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Racemic 2'-aminomethyl-5-benzyl-acyclouridine (AM-BAU, 5) and 2-aminomethyl-5-benzyloxybenzyla-
cyclouridine (AM-BBAU, 6) have been found to be very active inhibitors of uridine phosphoryiase [1]. Their
enantiomers were synthesized from chiral 2,2-dimethyl-1,3-dioxolane-4-methanol (7a,b). S{—)}AM-BAU (5a)
and S{—)}AM-BBAU (6a) were prepared from the R{—) isomer 7a, and R{+)}AM-BAU (5b) and R{+)AM-
BBAU (6b) from the S{+) isomer 7b. A different route from the S{+) isomer 7b to S{—)}AM-BBAU (6a) was

also determined to be feasible.

J. Heterocyclic Chem., 25, 1587 (1988).

Uridine phosphorylase is an important enzyme in the
pyrimidine salvage pathway of natural nucleotide synthe-
sis. Inhibition of uridine phosphorylase should affect cell
replication. Since by the phosphorolytic cleavage action of
this enzyme the currently useful drug 5-fluoro-2'-deoxyuri-
dine (FdUrd) would be converted into the more toxic and
less effective 5-fluorouracil, it would be expected that in-
hibitors of uridine phosphorylase would potentiate the ac-
tion of FdUrd.

5-Benzylacyclouridine (BAU, 1) and 5-benzyloxybenzyl-
acyclouridine (BBAU, 2), first synthesized in this labora-
tory, were found to be potent inhibitors of this enzyme [2].
Their structures are shown in Scheme I. M. Chu has found
that the benzylacyclouridines BAU and BBAU substanti-
ally potentiate the effect of FdUrd upon the growth of the
pancreatic carcinoma DAN and human lung carcinoma
LX-1 cell lines in vitro and in vivo [3]. By adding a hy-
droxymethyl group to the acyclo moiety, the compounds
2"-hydroxymethyl-5-benzylacyclouridine, (HM-BAU, 3) and
2"-hydroxymethyl-5-benzyloxybenzylacyclouridine, (HM-
BBAU, 4) were obtained which showed increased inhibi-
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tory activity towards uridine phosphorylase [4]. The corre-
sponding aminomethyl analogs, 2'-aminomethyl-5-benzyl-
acyclouridine (AM-BAU, 3) and 2'-aminomethyl-5-benzyl-
oxybenzylacyclouridine (AM-BBAU, 6) were also found to
be more active inhibitors than the BAU and BBAU parent
compounds [1].

In this paper we wish to report the synthesis of the enan-
tiomers of AM-BAU and AM-BBAU from chiral starting
materials. The chiral starting compounds were commer-
cially available enantiomers of 2,2'-dimethyl-1,3-dioxo-
lane-4-methanol. The R{—) isomer 7a was benzylated and
then hydrolyzed with dilute acetic acid to give chiral ben-
zyl 2,3-dihydroxy propyl ether (Scheme II). On selective
esterification with 1 equivalent of p-toluenesulfonyl chlo-
ride in pyridine, the 3-mono-p-toluenesulfonate 8a can be
obtained [5,6]. Replacement of the sulfonyloxy group by a
phthalimido group was then effected by treatment with
potassium phthalimide in dry DMF. The resulting S{—)-1-
benzyloxy-3-phthalimidopropanol (9a) was treated with
paraformaldehyde and dry hydrogen chloride to give the
optically active chloromethyl ether, acyclo reagent 10a.
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As shown in Scheme III, 10a was condensed with 2,4-
dimethoxy-5-benzylpyrimidine (11) in dry methylene chlo-
ride in the presence of potassium carbonate; to afford S-
(—)-5-benzyl-1-[(1'-phthalimidomethyl-2'-benzyloxyeth-
oxy)methyl]-2-0x0-4-methoxypyrimidine (12a). The
methoxy compound 12a was hydrolyzed with dilute hydro-
chloric acid to yield S{—)-5-benzyl-1{(1"-phthalimido-
methyl-2'-benzyloxyethoxy)methylJuracil (13a). The latter
was then deprotected with hydrazine to yield S-(—)-5-ben-
zyl-1{(1'-aminomethyl-2'-benzyloxyethoxy)methyljuracil
and subjected without isolation to catalytic hydrogenation
to yield the desired S{—)AM-BAU (3a).
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Scheme IV shows the condensation of the chiral chloro-
methyl ether 10a with 2,4-dimethoxy-5(3'-benzyloxyben-
zyl)pyrimidine (14) to give S{—)5+3"-benzyloxybenzyl)-1-
[(1'-phthalimidomethyl-2'-benzyloxyethoxy)methyl)-2-oxo-
4-methoxypyrimidine (15a). The latter was converted into
S-(—)-5<3"-hydroxybenzyl)-1-[(1’-phthalimidomethyl-2"-hy-
droxyethoxy)methyl]-2-oxo-4-methoxypyrimidine (16a) by
catalytic hydrogenolysis using 10% palladium-carbon as a
catalyst under 4 atmospheres pressure. The chiral pheno-
lic compound 16a was realkylated with benzyl bromide
and potassium carbonate in dry acetone to give 5(3"-ben-
zyloxybenzyl)-1-[1’-phthalimidomethyl-2'-hydroxyeth-
oxy)methyl]-2-oxo-4-methoxypyrimidine (17a). This was
hydrolyzed with dilute hydrochloric acid to give 543'-
benzyloxybenzyl)-1-[(1’-phthalimidomethyl-2’-hydroxy-
ethoxy)methylJuracil (18a). Deprotection of 18a with
hydrazine then yielded S-(—~)}AM-BBAU (6a). R{(+)AM-
BAU and R{+)-AM-BBAU could be prepared similarly
from S{+)-2,2'-dimethyl-1,3-dioxolane-4-methanol (7b).

