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tion about the C-N bond. The other component of the expected 
doublet could be obscured by the 6 2.80 singlet. Identical results 
were observed with highly purified 3c obtained from the reaction 
of IC with 2b. 

Anal. Calcd for CjHsN403: C, 34.9; H, 4.7; N, 32.6: Found: C, 
35.1; H, 4.8; N, 32.7. 

In a separate experiment, 10 g of the azo compound afforded 6.1 
g of chloroform-soluble oil and 2.2 g of crude 4-methylurazole, mp 
210-220'. A 0.50-g portion of the oil was distilled at  140' (0.1 mm) 
in a Kiigelrohr distillation apparatus to give 0.23 g of colorless dis- 
tillate which partially crystallized on standing. NMR and TLC es- 
tablished the material to be 1,3-dimethylurea: NMR 6 2.50 (d, J = 
4 Hz), 5.8 (broad, NH). Several minor impurity peaks (<lo%) were 
noted between 6 2.9 and 3.4. The extrapolated yield of distilled 
1,3-dimethylurea from this experiment is 47%. 

Decomposition of 0.25 g (1.7 mmol) of the azo compound at 180' 
in a flask connected to a gas buret gave 0.61 mmol (36%) of a mix- 
ture of CO and Nz. The mixture was determined to consist of 8W0 
Nz and 20% CO by comparison of peak heights in the high-resolu- 
tion mass spectrum. 

The presence of methyl isocyanate was detected in the gaseous 
products by carrying out the thermolysis of 1.0 g of IC in small 
portions and leading the effluent gases into a solution of 1.5 g of 
aniline in benzene. The benzene was evaporated and the residue 
was treated with 10 ml of 6 N HC1. The acid solution was extracted 
with chloroform. Evaporation of the chloroform gave a gummy res- 
idue that separated into two components with TLC. These compo- 
nents had the same Rf values as 1-methyl-3-phenylurea and tri- 
methyl isocyanurate. 

The complex mass spectrum of the thermolysis products (70 eV, 
200') included the following significant peaks: m/e (re1 intensity, 
assignment) 198 (5, 7-+), 115 (14, 4.+), 88 (5, CHsNHCONH- 

Thermolysis of N,N'-Dimethyldiazenedicarboxamide (IC) 
in o-Dichlorobenzene. The azo compound (15 g) was suspended 
in 300 ml of o-dichlorobenzene and the suspension was stirred and 
heated under reflux for 1.5 hr. Filtration of the hot suspension af- 
forded 6.1 g (41%) of crude N,N'-dimethyl-1,2-hydrazinedicarbox- 
amide (5a), mp 227-232'. Identity was established by comparison 
of the ir spectrum and Rf values (TLC) with data from an authen- 
tic sample, mp 256' ( lk7  mp 260'). 

The cooled dichlorobenzene filtrate afforded a solid that was 
suspended in 30 ml of boiling ethanol. Filtration of the hot suspen- 
sion gave 0.63 g (6%) of 3,7-dimethyl-2,4,6,8-tetraoxo-1,3,5,7- 
tetraazabicyclo[3.3.O]octane (6), mp 300-303'. Recrystallization 
from aqueous N,N-dimethylformamide gave white crystals: mp 
303-304'; ir (KBr) 1760 cm-l; mass spectrum m/e 198 (molecular 
ion);NMR (DMSO-d6) 6 2.88(s). 

Anal. Calcd for C6H6N404: C, 36.4; H, 3.1; N, 28.3. Found: C, 
36.5; H, 3.0; N, 28.5. 

The cooled ethanol filtrate deposited 0.51 g (6%) of crude 1- 
methylcarbamoyl-4-methylurazole (3~1,  mp 176-182'. After re- 
crystallization from ethanol, white crystals, mp 196-198', were ob- 
tained. Identity was established by comparison of the ir spectrum 
with that of an authentic sample. 

In a separate experiment, 3.0 g of the azo compound was decom- 
posed as described above, giving 1.43 g of solid material which was 
insoluble in o-dichlorobenzene. The filtrate was evaporated in 
vacuo to give 0.42 g of an oil which partially crystallized on stand- 
ing. The NMR spectrum of this material revealed it to be a com- 
plex mixture with 1,3-dimethylurea as the major component. 

Decomposition of 0.50 g (35 mmol) as described above resulted 
in the evolution of 11 mmol(31%) of water-insoluble gases. 

