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Alternative syntheses of 93-deoxy-G-D-threo-pentofuranosyl)adenine (4), the core nucleoside of agrocin 84
[and its 2'-deoxy threo isomer 5] were devised: (1) direct conversion of 9-(3-D-arabinofuranosyl)adenine into
9-2,3-anhydro-3D-lyxofuranosyl)adenine and regioselective opening of its oxirane ring with sodium borohy-
dride to give 4 and 5( ~7.5:1); (2) treatment of adenosine with sodium hydride and 2,4,6-triisopropylbenzene-
sulfonyl chloride, and subjection of the resulting 2'(3")-sulfonates to the reductive [1,2}hydride shift rear-
rangement with lithium triethylborohydride to give 4 and 5 (~2:1); and (3) subjection of the phenoxythiocar-
bonyl esters of 9{2(3),5-bis- O{tert-butyldimethylsilyl}- 3-D-arabinofuranosyl]adenine to Barton deoxygenation,
and deprotection to give 4 and 2'-deoxyadenosine ( ~5:1). Methods (2) and (3) gave lower yields. Syntheses of
simplified 6-V- and 5'-0-adenosine phosphoramidate model compounds were explored to examine potential
access to such features in the structure proposed for agrocin 84.
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Agrocin 84 is an extraordinarily selective antibiotic pro-
duced by Agrobacterium tumefaciens K 84. Its proposed
structure 1 contains elements of an adenine nucleotide
analogue [1-3). It inhibits nucleic acid [3-5] and protein
[3,5] biosynthesis and prevents the attachment of virulent
A. tumefaciens strains to host plant cells [6]. It is consid-
ered to be bacteriostatic [6] and inhibits virulent bacterial
growth [4,7]. Sensitivity of A. tumefaciens to agrocin 84 is
conferred by genes on the tumor-inducing plasmid [8]
which also govern virulence, [9-11] nopaline metabolism,
[12,13] and host specificity [14-16].
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The first synthesis of the core nucleoside of agrocin 84,
9-(3-deoxy-{3-D-threo-pentofuranosyl)adenine, and its reg-
ioisomer, 9-(2-deoxy-B-D-threo-pentofuranosyl)adenine,
was reported by Goodman and coworkers [17]. This and
other multistage methods [17-19] gave low overall yields.
We reported the [1,2)-hydride shift rearrangement of 3'-O-
tosyladenosine to give 9+(3-deoxy-B-D-threo-pentofurano-
sylJadenine [20]. Although this final step proceeded well

(82%), the synthesis included the specific preparation of
3'-O-tosyladenosine.

We now report three procedures which give different
regioselectivities and utilize different nucleosides. Treat-
ment of 9{B-D-arabinofuranosyl)adenine (2) (Scheme 1)
with triphenylphosphine (TPP) and diethyl azodicarboxy!-
ate (DEAD) [21,22] gave 9+2,3-anhydro-S-D-lyxofuranosyl)-
adenine (3). Our solvent choice was dimethylformamide
since 3 was obtained in repeatably high yields with no
troublesome side products [23]. Our repetition of the re-
ported procedure (dioxane at 70° for 50 minutes [22]) gave
3 in lower yields, and similar results were obtained with
acetonitrile. This approach [22] is convenient since no pro-
tection of the 5'-OH group is needed. Treatment of 3 with
excess sodium borohydride in 98% ethanol at reflux gave
9-(3-deoxy-B3-D-threo-pentofuranosyl)adenine (4, 84%) and
9-(2-deoxy-B3-D-threo-pentofuranosyl)adenine (5, 11%).
Analogous treatment of 3 with sodium borohydride in tert-
butyl alcohol/methanol [24] also gave 4 as the predominant
product, but unreacted 3 always remained. Separation of 3
and 4 was effected readily by ion-exchange chromatog-
raphy on Dowex 1 x 2(OH") resin [25].
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Treatment of adenosine (6) (Scheme 2) with sodium hy-
dride and 2,4,6-triisopropylbenzenesulfonyl chloride
(TPS-C) in dimethylformamide gave the 2'-0- and 3'-O-
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(2,4,6-triisopropylbenzenesulfonyl)adenosines (7, 80%),
whose separation was difficult. Treatment [20] of this mix-
ture with lithium triethylborohydride in dimethylsulfox-
ide/tetrahydrofuran gave 4/5 (2:1, 52%).
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Protection of 9-(G-D-arabinofuranosyl)adenine (2) with
tert-butyldimethylsilyl chloride and silver nitrate in pyri-
dine gave the 2',5'- and 3',5"-bis-O:silylated intermediates
8 (Scheme 3) (~10:3, 'H nmr) [26]. Treatment of 8 with
phenyl chlorothionocarbonate (PTC-Cl) and 4-dimethyl-
aminopyridine (DMAP) gave the silylated 3'- and 2"-O-
phenoxythiocarbonyl mixture 9. Deoxygenation of 9 with
tributylstannane and @,-azobisisobutyronitrile (AIBN) in
toluene at 75° [27,28], deprotection with tetrabutylam-
monium fluoride, and separation on Dowex 1 x 2(0H")
resin gave 9{3-deoxy-3-D-threo-pentofuranosyl)adenine (4,
37% overall from 2) and 2'-deoxyadenosine (10) in a ratio
of ~5:1.
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Pfleiderer and coworkers treated 3',5"-di-O-acetyl-2"-de-
oxyadenosine with diphenyl phosphorochloridate and ob-
tained 6-N-phospho-nucleoside derivatives [29,30]. Treat-
ment of aniline with phenyl phosphorodichloridate gave
phenyl N-phenylphosphoramidochloridate, which convert-
ed alcohols into alkyl phenyl N-phenylphosphoramidates
[31]. Since agrocin 84 (1) was postulated to have a D-gluco-
furanosyloxyphosphoryl substituent at N6 of the core nu-
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cleoside [1-3], we explored model reactions to evaluate con-
ditions for possible attachment of a glucofuranosyl moiety
to the 6-amino group through a phosphoramidate linkage.

Treatment of 2',3',5'-tri-O-acetyladenosine (11) [32]
{(Scheme 4) with phenyl phosphorodichloridate in reflux-
ing benzene and addition of phenol to intermediate 12
gave 2'.3'.5'-tri-O-acetyl-6-N-(diphenylphosphoryl)adeno-
sine (13, 64%). Treatment of 11 with diphenyl phosphoro-
chloridate in refluxing benzene also gave 13 (60%). The
latter yield was increased to 94% by inclusion of 4A mo-
lecular sieves [33], use of 8.5 equivalents of the phosphor-
ylating agent, and extending the reflux period to 48 hours.
Treatment of 11 with phenyl phosphorodichloridate and
addition of benzyl alcohol to intermediate 12 gave 2,3",5'-
tri-O-acetyl-6- N-(benzyl phenylphosphoryl)adenosine (14a,
<40%). Addition of silver carbonate before the benzyl
alcohol enhanced the yield to 63%. This enhancement
with silver carbonate was general and gave the 2',3',5'-tri-
O-acetyl-6-N-(alkyl phenylphosphoryl)adenosines (14) in
yields of 58-76%. Compound 14e had ultraviolet absorp-
tion and other data identical to those reported [29].
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Merck 7734 silica was unsuitable for purification of
these compounds, and yields were considerably lowered by
chromatography over this adsorbant. The acid lability of
the N-P bond of phosphoramidates (14) required neutral-
ization of the silica gel by treatment with anhydrous 1,2-
dimethoxyethane saturated with ammonia at 0° in order
to obtain good yields. The phosphoramidates 14 were de-
acetylated with aqueous ammonia in dioxane [29] to give

1
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the 6-N«alkyl phenylphosphoryl)adenosines (15) in virtual-
ly quantitative yields. Hydrogenation of 14a and 15a
(10% palladium-charcoal/95% ethanol) gave 2',3',5'-tr1-O-
acetyl- (16) and 6-N-(phenylphosphoryl)adenosine (17).
The uv spectra of these compounds were similar to those
of agrocin 84.