A different route from S« + )-2,4-dimethyl-1,3-dioxolane-
4-methanol (7b) to S{—)AM-BBAU was also investigated,
as shown in Scheme V. The S{+) isomer 7b was reacted
with p-toluenesulfonyl chloride in pyridine [7] to give a
tosylate, and the tosyl group displaced by reaction with po-
tassium phthalimide. The phthalimido compound, 19, was
hydrolysed to the diol (20) with dilute acetic acid. Selective
benzoylation of diol 20 with benzoyl cyanide in dry aceto-
nitrile at —20° [8] gave the primary monobenzoate 21.
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Scheme V

The latter was reacted with paraformaldehyde and anhy-
drous hydrogen chloride to yield its 2-chloromethyl ether
22. Condensation of this acyclo reagent with 2,4-dimeth-
oxy-3-(3"-benzyloxybenzyl)pyrimidine (14) gave S-(—)-5(3"
benzyloxybenzyl)-1{1"-phthalimidomethyl-2'-benzoyloxy-
ethoxy)methyl}-2-oxo-4-methoxypyrimidine (23). This was
treated with sodium methoxide in methanol to give S{—)
5-(3'-benzyloxybenzyl)-1-[1'-phthalimidomethyl-2"-hydroxy-
ethoxy)methyl]-2-oxo-4-methoxypyrimidine, identical with
the compound 17a prepared from the R{—)-2,3-dimethyl-
1,3-dioxolane-4-methanol described above.

Preliminary biological data showed that R{+)AM-BAU
and R-(+)AM-BBAU were approximately twice as active
as inhibitors as the S{—)AM-BAU and S{—)-AM-BBAU
enantiomers [9). The conformation of the ethoxy portion
of the acyclo moiety appears to be significant but not
critical in the binding of inhibitor to the active site of
uridine phosphorylase.

EXPERIMENTAL

Melting points were determined on a Gallenkamp apparatus in open
capillary tubes and were not corrected. The 'H nmr spectra were obtain-
ed with a Bruker Model WM-400 instrument, using tetramethylsilane as
an internal standard. All samples were run in deuteriochloroform except
for compounds 5a and 5b, which were run in DMSO-ds. The uv spectra
were obtained on a Perkin-Elmer model 402 spectrophotometer, and op-
tical rotation on a Perkin-Elmer Model #241 automated polarimeter.

S{—)1-Benzyloxy-3-phthalimidopropanol (9a).

R-1-benzyloxy-3-p-toluenesulfonyloxypropanol (8a, 336 mg, 1 mmole),
prepared from R{-)2,2-dimethyl-1,3-dioxolane-4-methanol (Aldrich
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Chemical Co.; [a]3° —13.7°) by the procedure of Hirt [5] and Holy {6],
was dissolved in 2 ml of dry DMF to which 274.5 mg (1.5 mmoles) of po-
tassium phthalimide was added. The reaction mixture was stirred at 120°
under nitrogen for 30 minutes. DMF was removed under reduced pres-
sure and the residue chromatographed on a silica gel column with elu-
tion by methylene chloride:ether (10:1) to give 218 mg of 9a (70%), mp
74-75°; [a]3® — 18.31° (methylene chloride, 0.3); 'H nmr (deuteriochloro-
form): & 2.72 (d, 1H, OH), 3.50-3.61 (dd, 2H, CH,NPhth), 3.80-3.95 (dd,
2H, CH,-0Bzl), 4.08-4.14 (m, 1H, tert-H), 4.53-4.59 (dd, 2H, OCH,Ph),
7.32 (m, 5H, ArH of Bzl), 7.70-7.72 (dd, 2H, ArH of Phth), 7.82-7.85 (dd,
2H, ArH of Phth).

Anal. Caled. for C,,H,,NO,: C, 69.44; H, 5.51; N, 4.50. Found: C, 69.54;
H, 5.51; N, 4.32.

R{+)1-Benzyloxy-3-phthalimidopropanol-2 (9b).

This compound was prepared from S{+)-2,2-dimethyl-1,3-dioxolane-4-
methanol (Aldrich Chemical Co.; [a3® +15.2°) in 72% yield by the
method indicated above, mp 74-75% [ = +19.14° (methylene
chloride, 0.3).

Anal. Calced. for C,;H,,NO,: C, 69.44; H, 5.51; N, 4.50. Found: C, 69.80;
H, 5.66; N, 4.19.

5-(—)-5-Benzyl-1-[(1 .phthalimidomethyl-2'-benzyloxy)ethoxy]methyl-2-
oxo-4-methoxypyrimidine (12a).

