Notes

collected until all the solvent has been used (see Table I to estimate
the amount of solvent and fraction size). It is best not to let the column
run dry since further elution is occasionally necessary. Purified
components are identified as described in the text by TLC. If the
foregoing instructions are followed exactly, there is little opportunity
for the separation to fail.

Although we generally pack fresh columns for each separation, the
expense of large-scale separations makes it advantageous to reuse
large diameter columns. Column recycling is effected by first flushing
(rate = 2 in./min) the column with approximately 5 in. of the more
polar component in the eluant (generally ethyl acetate or acetone)
and then with 5 in. of the desired eluant. If the eluant is relatively
nonpolar (e.g., S10% EtOAc/petroleum ether), it may be more ad-
visable to use a flushing solvent (e.g., 20-50% EtOAc/petroleum ether)
which is somewhat less polar than the pure high polarity compo-
nent.

Registry No.—1, 66417-28-5; 2, 66417-27-4.
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complete elution.

Standard conditions: 5 in. high bed of 40-63 um silica gel 60 in a 20 mm

diameter column packed as described in text, 2.0 in. of solvent flow/min,

200 mg of benzyl aicohol, 25% ethy! acetate/petroleum ether eluant.
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The chemistry of C-nucleosides has received considerable
attention recently due to the biological activities of naturally
occurring compounds such as showdomycin, formycin, and
oxazinomycin.2 Though synthetic methodology has evolved
for the preparation of a number of C-nucleoside analogues,?
only one investigation has dealt with the synthesis of homo-
C-nucleosides,? compounds with a methylene unit between
a carbon of the nitrogen base and the standard D-ribose
moiety. This note describes the facile synthesis of a series of
6-substituted 4-pyrimidinone homo-C-nucleosides from the
ester 1, which is available in three steps from D-ribose.4>

Treatment of 1 with lithio-tert-butyl acetate® in toluene
at 0 °C for several hours affords an anomeric mixture (ca. 3:1,
B/a) of the B-keto ester 2 in 75% yield. The assignment of 3 to
the major anomer was made on the basis of 13C NMR data. In
particular, the isopropylidene methyls of the major anomer
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oceur at § 25.66 and 27.54, within the range strongly indicative
of a 8 configuration (25.5 £ 0.2 and 27.5 + 0.2).78

It has been shown that the «-anomer of 1 is more stable than
the 38,4 and recently a rationalization for this seemingly un-
usual behavior has been presented.® On this basis it seems
likely that the o anomer of 2 is also more stable than the 8. The
conditions involved in the preparation of 2 (low-temperature,
aprotic solvent) probably do not allow equilibration, though
there is some leakage to the a-anomer. Further support for
these postulates is provided by the finding that 3-2 is isom-
erized readily under basic conditions to an /8 mixture which
is predominantly a.

Condensation of 2 with guanidine, acetamidine, thiourea,
and benzamidine under basic conditions afforded the pro-
tected nucleosides 3a—d as anomeric mixtures (ca. 3:1, a/3)
which were chromatographically inseparable. That the major
anomers after condensation are all « is also indicated by the
chemical shifts of the isopropylidene methyls. For example,
the shifts of the methyls in 3a are at § 25.09 and 26.33, clearly
in the « range (24.9 £ 0.3 and 26.3 £ 0.2).7-% In view of the
ready isomerization of 8-2 to a mixture of anomers containing
predominantly «-2, it seems likely that equilibration is oc-
curring prior to cyclization, and that the anomeric composition
of 2 after equilibration dictates the ratio of a- and 8-homo-
C-nucleosides. Desulfurization of 3¢ with Raney Nickel in
refluxing 95% ethanol provided the hydrogen-substituted
compound 3e. Interestingly, while both urea and formamidine
reacted with 2, neither led to the formation of cyclized mate-
rial under a variety of conditions. The free nucleosides 4a—e
were obtained by treatment of 3a—e with either methanolic
hydrogen chloride or aqueous trifluoroacetic acid for several
hours. These acidic conditions, even over longer periods of
time (2 days), caused no change in the o/ ratio of the nucle-
osides. Chromatographic separation of the free nucleoside
anomers was once again not possible. 4e was also available by
desulfurization of 4c.