One coupling reaction of 12 with 2,3,4,6-tetra- O-acetyl-
D-glucopyranose [34] apparently gave 15 (~7%) (uv and
fast atom bombardment ms, insufficient material for other
analyses). Further atiempts to repeat couplings with this
sugar or with 2,3,5,6-tetra-O-benzyl-D-glucofuranose
failed.

Treatment of 5'-azido-5'-deoxynucleosides with phos-
phites had given 5'-phosphoramidate diesters [35,36], and
phosphoramidate dinucleotide analogues had been ob-
tained by treatment of 5’-azido-5'-deoxythymidine with di-
ethyl thymidin-3'-yl phosphite [37,38]. We applied this
azide-phosphite (Staudinger reaction) approach for the
synthesis of nucleoside 6-phosphoramidates with the 2',3’,
5'-tri-O-acetyl derivative 18 (Scheme 5) of 6-azido-94(3-D-
ribofuranosyl)purine [39,40] as substrate.
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Treatment of 18 (uv max 286 nm) with triethyl phos-
phite in dioxane at ambient temperature resulted in a
rapid shift of the uv maximum to ~269 nm. The resulting
6-phosphorimidite 19 (uv max 266 nm) was stirred with
dilute ethanolic hydrochloric acid to give nearly equal
amounts of 2',3",5'-tri-O-acetyladenosine (11) and 2',3',5'-
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tri- O-acetyl-6- N-{diethylphosphoryl)adenosine (20). Deacet-
ylation of 20 gave 6-N{(diethylphosphoryl)adenosine (21).

Azidonucleoside 18 did not react readily with triphenyl
phosphite in dioxane and remained at ambient tempera-
ture over a prolonged period (uv). Reflux of this mixtue for
four hours gave phosphoramidate 13 plus 2',3',5"-tri-O-
acetyladenosine (11). The markedly different reactivities
probably result from the reduced nucleophilicity of tri-
phenyl phosphite. ’

Treatment of 2,3,4,6-tetra-O-benzyl-a-D-glucopyranose
(22) [41,42] with diethyl phosphorochloridite [43] at -78°
was presumed to give mixed phosphite 23. Further treat-
ment with azidonucleoside 18 in dioxane gave 2',3',5"-tri-
O-acetyl-6-N-(diethylphosphoryl)adenosine (20) by pre-
sumed preferential loss of the sugar alcohol 22 which was
recovered quantitatively (Scheme 5). The presence of lith-
ium chloride (to promote elimination of the ethyl group
[37]) had no effect. An analogous sequence beginning with
2,3,5,6-tetra- O-benzyl-D-glucofuranose and diphenyl phos-
phorochloridite gave 13, again with presumed loss of the
sugar moiety.

Methyl 2,3,4-tri-O-benzyl-o-D-glucopyranoside (24) [44]
reacted smoothly with diethyl phosphorochloridite to give
the mixed phosphite, which was treated with azidonucleo-
side (18) to give 2',3',5'-tri-O-acetyl-6-N-{ethyl (methyl
2,3,4-tri-O-benzyl- o-D-glucopyranosid-6-yl)phosphoryljade-
nosine (23, 72%), with selective elimination of the ethyl
group. Deacetylation gave 6-Nfethyl (methyl 2,3,4-tri-O-
benzyl-a-D-glucopyranosid-6-yl)phosphoryljadenosine (26,
85%). The assigned structures were consistent with their
ultraviolet, '"H nmr, and fast atom bombardment mass
spectra and elemental analyses.

The azide-phosphite (Staudinger) procedure for the syn-
thesis of nucleoside phosphoramidates is appealing rela-
tive to methods that employ carbodiimides, arylsulfonyl
chlorides, or their derivatives [45]. The spontaneous cou-
pling of phosphite and azide produces no activating agent
by-products, the reaction is selective, and yields are usual-
ly good to high. However, only the mixed phosphite in
which the carbohydrate was attached through the primary
C6 coupled with the nucleoside azide to give a product
that retained the carbohydrate moiety in the resulting
phosphoramidate 25.

Approaches to model compounds with a 5'-O{RC(O)-
NHP(O)] functionality analogous to that in agrocin 84
were briefly explored. Octanamide was chosen to mimic
the D-threo-2,3-dihydroxy-4-methylpentanamide of the
antibiotic. Octanoyl chloride and ethyl octanoate were
converted to octanoyl azide [46,47]. Treatment of 2,3'-0-
isopropylideneadenosine (27) with diphenyl phosphoro-
chloridite [48] gave 2',3"-O-isopropylidene-5'-O<{diphenyl-
phosphityl)adenosine (29). Phosphite 29 and octanoyl
azide in refluxing ether/dioxane gave 27 and 2',3'-O-iso-
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propylidene-5'-O-(phenylphosphoramidatyl)adenosine (30)
in a ratio of ~1:1.9. No 'H nmr signals for the octanoyl
group were observed. Good yields of 30 were obtained
when the acyl azide/phosphite ratio was 5:1.

However, treatment of 6-N-benzoyl-2',3'-O-isopropyli-
deneadenosine (28) [49] [easily prepared by Jones® tran-
sient protection [50] of 27] with N-benzoyl phosphoramido-
dichloridate [51] gave a mixture of 6-N-benzoyl-5"-OJ(}V-
benzoyl)phosphoramidatyl}-2',3"-O-isopropylideneadeno-
sine (32), a nucleoside with a 5'-O-{ArC(O)NHP(0)] model
functionality, and the bis(nucleosidyl)phosphoramidate
31. Thus, simplified model compounds that contain primi-
tive features of the structure proposed for agrocin 84 have
been prepared. However, significant effort would be re-
quired to achieve a total synthesis of the antibiotic.
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General Procedures.

Melting points were determined on a Reichert microstage ap-
paratus and are uncorrected. The 'H nmr spectra were recorded
on Varian HA-100, Brucker WH-200, Brucker AM-300, or
Brucker WH-400 spectrometers operating in the FT mode. Tet-
ramethylsilane was used as internal reference in deuterated di-
methylsulfoxide unless specified otherwise. Ultraviolet (uv) spec-
tra of methanol solutions were recorded on a Hewlett Packard
HP-8450A spectrophotometer. Mass spectra (ms) were deter-
mined by the mass spectrometery laboratory of the University of
Alberta with AEI MS-50 (70 eV, direct probe, for electron impact
spectra) or KRATOS/AEI MS-9 (for fast atom bombardment
spectra) spectrometers. Elemental analyses were determined by
the microanalytical laboratory of the University of Alberta.

Flash evaporations were effected with rotary evaporators with
Dewar “Dry Ice” condensers under water or mechanical oil
pump vacuum at =40°. Tlc was performed on Merck silica gel
60-F,s. sheets with sample observation under uv (254 nm) light
and/or by spraying with sulfuric acid/ethanol (95:5, v/v} and char-
ring. Preparative layer chromatography (plc) was performed on
glass plates coated with Merck silica gel PFas4. Solvents used for
tle were chloroform/methanol: (99:1, viv), (19:1, viv), (9:1, v/v), (4:1,
viv), and chloroform-acetone (19:1, v/v). Silica gel chromatog-
raphy was performed with Mallinckrodt CC-7 (200 mesh) or
Merck 7734 (100-200 mesh) silica gel. Silica gel§ refers to Merck
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7734 (100-200 mesh) silica gel soaked in anhydrous 1,2-dimeth-
oxyethane (presaturated with ammonia at 0°) at 0° for 2 days, fil-
tered, and dried. Anion exchange chromatography was per-
formed on Dowex 1 x 2(0H ) resin. All solvents and reagents were
distilled prior to use. Dried solvents were stored over 4 A molec-
ular sieves.

