6,5"-Cyclopyrimidine Nucleoside Interconversions

Table V
Syn/anti ratio Yield, g
Not degassed 2.65 0.513
2.62 0.481
Degassed (2 cycles) 2.43 0.5633
2.46 0.524
Degassed (5 cycles) 2.44 0.534
2.38 0.535

centrated to the residual solid which had dissolved. The residue was
then weighed.

Isolation of the Anti Dimer. Acenaphthylene (10 g) was dissolved
in 50 mL of p-OHC-CgHs—Br (20 mol %)/benzene and irradiated
{without prior degassing) for 25 h. The crude product which had
precipitated was :solated, washed with three portions (500 mL total)
of hot cyclohexane, and recrystallized from benzene as white needles:
mp 301-302 °C (it. mp 306-307 °C);? UV (cyclohexane) 219 (¢ 6.56
X 10%), 225 nm (e 1.11 X 10%),

Isolation of the Syn Dimer. A solution of acenaphthylene (10 g)
in methanol (50 mL) was degassed and irradiated for 25 h. The crude
product which precipitated was isolated, and a portion of it was re-
crystallized from cyclohexane as white prisms: mp 232-234 °C (lit.
mp 232-234 °C);* UV (cyclohexane) 219 (e 1.10 X 105), 225 nm (e 4.99
X 104),

Control. Photostability of Acenaphthylene Photodimers. The
pure anti dimer (1.0 g, see above) was added to a sufficient quantity
of methanol so taat the final volume was 10 mL, and the resulting
solid/liquid mixture was degassed and irradiated for 15 h in the usual
fashion. Ultraviolet analysis of the insoluble “product” gave a syn/anti
dimer ratio of 0.18,
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The pure syn dimer was treated analogously and gave a syn/anti
ratio of 4.37.

Control. Syn/Anti Ratios as a Function of Sample Degassing.
In all of the reactions previously described, the reaction mixtures were
degassed by two freeze-pump cycles. That two cycles are sufficient
is indicated by the following study. Six reaction mixtures were pre-
pared, each containing 1.0 g of acenaphthylene in 1.0 mol % of bro-
mobenzene in methanol (total volume 10 mL). Two reaction mixtures
were not degassed, two were degassed with two freeze (liquid Ng)—
pump-thaw cycles, and two were degassed with five freeze-pump-
thaw cycles. After irradiation and product analysis in standard
fashion, the syn/anti ratios and dimer yields were obtained (Table

V).

Registry No.—1, 208-96-8; syn- 1 photodimer, 15065-28-8; anti- 1
photodimer, 14620-98-5.
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The 5'S and 5'R epimers of 6,5'-cyclouridine undergo autoxidation to 5’-0x0-6,5'-cyclouridine when treated with
oxygen and 1 N NaOH. 5-Ox0-68,5-cyclouridine is stable in 1 N NaOH, but under less strongly alkaline conditions,
e.g.. ethanolic ammonia, it undergoes 3’ epimerization to give 6,5'-cyclo-5'-0x0-1-(3-D-xylofuranosyljuracil, proba-
bly via formation and recyclization of a pyrimido[1,6-¢]{1,3]oxazine intermediate generated by retro-aldol cleavage.
The 5’-carbonyl group of 5’-0x0-6,5"-cyclouridine is predominately hydrated in aqueous systems, whereas the 5'-
oxo0-xylo isomer exists as the keto form under the same conditions. These ribo-xylo epimers consequently show
large differences in ultraviolet spectral properties in water that are useful in monitoring the retro-aldol equilibrium
reaction. Similar differences in the UV spectra of hydrated orotaldehyde (261 nm) and anhydrous orotaldehyde
(300 nm) were noted. Reduction of 5-0x0-6,5"-cyclouridine with sodium cyanoborohydride in acetic acid affords
only 6,5(S)-cyclouridine. Similar reduction of the §"-0xo-xylo nucleoside affords both 5'S and 5'R epimers of 6,5'-
cyclo-1-(8-D-xylofuranosyl)uracil in a ratio of 5:1, possibly indicating that the 5’R-xylo isomer is formed via partici-
pation of the 3’-hydroxyl group. The identity of each xylo 5" epimer was established from NMR spectra and by the

ready formation of a 3/,5'-O-isopropylidene derivative of the 5'S epimer.

