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The reaction of silylated 6-methyl- as well as 5,6-dimethyluracil with 1-0- acetyl-2,3,5-tri-O- benzoyl-3-D-ribo-
furanose and 1,2,3,4,6-penta-O- acetyl-3-D-glucopyranose gave strikingly varying yields of N;- and Ns-glycosides
depending on the use of either 1,2-dichloroethane or acetonitriie as solvents. Silylated 2-thio-6-methyl- as well as
5,6-dimethyluracil afforded only mixture of S- and Nj-glycosides. The steric as well as mechanistic implications

of these results are discussed.

The synthesis of the chemically? as well as biologically?
interesting 6-methyl substituted pyrimidine nucleosides
has recently been investigated by different groups.*-7

The data obtained by the previous workers®? indicate
that very subtle steric as well as energetic factors seem to
determine whether the thermodynamically more stable N;
or (in the presence of a 6 substituent) the sterically and,
apparently kinetically, favored N3 product is formed. Fur-
thermore any excess of the halo sugar seems to lead to
Ny,N3-bisglycoside formation.

Since the Hilbert-Johnson reaction of silylated pyrimi-
dines with 1-O-acetyl-2,3,5-tri-O- benzoyl-3-D-ribofura-
nose (2) and SnCly had given exclusively the natural 3-N1-
pyrimidine nucleosides (compare part I of this series), we
were curious how silylated 6-methyl- as well as 5,6-dimeth-
yluracil would behave under these reaction conditions.

Our first results are summarized in Scheme I. In the less
polar solvent 1,2-dichloroethane 6-methyl-2,4-bis(trimeth-
ylsilyloxy)pyrimidine (1) reacted with 1-O- acetyl-2,3,5-tri-

O- benzoyl-B-D-ribofuranose (2) and SnCly to give only 13%

crystalline benzoylated N;-riboside 3 and 68% crystalline

benzoylated Ns-riboside 4, whereas in the more polar ace-

tonitrile ~41% 3 and ~52% 4 were obtained as well as 3%

benzoylated Np,Na-bisriboside 5. As described earlier® the
Ni- and Njz-nucleosides can be readily separated by column

chromatography on alumina or silica gel.

The structures of the Ni- as well as the Ns-nucleosides
were established by the typical bathochromic shift of the
uv spectra of the Nz-nucleosides in alkaline medium.® Fur-
thermore the N3-8-D-ribofuranosides show a characteristic
downfield shift of the H-1’ proton of up to 1 ppm which is
due to the two neighboring lactam carbonyls compared to
the Ni-nucleosides with only one neighboring lactam car-
bonyl group.

The difference in yields on changing the solvents is even
more striking for the reactions of 5,6-dimethyl-2,4-bis-
(trimethylsilyloxy)pyrimidine (6) (Scheme II). The yields
of 10% Ni-nucleoside 7 and 60% Ns-nucleoside 8 in 1,2-di-
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chloroethane were nearly reversed using acetonitrile as a
solvent. There was obtained in this instance 66% 7 and 17%
8, both of which crystallized.

Saponification of the benzoylated Ni-ribosides 3 and 7
gave the known*5 corresponding crystalline 6-methyl- and
5,6-dimethyluridines which were identified by their physi-
cal data. Saponification of the benzoylated Nj-ribosides 4
and 8 gave the corresponding free Ng-ribosides, which
could not be obtained in crystalline form.

When we tried to prepare 6-methyluridine in larger
amounts we encountered difficulties. It turned out that the
vield of the benzoylated N;-riboside 3 was extremely de-
pendent on the purity of the solvents and reagents. As al-
ready emphasized in the preceding paper! the acetonitrile
had to be distilled twice over phosphorus pentoxide, the
SnCly had to be fresh or to be redistilled, and the 1-O- ace-
tyl-2,3,5-tri-O- benzoyl-3-D-ribofuranose (2) had to be re-
_crystallized from 2-propanol or ethanol and subsequently
dried carefully in high vacuum.

Traces of acetic acid or 2-propanol in 2 or humidity in
the solvents resulted in a dramatic lowering of the yield of
the desired benzoylated Ni-riboside 3 and a corresponding
increase of the yield of the benzoylated Na-riboside 4 and
Ny,N3-diriboside 5. The yield of 3 also decreased on addi-
tion of ethereal HCI to the reaction mixture. Furthermore
pretreatment of SnCly in acetonitrile with small amounts of
acetic acid and subsequent addition of 1 and 2 did not give
any protected Ni-nucleoside 3 but only a 80% yield of the
benzoylated Ns-nucleoside 4.