The 13C NMR spectra of the free nucleosides contained
characteristic signals for the five compounds, and all values
are reported in the Experimental Section. Salient !H NMR
values are the methyl singlet of 4b at 6 2.28 and the pyrimidine
C5H singlet of 4e at 6 8.92, as well as the pyrimidine Cs signal
of all five nucleosides in the neighborhood of § 6.0.

© 1978 American Chemical Society
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Thus, homo-C-nucleosides are available in only six (4a-d)
or seven (4e) steps from D-ribose in reasonable yields.!9 The
B-keto ester 2 is a stable and versatile intermediate which
might also serve as a precursor to various other homo-C-
nucleoside ring systems, as well.

Experimental Section!!

Melting points were determined on a Thomas-Hoover capillary
melting point apparatus and are corrected. 'H NMR spectra were
measured with Varian A60A or EM-360 instruments and '3C NMR
spectra with a Bruker WP80; chemical shifts are in parts per million
downfield from internal tetramethylsilane or DSS (for D;0). Mass
spectra were recorded with an AEI-MS9 spectrometer at 70 ¢V, Mi-
croanalyses were done by Galbraith Laboratories, Inc. and Mr. Wil-
liam Rond, The Ohio State University.12

Methanol was dried by distillation from magnesium methoxide and
toluene by distillation from calcium hydride.

tert-Butyl 4-C-(2,3-0-Isopropylidene-5-O-trityl-a- and
-8-D-ribofuranosyl)-3-oxobutanoate (2). A solution of 1.86 g (3.82
mmol) of 1 in 10 mL of toluene under nitrogen was cooled to 0-5 °C
and 0.93 g (7.64 mmol) of lithio-tert-butyl acetate was added in one
portion. The solution was stirred several hours and processed by
washing several times with water, drying (NagS0Oy), and evaporation
to a light yellow syrup. Column chromatography (silica gel, 2.4 X 40
cm, elution with 4:1 petroleum ether (30-60 °C)-ether) afforded the
colorless 3-keto ester 2, 1.46 g {(68%), as a thick syrup. Comparable
yields (60-75%) have been obtained on runs of up to 20 mmol: IR
(neat) 1717, 1735 cm~1; NMR (CDCl3) 6 1.30 and 1.51 (25, 6, C(CHj3)s),
1.42 and 1.45 (2s, 9, C(CH3)3, 8 and «), 2.59-2.94 (m, 2, CH,C(0)C),
3.13-3.72 (m, 4, CHs0Tr and -C(O)CH;C(0)-), 4.02-4.80 (m, 4, C,H,
CqH, C3H, C4H), 7.10-7.60 (m, 15, ArH); 13C NMR (CDCls) 5 25.66,
27.54,27.96, 46.62, 51.086, 64.22, 80.42, 80.90, 82.23, 83.57, 84.55, 86.73,
114.37,127.04, 127.84, 128.75, 143.83, 166.18, 200.72; mass spectrum
caled m/e 572.2773; found 572.2781. Anal. Caled for CgsH 4O C,
73.40; H, 7.04. Found: C, 73.65; H, 7.25.

6-C-(2,3-O-Isopropylidene-5-O-trityl-a- and -8-D-ribofu-
ranosyl)methyl-4-hydroxy-2-aminopyrimidine (3a). To a solution
of 650 mg (1.14 mmol) of 2 in 12 mL of absolute ethanol was added
120 mg {1.25 mmol) of guanidine hydrochloride and 132 mg (1.25
mmol) of Nag(COs, and the mixture was heated at reflux (dryirg tube)
for 12 h. Removal of solvent under reduced pressure followed by
dissolution in CHCl3, washing with H,0, drying, and evaporation
afforded an off-white foam, which was purified by column chroma-
tography (silica gel, 2.5 X 20 cm, elution with 97.5-2.5 CHCl3~
CH30H) to afford 450 mg (73%) of a colorless foam. On starding in
a small amount of CH30H, the a-anomer (as judged by 13C NMR)
crystallized out: mp 236-241 °C dec (begins turning brown at 228 °C);
NMR (CDCl3) 6 1.30 and 1.46 (2s, 6, C(CH3)2), 2.76 (m, 2, CHy py-
rimidine), 3.21 (m, 2, CH,OT'r), 4.03-4.80 (m, 4, C;H, CsH, C:H, C4H
of carbohydrate), 5.68, 5.73 (2s, 1, C=CH, « and 8), 7.08-7.5¢& (m, 15,
ArH); 13C NMR (CDCly) 6 25.09, 26.33, 36.31, 64.69, 80.2&, 82.17,
83.47, 87.30, 102.40, 112.49, 127.22, 127.92, 128.68, 143.62, 156.03,
168.55. Anal. Caled for Cq9H33N:05: C, 71.22; H, 6.16; N, 7.79. Found:
C,71.03; H. 6.16; N, 7.75.