Nucleosides and nucleotides restricted to one type of con-
formation, but retaining a full complement of hydrogen-
bonding sites, are useful for probing the conformational fac-
tors that affect the specificities of the enzymes of nucleic acid
metabolism.3 In this regard, we have previously reported4 the
synthesis of the 5'R and 5'S epimers of 6,5-cyclouridine (1 and
2, Scheme I). "These nucleosides are fixed in the anti confor-
mational range, and the orientations of the 5-hydroxyl groups
correspond approximately to the gauche-trans and trans-
gauche Cy 5 rotamers, respectively, of unrestricted nucleo-
sides.

In addition to their potential as biochemical tools, 6,5 -

cyclonucleosides are interesting from a chemical viewpoint
because the allylic character of C-5’ enhances the reactivity
of that position relative to ordinary nucleosides. For example,
derivatives of 1 and 2 in which the 5-hydroxyl groups are
protected undergo base-catalyzed epimerization at C-5’ via
a mechanism involving 5'-carbanion intermediates.* We now
wish to report that 6,5 -cyclopyrimidine nucleosides with
unsubstituted 5’-hydroxyl groups readily undergo base-cat-
alyzed autoxidation and that the resulting 5’-oxo nucleosides
can rearrange to give their D-xylo epimers.

The first example of autoxidation of a 6,5’ -cyclopyrimidine
nucleoside was encountered during the synthesis of inter-
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mediates required for the preparation of the 6,5 -cyclocyti-
dine® analogues of 1 and 2. Thus, although methylation of
thione 5 with diazomethane affords the expected 4-methylthio
nucleoside 6, methylation of 5 or its tri-O-acetate 4 with
methyl iodide in aqueous methanol at pH 9 affords, unex-
pectedly, the 5’-0x0-xylosyl nucleoside 7. The same product
(7) is obtained when 6 is treated with aqueous sodium hy-
droxide in methanol (pH 9), and chromatography indicates
that 6 is probably an intermediate in the conversion of 5 into
7. The structure of 7 and the manner of its formation were
deduced from subsequent experiments with the 6,5-cy-
clouridines 1 and 2 described below.

6,5'(S)-Cyclouridine (2) is stable in 1 N NaOH under ni-
trogen, but it is converted readily into the 5’-oxo-ribo nucle-
oside 9 in the presence of air or oxygen (Scheme II). Autox-
idation of 6,5’(R)-cyclouridine (1) also affords 9, indicating
that oxidation occurs at the 5 position. Interestingly, the rate
of oxidation of 1 is much slower than that of 2. That 9 retains
the ribo configuration is evident from the NMR spectrum and
from the fact that 9 can be converted into an isopropylidene
derivative 13, identical with that obtained by sulfur triox-
ide—pyridine oxidation® of 12,

The keto nucleoside 9 is stable in 1 N NaOH, in which it is
formed from 1 or 2, but under less strongly alkaline conditions
it equilibrates with its 5'-oxo-xylo isomer 11. This isomer-
ization is very rapid at pH 8-9, where the equilibrium favors
the xylo nucleoside 11, and occurs at an appreciable rate
simply on dissolving 9 in water. Preparatively, treatment of
9 with dilute ethanolic ammonia, followed by removal of
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ammonia by evaporation, affords a mixture from which the
major isomer (11) crystallizes readily. Compound 11 corre-
spondingly reequilibrates with its ribo isomer 9 on dissolution
in water or dilute alkali. NMR studies show that the equilib-
rium 11 =9 in 1 N NaOD lies entirely in favor of the ribo
isomer 9, a finding that explains the apparent stability of 9 in
1 N NaOH.

