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Ganciclovir 2 and 2'-carba-ganciclovir 5a are anti-viral agents differing structurally only in the replace-
ment of an oxygen by a methylene group and yet expressing their biological properties along mechanistically
independent pathways. Methoxy, hydroxy and fluoro derivatives of 2'-carba-ganciclovir were prepared to ex-
amine the effect of re-introducing a binding site close to that in the original oxa side chain. The cyclic

phosphate of carba-ganciclovir was also prepared.

J. Heterocyclic Chem., 26, 1261 (1989).

An excellent review of the chemistry and antiviral activ-
ities of the acyclonucleosides has recently been published
[1]. It is at once evident that potent antiviral properties
have been found for guanine derivatives with the side
chains (2-hydroxyethoxy)methyl-, 1, (acyclovir); (1,3-dihy-
droxy-2-propoxy)methyl-, 2, (ganciclovir); and R-3,4-dihy-
droxybutyl-, 3, (buciclovir), at position 9.
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The simple hydroxybutyl analog 4 (carba-acyclovir) dis-
played modest antiherpetic action in our enzyme and cell
culture assays, (Table 1) enough to suggest that 9-(4"-hy-
droxy-3'-hydroxymethyl)butylguanine, 5a (carba-ganci-
clovir) could be of interest. Compound 5a had already
been reported in the chemical literature [2], but no bio-
logical data was available. We therefore followed the liter-
ature procedure to prepare a sample of 3a for comparison
in all our assays with the highly active ganciclovir 2. The
side chain oxygen was thought to be an important binding
site and its removal was expected to cause considerable
change in the biological profile of the molecule.

Since beginning this work, two research groups [3,4]
have published genuine syntheses of 3a, each commenting
that the published conditions had given a mixture (mp
170-175°) of the desired product and residual O-benz-
ylated derivatives. In our hands, (Scheme 1) hydrolysis of
compound 6 with refluxing hydrochloric acid left very lit-
tle O-benzylated material, and reverse phase chromatog-
raphy of the mixture gave compound Sa (mp 272-275° dec)
and the mono chloro derivative 7 (mp 188-190° dec).
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It was soon apparent that the good antiviral activity of
5a must be expressed by a mechanism different from that
of ganciclovir and other members of the acyclovir class.
We therefore decided to make more carba-ganciclovir by a
route amenable to some variation in the new side chain,
with easily chromatographed penultimate structures, and
a mild, final deprotection step (Scheme 2).

The malonate derivatives 8a,b,c were readily converted
to 1,3-propanediols 9a,b,c which were protected as cyclic
ketals 10a,b,c. In each case, the allyl substituent served as
a masked 2-hydroxyethyl function, later exposed by
ozonolysis and borohydride reduction of the somewhat un-
stable aldehydes. The tosylates of the primary alcohols
were reactive viscous oils which were characterized by tlc
and nmr, then used to alkylate 2-amino-6-benzyloxypurine
13 [5). The latter substrate was prepared from the 6-chloro
analog in the hope that the bulky 6-benzyloxy substituent
would lead to exclusive alkylation at position 9. In this we
were disappointed: a 2:1 ratio of 9 over 7 alkylation was
observed, except in the case of the tertiary hydroxyl substi-
tuent, where only the 9-isomer 14d could be isolated from
a complex mixture. Consistently, the 9-isomers were less
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TABLE 1
NTIVIRAL ACTIVITY
STAGGERED ENZYME ASSAY [og) 8 L AC tia)
CELL CULTURE
DNA POLYMERASE
STEP 1[bd] STEP 11 fed] NHBTON % | EDsg pg/ml
HSV-1 HSV-
COMPOUND| MP, % | MP, % | DP, % | TP, % | HSV=1 | Hela | (oneerer | (Coniios
1 17 3 9 60 79 40 3 3
2 g0 3 10 84 60 22 3 3
3 96 6 22 72 0 15 50 (tox) | 50 (tox)
4 55 0 10 17 20 20 3—12 12-25
5a 37 3 13 75 0 8 6-12 12-50
5b 21 8 8 74 2 0 >100 >100
1.6-3.1 3.1
be 14 ! 2 47 12 7 |(tox @ 100)|(tox @ 100)
&d 50 0 23 75 5 5 12-25 50
23 100 100 o] 0 0 0 6-12 25
2¢cp 100 100 o 0 6 0 6-50 12-50
16a 3 0 0 0 6 0 >100 >100
16b 1 0 0 0 8 13 >100 >100
16¢ NT NT NT NT NT NT NT NT
[a)Average of three experiments. MP, DP, TP = mono—, di—, triphosphate. [blIncubation with HSV-1

thymidine kinase. [c]Calculated percentages based on total phosphorylated and unphosphoryloted compound.

djContinued incubation of the mixture from step I with GMP kinase ond crude extract of HSV—1 infected Hela cells.

elFollowing further incubation of the mixture from step I1.[(fIDrug concentration to inhibit plaque development

by 50% on MRC-5 cell monolayers.

polar, possessed a 30% more intense uv absorption at a
shorter (A 12 nm) wavelength, and showed Cg-H resonance
in the nmr spectrum at higher field (A 0.16 ppm) than the
T-isomer.

In the related pathway (Scheme 3) to 2'-carba-ganci-
clovir cyclic phosphate 23 the original intention was to
carry the cis/trans mixtures of intermediates 17-21
through to the final product, where the geometric isomer-
ism would be lost.

One component, however, readily crystallized from the
mixture of cis/trans tosylates 20, and was thereafter used
exclusively. X-ray crystallographic analysis [Sa] showed
that this crystalline tosylate was the trans isomer in diaxial
conformation 20, which allowed unequivocal assignment

(9)Experimental details in ref. 6.

of proton resonances in the nmr spectrum for both iso-
mers.

Biological Studies.

Acyclovir 1 and ganciclovir 2 are selectively monophos-
phorylated in infected cells by HSV thymidine kinase with
additional phosphorylation by host cell enzymes to their
triphosphates which are believed to be the actual anti-viral
agents operating by inhibition of viral DNA polymerase.

Table 1 summarizes the evaluation of compounds Sa-d,
16a,b and 23 in a series of enzyme and cell culture assays
[6]. Enzymic phosphorylation was measured by incubation
with HSV-1 thymidine kinase at 37° for 4 hours with a
chromatographic readout of the mono-phosphate formed.
GMP kinase and a crude extract of HSV-infected cells was



Sept-Oct 1989 Carba-acyclonucleoside Antiherpetic Agents 1263

Scheme 2
R R R R
CO.Et HO
v\t/ 2 LA \/\E\OH u+ V\t\o "o \/\t\o
1AIR, - R B
COLEt OH 2,2—-dimethoxypropane 0)< 2) LiAlH, o)<
8a 8a 10a a
b b b b
c c c c
d
R M
Tsov\t\
o]
o)<
+ 122 Pn"o (\K
NaH # )<
CEE S \> +
PR
o H2N)§N N N HZN
N7 N, o]
A
O LY \/\1?)<
HNT N H 4a o] . 15 a
b b
13 _/ HCI ¢ HC c
d d
R
o 8 (\h\OH
N o OH
a R=H HN\)I \> R H />
H N7 SN TN HN7 SNTTN
b =0CHj \/\JCOH
c =
S5a 16a
d =OH b OH b
c [+
d
Scheme 3
H
\V\t\ H  pey \/\r PRCHZOH \/\t\ 1) 0,
—_— =
o NE(, ‘*~0| NEI; 2) NoBH,
“Ph
9a 17 cis/trons 18 cis/trons
H H
HO. S TsO o TsO
o . O,
O’F.,‘:'O o/’;{'o Y 040
A~ ~ B
4 0~ Ph 0-"Ph 5 ~pn
19 cis/trans 20 cis/trons 20 trans, diaxial
Ph">o 0™ Ph

N

N
! H‘Y:O g
HY Okp)vo H;N)%N | N/>

Z N, N
13 + 20 trans, dioxiol SGHE )N\ | \> H.,, %/P—-»o
HN7S N + PR

N o~ ~ph
o %d(om2 22
HN N
r
WX
o]
23 _pr0
e \Oe Ne®

then added and the incubation was continued overnight.  good substrate for thymidine kinase, and was easily con-
Chromatography of another aliquot showed the mono-, di-  verted to the triphosphate. The latter was, however, a very
and triphosphate components of the mixture. Aliquots of ~ poor inhibitor of DNA polymerase.
this mixture were finally incubated for 1 hour with a DNA In cell culture, the test compounds were added to con-
polymerase mixture (either viral or cellular) to measure in-  fluent MRC-5 cells and incubated at 37°. The complete

hibitory activity. Carba-ganciclovir 5a was revealed as a  system was then challenged with either HSV-1, or HSV-2,
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or no virus, and incubation was continued. Cells were eval-
uated after 4-5 days for cytopathology or toxicity. Carba-
ganciclovir 5a appeared as an active anti-viral agent
despite its poor performance against DNA polymerase
which indicated that a mechanism of antiviral action in
addition to that postulated for ganciclovir 2 must be
operative.

The next compound prepared was the cyclic phosphate
23. In the chromatographic system used [6], cyclic phos-
phates and monophosphates are not separated. The cyclic
phosphate 23 remained in the monophosphate-cyclic phos-
phate elution position. This indicates that the cyclic ester
of 23 was not opened during the conditions of this experi-
ment, since open monophosphate of 3a was readily con-
verted to triphosphate under these conditions. Just as its
non-phosphorylated precursor, cyclic phosphate 23 did
not inhibit DNA polymerase in vitro but was active in cell
culture, which again is consistent with the existence of an
additional pathway for antiviral action. Ganciclovir cyclic
phosphate 2cp [7] is included in Table 1 for comparison
with 23, and appears to operate in a remarkably similar
manner. Although 2¢p has been shown to be converted to
some extent to ganciclovir triphosphate when incubated
‘with high concentrations of cellular extracts there is evi-
dence that it also has an additional, triphosphate-indepen-
dent mode of action [7a}.