When the optimal reaction time of ~3-5 hr was exceed-
ed, the yield of the N; product 3 decreased in favor of less
polar products. Replacement of SnCl, by fresh AlCl; did
not improve the yield of 3. Thus products and yields are
dependent on very subtle changes in the reaction condi-
tions and care has to be exercised in order to insure that
the reactions proceed optimally. ‘

The reaction  of silylated 2-thio-6-methyluracil (9)
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(Scheme III) with 2 and SnCly or AICl; in 1,2-dichlo-
roethane and acetonitrile did not give any of the desired
benzoylated Nj-riboside. Instead, only the crystalline ben-
zoylated S-riboside 10 as well as the crystalline benzoylated
Ng-riboside 11° were obtained in varying amounts. With in-
creasing polarity of the solvent and strength of the Friedel-
Crafts catalyst surprisingly'!® more S-riboside 11 was
formed.

The reaction of silylated 2-thio-5,6-dimethyluracil (12)
with 2 (Scheme IV) gave analogously only the benzoylated
S-nucleoside 13 as well as some Nj-nucleoside 14,

S-Alkylation of silylated 2-thiouracils has been observed
before!® and might be especially favored here because of
the steric hindrance of the N; position by the 6-methyl
group. Thus steric hindrance not only blocks the rearrange-
ment of the S-nucleoside to the N;-nucleoside, but even the
rearrangement to the sterically favored Ns-nucleoside
seems to be impeded and dependent on the catalyst-
solvent complex.

The structures of 10 as well as 13 were proved by cleav-
age with HoS-pyridine!®!! to 6-methyl-2-thiouracil as well
as 5,6-dimethyl-2-thiouracil. The benzoylated S-riboside
10 rearranged furthermore on treatment with HgBry!2 in
boiling toluene in moderate yield to the protected Ns-ribos-
ide 11.

Since steric factors seem to determine the formation of
either Ni- or N3-nucleosides in the case of a 6-methyl sub-
stituent, we studied the reactions of the silylated uracils 1
and 6 with 1,2,3,4,6-penta-0-acetyl-8-D-glucopyranose
(15)'® which was expected to give a more bulky cation than
2 (Scheme V). ‘

On reaction of 1 with 15 and SnCly in acetonitrile we iso-
lated in 42.3% yield the crystalline Ns-glucoside®14 16 but
no Nj-glucoside 17 could be detected. However, 6 gave with
15 in acetonitrile besides 1.2% Nj-glucoside 18 a 22.4%
yield of the crystalline N;-glucoside 19.

Barwolf, Kowollik, and Langen!? discovered recently
that silylated 6-fluorothymine reacted with acetobromoglu-
cose in the presence of SnCl, to afford the N;-nucleosides
in excellent yields. Thus the size of the 6 substituent is crit-
ical since Pichat and Chatelain'® found that silylated 6-
chlorouracil gave with 2,3,5-tri-O- benzoyl-D-ribofuranosyl
chloride on heating to 190° only the 6-chioro Ns-riboside in
low yield. Analogously Winkley and Robins? allowed sily-

Niedballa and Vorbriggen

Scheme V
, AcO o OAc
or + OAc ﬂ*
CH,CN
6 AcO
OAc
15
CH, (0]
NN R HN ‘ R
o)\\* 0 o)\ N NCH,
AcO *t A
o
OAc OAc
AcO AcO
OAc OAc
16,R=H 17, R=H
18, R=CH, 19, R = CH,

lated 6-methylmercaptouracil and 1-bromo-2,3,5-tri-O-
benzoyl-D-ribofuranose to react in acetonitrile and ob-
tained only the corresponding 6-methylmercapto Ns-ribos-
ide in 75% yield, which could be desulfurized to 3-8-D-ribo-
furanosyluracil after saponification.

It can therefore be anticipated that silylated orotic acid
or orotic esters will yield probably only the Ns-nucleosides
thus limiting the chemical synthesis of orotidine at present
to the efficient Ueda method!® starting from 2’,3-O-iso-
propylidene-5-bromouridine.

Experimental Section

For instruments and the purification of solvents as well as the
work-up of the reaction mixtures compare part I.!

Column chromatography was performed on neutral alumina
Woelm and silica gel Merck (Darmstadt). Tlec system: A [ethyl ace-
tate-hexane (2:1)].