A suspension of 1.8 g (5.8 mmoles) of 9a and 350 mg of paraformalde-
hyde in 18 ml of dry methylene chloride was cooled to 0°. Dry hydrogen
chloride was bubbled through the stirred suspension for 3 hours until
saturated. The mixture was allowed to stand in the refrigerator overnight
and then dried over anhydrous calcium chloride. It was filtered and the
solvent evaporated under reduced pressure. As in the preparation of the
racemic compound [1], the oily residue 10a was used directly to alkylate
the base. To a solution of 1.5 g of 2,4-dimethoxy-5-benzylpyrimidine 11
(2] and the chloromethylated product 10a prepared from 1.8 g of 9a in 18
ml of dry methylene chloride there was added 2.4 g of finely ground
anhydrous potassium carbonate. The mixture was stirred at room tem-
perature for 48 hours and filtered, washing the solid well with methylene
chloride. The combined filtrate and washings were evaporated to
dryness, and the residue subjected to chromatography on silica gel. Elu-
tion was with methylene chloride:ether (5:1) to give 2.43 g (78%) of 12a,
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mp 132:134%; [a]}® = —14.42° (methylene chloride, 0.3); 'H nmr (deu-
teriochloroform): 6 3.43 (dd, 2H, CH, at C,, ] = 15.6, 22.2 Hz), 3.53 (dd,
1H, CH;-N, J = 10.5, 6.2 Hz), 3.62 (dd, 1H, CH,-N, J = 10.5, 4.0 Hz),
3.79 (dd, 1H, OCH,-CH, J = 4.2, 14.3 Hz), 3.83 (s, 3H, OCH,), 3.86 (dd,
1H, OCH,-CH, J = 7.0, 14.3 Hz), 4.29 (m, 1H, tert-CH), 4.51 (dd, 2H,
OCH,Ph), 5.20(d, 1H, O-CH,-N,J = 10.5 Hz), 5.34 (d, 1H, O-CH,-N, ] =
10.5 Hz), 7.03-7.09 (m, 3H, o and p-H of C,-Buzl), 7.10 (s, 1H, C.-H),
7.20-7.32 (m, TH, ArH of Bzl and m-H of C,-Bzl), 7.72 (dd, 2H, m-H of
Phth, J = 3.1, 5.5 Hz), 7.78 (dd, 2H, o-H of Phth, J = 3.1, 5.5 Hz).

Anal. Calcd. for C,H, N,O,: C, 69.00; H, 542; N, 7.79. Found: C,
69.24; H, 5.60; N, 7.61.

R-(+)-5-Benzyl-1{(1'-phthalimidomethyl-2"-benzyloxyethoxy)methyl}-2-
oxo-4-methoxypyrimidine (12b).

Chloromethylation of 9b to the enantiomeric acyclo reagent 10b and
alkylation of 11 with 10b gave compound 12b in 75% yield by the
method indicated above for 12a; mp 131-132°; [aJ3* = + 15.26° (methyl-
ene chloride, 0.4); 'H nmr was identical to the spectrum of 12a.

Anal. Cacld. for C,H,,N,O,: C, 69.00; H, 5.42; N, 7.79. Found: C,
69.14; H, 5.28; N, 7.94.

§-(—)-5-Benzyl-1-[(1'-phthalimidomethyl-2'-benzyloxyethoxy)methyl]-
uracil (13a).

Hydrochloric acid (6/V, 5 ml) was added to a solution of 0.5 g of 12a in
75 ml of methanol. The reaction mixture was stirred at 40° for 8 hours.
Methanol and hydrochloric acid were removed under reduced pressure
and the residue recrystallized from methanol, to yield 0.4 g of 13a (82%),
mp 125-127°; 'H nmr (deuteriochloroform): 4 3.27 (d, 1H, CH, at Cs,J =
15.7 Hz), 3.43 (d, 1H, CH, at C,, ] = 15.7 Hz), 3.52 (dd, 1H, CH,NPhth, J
= 6.5, 10.5 Hz), 3.60 (dd, 1H, CH,NPhth, J = 3.7, 10.5 Hz), 3.70 (dd, 1H,
CH,-0OBzl,] = 4.1, 14.3 Hz), 3.85 (dd, 1H, CH,-OBzl, J] = 8.0, 14.3 Hz),
4.26 (m, 1H, tert-CH), 4.50 (d, 1H, OCH,Ph, J] = 4.0 Hz), 4.55 (d, 1H,
OCH,-Ph, ] = 4.0 Hz), 4.99 (d, 1H, OCH,-N, J = 10.8 Hz), 5.25 (d, 1H,
OCHxN,J = 10.8 Hz), 6.79 (1, 1H, Cs-H, J = 1.0 Hz), 7.10-7.45 (m, 10H,
ArH of Bzl), 7.73 (m, 2H, ArH of Phth), 7.80 (n, 2H, ArH of Phth), 8.07
(br 8, 1H, N,-H).

Anal. Calcd. for C,H,,N,O,: C, 68.56; H, 5.18; N, 8.00. Found: C,
68.28; H, 5.29; N, 8.19.

