (250 mg, 0.369
mmol), and a solution 80% of HCOOH in water (10 mL). The
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tylidene-4-azidoadenosinel{, 150 mg, 0.40 mmolfBuMgCl (1.00
mL, 1 M solution in THF, 1.00 mmol), and-naphthylfert-
butyloxy-I-alaninyl) phosphorochloridate (1.00 mL of solution 1
M in THF, 1.00 mmol). The crude was purified by column
chromatography, using as eluent CH®leOH (95:5). The obtained
pure product was a white solid (220 mg, 0.308 mmol, 778¢).
(CDCl): 2.96;04 (CDClg): 8.17 (1H, s, H2-adenosine), 8.05 (1H,
m, CH-naphthyl), 7.82 (1H, s, H8), 7.#2.65 (2H, m, CH-
naphthyl), 7.547.44 (2H, 2 CH-naphthyl), 7.427.21 (2H, m, 2
CH-naphthyl), 6.47 (1H, s, N}6), 6.14 (1H, d, HY), 4.97 (2H, m,
H2', H3), 4.61 (1H, m, NH-alanine), 4.30 (1H, m, H54.19 (1H,
m, H5), 3.94 (1H, m, CH), 2.13-2.01 (2H, m, CH-cyclopentyl),
1.65-1.56 (6H, m, 3 CH-cyclopentyl), 1.36 (9H, 3 Chitert-butyl),
1.23 (3H, m, CH-alanine).

Synthesis of 4Azidoadenosine 50-[a-naphthyl(tert-buty-
loxy-l-alaninyl)] Phosphate (22).Prepared according to Standard
Procedure 2, from'Z'-di-O-cyclopentylidene-4azidoadenosin€ 5
O-[a-naphthylfert-butyloxy-Il-alaninyl)] phosphate (220 mg, 0.308
mmol), and a solution 80% of HCOOH in water (10 mL). The
crude was purified by column chromatography, using as eluent
CHCl/MeOH (95:5). The obtained pure product was a white solid
(100 mg, 0.169 mmol, 51%)p (ds;-CH3OH): 3.85, 3.739n (ds-
CH3OH): 8.25 (1H, s, H2), 8.21 (1H, s, H8), 8.10 (1H, m, CH-
naphthyl), 7.84 (1H, m, CH-naphthyl), 7.64 (1H, m, CH-naphthyl),
7.51-7.48 (2H, m, 2 CH-naphthyl), 7.457.32 (2H, m, 2 CH-
naphthyl), 6.29 (1H, d, H1J = 5.1 Hz), 4.96 (1H, m, H}, 4.72

crude was purified by column chromatography, using as eluent (1H, d, H3, J = 5.54 Hz), 4.42 (1H, m, H%, 4.36 (1H, m, H5),

CHCI/MeOH (95:5). The obtained pure product was a white solid
(100 mg, 0.169 mmol, 51%)p (ds-CH3;OH): 3.72, 3.680n (ds-
CHsOH): 8.27 (1H, s, H2), 8.13 (1H, s, H8), 8.07 (1H, m, CH-
naphthyl), 7.83 (1H, m, CH-naphthyl), 7.66 (1H, m, CH-naphthyl),
7.52-7.43 (3H, m, 3 CH-naphthyl), 7.387.32 (1H, m, CH-
naphthyl), 6.30 (1H, d, Hiadenosine) = 5.1 Hz), 4.97 (1H, m,
H2'), 4.75 (1H, d, H3 J = 5.5 Hz), 4.43 (1H, m, HY, 4.36 (1H,

m, H5), 4.06-3.89 (2H, m, CH-ethyl), 3.73 (1H, m, Cid), 1.27
(3H, m, CH-alanine), 1.14 (3H, Ckethyl). MS (E/I) 636.1682
(MNa™), CosHogNogOgNaP requires 636.1696. Anal. {4E1,eNoOgP)

C, H, N.

Synthesis of 2,3-Di-O-cyclopentylidene-4-azidoadenosine 5
O-[phenyl(ethyloxy-I-alaninyl)] Phosphate (21a).Prepared ac-
cording to Standard Procedure 1, frohy82di-O-cyclopentylidene-
4'-azidoadenosinel{, 150 mg, 0.40 mmol)BuMgCI (1.00 mL,

1 M solution in THF, 1.00 mmol), and phenyl(ethyloxyalaninyl)
phosphorochloridate (1.00 mL of solutid M in THF, 1.00 mmol).

3.85 (1H, m, CH), 1.35 (9H, s, 3 Chttert-butyl), 1.25 (3H, d,
CHs-alanine J = 6.3 Hz). MS (E/l) 664.2015 (MN9g, Cy7H3NgOs-
NaP requires 664.2009. Anal. {f13,NsOgP) C, H, N.