The methoxy and hydroxy derivatives 5b and 5d were
both good substrates for thymidine kinase, easily con-
verted to their triphosphates, but differing markedly in
their cell culture properties. The fact that activity was re-
stored in 5d drew attention to probable polarity and size
requirements at a binding site, which pointed clearly to re-
placement of the tertiary hydroxyl with the smaller, more
electronegative fluorine. This proposal was reinforced by
reference to nucleocidin, an adenine glycosidic antibiotic
having a fluoro substituent at position C-4' [8].

The fluoro derivative 3¢ [9] was the last of the series,
and by the criteria in Table 1 was reasonably accepted as a
substrate by thymidine kinase with subsequent conversion
to the triphosphate. Compound 5¢ was equally active with
acyclovir 1 and ganciclovir 2 in the cell culture assay, a sit-
uation somewhat compromised by evidence of toxicity
found at 100 ug/ml. Possibly a better therapeutic ratio
would be achieved with 3¢ cyclic phosphate which should
operate in an analogous manner to compounds 23 and
2cp.

The two examples tested in the isomeric 7-alkylated
guanine series, 16a,b were not enzymically phosphoryl-
ated, showed only a low order of activity against DNA
polymerase, and were inactive in cell culture.

EXPERIMENTAL

Melting points were determined on an electrically heated block
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and are uncorrected. The 'H nmr spectra were taken on a Varian
XL-200 spectrometer in solvents specified in the text. The uv
spectra were obtained on a Perkin Eimer 552A spectrometer, and
mass spectra were determined on Finnegan MAT 731 (FAB) and
MAT 212 (high resolution e.i.) instruments.

2-Amino-1,9-dihydro-9-(4'-hydroxy-3'-hydroxymethyl)butyl-6-oxo-
6H-purine (5a) and 2-amino-1,9-dihydro-9{4'-chloro-3"-hydroxy-
methyl)butyl-6-oxo-6H-purine (7).

(2)-Amino-9-(4'-benzyloxy-3'-benzyloxymethyl)butyl-6-chloro-
9H.purine (6) (300 mg) was dissolved in hot ethanol (6
ml)/aqueous 2N hydrochloric acid (6 ml). The ethanol was distill-
ed off and the residual aqueous acidic solution was boiled under
reflux for 6 hours. Evaporation in a stream of nitrogen/100° then
at 100°/0.5 mm gave a pale brown foam (204 mg). Tlc (silica GF,
chloroform/methanol/water, 60/40/4 showed a trace of starting
material and two major products R, 0.46 and 0.68 which were
easily separated by reverse phase hplc (Whatman, Partisil M9,
0ODS-2 column, aqueous 4-20% methanol, uv monitor at 290 mm
for 40 mg x 5 injections) Eluates were evaporated at 70°/0.5 mm
and the residues were recrystallized from water. The more polar
product 5a was colorless matted needles (42 mg), mp 272-275°;
uv (aqueous 0.01N sodium hydroxide): A max 215 nm (e 18,140),
255 (sh) (10,020), 268 (10,710); 'H nmr (deuterium oxide/TSP): 6
1.68 (heptet, 1 H, J = 6 Hz, CH), 1.86 (dt, 2 H, / = 7 and 7 Hz,
CH,), 3.64(d, 4 H, J = 6 Hz, [CH,0L,), 413 (t, 2 H,J = 7 Hz,
NCH,), 7.83 (s, 1 H, Cs-H); ms: (FAB) m/e 254 (M* +1).

Anal. Caled. for C,H,,N,O,;: C, 47.43; H, 5.97; N, 27.65.
Found: C, 47.67; H, 5.86; N, 27.56.

The less polar product 2 was colorless prisms (24 mg) (aqueous
ethanol: mp 188-190° dec; uv (aqueous 0.01N sodium
hydroxide): A max 213 nm (e 24,500), 256 (sh) (10,390), 268
(10,970); 'H nmr (deuterium oxide/TSP): 6 1.93 (m, 3 H, CH +
CH,),3.67(d,2H,J = 5 Hz, CH,0 or C1),3.73(d, 2 H, J = 4 Hg,
CH,CI or O); ms: (FAB) m/e 272 and 274 (M* +1).

Anal. Caled. for C,H, N,0,Cl: C, 44.20; H, 5.19; N, 25.78.
Found: C, 44.35; H, 5.17; N, 25.75.

Diethyl Methoxymalonate.

Clean sodium (9.74 g, 0.42 mole) was added to anhydrous
ethanol (124 ml) and the mixture was boiled under reflux to give
a clear solution. Ethyl methoxyacetate (50.0 g, 0.42 mole) and
diethyl carbonate (350 ml, 2.89 mole) were added and the solu-
tion was slowly distilled for 1 hour, 30 minutes, removing approx-
imately 210 ml. The reaction mixture was now a slurry of sodium
salt at 120°. The mixture was cooled to 23° and filtered. The
solids were washed with benzene, dried at 25°/0.25 mm, and ob-
tained as a tan powder (60.75 g). All of it was suspended in
benzene (200 ml). Crushed ice (100 g) was added followed by
aqueous 4N sulfuric acid to pH 2. The organic phase was washed
with saturated aqueous sodium chloride then dried over mag-
nesium sulfate, filtered and evaporated to give an oil which was
distilled at reduced pressure, 33.87 g, bp 73-76°/0.4 mm, n,*°
1.4222 (lit [10] bp 95°/3 mm, n;?** 1.4229). Tlc (silica GF, hex-
ane/50% ethyl acetate) showed two products, R, 0.68 and 0.84, by
iodine staining. Both uv and ceric sulfate charring detected only
the more polar component. The 'H nmr (deuteriochloroform):
clearly showed the product to be a mixture, a portion (29.10 g) of
which was separated by chromatography over silica. Hexane/15%
ethyl acetate eluted the less polar component (18.25 g) and ethyl
acetate the more polar component (9.43 g). Each was distilled at
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reduced pressure to give colorless oils. The less polar was diethyl
methoxymalonate (17.38 g), bp 69°/0.2 mm, n,**° 1.4175; 'H nmr
(deuteriochloroform): 6 1.31 (t, 6 H, J = 7 Hz, [CH,);); 3.52 (s, 3
H, OCH,); 4.29 (q, 4 H, J = 7 Hz, [OCH,},), 4.41 (s, 1 H, CH).

Anal. Calcd. for CH,,0,: C, 50.52; H, 7.42. Found: C, 50.40; H,
7.16.

The more polar was ethyl 2,4-dimethoxyacetoacetate (7.99 g),
bp 73°/0.2 mm, ny?*" 1.4297; 'H nmr (deuteriochloroform): 4 1.32
(t,3 H,J = 7 Hz, CH,); 3.43 (s, 3 H, OCH,); 3.49 (s, 3 H, OCH,);
4.31(q,2 H,J = 7 Hz, OCH,); 4.35 (s, 2 H, CH,); 4.46 (s, 1 H, CH).

Anal. Calcd. for C,H,,0,: C, 50.52; H, 7.42. Found: C, 50.58; H,
7.59.

Diethyl Allyimethoxymalonate (8b).

n-Butyllithium (2.5 M, 35.8 ml, 89.4 mmoles) in hexane was
added dropwise in 10 minutes by hypodermic syringe through a
rubber septum to a magnetically stirred solution of diethyl meth-
oxymalonate (17.0 g, 89.4 mmoles) in anhydrous ¢-butyl alcohol
(85 ml) at 22°. The very vigorous reaction was controlled by cool-
ing in an ice bath. With the ice bath still in place, re-distilled allyl
bromide (8.51 ml, 98.3 mmoles) was added in 4 minutes in the
same manner. After 10 more minutes the ice bath was removed
and the mixture was allowed to stand at room temperature for 1
hour becoming a crystalline slurry. The mixture was partitioned
between ether (500 ml) and water (100 ml), dried over magnesium
sulfate, filtered and evaporated at 70°/100 mm to give a pale yel-
low oil (19.70 g); tlc (silica GF, hexane/25% ethyl acetate, ceric
sulfate single spot R, 0.60). A portion was distilled at reduced
pressure, bp 110°/3.5 mm, np?° 1.4310; 'H nmr (deuteriochloro-
form): 6 1.30 (t, 6 H, J = 7 Hz [CH,},, 2.84 (m, 2 H, CH,), 4.27 (q,
4 H,J = 7 Hz [OCH,},), 5.14 (m, 2 H, =CH,); 5.75 (m, 1 H,
=CH-).

Anal. Caled. for C,\H ;0,: C, 57.38; H, 7.88. Found: C, 57.16;
H, 7.77.

Diethyl Allylfluoromalonate (8¢).