R{+)Benzyl-1{(1-phthalimidomethyl-2-benzyloxyethoxy)methyljuracil
(13b).

Compound 13b was prepared in a similar manner by the hydrolysis of
12b, in 80% yield, mp 125-127°. The 'H nmr spectrum was identical to
that of 13a.

Anal. Calcd. for C,,H,,N,0,: C, 68.56; H, 5.18; N, 8.00. Found: C,
68.63; H, 5.38; N, 8.18.

5{—)}5-Benzyl-1{(1-aminomethyl-2"-hydroxyethoxy)methyljuracil Hydro-
chloride (5a).

Deprotection of the amino-hydroxy enantiomer was as follows. To 1 g
of 13a, dissolved in 10 ml of methylene chloride, there was added 0.5 ml
of 98% hydrazine. The reaction mixture was stirred at room temperature
overnight and then filtered. The filtrate was evaporated to dryness. The
residue was redissolved in methylene chloride, re-evaporated to dryness
and further dried under vacuum to remove traces of hydrazine. The part-
ly deblocked, dried residue was then dissolved in 50 ml of methanol con-
taining 2 ml of concentrated hydrochloric acid, and hydrogenated under
3 atmospheres of hydrogen, using 10% palladium-carbon as the catalyst.
After hydrogenation was completed the reaction mixture was filtered and
evaporated to dryness under reduced pressure to give the desired pro-
duct, 5a. It was recrystallized from methanol to yield 0.31 g (48%), mp
215-217°%; [a]p? = —5.46° (methanol, 0.3); 'H nmr (DMSO0-d,): 6 2.83 (dd,
1H, CH,NH,*, J = 13.4, 6.5 Hz), 3.01 (dd, 1H, CH,NH,*, ] = 134, 3.5
Hz), 3.53 (s, 2H, CH, at C,), 3.82 (m, 1H, tert-H), 5.08 (br s, 1H, OH,
deuterium oxide-exchangeable), 5.18 (dd, 2H, OCH,-N, J = 17.2, 10.4
Hz), 7.16-7.30 (m, 6H, C¢-H and ArH of Bazl), 7.91 (br s, 3H, NH,*,
deuterium oxide-exchangeable), 11.40 (br s, 1H, N;-H, deuterium oxide-
exchange).
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Anal. Calcd. for C;H,,)N,0, 'HCL: C, 52.71; H, 5.86; N, 12.30. Found:
C, 52.46; H, 5.90; N, 12.20.

R-(+)-5-Benzyl-1-[(1'-aminomethyl-2"-hydroxyethoxy)methyl]uracil
Hydrochloride (3b).

This compound was prepared in 43% yield by the deprotection of 13b
in the same manner, mp 216-217°; [a]3® = +6.03° (methanol, 0.2). The
'H nmr spectrum was identical to the spectrum of 5a, including the deu-
terium oxide-labile peaks.

Anal. Caled. for C,(H ,0,N,*HCL C, 52.71; H, 5.86; N, 12.30. Found:
C, 52.84; H, 5.93; N, 12.10.

S-(—)-5-(3"-benzyloxybenzyl)-1-[(1"-phthalimidomethyl-2'-benzyloxy-
ethoxy)methyl}-2-oxo-4-methoxypyrimidine (15a).

A mixture of 1.85 g (5.5 mmoles) of 2,4-dimethoxy-5{3"-benzyloxybenz-
yDpyrimidine 14 [2], with the chloromethylated product 10a (prepared
from 1.56 g (5 mmoles) of S{—)}1-benzyloxy-3-phthalimido-2-propanol,
9a), and 2.07 g (15 mmoles) of finely ground anhydrous potassium car-
bonate in 15.6 ml of dry methylene chloride was stirred at room tempera-
ture for 48 hours. After filtering, the solution was evaporated to dryness
under reduced pressure. The residue was subjected to chromatography
on silica gel and eluted with methylene chloride to give 2.48 g of 15a
(75%), mp 129-130°; tlc, R, = 0.51 (silica gel, methylene chloride:ether:-
methanol, 75:25:5); [a]}* = —15.5° (methylene chloride, 0.1); 'H nmr
(deuteriochloroform): & 3.39 (dd, 2H, CH, at Cs, J = 23.2, 15.7 Hz), 3.53
(dd, 1H, CH,NPhth, J] = 10.5, 6.1 Hz), 3.61 (dd, 1H, CH,NPhth, ] =
10.5,]J = 3.9 Hz), 3.78 (dd, 1H, CH,-0Bzl], J = 14.3, 4.3 Hz), 3.81 (s, 3H,
OCH,), 3.85 (dd, 1H, CH,8-0Bz}, ] = 14.3, 6.9 Hz), 4.29 (m, 1H, tert-H),
4.50 (dd, 2H, OCH,Ph), 5.05 (s, 2H, CH, of terminal Bzl), 5.19 (d, 1H,
O0-CH;-N,J = 10.5 Hz), 5.34 (d, 1H, O-CH,-N, ] = 10.5 Hz), 6.61-6.75 (m,
2H, o-H of inner Bzl), 6.82-6.86 (dd, 1H, p-H of inner Bzl), 7.09 (s, 1H,
Ce-H), 7.20 (t, 1H, m-H of inner Bazl), 7.28-7.43 (m, 10H, ArH), 7.67 (dd,
2H, ArH of Phth, J = 5.5, 3.1 Hz), 7.77 (dd, 2H, ArH of Phth, ] = 5.5, 3.1
Hz).