6-C-(2,3-0O-Isopropylidene-5- O-trityl-a- and -8-D-ribo-
furanosyl)methyl-4-hydroxy-2-methylpyrimidine (3b). A solu-
tion containing 1.098 g (1.92 mmol) of 2, 363 mg (3.84 mmol) of acet-
amidine hydrochloride, and sodium methoxide (5.76 mmol) in 10 mL
of methanol was heated at reflux (drying tube) for 10 h. After evap-
oration of the solvent under reduced pressure the residue was taken
up in CHCl;, washed with Hy0O, dried, and evaporated to dryness.
Purification was accomplished by column chromatography (silica gel,
2.5 X 18 c¢m, elution with 97.5-2.5 CHCl3-CH30H), yielding 795 mg
(77%) of a foam: NMR (CDCls) 6 1.32 and 1.52 (2s, 6, C(CHjy)5), 2.33
and 2.41 (2s, 3, CH3C=C, «- and 8-anomers), 2.90 (m, 2, CH, py-
rimidine), 3.23 (m, 2, CH,0Tr), 4.05-4.88 (m, 4, C;H, C-H, C;H, C;H
of carbohydrate), 6.29 and 6.37 (2s, 1, C=CH, «- and §-ar.omers),
7.08-7.58 (m, 15, ArH); 1?C NMR (CDCly) 6 25.20, 26.38, 38.04, 64.69,
80.01, 82.17, 83.36, 83.52, 87.24, 110.71, 112.44, 127.11, 127.87, 128.68,
143.68, 158.52, 165.85, 167.20. Anal. Calcd for C33H34N2Oj5: C, 73.58;
H, 6.36; N, 5.20. Found: C, 73.70; H, 6.50; N, 5.02.

6-C-(2,3- O-Isopropylidene-5- O-trityl-a- and §-D-ribofura-
nosyl)methyl-4-hydroxy-2-thiopyrimidine (3c¢). A solution con-
taining 1.215 g (2.12 mmol) of 2, 404 mg of thiourea (5.3 mmol), and
sodium methoxide (4.25 mmol) in 15 mL of CH30H was heated at
reflux (drying tube) for 5 h. After evaporation of the solvent under
reduced pressure the residue was taken up in CHCl;, washed with
H,0, dried, and evaporated to dryness. Purification was accoraplished
by column chromatography (silica gel, 2.5 X 40 cm, elution with
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98.5-1.5 CHCl3-CH30H) affording 692 mg (59%) of a colorless foam:
NMR (CDClg) 6 1.35 and 1.52 (2s, 6, C(CH3)s), 2.74 (m, 2, CHjy py-
rimidine), 3.29 (m, 2, CHxOTr), 4.13-4.83 (m, 4, C;H, CoH, C3H, C4,H
of carbohydrate), 5.78 (s, 1, C=CH), 7.05-7.58 {m, 15, ArH), 10.56 and
11.07 (2 brs, 2, 2 NH); 13C NMR(CDCls) 6 24.76, 26.17, 33.29, 64.74,
79.96, 81.85, 83.20, 84.06, 87.46, 104.56, 112.98, 127.33, 128.03, 128.57,
143.36, 153.71, 161.54, 175.57; mass spectrum caled m/e 556.2032;
found 556.2041. Anal. Caled for C33H32N205S-CH30H: C, 67.33; H,
8.16; N, 4.76. Found: C, 67.17; H, 6.32; N, 4.68.