A freshly prepared solution of clean sodium (1.21 g, 52 meq) in
anhydrous ethanol (20 ml) was added in 3 minutes to a mag-
netically stirred solution of diethyl allylmalonate (20.0 g, 50
mmoles) in sieve-dried pyridine (40 ml) maintained just short of
freezing (—40° to —35°) by means of an acetone/solid carbon
dioxide bath. A stream of dry nitrogen was bubbled through the
solution at —35° via a fine porosity gas inlet tube for 5 minutes.
By means of a Y connector, the nitrogen was shut off and per-
chloryl fluoride (FCIO,;, Pennwalt) from a cylinder was bubbled
through the same gas inlet at a rate not to exceed an internal
temperature of —35° for the vigorously exothermic reaction.
The perchloryl fluoride passage was stopped when no further
heat evolution was observed (15 minutes, 17 g used). The pale
yellow suspension was flushed with nitrogen for 5 minutes, and
was then partitioned between ether (200 ml) and water (60 ml).
The ethereal layer was washed with water (2 x 60 ml) and the com-
bined aqueous solutions were back extracted with ether (100 ml).
The second ethereal extract was washed with water (2 x 20 ml),
and was then combined with the main extract, dried (magnesium
sulfate), filtered and evaporated. The residue was distilled to give
a colorless il (9.73 g), bp 63°/0.2 mm; n**° 1.4192; 'H nmr (deu-
teriochloroform): 6 1.31 (t, 6 H, J = 7.0 Hz, [CH;],), 2.92 (dd, 2 H,
Jug = 7.0 Hz, Jy; = 24.1 Hz, CH,), 4.30 (g, 4 H, J = 7.0 Hz,
[0CH,),), 5.22 (m, 2 H, =CH,), 5.77 (m, 1 H, =CH-).

Anal. Caled. for C, H,;FO,: C, 55.04; H, 6.93; F, 8.71. Found:
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C, 55.02; H, 6.95; F, 8.58.
2-Allylpropane-1,3-diol (9a).

Diethyl allylmalonate (96.0 g, 0.48 mole) was added in a rapid
stream in 30 minutes to a mechanically stirred 1.0 M solution of
lithium aluminum hydride in THF (Aldrich) (530 ml). The vigor-
ously exothermic reaction was controlled by a reflux condenser
and the occasional use of an ice bath. The completed reaction
solution was allowed to cool to room temperature for 30 minutes,
then the complex was decomposed by the dropwise addition of
saturated aqueous sodium chloride (400 ml) (ice bath) with very
vigorous stirring to disperse an initially gelatinous mass to a final
granular precipitate. After adding magnesium sulfate (100 g), the
mixture was cooled to 25° and filtered. The insolubles were wash-
ed with ether (2 x 100 ml) and the combined organic solutions
were evaporated to a residue which was distilled to give a color-
less oil (40.0 g) bp 85°0.2 mm; n,®° 1.4656 [lit (11) bp
136-139°/15 mm; nD20° 1.474); *H nmr (deuterium oxide): § 1.91
(heptet, 1 H, J = 6 Hz, CH), 2.14 (dddd,2H,J = 1,1, 7 and 7 Hz,
CH,), 3.60 (d, 4 H, J = 6 Hz, [OCH,},), 5.15 (m, 2 H, =CH,), 5.92
(ddt, 1 H,J = 7,10 and 17 Hz, =CH-).

2-Allyl-2-methoxypropane-1,3-diol (9b).

In a similar manner, diethyl allylmethoxymalonate (8b) (19.7 g,
85.5 mmoles) was reduced to 2-allyl-2-methoxypropane-1,3-diol
(10.0 g), bp 88°/0.1 mm, n,**° 1.4706; 'H nmr (deuteriochloro-
form): 6 2.27 (d, 2 H, J = 8 Hz, CH;), 3.21 (br s, 2 H, [OHL,), 3.34
(s, 3 H, OCH,), 3.64 (d, 2 H, J = 12 Hz, [CH,0}), 3.72(d, 2 H, J
= 12 Hz, [CH50),), 5.14 (m, 2 H, =CH,) 5.78 (ddt, 1 H,J = 8,9
and 17 Hz, =CH-).

Anal. Caled. for C,H,,0,-0.30 H,0: C, 55.46; H, 9.71. Found: C,
55.44; H, 9.73.

2-Allyl-2-fluoropropane-1,3-diol (9¢).

In a similar manner, with temperature control (—30°/7 minute
addition; 30°/20 minute intermittent cooling; 20°/30 minutes),
diethyl allylfluoromalonate (8¢)(20.0 g, 0.15 mole) was reduced to
2-allyl-2-fluoropropane-1,3-diol (12.3 g). The crude product R;
0.54, (tlc silica GF, hexane/75% ethyl acetate, ceric sulfate) con-
tained a more polar impurity, R, 0.40, which was not removed by
distillation (bp 60°/0.1 mm). Chromatography over silica (hex-
ane/40% ethyl acetate) gave pure material in the early fractions
(6.35 g total) [A), followed by increasingly contaminated fractions
(4.41 g total) [B). Distillation of a fraction of [A] gave a colorless
oil, bp 75°/0.15 mm, np?** 1.4513; *H nmr (deuteriochloroform):
XL400, 6 2.25 (t,2 H, J = 6.4 Hz, [OH],), 2.48 (dddd, 2 H, Jux =
1.2, 1.2 and 7.5 Hz, Jur = 19.3 Hz, CH,), 3.76 (ddd, 2 H, Juy =
6.4 and 12.0 Hz, J,r = 19.2 Hz, [CH,0]), 3.78 (ddd, 2 H, Jur =
6.4 and 12.0 Hz, J,r = 16.8 Hz, [CH;0L), 5.17 (m, 2 H, =CH,,
5.82(ddt,1 H,J = 7.3,9.7 and 17.0 Hz, =CH-).

Anal. Caled. for C,H,,FO,: C, 53.79; H, 8.27; F, 14.16. Found:
C, 53.79; H, 8.19; F, 14.00.

5-Allyl-2,2-dimethyl-1,3-dioxane (10a).

p-Toluenesulphonic acid monohydrate (68 mg) was added to a
solution of 2-allylpropane-1,3-diol (9a) (6.80 g) in a 10 fold excess
of freshly distilled 2,2-dimethoxypropane (72 ml) at 23°. After 1
hour the solution was shaken with fresh aqueous 5% sodium bi-
carbonate (5 ml), then saturated aqueous sodium chloride (20 ml)
was added and the mixture was again shaken. The lower aqueous
layer was run off and the organic phase was washed with more
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saturated aqueous sodium chloride (20 ml), dried over mag-
nesium sulfate, filtered and evaporated at 60°/120 mm to give a
colorless oil. Attempted distillation of this product at pressures
from 5 to 120 mm was abandoned because of extensive, persis-
tent frothing, Distillation at atmospheric pressure however, gave
a colorless oil (8.17 g), bp 182-186° n?*° 1.4384 which was then
easily redistilled in high yield, bp 85°/28 mm n;?*" 1.4383; 'H
nmr (deuteriochloroform): 6 1.40 (s, 3 H, CH,), 1.42 (s, 3 H, CH,),
1.91 (m, 1 H, CH), 2.00 (m, 2H, CH,), 3.62 (dd, 2 H, J = 8.7 and
12.0 Hz, [CH,0],), 3.86 (dd, 2 H, J = 4.4 and 12.0 Hz, [CH;0}),
5.05 (m, 2 H, =CH,), 5.72 (m, 1 H, =CH-).

Anal. Caled. for C,H,0,: C, 69.19; H, 10.32. Found: C, 69.09;
H, 10.19.

5-Allyl-2,2-dimethyl-5-methoxy-1,3-dioxane (10b).

In a similar manner, 2-allyl-2-methoxypropane-1,3-diol (9b)
(8.88 g) was converted to the 1,3-dioxane (9.17 g), bp 76-77°/4.5
mm, n,?° 1.4430; 'H nmr (deuteriochloroform): § 1.40 (s, 3 H,
CH,), 1.43 (s, 3 H, CH,), 2.36 (m, 2 H, CH,), 3.33 (s, 3 H, OCH,),
3.69(d, 2H,J = 119 Hz, [CH,OL), 3.76 (d, 2 H, J = 11.9 Hz,
[CH;0,), 5.15 (m, 2 H, =CH,), 5.80 (m, 1 H, =CH-).

Anal. Caled. for C,H,,0,: C, 64.49; H, 9.74. Found: C, 64.17;
H, 9.60.

5-Allyl-2,2-dimethyl-5-fluoro-1,3-dioxane (10c).

In a similar manner, 2-allyl-2-flucropropane-1,3-diol (9¢) (14.0
-g) was converted to the 1,3-dioxane (8.02 g), bp 62°/5.5 mm, nz*
1.4300. The low yield was due to sudden onset of decomposition
on attempted distillation at atmospheric pressure. Rapid cooling,
neutralization with aqueous sedium bicarbonate extraction with
ether and chromatography over silica (hexane/20% ethyl acetate)
recovered about half the product which then was smoothly distill-
ed at reduced pressure; *H nmr (deuteriochloroform): 6 1.40 (s, 3
H, CH,), 1.45 (s, 3 H, CH,), 2.36 (m, 2 H, CH,), 3.79 (dd, 2 H, Jux
= 12.8 Hz, Jur = 23.2 Hz, [CH,O0},), 3.82 (dd, 2 H, Ju» = 12.8
Hz, Jur = 16.8 Hz, [CH0)), 5.19 (m, 2H, =CH,), 5.82 (m, 1 H,
=CH-).
Anal. Calced. for C,H,,FO,: C, 62.05; H, 8.68; F, 10.91. Found:
C, 62.06; H, 8.74; F, 11.10.

2,2-Dimethyl-5(2"-hydroxyethyi)}-1,3-dioxane (11a).

