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after. When cool, the volatiles were removed, the residue 
dissolved in 5.5 1. of water, the whole washcd with ether, 
:md filtered. Upon acidification to pH 2.0 the aqueous phase 
afforded the substantially pure product, 262 g. (96.5%,), m.p. 

On recrystallization (9 parts methyl ethyl ketone), there 
was obtained 217 g. (83%), m.p. 217-218'. 

The riins Cited in the tables were purified similarly to that 
described above with the variations involved being spe- 
cifically shown in the tables. 

207-21 1". 
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The biological transformation of a ribosyl deriva- 
tive t,o the corresponding deoxyribosyl derivative 
might involve the intermediate formation of a 
ribityl derivative, rearrangement of which would 
then form the deoxy compound. Accordingly, 9- 
ribit,ylguanine was prepared as a possible biologi- 
cally active intermediate, and an analog, 8-aza-9- 
ribitylguanine, was also prepared as a possible 
metabolic antagonist. During the course of this 
work, an enzyme requiring the vitamin BIZ co- 
enzyme has been observed to carry out a com- 
parable intramolecular oxidation-reduction reac- 
tion on synthetic substrates--e.g., cell-free ex- 
tract,s of Aerobacter aerogenes converted 1,2-pro- 
panediol and ethylene glycol tmo propionaldehyde 
and acetaldehyde, rcspect,ively.2 These derivatives 
were synthesized through the indicated sequence of 
reactions (R = ribityl). 

2 - Amino - 4,6 - dihydroxypyrimidine, prepared 
through the condensation of diethylmalonate and 
guaiiidine, was treated with phosphorus oxychloride 
to form 2-amino-4,6-dichlor0pyrimidine.~ Hydroly- 
sis using one equivalent of sodium hydroxide in 
ethanol yielded 2-amino-4-chloro-6-hydroxypyrim- 
idine5 (I) which was subsequent,ly condensed with 
I ibitylamine6 to form 2-amino-G-hydroxy-4- 
ribit,ylaminopyrimidine (11). Nitrosation of I1 

(1 )(a) After this manuswipt had been accepted for pub- 
lication an article appeared which described the syntheses 
of these analogs using a slightly diff PrPnt synthetic approach 
[J. Ihvoll  and I>. D. Evans, J .  Chem. SOC., 5041 (1960)l. 

( 1 ) )  Prcdoctoral Fellow (CF-10,027) Sntional Cancer Insti- 
tiitr, U n i t d  States Puhlic Health Srrvice. 

( 2 )  R. H. Abeles and H .  -4. I,ee, Jr . ,  J .  Riol. Chem., 236, 

( 3 )  A. Michael, J .  prokt.  Chem., 49, 35 (1804). 
( 2 )  E. Hiittner, Ber., 36,  2227 (1903). 
( 5 )  €I. S. Forrest, R. Hull. 1%. J. Rodda, and A.  R. Todd, 

( G )  G. F. Maley and G. W. E. Plaut, J .  Biol. Cheni., 234, 

____ 

PC l (106l ) .  

J .  Chem. Sor., 3 (1051). 

641 (1939). 
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yielded the desired nitroso derivative 111, which 
mas then reduced with sodium hydrosulfite to  
produce an intermediate which proved to be difi- 
cult to isolate in a chemically pure state. Thus, the 
reduced reaction product, IV, was used directly 
without further purification to  react with formic acid 
to form the 9-ribitylpurine V; or with nitrous acid 
to form the corresponding 8-aza-g-rihitylpuriiie VI. 

9-Ribitylguanine possesses some activity in re- 
placing purines as reversing agents for sulfonamide 
toxicity in Lactobacillus arabinosus, but it was in- 
effective in replacing guanine as a reversing agent 
for assguanine toxicity. The ribityl derivative was 
not converted to  the deoxyribosyl derivative by 
extracts of either Escherichia coli 9723 or Lacfo- 
bacillus leichmannii ATCC 7830 ; however, these rc- 
sults do not preclude the possibility that a pho+ 
phorylated ribityl derivative might be an inter- 
mediate in the conversion of ribosyl to deoxyribosyl 
derivatives. 