The sequence of events occurring in the conversion of 4 into
7 (Scheme I) is therefore S-methylation to give 6, followed by
autoxidation to give the 5-0xo0 analogue of 6, which equili-
brates with the observed xylo product 7 under the mild con-
ditions used (pH 9).

The assignment of the xylo configuration to 7 and 11 rests
on their NMR (Me3S0O-dg), which show J5 4 values of 7.4 Hz
and very small values (<0.5 Hz) for 9 3 (Table I). In contrast,
the ribo epimer 9 shows Jy 4 = 0 and Jo 3 = 6.3 Hz. Similar
differences were observed in the NMR spectra of the phen-
ylhydrazones of 9 and 11. Additionally, both 7 and 11 show
long-range coupling (1.2 Hz) between H-1’ and H-3’, which
is consistent with the geometry of the xylo configuration.
Four-bond couplings of similar magnitude have been observed
previously for a variety of bicyclic carbohydrates.”

The most likely mechanism for the interconversion of 9 and
11 is a retro-aldol cleavage to generate the pyrimido[1,6-c]-
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Table I. First-Order Coupling Constants, 2 Hz

Compd Jya Jyy Jygs Jry JIss J5NH Jy s0H J3,30H Jy 208

3 6.1 0 6.4 0 1.3 1.3

4 6.2 0 6.2 0 1.3 1.3

5 6.1 0 6.1 0 1.2 1.2 6.1 7.0 5.5
6 6.1 0 6.1 0 1.2 8.1 7.0 5.5
9bc 6.3 0 0 2.1 d d
9 (8) 6.1 0 0 ex ex ex ex
9X! 6.4 0 0 1.8 6.4 5.5
7¢ ~0.5f 7.4 1.2 4.5 4.3
110 ~0.5f 7.4 1.2 g 4.4 4.3
11X! 1.2 6.7 1.2 1.1 k 5.2
16 (NaOD)e ~0.57 6.6 5.9 1.2 1.2 ex ex ex ex
14 ~1.0f 7.3 ~0.5 1.2/ ~0.5 k 6.7 4.0 4.9
15% 0 6.4 6.1 1.1 1.2 2.0 4.3

4 In all cases /12 = 0 Hz. Values for Jo 3, J3 ¢, and J 4 5 for compounds with unsubstituted hydroxyl groups were obtained after
addition of Dy0. Computer resolution = 0.3 Hz unless stated otherwise. ® Computer resolution = 0.15 Hz. ¢ 4J,- 4 = 0.76 + 0.15 Hz.
4 First-order values not obtainable. ¢ Computer resolution = 0.19 Hz. / J4 3 not resolved but detectable by decoupling. £ Obscured
by 2’-OH signal but detectable by decoupling. # Obscured by H-1’ and H-4' signals. ¢ 4Jy 5 = 1.2 4 0.19 Hz. The only first-order values
obtainable for 16 in MesSO-dg are Jo 20n = 4.5 Hz and J3 301 = 4.0 Hz. / Obtained after D70 addition and decoupling Jo' 2. ¥ Obscured

by H-1’ signal. ! Phenylhydrazone derivative.

[1,3]oxazine intermediate 10, which can then recyclize to give
either 9 or 11 depending on the orientation of the aldehyde
group in the transition state. The rate of ring closure appar-
ently exceeds the rate at which enolate 10 ketonizes because
NMR studies of the 9 = 11 interconversion under a variety
of alkaline conditions in D50 show that deuterium is not in-
corporated at C-4’ of either 9 or 11. Lack of deuterium incor-
poration, however, rules out the possibility that the 3’ epi-
merization involves abstraction of H-4’ and elimination of the
&-hydroxy! group, followed by rehydration. This dehydra-
tion-rehydration sequence is in any case unlikely because
formation of the olefinic intermediate would violate Bredt’s
rule. Further support for the retro-aldol mechanism comes
from the fact that the isopropylidene nucleoside 13, in which
the 3’-hydroxy group is blocked, is stable to conditions that
promote rapid equilibration of 9 and 11.