The 'H nmr spectral abbreviations are: br = broad signal, d =
doublet, dd = doublet of doublets, ddd = doublet of doublets of
doublets, ‘dd’ = overlapping doublet of doublets of doublets, q
= quartet, s = singlet, ‘s’ = overlapping singlets, br s = broad
singlet, t = triplet, and ‘' = overlapping doublet of doublets.

Mass spectral abbreviations are: C,H; = benzyl and C;H,0 =
benzyloxy.

The general three step sequence for the mixed 6-N-phosphoryl-
nucleosides is described for 2',3",5"-tri- O-acetyl-6-N-(benzyl phen-
ylphosphoryl)adenosine (14a) and 6-N{benzyl phenylphosphoryl)-
adenosine (15a). Subsequent descriptions refer to Procedure A:
treatment of 2',3',5"-tri-O-acetyladenosine (11) with phenyl phos-
phorodichloridate; Procedure B: reflux of the mixture after addi-
tion of silver carbonate and alcohol to the solution from Proce-
dure A followed by filtration, evaporation of the filtrate, and
chromatography of the residue on silica gelg; Procedure C: de-
acetylation with agueous ammonia in dioxane, evaporation, and
chromatography of the residue on silica gel§.

942,3-Anhydro-3D-lyxofuranosyl)adenine (3).

A 267 mg (1 mmole) sample of 9-(3D-arabinofuranosyl)adenine
(2) was dissolved by heating with 7 ml of dry dimethylformamide.
The solution was cooled to 0°, 656 mg (2.5 mmoles) of triphenyl-
phosphine was added, and the reaction mixture was stirred for
10-15 minutes. A solution of 400 pl (2.54 mmoles) of diethyl azodi-
carboxylate in 7 ml of dry dimethylformamide was added over a
period of 10 minutes at 0°. Stirring was continued at 0° for 15
minutes and at ambient temperature for 2 hours. Evaporation,
trituration of the residue with ether, and recrystallization from
methanol gave 192 mg (77%) of 3, mp 208-210° dec, (lit mp 208-
210° dec, and other physical data in harmony with those reported
(52).

93-Deoxy-BD-threo-pentofuranosyl)adenine (4) and 9-2-deoxy-
B-D-threo-pentofuranosyl)adenine (3).

Method A.

A sample of 3 (249 mg, 1 mmole) and 1.9 g (50 mmoles) of
sodium borohydride were refluxed in 50 ml of 98% ethanol for
20 hours. The solution was cooled, evaporated, and the residue
was dissolved in 20 ml of water. The solution was neutralized to
pH 6 with 10% aqueous acetic acid, concentrated, and applied to
a column of Dowex 1 x 2(0H") resin (2 x 20 cm). The column was
eluted with water, the eluate was concentrated, and the residue
was crystallized from methanol to give 30 mg (11%) of S5, mp
218-220°, (lit mp 218.9:219.5° [17]); 'H nmr: § 2.3 (m, Jyo» =
14.5 Hz, 1, H-2", 2.8 (m, 1, H-2"), 3.68 (m, 2, H-5',5"), 3.93 (m, 1,
H-4"), 4.36 (m, 1, H-3"), 4.71 (*"t”", Jon_55» = 5.5 Hz, 1, OH-5),
5.99(d, Jou_sy = 5.6 Hz, 1, H-3"),6.28(dd, ], = 2.5 Hz, J;:p» =
8.5 Hz, 1, H-1"), 7.36 (br s, 2, NH,), 8.17 (s, 1, H-2), 8.38 (s, 1,
H-8); ms: m/z 251.1018 (4.6, M*{C,;H,,N,0,] = 251.1015),
221.0893 (0.6, M - CH,0), 162.0775 (57, BHCH = CH,), 136.0609
(36, B + 2H), 135.0546 (100, B + H).

Anal. Caled. for C,H,,N.O; C, 47.81; H, 5.22; N, 27.88.
Found: C, 47.51; H, 5.15; N, 27.56.
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Further elution of the column with methanol/water (3:7), evap-
oration of the eluate, and crystallization of the residue from
methanol gave 210 mg (84 %) of 4, mp 198-200° (lit mp 195-196°
[17]; 'H nmr: 6 2.05 (m, 1, H-3), 2.3 (m, 1, H-3"), 3.6 (m, 2,
H-5'5"), 4.1 (m, 1, H-4"), 4.6 (m, 1, H-2'), 5.15 (*'t”, Jou_s 5+ =
5.0 Hz, 1, OH-5", 5.4 (d, Jou_o» = 5.2 Hz, 1, OH-2"), 6.15(d, J,
= 5.0 Hz, 1, H-1"), 7.23 (br s, 2, NH,), 8.14 (s, 1, H-2), 8.3 (s, 1,
H-8); ms: m/z 251.1018 (6.2, M*{C, H,,N,0,] = 251.1019),
221.0910 8.1, M - CH,0), 164.0574 (100, BHCHO), 162.0778
(1.8, BHCH=CH,), 136.0616 (45, B + 2H), 135.0547 (97, B + H).

Anal. Caled. for CH N0, C, 47.81; H, 5.22; N, 27.88.
Found: C, 47.80; H, 5.22; N, 27.87.

Method B.

Adenosine (6) (534 mg, 2 mmoles) was dissolved by heating in
14 ml of dry dimethylformamide and the solution was cooled to
-23°in a Dry Ice/carbon tetrachloride bath. Sodium hydride (130
mg, 5.4 mmoles) was added (50% dispersion in mineral oil
washed with with dry benzene under nitrogen and transferred in
~3 ml of dry dimethylformamide at -23°) and the mixture was
stirred at -23° for ~20 minutes and treated with 726 mg (2.4
mmoles) of 2,4,6-triisopropylbenzenesulfonyl chloride. Stirring at
-23° was continued for 6 hours, the solution was evaporated, and
the yellow o1l was chromatographed on silica gel with chloro-
form/methanol (19:1) to give 853 mg (80%) of a mixture of 2"-O-
and 3'-042,4,6-triisopropylbenzenesulfonyl)adenosines (7); ms:
m/z 533.2289 (1.4, M{C,,H,;N,0,S5] = 533.2308), 162.0776 (1.6,
BHCH =CH,), 136.0619 (100, B + 2H), 135.0544 (80, B + H).

To a cold stirred solution of this mixture (853 mg, 1.6 mmoles)
of 7 in dry dimethylsulfoxide (41 ml) was added 1 M lithium tri-
ethylborohydride in tetrahydrofuran (20.5 ml) and stirring was
continued for 2 hours in an ice-bath and 40 hours at ambient tem-
perature. The reaction mixture was carefully quenched with 50
ml of water while being purged with nitrogen gas in an efficient
fume hood. Concentration of the solution in vacuo, chromatog-
raphy of the syrup on Dowex 1 x 2(0H") resin with water followed
by methanol/water (3:7), evaporation of pooled fractions, and re-
crystallization of the residues from methanol gave 132 mg (17%)
of 5, mp 218-220°; and 278 mg (35%) of 4, mp 198-200° with
spectral data identical to those of Method A.

Method C.

Silylation of 2 gave 94{2,5- and 3,5-bis-O{tert-butyldimethyl-
silyl}3-D-arabinofuranosylladenine (8) [26] ( ~10:3). To a suspen-
sion of 496 mg (1 mmole) of 8 in 15 ml of dry acetonitrile was add-
ed 366 mg (3 mmoles) of 4-dimethylaminopyridine and 200 ul
(1.45 mmoles) of phenyl chlorothionocarbonate. The solution was
stirred for 15 hours at ambient temperature, evaporated, and the
residue was partitioned between ethyl acetate and water. The or-
ganic phase was washed (saturated aqueous sodium bicarbonate,
water, and brine), dried (sodium sulfate), and evaporated. The
foam was chromatographed on silica with chloroform/methanol
(97:3) to give a mixture (475 mg, 75%) of 9{2,5-bis-Otert-
butyldimethylsilyl)-3-O-phenoxythiocarbonyl-3-D-arabinofurano-
sylladenine and 93,5-bis- O-{tert-butyldimethylsilyl)-2-O-phenoxy-
thiocarbonyl-8D-arabinofuranosylladenine (9).

