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EXPERIMENTAL 

Diethyl p-methoxybenzylidenemalonate. This substance was 
prepared from anisaldehyde and diethylmalonate using 
diethylamine as a condensing agent. The method of synthe- 
sis is similar t o  that described by Knoevenagel and G r o o ~ . ~  
The product had a melting point of 39', yield 49%. 

Anal. Calcd. for ClsHleOs: C, 64.73; H, 6.52. Found: 
C, 65.14; H, 6.38. 

t5-( p-Methoxyphenyl)-~,6-dicarbethoxycyclohexanedione- 13. 
This compound was prepared from diethyl p-methoxy- 
benzylidenemalonate and ethyl acetoacetate using sodium 
ethoxide as (*ondensing agent. The method used has been 
described'15 previously. The product melted a t  157', yield 
60%. 

Anal. Calcd. for C1gH2207: C, 62.97; H, 6.12. Found: C, 
63.11; H, 6.16. 
5-(p-Methoxyphenyl)cycEohexanedione-l,J. This substance 

was prepared by hydrolysis and decarboxylation of 5- (p -  
methoxyphenyl)-4,6-dicarbethoxycyclohexanedione-l,3 ac- 
cording to the method previously des~ribed.~~s It dissolves 
in boiling m:rter and recrystallizes at lower temperatures, 
m.p. 178". 

Anal. Calcd. for C13Hl4Od: C, 71.54; H, 6.46, Found: 
C, 71.38; H, 6.34. 

This compound was prepared also from 5-(p-methoxy- 
phenyl)-4-ca~bethoxycyclohexanedione-l,3 using similar pro- 
cedure to that of Lespagnol and Schmitt! 
6- (p - Melhoxyphenyl) - d-(3,3-diethoxypropyl)cyclohmane- 

dione-1,J. Potassium (2.8 g.) was added to 400 ml. of dry 
xylene and the mixture heated with stirring in a 1000-ml, 
three-neck flask equipped with a condenser, dropping fun- 
nel, and mereury sealed stirrer. The air in the apparatus was 
displaced with nitrogen. When the potassium had melted, 
18 g. of 5-(p-methoxyphenyl)cyclohexanedione-1,3 SUE+ 
pended in 200 ml. of xylene was added over a period of 2 
hr. After all the potassium had reacted 11 g. of p-chloro- 
propionaldehyde diethyl acetal1° was added in 50 ml. of 
xylene and the mixture refluxed for 16 hr. a t  an oil bath 
temperature of 155'. The resulting red product was filtered 
and washed with ether. From the residue a brownish-orange 
colored bisphenylhydrazone derivative was prepared under 
alkaline conditions, m.p. 87". 

Anal. Calcd. for C32H4oN4Oa.2H~O: N, 9.91. Found: N, 
9.92; 10.03. 

This experiment was repeated later with some modifica- 
tions. The crude red material was washed with ether. The 
residue was dissolved in an alcohol-water mixture and 
heated with excess phenylhydrazine. The osazone formed 
was soluble in the alkaline solution. The solution was heated 
in a water bath to  remove some of the alcohol. After cooling, 
addition of water caused the separation of 4 ml. of viscous 
red liquid which was kept for the treatment described in the 
following paragraph. The rest of the cold alkaline water solu- 
tion was made nearly neutral by the addition of dilute acetic 
acid. The precipitate formed was washed, filtered, and dried 
in a desiccator. It had brownish-orange color and melted a t  
86'. The analytical results indicate that it is the bisphenyl- 
hydrazone derivative of (11). This compound is identical with 
the one obtained above. 

Anal. Cakd. for C32H4~N403.2H20: N, 9.91. Found: N, 
9.82, 10.00. One OCH, and 2(OC2Hs), 21.45. Found: 21.24. 

The 4 ml. nf viscous red liquid was heated on a water bath 
to evaporate the solvents. A little brownish-orange colored 
hydrazone of (IV) was obtained; i t  sintered at 90 and melted 
at 142'. 

Anal. Calcd. for C2~H8404N2.H20: N, 6.14. Found: N, 
6.06. 

Two grams of the red material was dissolved in distilled 
water. The solution was cooled and then neutralized with 

(9) E. Knoevenagel and A. Groos, Be?., 31, 2594 (1898). 
(10) E. J. Witzmann, Wm. L. Evans, H. Hass and E. F, 

Schroeder, Org. Syntheses, Coll. Vol. 11, 137 (1943). 

dilute acetic acid. A white precipitate formed which was 
filtered and recrystallized from dilute methyl alcohol: 
m.p. 170' (11). 