A C-3 epimerization reaction similar to that described
above was observed recently by Youssefyeh et al.® during the
base-catalyzed aldol coupling of formaldehyde with unpro-
tected uridine 5’-aldehyde. Their reaction involves hydroxy-
methylation at C-4’ of uridine 5'-aldehyde, followed by Can-
nizzaro reduction of the original 5'-aldehyde group to give
4’-hydroxymethyluridine, together with its 8’ epimer.? These
authors® alsc suggested a retro-aldol-aldol cyclization
mechanism, and our results with the nonenolizable, con-
strained ketones 9 and 11 tend to support this proposal.

A curious feature of the retro-aldol equilibration of 9 and
11 is that the reaction itself, and the purity of individual
preparations of 9 and 11, can be monitored by UV spectros-
copy. This follows from the finding that ribonucleoside 9 is
largely hydrated in water and has a UV spectrum different
from that of xylo nucleoside 11, which exists in water in the
keto form. In water, compound 9 absorbs strongly at 270 nm
but shows a much smaller peak at 315 nm. In contrast, nu-
cleoside 11 absorbs strongly at 312 nm and has no discrete
peak at 270 nm. Removal of the 5'-carbonyl conjugation by
hydration would be expected to result in a hypsochromic shift,
and the 270-nm absorption of 9 can therefore be attributed
to the hydrate 8. In support of this conclusion, it should be
noted that solutions of 9 in anhydrous dioxane absorb only
at 321.5 nm but that addition of water to the dioxane solution
results in the reappearance of absorption at 270 nm.10 Further
evidence for the existence of 8 comes from NMR studies of 9
in aqueous systems. Thus, the NMR spectrum of 9 in
MesSO-dg consists of a single set of peaks (Table IT), but ad-
dition of Do( results in the gradual appearance of an addi-

Scheme III
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tional set of peaks, attributable to 8, which reach a constant
8/9 ratio of ~1:1. Similarly, the NMR spectrum of 9 in D;0
alone shows two sets of peaks, with a 8/9 ratio of 3.5:1. On the
other hand, xylo nucleoside 11 gives a single set of peaks in
D30 and MeaS0-dg-D30 that is closely similar to the spec-
trum in anhydrous Me;SO-dg, indicating in this case that the
equilibrium lies heavily in favor of the keto form of 11.

A further instance where the ribo (9) and xylo (11) 5’-keto
nucleosides show disparate properties concerns their reduc-
tion with sodium cyanoborohydride in acetic acid. This re-
agent combination!! (pH ~4) was used because alkaline so-
lutions of sodium borohydride induce C-3’ epimerization, with
consequent formation of mixtures of ribo- and xylo-6,5'-cy-
clopyrimidine nucleosides. Cyanoborohydride reduction of
9 gives 6,5'(S)-cyclouridine (2), with no detectable formation
of the 5'R isomer 1. Similar reduction of 11, however, affords
both the 5’R and 5'S isomers of 6,5'-cyclo-1-(8-D-xylofura-
nosyl)uracil (14 and 16, respectively, Scheme III) in a ratio of
1:5. Clearly, attack by the cyanoborohydride ion on 9 and 11
occurs in both cases primarily from the less hindered, rear side
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Table II1. UV Data for 5'-0xo0-6,5'-cyclouridine (9)

Solvent Amax (€) Amex (€) Amin (€
Dioxane 321.5 (5460) ~250-280 (1540)
80% dioxane 321.5 (3750) 270 (4210)  295.5 (2420)

20% dioxane 318.5 (1670) 270 (7125)
0.INHCI 315(1420) 270 (8950)

299.5 (1300)
300 (1240), 233 (1860)

mL of hot ethanol deposited 960 mg (92%) of 4 (yellow needles, TLC
pure): mp 194-196 °C; UV Apax (Hs0) 334, 279, 252 nm, Ay, 289, 262
nm.

Anal. Caled for C15H;6N20sS (mol wt 384.36): C, 46.87; H, 4.20; N,
7.29. Found: C, 46.85; H, 4.22; N, 7.26.

