
were collected by filtration, washed with ethanol, arid air- 
dried. The compounds were purified as follows: The dry 
salts were dissolved in mater, treated with Darco G-60, 
filtered and concentrated in a vacuum desiccator. The 
pentose phosphates, all of which crystallized during concen- 
tration of their aqueous solutions, were recrystallized from 
50% ethanol. The sirups of the hexosephosphates which 
did not crystallize from aqueous solution were taken up in a 
minimum amount of boiling ethanol. Crystallization 
occurred as the solutions cooled to room temperature in a 
desiccator. 

At this stage of purification the fi-D-glUCOSC 1-phosphate 
prepration still gave a positive qualitative test for a-D-glu- 
cose 1-phosphate when tested with potato pho~pliorylase.~~ 
i\ccordingly, all eight of the sugar phosphate preparations 
were subjected to  two additional recrystallizations by the 
procedure previously described. 

The thrice-recrystallized p-D-glucose 1-phosphate prepara- 
tion gave an inconclusive test for a-anomer contamination 
when it was treated with potato phosphorylase. The limit 
of contamination was therefore estimated by an etizymatic 
assay in which the a-D-glucose 1-phosphate was converted 
to  D-glucose 6-phosphate and determined spectrophotomct- 
rically by measuring the reduction of triphosphopyridine 
nucleotide concomitant with the oxidation of D-glucose 6- 
phosphate to  6-phospho-~-gluconic acid catalyzed by D- 
glucose 6-phosphate deh~dr0genase. l~ 

The reaction mixture consisted of 3 g.16 of dicyclohexyl- 
ammonium P-D-glucopyranosylphosphoric acid (0.03 ml . 
of a 0.10 M solution), 0.05 ml. of a 2oj, solution of D-glucose 
6-phosphate dehydrogenase, 0.05 ml. of a 0.1% solution of 
crystalline phosphoglucomutase, 0.03 ml. of 0.1 M MgCls, 
0.10 ml. of a 0.5T0 solution of triphosphopyridine nucleotide 
and 0.8 ml. of 0.1 M Tris buffer, @H 7.5. During the first 
6 minutes incubation a t  25" the digest showed an increase 
in optical density a t  340 mp of 0.01 optical density unit. 90 
further change was observed in an ensuing period of 27 
minutes. Since 0.01 gLW of authentic a-D-glucose l-phos- 
phate caused an increase in O.D. a t  340 mp of 0.06 unit by 
this assay method, no more than 0.0017 g M  of a-D-gluCOSe 
1-phosphate was shown to be present in the 3.0 WM sample 
of p-D-glUCOSe 1-phosphate. I t  was therefore assumed that 
anomeric contamination of the other preparations had been 
reduced to  an equally low level of the order of O.lyo or less. 

The c).cloliexylainni~Jiiium 1)liosphatc c5tcrs \\ere tlrietl iii 
air a t  room temperature and submitted for cliemicd anal) - 
sis. 

Analytical Results 
a-D-Glucopyranosyl 1-( dicyclohexylammonium phos- 

phate): Anal. Calcd. for C6H~109P(C6HllSH2)2: C, 47.20; 
H ,  8.58; S ,  6.12; P ,  6.77. Found: C,  47.03; I € ,  6.49; 
N,  5.83; P ,  6.82. 

0-D-Glucopyranosyl 1-(dicyclohexylammonium phos- 
phate): Anal. Calcd. for C ~ H ~ ~ O ~ P ( C ~ H I I ~ \ ~ H ~ ) Z C Z H ~ O H .  
HzO: C,  46.00; H ,  9.06; N, 5 .35;  P, 5.92. Found: C,  
45.85; H, 8.84; N, 4.98; P ,  5.91. 

a-D-Xylopyranosyl 1-( dicyclohexylammonium phosphate) : 
Anal. Calcd. for CSH110SP(C6H~lSH~)~:  c ,  47.70; 11, 
8.72; N, 6.54; P, 7.23. Found: C, 47.32; H ,  8 .1C;  X, 
G.55; P ,  7.27. 

p-D-Xylopyranosyl 1-( dicyclohexylammonium phosphate) : 
Anal. Calcd. for C&IIIO~P(C~€€~~IKH:\~: C ,  47.70; H,  
8.72; N, 6.54; P,  7.23. Found: C, 46.45; H, 8.30; S, 
6.60: P. 7.12. 