6-C-(2,3-O-Isopropylidene-5-O-trityl-a and -g-D-ribofura-
nosyl)methyl-4-hydroxy-2-phenylpyrimidine (3d). A solution of
2 (762 mg, 1.36 mmol), benzamidine hydrochloride (277 mg, 1.77
mmol), and sodium ethoxide (3.13 mmol) in 12 mL of absolute ethanol
was heated at reflux (drying tube) for 12 h. The reaction mixture was
evaporated to dryness, taken up in CHCl3, washed with H5O, dried,
and evaporated to an off-white foam. Purification was accomplished
by column chromatography (silica gel, 2.5 X 15 cm, elution with 98-2
CHCl3-CH30H), affording 541 mg (68%) of a colorless foam: NMR
(CDCl3) 6 1.33 and 1.53 (2s, 6, C(CH3)2), 2.78-3.50 (m, 4, 2CHy),
4.02-5.08 (m, 4, C;{H, CoH, C3H, C4H of carbohydrate), 6.38, 6.46 (2s,
1, C=CH, - and a-anomers), 6.98-7.65 (m, 18, ArH), 7.95-8.38 (m,
2, ortho protons of the 2-phenyl moiety); 13C NMR (CDCl;) 6 25.20,
26.44, 37.99, 65.01, 80.23, 82.28, 83.47, 87.24, 112.38, 127.06, 127.87,
128.63, 131.97, 143.62, 156.47, 165.46, 166.61; mass spectrum caled m/e
600.2624; found 600.2636. Anal. Calcd for CagHggNoO5-CH3OH: C,
74.02; H. 6.37; N, 4.43. Found: C, 73.74; H, 6.16; N, 4.20.

6-C-(2,3-O-Isopropylidene-5- O-trityl-a- and -B-D-ribofu-
ranosyl)methyl-4-hydroxypyrimidine (3e). To a solution of 289
mg (0.52 mmol) of 3¢ in 5 mL of 95% ethanol was added 580 mg of
Raney Nickel, and the mixture heated at reflux 4 h. Processing and
purification was accomplished by filtration through Celite (wash with
95% ethanol), evaporation, and thick layer chromatography (silica
gel, two elutions with CHCly), to afford 196 mg (72%) of a colorless
foam. On a 1-2 mmol scale column chromatography (elution with 95-5
CHCIl3-CH3OH) was employed: NMR (CDCl3) 6 1.32 and 1.52 (2s,
6, C(CHa)y), 2.73-3.46 (m, 4, 2CHy), 4.03-4.85 (m, 4, C1H, CoH, C3H,
C4H of carbohydrate), 6.41, 6.50 (2s, 1, C5H of pyrimidine, 8- and
a-anomers); 7.07-7.60 (m, 15, ArH), 8.09 (s, 1, CoH of pyrimidine),
13.18 (br s, 1, NH); 13C NMR (CDCly) 6 25.09, 26.33, 37.93, 64.53,
79.90. 82.06, 82.33, 83.30, 87.19, 112.39, 127.11, 127.87. 128,63, 143.62,
148.05, 164.56, 167.20. Anal. Calcd for C32H32N205-CH30H2 C, 71.20,
H.6.52, N, 5.03. Found: C, 71.01; H, 6.26; N, 4.99.

General Procedure for the Preparation of 4a—-e by Depro-
tection of 3a-e. A solution of 3a-e (1 mmol) in 10 mL of 10%
methanolic hydrogen chloride was allowed to stand at room temper-
ature for 3 h. Solvent was evaporated and the residue was triturated
with ether to remove trityl methyl ether. The residue was taken up
in methanol and washed through an Amberlite IR-45 (OH™) column
(1 X 15 c¢cm) with 200 mL of 50% agueous methanol. Solvent was
evaporated and the residue was purified by thick layer chromatog-
raphy (elution with 1:1 CHCl3-CH30H) to afford the free nucleoside
as a colorless foam. Deprotection with 9:1 trifluoroacetic acid-H»O
gave comparable results.