6,5'(S)-Cyclo-4-thiouridine (5). Four 1-mL portions of 1 N NaOH

(4 mmol) were added over a 10-min period to a suspension of 4 (1.28
g, 3.28 mmol) in 40 mL of methanol. The solution was kept at room
temperature for 1.5 h, when TLC (EtOAc) indicated complete hy-
drolysis. The solution was deionized by passage through excess Dowex
50 (H*, previously equilibrated with methanol). Crystallization of
5 commenced or concentration of the effluent and was completed by
cooling: yield 600 mg (73%); mp 249-250 °C; UV Anax (H20) 250, 335
nm. Amin 260 nm; Amay (pH 11) 320, inflection 274-286 nm, Ay, 258
nm,

Anal. Caled for CoH g N2O35S (mol wt 258.25): C, 41.85; H, 3.90; N,
10.85. Found: C. 41.91; H, 3.94; N, 10.90.

6,5'(S)-Cyclo-4-methylthiouridine (6). A solution of 5 (400 mg,
1.55 mmol) in hot methanol (75 mL) was cooled rapidly to prevent
crystallization. An excess of diazomethane in ether (dried over KOH)
was added, and the solution was stored at room temperature until
TLC (EtOAc) irdicated that the reaction was complete. Removal of
the ether and cooling afforded 200 mg (48%) of 6 with good TLC pu-
rity. Further crops contained traces of a faster moving component
which was not fully characterized but which has an NMR spectrum
consistent with the isomeric N-methyl compound (N-Me & 3.56,
Me»S0-dg). Recrystallization of 6 from methanol afforded pale yellow
needles: mp 193-203 °C dec; UV Apax (H20) 307, 225-238 (sh),
256-284 (sh), 313--320 nm (sh), Apin 242 nm.

Anal. Caled for CigH 12N205S (mol wt 272.28): C, 44.11; H, 4.44; N,
10.29. Found: C. 43.93; H. 4.50; N, 10.31.

6,5'-Cyclo-5'-0x0-1-(8-D-xylofuranosyl)-4-methylthiouracil
(7). Method A. Methyl iodide (0.2 mL, 3.2 mmol) was added to a so-
lution of 5 (100 g, 0.39 mmol) in 15 mL of methanol, and the pH was
adjusted to and maintained at ~9 by the dropwise addition of 1 N
NaOH. TLC (CH.Cly/MeOH, 9:1) at 30 min indicated the disap-
pearance of starting material and the formation of 6, which in turn
was converted ir to a faster moving component. After 3 h, the reaction
mixture was neutralized with acetic acid, the volume was reduced, and
the solution was applied to a preparative TLC plate. The plate was
developed in CHoClo/MeOH (9:1), and the major zone was removed
and extracted with 50 mL of EtOAc/MeOH (1:1). Concentration of
the filtrate afforded pale vellow crystals of 7: 60 mg (57%); mp 250-253
°C dec, darkens from 244 °C; UV Apax (H20) 341, 229, 318-333 nm
{shi. Amip 265 nim; IR 1740 em~t (5'-0x%0).

Anal. Caled for C1oH19N2O5S (mol wt 270.26): C, 44.44; H, 3.72; N,
10.27. Found: C, 44.21: H, 3.76; N, 10.40.

Method B. A solution of 6 (20 mg) in methanol (1.5 mL) containing
~2 drops of 1 N NaOH was kept at room temperature for 3 h. Isolation
of the product by preparative TLC as described above afforded 16 mg
(81%) of material, identical (melting point, IR, UV, and NMR) with
7 prepared according to method A.

5'-0x0-6,5"-cyclouridine (9). Method A. A slow stream of oxygen
was passed thrcugh a solution of 6,5'(S)-cyclouridine (2, 500 mg) in
1 N NaOH (25 raL) for 60 h. The solution was neutralized by passage
through excess Dowex £0 (H*), and the effluent and washings (pH
~5) were concentrated to a clear syrup. Crystallization from ethanol
afforded two crops of 9 (228 and 79 mg, total yield 62%). The mother
liquors contained more 9, together with xylo isomer 11. An analytical
sample of 9 was obtained by recrystallization from ethanol: mp
220-222 °C, resolidified, ~260 °C'4 dec; IR 1750 em™1 (5’-0x0) (UV,
see Table I1I).

