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Tab le  V 

Syn/anti ratio Yield, g 
___.- 

Not degassed 2.65 0.513 
2.62 0.481 

Degassed (2 cycles I 2.43 0.533 
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-CsH1-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);9 UV (cyclohexane) 219 ( c  6.56 
X lo4), 225 nm ( e  1.11 X I O 5 ) .  

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):‘ IJV rc\,clohexanei 219 ( e  1.10 X lo5), 225 nm (c  4.99 
x 104). 

Control. Photostability of Acenaphthylene Photodimers. The 
pure anti dimer (1.0 g. s i x  above) was added to a sufficient quantity 
of methanol so t ?at  the final volume was 10 mL, and the resulting 
solidfliquid mixtiire was degassed and irradiated for 15 h in the usual 
fashion. Ultraviolet analysis of the insoluble “product” gave a syn/anti 
dimer ratio of 0.1 8. 

The pure syn dimer was treated analogouslv 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 N2)- 
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 mere obtained (Table 
V). 

photodimer, 14620-98-5. 
Registry No.-1,208-96-8; syn- 1 photodimer, 15065-28-8; anti- 1 
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’I he 5‘s and 5’R epimers of 6,5’-cyclouridine undergo autoxidation to 5’-oxo-6,5’-cyclouridine when treated with 
oxygen ant1 1 N NaOH. 5’-0xo-6,5’-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’-oxo-l-(/3-D-xylofuranosy~)urac~~, proba- 
bly via formation and recyclization of a pyrimido[l,6-c] [1,3]oxazine intermediate generated by retro-aldol cleavage. 
Thib 5’-carbonyl group of 5’-oxo-6,5’-cyclouridine is predominately hydrated in aqueous systems, whereas the 5’- 
oxo-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 
1300 nm) were noted. Reduction of 5’-oxo-6,5’-cyclouridine with sodium cyanoborohydride in acetic acid affords 
only 6,5’(S)-cyclouridine. Similar reduction of the 5’-oxo-xylo nucleoside affords both 5’s and 5’R epimers of 6,5’- 
cycio-l-(/3-t)-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’-0-isopropylidene derivative of the 5’s epimer. 

Nucleosides a n d  nucleotides restricted t o  one type of con- 
formation,  but retaining a full complement  of hydrogen- 
bonding sites, a re  useful for probing t h e  conformational fac- 
tors t h a t  affect. t h e  specificities of t h e  enzymes of nucleic acid 
m e t a b ~ l i s m . ~  In  this regard, we have previously reported4 t h e  
synthesis of the  5’R and 5’s epimers of 6,5’-cyclouridine (1 and 
2, Scheme I). These  nucleosides a re  fixed in t h e  an t i  confor- 
mational range, and t h e  orientations of the  5’-hydroxyl groups 
correspond approximately t o  t h e  gauche-trans and trans-  
gauche C4,,5, rotamers ,  respectively, of unrestr ic ted nucleo- 
sides, 

In  addi t ion to their  potent ia l  as biochemical tools, 6,5’- 

cyclonucleosides a re  interesting from a chemical viewpoint 
because t h e  allylic character  of C-5’ enhances t h e  reactivity 
of that position relative t o  ordinary nucleosides. For  example, 
derivatives of 1 and 2 i n  which the 5’-hydroxyl groups a re  
protected undergo base-catalyzed epimerization at  C-5’ via 
a mechanism involving 5‘-carbanion intermediates4 W e  now 
wish t o  report  t h a t  6,5’-cyclopyrimidine nucleosides with 
unsubst i tuted 5‘-hydroxyl groups readily undergo base-cat- 
alyzed autoxidation and that t h e  resulting 5’-0x0 nucleosides 
can rearrange t o  give their  D-xylo epimers. 

T h e  first example of autoxidation of a 6,5’-cyclopyrimidine 
nucleoside was encountered during t h e  synthesis of in te r -  
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mediates required for the preparation of the 6,5’-cyclocyti- 
dine5 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-0-acetate 4 with 
methyl iodide in aqueous methanol a t  pH 9 affords, unex- 
pectedly, the 5’-oxo-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 11). Autox- 
idation of 6,5’(R)-cyclouridine (1) also affords 9, indicating 
that oxidation occurs a t  the 5’ position. Interestingly, the rate 
of oxidation of 1 is much slower than that of 2. That 9 retains 
the rib0 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 oxidation6 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 a t  pH 8-9, where the equilibrium favors 
the xylo nucleoside 11, and occurs a t  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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1, 6.5 (E)-cyclouridine 2, 6,5’(S)-cyclouridine 

HO,. 