To a solution of this mixture of 9(475 mg, 0.75 mmole) in 8 ml
of dry toluene was added 895 4l (3.32 mmoles) of tributylstannane
and 95 mg (0.58 mmole) of o,a’-azobisisobutyronitrile and stir-
ring was continued overnight with heating at 75°. Flash evapora-
tion gave a residue which was deprotected with 1 M tetrabutylam-
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monium fluoride in tetrahydrofuran (3 ml), evaporated, and parti-
tioned between ether and water. The aqueous phase was chroma-
tographed on Dowex 1 x 2(0H") resin with methanol/water (3:17)
and the residue was recrystallized from ether/ethanol to give 17.5
mg (9%) of 2-deoxyadenosine (10), mp 191-192° (lit mp 191-192°
and spectral data in harmony with those reported [28]). Further
elution with methanol/water (3:7) and recrystallization of the resi-
due from methanol gave 88 mg (45%) of 4, mp 198-200° and
spectral data identical with those from Method A.

2',3",5"Tri-O-acetyl-6- N-(diphenylphosphoryl)adenosine (13).

To a refluxing solution of 129 ul (0.86 mmole) of phenyl phos-
phorodichloridate in 3 m! of dry benzene was added 236 mg (0.6
mmole) of 2',3',5"-tri-O-acetyladenosine (11) and 6 ml of dry ben-
zene. The mixture was refluxed for ~ 10 hours (until a clear solu-
tion resulted), 113 mg (1.2 mmoles) of phenol was added, and
reflux was continued for 4 hours. Evaporation in vacuo and chro-
matography of the residue on silica gel§ with chloroform/metha-
nol (49:1) gave 240 mg (64%) of 13, mp 69-71° (lit mp 78-80°
[29]); uv (methanol): A max 260 nm (e 22,000), min 226 nm (e
5,000); (H*) A max 260 nm (e 21,000), min 230 nm (e 4,600); (OH")
A max 277 nm (e 33,000), min 238 nm (e 5,500); ‘H nmr: é 2.00,
2.05,2.13(3s,3x 3, 3 x acetate), 4.26 (m, J5 _5» = 12.5 Hz, J5 o =
6.5 Hz, 1, H-5"), 4.4 (m, 2, H-4',5"), 5.64 ("'t"’, J3.,- = 5.0 Hz, J5_»
= 5.5 Hz, 1, H-3), 6.02 (*"t”", J5_3 = 5.5 Hz, J».;» = 5.5 Hz, 1,
H-2), 6.3(d, J,.., = 5.5 He, 1, H-1), 7.15-7.5 (m, 10, 2 x CsHs),
8.62 ("'s”, 2, H-2,8), 10.5 (br, 1, NH); ms: m/z (glycerol/fast atom
bombardment) = 626 (MH").

Anal. Caled. for C,H,N.0,P: C, 53.76; H, 4.51; N, 11.19.
Found: C, 53.75; H, 4.50; N, 10.90.

2'.3",5'-Tri-O-acetyl-6-N-(benzyl phenylphosphoryl)adenosine
(14a).

To a refluxing solution of 215 @ (1.44 mmoles) of phenyl phos-
phorodichloridate in 10 ml of dry benzene was added 393 mg (1
mmole) of 11. The mixture was refluxed for ~10 hours until a
clear solution resulted and no 11 was observed on tlc [chloro-
form/methanol (19:1)] and then was cooled to ambient tempera-
ture (Procedure A). A 400 mg (1.45 mmoles) portion of silver car-
bonate and 207 W (2 mmoles) of benzyl alcohol were added and
the mixture was refluxed for 4 hours. The mixture was cooled, fil-
tered, evaporated, and the residue was chromatographed on sili-
ca gel§ with chloroform/methanol (49:1) (Procedure B). Evapora-
tion of appropriate fractions gave 300 mg (63%) of 14a as an
amorphous solid, mp 79-81°; uv (methanol): X max 259 nm (e
20,200), min 234 nm (e 13,800); (H*) A max 260 nm (¢ 18,600), min
229 nm (e 9,800); (OH") A max 276 nm (e 29,000), min 241 nm (e
10,000); 'H nmr: 6 2.00, 2.04, 2.13 (3 5, 3 x 3, 3 x acetate), 4.28 (m,
Js_4 = 6.5 He, J5 5« = 12.5 Hz, 1, H-5'), 4.42 (m, 2, H-4',5"), 5.3
(d, Jy_coo-p = 7.5 Hz, 2, CH,Ph), 5.65 (“'t"’, J5 = 5.0 Hz, J5 o
= 5.5 Hz, 1, H-3'), 6.04 ("'t”, J,_,, = 5.5 Hz,J, 5 = 5.5 Hz, 1,
H-2), 6.3, J,_» = 5.5 Hz, 1, H-1"), 7.18-7.5 (m, 10, 2 x CsHs),
8.58 (s, 1, H-2), 8.62 (s, 1, H-8), 10.28 (br, 1, NH); ms: m/z (glycer-
ol/fast atom bombardment) = 640 (MH*).

Anal. Caled. for C,,H,N,O,,P: C, 54.46; H, 4.73; N, 10.95.
Found: C, 54.76; H, 4.81; N, 10.65.

2'3',5"-Tri- O-acetyl-6- N{ethyl phenylphosphoryl)adenosine (14b).

Procedure A (0.1 mmole) was followed by Procedure B with 400
mg of silver carbonate and 117 @ (2 mmoles) of ethanol. Reflux
for 2 hours and purification of the residue on silica gel* gave 346
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mg (60%) of 14b, mp 57-59°; uv (methanol): N\ max 258 nm (e
18,100), min 225 nm (e 4,600); (H*) A max 260 nm (e 16,200), min
225 nm (e 4,900), (OH") A max 276 nm (e 23,000), min 239 nm (e
2,800); 'H nmr: 6 1.28 (t, ] = 7.5 Hg, 3, CH,CH;), 2.01, 2.05, 2.14
(3's, 3 x 3, 3 x acetate), 4.26 (m, 2, CH,CH;), 4.35 (m, 3, H-
4'5'5"),5.65 (", Jy_y = 5.0 Hz, J3_, = 5.5 Hz, 1, H-3), 6.05
(1, Jyy = 5.5Hz,J,;» = 5.5 Hz, 1, H-2"),63 (d, ], » = 5.5
Hz, 1, H-1"), 7.16-7.45 (m, 5, C.Hs), 8.58 (s, 1, H-2), 8.63 (s, 1,
H-8), 10.15 (br, 1, NH); ms: m/z (glycerol-sulfolane/fast atom bom-
bardment) = 578 (MH").

Anal. Caled. for C,H,,N.,0,.P: C, 49.92; H, 4.89; N, 12.13.
Found: C, 49.69; H, 4.93; N, 11.97.

2',3' 5'-Tri-O-acetyl-6- N{2-(2-ethoxyethoxy)ethyl phenylphosphor-
vlladenosine (14c).