Anal. Caled for CgHgN2Og (mol wt 240.17): C, 45.01; H, 3.38; N,
11.66. Found: C, 45.10: H, 3.40; N, 11.78.

Compound 9 readily forms a phenylhydrazone in methanol, mp
>300 °C (recrystallized from 10% aqueous EtOH).

Anal. Caled for C5H 4N;O5 (mol wt 330.30): C, 54.55; H, 4.27; N,
16.96. Found: (', 54.38: H, 4.42; N, 16.74.

Method B. A solution of 6,5'(8)-cyclouridine? (2, 5 mg) in 0.5 mL
of 1 N NaOD containing a trace of DSS was oxygenated in an NMR
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tube at room temperature. The NMR spectrum after 24 h showed
complete conversion into 9 (hydrate), which shows signals at 6 5.97
(1,s,H-5),5.83(1,s, H-1),4.19 (1,d, H-3, Jo» 3 = 6.1 Hz), and 3.98
(2, H-2” d overlapping H-4’ s). This spectrum is identical with that
of crystalline 9 in 1 N NaOD.

The above experiment was repeated on the same scale and under
identical conditions with 6,5'(R)-cyclouridine® (1). The oxidation was
considerably slower; after 92 h, integration indicated a 1/9 (hydrate)
ratio of 3.2:1, with the signals for 9 (hydrate) (H-3’ obscured by H-4'
and H-5" of 1) identical with those above.

6,5'-Cyclo-5-0x0-1-(8-D-xylofuranosyl)uracil (11). Method
A. An aqueous ammonia solution (1 mL, 1 N) was added to a solution
of 9 (80 mg) in warm ethanol (10 mL). The volume was reduced to 2
mL, and the solution was refrigerated, affording 47 mg (59%) of 11
(prisms): mp 260 °C dec, darkens above 240 °C; IR 1750 cm™! (5'-0x0);
UV Amax (0.2 N HCD 312 nm (e 6200), Amin 250 nm (e 1485); Apax (di-
oxane) 315 nm, Apnin 262 nm.

Anal. Caled for CgHgN2Og (mol wt 240.17): C, 45.01; H, 3.38; N,
11.66. Found: C, 44.88; H, 3.38; N, 11.64.

The mother liquors contained both 9 and 11. Further crops of 11
can be obtained by treating the residue with ethanolic ammonia as
above, followed by concentration and cooling of the solution.

Method B. 8,5 (S)-Cyclouridine? (2, 500 mg) was oxidized in 1 N
NaOH as described above (method A) for the preparation of 9. The
clear syrup, obtained after evaporation of the deionized reaction
mixture, was dissolved in 50 mL of ethanol. A 5-mL amount of a1 N
ammonia solution was added, and the solution was concentrated to
~10 mL and cooled. Crystalline 11 {279 mg) was collected; additional
crops of 51 and 45 mg (total yield 75%) were obtained by retreating
the residues with ethanolic ammonia. Compound 11 reisomerizes in
1 N NaOD to give ribonucleoside 9, as shown by the change of the
NMR spectrum [11 {D;0) 6 6.49 (s, H-5), 6.09 (d, H-1, J1 3 = 1.2 Hz),
5.23 (d, H-4', Ja4 = 7.6 Hz), 4.65 (dd, H-3"), 4.38 (s, H-2')| to that
described above for 9 (hydrate), preparation B.

Compound 11 forms a crystalline phenylhvdrazone in 50% acetic
acid, mp 275-280 °C dec, darkens above 265 °C (recrystallized from
H;0).

Anal. Caled for Cy5H14N405-H20: C, 51.72; H, 4.63; N, 16.09. Found:
C,52.13; H, 4.28; N, 16.15.