HO 

I I  
HO OH - 

8 

0 

OH 
- 

?(!I b H  

HO? H’ \ 

OH- - 
HO 

J N H  A H  

pyridine-SO ,/Me ,SO 

NaBH, 

t 

oxo 
Me Me 

oxo 
Me Me 

12 13 

ammonia by evaporation, affords a mixture from which the 
major isomer (1 1) crystallizes readily. Compound 11 corre- 
spondingly reequilibrates with its rib0 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 rib0 
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’-0xo 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 ( M ~ ~ S O - ~ G ) ,  which show J3’,4! values of 7.4 Hz 
and very small values (<0.5 Hz) for J2’,3’ (Table I). In contrast, 
the rib0 epimer 9 shows J3t,4t = 0 and J2’,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[l,6-c]- 
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___ Table I. First-Order Coupling Constants, a Hz 

Compd ___ J2~,3, J3,,4, J4,,5, Ji’,3’ J5,5, JS,NH J5‘,5’OH J3’,3’OH J2 ,2,on 
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 6.1 7.0 5.5 
g b , c  6.3 0 0 2.1 d d 
9 (8) 6.1 0 0 ex ex ex ex 
9x1 6.4 0 0 1.8 6.4 5.5 
7 e  -0.5f 7.4 1.2 4.5 4.3 
l l b  -0.5f 7.4 1.2 g 4.4 4.3 
11x1 1.2 6.7 1.2 1.1 k 5.2 
16 (NaOD)‘“ -0.51 6.6 5.9 1.2 1.2 ex ex ex ex 
14 -1.0f 7.3 -0.5 1.21 -0.5 k 6.7 4.0 4.9 
15b 0 6.4 6.1 1.1 1.2 2.0 4.3 

a In all cases J l , , 2 ,  = 0 Hz. Values for J2,,3,, J3 , ,4 , ,  and J4,,5, for compounds with unsubstituted hydroxyl groups were obtained after 
addition of DzO. Computer resolution = 0.3 Hz unless stated otherwise. 4J1 , ,4 ,  = 0.76 f 0.15 Hz. 

First-order values not obtainable. e Computer resolution = 0.19 Hz. f J2’,3‘ not resolved but detectable by decoupling. g Obscured 
by 2’-OH signal but detectable by decoupling. Obscured by H-1’ and H-4’ signals. 4 J 3 ~ , 5 ,  = 1.2 f 0.19 Hz. The only first-order values 
obtainable for 16 in MenS0-d~ are J 2 z . 2 ~ ~  = 4.5 Hz and J3’,3‘OH = 4.0 Hz. Obtained after D20 addition and decoupling J2,,3,. Obscured 
by H-1’ signal. Phenylhydrazone derivative. 

Computer resolution = 0.15 Hz. 

[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 a t  which enolate 10 ketonizes because 
NMR studies of the 9 =e 11 interconversion under a variety 
of alkaline conditions in DzO show that deuterium is not in- 
corporated a t  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 
3’-hydroxyl 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’ epimerizat ion reaction similar to that described 
above was observed recently by Youssefyeh et a1.8 during the 
base-catalyzed aldol coupling of formaldehyde with unpro- 
tected uridine 5’-aldehyde. Their reaction involves hydroxy- 
methylation a t  C-4’ of uridine 5’-aldehyde, followed by Can- 
nizzaro reduction of the original 5’-aldehyde group to give 
4’-hydroxymethyluridine, together with its 3’ epimer.9 These 
authors8 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 a t  315 nm. In contrast, nu- 
cleoside l l  absorbs strongly a t  312 nm and has no discrete 
peak a t  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 
a t  321.5 nm but that addition of water to the dioxane solution 
results in the reappearance of absorption a t  270 nm.lo Further 
evidence for the existence of 8 comes from NMR studies of 9 
in aqueous sjystems. Thus, the NMR spectrum of 9 in 
MezSO-dG consists of a single set of peaks (Table II), but ad- 
dition of DpCj results in the gradual appearance of an addi- 
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tional set of peaks, attributable to 8, which reach a constant 
8/9 ratio of -1:l. Similarly, the NMR spectrum of 9 in D2O 
alone shows two sets of peaks, with a 8/9 ratio of 3.5:l. On the 
other hand, xylo nucleoside 11 gives a single set of peaks in 
D2O and Me2SO-ds-DzO that is closely similar to the spec- 
trum in anhydrous MezsO-d~, indicating in this case that the 
equilibrium lies heavily in favor of the keto form of 11. 