6-Methyl- and 5,6-dimethyluracil were purchased from EGA-
Chemie KG, Steinheim a. Albuch. 2-Thio-6-methyl- and 5,6-di-
methyluracil were prepared according to Draminski and Fiszer.1?

3-(2,3,5-Tri-0 -benzoyl-G-D-ribofuranosyl)-6-methyl-1,2,-
3,4-tetrahydropyrimidine-2,4-dione (4) and 1-(2,3,5-Tri-O-
benzoyl-8-D-ribofuranosyl)-6-methyl-1,2,3,4-tetrahydropyri-
midine-2,4-dione (3). To 1 (12 mmol) and 2 (5.04 g, 10 mmol) in
CH;3CN (150 ml), SnCly (1.5 ml, 12.9 mmol) in CH3CN (100 m])
was added under stirring at 14° and stirred 4 hr at 22°. After work-
up,! chromatography on neutral alumina (300 g, activity III) gave
on elution with n- hexane-ethyl acetate (9:1) a mixture of unreact-
ed sugar and N{,Ns-diriboside 5 (400 mg). 5 was purified by pre-
parative tlc on silica gel using the same solvent system and ob-
tained as a white foam: mp 110-112°; yield 0.170 g (3.4%); nmr
(CDCl;) 6664 [d, 1, J = 2 Hz, H-1' (N3)], 5.77 [s, 1, H-1" (N})],
5.65 (s, 1, H-5), 2.30 (s, 3, 6-CHa).

Anal. Caled for C57H46N2016 (1015.17)1 C, 67.44; H, 4.57; N,
2.78. Found: C, 67.54; H, 5.01; N, 2.74.

The less polar N3-nucleoside was eluted from alumina with ethyl
acetate~hexane (2:1) and crystallized from the same solvent giving
2.934 g (51.5%) of 4, mp 108-109°, [«]?°D 31.9° (¢ 1, CHCls).

Anal. Caled for C3HgeN2Og (570.53): C, 65.26; H, 4.59; N, 4.91.
Found: C, 65.10; H, 4.96; N, 4.92.

The Ni-nucleoside 3 was eluted from alumina with ethyl ace-
tate-methanol (9:1) and crystallized (CHyClo-pentane) giving
2.316 g (40.6%) of 3, mp 126-129°, [«]2°D —5.0° (¢ 1, CHCly) (lit.?
125-128°).

Anal. Caled for Ca1HggN20g (570.53): C, 65.26; H, 4.59; N, 4.91.
Found: C, 65.07; H, 4.78; N, 4.88.

The analogous reaction in 1,2-dichloroethane (4 hr at 22°) gave
67% 4 and 13% 3.

3-(2,3,5-Tri-O -benzoyl-3-D-ribofuranosyl)-5,6-dimethyl-
1,2,3,4-tetrahydropyrimidine-2,4-dione (8) and 1-(2,3,5-Tri-
O -benzoyl-3-D-ribofuranosyl)-5,6-dimethyl-1,2,3,4-tetrahy-
dropyrimidine-2,4-dione (7). To 2 (7.56 g, 15 mmol) and 6 (18
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mmol) in CH3CN (250 ml), SnCly (2.0 ml, 17.1 mmol) in CH3CN
(150 ml) was added under stirring at 0°. After stirring overnight at
22° and work-up,! the residue was chromatographed on neutral
alumina (350 g, activity II). The less polar nucleoside 8 was eluted
with n- hexane—ethyl acetate (1:1) and crystallized (ethanol) giving
1.46 g (16.7%) of platelets: mp 200-201°; [«]?°D 34.6° (¢ 1, CHCl3);
nmr (CDCly) 6 6.73 (d, 1, J ~ 1 Hz, H-1'), 2.17 (s, 3, 6-CHjy), 1.90
(s, 3, 5-CHjy).

Anal. Caled for C32H2sN2Qg (584.56): C, 65.75; H, 4.83; N, 4.79.
Found: C, 65.82; H, 4.87; N, 4.62.

The Ni-nucleoside 7 was eluted with ethyl acetate. Crystalliza-
tion (CHClyo-pentane) gave 5.77 g (65.9%) of 7 in needles: mp
176-178°; [2]2°D —10.3° (¢ 1, CHCls); nmr (CDClg) 4 5.81 (d, 1, J
< 1Hz H-1"),2.29 (s, 3, 6-CHjy), 1.99 (s, 3, 5-CHjy).

Anal. Caled for CaoHggNoOg (584.56): C, 65.75; H, 4.83; N, 4.79.
Found: C, 65.50; H, 4.99; N, 4.71.