Preparation of 1-Methylcarbamoyl-4-methylurazole (312). A 
solution containing 2.15 g (0.019 mol) of 2b5 and 2.74 g (0,019 mol) 
of IC in 100 ml of o-dichlorobenzene was heated and stirred under 
reflux for 2 hr. After decantation of the hot solution from a small 
amount of tarry material the cooled solution deposited 1.78 g 
(54%) of crude product (mp 164-185') which on recrystallization 
from ethanol afforded 0.82 g of white crystals, mp 200-203'. An 
additional recrystallization raised the melting point to 204-206'. 
The NMR spectrum of the product was identical with that of the 
material isolated from the thermolysis of IC. 

When heated at 230' for 12 hr, 3c evolved methyl isocyanate 
and was quantitatively converted to 4-methylurazole, mp 225- 
228'. 

Thermal Decomposition of 4-Methyl-3H-1,2,4-triazole- 
3,5(4H)-dione (2b). The triazolinej (0.5 g) was suspended in 5 ml 
of o-dichlorobenzene and heated under reflux with stirring for 2 
hr. The solution was decanted from tarry material and allowed to 

CHr'), 57 (50, CH3NCO*+), 31 (5, CHsNHr+), 30 (lo), 28 (100). 

evaporate, A yellow powder (0.2 g), mp 240-260°, was obtained 
which was identified as 6 from its NMR and ir spectra (no impuri- 
ty  peaks were noted in the NMR spectrum). 

Thermolysis of N,N'-Dimethyldiazenedicarboxamide (IC) 
in Dimethyl Sulfoxide. A solution of 2.0 g of IC in 30 ml of di- 
methyl sulfoxide was heated at 120' for 22 hr. The solvent was re- 
moved in vacuo and the dark residue was treated with 10 ml of 
chloroform. Filtration yielded 0.55 g (36%) of crude 4-methylura- 
zole (identified by ir and TLC), mp 195-203'. The filtrate deposit- 
ed 60 mg of unidentified material, mp 225-228'. Evaporation of 
the chloroform gave a dark oil. 

Thermolysis of N,N'-Diethyldiazenedicarboxamide (lb) in 
o-Dichlorobenzene. The azo compound12 (1.5 g) was suspended 
in 30 ml of o-dichlorobenzene and heated under reflux with stir- 
ring for 1 hr. Stirring was continued at room temperature over- 
night. Filtration afforded 0.8 g of crude N,N'-diethylhydrazinedi- 
carboxamide (5b), mp 230-235'. Identity was established by com- 
parison of the ir spectrum with that obtained from an authentic 
sample,13 mp 247-249'. Evaporation of the filtrate gave an un- 
characterized oil. 
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The present study was prompted by an internal need to  
develop a facile blocking-deblocking sequence of the  
-CONH- moiety in uridine (1) and guanosine (3) so tha t  
the  corresponding (blocked) intermediates would be ame- 
nable to  purification via anion exchange chromatography. 
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Scheme I Scheme I1 

To this end, benzylation-debenzylation procedures were 
reexamined. 

The benzylation of 1 with benzyl bromide and sodium 
hydride in  either DMSO or DMF leads in  low yield to a 
mixture of N3-  benzyluridine (2) and N3-2'-O- dibenzyluri- 
dine,l although the  latter can be hydrogenolyzed t o  2. B y  
contrast, 2 itself is resistant t o  hydrogenolysis in  the pres- 
ence of either Pd/C or Pd/BaS04.l 

In t h e  purinle series, t h e  monobenzylation of inosine can 
be accomplished with benzyl chloride in DMF containing 
sodium bicarbonate t o  give N1- benzylinosine in 50% yield.2 
Only partial catalytic hydrogenolysis has been effected.2 

T h e  use of N,N- dimethylformamide acetals as alkylating 
agents of the acidic amide group of heterocyclic  base^^-^ 
and as esterifying agents for carboxylic  acid^^,^ has been 
well documented. In cases of t h e  neopentyl acetal, which is 
too hindered sterically t o  serve as an alkylating agent, in- 
tramolecular cyclizationg and decarboxylative elimination 
of uronic acids"JO are  observed. 

It was found that uridine (1) is quantitatively converted 
into 2 by heating with N,N-dimethylformamide dibenzyl 
acetal in  DMF for 3 hr  at 80°, as indicated by  T L C  and 
paper chromatography; crystallization from THF gave an 
85% yield of 2 (Scheme I). 