Procedure A (1 mmole) was followed by Procedure B with 400
mg of silver carbonate and 300 pl (2.2 mmoles) of 2-(2-ethoxyeth-
oxy)ethanol. Reflux for 3 hours and purification of the residue on
silica gel§ gave 513 mg (77%) of 14¢, mp 38-40°; uv (methanol): A
max 259 nm (e 19,100), min 226 nm (e 10,300); (H*) X\ max 260 nm
(e 19,000), min 227 nm (e 6,500); (OH") A max 276 nm (e 27,800),
min 240 nm (e 4,500); 'H nmr: § 1.05 (t, 3, CH,CH;), 2.0, 2.04,
2.12 (3 s, 3 x 3, 3 x acetate), 3.44 (m, 8, 4 x CH,), 4.3 (m, 5, H-
4'5'5", P(O)OCH,), 5.64 ("'t”’, J3_4 = 5.0 Hz, J3_» = 5.8 Hz, 1,
H-3", 6.03 (""", Jo3 = 5.8 Hz, J,.;» = 5.0 Hz, 1, H-2"), 6.29 (d,
Iy = 5.0 He, 1, H-1"), 7.15-7.5 (m, 5, C¢Hs), 8.56 (s, 1, H-2),
8.62 (s, 1, H-8), 10.1 (br, 1, NH); ms: m/z (glycerol-sulfolane/fast
atom bombardment) = 666 (MH").

Anal. Caled. for C,H,N,0,P: C, 50.53; H, 5.45; N, 10.52.
Found: C, 50.27; H, 5.74; N, 10.21.

2',3',5"-Tri-O-acetyl-6- N-(isopropyl phenylphosphoryl)adenosine
(144d).

Procedure A (1 mmole) was followed by Procedure B with 400
mg of silver carbonate and 153 u (2 mmoles) of isopropyl alcohol.
Reflux for 2 hours and purification of the residue on silica gel®
afforded 302 mg (65%) of 14d, mp 35-37°; uv (methanol): X\ max
259 nm (e 19,800), min 225 nm (¢ 4,100); (H*) X max 260 nm (e
20,200), min 225 nm (e 7,000); (OH™) A max 276 nm (e 27,700), min
239 nm (e 1,100); 'H nmr: 6 1.3 (d, ] = 6.5 Hz, 6, CH,Me,), 2.0,
2.05, 221 (3 s, 3 x 3, 3 x acetate), 4.28 and 4.85 (m, 1, CH-
Me,), 4.3 (m, 3, H-4',5",5"), 5.66 (*‘t"", J5_o = 5.0 Hz, J34 = 5.0
Hz, 1, H-3", 6.04 (“t”", J, 5 = 5.0 Hz, Jo.;» = 5.5 Hz, 1, H-2"),
6.3(d,], , = 5.5Hz,1,H-1,7.1-7.6 (m, 5, C4H,), 8.58 (s, 1, H-
2), 8.62 (s, 1, H-8), 10.08 (br, 1, NH); ms: m/z (glycerol/fast atom
bhombardment) = 592 (MH").

2',3" 5" Tri-O-acetyl-6-N{2-cyanoethyl phenylphosphoryl)adeno-
sine (14e).

Procedure A (0.1 mmole) was followed by Procedure B with 40
myg of silver carbonate and 13.7 ul (0.2 mmole) of 2-cyanoethanol.
Reflux for 2 hours and purification of the residue on silica gel®
gave 35 mg (58%) of 14e, mp 62-64° (lit mp 62-65°), and spectral
data of 14e were in harmony with those published [29].

6-N{Benzyl phenylphosphoryl)adenosine (15a).

A 33 mg (0.05 mmole) solution of 14a in 80 u of dioxane was
stirred with 360 u of concentrated aqueous ammonia at ambient
temperature overnight, evaporated to dryness, and the residue
chromatographed on silica gel® (2 x 10 em column) with chloro-
form/methanol (19:1) (Procedure C). Recrystallization from chio-
roform with diffusion of ether gave 22 mg (83%) of 15a, mp
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79-81°; uv (methanol): A max 261 nm (e 20,600), min 233 nm (e
11,800); (H*) A max 261 nm (e 19,700), min 230 nm (e 7,500); (OH")
A max 276 nm (e 28,200), min 240 nm (¢ 6,900); *H nmr: 6 3.77 (m,
Js g = 12.5 Hz, 2, H-5",5"), 4.0 (m, 1, H-4"), 4.2 (m, 1, H-3'), 4.63
(‘'dd”, Jy_;» = 6.0 Hz, J5 3 = 4.0 Hz, Jo gy_o = 6.0 Hz, 1, H-2"),
5.2 (m, 2, OH-3', OH-5"), 5.24 (d, Jy_c.o.p = 8.0 Hz, 2, CH,Ph),
5.55(d, Jou.o- = 6.0 Hz, 1, 0H-2",6.0(d,J;., = 6.0 Hz, 1, H-1),
7.15-7.5 {m, 10, 2 x C-H;), 8.56 (s, 1, H-2), 8.66 (s, 1, H-8), 10.3
(br, 1, NH); ms: m/z (glycerol/fast atom bombardment) = 514
(MH*).

Anal. Caled. for C,,H,,N,0,P-1.25H,0: C, 51.54; H, 4.98; N,
13.07. Found: C, 51.59; H, 4.75; N, 13.06.

6-N{Ethyl phenylphosphoryl)adenosine (15b).

Procedure C was applied to 90 mg (0.16 mmole) of 14b with
180 wl of dioxane and 800 ul of aqueous ammonia to give 65 mg
(93%) of 15b after recrystallization from chloroform with diffu-
sion of diethyl ether, mp 87-89°; uv (methanol): A max 260 nm (e
18,700), min 227 nm (e 3,200); (H*) A max 261 nm (¢ 16,500), min
228 nm (e 4,100); (OH") X\ max 275 nm (e 22,000), min 239 nm (¢
2,400); 'H nmr: 6 1.28 (t, ] = 8.0 Hz, 3, CH,CH,), 3.65 (m, 2,
H-5'5"), 3.95 (m, 1, H-4'), 4.25 (m, 3, H-3', CH,CH,), 4.61
(““dd”, Jy3 = 45 Hz,J,_; = 5.8 Hz, Jy gy = 5.8 Hz, 1, H-2),
5.24 (m, 2, OH-3', OH-5"), 5.54 (d, 1, OH-2"), 6.0 (d, J,.»» = 5.8
Hz, 1,H-1'), 7.15-7.5 (m, 5, CsHs), 8.53 (s, 1, H-2), 8.64 (s, 1, H-8),
10.08 (br, 1, NH); ms: m/z (glycerol/fast atom bombardment) =
452 (MH*).

Anal. Caled. for C,,H,,N.O,P-0.25H,0: C, 47.42; H, 497; N,
15.36. Found: C, 47.48; H, 4.94; N, 15.56.

6-N{2-(2-Ethoxyethoxy)ethyl phenylphosphoryljadenosine (15¢).

Procedure C was applied to 150 mg (0.225 mmole) of 14¢ with
300 ul of dioxane and 1.35 ml of aqueous ammonia to give 104
mg (86%) of 15¢ after recrystallization from ethanol with diffu-
sion of chloroform, mp 39-41°; uv (methanol): A max 260 nm (e
19,600), min 234 nm (e 11,400); (H*) A max 260 nm (e 18,700), min
228 nm (e 7,600); (OH") X\ max 276 nm (e 26,200), min 239 nm (e
4,900); 'H nmr: 6 1.04 (t,J] = 8.0 Hz, 3, CH,CH,), 3.52 (m, 10, 4 x
CH,, H-5',5"), 3.98 (m, 1, H-4"), 4.18 (ddd, J;._, = 4.0 Hz,J3 5 =
5.0 Hz, Jy_gy.s = 4.8 Hz, 1, H-3), 4.3 (m, 2, P(0)}OCH,), 4.6
(“‘dd”, Jy_y- = 5.8 Hz,J, 5 = 5.0 Hz, Jy_gy_o- = 6.0 Hz, 1, H-2),
5.15 (t, Joy.ss» = 5.5 Hz, 1, OH-5"), 5.23 (d, Jgy_y = 4.8 Hz, 1,
OH-3"), 5.5(d, Joy_» = 6.0 Hz, 1, OH-2'),5.8(d, J,.» = 5.8 Hz,
1, H-1"), 7.15-7.5 (m, 5, C¢Hs), 8.53 (s, 1, H-2), 8.64 (s, 1, H-8),
10.04 (br, 1, NH); ms: m/z (glycerol/fast atom bombardment) =
540 (MH*).