The analogous reaction in 1,2-dichloroethane (addition of SnCly
at 0°, then 6 hr at 22°) gave 60.3% 8 and 10.3% 7.

3-(2,3,5-Tri-O -benzoyl-3-D-ribofuranosyl)-6-methyl-2-thi-
0-1,2,3,4-tetrahydropyrimidin-4-one (11) and 2-[(2,3,5-Tri-
O -benzoyl-3-D-ribofuranosyl)thio]-6-methyl-3,4-dihydropy-
rimidin-4-one (10). To 2 (12.6 g, 25 mmol) and 6-methyl-2,4-
8,0 -bis(trimethylsilyl)pyrimidine (9, 30 mmol) in CH3CN (300
ml) SnCly (10 ml, 85.6 mmol) in CH3CN (300 ml) was added under
stirring at 0°. After 3 hr at 22° and work-up! chromatography on
neutral alumina (500 g, activity III) gave on elution with ethyl ace-
tate the Nj-nucleoside 11. The S-riboside 10 was eluted with meth-
anol-Hz0 (2:1). 11 crystallized (ethanol) to give 5.75 g (39.3%): mp
192-193°; [«]?°D 32.8 (¢ 1, CHCl3); nmr (CDCly) & 7.27 (m, 1, H-
1), 5.75 (s, 1, H-5), 2.11 (s, 3, 6-CH).

Anal. Caled for C31HogN2OgS (568.62): C, 63.50; H, 4.47; N, 4.77;
S, 5.46. Found: C, 63.15; H, 4.48; N, 4.65; S, 5.68.

10 crystallized (ethanol-ether) to give 2.89 g (19.7%): mp 151~
153°; [a]20D —22.8° (¢ 1, CHCls); uv?® (CH30H) Amax 275 nm (e
9620), 281 (sh, 8980); nmr (CDCl3) 6 6.45 (d, 1, J = 2.5 Hz, H-1),
6.04 (s, 1, H-5), 2.21 (s, 3, 6-CHs).

Anal, Caled for C31H26N2038 (586.62)1 C, 63.50; H, 4.47; N, 4.77;
S, 5.46. Found: C, 63.23; H, 4.37; N, 4.81; S, 5.67.

The analogous reaction with SnCly in 1,2-dichloroethane (4 hr,
22°) gave 26% 11. In CH3CN-AICl; (addition of 1.5 equiv of AICl3
at 0°, 5 hr at 22°) 62% 10 and ~5% 11 were obtained.

3-(2,3,5-Tri-O -benzoyl-3-D-ribofuranosyl)-5,6-dimethyl-
2-thio-1,2,3,4-tetrahydropyrimidin-4-one (14) and 2-[(2,3,5-
Tri-O -benzoyl-3-D-ribofuranosyl)thio]-5,6-dimethyl-3,4-di-
hydropyrimidin-4-one (13). To 2 (5.04 g, 10 mmol) and 12 (12.0
mmo}l) in CH3CN (200 ml) SnCls (3.2 ml, 27.4 mmol) in CH3CN
(80 ml) was added at 14°. After 20 hr at 22° and work-up? the resi-
due (5.3 g) was chromatographed on silica gel (260 g). The prod-
ucts were eluted with hexane-ethyl acetate (6:4). The less polar 14
was crystallized (ethanol) giving 1.20 g (20%) of 14: mp 191-193°;
[@]?D —22.7° (¢ 1, CHCl3); nmr (CDCl3) 6 7.50 (d, 1, J = 3 Hz, H-
1), 2.12 (s, 3, 6-CHa), 1.89 (s, 3, 5-CHj).

Anal. Calcd for C3oHgsN2OgS (600.56): C, 63.99; H, 4.70; N, 4.66;
S, 5.30. Found: C, 63.74; H, 5.10; N, 4.88; S, 5.32.

The more polar 13 crystallized (ethanol-ethyl acetate) giving
2.30 g (38.4%) of 13: mp 135-137°; [«]2°D —20.5° (¢ 1, CHCl3); uv®
(CH30H) Amax 276 nm (10,600), 280 (sh, 10,300); nmr (CDCls) 6
6.42 (d, 1,J = 2.5 Hz, H-1"), 2.23 (s, 3, 6-CH3), 1.99 (s, 3, 5-CH3).

Anal. Caled for C33HggN2OgS (600.56): C, 63.99; H, 4.70; N, 4.66;
S, 5.30. Found: C, 64.03; H, 5.21; N, 4.99; S, 5.55.