A further instance where the rib0 (9) and xylo (11) 5’-keto 
nucleosides show disparate properties concerns their reduc- 
tion with sodium cyanoborohydride in acetic acid. This re- 
agent combination1’ (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’-cyc~o-l-(~-D-xy~ofura- 
nosyl)uracil(l4 and 16, respectively, Scheme 111) 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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of C-5' to give the 5's products. That  reduction of 11 affords 
appreciable amounts of the 5'R isomer 14, whereas 9, which 
is less sterically congested than 11, affords none of the 5'R 
isomer 1, may indicate that 14 is formed via participation of 
the 3'-hydroxyl group rather than by direct cyanoborohydride 
attack on the more hindered, front face of the 5'-carbonyl 
group. Thus, the initial reaction of the cyanoborohydride ion 
with the 3'-hydroxyl group of 11 would form a complex fa- 
vorably located for delivery of a hydride ion to the front face 
of the 5'-carbonyl group. A similar explanation has been used 
previously to account for the stereochemistry of the products 
obtained from lithium aluminum hydride reduction of cyclic 
hydroxy ketones. 

Assignments of the 5' configurations to 14 and 16 follow 
from their respective 54,,5, values of <0.5 and 5.9 Hz. These 
values are diagnostic because Dreiding models show a 4',5' 
dihedral angle of -90" for 14 and 30" for 16. Both 14 and 16 
show 4J1,,3,  values of 1.2 Hz, consistent with the xylosyl con- 
figuration, and 16 shows an additional four-bond coupling (1.2 
Hz) between H3, and Hg, that is consistent only with the 5's 
configuration. Chemical proof of the 5's configuration follows 
from the finding that 16 readily forms a 3',5'-0-isopropylidene 
derivative 15, whereas 14 is inert to  acetone and p-toluene- 
sulfonic acid because isopropylidene ring formation is steri- 
cally impossible. Compound 15, in which the 2'-hydroxyl 
group is conveniently unblocked, is expected to be a versatile 
intermediate in further studies involving transformations of 
the sugar rings of these 6,5'-cyclopyrimidine nucleosides. We 
also anticipate that the retro-aldol C-3' epimerization reaction 
will be applicable to other cyclonucleosides, e.g., 8,5'-cyclo- 
purine nucleosides, of interest as probes of conformational 
aspects of enzyme-substrate interactions. 

Experimental Section 
General Procedures. Melting points were determined on a 

Thomas-Hoover apparatus (capillary method) and are uncorrected. 
Ultraviolet spectra were measured on Cary Model 15 and Varian 
Superscan 3 spectrometers and infrared spectra (KBr disk) were 
obtained with a Perkin-Elmer Infracord. Thin-layer chromatography 
was performed on 1 X 3 in. microscope slides coated with silica gel 
GFz54 (Merck) and preparative separations were effected on 20 X 20 
cm, 1-mm silica gel GF plates (Analabs Inc.). Separated materials were 
detected with ultraviolet light and/or by spraying with sulfuric acid 
in ethanol (10% v/v) followed by charring. Evaporations were carried 
out in vacuo with bath temperatures kept below 45 "C. Microanalyses 
were performed by Spang Microanalytical Laboratory, Ann Arbor, 
Mich. 
2',3',5'-Tri-0-acetyl-6,5'(S)-cyclouridine (3).13 2',3'-O-Iso- 

propylidene-6,5'(S)-cyclouridine4 (12, 1.18 g, 4.2 mmol) was dissolved 
with stirring in 80% acetic acid (40 mL), and the solution was refluxed 
for 8 h, a t  which time TLC (EtOAc) showed complete absence of 
starting material. The solution was concentrated to dryness, and 
pyridine (2 X 25 mL) was added to and evaporated from the residue. 
The final crystalline residue, comprising mostly 6,5'(S)-cyclouridine 
(2) together with small amounts of partially acetylated material, was 
dissolved in a mixture of pyridine (25 mL) and acetic anhydride (5 
mL, 53 mmol). After 2 h a t  room temperature (TLC, EtOAc), ethanol 
was added to hydrolize excess acetic anhydride, and the mixture was 
evaporated to dryness. A solution of the residue in chloroform was 
washed with cadmium chloride solution to remove traces of pyridine. 
The organic layer was filtered, washed with water, and dried over 
sodium sulfate. Removal of the solvent afforded a dry foam which 
crystallized readily from warm ethanol to give 1.2 g (78%, TLC pure) 
of 3, mp 209-210 "C. 