EXPERIMENTAL' 

d-,~~nzno-6-hydrosy-~-ribztZllanzlnopyrzmz(1zrte (11) .4 solll- 
tion of 16.5 g. of 2-nmino-4-chloro-6-hydro~ypyrimid1ne and 

(7) All melting points are uncorrected. The authors are 
indebted to Mrs. J. Humphries for assistancr \% ith thr 
microbi:tl assavs, and to J. L). Glass and C. Hedgcoth for thr 
rlemental analyses. Ikpeated attempts to obtain hettcr ni- 
trogen analyses failed: however, these results are in accord 
with those previously reported by other investigatorsE and 
are presumably due to the difficulty of burning these nitro- 
geneous compounds under the typical Dumas conditions. 
The ultraviolet spectra were determined using a B ( ~ k m a n  
DK-2 recording spectrophotometer. 



ULTRAVIOLET SPECTRA OF SOME RIBITYL PURINES A N D  PYRIMIDINES 

Compound 
. .. 

2-Amino-6-hydroxy-4-ribitylamino- 232 267 1.89 242 268 1.69 240 264 1.67 

2-Amino-6-hydroxy-5-nitroso-4-ribityl- 231 265 1 .39 265 318 1 . 8 ;  237 318 2.27  
pyrimidine, I1 

aminopyrimidine, I11 
9-Ribitylguanine, V 227 254 1 .17  225 252 1 .12  232 268 1 .05  
&Aza-y-ribit,ylguanine, VI 229 253 1 .24  229 253 1 .17  b -b -0 - 

absorbance 
moles/liter' a e =  -___ cnlculnted a t  X,,,. Compound decomposes in alkaline solution. 

17.8 g. of ribitylamine in 200 ml. of water was heated a t  
130-145' for 7 hr. in a sealed glass pressure bottle. The 
resulting clear yellow neutral solution was cooled to 0-5", 
and the unchanged pyrimidine which precipitated was 
filtered and washed with a small portion of cold water. 
After the combined filtrates were decolorized with Darco, 
the solution was evaporated in U ~ C U O  to about one-'third the 
original volume, ethanol was added to  induce turbidity, 
and the solution was cooled overnight at 0-5'. The pale 
yellow solid which precipitated was filtered, washed with 
ethanol and dried. The addition of ethanol produced a 
second batch of product from the mother liquor. The com- 
bined crude material was then rrcrystallized from water 
giving 8.8 g. of product., m.p. 189-190". 

Anal. Calcd. for c9Hl6?rT4o5: C, 41.53; H, 6.20; ?;, 21.53. 
Found: C, 41.58; H, 6.28; X, 21.37. 

2-A m ino-6-h ydros~j-5-n~troso-~-r~b~t~~am~nopyrim~dine 
(111). To  a stirred cold solution of 6.8 g. of,2-amino-6-hy- 
droxy-4-ribitylaminopyrimidine and 6.8 g. of sodium nitrite 
in 300 ml. of water was added sufficient 4N acetic acid to  
make the solution about p H  4. After standing in the cold for 
5-10 min., an orange product began to precipitate. After fur- 
ther cooling, the resulting product was filtered, washed with 
cold water and dried to  yield 6.7 g. of material; which, 
after recrystallization from mater melted between 219- 
220" dec. 

Anal. Calcd. for CsH1JhOe: C, 37.37; H, 5.23; N, 24.21. 
Found: C, 37.07; H, 5.30; N, 23.61. 

