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solution was evaporated to dryness and crystallized from water to
give 0.99 g (76%) of 5: mp 149-150°; [«]?D —36° (c 0.5, water);
Amax (PH 1) 258 nm (¢ 12,000); Amin 281 nm (e 3700), 280 s (7100);
Amax (PH 11) 256 nm (e 14,000), Amin 229 nm (e 4200), 280 s (7900);
NMR (DMSO-ds¢ + D20) & 3.5-4.4 (broad m), 5.18 (s, 2,
CHyCeHs), 5.68 (d, 1, H-1’, Jy,o» = 6.0 Hz), 7.18 (broad s, 5,
CH2CgH5), 7.89 (s, 1, H-8). The compound was homogeneous by
TLC, paper chromatography, and paper electrophoresis.

Anal. Caled for C17H19N505: C, 54.68; H, 5.13; N, 18.76. Found:
C, 54.37; H, 5.34; N, 18.34.

Debenzylation of N®-Benzyluridine (2). Sodium naphthalene
in dioxane (7.7 ml, 2.7 mmol) was added to 2 (100 mg, 0.30 mmol)
in dioxane (20 ml) under nitrogen, and the mixture was stirred for
3 hr, after which time TLC indicated complete disappearance of 2.
The solution was left open to the atmosphere until the green color
disappeared and then evaporated to dryness. The solid was washed
with diethyl ether (3 X 10 ml) to remove the naphthalene and then
taken up in water and treated with Amberlite IR 120 (H*) to re-
move the sodium ions. The resin was removed by filtration and
washed with water (10 ml), and the combined filtrates were evapo-
rated to a solid that was recrystallized from water-methanol to
give 2 (78 mg, 84%) which was identical in all respects with uridine.

Debenzylation of N!'-Benzylguanosine (5). The debenzyl-
ation of 5 (50 mg, 0.13 mmol) in THF (20 ml) with sodium naph-
thalene in THF (3.3 ml, 1.2 mmol) was carried out as described for
N3-benzyluridine (2) except that sodium ions were removed with
Dowex 50 (pyridinium), yield 28 mg (76%).

Ion-Exchange Chromatography. Samples of N3-benzyluri-
dine (2, 5 mg) and N'-benzylguanosine (5, 5 mg) were applied to
analytical ion-exchange (Dowex 1, OH™) columns as described by
Dekker.15 N3.Benzyluridine was readily eluted in 50% methanol-
water and N1-benzylguanosine in 70% methanol-water.
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It was previously reported that «,3-epoxy esters with
simple alkyl substituents were rearranged to the corre-

Notes

sponding B-keto esters when they were irradiated in an
aprotic solvent such as diethyl ether and carbon tetrachlo-
ride.! These transformations have been also reported in
various types of «,3-epoxy ketones, and the mechanism in-
volved may well be a homolytic fission of o carbon-oxygen
bond followed by a transfer of 8-alkyl substituent.? The
present investigation was undertaken to determine wheth-
er homolytic fission of the epoxy ring would preferentially
occur even when irradiated in a protic solvent.
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Irradiation of ethyl 1-oxaspiro[2,4]heptane-2-carboxy-
late (1) in methanol with 253.7-nm light produced a-hy-
droxy ester 4a in a 67% yield. The structure of 4a was de-
termined by NMR spectroscopy and an oxidation reaction.
The NMR spectrum of 4a in DMSO-dg exhibits a doublet
at & 5,47 (J = 5.8 Hz) attributable to the hydroxyl proton,
which indicates the presence of a secondary hydroxyl
group.® Oxidation with chromium trioxide-pyridine com-
plex yielded a-keto ester 7a. Acid-catalyzed thermal reac-
tion of 1 in methanol produced 4a and ethyl 2-hydroxy-2-
(1-cyclopentenyl)acetate. From these results it is concluded
that the alternative product (8) is not produced in this
reaction. Dark reaction of 1 in methanol for 15 days was
confirmed not to provide a detectable amount of 4a. Irra-
diation of 1 with a high-pressure mercury vapor lamp pro-
duced only a small amount of 4a because of the secondary
photolytic decomposition of the product.
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Irradiation of 1 in several protic solvents produced the
corresponding «-hydroxy esters (4a—e). These results are
summarized in Table I. Dark reaction in acetic acid under
the same conditions produced a 75% yield of 4e in a 31%
conversion. The lower yield of 4e in the photochemical
reaction is due to the fast photolytic decomposition of the
product. On the other hand, the lower yields of 4¢ and 444
are probably due to the weak nucleophilicities of 2-propa-
nol and 2-methyl-2-propanol, because the acid-catalyzed
thermal reactions in both solvents produced low yields of
4c and 4d.