The analogous reaction with SnCl, in 1,2-dichloroethane (5 hr at
22°) gave 7.7% 14, whereas with AICl; in CH3CN (2 hr, 20°) 88% 14
and ~1% 13 were obtained.

Treatment of the S-Ribosides with H,S-Pyridine. A slow
stream of H3S gas was bubbled through 10 (2.0 g, 3.41 mmol) in
dry pyridine (30 ml) and stirred for 2 hr at 22°. After evaporation
in vacuo the residue was extracted with ethyl acetate and the in-
soluble material crystallized (ethanol) to give 6-methyl-2-thioura-
cil (440 mg, 90.8%) with mp 300°, which was identical with an au-
thentic sample.1®

The analogous treatment of 13 (600 mg, 1 mmol) in dry pyridine
(30 ml) with HsS for 3 hr at 40° gave after evaporation and pour-
ing the ethanolic solution into pentane a precipitate, which afford-
ed after crystallization (ethanol) and sublimation [130° (0.001
mm)] 5,6-dimethyl-2-thiouracil (115 mg, 73.7%), mp 225°, which
was identical with an authentic sample.1®

Rearrangement of 2-[(2,3,5-Tri-0O -benzoyl-3-D-ribofurano-
syl)thio]-6-methyl-3,4-dihydropyrimidin-4-one (10) with
HgBr;. 10 (400 mg, 0.684 mmol) was heated for 2 hr at 100° under
argon in benzene-toluene (50 ml, 1:2) with HgBry; (1.8 g, 4.98
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mmol). After filtering and washing with benzene, the filtrate was
extracted with KI solution (30%), dried (MgS0,), and evaporated.

Tlc (system A) showed that 10 had disappeared and that, beside a

sugar derivative, only 11 could be detected in ~10% yield.
3-(2,3,4,6-Tetra-0 -acetyl-3-D-glucopyranosyl)-6-methyl-

1,2,3,4-tetrahydropyrimidine-2,4-dione (16). To 15 (13.2 g, 33.9
mmol) in CH3CN (100 ml) and 1 (200 ml, 40 mmol) in CH3CN,
SnCly (5.3 ml, 45.3 mmol) in CH3CN (200 ml) was added. After 3
hr at 22° and work-up! the crude nucleoside (8.5 g) was crystal-
lized (ethanol) with charéoal to give 6.54 g (42.3%) of 16: mp 153—
154°; [«]23D ~10.1° (¢ 0.595, CHCls); nmr (CDCly) 66.30 (d, 1, J =
9 Hz, H-1").

Anal. Caled for C19H24N2011 (456.42): C, 49.98; H, 5.30; N, 6.14.
Found: C, 49.72; H, 5.44; N, 6.11,

1-(2,3,4,6-Tetra-0 -acetyl«8-D-glucopyranosyl)-5,6-di-
methyl-1,2,3,4-tetrahydropyrimidine-2,4-dione (19) and 3-
(2,3,4,6-Tetra-0 -acetyl-8-D-glucopyranosyl)-5,6-dimethyl-
1,2,3,4-tetrahydropyrimidine-2,4-dione (18). To 15 (3.89 g, 10
mmol) and 6 (12 mmol) in dry CH3CN (120 ml), SnCly (2 ml, 17.1
mmol) in CH3CN (100 ml) was added at 15°. After 15 hr at 22°
and work-up! the residue (3.84 g) was dissolved in ethyl acetate
and poured into n-hexane (1.2 L). The precipitate was collected
and the procedure was repeated twice to give 2.83 g of product,
which was chromatographed in ethyl acetate on silica gel (150 g).
The first eluate fractions afforded 19 which crystallized (ethanol)
to give 1.053 g (22.4%): mp 202-204°; [«]?*D 20.1 (¢ 1.02, CHCly);
nmr (CDCl;) 6 6.35 (d, 1, J = 9 Hz, H-1"), 2.48 (s, 3, 6-CH3), 2.06
(s, 3, 5-CHg).

Anal. Caled for CooHgeN20O1y (470.60): C, 51.05; H, 5.57; N, 5.99.
Found: C, 51.06; H, 5.57; N, 6.17.

Following 19 impure 18 (56.4 mg, 1.2%) was eluted: uv (CH;0H
+ H20) Amax (PH 1) 270 nm, Ayin (pH 1) 242 nm, Ay (pH 13) 299
nm, Amin (pH 13) 253 nm; nmr (CDClg) 6 6.18 (d, 1, J = 7 Hz, H-
1).
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