Anal. Caled. for C,,H,N,O,: C, 70.68; H, 5.47; N, 6.51. Found: C,
70.44; H, 5.55; N, 6.80.

R-(+)-5+(3"-Benzyloxybenzyl)}-1{(1'-phthalimidomethyl-2"-benzyloxyeth-
oxy)methyl}-2-0xo-4-methoxypyrimidine (15b).

This compound was prepared by the condensation of 10b with 5-
benzyloxybenzyl-2,4-dimethoxypyrimidine (14) in 72% yield, by the
method indicated above; F; = 0.51 (silica gel, methylene chloride:ether:-
methanol, 70:25:5), mp 128-129°; [a]3? = +16.4° (methylene chloride,
0.4). The 'H nmr spectrum was identical to that of 15a.

Anal. Caled. for C,,H,N,0,: C, 70.68; H, 5.47; N, 6.51. Found: C,
70.81; H, 5.75; N, 6.67.

§4(—)-5<3"-Hydroxybenzyl}-1{1"-phthalimidomethyl-2"-hydroxyethoxy)-
methyl}-2-0x0-4-methoxypyrimidine (16a).

To a solution of 2.4 g of 15a in a mixture of 40 ml of methanol and 30
ml of methylene chloride there was added 2 g of 10% palladium on car-
bon and 0.2 ml of 6NV hydrochloric acid, and the mixture hydrogenated at
3 atmospheres pressure. The reaction was complete in 30 minutes. The
reaction mixture was neutralized with aqueous sodium bicarbonate and
filtered. The filtrate was evaporated to dryness under reduced pressure,
to give white crystals, mp 118-120° after recrystallization from methanol;
tle, R, = 0.06 (silica gel; methylene chloride:ether:methanol = 75:25:5);
[a]t” = —15.0° (methanol, 0.1); 'H nmr (deuteriochloroform): & 3.44 (br
s, 1H, aliph OH), 3.52 (d, 2H, CH, at Cs, ] = 24.5 Hz), 3.61 (dd, 1H,
CH;NPhth, ] = 12.2, 5.4 Hz), 3.75(dd, 1H, CH,NPhth, ] = 12.2, 4.3 Hz),
3.81 (s, 3H, OCH,), 3.88 (m, 2H, CH,-OH), 4.09 (m, 1H, ters-H), 5..34 (dd,
2H, 0-CH,-N, J = 13.0, 10.1 Hz), 6.64-6.78 (m, 3H, 0 and p-H of HO-Bzl),
7.02 (br s, 1H, Ar-OH), 7.17 (t, 1H, m-H of HO-Bzl), 7.25 (s, 1H, Cs-H),
7.71 (dd, 2H, ArH of Phth,J = 5.5, 3.1 Hz), 7.82 (dd, 2H, ArH of Phth, J
= §.5, 3.1 Hz).

Anal. Caled. for C,,H,,N,0,CH,0H0.5H,0: C, 59.28; H, 5.53; N,
8.30. Found: C, 59.29; H, 5.43; N, 8.16.
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R{+)543"-Hydroxybenzyl)}-14{(1 ".phthalimidomethy}-2"-hydroxyethoxy)
methyl}-2-oxo-4-methoxypyrimidine (16b).

Compound 16b was prepared by the hydrogenolysis of 15b using the
eame method as for 16a. The yield was 82%, mp 118-120°% [a}’ =
+16.9° (methanol, 0.1). The 'H nmr spectrum was identical with that of
16a except for the two OH peaks at 7.02 and 3.42 ppm which were shifted
to 6.80 and 3.29 ppm respectively. This enantiomer also crystallized with
a molecule of methanol.

Anal. Caled. for C,H,,N,0,°CH,0H 0.5H,0: C, 59.28; H, 5.53; N,
8.30. Found: C, 59.46; H, 5.53; N, 8.00.

5{—)}543"-Benzyloxybenzyl}1{(1 ".phthalimidomethyl-2 ".hydroxyethoxy)-
methyl}2-0x0-4-methoxypyrimidine (17a), by Method A, Scheme IV.

A suspension of 1.5 g of S{—)}543"-hydroxybenzyl)}1{(1'-phthalimido-
methyl-Z’~hydroxyethoxy)methyl]-Z-oxo-4—methoxypyrimidine (16a) in 15
ml of dry acetone, to which was added 0.33 ml of benzyl bromide, 150 mg
of sodium iodide and 0.8 g of potassium carbonate. The mixture was
stirred and heated to reflux for 3 hours. After the reaction was complete,
as shown by tle, the reaction mixture was filtered and evaporated to
dryness to yield 1.60 g of a crystalline product. After recrystallizing from
methanol it melted at 143-145%; tle, R, = 0.33 (silica gel, methylene
chloride:ether:methanol, 70:25:5); [a]s” = —10.9° (methylene chloride,
0.2); 'H nmr (deuteriochloroform): & 3.42 (dd, 2H, CH, at Cy), 3.54-3.63
{m, 2H, CH,NPhth), 3.81-3.95 (m, 2H, CH,-0H), 3.92 s, 3H, OCH,), 4.07
(m, 1H, tert-H), 5.08 (s, 2H, CH, of terminal Bzl), 5.20 (d, 1H, O-CH:-N,J