Anai. Calcd for C15H16N209 (mol wt 368.30): C, 48.92; H, 4.38; N, 
7.61. Found: C, 48.78; H, 4.40; N, 7.68. 
2',3',5'-Tri-O-acetyl-6,5'(S)-cyclo-4-thiouridine (4). Phos- 

phorus pentasulfide (1.0 g, 4.5 mmol) was added to a solution of 3 (1.0 
g, 2.7 mmol) in 40 mL of dioxane, and the mixture was refluxed for 
2 h (TLC, EtOAc/petroleum ether (30-60 "C), 1:l). The cooled mix- 
ture was filtered, and the filtrate and washings were concentrated to 
dryness. The solid residue was partitioned between dichloromethane 
and water; the organic layer was washed with water, dried over sodium 
sulfate, and evaporated to dryness. A solution of the residue in -30 
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Table  111.1JV Data  for 5'-0~0-6.5'-cvclouridine (9) 

Solvent Amax ( c )  Amax ( e )  Amin ( 6 )  

Dioxane 35 1.5 (5460) -250-280 (1540) 
80% dioxane 321.5 (3750) 270 (4210) 
20% dioxane 318.5 (1670) 270 (7125) 
0.1 N HCI 315 (14201 270 (8950) 300 (12401,233 (1860) 

295.5 (2420) 
299.5 (1300) 

mL of hot ethanol deposited 960 mg (92%) of 4 (yellow needles, TLC 
pure): mp 1941!% "C; 17v A,, (HzO) 334,279,252 nm, Ami,, 289,262 
nm. 

Anal. Calcd for C1sH16N20sS (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 owr a 10-min period to a suspension of 4 (1.26 
g, 3.28 mmol) in 40 mI, 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 A,, (H20) 250,335 
nm, A,,, 260 n n  ; A,,, (pH 11) 320, inflection 274-286 nm, A,;,, 258 
nm. 

Anal. Calcd fm C ~ H I ~ N ~ O ~ S  (mol wt 258.25): C, 41.85; H, 3.90; N, 
10.85. Found: C. 41.91; Fr, 3.94; N, 10.90. 
6,5'(S)-Cycl~1-4-methylthiouridine (6). A solution of 5 (400 mg, 

1.55 mmol) in hot methmol (75 mL) was cooled rapidly to  prevent 
crystallization. An excess of diazomethane in ether (dried over KOH) 
was added, and the solution was stored a t  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 fiilly characterized but which has an NMR spectrum 
consistent with the isomeric N-methyl compound (N-Me 6 3.56, 
Me&30-&). Rec:ystallization of 6 from methanol afforded pale yellow 
needles: mp 193--203 "C dec; UV A,,, (H20) 307, 225-238 (shi, 
256-284 (sh), 313--320 nm (sh), Amin 242 nm. 

Anal. Calcd fc#r CloHI:!N20& (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' -oxo-1 -(~-D-xylofuranosyl)-4-methylthiouracil 
(7) .  Method A. Methyl iodide (0.2 mL, 3.2 mmol) was added to a so- 
lution of 5 (100 mg, 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&l*/h.leOH, 9:l) at  30 min indicated the disap- 
pearance of stai ting 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 CII:Cl?/hleOH (9:1), and the major zone was removed 
and extracted ni th  *50 mL of EtOAciMeOH (1:l). Concentration of 
the filtrate afforded pale yellow crystals of 7: 60 mg (57%); mp 250-253 
"C dec, darkens from 244 "C: 15' A,,, (H20) 341,229,318-333 nm 
(shl. Ami, 265 nin; IR 7$0 cm-I iF~'-oxo). 

Anal. Calcd for Cl&t~I!N205S (mol wt 270.26): C, 44.44; H,  3.72; N, 
1037. Found: C, 44.": 14, 3.76: N. 10.40. 

Method B. A solution of 6 (20 mg) in methanol (1.5 mL) containing 
-2 drops of 1 N YaOH was kept at  room temperature for 3 h. Isolation 
of the product bv preparative TLG as described above afforded 16 mg 
(81%) of materi,il, identical (melting point, IR, UV, and NMR) with 
7 prepared according to method A. 
5'-Oxo-6,5'-cyclouridine (9). Method A. A slow stream of oxygen 

was passed thrcugh a iiolution of 6,5'(S)-cyclouridine (2,500 mg) in 
1 N %OH (23 r i L )  for 6C h. The solution was neutralized by passage 
through excess Dowex CO I H + ) ,  and the effluent and washings (pH 
- 5 )  were concentrated t o  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 w:is ohtained by recrystallization from ethanol: mp 
220-222 "C, res,lidifie8?, -260 'C1* dec; IR 1750 cm-' I5'-oxo) (UV, 
see Table 111). 