Reduction of d-amino-6-hydrozy-6-nitroso-~-ribitylamino- 
pyrimidine (IV). A suspension of 1.5 g. of 2-amino-6-hy- 
droxy-5-nitroso-4-ribitylaminopyrimidine in 30 ml. of water 
was heated over a steam bath, and to the hot stirred solu- 
tion 2.5 g. of sodium hydrosulfite was added in small por- 
tions. When the clear red solution turned pale yellow it  was 
cooled immediately in an ice bath, and the solution was 
adjusted to pH 3 with formic acid. After evaporation to  
dryness in vacuo, the residue was suspended in ethanol, 
and the ethanol was removed in vacuo to  yield a yellow resi- 
due which was used directly in the subsequent condensa- 
tion reactions. 

2-Amino-6-hydroxy-9-ribitylpurine (9-Ribitylguanine) (V). 
The dry yellow residue from the reduction of 1.5 g. of 2- 
amino-6- hydroxy- 5-nitroso-4- ribitylaminopyrimidine was 
suspended in 30 ml. of 98yo formic acid, and the mixture was 
heated under reflux for about 8 hr. After cooling, some in- 
soluble material precipitated which was removed and the 
filtrate was evaporated to  dryness in vacuo. The resulting 
:esidue was dissolved in water and again evaporated to dry- 
ness in uucuo to remove the excess formic acid. The residue 
was crystallized twice from water to yield 0.9 g. of product, 
m.p. 290-291' dec 

Anal. Calcd. for C1oH15S5Ob: C, 42.10: H, 5.30; N, 24.55. 
Found: C, 41.70; H, 5.33; N, 23.79. 

6-Amino-7-h ydrozy-8ribityl-v-triuzolo Id] pyrimidine (&ma- 
9-ribitylguanine (VI).  The reduction of l g. of 2-amino-6- 
hydroxy- 5-nitroso-4-ribitylaminopyrimidine was carried 
out in the manner previously described. After the addition 
of sodium hydrosulfite, the reaction mixture was cooled 
in an ice bath, the solution was adjusted to pH 3 with acetic 

acid, and 0.5 g. of sodium nitrite dissolved in 5 ml. of cold 
water was added dropwise while the reaction mixture was 
stirred a t  0-5". The addition required about 15 min , and 
stirring was continued for an additional hour a t  room tem- 
perature. The volume of the reaction mixture was reduced 
in vacuo to  about 25 ml., ethanol was added to  induce tur- 
bidity, and the solution was cooled overnight in a refrigerator. 
The inorganic precipitate was removed, the filtrate was 
further reduced in volume, ethanol was added, and the solu- 
tion mas placed in the refrigerator overnight. There was ob- 
tained 0.6 g. of crude product which was recrystallized 
repeatedly from water and ethanol, m.p. 268-269' dec. 

Anal. Calcd. for C9HIaN6O6- C, 37.76; H, 4.93; N, 29.36. 
Found: C, 37.55; H, 5.39; N, 28.62. 
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1- Ethyny1-2-vinylben~ene'~ 

JOHN J.  MILLER'^ 

Received February 3, 1961 

The recent report2 of the isolation of a mixture of 
o-diethynylbenzene (11) and 1-ethynyl-2-vinyl- 
benzene (111) from the reaction of o-bis(l,2-di- 
hromoethy1)benzene (I) with sodium amide i n  
liquid ammonia prompted the publication of an in- 
dependeiit study of this reaction. 

CHBr-CH2Br CECH - a f f C H  

CHBr- CH2Br C-CH CH=CH2 

I I1 I11 

Treatment of the bromo compound I with com- 
mercial sodium amide3 in liquid ammonia provided 
an inseparable mixture of I1 and 111; however, 
use of sodium amide prepared in situ gave only 
111. That this product was pure mas demonstrated 

( l ) ( a )  This work was eonducted under Army Ordnancr 
Contract DA-01-021-ORD-5135. ( l ) ( b )  Present address: 
Rohm & Haas Go., Research Laboratories, P. 0. Rox 219. 
Bristol, Pa. 

(2) 0. M. Behr, G. Eglinton, A. R.  Galbraith and R .  A. 
Raphael, J .  Chem. SOC., 3614 (1960). 

(31 Obtained from Farchan Research Laboratories, 
Cleveland, Ohio. 