2,3'-0-Isopropylidene-5'-0x0-6,5’-cyclouridine (13). Method
A. A suspension of 9 (55 mg) in acetone (3 mL) containing p-tolu-
enesulfonic acid hydrate (15 mg) and 2,2-dimethoxypropane (0.1 mL)
was stirred rapidly at room temperature. Further additions of di-
methoxypropane (0.1 mL) were made after 1 and 3 h; TLC (EtOAc)
indicated an essentially complete reaction after 4 h. The reaction
mixture was neutralized by the addition of & saturated sodium bi-
carbonate solution, and the volume was reduced to ~0.5 mL. Crys-
talline 13 (34 mg, 53%) formed on the addition of water. The analytical
sample was recrystallized from EtOAc/petroleum ether (bp 30-60 °C):
mp 225-226 °C; UV Apayx (H20) 268, 316 nm, 268/316 = 7.0, Ain 236,
298 nm, Amay (dioxane) 320 nm, Apin 268 nm. 268/316 = 0.34.

Anal. Caled for C12H2N3Og (mol wt 280.24): C, 51.43; H, 4.31; N,
10.00. Found: C, 51.16; H, 4.35; N, 9.80.

Method B. A solution of the sulfur trioxide-pyridine complex (477
mg, 3 mmol) in Me2SO (1 mL) was added to a solution of 12 (282 mg,
1 mmol) in Me;SO (1 mL) containing triethylamine (1 mL, 7 mmol),
and the mixture was stored at room temperature for 17 h. The solution
was acidified with glacial acetic acid and evaporated to dryness (ly-
ophilization). Water was added to the residue. and crystalline starting
material (12, 40 mg; TLC; NMR) was removed. The filtrate, which
contains 13 and 12 as the main components, was applied to a pre-
parative TLC plate. Development in benzene/ethyl acetate (1:2),
followed by extraction of the appropriate zone with EtOAc and con-
centration to dryness, afforded pure 13 (95 mg) with melting point
and IR, UV, and NMR spectra identical with 13 prepared as above.
No attempt was made to optimize the vield of 13.

Reduction of 13 (20 mg, 0.08 mmol) in methano! (5 mL) containing
sodium borohydride (0.7 mL of a 1 N agqueous solution) for 30 min
afforded a solution containing 12, together with some faster moving
(TLC, EtOAc) fluorescent materials. The identity of 12, purified by
preparative TLC, was established by comparison of the NMR spec-
trum with that of authentic material.*

6,5'(S)-Cyclouridine (2). Sodium cyanoborohydride (10 mg, 0.16
mmol) was added to a solution of 9 (36 mg, 0.15 mmol) in a mixture
of methanol (2 mL) and acetic acid (0.5 mL). The solution was stored
at room temperature for 1 h (TLC, EtOAc, dinitrophenylhydrazine
spray) and then concentrated to dryness. An aqueous solution of the
residue was passed through excess Dowex 50 (H"), the eluate was
eviporated to dryness, and methanol was repeatedly evaporated from
the crystalline residue. The NMR spectrum (MesSO-dg) of the re-
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sulting crystalline mass (35 mg, 96%) was identical with that of au-
thentic 2;% none of the 5'R isomer 1 was detected, even with the very
high signal-to-noise ratio resulting from prolonged spectral accu-
mulation.

6,5'(8)-Cyclo-1-(8-D-xylofuranosyl)uracil (16) and 6,5'(R)-
Cyclo-1-(8-D-xylofuranosyl)uracil (14). Sodium cyanoborohydride
(40 mg, 0.64 mmol) was added to a suspension of 11 (150 mg, 0.53
mmol) in a mixture of water, acetic acid, and methanol (1:1:1, 6 mL).
The mixture was stirred and warmed briefly to ~40 °C to effect dis-
solution and then cooled to room temperature. The reduction was
monitored by the disappearance of the 310-nm peak of 11 and the
appearance of absorption at 268 nm, a process that was complete after
~3.5 h. The solution was deionized by passage through an excess of
Dowex 50 (H*), the eluate and washings were concentrated to dryness,
and methanol was repeatedly evaporated from the residue. The NMR
spectrum (MesS0-dg) of the residue showed compounds 14/16 in a
ratio of 1:5. Pure 14 (80 mg) was obtained by crystallization of the
residue from hot 80% ethanol: mp 246-248 °C; UV Amax (H20) 268 nm,
Amin 233 nm; Apax (pH 9) 266 nm, A, 241 nm.