6-C-(a- and B-D-Ribofuranosyl)methyl-4-hydroxy-2-ami-
nopyrimidine (4a): 86%; NMR (Me,SO-dg) 6 2.63 (m, 2, CH, py-
rimidine), 3.17-4.37 (m, 6, C1H, CoH, C3H, C4H, CH,0H), 5.53 (s, 1,
C=CH), 6.77 (brs, 2, NHj); 13C NMR (Me2S0-dg) § 37.67 (CH, py-
rimidine), 61.66 (CH,OH), 71.76, 72.05, 78.55, 81.81 (Cy, Cy, Ca, Cy
of carbohydrate), 101.03 (pyrimidine Cs), 155.41 (pyrimidine Cg),
163.27 (pyrimidine Cy4), 166.57 (pyrimidine Cs). Anal. Caled for
C10H;5N305-0.5CH30H: C, 46.15; H. 6.27; N, 15.38. Found: C, 46.33;
H, 6.06, N, 15.67.

6-C-(a- and B-D-Ribofuranosyl)methyl-4-hydroxy-2-
methylpyrimidine (4b): 56%; NMR (MesSO-dg) 6 2.28 (s, 3, CHgy),
2.73 (m, 2, CH, pyrimidine), 3.35-4.42 (m, 6, C1H, CoH, C3H, C4H,
CH,0H), 6.06 (s, 1, C==CH); 3C NMR (Me;S0-d¢) 6 21.02 (CHj),
37.68 (CHjy pyrimidine), 61.65 (CHo,OH), 71.76, 72.05, 78.26, 81.90 (C,
Ca, C3, Cy4 of carbohydrate), 110.30 (pyrimidine Cs), 158.42, 162.54,
164.92 (pyrlmldme Cz, C4, Ce) Anal. Caled for C11H16N205-
0.5CH30H: C, 50.73; H, 6.66; N, 10.29. Found: C, 50.57; H. 6.34; N,
10.49.

6-C-(a- and B-D-Ribofuranosylymethyl-4-hydroxy-2-
thiopyrimidine (4¢): 77%; NMR (Mey,SO-dg) 6 2.65 (m, 2, CHg py-
rimidine), 3.35-4.35 (m, 6, C;H, CoH, C3H, C4H, CH,0H), 5.75 (s, 1,
C=CH); 13C NMR (MesSO-dg) 32.92 (CH; pyrimidine), 61.41
(CH,0H), 71.71, 77.73, 82.05 (Cy, Cy, C3, C4 of carbohydrate), 103.94
(pyrimidine Cs), 154.97 (pyrimidine Cg, 161.09 (pyrimidine Cy), 175.89
(pyrimidine Cy). Anal. Caled for CyoH;4N2O5S-CH30H: C, 43.13; H,
5.92. Found: C, 43.27; H, 5.93.

6-C-(a- and B-D-Ribofuranosyl)methyl-4-hydroxy-2-
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phenylpyrimidine (4d): 86%; (MeSO-dg) 6 2.87 (m, 2, CHy pyrim-
idine}, 3.30—4.57 (m, 6, C;H, CoH, C3H, C4H, CH,OH), 5.85 (br s, OH),
6.29 (s, 1, C=CH), 7.58 (m, 3, m- and p-ArH), 8.17 (m, 2, 0-ArH); 13C
NMR (Me,SO-dg) 6 37.77 (CH; pyrimidine), 61.66 (CH2OH), 71.80,
72.05, 78.50, 81.95 (Cy, Cy, Cs, C4 of carbohydrate), 110.40 (pyrimidine
Cy), 127.68, 128.51, 131.32, 133.17 (aromatic), 157.30 (pyrimidine Cg¢),
164.29, 165.36 (pyrimidine Cz, C4) Anal. Caled for C16H15N205-
CH3;0H: C, 58.28; H, 6.33; N, 8.00. Found: C, 58.70; H. 6.25; N,
7.93.