&-D Gaiactop yrano syl 1 -( dicyclohexylammonium phos- 
phate): Anal. Calcd. for C G H I ~ O ~ P ( C ~ H ~ ~ ~ ' ; H ~ ) ~ :  C, 42.20; 
H ,  8.58; X, 6.12; P, 6.77. Found: C,  47.35; IT, 8.49; 
S, 5.96; P ,  6.79. 

p-D-Galactopyranosyl 1-(dicyclohexylammonium phos- 
Dhate) : A nul. Calcd. for C I H I ~ O ~ P (  CsHll NHds .I120 : C,  
25.30; H ,  8.69; K, 5.88; P. 6.52.. Found: C.M.94:  11, 
8.44: N. 6.04: P. 6.66. 

L-L-Arabinopyranosyl ( 1-dicyclohexylammonium phos- 
phate): Anal. Calcd. for C ~ H I L O ~ P (  C~HIINH~);: c ,  47.70; 
H ,  8.72; N, 6.54; P, 7.23. Found: C ,  47.33; H, 8.63; 
K, 6.62; P, 7.14. 

8-L-Arabinopyranosyl ( 1-dicyclohexylammonium phos- 
phate): Anal. Calcd. for CsHi1O8P( C6HllNH2)2: C, 
47.70; H, 8.72; S, 6.54; P, 7.23. Found: C, 47.81; H, 
8.80; N, 6.64; P, 7.09. 
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Pyrimidine Nucleosides. 111. On the Syntheses of Cytidine and Related Pyrimidine 
Nucleosides1 

BY JACK J. Fox, NAISIIUX YUXG, IRIS  EMPE PER AND IRIS L. DOERR 
RECEIVED APRIL 12, 1957 

Procedures are described for the sq nthesis of cytidine (and thus of uridine) by condensation of mercury derivatives o f  ccr- 
The synthesis of 1-fi-D-xylofuranosylcq tosine is also described. tain pyrimidines with tri-o-benzoyl-D-ribofuranosyl halides. 

Metabolic studies have shown that, with the 
mammal, exogenously supplied uracil, thymine 
and cytosine are not extensively incorporated into 
polynucleotides; whereas cytidine, and to a lesser 
extent uridine and thymidine, is extensively incor- 
porated into pentose and deoxypentose nucleic 
acids.z *These studies point to the desirability of 
developing, for the synthesis of cytidine, methods 
adaptable for the incorporation of radioisotopes 
and for the synthesis of analogs of cytidine for 

(1) This investigation was supported in par t  by funds from the  Na- 
tional Cancer Institute, National Insti tutes of Health,  Public Health 
Service (Grant  No. C-2329 and C-471), and from the  .4nn Dickler 
League. 

(2) See chapter by (>. B. Brown and P. M. Roll in E. Chargnff and 
J .  N. Davidson, "The  Xiicleic Acids," 1'01. TI, Academic Press, Inc.. 
Z r w  \*ark, X l' , iCl.5f, , I  .'<!I, f i lr  :* cnmpreliensiyr rryicw nf t h m e  
stiiilit..; 

study as potential chemotherapeutic agents or as 
metabolite antagonists. 

Howard, et al.,3 synthesized cytidine by the Hil- 
bert-Jansen procedure4 by the condensation of 2,4- 
diethoxypyrimidine with tri-0-acetyl-D-ribofuran- 
osyl bromide. The yields, however, were quite 
low (0.35 g. of cytidine sulfate from 13 g.  of  the 
pyrimidine and 5 g. of halogenose). In part I of 
this series5 it  was shown that thymine nucleosides 
may be prepared in good yields via the condensa- 
tion of a mercury derivative of thymine with poly- 
0-acylglycopyranosyl or poly-0-acylglycofuranosyl 

(:3) G. 4. Howard. B. 1,ythgoe and  .4. 12. Todd,  J .  C h e m  .Cor., 1 0 d  
(1947). 