Synthesis of 2 3-Di-O-cyclopentylidene-4-azidoadenosine 5
O-[phenyl(tert-butyloxy-l-alaninyl)] Phosphate (23a).Prepared
according to Standard Procedure 1, frofyB2di-O-cyclopentyl-
idene-4-azidoadenosinel{, 150 mg, 0.40 mmolYBuMgCl (1.00
mL, 1 M solution in THF, 1.00 mmol), and phentg(t-butyloxy-
L-alaninyl) phosphorochloridate (1.00 mL of solutitt M in THF,
1.00 mmol). The crude was purified by column chromatography,
using as eluent CHgMeOH (95:5). The obtained pure product
was a white solid (210 mg, 0.356 mmol, 71%p.(CDClL): 2.43;
on (CDCly): 8.28 (1H, s, H2), 7.97 (1H, s, H8), 7.27.00 (5H,
m, CH-phenyl), 6.55 (1H, s, Ni#8), 5.77 (1H, m, HY), 5.17 (1H,
m, H2), 5.16 (1H, d, H3 J = 2.1 Hz), 3.98 (1H, m, NH-alanine),
4.29 (1H, m, HY), 4.20 (1H, m, HH, 3.88 (1H, m, CHd), 2.21—
2.09 (2H, m, CH-cyclopentyl), 1.76-1.63 (6H, m, 3 Ch

The crude was purified by column chromatography, using as eluemcyclopentyl), 1.37 (9H, 3 CHitert-butyl), 1.26 (3H, d, CH-alanine,

CHCI/MeOH (95:5). The obtained pure product was a white solid
(210 mg, 0.335 mmol, 84%r (CDCls): 2.34;6y (CDCly): 8.31
(1H, s, H2), 7.97 (1H, s, H8), 7.237.22 (2H, m, 2 CH-phenyl),
7.12-7.09 (3H, m, 3 CH-phenyl), 6.31 (1H, d, HI = 2.2 Hz),
6.23 (1H, s, NH6), 5.24 (1H, m, H), 5.14 (1H, d, H3 J=6.3
Hz), 4.35-4.30 (2H, m, NH-alanine, H} 4.28-4.22 (1H, m, HY),
4.15-4.11 (2H, m, CH-ethyl), 3.99 (1H, m, Cid), 2.26-2.14 (2H,

m, CH,-cyclopentyl), 1.76-1.69 (6H, m, 3 CH-cyclopentyl), 1.33
(3H, CHs-ethyl), 1.23 (3H, d, Chtalanine).

Synthesis of 4Azidoadenosine 50O-[Phenyl(ethyloxy-I-alani-
nyl)] Phosphate (21).Prepared according to Standard Procedure
2, from 2,3-di-O-cyclopentylidene-4azidoadenosine £-[phenyl-
(ethyloxy-l-alaninyl)] phosphate (210 mg, 0.335 mmol) and a
solution 80% of HCOOH in water (10 mL). The crude was purified
by column chromatography, using as eluent CiH@E€OH (95:5).

The obtained pure product was a white solid (100 mg, 0.159 mmol,

48%). Op (ds-CH3OH): 3.44. 3.280y (ds-CH3OH): 8.27 (1H, s,
H2), 8.18 (1H, s, H8), 7.367.28 (2H, m, 2 CH-phenyl), 7.16
7.11 (3H, m, 3 CH-phenyl), 6.38 (1H, d, HU = 5.0 Hz), 4.96
(1H, m, H2), 4.25 (1H, m, HY, 4.15 (2H, m, CH-ethyl), 3.76
(1H, m, CHx), 1.27 (3H, d, CH-ethyl,J = 7.2 Hz), 1.22 (3H, m,
CHgz-alanine). MS (E/I) 586.1544 (MN3, Cy1H26NgOsNaP requires
586.1540. Anal. (@stNgOgP) C, H, N.

Synthesis of 2,3-Di-O-cyclopentylidene-4-azidoadenosine 5
O-[a-Naphthyl(tert-butyloxy-I-alaninyl)] Phosphate (22a).Pre-
pared according to Standard Procedure 1, fréy8-B-cyclopen-

J = 7.0 Hz).

Synthesis of 4Azidoadenosine 50-[Phenyl(tert-butyloxy-I-
alaninyl)] Phosphate (23).Prepared according to Standard Pro-
cedure 2, from 23-di-O-cyclopentylidene-4azidoadenosine's
O-[phenyltert-butyloxy-l-alaninyl)] phosphate (210 mg, 0.356
mmol), and a solution 80% of HCOOH in water (10 mL). The
crude was purified by column chromatography, using as eluent
CHCI/MeOH (95:5). The obtained pure product was a white solid
(100 mg, 0.169 mmol, 47%3p (ds;-CH3O0H): 3.42;0y (ds-CHs-
OH): 8.29 (1H, s, H2), 8.21 (1H, s, H8), 7.32.29 (2H, m, 2
CH-phenyl), 7.19-7.14 (3H, m, 3 CH-phenyl), 6.33 (1H, d, H1
J = 5.1 Hz), 4.97 (1H, m, H2, 4.72 (1H, d, H3 J = 5.45 Hz),
4.36 (1H, m, HY), 4.27 (1H, m, HY, 3.77 (1H, m, CHy), 1.42
(9H, s, 3 CH-tert-butyl), 1.25 (3H, d, Chalanine). MS (E/l)
614.1839 (MN4), CyHzoNgOgNaP requires 614.1853. Anal.
(ngHgoNgOgP) C, H, N.
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