6-C-(a and §-D-Ribofuranosyl)methyl-4-hydroxypyrimidine
(4e): 82%; NMR (D0} 6 2.87 (m, 2, CH; pyrimidine), 3.30-4.57 (m,
6,CH, CoH, CsH, C4H, CH,0H of carbohydrate), 6.51 (s, 1, pyrimi-
dine C5H), 8.92 (s, 1, pyrimidine CoH); 13C NMR (MeySO-dg) 6 61.66
(CH,0H), 71.73, 72.05, 78.24, 81.95 (Cy, Cs, C3, C;4 of carbohydrate),
113.22 (pyrimidine Cs), 149.46 (pyrimidine Cs), 161.89, 164.95 (py-
rimidine Cg4, Cg), CHy pyrimidine obscured by MegSO peaks. Anal.
Caled for CigH14N2050.8CH30H: C, 48.43; H. 6.47; N, 10.46. Found:
C, 48.08; H. 6.19; N, 10.62.
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In continuation of our studies! on the trifluoroacetoxy group
as a useful intermediate in the nucleophilic substitution of
those steroid alcohols whose tosylates are difficult to obtain
or isolate we became interested in the behavior of the 17a-
vinyl-178-trifluoroacetoxy derivatives 1 and 2, prepared from
the corresponding alcohols 1a? and 2a® with trifluoroacetic
anhydride-pyridine at 0 °C.

Methanolysis of 1 in the presence of sodium acetate af-
forded 17a-methoxypregna-5,20-dien-33-yl acetate (1b),
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(E)-21-methoxypregna-5,17(20)-dien-38-yl acetate (le),
starting alcohol 1a, and (E)-pregna-5,17(20)-dien-33,21-diol
3-acetate (1d).4

R R,

.
v

AcO

1, R = OCOCF,; R, = CH=CH,
la, R = OH; R, = CH==CH,

b, R = CH==CH,; R, = OMe

¢, R =R, = =CHCH,OMe¢
d,R =R, ===CHCH,OH¢

e,R =R, ==CHCH,N,«

f, R = R, = =CHCH,0COCF,¢
g, R = R, = =CHCH,Cl¢

h,R = R, = =CHCH,0Ac?

R ,Rl
MeO

2, R = OCOCF;; R, = CH==CH,
2a, R = OH; R, = CH=CH,

b, R =R, = =CHCH,N,4

¢, R =R, ===CHCH,Cl«

a4 E isomers.

The structures 1b, lc, and 1d were inferred from their an-
alytical and spectral (IR and 'H-NMR) data.

The methoxy group in 1b was assigned the 17« configura-
tion on the basis of the upfield position of the 13-Me group
compared with that of the 173 derivatives 1, 1a, and 2.12

Evidence for the trans stereochemistry at the 17(20) double
bond in lc¢ and 1d was likewise obtained by comparison of
their 13-Me shifts with those of compounds of known stere-
ochemistry.®

1d was furthermore acetylated to give the known diacetate
1h3

The product pattern was nearly what one would expect
from competing Sx1 and B 2 mechanisms,!2 the absence of
a 178-methoxy derivative being expected because of steric
reasons.12

The presence in high yield of the rearranged alcohol 1d re-
quired nevertheless further investigation.

Isomerization of the initially formed alcohol 1a appeared
untenable since conversions of this type are acid cata-
lyzed.®

1d could have instead resulted, via an acyl-oxygen cleavage,
from the corresponding trifluoroacetate 1f, in turn obtained
by partial isomerization of 1 in the reaction medium.

That 1f is probably the precursor of 1d was supported by
the fact that buffered methanolysis of 1f in the same condi-
tions as used for 1 afforded very quickly 1d exclusively.

This fast consumption of 1f joined to its probable slow
formation (also see later) should account for our inability to
detect it in the course of the methanolysis of 1.

Bimolecular substitutions of 1 and 2 by azide ion in hex-
amethylphosphotriamide (HMPT) to give the 21-azido de-
rivatives le and 2b proceeded in high yield (>70%).

le and 2b were assigned the trans stereochemistry on the
same basis as discussed before.

As to the mechanism, these azidolyses cannot be regarded
as pure Sn2' processes, since 1 has been found to rearrange
partially into 1f in HMPT and this latter was shown to afford
quantitatively le in the presence of NaNa.
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