5-Allyl-2,2-dimethyl-1,3-dioxane (10a) (14.36 g, 91.9 mmoles)
was dissolved in acetonitrile (280 ml) and the solution was cooled
to —15° in a methanol/ice bath. A stream of oxygen/ozone from a
Welsbach T816 generator (approx. 0.7 mmole ozone/minute) was
bubbled through the solution vig a fine porosity gas inlet tube,
and the disappearance of starting material (R, 0.67) was
monitored by tlc (silica GF, hexane/25% ethyl acetate, ceric sul-
fate). Passage of ozone was stopped after 130 minutes. To the
solution of ozonide was now added an excess of 1.0 M lithium
aluminum hydride in THF (92 ml) at a rate not to exceed a reac-
tion temperature of 20°, with stirring and cooling in meth-
anolfice: time required was 15 minutes. After 10 minutes at
22° the reaction complex was decomposed by the dropwise addi-
tion of saturated aqueous sodium chloride (46 ml) with cooling
and very vigorous mechanical stirring. Magnesium sulfate (20 g)
was added and the mixture was filtered. The solids were washed
with ether (2 x 50 ml) and the combined organic solutions were
evaporated to a residue (tlc silica GF, ethyl acetate, ceric sulfate,
R, 0.50) which was distilled to give a colorless oil (10.47 g), bp
76°/0.1 mm, n,?° 1.4528; 'H nmr (deuteriochloroform): 6 1.42 (s,
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3H, CH,), 1.43 (s, 3 H, CH,), 1.53 (dt, 2 H, J = 6.5 and 6.5 Hz,
CH,), 1.94 (m, 1 H, CH), 2.33 (br s, 1 H, OH), 3.64 (dd, 2 H,J =
8.2 and 12.0 Hz, [CH,OL), 3.69 (t, 2 H, J = 6.5 Hz, CH,0), 3.93
(dd, 2 H, J = 4.5 and 12.0 Hz, [CH;0},).

Anal. Caled. for C,H,,0,: C, 59.97; H, 10.07. Found: C, 59.89;
H, 10.00. ' :

2,2-Dimethyl-542"-hydroxyethyl)-5-methoxy-1,3-dioxane (11b).

In a similar manner, 5-allyl-2,2-dimethyl-5-methoxy-1,3-dioxane
(10b) (8.87 g, 47.6 mmoles) was converted to 2,2-dimethyl-542"
hydroxyethyl)}-5-methoxy-1,3-dioxane. The crude product was
chromatographed over silica gel (ethyl acetate, 0-5% methanol,
with extensive tailing) to give single spot material (6.79 g) (tlc
silica GF, ethyl acetate, ceric sulfate R, 0.39) which was distilled
as a colorless oil (5.09 g) bp 84°/0.16 mm, ny®° 1.4554; ‘H nmr
(deuteriochloroform): 8 1.40 (s, 3 H, CH,), 1.44 (s, 3 H, CH;); 1.81
(t,2H,J = 6.1 Hz, CH,), 2.75 (br s, 1 H, OH), 3.38 (s, 3 H, OCH,),
375, 2 H,J = 124 Hz, [CH,0],), 3.77 (1, 2 H, J = 6.0 Hz,
OCH,), 3.88 (d, 2 H, J = 12.4 Hz, [CH;0},).

Anal. Caled. for C,H,,0,: C, 56.82; H, 9.54. Found: C, 56.72; H,
9.49.

2,2-Dimethyl-5-fluoro-542"-hydroxyethyl)1,3-dioxane (11c).

In a similar manner, 5-allyl-2,2-dimethyl-5-fluoro-1,3-dioxane
(10c) (7.92 g, 45.4 mmoles) was converted to 2,2-dimethyl-5-
fluoro-542"-hydroxyethyl}1,3-dioxane. The crude product was
chromatographed over silica gel (hexane/40-75% ethyl acetate,
with extensive tailing) to give single spot material (4.99 g) (tlc
silica GF, ethyl acetate, ceric sulfate R; 0.47) a portion of which
was distilled as a colorless oil, bp 85°/0.15 mm, n;* 1.4464,
which readily crystallized as needles, mp 47-52°. 'H nmr
(deuterium oxide): 8 1.43 (s, 3 H, CH,), 1.46 (s, 3 H, CH,), 1.86 (dt,
2 H, Juy = 6.0 Hz, Jur = 19.7 Hz, CH,), 3.86 (1, 2 H, J = 6.0 Hz,
OCH,); 3.88 (dd, 2 H, Juy = 12.5 Hz, Jur = 24.1 Hz, [CH,OL),
3.94 (dd, 2 H, Jux = 12.5 Hz, Jur = 16.6 Hz, [CH;0L); 'H nmr
(deuterium oxide): 8 1.45 (s, 3 H, CH,), 1.53 (s, 3 H, CH,), 1.83 (dt,
2 H, Jux = 6.6 Hz, Jur = 21.0 Hz, CH,), 3.76 (t, 2 H, J = 6.6 Hz,
OCH,), 3.94 (dd, 2 H, Juy = 13.3 Hz, Jur = 13.7 Hz, [CH,O0],),
4.12 (dd, 2 H, Juy = 13.3 Hz, Jur = 36.0 Hz, [CH,0L).

Anal. Caled. for CH,;FO,: C, 53.92; H, 8.48; F, 10.66. Found:
C, 53.72; H, 8.45; F, 10.93.

2,2-Dimethyl-5-hydroxy-542"-hydroxyethyl)-1,3-dioxane (11d).

Freshly cut, clean lithium (219 mg, 31.5 meq) in five equal
pieces was added to a magnetically stirred solution of 2,2-dimeth-
yl-5{2"-hydroxyethyl}-5-methoxy-1,3-dioxane (11b) (2.0 g, 10.5
mmoles) in anhydrous ethylamine (50 ml) at reflux (17°) under an
acetone/solid carbon dioxide condenser topped with a Drierite
exit tube. Blue coloration spread entirely through the solution in
35 minutes and had discharged completely in 1 hour, 30 minutes.
More lithium (146 mg, 21 meq) was added which permanently
restored the blue color. After 4 hours, 40 minutes, the color was
discharged by adding dropwise an excess of methanol (5 ml,
violent reaction) which formed a gelatinous mass from which
ethylamine was evaporated (water bath, 35°). The residue was
dried at 60°/0.5 mm to give a colorless powder, which was dissolv-
ed in water (20 ml) and titrated to pH 8.5 by adding aqueous 2N
hydrochloric acid. The solution was extracted with chloroform (4
x 20 ml). The combined extracts were dried (magnesium sulfate),
filtered and evaporated. The residue was distilled to give a color-
less viscous oil (728 mg), bp approximately 115°/0.18 mm, nj?*’
1.4644; 'H nmr (deuteriochloroform): 8 1.43 (s, 3 H, CH,), 1.45 (s,



Sept-Oct 1989

3 H,CH,),1.69 (t,2H,J = 59 Hz, CH,), 3.67(d, 2 H,J = 11.4
Hz, [CH,0),), 3.80 (d, 2 H, J = 11.4 Hz, [CH50L), 383(,2H,J
= 5.9 Hz, OCH,).

Anal. Caled. for C.H,0,: C, 54.53; H, 9.15. Found: C, 54.30; H,
9.14.

2,2-Dimethyl-542'"-p-toluenesulphonyloxyethyl)1,3-dioxane (12a).

A solution of 2,2-dimethyl-5{2"-hydroxyethyl)1,3-dioxane (1.27
g, 7.9 mmoles) (11a) in sieve-dried pyridine (6.5 ml) was cooled in
an ice bath, and with magnetic stirring, recrystallized p-toluene-
sulphonyl chloride (1.66 g, 8.7 mmoles) was added in portions in
3 minutes. After 10 more minutes, the ice bath was removed and
the reaction mixture was left at room temperature for 2 hours.
The mixture was then partitioned between ether (60 ml) and
water (20 ml). The organic phase was washed with fresh aqueous
5% sodium bicarbonate (10 ml), with water (10 ml), dried (mag-
nesium sulfate), filtered and evaporated to give a pale orange
viscous oil (2.31 g); tlc essentially a single spot (silica GF, hex-
ane/50% ethy! acetate, ceric sulfate, R, 0.55); ‘H nmr (deuterio-
chloroform) 6 1.37 (s, 3 H, CH,), 1.39 (s, 3 H, CH,), 1.73 (t, 2 H, J
= 6.0 Hz, CH,), 1.81 (m, 1 H, CH), 2.45 (s, 3 H, TsCH,), 3.53 (dd,
2 H,J = 66 and 11.9 Hz, [CH,0L), 3.86 (dd, 2 H, J = 3.8 and
11.9 Hz, [CH;0),), 4.08 (t, 2 H, J = 6.0 Hz, OCH,), 7.36 and 7.78
{(ABq, 4 H, J = 8.2 Hz, Ar). Material of this quality was used
directly in the next step.

2,2-Dimethyl-5-methoxy-542"-p-toluenesulphonyloxyethyl)-1,3-
dioxane (12b).

In a similar manner 2,2-dimethyl-542"-hydroxyethyl)}-5-meth-
oxy-1,3-dioxane (11b) (1.00 g, 5.3 mmoles) was converted to 2,2-
dimethyl-5-methoxy-5-(2'-p-toluenesulphonyloxyethyl)-1,3-di-
oxane. The crude product was shaken with petroleum
ether/ether, 1:1 (25+10 ml) decanting the clear supernatant
layers from traces of orange gum. The combined extracts were
evaporated to give a colorless, viscous oil (1.71 g); tic single spot
(silica GF, hexane/50% ethyl acetate, ceric sulfate, R, 0.59); 'H
nmr (deuteriochloroform): 5 1.36 (s, 3 H, CH,), 1.39 (s, 3 H, CH,),
1.93(t, 2 H,J = 6.9 Hz, CH,), 2.45 (s, 3 H, CH;, TsCH3), 3.25 (s, 3

H, OCH,), 3.63 (d, 2 H, J = 12.1 Hz, [CH,0],), 3.74 (d,2 H,J =~

12.1 Hz, [CHzO0},), 4.13 (t, 2 H, J = 6.9 Hz, OCH,), 7.36 and 7.80
(ABq, 4 H, J = 8.3 Hz, Ar).

2,2-Dimethyl-5-fluoro-5-(2'-p-toluenesulphonyloxyethyl)-1,3-di-
oxane (12¢).