= 10 Hz), 5.39 (d, 1H, O-CH,-N, J = 10 Hz), 6.74-6.88 (m, 3H, 0 and p-H
of inner Bzl), 7.11 (s, 1H, Cs-H), 7.22 (1, 1H, m-H of inner Bzl), 7.29-7.43
(m, 5H, ArH of terminal Bzl), 7.71 (dd, 2H, ArH of Phth,J = 5.5, 3.1 Hz),
7.82 (dd, 2H, ArH of Phth, J = 5.5, 3.1 Hz).

Anal. Caled. for C, H,N,0,: C, 67.02; H, 5.26; N, 7.56. Found: C,
66.87; H, 5.11; N, 7.84.

R{(+)-543"-Benzyloxybenzyl)-1{1 .phthalimidomethyl-2"-hydroxyethoxy)
methyl}-2-oxo-4-methoxypyrimidine (17b).

This compound was prepared by the benzylation of 16b with benzyl
bromide and potassium carbonate in acetone as in the preparation of
17a, mp 142:145°% [a], = +11.48° (methylene chloride, 0.2); tlc, R, =
0.33 (silica gel, methylene chloride:ether:methanol, 75:25:5). The *H nmr
spectrum was identical with that of 17a except for a broad single-proton
peak at 3.10 ppm which could be assigned to the aliphatic hydroxyl.

Anal. Caled. for C,,H,,N,0,: C, 67.02; H, 5.26; N, 7.56. Found: C,
66.90; H, 5.23; N, 7.33.

S{—)53"-Benzyloxybenzyl}-1-[1 ".phthalimidomethyl-2 "-hydroxyethoxy)-
methyljuracil (18a).

Compound 17a (0.7 g, 1.26 mmoles) was dissolved in 100 ml of
methanol to which 7 ml of 6N hydrochloric acid had been added. The
reaction mixture was stirred at 40° for 8 hours. Methanol and hydrochlo-
ride acid were evaporated under reduced pressure. The residue was
recrystallized from methanol to give 0.57 g (84%) of 18a, mp 160-162°;
[e] = —11.31° (methylene chloride, 0.5 'H nmr (deuteriochloro-
form): 6 2.82 (t, 1H, OH, ] = 6 Hz), 3.37(d, 1H, CH, at G5, J = 16 Hz),
3.52(d, 1H, CH, at Cs, J = 16 Hz), 3.61 (m, 2H, CH,NPhth), 3.86 (dd, 2H,
CH,-0H,J = 4.9, 1.0 Hz), 4.04 (m, 1H, ters-H), 5.05 (s, 2H, CH, of termin-
al Bzl), 5.18 (s, 2H, 0-CH,-N), 6.76-6.86 (m, 3H, o and p-H of inner Bzl),
6.87 (s, 1H, Cs-H), 7.21 (¢, 1H, m-H of inner Bzl), 7.29-7.44 (m, SH, ArH of
terminal Bzl), 7.71 (dd, 2H, ArH of Phth,J = 5.5, 3.1 Hz), 7.82 (dd, 2H,
ArH of Phth, ] = 5.5, 3.1 Hz), 8.54 (s, 1H, Ns-H).

Anal. Caled. for C,H,,N,0,: C, 66.53; H, 5.03; N, 7.76. Found: C,
66.28; H, 5.23; N, 8.05.

R+ )5-3"-Benzyloxybenzyl)}-1{(1 *.phthalimidomethyl-2"-hydroxyethoxy)
methyljuracil (18b).

Compound 18b was prepared by the hydrolysis of 17b with dilute
hydrochloric acid by the same procedure as 18a, yield 80%, mp
160-162°; [oJ3° = +10.98° (methylene chloride, 0.5). The *H nmr spec-
trum was identical with that of 18a except for Ns-H and OH which were
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displaced upfield to 8.30 and 2.73 respectively (2.73 (1, 1H, OH, J = 7.0
Hz)).

Anal. Caled. for CyH,,N,0: C, 66.53; H, 5.03; N, 7.76. Found: C,
66.38; H, 5.13; N, 7.89.

S-(—)-5<(3'-Benzyloxybenzyl)-1{(1 ".aminomethyl-2'-hydroxyethoxy)-
methylluracil (6a).