Anal. Caled. for C,,H,N;0,P-0.25H,0: C, 48.58; H, 5.65; N,
12.87. Found: C, 48.23; H, 5.89; N, 13.19.

6-N(Isopropyl phenylphosphoryl)adenosine (15d).

Procedure C was applied to 100 mg (0.17 mmole) of 14d with
190 ul of dioxane and 820 pl of aqueous ammonia to yield 70 mg
(87%) of 15d after recrystallization from ethanol with diffusion
of chloroform, mp 93-95° uv (methanol): A max 260 nm (e
19,200), min 225 nm (e 2,600); (H*) A max 261 nm (e 19,800), min
226 nm (e 4,400); (OH-) X max 276 nm (e 28,000), min 239 nm (e
3,600); 'H nmr: 6 1.3 (d, ] = 6.5 Hz, 6, CHMe,), 3.65 (m, 2, H-
5',5"), 4.0 (m, 1, H-4"), 4.19 (m, 1, H-3'), 4.28 and 4.88 (m, 1,
CHMe,), 4.63 (m, 1, H-2'), 5.18 (t, Joy_55» = 5.2 Hz, 1, OH-5"),
5.25 (d, Jouy = 4.5 He, 1, OH-3'), 5.52 (d, Joy_» = 6 Hz, 1,
0H-2"), 5.98 (d, J;-.o- = 5.5 Hg, 1, H-1"), 7.15-7.55 (m, 5, CsHs),
8.55 (s, 1, H-2), 8.64 (m, 1, H-8), 10.08 (br, 1, NH); ms: m/z (gly-
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cerol/fast atom bombardment) = 466 (MH*).
Anal. Caled. for C,,H, N;0,P-0.25H,0: C, 48.56; H, 5.26; N,
14.90. Found: C, 48.48; H, 5.06; N, 15.20.

2’3" 5"-Tri-O-acetyl-6-N-(phenylphosphoryl)adenosine (16).

A 30 mg (0.047 mmole) sample of 14a was hydrogenolyzed with
10 mg of 5% palladium-*carbon catalyst in 25 ml of 95% ethanol
at 30 psi for 10 hours at ambient temperature in a Parr shaking
apparatus. Filtration with a Celite pad, evaporation of the fil-
trate, and recrystallization of the residue from chloroform with
diffusion of ether gave 23 mg (89 %) of 16, mp 89-91°; uv (metha-
nol): A max 263 nm (e 15,600), min 229 nm (¢ 2,000); (H*) A max
267 nm (e 16,700), min 232 nm (e 3,500); (OH) A\ max 263 nm (e
16,900), min 236 nm (e 5,900); 'H nmr: 6 2.0, 2.04,2.11 (35,3 x 3,
3 x acetate), 4.32 (m, 3, H-4', H-5',5"), 5.6 (*'t”’, J;» = 5.8 Hz,
J3_4 = 5.5 He, 1, H-3"),5.7 (br, 1, OH), 5.92 (""t”*, J,._; = 5.0 Hz,

o3 = 5.8 Hz, 1, H-2'), 628 (d, J, ., = 5.0 Hg, 1, H-1"), 7.0-7.3
(m, 5, CcH,), 8.64 (s, 1, H-2), 8.67 (s, 1, H-8), 10.08 (br, 1, NH); ms:
m/z (glycerol/fast atom bombardment) = 550 (MH").

Anal. Caled. for C,,H,,N,0,,P0.5H,0: C, 47.32; H, 4.51; N,

12.54. Found: C, 47.50; H, 4.46; N, 12.52.

6-N-(Phenylphosphoryl)adenosine (17).

A 30 mg (0.058 mmole) sample of 15a was hydrogenolyzed with
10 mg of 10% palladium*carbon catalyst in 25 ml of 95% ethanol
at 30 psi for ~ 10 hours at ambient temperature in a Parr shak-
ing apparatus. Filtration with a Celite pad, evaporation, and re-
crystallization of the residue from ethanol by diffusion with ether
afforded 18 mg (73%) of 17, mp 159-161°; uv (methanol): A max
263 nm (e 16,000), min 235 nm (e 4,200); (H*) A max 268 nm (e
16,100), min 235 nm (¢ 5,000); (OH") A max 263 nm (e 16,200), min
235 nm (e 5,400); ' H nmr: 6 3.63 (m, 2, H-5',5"), 3.98 (m, 1, H-4),
416 (“t",J3_o = 5.0 Hz, J5, = 4.2 Hz, 1, H-3"),4.52 ("'t”’, I3
= 5.0 Hz, J,_;- = 5.0 Hz, 1, H-2"), 4.7 (br, 4, 4 x OH), 5.95 (d,
Jy» = 5.0 Hz, 1, H-1"), 6.95-7.3 (m, 5, CsH;), 8.58 (s, 1, H-2),
8.69 (s, 1, H-8), 9.7 (br, 1, NH); ms: m/z (glycerol/fast atom bom-
bardment) = 424 (MH*).

Anal. Caled. for C,H,,N,0,P-0.5H,0: C, 44.45; H, 4.43; N,
16.20. Found: C, 44.32; H, 4.40; N, 15.95.

9+2,3,5-Tri-O-acetyl-3-D-ribofuranosyl)}-6-azidopurine (18).

To a suspension of 250 mg (0.85 mmole) of 6-azido-9{B3-D-ribo-
furanosyl)purine in 2.5 ml of acetic anhydride was added 6 ml of
dry pyridine dropwise with stirring. The solution was stirred
overnight at ambient temperature and evaporated. Coevapora-
tion of the residue with toluene gave a foam which was recrystal-
lized from chloroform with diffusion of ether to give 325 mg
(91%) of 18, mp 62-64°; uv (methanol): X max 286 nm, min 237
nm; 'H nmr: 6 2.04, 2.12 (s, **s”’, 3, 6, 3 x acetate), 4.37 (m, 3,
H-4',5'5"), 5.62 (*'t”, J3_4 = 5.5 He, J3_, = 5.5 Hz, 1, H-3"),
5.97(“t”,Jyy = 5.5Hz,Jp - = 5.2 Hz, 1, H-2),6.46(d, ], o =
5.2 Hz, 1, H-1), 8.88 (s, 1, H-2), 10.18 (s, 1, H-8); ms: m/z
419.1189 (3.5, M'{C, ,H,,N,0,] = 419.1187), 259.0816 (86, sugar),
133.0392 (3.5, BH - N,), 119.0358 (1.2, BH - N,).

Anal. Caled. for C,H,;N,0: C, 45.83; H, 4.09; N, 23.38.
Found: C, 45.58; H, 4.10; N, 22.99.

Treatment of 18 with Triphenyl Phosphite to give 2,3",5"-Tri-O-
acetyl-6-N{diphenylphosphoryl)adenosine (13) and 2',3",5"-Tri-O-
acetyladenosine (11).

Reflux of a solution of 83.6 mg (0.2 mmole) of 18 in 10 ml of
dry dioxane with 262 @l (I mmole) of triphenyl phosphite for 4
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hours, evaporation, and chromatography of the residue on silica
gel® with chloroform/methanol (49:1) gave 63 mg (78%) of 13, mp
69-71° plus 11. Spectral data were identical to those for the previ-
ously prepared samples of 13 and 11.