Anal. Caled for CgH19N2Og (mol wt 242.19): C, 44.63; H, 4.16; N,
11.57. Found: C, 44.56; H, 4.14; N, 11.47.

A further sample of 14 (30 mg) and pure 16 (10 mg) was obtained
by fractionation of the residue by preparative TLC (CHsCly,/MeOH,
8:1; triple development). Compound 16 crystallized from aqueous
ethanol: mp 250-253 °C dec, darkens and shrinks above 230 °C; UV
Amax (H20) 271 nm, Amin 237 nm; Apax (pH 10) 270 nm, Apin 245
nm.

Anal. Calcd for CgH19N2Og (mol wt 242.19): C, 44.63; H, 4.16; N,
11.57. Found: C, 44.86; H, 4.14; N, 11.36.

6,5'(S)-Cyclo-3',5'-O-isopropylidine-1-8-D-xylofuranosyl)-
uracil (15). A suspension of 16 (54 mg, 0.22 mmol) in acetone (3 mL)
containing 15 mg of p-toluenesulfonic acid monohydrate and 0.1 mL
of 2,2-dimethoxypropane was stirred rapidly at room temperature.
The slow dissolution of 18 (~1 h) was followed by the appearance of
crystalline 15. After 3 h, the crystals (27 mg) were removed and washed
with cold acetone. The filtrate was diluted with 0.1 mL of water, solid
sodium bicarbonate was added, and the mixture was filtered. The
filtrate was evaporated to dryness, and a solution of the residue in
methanol was applied to a preparative TLC plate. After development
(EtOAc), the appropriate zone was removed, the silica was extracted
with ethyl acetate, and the filtrate was concentrated to dryness.
Crystallization from 90% acetone afforded 20 mg (total yield 75%) of
15: mp 265-266 °C, UV Apax (H20) 269.5 nm, Apin 233 nm; Ayax (pH
10) 270 nm, Apin 243 nm.

Anal. Caled for C1oH14N2Og (mol wt 282.25): C, 51.07; H, 5.00; N,
9.93. Found: C, 51.24; H, 5.05; N, 9.89.

Registry No.—1, 59728-02-8; 2, 59686-60-1; 12, 59686-58-7; acetic
acid, 64-19-7; diazomethane, 334-88-3; methyl iodide, 74-88-4;
phenylhydrazide, 100-63-0; 2,2-dimethoxypropane, 77-76-9.
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The title compound (5) can be prepared by photosensitized dimerization of 1,2-dimethyl-3,4-dimethylenecyclo-
butene (1) to anti-1,2,5,6-tetramethyl-3,4,7,8-tetramethylenetricyclo[4.2.0.028] octane (2), followed by flow system
pyrolysis of 2 at 380 °C. At lower temperatures an intermediate, 1,2,5,6-tetramethyl-3,4,7,8-tetramethylenecy-
cloocta-1,5-diene (3), can be isolated. On direct or sensitized photolysis of 3, 5 is also obtained. The photochemistry
of 2 has been explored, and its fragmentation to 1 on direct irradiation is discussed. The photosensitized dimeriza-
tion of 1 to 2 is also discussed and interpreted in favor of a frontier orbital mode! for predicting the products of such

reactions.

As an intermediate in a proposed synthesis, we required
1,2:5,6-bis(ethano)cyclooctatetraene (4, R = H) or a simple
derivative thereof. Attempts to convert 1,2:5,6-bis(ethano)-

0022-3263/78/1943-0486$01.00/0

cycloocta-1,5-diene? to the tetraene proved fruitless, and so
we investigated the route to 4, R = CHs, shown in Scheme L.
Our synthesis began with the photochemical dimerization of
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