C. 68.55: H. 8.40. 
Anal. Calcd. for C20H2806: C, 68.40; H, 8.04. Found: 

'Bis-2,i-dinitrophenylhydrazine derivative of (11). The pro- 
cedure followed is described by Shriner and Fuson.I1 The 
derivative was purified by recrystallization from ethyl 
alcohol-ethyl acetate mixture; m.p. 207'-207.5'. 

Anal. Calcd. for CaH3~011N~H20: C, 52.89; H, 4.95; 
N, 15.42. Found: C, 53.15; H, 4.69; N, 15.17. 

8-(p - Methoxyphenyl) - 9 - hydroxybicyclo [S.S.l Inonan - 6,9- 
dime (111). To  a mixture of 16 ml. glacial acetic acid, 4 
ml. concentrated HC1 and 8 ml. water, 5 g. of B(p-methoxy- 
phenyl)-2-(3,3-diethoxypropyl)cyclohexanedione-l,3 was 
added. The mixture was heated until all the material dis- 
solved and then allowed to stand for 30 hr. The crude prod- 
uct was filtered and recrystallized from dilute methyl alco- 
hol. Yield 30%, m.p. 174-175'. It does not give Schiff's 
test. 

Anal. Calcd. for Cl6H1,0h: C, 69.79; H, 6.09. Found: 
C, 69.73, 69.87, 69.72; H, 6.44, 6.32, 6.38. 
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(11) R. L. Shriner and R. C. Fuson, The 8ystematic 
IdentiJicution of Organic ComPounds, John Wiley and Sons, 
Inc., New York, N. Y., 1948, p. 97. 
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Biological interest in the potent hypotensive2 
and ulcerigenic3 activities, and the effects on 
smooth muscle4 of 2-chloroadenosine prompted 
further investigation of its preparation. The nu- 
cleoside was originally prepared by partial reduc- 
tion of 2,8-dichloro-9-&~-ribofuranosyladenine~ 
and, when the chloromercuri method became 
available,6 by the direction condensation of the 
chloromercuri derivative of 2-chloroadenine with 
2,3,5-tri-O-acetyl-~-ribosyl chloride. At that time 
2-chloroadenine was available only through the 
partial reduction of 2&dichloroadenine, followed 
by separation from admixed adenine and 2,8-di- 
chloroadenine.8 Considerable difficulty was also 
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encountered in again obtaining a crystalline sample 
of 2-chloroadenosine. 

2-Chloroadenine has now been obtained by 
amination of 2,6-dichloropurine. 7?8 Aqueous am- 
monia, with which only the 6-position of 2,6,8- 
trichloropurine is aminated,g led to 2,6-diamino- 
purine. However, with methanolic ammonia only 
the 6-position was aminated and nearly quantita- 
tive yields of 2-chloroadenine were obtained. 

The chloromercuri salt of 2-chloroadenine was 
condensed with 2,3,5-tri-O-acetyl-~-ribosyl chlo- 
ride.6 A crystalline product was obtained only after 
fractionation of solutions in 50% methanol over 
Dowex-1-chloride. From water the crystals sepa- 
rated slowly as a mass of well formed needles, ca. 
0.01 to 0.10 mm. long, which entrain 2 to 5 times 
their weight of water when collected. Several re- 
crystallizations are necessary to eliminate impuri- 
ties retained in the water trapped in each filter cake. 
When dried in air, or in vacuo, a t  temperatures as 
low as 4 O ,  an anhydrous, but amorphous, product 
is obtained. Maximum biological activities214 were 
foundlo with such samples. The anhydrous product 
will not serve as seed crystals, but crystalline ma- 
terial can so serve after storage for up to two 
years under water a t  40.11 It is suggested that the 
crystalline material may be a hydrate which loses 
water easily. Up to 50y0 solutions of the anhy- 
drous material can be prepared, but these will not 
crystallize until seeded with the above "hydrate," 
after which almost complete recovery can be ob- 
tained. 