Ethyl 1-oxaspiro[2,5]octane-2-carboxylate (2) and ethyl
3-methyl-3-ethyl glycidate (3) also produced the corre-
sponding o-hydroxy-8-methoxy esters 5a (26%) and 6a
(34%) in 66 and 96% conversions, respectively, when irra-



Notes
TableI
Photochemical Reaction of Ethyl
1-Oxaspiro[2,4]heptane-2-carboxylate in
Various Solvents?®

Solvent Product cs?gr\xl?l‘:/; Yield, % b
Methanol 43 72 67
Ethanol 4b 30 57
2-Propanol 4c 10 Trace
2-Methyl-2-propanol 4d 18 Trace
Acetic acid 4e 47 30

@ Irradiated for 74 hr. ® Based upon epoxy ester consumed.

R
R:

SC—CHCOEt ™, R (——CHCO,Et

R \0/ MeOH
OCH, OH
1-3 4a-6a

14a R = R? =-(CH,):-
2,5a,R! = R? = -(CH,),~
3, 6&, Rli= CQH5; Ri= CH3

diated in methanol with 253.7-nm light. The product 6a in-
volved nearly equal amounts of diastereomers.

Although some reports concerning a photochemical ionic
reaction of an oxirane ring are available,>-7 the exact nat-
ures of these reactions are unknown. Photolysis of metha-
nol in the presence of oxygen was reported to yield an acid-
ic substrate, which initiated the ionic reaction,” However,
irradiation of 1 in methanol under nitrogen, oxygen atmo-
sphere, or vacuum (1 X 10~% mm) produced almost the
same yields of 4a with similar conversions. Rather than the
effect of oxygen, some acidic substrate produced photo-
chemically probably plays an important role in these reac-
tions. Irradiation of 1 in the presence of sodium carbonate
in methanol was confirmed not to yield 4a. Consequently,
although it is unknown as to what the nature of the acidic
substrate is, heterolytic cleavage of the 8 carbon-oxygen
bond to give 4-6 with no detectable formation of the alter-
native product such as 8 indicates that these reactions prob-
ably proceed via a photochemical protonation and not via
an excitation of ester carbonyl followed by homolytic fis-
sion of the « carbon-oxygen bond.

Although the photochemical transformation of «,3-epoxy
ester to B-keto ester was quenched by a triplet quencher,!
the photochemical ionic reaction of 1 to give 4 was not af-
fected by an addition of piperylene, benzene, and naphtha-
lene in concentrations ranging from 0.02 to 0.2 M.

Experimental Section

Gas-liquid chromatographic analyses were carried out with a
Hitachi K-53 and preparative works were done with a Varian Au-
toprep 700. Infrared spectra were obtained with a Hitachi EPI-
G22, and nuclear magnetic resonance spectra were measured with a
Jeol 3H-60 using tetramethylsilane as an internal standard. Mass
spectra were obtained with a Hitachi RM-50 GC. Quantitative
GLC analyses were carried out by an internal standard method. All
melting points and boiling points are uncorrected.

The starting a,8-epoxy esters 1, bp 106.0-106.5° (12 mm) [lit.8b
bp 90-95° (3-4 mm)], 2, bp 124.5° (15 mm) [lit.22 bp 134-137° (21
mm)], and 3, bp 84-86° (12 mm) [lit.3¢ bp 91-95° (17 mm)], were
prepared using the procedure of Johnson et al.82 and distilled be-
fore use. Methanol, ethanol, 2-propanol, and 2-methyl-2-propanol
were dried over calcium oxide.

Photochemical Reactions. A mixture of a,8-epoxy ester (1-3)
and protic solvent (0.08 M) in a quartz tube was cooled in water
and externally irradiated with a 15-W low-pressure mercury vapor
lamp. Nitrogen gas was allowed to pass through the mixture during
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the irradiation. The products were separated by distillation and
preparative GLC, and identified from ir, NMR, and mass spectral
data. .

Ethyl 2-hydroxy-2-(1-methoxycyclopentyl)acetate (4a) had
n26D 1.4576; ir (CCly) 8510, 1725, 1100 cm™~!; NMR (CCly) 6 1.28 (t,
3), 1.68 (m), 3.15 (s, 3), 4.17 (q, 2), 2.76 (s, 1, OH), 3.95 (s, 1); NMR
(DMSO0-dg) 6 1.18 (t, 3), 1.60 (m, 8), 3.10 (s, 3), 4.06 (q, 2), 5.47 (d,
1,0OH, J = 5.8 Hz), 4.16 (d, 1, J = 5.8 Hz); mass spectrum m/e (rel
intensity) 129 (21), 99 (100), 67 (72). Anal. Caled for C1oH1504: C,
59.38; H, 8.97. Found: C, 59.33; H, 9.12.