Anal. Calcd for CgHaN206 (mol wt 240.17): C, 45.01; H, 3.38; N, 
11.66. Found: C ,  45.10: 13. 3.40; N, 11.78. 

Compound 9 readily forms a phenylhydrazone in methanol, mp 
>300 "C (recryi;taliized from 10% aqueous EtOH). 

Anal. Calcd for C I ; ~ ~ I I ~ N ~ O ;  (mol wt 330.30): C, 54.53; H, 4.27; N, 
16.96. Found: C, 54.338, .H. 4.42; N, 16.74. 

Method B. F solution of 6,5'(S)-cyclouridine4 (2,5 mg) in 0.5 mL 
of 1 N NaOD containini: a trace of DSS was oxygenated in an NMR 

tube a t  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-l '),  4.19 (1, d,  H-3', 523.3' = 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)-cyclouridine4 i I). 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'-oxo-l-(~-D-xy~ofuranosy~)urac~~ (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'-oxo); 
UV A,,, (0.2 N HCI) 312 nm ( c  6200), Amin 250 nm ( c  1485); A,,, (di- 
oxane) 315 nm, Ami, 262 nm. 

Anal. Calcd for CgHBN20ij (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. 6,5'(S)-Cyclouridine4 (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 a 1 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 111 (DzO) 6 6.49 (s, HA), 6.09 (d, H-1', 51',3' = 1.2 Hz), 
5.23 (d, H-4', 53,,4, = 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 phenylhydrazone in 50% acetic 
acid, mp 275-280 "C dec, darkens above 265 "C (recrystallized from 
HzO). 

Anal. Calcd for C15H14N405.Hp0: C ,  51.72; H. 4.63: N, 16.09. Found: 
C,  52.13; H, 4.28; N, 16.15. 
2',3'-O-Isopropylidene-5'-oxo-6,5'-cyclouridine (13). Method 

A. A suspension of 9 (55 mg) in acetone (3 niL) containing p-tolu- 
enesulfonic acid hydrate (15 mg) and 2,2-dimethoxypropane (0.1 mL) 
was stirred rapidly a t  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 a 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 A,,, (H20) 268,316 nm, 268/316 = 7.0, Ami, 236, 
298 nm. A,,, (dioxane) 320 nm. Amin 268 nm. 268/316 = 0.34. 

Anal. Calcd for C1zH12N206 (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 Me2SO (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 yield (-if 13. 

Reduction of 13 I20 mg. 0.08 mmol) in methanol (5  mL) containing 
sodium borohydride (0.7 mL of a 1 N aqueous 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 PU'MR spec- 
trum with that of authentic materiaL4 

6,5'(S)-Cyclouridine (2). Sodium cyanoborohydride (IO 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 mL1. 'The solution was stored 
at  room temperature for 1 h ITLC, EtOAc. ciinitrophenylhydrazine 
spray) and then concentrated to dryness. An aqueous solution of the 
residue was passed through excess Dowex 60 (H+), the eluate was 
eaporated to dryness, and methanol was repeatedly evaporated from 
the crystalline residue. The NMR spectrum (MenSO-ds) of the re- 
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sulting crystalline mass (35 mg, 96%) was identical with that of au- 
thentic 2;4 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'(S)-Cyclo-1-(~-D-xy~ofuranosy~)uracil (16) and 6,5'(R)- 

Cyclo-l-(&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 (l:l:l, 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 (MezSO-df,) 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 246248 "C; UV A,, (HzO) 268 nm, 
Ami, 233 nm; A,,, (pH 9) 266 nm, Amin 241 nm. 

Anal. Calcd for CgHloNzO6 (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 (CHd3d?vIeOH, 
8:l; triple development). Compound 16 crystallized from aqueous 
ethanol: mp 250-253 "C dec, darkens and shrinks above 230 "C; UV 
A,,, (HzO) 271 nm, Ami,, 237 nm; A,,, (pH 10) 270 nm, Amin 245 
nm. 

Anal. Calcd for CgH10rJ206 (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-~sopropylidine-l-~-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 a t  room temperature. 
The slow dissolution of 16 (-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 A,,, (H20) 269.5 nm, Amin 233 nm; Amax (pH 
10) 270 nm, Amin 243 nm. 

Anal. Calcd for C12H14N206 (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.-l,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[4.2.0.02~6]~ctane (2), followed by flow system 
pyrolysis of 2 a t  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 I to 2 is also discussed and interpreted in favor of a frontier orbital model 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)- 

cycloocta-1,5-diene2 to the tetraene proved fruitless, and SO 

we investigated the route to 4, R = CH3, shown in  Scheme I. 
Our synthesis  began with the photochemical dimerization of 
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