The phthalimido intermediate 18a (950 mg, 1.8 mmoles) was dissolved
in 19.5 ml of methylene chloride, to which was added 170 mg (5.3
mmoles) of anhydrous hydrazine. The mixture was stirred at room tem-
perature for 20 hours and then filtered. The filtrate was evaporated to
dryness and further dried under vacuum to remove traces of hydrazine.
It was then applied to a column containing 11 g of silica gel. After
removal of impurities by washing with methylene chloride:ethanol (9:1),
the product was eluted with methylene chloride:ethanol (8:2), to yield 470
mg (61 %) of 6a;[a]® = — 6.31° (methanol, 0.5); 'H nmr (deuteriochloro-
form): & 2.81-2.98 (m, 2H, CH,-NH,, deuterium oxide-stable), 3.04 (v br s,
4H, deuterium oxide-exchangeable, OH, NH,, and N;-H), 3.59 (s, 2H, CH,
at Cs), 3.61-3.73 (m, 3H, CH,-OH, tert-H), 5.01 (s, 2H, CH; of terminal
Bzl), 5.09 (d, 1H, O-CH-N,J = 10.3 Hz), 5.21 (d, 1H, O-CH-N,J = 103
Hz), 6.80-6.87 (m, 3H, o0 and p-H of inner Bazl), 6.94 (s, 1H, C¢-H), 7.20 (¢,
1H, m-H of inner Bzl), 7.28-7.44 (m, 5H, ArH of terminal Bzl).

Anal. Caled. for C,,H,N,0,°0.75H,0: C, 62.15; H, 6.28; N, 9.93.
Found: C, 61.94; H, 6.33; N, 9.67.

R-(+)-5-(3'-Benzyloxybenzyl)-1-[(1 ".aminomethyl-2'-hydroxyethoxy)-
methylluracil (6b).

This compound was prepared from 18b by treatment with hydrazine
as indicated above, yield, 57%; [a]}® = +7.10° (methanol, 0.2). The 'H
nmr spectrum was identical to the spectrum of 6a except for the
deuterium oxide-exchangeable protons.

Anal. Caled. for C,H,N,0,0.5H,0: C, 62.86; H, 6.19; N, 10.00.
Found: C, 62.97; H, 6.26; N, 10.32.

S{— H-Phthalimidomethyl—2,2-dimethyl-l ,3-diqxolane 19).

R-4-p-Toluenesulfonyloxymethyl-Z,2-dimethyl-l,3-dioxolane 0.6 g, 2.4
mmoles), prepared from S-(+)-2,2-dimethyl-l,3-dioxolane-4-methanol
(7b) by the method of Baldwin et al. [6], was mixed with 550 mg (3
mmoles) of potassium phthalimide in 4 ml of dry DMF. The mixture was
heated to 120-130° and stirred for 30 minutes. Water (10 ml) was added
and the mixture extracted with ether. The ether layer was evaporated and
the residue recrystallized from methylene chloride-hexane, mp 103-104°;
[af3° = —47.15° (methylene chioride, 0.1); 'H nmr (deuteriochloroform):
51.32 (s, 3H, CH,), 1.45 (s, 3H, CH5), 3.73 (dd, 1H, CH,NPhth, ] = 5.1,
13.8 Hz), 3.85 (dd, 1H, CH,0, J = 5.1, 8.7 Hz), 3.94 (dd, 1H, CH,NPhth,
J = 6.5, 13.8 Hz), 4.08 (dd, 1H, CH,0, ] = 6.5, 8.7 Hz), 4.45 (m, 1H,
tert-H), 7.73 (dd, 2H, Phth, J = 3.1, 5.4 Hz), 7.86 (dd, 2H, Phth,J = 3.1,
5.4 Hz).

Anal. Caled. for C,,H,;NO,: C, 64.35; H, 5.79; N, 5.36. Found: C, 64.15;
H, 5.68; N, 5.56.

S« —)3-Phthalimido-1,2-propanediol (20).

S-(-—H-Phthnlimidomethyl-2,2~dimethyl-1,3-dioxolane (19, 2.61 g, 10
mmoles) was suspended in 20 ml of 75% acetic acid, stirred and heated
at 45° for 2 hours. After evaporation of acetic acid and water, the pro-
duct can be isolated and recrystallized if a pure sample is desired, but is
ordinarily carried through to the next step directly; 'H nmr (deuterio-
chloroform): 6 2.73, 3.02 (2 br s, 1 H each, CH-OH and CH,-OH), 3.58-3.71
(octet, 2H, CH,-NPHth), 3.81-3.95 (m, 2H, CH,-OH), 4.00 (m, 1H, tert-H),
7.74 (dd, 2H, ArH of Phth), 7.87 (dd, 2H, ArH of Phth).

Anal. Caled. for C,,H,,NO,: C, 59.72; H, 5.01; N, 6.33. Found: C, 59.90;
H, 4.96; N, 6.62.

S{~ H3-Phthalimido-1-benzoyloxy)-2-propanol (21).

The crude residue containing 20 was dissolved in 30 ml of dry acetoni-
trile containing 2 ml of triethylamine and cooled to —20°. To this mix-
ture a solution of benzoyl eyanide (1.44 g, 11 mmoles) in 15 ml of dry ace-
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tonitrile was added dropwise with stirring. Stirring was continued at
—20° for 5 minutes, when tlc showed that the reaction was complete.
After the addition of 2 ml of methanol the mixture was evaporated to
dryness and the residue placed on a silica gel column. A small quantity of
an unidentified impurity was removed ahead of the product by washing
with methylene chloride:ether (10:1), and the desired benzoate subse-
quently eluted using the same solvent, mp 107-108°; [a]3® = —28.91°
(methylene chloride, 0.1); 'H nmr (deuteriochloroform): 6 3.01 (d, 1H,
OH, J = 5.6 Hz), 3.98 (d, 2H, CH,NPhth, ] = 7.2 Hz), 4.33 (m, 1H,
tert-H), 4.42 (dd, 2H, CH,-OBzt, ] = 1.3, 4.8 Hz), 7.44 (tt, 2H, m-H of
OBzt,J = 1.3, 7.3 Hz), 7.57 (tt, 1H, p-H of OBzt,J = 1.3, 7.3 Hz), 7.74
(dd, 2H, Phth, J = 3.1, 5.5 Hz), 7.86 (dd, 2H, Phth, ] = 3.1, 5.5 Hz), 8.05
(dm, 2H, o-H of OBzt).