Oxidation of 4a with the mixture of chromium trioxide and pyri-
dine® produced ethyl (1-methoxycyclopentyl)glyoxalate (7a):
bp 110-111° (11.5 mm); ir (CCly) 1745, 1725 em™L; NMR (CCly) &
1.36 (t, 3), 1.75 (m, 4), 1.92 (m, 4), 3.18 (s, 3), 4.29 (q, 2); mass spec-
trum m/e 200 (M), 99, 67, 55, 45, 41. Anal. Caled for C10H1604: C,
59.98; H, 8.05. Found: C, 59.76; H, 7.94.

Ethyl 2-hydroxy-2-(1-ethoxycyclopentyl)acetate (4b) had
n?5D 1.4530; ir (CCly) 3500, 1722, 1112 em~1; NMR (CCly) 6 1.07 (t,
3), 1.32 (t, 3), 1.71 (s, 8), 3.46 (q, 2), 4.23 (q, 2), 2.93 (s, 1, OH), 4.01
(s, 1); mass spectrum m/e (rel intensity) 143 (17), 113 (100), 85
(95), 67 (76). Anal. Caled for C11Ho04; C, 61.09; H, 9.32. Found: C,
61.07; H, 9.29.

Ethyl 2-hydroxy-2-(1-acetoxycyclopentyl)acetate (4e) had
n?°p 1.4530; ir (CCly) 3580, 3500, 1720, 1745, 1230 cm™!; NMR
(CCly) 6 1.30 (t, 3), 2.12 (s, 3), 1.70 (s, 8), 4.21 (q, 2), 2.80 (s, 1, OH),
4.82 (s, 1); mass spectrum m/e (rel intensity) 188 (11), 170 (5), 104
(100), 97 (53), 85 (36), 76 (36). Anal. Caled for C13H1805: C, 57.38;
H, 7.88. Found: C, 57.29; H, 7.90.

Ethyl 2-hydroxy-2-(l-methoxycyclohexyl)acetate (5a) had
n20D 1.4664; ir (CCly) 3520, 1725, 1087 cm~1; NMR (CCly) 6 1.32 (t,
3), 3.20 (s, 3), 1.50 (s, 10), 4.23 (q, 2), 2.90 (s, 1, OH), 3.93 (s, 1);
mass spectrum m/e (rel intensity) 113 (100), 81 (83). Anal. Caled
for C11H2004: C, 61.09; H, 9.32. Found: C, 60.82; H, 9.24.

Ethyl 2-hydroxy-3-methoxy-3-methyl valerate (6a) had
n20p 1.4383; ir (CCly) 8515, 1720, 1095 em~1; NMR (CCly) § 0.88 (t,
3), 1.30 (t, 3), 1.15 and 1.09 (s, 38, diastereomer), 3.17 (s, 3), 4.22 (q,
2), 1.60 (m, 2), 2.90 (s, 1, OH), 3.91 (s, 1); mass spectrum m/e (rel
intensity) 161 (4), 87 (100), 55 (58). Anal. Caled for CoHg04: C,
56.82; H, 9.54. Found: C, 56.60; H, 9.66.

Thermal Reaction of 1 in Methanol. A solution of 0.63 g of 1
in 40 ml of methanol was refluxed with 25 ul of concentrated HCI
for 1 hr. The resulting mixture was treated in the usual way. GLC
analysis of the ethereal solution (Carbowax 20M, 190°) indicated
the presence of 1, 4a, and ethyl 2-hydroxy-2-(1-cyclopentenyl)ace-
tate in a ratio of 10:81:9. Preparative GLC gave ethyl 2-hydroxy-
2-(1-cyclopentenyl)acetaté: ir (CCly) 3515, 3045, 1733 cn~!; NMR
(CCly) 5 1.28 (t, 3), 1.93 (m, 2), 2.27 (m, 4), 4.22 (q, 2), 5.70 (s, 1),
3.15 (s, 1), 4.60 (s, 1); mass spectrum m/e (rel intensity) 170 (M*,
65), 124 (55), 97 (100), 79 (66), 67 (69). Anal. Calcd for CoH;,403: C,
63.51; H, 8.29. Found: C, 63.20; H, 8.50.

Spectral data of 4a isolated from a thermal reaction were com-
pletely identical with those of the phiotochemical one.
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