In a similar manner, 2,2-dimethyl-5-fluoro-5{2"-hydroxyethyl)-
1,3-dioxane (11c) (2.0 g, 11.2 mmoles) was converted to 2,2-di-
methyl-5-fluoro-5{2'-p-toluenesulphonyloxyethyl}-1,3-dioxane as a
pale yellow viscous oil (3.92 g); tlc essentially a single spot (silica
GF, hexane/50% ethyl acetate, ceric sulfate, R, 0.59); 'H nmr
(deuteriochloroform): 8 1.40 (s, 3 H, CH;), 1.43 (s, 3 H, CH,), 1.97
(dt, 2 H, Juy = 6.2 Hz, Jur = 19.7 Hz, CH,), 2.46 (s, 3 H, TsCH,),
3.79(dd, 2 H, Jun = 13.0 Hz, Jur = 22.3 Hz,[CH,0],), 3.82 (dd, 2
H, Jux = 13.0 Hz, Jur = 19.8 Hz, [CH;0)), 4.19 (1, 2 H, J = 6.2
Hz, OCH,), 7.37 and 7.80 (ABq, 4 H, J = 8.2 Hz, Ar).

2,2-Dimethyl-5-hydroxy-5-(2-p-toluenesulphonyloxyethyl}1,3-di-
oxane (12d).

In a similar manner 2,2-dimethyl-5-hydroxy-542"-hydroxyethyl)-
1,3-dioxane (11d) (533 mg, 3.0 mmoles) was converted to 2,2-di-
methyl-5-hydroxy-5{2’-p-toluenesulphonyloxyethyl)-1,3-dioxane
as a pale orange viscous oil (969 mg); tlc essentially a single spot
(silica GF, hexane/50% ethyl acetate, ceric sulfate, R, 0.49); 'H
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nmr (deuteriochloroform): & 1.42 (s, 6 H, [CH;}), 1.73 (1,2 H,J =
6.2 Hz, CH,), 2.45 (s, 3 H, TsCH,), 3.25 (s, 1 H, OH), 3.52 (d, 2 H, J
= 11.9 Hz, [CH,0},), 3.81 (d, 2 H, J = 11.9 Hz, [CH;0],), 4.22 (1,
2 H,J = 6.2 Hz, OCH,), 7.36 and 7.79 (ABq, 4 H, 8.3 Hz, Ar).

2-Amino-6-benzyloxy-9{2'42,3-dimethyl-1 ,3-dioxan-5-yl)}-ethyl9H-
purine (14a) and 2-Amino-6-benzyloxy-7{2'{2,2-dimethyl-1,3-di-
oxan-5-ylethyl}-7H-purine (15a).

A 57% sodium hydride oil dispersion (0.51 g, 12.1 mmoles) was
added to a magnetically stirred solution of 2-amino-6-benzyloxy-
purine (13) (1.93 g, 8.0 mmoles) in sieve-dried DMF (25 ml) at 22°
under dry nitrogen. When effervescence ceased (20 minutes), a
solution of 2,2-dimethyl-542"-p-toluenesulphonyloxyethyl)-1,3-
dioxane (12a) (2.29 g, 7.3 mmoles) in sieve dried DMF (5 ml) was
added and stirring was continued overnight. The reaction mix-
ture was then partitioned between ethyl acetate (200 ml) and
water (50 ml). The organic layer was washed with more water (2 x
25 ml), dried (magnesium sulfate), filtered and evaporated at
60°/0.5 mm to give a sticky crystalline residue (2.24 g) which was
chromatographed in chloroform/methanol/water, 95:5:0.5, over a
4.2 x 36.5 column of silica gel (200 g), collecting 10 ml fractions
which were monitored by tlc (silica GF, chloroform/meth-
anol/water, 95:5:0.5, ceric sulfate. Fractions 52-86 were combin-
ed, evaporated, and the residue was recrystallized twice from
ethyl acetate to give colorless compact prisms of 14a (530 mg),
mp 157-163°, tlc single spot, R, 0.57. Repeated crystallization
raised the mp to 161-163°, but microanalyses were unsatisfac-
tory. A 30 mg aliquot was finally purified by reverse phase hplc
using a Whatman Partisil M20 10/50 ODS-3 column; aqueous
70% methanol, 10 ml/minute, UV monitor at A 254 nm. The
dominant peak at 31 minutes was collected and evaporated at
50°/0.5 mm to give a colorless solid (27 mg) which was crystalliz-
ed from ethyl acetate to give microprisms (24 mg), mp
163.5-165°; uv (methanol): A max 211 nm (e 27,700), 250 (8,400),
283 (10,000); 'H nmr (deuteriochloroform): 5 1.41 (s, 6 H, [CH,}L),
1.75 (m, 1 H, CH), 1.89 (dt, 2 H, J = 7.3 and 7.9 Hz, CH,), 3.65
(dd, 2 H, J = 7.3 and 11.9 Hz, [CH,0),), 3.93 (dd, 2 H, J = 4.1
and 11.9 Hz, CH;0,), 4.09 (1,2 H,J = 7.3 Hz, NCH,), 4.87 (br 5,2
H, NH,), 5.57 (s, 2 H, CH,0); 7.27-7.54 (m, 5 H, Ar), 7.59 5, | H,
Cq-H).

Anal. Caled. for C,H,N,0,;: C, 62.64; H, 6.57; N, 18.27.
Found: C, 62.62; H, 6.62; N, 17.98.

Column fractions 87-104 were combined and evaporated. The
residue was extracted with hot ethyl acetate (10 x 5 ml) and the in-
soluble fraction was-recrystallized from ethanol to give colorless
matted needles of 15a (284 mg), mp 234-237°; tlc single spot, R,
0.33; uv (methanol): A max 211 nm (e 28,200), 295 (7,100), *H nmr
(deuteriochloroform) § 1.34 (s, 3 H, CH,), 1.38 (s, 3 H, CH,), 1.65
(m, 1 H, CH), .77 (dt, 2 H, J = 7.8 Hz, CH,), 3.4 (dd, 2 H,J=
75 and 11.9 Hz, [CH,OL), 3.74 (dd, 2 H, J 4.2 and 11.9 Hz,
[CH;0Y), 4.16 (t, 2 H, J = 7.8 Hz, NCH,), 4.86 (br s, 2 H, NH,),
5.52 (s, 2 H, CH,0), 7.43 (m, 5 H, Ar), 7.75 (s, 1 H, C,-H).

Anal. Caled. for C,H,;NO;: C, 62.64; H, 6.57; N, 18.27.
Found: C, 62.58; H, 6.29; N, 18.42.

2-Amino-6-benzyloxy-9-[2'-(2,2-dimethyl-5'-methoxy-l,3-dioxan-5-
ylethyl}-9H-purine (14b) and 2-Amino-6-benzyloxy-7{2'{2,2-di-
methyl-5-methoxy-1,3-dioxan-5-ylethyl}- 7H-purine (15b).

In a similar manner, 2-amino-6-benzyloxypurine (13) (143 g,

5.9 mmoles) was alkylated with 2,2-dimethyl-5-methoxy-5{2"-p-
toluenesulphonyloxyethyl)1,3-dioxane (12b)(1.70 g, 4.9 mmoles).
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Chromatography and crystallization from ethyl acetate gave 14b
as colorless matted needles (748 mg), mp 174-175°; tle, single
spot R, 0.40 (silica GF, chloroform/methanol/water, 90:10:1, ceric
sulfate; uv (methanol): A max 210 nm (¢ 27,000), 249 (8,880), 283
(10,600); 'H nmr (deuteriochloroform): 6 1.40 (s, 3 H, CH,); 1.44
(s, 3 H, CH;), 2.12 (m, 2 H, CH,), 3.36 (s, 3 H, OCH;), 3.70 (d, 2 H,
J = 12.1 He, [CH,O),), 3.82 (d, 2 H, J = 12.1 Hz, [CH;0),), 4.12
(m, 2 H, NCH,), 4.86 (br s, 2 H, NH,), 5.57 (s, 2 H, OCH,),
7.32-7.54 (m, 5 H, Ar), 7.62 (s, 1 H, C¢-H).

Anal. Caled. for C,H,,N,O,: C, 61.00; H, 6.58; N, 16.94.
Found: C, 61.02; H, 6.51; N, 17.04.

Similarly, 15b was obtained as colorless compact prisms (357
mg) mp 147-149°; tlc, single spot R, 0.26; uv (methanol): X\ max
211 nm (e 29,500), 295 (7,000); 'H nmr (deuteriochloroform): 6
1.29 (s, 3 H, CH,), 1.39 (s, 3 H, CH3), 1.99 (m, 2 H, CH,), 3.12 (s, 3
H, OCH,), 3.50(d, 2 H, J = 12.2 Hz,[CH,0},), 3.68(d, 2 H, J =
12.2 Hz, [CH0,), 4.20 (m, 2 H, NCH,), 4.92 (br s, 2 H, NH,), 5.53
(s, 2 H, OCH,), 7.27-7.50 (m, 5 H, Ar), 7.77 (s, 1 H, C¢-H).

Anal. Caled. for C,H,,N,O,: C, 61.00; H, 6.58; N, 16.94.
Found: C, 61.04; H, 6.59; N, 16.66.