Anal. Caled. for C,,H,;NO: C, 66.45; H, 4.65; N, 4.37. Found: C, 66.24;
H, 4.80; N, 4.59.

§+(—)5{3"-Benzyloxybenzyl)}1-(1 "-phthalimidomethyl-2"-benzoyloxyeth-
oxy)methyl}-2-oxo-4-methoxypyrimidine (23).

A mixture of 2 g of S~ H3-phthalimido-2-hydroxy)propyl benzoate
(1), and excess paraformaldehyde in 20 ml of dry methylene chioride
was cooled to 0°. Dry hydrogen chloride was bubbled through the stirred
suspension until there was no further uptake of hydrogen chloride (3
hours). The solution was set in the refrigerator overnight, and then dried
over anhydrous calcium chloride. After removal of solvent under reduced
pressure, the chloromethylated product was used without further purifi-
cation for the alkylation of 14.

A suspension of 1.48 g (4.4 mmoles) of 2,4-dimethoxy-5{3'-benzyloxy-
benzyl)pyrimidine (14), 2.07 g (15 mmoles) of finely powdered anhydrous
potassium carbonate, and the chloromethylated intermediate 22
prepared from 1.3 g of 21, in 15 ml of dry methylene chloride was stirred
at room temperature for 48 hours, filtered and evaporated to dryness.
The residue was directly applied to a column containing 40 g of silica gel.

Some excess starting material and a small amount of impurity were

removed by washing the column with methylene chloride. Subsequent
elution with methylene chloride:ether (10:1) gave 1.90 g (70%) of the
desired product, 23; [a]3° = —8.32° (methylene chloride, 0.1); 'H nmr
(deuteriochloroform): & 3.38 (s, 2H, CH, at C,), 3.83 (s, 3H, 0OCH,), 3.90
(dd, 1H, CH,NPhth, J = 5.7, 14.2 Hz), 3.96 (dd, 1H, CH,NPhth, ] = 4.2,
14.2 Hz), 4.35 (dd, 1H, CH,-OBzt, ] = 6.1, 11.5 Hz), 4.46 (dd, 1H, CH,-
OBzt,] = 3.4, 11.5 Hz), 4.54 (m, 1H, tert-H), 5.03 (s, 2H, CH, of terminal
Bzl), 5.30 (dd, 2H, O-CH,-N, J = 10.4, 17.2 Hz), 6.68 (m, 2H, 0-H of inner
Bzl), 6.83 (dd, 1H, p-H of inner Bzl, ] = 2.4, 8.3 Hz), 7.01 (s, 1H, C¢-H),
7.18 (t, 1H, m-H of inner Bzl, J = 7.6 Hz), 7.30-7.42 (m, 7H, ArH of ter-
minal Bzl and m-H of Bzt), 7.55 (, 1H, p-H of Bzt,] = 7.7 Hz), 7.69 (dd,,
2H, ArH of Phth,J = 2.8, 5.5 Hz), 7.78 (dd, 2H, ArH of Phth, ] = 2.8, 5.5
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Hz), 7.99 (dd, 2H, o-H of Bzt, ] = 1.0, 8.0 Haz).
Anal. Caled. for C,H,,N,0,: C, 69.18; H, 5.04; N, 6.37. Found: C,
68.89; H, 4.80; N, 6.65.

${—)-5+3"-Benzyloxybenzyl) 1{(1"-phthalimidomethyl-2"hydroxyethoxy)
methyl}2-0x0-4-methoxypyrimidine (17a) by Method B, Scheme V.

S{—)-5{3"-Benzyloxybenzyl)}-1{(1'-phthalimidomethyl-2“benzoyloxyeth-
oxy)methyl}-2-oxo-4-methoxypyrimidine (23, 1.32 g, 2 mmoles) was dis-
solved in 100 ml of absolute methanol, to which was added a solution of
sodium methoxide prepared from 92 mg of sodium dissolved in 20 ml of
methanol. The solution was stirred at room temperature for 1 hour and
neutralized with dilute hydrochloric acid. After methanol was evaporated
under reduced pressure, recrystallization of the residue from methanol
yielded 17a, mp 142-145°% [a], = —10.3° (methylene chloride, 0.2). The
'H nmr spectrum was identical with that of 5{~—)5{3"benzyloxybenzyl)
1{(1 '-phthalimidomethyl-2'-hydroxyethoxy)methyl]-2-0x0-4-methoxypy-
rimidine (17) prepared from from R{—)2,2-dimethyl-1,3-dioxolane-4-
methanol.
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