Guanosine (3) , treated under nearly identical conditions, 
gave the  N- diniethylaminomethylene derivative 4 [uv A,,, 
(water) 315 nm] which was readily converted into N1-ben- 
zylguanosine ( 5 )  by action of methanolic ammonia. The de- 
blocked derivative 5 was chromatographically homoge- 
neous, and crystallization from water gave N1-benzylgua- 
nosine (5) in 76% yield (Scheme 11). This  product was as- 
signed structure 5 on t h e  basis of a comparison of its uv 
data at several pH values with the  uv data of other alkyl 
( W - ,  N7- ,  and 06-) guanosine derivativesll together with 
t h e  known alkylating properties of N,N-dimethylformam- 
ide acetals. 

It is of interest t o  note that while uridine and  inosine are  
readily N-methylated with N,N-dimethylformamide di- 
methyl acetal iin DMF, guanosine (3) is not.12 T h e  fact that 
guanosine, by contrast, is readily benzylated can be ex- 
plained by  the  increased reactivity of the  dibenzyl acetal 
relative t o  that of t h e  dimethyl derivative. 

Sodium naphthalene has been used €or the  reductive 
cleavage of toluenesulfonates t o  regenerate t h e  correspond- 
ing alcohols,13 and more recently for the reduction of syn 
and ant i  oxime benzoates while maintaining the stereo- 
chemistry of the  oxime.14 We have found that sodium 
naphthalene in THF readily reduces both W-benzyluri- 
dine and N1-benzylguanosine in  good yield t o  give t h e  par- 
e n t  compounds 1 and 3. Debenzylation of 2 was accom- 
plished by t reatment  with a n  excess of sodium naphthalene 
in  THF for 3 hr t o  give 1 in  84% yield after crystallization 
from water-methanol (Scheme 11)) and N1- benzylgua- 
nosine (5) was similarly converted t o  guanosine in  76% 
yield (Scheme 11). 

N3-Benzyluridine (2) and N1- benzylguanosine ( 5 )  could 
readily be eluted from a Dekker column (Dowex-1, OH-) 
by  50% methanol-water and 70% methanol-water, respec- 
tively, contrary t o  t h e  behavior of uridine and guanosine,15 
indicating the  absence of acidic protons (-CONH-) on t h e  

base and thus  supporting the  structural assignments of 2 
and 5. Uridine and  guanosine derivatives that are modified 
in the sugar moiety should readily be separable via this 
high-yielding benzylation-debenzylation procedure. 

Experimental Section 
General Methods. Evaporations were carried out in a Buchi ro- 

tary evaporator in vacuo. Melting points were determined on a 
Thomas-Hoover Unimelt capillary melting point apparatus and 
are uncorrected. Microanalyses were performed by M-H- W Lab- 
oratories, Garden City, Mich. Thin layer chromatography (TLC) 
in chloroform-methanol (9:l) was performed on 6 X 2 cm, precoat- 
ed, silica gel F-254 aluminum foils (Merck, Darmstadt, Germany). 
Paper chromatograms were run by the descending method in iso- 
propyl alcohol-ammonium hydroxide-water (7:1:2). Paper electro- 
phoresis was conducted on a Savant electrophoresis flat plate 
using 0.02 M disodium hydrogen phosphate (pH 7.5) as a buffer on 
Whatman No. 1 paper at 40 V/cm for 1 hr. Uv-absorbing com- 
pounds were detected using a Mineralight lamp. Optical rotations 
were determined with a Perkin-Elmer Model 141 polarimeter. Uv 
spectra were measured on a Cary Model 11 spectrophotometer. 
N,N-Dimethylformamide was dried with Linde molecular sieves, 
4A. N,N- Dimethylformamide dibenzyl acetal was a product of 
Fluka, Switzerland. 

Sodium Naphthalene. Sodium chips (0.9 g, 40 mmol) and 
naphthalene (5.24 g, 41 mmol) were placed in a flask under a nitro- 
gen atmosphere, and dry THF (100 ml) was added with a syringe. 
The mixture, which began to turn green immediately indicating 
the presence of the radical anion, was magnetically stirred (glass- 
covered stir bar) for 12 hr to ensure complete dissolution of the so- 
dium. The solution was stored under a nitrogen atmosphere and 
was assumed to have a concentration of 0.35 M. Aliquots were re- 
moved under nitrogen by syringe and added to the reaction 
mixtures under nitrogen. 