2-Amino-6-benzyloxy-9-[2'{2,2-dimethyl-5-fluoro-1,3-dioxan-5-yl)-
ethyl]-9H-purine (14¢) and 2-Amino-6-benzyloxy-7-[2'(2,2-dimeth-
yl-5-fluoro-1,3-dioxan-5-yl)ethyl}-7H-purine (15¢).

In a similar manner, 2-amino-6-benzyloxypurine (13) (3.25 g,
13.5 mmoles) was alkylated with 2,2-dimethyl-5-fluoro-542-p-
“toluenesulphonyloxyethyl)-1,3-dioxane (12¢) (8.73 g, 11.2
mmoles). In this case, the original aqueous washings were back
extracted with ethyl acetate which recovered approximately 20%
of the calculated weight. Chromatography and crystallization
from ethyl acetate/trace dichloromethane gave colorless prisms
of 14¢ (1.69 g), mp 186-188°; tlc single spot, R, 0.53 (silica GF,
chloroform/methanol/water, 90:10:1, ceric sulfate; uv (methanol):
N max 212 nm (e 29,600), 249 (8,400), 284 (9,800); 'H nmr
(deuteriochloroform): 6 1.40 (s, 3 H, CH;), 1.45 (s, 3 H, CH,), 2.19
(dm, 2 H, Jur = 19.8 Hz, CH,), 3.80 (dd, 2 H, Juy = 12.6 Hz, Jur
= 24.3 Hz, [CH,OL), 3.86 (dd, 2 H, Juy = 12.6 Hz, Jur = 14.6
Hz, [CH;0].), 4.22 (m, 2 H, NCH,), 4.87 (s, 2 H, NH,), 5.57 (s, 2 H,
OCH,), 7.30-7.53 (m, 5 H, Ar), 7.61 (s, 1 H, Cs-H).
Anal. Caled. for C,H,,FN,O,: C, 59.84; H, 6.03; F, 4.73; N,
17.45. Found: C, 59.86; H, 6.02; F, 4.93; N, 17.48.

Similarly 15¢ was obtained as colorless, matted needles (945
mg), mp 237-239°; tlc single spot, R, 0.33; uv (methanol): A max
211 nm (e 30,600), 295 (6,500); 'H nmr (deuteriochloroform): &
1.27 (s, 3 H, CH,), 1.41 (s, 3 H, CH,), 2.04 (dm, 2 H, Jur = 19.0
Hz, CH,), 3.51 (dd, 2 H, Juy = 12.8 Hz, Jur = 25.7 Hz, [CH,0],),
3.69 (dd, 2 H, Juy = 12.8 Hz, J,;r = 13.3 Hz, [CH;0),), 4.29 (m, 2
H, NCH.,), 4.88 (s, 2 H, NH,), 5.53 (s, 2 H, OCH,), 7.38-7.50 (m, 5
H, Ar), 7.78 (s, 1 H, Cq-H).

Anal. Calcd. for C, H, FN,O,: C, 59.84; H, 6.03; F, 4.73; N,
17.45. Found: C, 60.02; H, 5.89; F, 5.03; N, 17.66.

2-Amino-6-benzyloxy-9{2'(2,2-dimethyl-5-hydroxy-1,3-dioxan-5-
ylethyl]9H purine (14d).

Similarly, 2-amino-6-benzyloxypurine (13) (803 mg, 3.3
mmoles) was alkylated with 2,2-dimethyl-5-hydroxy-542-p-toluene-
sulphonyloxyethyl}1,3-dioxane (12d) (1.0 g, 3.0 mmoles). The
crude product (783 mg) was purified by reverse phase hplc using
a Whatman Partisil M20 10/50 ODS-3 column; 60% aqueous
methanol: 10 ml/minute uv monitor at 260 nm. Five consecutive
injections of 150 mg in 2.0 mg of 60% aqueous methanol were
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made interspersed with column regeneration with 100% meth-
anol. The combined product fractions (49 minute peak) were
evaporated at 60°/0.5 mm and the residue was recrystallized
twice from ethanol to give colorless platelets of 14d (184 mg), mp
176-178°; tlc single spot R, 0.49 (silica GF, chloroform/meth-
anol/water, 90:10:1, ceric sulfate; X max 211 nm (¢ 30,500), 249
(8,900), 283 (10,600); 'H nmr (deuteriochloroform): § 1.42 (s, 3 H,
CH,), 1.44 (s, 3 H, CH,), 1.95 (1,2 H,J = 7.5 Hz, CH,), 3.54 (d, 2
H, J = 11.4 Hz, [CH,0),), 3.75 (d, 2 H, J = 11.4 Hz, [CH,0),),
3.76 (s, 1 H, OH), 4.24 (1,2 H, J = 7.5 Hz, NCH,), 4.87 (br s, 2 H,
NH,), 5.58 (s, 2 H, OCH,), 7.37-7.52 (m, 5 H, Ar), 7.63 (s, 1 H,
Cq-H).

Anal. Caled. for C,H,N,O, C, 60.13; H, 6.31; N, 17.53.
Found: C, 60.16; H, 6.34; N, 17.59.

2-Amino-1,9-dihydro-9-(4"-hydroxy-3'-hydroxymethyl)butyl-6-oxo-
6H-purine (5a).

2-Amino-6-benzyloxy-9{2'(2,2-dimethyl-1,3-dioxan-5-yl)ethyl]}-
9H-purine (14a) (443 mg, 1.16 mmoles) was dissolved in hot meth-
anol (9 ml) and treated with aqueous NV hydrochloric acid (2.31
ml). The clear solution was boiled on the steam bath for 10
minutes, removing most of the methanol. The cold solution was
filtered from traces of insolubles, and was then neutralized by
adding aqueous 2.5 N sodium hydroxide to pH 7.0. The resultant
precipitate was filtered off, washed with water (1 ml), with ethanol
(1 ml), dried at 23°/0.5 mm and obtained as a colorless crystalline
powder (232 mg), mp 270-276° dec. Recrystallization twice from
water gave 3a as colorless matted needles (156 mg), mp 272-275°
dec.

2-Amino-1,9-dihydro-9-(4"-hydroxy-3"-hydroxymethyl-3"-methoxy)-
butyl-6-0x0-6 H-purine (5hb).

Similarly, 2-amino-6-benzyloxy-9-2'<(2,2-dimethyl-5-methoxy-
1,3-dioxan-5-yl)ethyl]-9H-purine (14b) (600 mg, 1.45 mmoles) was
hydrolysed to Sb (397 mg), mp 278-283° dec. Recrystallization of
a portion (33 mg) twice from water gave colorless microprisms (31
mg) mp 282-284° dec; uv (aqueous 0.01N sodium hydroxide): A
max 213 nm (e 22,560) 255 (9,700), 268 (10,500); 'H nmr (deuter-
ium oxide): 6 2.06 (t, 2 H, J = 7.8 Hz, CH,), 3.25 (s, 3 H, OCH,),
3.63 (d, 2 H, J = 12.2 Hge, [CH,]O),), 3.68 (d, 2 H, J = 12.2 Hz,
[CH)O0).), 4.18 (1, 2 H, J = 7.8 Hz, NCH,), 7.85 (s, 1 H, Cg-H).

Anal. Caled. for C, H,,N;O, C, 46.63; H, 6.05; N, 24.72.
Found: C, 46.87; H, 6.22; N, 24.56.

2-Amino-1,9-dihydro-9+(3'-fluoro-4'-hydroxy-3"-hydroxymethyl)-
butyl-6-0x0-6 H-purine (5¢).

Similarly, 2-amino-6-benzyloxy-9{2'42,2-dimethyl-5-fluoro-1,3-
dioxan-5-yl)ethyl]9H-purine (14c) (1.38 g, 3.44 mmoles) was
hydrolysed to 3¢ (875 mg), mp 256-275° dec. All of it was crystal-
lized from water (45 ml) to give colorless matted needles (771 mg)
mp 274-277° dec; uv (aqueous 0.01V sodium hydroxide) A max
215 nm (e 19,400), 256 (10,600), 268 (11,200); 'H nmr (deuterium
oxide): 6 2.28 (dt, 2 H, Juy = 7.7 Hz, Jur = 19.3 Hz, CH,), 3.75(d,
4 H, Jur = 19.2 Hz, [CH,0],), 4.26 (t, 2 H, J = 7.7 Hz, NCH,),
7.85 (s, 1 H, Ce-H).

Anal. Caled. for C H, ,FN,O,: C, 44.28; H, 5.20; F, 7.00; N,
25.82. Found: C, 44.62; H, 5.17; F, 7.10; N, 25.69.

2-Amino-1,9-dihydro-9<3',4"-dihydroxy-3'-hydroxymethyl)butyl-6-
oxo0-6H-purine (5d).

Similarly, 2-amino-6-benzyloxy-9{2'-(2,2-dimethyl-5-hydroxy-
1,3-dioxan-5-yl)ethyl}9H-purine (14d) (170 mg, 0.43 mmole) was
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hydrolysed to 11d (108 mg) mp 270-282° dec. Recrystallization
twice from water gave colorless microcrystals (80 mg) mp
287-290° dec; uv (aqueous 0.01N sodium hydroxide): A max 212
nm (e 23,200), 255 (10,100), 268 (11,000); 'H nmr (deuterium ox-
ide): 6 2.06 (1, 2 H, J = 8 Hz, CH,), 3.58 (s, 4 H,[CH,0}),4.22 (1, 2
H, J = 8 Hz, NCH,), 7.85 (s, 1 H, Cq-H).

Anal. Caled. for C, H,,N,O, C, 44.60; H, 5.62; N, 26.01.
Found: C, 44.32; H, 5.57; N, 25.74.