Triethyl N-[942,3,5-Tri-O-acetyl-B-D-ribofuranosyl)purin-6-yl}-
phosphorimidate (19).

A solution of 41.9 mg (0.1 mmole) of 18 in 5 ml of dry dioxane
was stirred with 86 ul (0.5 mmole) of triethyl phosphite at ambi-
ent temperature for 30 minutes. Evaporation, and chromatog-
raphy of the residue on silica gel' with chloroform/methanol
(49:1) gave 54 mg (96%) of 19 as a thick syrup; uv (methanol): A
max 266 nm (e 19,100), min 229 nm (e 3,600); (H*) A max 266 nm (e
18,400), min 230 nm (e 4,000); (OH") A max 267 nm (e 18,300), min
234 nm (e 4,500); '"H nmr: § 1.3 (m, 9, 3 x CH,CH;), 2.04, 2.08,
2.14 (3 s, 3 x 3, 3 x acetate), 4.22 (m, 9, H-4', H-5',5", 3 x CH,-
CH,), 5.66 (*'t”, Jy_o = 5.2 Hz, J3» = 5.6 Hz, 1, H-3), 6.08
(“t",Jy3 = 5.6 Hz, Jo_. = 5.4 Hz, 1, H-2"),623(d, J; 5 = 5.4
Hz, 1, H-1°), 8.3 (s, 1, H-2), 8.35 (s, 1, H-8); ms: m/z (glycerol/fast
atom bombardment) = 558 (MH*).

6-N{(Diethylphosphoryl)adenosine (21).

A solution of 54 mg (0.096 mmole) of 19 in 1.5 ml of 95% etha-
nol was stirred with 3 ml of 0.01 M hydrochloric acid for 4 days at
ambient temperature, evaporated, and the residue was chromato-
graphed by plc to give 26 mg (51%) of 2',3',5"-tri-O-acetyl-6- V-
(diethylphosphoryl)adenosine (20), mp 34-36°; uv (methanol): A
max 261 nm (e 14,800), min 233 nm (e 1,800); (H*) A max 261 nm (e
15,000), min 234 nm (e 4,800); (OH") A max 275 nm (e 21,400), min
238 nm (¢ 1,900); 'H nmr: 6§ 1.23 (t, ] = 6.5 Hz, 6, 2 x CH,CH,),
2.02, 2.04, 2.12 (3 s, 3 x 3, 3 x acetate), 4.02 (m, 4, 2 x CH,CH,),
4.32 (m, 3, H-4",5',5"), 5.64 (", J3_» = 5.0 Hz, I3 4 = 56 Ha,
1, H-3), 6.04 (*'t"", Jy_3 = 5.0 Hz, J»_,- = 5.8 Hz, 1, H-2), 6.24
(d,J,» = 5.8 Hz, 1, H-1), 8.4 (s, 1, H-2), 8.48 (s, 1, H-8), 9.62
(br, 1, NH); ms: m/z (glycerol/fast atom bombardment) = 530
(MH"). An essentially equivalent amount of 2',3",5"-tri-O-acetyla-
denosine (11) also was produced (uv).

Procedure C was applied to 200 mg (0.378 mmole) of 20 with 1
ml of dioxane and 2.5 ml of aqueous ammonia. The residue was
chromatographed on silica gel® with chloroform/methanol (99:1)
and recrystallized from chloroform with diffusion of ether to give
140 mg (70%) of 21, mp 59-61°; uv (methanol): X max 260 nm (e
14,600), min 226 nm (e 1,700); (H*) A max 260 nm (¢ 15,000), min
228 nm (e 5,000); (OH") A max 276 nm (e 21,400), min 238 nm (e
1,900); ‘H nmr: 6 1.23 (m, 6, 2 x CH,), 3.1-4.2 (m, 8, 2 x CH,, H-3,
H-4'5",5"), 4.6 (m, 1, H-2'), 5.2 (m, 2, OH-3",5), 5.51 (d, Joy_or =
5.8 Hz, OH-2"), 5.8 (d, J;,.5 = 6.0 Hz, 1, H-1), 8.46 (s, 1, H-2),
8.61 (s, 1, H-8), 9.54 (br, 1, NH); ms: m/z (glycerol-sulfolane/fast
atom bombardment) = 404 (MH*).

Anal. Caled. for C,,H,,N,0,P-0.25H,0: C, 41.23; H, 5.56; N,
17.17. Found: C, 41.27; H, 5.44; N, 16.83.

Treatment of 2,3,4,6-Tetra-O-benzyl-a-D-glucopyranose (22) with
Diethyl Phosphorochloridite and 942,3,5-Tri-O-acetyl-3-D-ribo-
furanosyl)-6-azidopurine (18).

A solution of 108 mg (0.2 mmole) of 22 in 5 ml of dry tetrahy-
drofuran was cooled to -78° and 70 ul (0.4 mmole) of diisopropyl-
ethylamine and 45 ul (0.31 mmole) of diethyl phosphorochloridite
were added. Stirring was continued for 45 minutes at -78° to pro-
duce 23, and 41.9 mg (0.1 mmole) of 18 was added. The solution
was allowed to warm gradually, dry dioxane (10 ml) was added at
0°, and the mixture was stirred overnight at ambient tempera-
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ture. Evaporation, and chromatography of the residue on silica
gel® with chloroform/methanol (99:1) gave 33 mg (62%) of
2’3" 5'-tri-O-acetyl-6-N-(diethylphosphoryl)adenosine (20) with
spectral properties identical to the previously prepared sample.

6-N{Ethyl (methyl 2,3,4-tri-O-benzyl-o-D-glucopyranosid-6-yl)
phosphoryl]adenosine (26).

A solution of 46.4 mg (0.1 mmole) of methyl 2,3,4-tri-O-benzyl-
aD-glucopyranoside (24) in 5 ml of dry tetrahydrofuran was
cooled to -78° and 34.8 pl (0.2 mmole) of diisopropylethylamine
and 43.5 u (0.3 mmole) of diethyl phosphorochloridite were
added. Stirring was continued at -78° for 1 hour and 20.9 mg
(0.05 mmole) of 18 was added. The mixture was allowed to
gradually warm to 0°, 5 ml of dry dioxane was added, and the
solution was stirred overnight at ambient temperature. Evapora-
tion and chromatography of the residue on silica gel® with chlo-
roform/methanol (99:1) gave 34 mg (72%) of 2',3',5"-tri-O-acetyl-
6-N-ethyl (methyl 2,3,4-tri-O-benzyl-o-D-glucopyranosid-6-yl)-
phosphorylladenosine (23); uv (methanol): A max 258 nm, min 227
nm; (H*) A max 259 nm, min 228 nm; (OH") A max 277 nm, min
236 nm; ‘H nmr: 6 1.2 (m, 3, CH,CH,), 2.0, 2.02,2.12(3s,3x 3,3
x acetate), 3.33-4.9 (m, 21), 5.64 (*'t"’, J3_o = 4.5 Hz, J3, = 5.8
Hz, 1, H-3"), 6.04 ("'t”, Jo 3 = 5.8 Hz, J5;» = 5.0 Hz, 1, H-2'),
6.28(d, J;» = 5.0 Hz, 1, H-1"), 7.2-7.5 (m, 15, 3 x CsHs), 8.4 (s, 1,
H-2), 8.66 (s, 1, H-8), 10.82 (br, 1, NH); ms: m/z (glycerol-sulfo-
lane/fast atom bombardment) = 948 (MH").