EXPERIMENTAL 

2-Chloroadenine. One gram of 2,6-dichloropurine* per 50 
cc. of methanol, saturated with ammonia a t  OD, was heated 
in a sealed tube 17 hr. at 100'. Crystals were present in the 
cooled tube. The supernatant was evaporated and the residue 
and crystals were dissolved in 9 cc. of 1N NaOH per gram of 
starting material. The solution waa immediately filtered 
and acidified with acetic acid. Yields of from 0.7 to  0.85 E, - 
(77 to 967,) were obtained. 

Anal. Calcd. for C6HsN6Cl: N, 41.3; C1, 20.9. Found: N, 
41.0; C1, 21.0. 

The ultraviolet absorption in 0.1N HC1 showed a maxi- 
mum a t  265 mp ( E M  12 X lo8), a minimum at 230 mp; 
and in 0.1N NaOH a maximum a t  270-272 mp (m 12 X 
loa), and a minimum at 240-242 mp. The E M  values were 
slightly lower than those previously found6 on a sample 
known to contain some adenine. 
2-Chloro-9-p-n-ribofuranosyladenine. Three grams of 2- 

chloroadenine in 100 cc. of water were warmed and 18.2 cc. 
of IN NaOH, about 3 g. of Celite and a solution of 5.6 gm. 
of mercuric chloride in 100 cc. of warm ethanol were added 

(7)  J. A. Montgomery, J.  Am. Chem. Soc., 78,1928 (1956). 
(8) G. B. Elion and G. H. Hitchings, 78,3508 (1956). 
(9) E. Fischer, Ber., 30, 2226 (1897). 
(10) Assayed through the courtesy of Dr. D. A. Clarke, 

see footnote 2, ref. 4. 
(11) Some supplies of 2-chloroadenosine were kindly 

furnished for biological studies by Drs. Karl Folkers and C. 
H. Skunk, Merck and Co., Rahway, N. J. Crystallization 
of a portion of that material waa induced by the crystals 
described here. 

successively with continuous stirring. The solution was 
cooled and the dense, slightly gelatinous precipitate was col- 
lected immediately. The material was dried in vacuo over 
P208 in the funnel and the hard cake was pulverized. In 
experiments where the Celite was omitted the yield was 77 
to 90%. 

The powdered chloromercuri salt was condensede with 
2,3,5-tri-O-acetyl-~-ribosyl chloride prepared from 4.5 g. 
(0.8 of an equivalent based upon the 2-chloroadenine) of 
tetraacetylribofuranose12, and the mixture was refluxed two 
hours. The oily triacetyl derivative obtained was de- 
acetylated with methanolic ammonia, the solution concen- 
trated to dryness and dissolved in 50 cc. of water. When 
seeded with the "hydrate" crystals slowly separated. After 
three recrystallizations from water of the first crop, and four 
of the second, a total of 1.2 g. (29%) of the dried product, 
m.p. 147-149' was obtained. Davoll and LowyS previously 
reported m.p. 135". The ultraviolet absorption maxima, a t  
265 mp in acid and alkali, agreed with those previouslys 
observed. 

Anal.'* Calcd. for C10H1s04N&l: N, 23.2; C1, 11.7. 
Found: N, 22.8, 23.1, 22.7; C1, 12.1, 11.2, 11.5, on three 
preparations. 

ribosyl chloride the product was difficult to crystallize. 
With the use of 1.0 or more equivalents of the triacetyl- 
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Among the compounds prepared and tested in 
our laboratory for hypnotic and anticonvulsant 
activities were several 3,3-disubstituted tetronic 
acids. These were prepared by modifications of 
methods previously reported by others for the syn- 
thesis of 3,3-dimethy11 and 3,3-diethyltetronic1" 
acids. The reaction sequence consisted of preparing 
the appropriate a,a-disubstituted acetoacetic es- 
t e q 2  brominating to yield the y-bromo compounds, 
converting to the y-acetoxy derivatives with potas- 
sium acetate, and cyclizing to  the tetronic acids. 
The cyclization step was carried out using a trace 
of sulfuric acid as described below and appeared to 
be a distinct improvement over the earlier proce- 
dures. 

These tetronic acids had hypnotic and anticon- 
vulsant activities only a t  very high doses. The prop- 
erties of the compounds are described in Table I. 

(1) (a) M. Conrad and R. Gast, Ber., 31, 2954 (1898); 
(b) C. F. Koelsch, J. Am. Chem. Soc., 66, 306 (1944); 
(c) E. B. Reid, R. B. Fortenbaugh, and H. R. Patterson, 
J. Org. Chem., 15,572 (1950). 