@-Benzyluridine (2). Uridine (1, 1.0 g, 4.1 mniol) was coeva- 
porated witi DMF (2 X 10 ml) to remove traces of water, and 
DMF (30 ml) and N,N-diniethylformamide dibenzyl acetal (5.2 
ml, 20 mmol) were added. The reaction mixture was heated at 80D 
for 3 hr and evaporated, and the resulting syrup was kept in water 
(20 ml) for 1 hr at room temperature to  destroy any 2',3'-orthoam- 
ide formed. The aqueous solution was evaporated and the semi- 
solid was crystallized from THF: yield 1.2 g (85%); mp 172-173O 
(lit.' mp 175.5-176.5); [ c x ] ~ ~ D  +20° ( c  0.5, water); X,,, (pH 1) 263 
nm (e  8300), Amin 235 nm ( c  2700); A,,, (pH 11) 263 nm ( c  7300), 
Xmin 234 nm (c 2400); NMR (DMSO-& + DzO) 6 3.47 (m), 3.83 (m, 
2, H-3',4'), 4.98 (s, 2, CH2C8H6), 5.72 (m, 2, H-1' + H-5), 7.14 
(broad s, 5, C H ~ C ~ H E ) ,  7.78 (d, 1, H-6, J5,6 = 8 Hz). The compound 
was homogeneous by TLC, paper chromatography, and paper elec- 
trophoresis. 

N-Benzylguanosine (5). Guanosine (3, 1.0 g, 3.5 mmol) was 
evaporated with DMF (2 X 10 ml) to remove traces of water, and 
DMF (25 ml) and N,N-dimethylformamide dibenzyl acetal (4.7 
ml, 18 mmol) were added. The reaction mixture was heated for 5 
hr a t  80' and then evaporated to a pale yellow syrup. This syrup 
was taken up in water (50 ml) and kept for 1 hr at room tempera- 
ture to destroy any 2',3'-orthoamide formed; the aqueous solution 
was evaporated to give a yellow syrup whose uv spectrum showed a 
strong absorption at  315 nm, indicating that the N-dimethylami- 
nomethylene derivative 4 had been formed. The syrup was kept in 
MeOH-NH3 (saturated at  0') for 24 hr at ambient temperature, 
after which time the peak at  315 nm disappeared completely. The 
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solution was evaporated to dryness and crystallized from water to 
give 0.99 g (76%) of 5: mp 149-150°; [aIz5D -36O (c 0.5, water); 
A,,, (pH 1) 258 nm (e 12,000); Amin 231 nm (t 3700), 280 s (7100); 
A,,, (pH 11) 256 nm (e  14,000), Amin 229 nm (e 4200), 280 s (7900); 
NMR (DMSO-de + DzO) 6 3.5-4.4 (broad m), 5.18 (s, 2, 
C H Z C ~ H ~ ) ,  5.68 (d, 1, H-l', JI!,~! = 6.0 Hz), 7.18 (broad s, 5, 
C H Z C ~ H ~ ) ,  7.89 (s, 1, H-8). The compound was homogeneous by 
TLC, paper chromatography, and paper electrophoresis. 

Anal. Calcd 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 
W-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 N1-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 t h a t  a,P-epoxy esters with 
simple alkyl substituents were rearranged t o  the  corre- 

sponding 0-keto esters when they were irradiated in an 
aprotic solvent such as diethyl ether and carbon tetrachlo- 
ride.l These transformations have been also reported in  
various types of a,P-epoxy ketones, and t h e  mechanism in- 
volved may well be a homolytic fission of a carbon-oxygen 
bund followed by a transfer of 0-alkyl substituent.2 T h e  
present investigation was undertaken t o  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 l-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. T h e  structure of 4a was de- 
termined by NMR spectroscopy and a n  oxidation reaction. 
The N M R  spectrum of 4a in  DMSO-& exhibits a doublet 
at 6 5.47 ( J  = 5.8 Hz) attributable t o  the  hydroxyl proton, 
which indicates t h e  presence of a secondary hydroxyl 
group.3 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-cyclopenteny1)acetate. From these results i t  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 t o  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 t h e  product. 

1 

3 
OH 

4a, R = CH, d.R = C(CH,), 
b.R=C,H, e,R=COCH, 
C, R CH(CHJ2 

1 /cro -Py 

OR 0 
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Irradiation of 1 in several protic solvents produced the  
corresponding a-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. T h e  lower yield of 4e in t h e  photochemical 
reaction is due to  t h e  fast photolytic decomposition of the  
product. On the  other hand, the  lower yields of 4c and 4d4 
are probably due t o  the  weak nucleophilicities of 2-propa- 
no1 and 2-methyl-2-propano1, because the acid-catalyzed 
thermal reactions in both solvents produced low yields of 
4c and 4d. 

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