Procedure C was applied to 61 mg (0.064 mmole) of 25 with
800 ul of dioxane and 3 ml of aqueous ammonia to give 45 mg
(85%) of 26 after recrystallization from chloroform with diffusion
of ether, mp 82-84°; uv (methanol): A max 260 nm (¢ 14,400), min
226 nm (e 1,800); (H*} X\ max 261 nm (e 15,300), min 230 nm (e
9,700); (OH) A max 277 nm (e 21,000), min 236 nm (e 13,900); 'H
nmr: § 1.2 (t, ] = 7.0 Hz, 3, CH,CH,), 3.3 (s, 3, -OCH,), 3.4-3.84
{m, 6), 3.9-4.42 (m, 6), 4.52-4.92 (m, 8), 5.2 (t, Joy_55» = 5.2 Hz, 1,
OH-5"), 5.25 (d, Joy.3 = 5.0 Hz, 1, OH-3'), 5.51 (d, Jop_y = 5.8
Hz, 1, OH-2"),5.98(d, J, » = 6.0 Hz, 1, H-1), 7.2-7.5 (m, 15, 3 x
CsHs), 8.42 (s, 1, H-2), 8.62 (s, 1, H-8), 9.66 (br, 1, NH); ms: m/z
(glycerol-sulfolane/fast atom bombardment) = 822 (MH").

Anal. Caled. for C,H,,N.O,P-H,0: C, 57.21; H, 6.00; N, 8.34.
Found: C, 57.24; H, 5.77; N, 8.49.

5'-0{Diphenylphosphityl)-2',3"-O-isopropylideneadenosine (29).

To a suspension of 307 mg (1 mmole) of 2',3"-O-isopropylidene-
adenosine {27) in 10 ml of dry methylene chloride were added 170
#l (2 mmoles) of dry pyridine and 172 (1.2 mmoles) of dipheny!
phosphorochloridite. Stirring was continued for 1 hour at ambi-
ent temperature, 2 ml of water was added, and the mixture was
evaporated. The residue was coevaporated several times with
toluene and extracted with chloroform. The extract was washed
(2% aqueous acetic acid, saturated aqueous sodium bicarbonate,
water, and brine), dried (sodium sulfate), and evaporated. The
residue was chromatographed on silica gel with chloroform/meth-
anol (99:1) to give a solid, 392 mg (75 %), which was recrystallized
from ethanol with diffusion of ether to give 29, mp 78-80°; uv
(methanol): X max 258 nm; 'H nmr: & 1.34, 1.56 (2 s, 2 x 3, CMe,),
4.34 (m, 3, H-4',5',5"), 5.1 (dd, J3_4 = 5.8 Hz, J3_5 = 5.0 Hz, 1,
H-3Y, 5.5 (dd, J_; = 4.0 Hz, J, 3 = 5.0 Hz, 1, H-2'), 6.23 (d,
Iy o = 4.0 Hg, 1,H-1"),6.95-7.4 (m, 12, 2 x C;Hs, NH,), 8.12(s, 1,
H-2), 8.32 (s, 1, H-8); ms: m/z 430.1275 (100, M - CsH;0 [C,H,,-
N,O,P] = 430.1279), 164.0572 (3.2, BHCHO), 162.0776 (0.8,
BHCH =CH,), 136.0622 (22, B + 2H), 135.0546 (6.7, B + H).
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5'-O-(Phenylphosphoramidatyl)-2',3"- O-isopropylideneadenosine
30).

A solution of ~169 mg ( ~1 mmole) of octanoyl azide in 10 ml
of ether was added to a solution of 104.6 mg (0.2 mmole) of 29 in
10 ml of dry dioxane, the mixture was refluxed for 10 hours, and
evaporated. Chromatography of the residue on silica gel with
chloroform/methanol (49:1) gave 20 mg (32%) of 2',3-O-isoprop-
ylideneadenosine (27). Further elution gave 60 mg (65%) of a
solid which was recrystallized from chloroform with diffusion of
ether to give 30, mp 90-92°; uv (methanol): A max = 259 nm (e
15,400), min 225 nm (e 2,100); (H*) A max 257 nm (e 13,900), min
229 nm (e 3,100); (OH") X\ max 259 nm (e 16,000); '"H nmr: & 1.34,
1.55(2s, 2 x 3, CMe,), 4.3 (m, 3, H-2',3' 4"), 5.05 (m, 1, H-5'), 5.17
(d, Jy_n-p = 6.5 Hez, 2, NH,), 5.4 (m, 1, H-5"),6.21 (d, ], = 2.5
Hz, 1, H-1"), 7.1.7.5 (m, 7, C¢H,, 6-NH,), 8.16 (s, 1, H-2), 8.33 (s,
1, H-8); ms: m/z (glycerol/fast atom bombardment) = 463 (MH").

Anal. Calcd. for C H,,NO,P: C, 49.35; H, 5.01; N, 18.18.
Found: C, 48.94; H, 5.07; N, 18.16.

6-N-Benzoyl-2',3"-O-isopropylideneadenosine (28).

A 307 mg (1 mmole) sample of 27 was subjected to conditions
described for 2"-deoxyadenosine [50] to give 378 mg (92%) of 28,
mp 138-140° (lit mp 132-133° [49]); uv (methanol): A max = 280
nm (e 20,100), min 243 nm (e 7,000); ms: m/z 411.1553 (8.1, M*-
[C,H,,N,O) = 411.1543), 381.1431 (2.6, M - CH,0), 164.0572
(19, BHCHO).

Anal. Calcd. for C,H,N;O: C, 58.39; H, 5.15; N, 17.02.
Found: C, 58.09; H, 5.06; N, 16.92.

6-N-Benzoyl-5'-O{(N-benzoyl)phosphoramidatyl}-2',3"- O-isoprop-
ylideneadenosine (32).

A solution of 411 mg (1 mmole) of 28 in 15 ml of dry pyridine
was treated with 238 mg (1 mmole) of N-benzoyl phosphoramido-
dichloridate [51], stirred for 1 hour at ambient temperature, and
evaporated. The residue was coevaporated with toluene, chroma-
tographed on silica gel® with chloroform/methanol (24:1), and re-
crystallized from chloroform with diffusion of ether to give 50 mg
(5%) of the bis-nucleosidylphosphoramidate 31, mp 135-137°; uv
(methanol): X max = 230 nm (e 37,200) and 280 nm (e 36,000),
min 253 nm (e 22,000); (H*) A max 289 nm (e 38,000), min 264 nm
(e 22,000); (OH") X\ max 305 nm (e 21,800), min 262 nm (¢ 15,200);
'H nmr: 6 1.29, 1.54 (2 's”’, 2 x 6, 2 x CMe,), 4.28 (m, 4, 2 x H-
55", 4.45 (m, 2, 2 x H-4"), 5.1 (m, 2, 2 x H-3"), 5.44 (m, 2, 2 x
H-2'), 6.31 (“'t”, J, 5 = 2.2 Hz, 2, 2 x H-1"), 7.5-8.1 (m, 15, 3 x
CsH;), 8.61, 8.63, 8.68,8.71 (4 5, 4,2 x H-2, 2 x H-8), 10.12 ("s”’,
2, 2 x 6-NH), 11.21 (br, 1, NH); ms: m/z (glycerol/fast atom bom-
bardment) = 988 (MH*).

Anal. Caled. for C,H,N, 0,,P-2H,0: C, 55.13; H, 4.92; N,
14.74. Found: C, 54.93; H, 4.80; N, 15.05.

Further elution with chloroform/methanol (4:1) gave 260 mg of
solid title compound 32 [contaminated with 31]; 'H nmr (400
MHz): 61.3,1.53 (2, 2 x 3, CMe,), 4.0 (m, 2, H-5',5"), 4.38 (m, 1,
H-4'), 5.06 (m, 1, H-3'), 5.48 (m, 1, H-2'), 6.32 (d, 1, H-1'),
7.44-8.2 (m, 10, 2 x CcHs), 9.64 (br s, 1, 6-NH), 11.21 (br, 2, NH,
OH); ms: m/z (glycerol/fast atom bombardment) = 595 (MH").

Compound 32 was not obtained pure.
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