2-Amino-1,7-dihydro-7-(4"-hydroxy-3'-hydroxymethyl)butyl-6-oxo-
6H-purine (16a).

Similarly, 2-amino-6-benzyloxy-7{2'{2,2-dimethyl-1,3-dioxan-5-
yl)ethyl}-7H-purine (15a) (280 mg, 0.73 mmole) was hydrolysed to
16a forming colorless microneedles (143 mg) mp 300-304° dec;
uv (aqueous 0.01N sodium hydroxide): A max 217 nm (e 19,000),
280 (6,800); 'H nmr (deuterium oxide): 6 1.65 (heptet, 1 H,J = 6
Hz, CH),1.90(dt,2 H,J = 6 and 7 Hz, CH,), 3.61 (d,4 H,J = 5.6
Hz, [CH,0),), 4.36 (t, 2 H, J = 7 Hz, NCH,), 7.99 (s, 1 H, Cs-H).

Anal. Caled. for C,H N0, C, 47.43; H, 597; N, 27.65.
Found: C, 47.57; H, 6.06; N, 27.40.

2-Amino-1,7-dihydro-7-(4"-hydroxy-3'-hydroxymethyl-3'-methoxy)-
butyl-6-0x0-6H-purine (16b).

Similarly, 2-amino-6-benzyloxy-7{2'(2,2-dimethyl-5-methoxy-
1,3-dioxan-5-yl)ethyl}-7H-purine (15b) (257 mg, 0.62 mmole) was
hydrolysed to 16b (158 mg) mp 294-306° dec. Recrystallization of
a portion (30 mg) from water gave colorless microprisms (25 mg)
mp 305-308° dec; uv (aqueous 0.01N sodium hydroxide): X max
214 nm (e 22,400), 280 (7,000); 'H nmr (deuterium oxide): 6 2.10
(t,2H,J = 79 Hz, CH,), 3.28 (s, 3 H, OCH,), 3.62(d, 2 H,J =
12.3 Hz, [CH,O}L), 3.68 (d, 2 H, J = 12.3 Hz, [CH;0},), 4.37 (t, 2
H, J = 7.9 Hz, NCH,), 8.00 (s, 1 H, C¢-H).

Anal. Caled. for C,\H,;N,0,: C, 46.63; H, 6.05; N, 24.72. Found:
C, 46.72; H, 5.89; N, 24.62.

2-Amino-1,7-dihydro-7-(3'-fluoro-4"-hydroxy-3"-hydroxymethyl)-
butyl-6-0x0-6H-purine (16c).

Similarly, 2-amino-6-benzyloxy-7{2'(2,2-dimethyl-5-fluoro-1,3-
dioxan-5-yl)ethyl}-7H-purine (15¢) (830 mg, 2.1 mmoles) was
hydrolysed to 16¢ (533 mg) mp 273-278°. Recrystallization from
water gave colorless microprisms (448 mg) mp 286-289° dec; uv
(aqueous 0.01 N sodium hydroxide): A max 213 nm (¢ 24,200), 280
(7,300); 'H nmr (deuterium oxide): & 2.32 (dt, 2 H, Jux = 7.6 Hz,
Jur = 19.0 Hz, CH,), 3.74 (d, 4 H, Jur = 19.6 Hz, [CH,0],), 4.46
(t,2 H, J = 7.6 NCH,), 8.01 (s, 1 H, C,-H).

Anal. Caled. for C,,H,,FN,O,: C, 44.28; H, 5.20; F, 7.00; N,
25.82. Found: C, 44.72; H, 5.23; F, 6.98; N, 25.83.

cisltrans-5-Allyl-2-chloro-1,3,2-dioxaphosphorinane (17).

2-Allyipropane-1,3-diol (4a) (20.0 g, 0.17 mole) and sieve-dried
triethylamine (34.84 g, 0.34 mole) were mixed, then ether was
added to a solution volume of 100 ml Freshly distilled
phosphorus trichloride (23.65 g , 0.17 mole) was similarly dissolv-
ed in ether to a volume of 100 ml. The two solutions were added
simultaneously, at the same rate, to more ether (400 ml) with
vigorous mechanical stirring at 0° (ice bath) under dry nitrogen.
Time of addition was 1 hour, with the mixture becoming a thick
slurry of triethylamine hydrochloride. After 30 more minutes of
stirring at 0°, the mixture was filtered; the precipitate was wash-
ed with ether and the combined filtrates were evaporated to give
a colorless oil (31.88 g). Distillation gave 18.72 g, bp 53-61°/0.50
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mm. Re-distillation through a short column gave 16.14 g, bp
42-44°/0.15 mm, ny?° 1.4892; 'H nmr (deuteriochloroform): ap-
proximately 2.9:1 cis:trans mixture; cis 6 1.92 (m, 2 H, -CH,-),
2.45 (m, 1 H, -CH), 4.00 (m, 2 H, [OCH,}), 4.25 (m, 2 H, [OCH;}L),
5.14 (m, 2 H, CH,=), 5.72 (m, 1 H, =CH-); ¢trans 6 1.77 (m, 1 H,
-CH), 2.56 (m, 2 H, -CH,), 3.90 (m, 2 H, [OCH,],), 4.78 (m, 2 H,
[OCHg}L), 5.14 (m, 2 H, CH,=), 5.72 (m, 1 H, =CH-).

Anal. Caled. for C,H,,CIO,P: C, 39.90; H, 5.58; Cl, 19.64.
Found: C, 39.95; H, 5.55; Cl, 19.24.

cis/trans-5-Allyl-2-benzyloxy-1,3,2-dioxaphosphorinane (18).

A solution of 5-allyl-2-chloro-1,3,2-dioxaphosphorinane (17)
(10.00 g, 55.4 mmoles) in anhydrous ether (50 ml) was added
dropwise in 10 minutes to a magnetically stirred solution of ben-
zyl alcohol (6.28 g, 58.1 mmoles) and sieve-dried triethylamine
(5.60 g, 55.4 mmoles) in anhydrous ether (200 ml) at 0° (ice bath)
under dry nitrogen. The ice bath was removed and stirring con-
tinued for 30 minutes. Precipitated triethylamine hydrochloride
was filtered off and washed with anhydrous ether (2 x 100 ml).
The ethereal filtrates were combined and evaporated to give 18
as a colorless oil (14.50 g); ‘H nmr (deuteriochloroform): approx-
imately 1:3.3 cis:trans mixture; cis 6 1.80 (m, 2 H, -CH,-), 2.35
(m, 1 H, -CH), 3.76 (m, 2 H, [OCH,},), 4.04 (m, 2 H, [OCH,),), 4.85
(d, 2 H,J = 9 Hz, OCH,Ph), 5.08 (m, 2 H, CH,=), 5.71 (m, 1 H,
=CH-), 7.39 (m, 5 H, Ph); trans 6 1.62 (m, 1 H, -CH), 2.54 (m, 2
H, -CH,-), 3.63 (m, 2 H, [0CH,},), 4.55 (m, 2 H, [0CH,],), 4.88 (d,
2 H, J = 9 Hz, OCH,Ph), 5.08 (m, 2 H, CH,=), 5.71 (m, 1 H,
=CH-), 7.39 (m, 5 H, Ph). This product, particularly the trans
component, tended to decompose on chromatography over silica
gel and was accordingly used directly in the next stage.

cis/trans-2-Benzyloxy-52'-hydroxyethyl}1,3,2-dioxa-2-oxophos-
phorinane (19).

Cis/trans-5-allyl-2-benzyloxy-1,3,2-dioxaphosphorinane (18) (14.50
g) was dissolved in acetonitrile (280 ml) and the solution was cool-
ed to 0° in an ice bath. A stream of oxygen/ozone from a
Welsbach T816 generator (approximately 0.7 mmole ozonel-
minute) was bubbled through the solution via a fine porosity gas
inlet tube. After 2 hours 35 minutes, wet starch/potassium iodide
paper gave a strong reaction for ozone in the effluent gas. The
system was degassed with nitrogen for 10 minutes, then an excess
of dimethyl sulfide (8.2 ml) was added and the solution was allow-
ed to warm to room temperature for 30 minutes. Sodium borohy-
dride (2.10 g) was added in portions in 2 minutes to the magnetic-
ally stirred solution at 23°, and stirring was continued for 30
minutes. The mixture was cooled to 0° and was treated rapidly
dropwise with a saturated solution of sodium chloride in aqueous
N hydrochloric acid (50 ml) with vigorous stirring. The organic
supernatant was separated and the aqueous phase (pH 5) was ex-
tracted with ether (3 x 50 ml). The ether and acetonitrile solutions
were combined, dried (magnesium sulfate), and evaporated at
60°/1 mm to give a viscous oil (19 g) which was chromatographed
over silica gel (380 g) in ethyl acetate/0-5% methanol. The eluate
was monitored by tic (silica GF, chloroform/methanol/water,
90:10:1, ceric sulfate, and appropriate fractions (R, 0.39) were
combined and evaporated to give a viscous oil, (19) (7.00 g); 'H
nmr (deuteriochloroform): approximately 1:2.7 cis/trans mixture;
cis 6 1.34 (dt, 2 H, J = 6 and 6 Hz, CH,), 2.53 (m, 1 H, -CH), 3.63
(t, 2 H,J = 6 Hz, OCH,), 3.98 (dd, 2 H, / = 11 and 11 Hz,
[OCH,),), 4.38 (m, 2 H, [OCHgL), 5.10 (d, 2 H, J = 8 Hz,
OCH,Ph), 7.41 (m, 5 H, Ph); trans 6 1.86 (dt,2 H, J/ = 6 and 6 Hz,
CH,), 2.06 (m, 1 H, -CH), 3.71 (t,2 H, J = 6 Hz, OCH,), 4.24 (ddd,
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2H,J = 35,11.5, and 18.5 Hz, [OCH,.].), 4.38 (m, 2 H, [0CH;},),
5.10 (d, 2 H, J = 8 Hz, OCH,Ph), 741 (m, 5 H, Ph).

Anal. Calced. for C,,H,,0,P: C, 52.94; H, 6.29. Found: C, 52.59;
H, 6.44.

Chromatography (silica gel, 30:1) using ethyl acetate alone
gave a long tailing chromatogram with pure trans 19 in the later
fractions.

trans-Diaxial-2-benzyloxy-5-(2'-p-toluenesulphonyloxyethyl)-
1,3,2-dioxa-2-oxophosphorinane (20).

Recrystallized p-toluenesulphonyl chloride (5.03 g, 26.3
mmoles) was dissolved in a solution of cis/trans-2-benzyloxy-5-
(2"-hydroxyethyl)1,3,2-dioxa-2-oxophosphorinane (19) (6.00 g,
22.0 mmoles) in sieve-dried pyridine (24 ml) at 0°. p-Dimethyl-
aminopyridine (DMAP) (2.69 g, 22.0 mmoles) was also dissolved
in the reaction solution which was left at 0° for 2 hours.
DMAP.HCI was then filtered off and the solution was evaporated
at 50°/1 mm to remove most of the pyridine. The residue was dis-
solved in ethyl acetate (100 ml) and was washed in sequence with
20 ml portions of water, aqueous N hydrochloric acid, and fresh
aqueous 5% sodium bicarbonate. The solution was dried over
magnesium sulfate, filtered and evaporated at 50°/1 mm to give a
viscous oil (6.13 g). Trituration with ethanol induced crystalliza-
tion. The solids were filtered off, washed with ethanol (2 x 4 ml),
dried at 22°/1 mm and trans diaxial 20 was obtained as a color-
less powder (1.77 g), mp 114-120°. Evaporation of the filtrates
gave a viscous oil (4.48 g) which was chromatographed in ethyl
acetate over silica gel. The eluate was monitored by tlc (silica GF,
ethyl acetate cerous sulfate) and appropriate fractions (R, 0.63)
were combined and evaporated to give cis/trans 20 (approximate-
ly 4:3) as a viscous oil (1.23 g). A portion (270 mg) of trans diaxial
20 was recrystallized twice from ethanol to give matted needles
(217 mg), mp 118-121° with recrystallization and remelting at
126-128°; 'H nmr (deuteriochloroform): 6 2.03 (t, 2 H, J = 5 Hz,
CH,), 2.06 (m, 1 H, -CH), 2.47 (s, 3 H, CH,), 4.12(dd, 2 H, Jux =
11 Hz, Jyp = 21 Hz, [OCH,LL), 4.14 (t, 2 H, J = 5 Hz, CH,0Ts),
4.36 (dd, 2 H, Juy = 11 Hz, Jup = 3 Hz,[OCHgL), 5.11(d, 2 H, J
= 8 Hz, POCH,Ph), 7.37 and 7.78 (ABq, 4 H, J = 8 Hz, Ts), 7.41
(m, 5 H, Ph).

Anal. Caled. for C,,H,,0,PS: C, 53.51; H, 5.44. Found: C,
53.32; H, 5.34.

Assignments for cis 20 were made differentially with the
cisltrans mixture: 6 1.52 (dt, 2 H, /] = 6 and 6 Hz, CH,), 2.15 (m, 1
H, -CH), 2.47 (s, 3 H, CH,), 3.92 (m, 2 H,[OCH,),), 404 (1,2 H, J
= 6 Hz, CH,0Ts), 4.28 (m, 2 H, [OCH;},), 5.11 (d, 2 H, J = 8 Hg,
OCH,Ph), 7.37 and 7.78 (ABq, 4 H, J = 8 Hz, Ts), 7.41 (m, 5 H,
Ph).

trans-5{2'<(2-Amino-6-benzyloxy-9H-purin-9-yl)ethyl}-2-benzyloxy-
1,3,2-dioxa-2-oxophosphorinane (21) and trans-5-[2'{2-Amino-6-
benzyloxy-7H-purin-7-yl)ethyl}-2-benzyloxy-1,3,2-dioxa-2-oxophos-
phorinane (22).

In a manner analogous to the preparation of 14a and 13a, 2-
amino-6-benzyloxypurine (13) (0.848 g, 3.5 mmoles) was alkylated
with ¢trans-2-benzyloxy-5-(2'-p-toluenesulphonyloxyethyl)-1,3,2-
dioxa-2-oxophosphorinane (20) (1.5 g, 3.5 mmoles). Reaction time
was cut to 2 hours 30 minutes and the usual work up gave the
crude product as a gum (1.292 g) which was chromatographed in
chloroform/0-10% methanol over a 2.5 x 24.7 cm column of silica
gel (52 g). The eluate was monitored by tle (silica GF, chloro-
form/methanol/water, 80:20:2, ceric sulfate). Appropriate frac-
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tions were combined, evaporated, and the residue was crystalliz-
ed from ethanol to give 21 as colorless prisms (511 mg), mp
161-165°; tlc single spot R, 0.63; 50 mg was recrystallized to give
43 mg, mp 162-165°; uv (methanol): A max 210 nm (e 36,000), 248
(9,100), 284 (10,700); *H nmr (deuteriochloroform): 6 1.57 (m, 1 H,
-CH), 2.20(dt,2 H,J = 6.8 and 6.8 Hz, CH,), 4.15(t,2H,/ = 6.8
Hz, NCH,), 4.22-4.34 (m, 4 H, [OCH,}), 4.99 (s, 2 H, NH,), 5.33 (d,
2 H,J = 8.2 Hz, POCH,Ph), 5.54 (s, 2 H, OCH,Ph), 7.28-7.51 (m,
10 H, Phy), 7.59 (s, 1 H, Cs-H); high resolution ms: m/e 495.1663
(M* Calcd. 495.1672).

Anal. Caled. for C,H,N.O.P: C, 58.18; H, 5.29; N, 14.54.
Found: C, 58.08; H, 5.31; N, 14.26.

More polar column fractions gave colorless microprisms of 22
(112 mg), mp 73-78°; tlc single spot R, 0.54, which were recrystal-
lized from ethanol to give 94 mg, mp 75-78° with recrystallization
and remelting 110-116°; uv (methanol): A max 212 nm (e 33,600),
295 (6,700); 'H nmr (deuteriochloroform): § 1.45 (m, 1 H, -CH),
2.08 (dt, 2 H, J = 7.2 and 7.2 Hz, CH,), 3.92 (ddd, 2 H, Juy =
11.5 and 1 Hz, J4» = 20 Hz, [0CH,),), 4.15 (m, 2 H, Jus = 11.5
and <1 Hz, Jy» = 4 Hz, [OCHz).), 4.20 (t, 2 H, J = 7.2 Hz,
NCH,), 5.08(d, 2 H, J = 8 Hz, POCH,Ph), 5.26 (s, 2 H, NH,), 5.47
(s, 2 H, OCH,Ph), 7.34-7.43 (m, 10 H, Ph,), 7.77 (s, 1 H, Cs-H);
high resolution ms: m/e 495.1663 (M* Calcd. 495.1672) and
585.2154 (C,,H,,N,O,P Calcd. 585.2141).

Anal. Caled. for C,,H, N,O,P: C, 58.18; H, 5.29; N, 14.54.
Found: C, 58.38; H, 5.40; N, 14.29.

5-2'{2-Amino-1,9-dihydro-6-oxo-6 H-purin-9-yl)ethyl}-1,3,2-dioxa-
2-oxophosphorinane Sodium Salt (23).

Twenty percent palladous hydroxide on carbon catalyst (100
mg) was added to a solution of 5{2'{2-amino-6-benzyloxy-9H-
purin-9-yl)ethyl]-2-benzyloxy-1,3,2-dioxa-2-oxophosphorinane
(trans 21) (460 mg) in methanol (30 ml), and the mixture was
hydrogenated at 23° and atmospheric pressure for 3 hours. In-
soluble product and catalyst was filtered on to a pad of Fisher
Celite analytical filter aid, which was washed with more methanol
(3 x 5 ml). The product was extracted with fresh aqueous 3%
sodium bicarbonate (2 x 5 ml) and water (2 x 5 ml). The clear
aqueous filtrate was evaporated at 40°/0.5 mm to 5.0 ml and
repetitive 1.0 ml injections were made on a Whatman Partisil
M20 10/50 ODS-3 reverse phase column using aqueous 1% tetra-
hydrofuran as mobile phase at 10 ml/minute. The eluate was
monitored off-peak at 295 nm and the product was collected as a
dominant peak at approximately 15 to 17 minutes. The combined
product fractions were lyophilised to give 19 as a colorless pow-
der (265 mg); uv (aqueous 0.01N sodium hydroxide): N max 211
nm (e 23,900), 255 (9,900), 268 (10,700); 'H nmr (deuterium
oxide): 8 1.95 (m, 1 H, -CH), 1.95 (t, 2 H, J = 6 Hz, CH,), 4.09
(ddd, 2 H,J = 5,11.5 and 11.5 Hz, [OCH,},), 4.17 (1,2 H,J = 6
Hz, NCH,), 4.33 (ddd, 2 H, J = 2, 11.7 and 11.7 Hz, [OCH;],),
7.97 (broad s, 1 H, C,-H).

Anal. Calcd. for C, H,,N;0,PNa-0.4 H,0: C, 34.87; H, 4.04; N,
20.34. Found: C, 35.09; H, 4.26; N, 20.45.
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