( t )  C.. E. Hilbert and R. 1'. Janse11, TIUS J O ~ J R N A I . .  58, IiO (l!l::li). 
( 5 )  J.  J F O X ,  T. \'1111;c. r T ? ~ V O I I  R I I , I  c;. T ( .  Bmu-m i h d  , 78, 2 1  1 7  

( 1 !l6fi). 
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halides followed by removal of the protecting acyl 
groups. In  this paper we report the application of 
this procedure to the synthesis of cytosine nucleo- 
sides, including cytidine. 

Results and Discussion 
Mercuri-pyrimidines.-In previous studies5 it was 

shown that improved yields were obtained in con- 
densation reactions between halogenoses (poly-0- 
acylglycosyl halides) and dithyminylmercury when 
the latter compound was pure. Since the mercury 
derivatives of pyrimidines are usually insoluble 
substances, it is advisable to use stoichiometric 
amounts of the pyrimidine, mercuric chloride and 
alkali in order to obtain the desired metal derivative 
free from impurities. Such a product i s  obtained 
when the yield of the preparation i s  essentially quan- 
titative. Obviously, i t  is essential to know which 
particular mercury derivative of a given pyrimidine 
is formed (;.e., a monochloromercuripyrimidine, a 
dipyrimidylmercury or a pyrimidylmercury) so 
that the appropriate stoichiometric proportions of 
reactants to be used may be planned accordingly. 
The type of mercury derivative formed must, there- 
fore, be determined experimentally for each pyrimi- 
dine. This knowledge of the type of metal pyrimi- 
dine is also of value in the determination of the 
amount of halogenose to be used in the subsequent 
condensation reaction for nucleoside synthesis. 

Initial experiments were tried with free cytosine 
from which a monochloromercuri derivative was 
prepared. However, no identifiable nucleoside de- 
rivative could be isolated from the condensation 
reaction with poly-0-acetylglycosyl halides. This 
approach was abandoned in favor of the blocked 
pyrimidine, N-acetyl~ytosine,~ (4-acetamido-2 (1H) - 
pyrimidinone) , which is easily prepared by acety- 
lation of cytosine. 

Unlike thymine, N-acetylcytosine does not form 
a di-pyrimidylmercury or a monochloromercury 
derivative but a product containing mercury and 
pyrimidine in a 1:l ratio. With the proper pro- 
portion of reactants and when care is taken to 
avoid removal of the acetyl group,8 pure N-acetyl- 
cytosinemercury (I) is obtained quantitatively. 

4-Ethoxy-2( lH)-pyrimidin~ne,~ on the other 
hand, reacts with equimolar proportions of mer- 
curic chloride and alkali to form a monochloro- 
mercury derivative in quantitative yield. 

Condensation Reactions.- When N-acetylcyto- 
sinemercury (I) is treated with one molar propor- 
tion of tetra-0-acetyl-a-D-glucopyranosyl bromide 
(11, acetobromoglucose) in boiling toluene, little or 
no acetylated nucleoside is obtained. With two 
molar proportions of I1 the reaction proceeds 
smoothly affording 111, 1-(tetra-0-acetyl-0-D-gluco- 

( G )  I t  is not to be assumed that prior blocking of the amino func- 
tion of aminoaxypyrimidines is always necessary for the preparation of 
mercury derivatives suitable for nucleoside condensations. For in- 
stance, a mercury derivative prepared directly from 5-carhethoxycyto- 
sine has been condensed with 2,3,5-tri-0-benzoyl-~-ribosyl chloride to 
yield the 2’,3’,5’-tri-O-benzoyl derivative of 5-carhethoxycytidine 
(J. J. Fox and N. Yung, unpublished observaticns). 

(7) H. L. Wheeler and T. B. Johnson, Amer. Ckem. J., 29, 492 
(1903); D. M. Brown, A. R. Todd and S. Varadarajan .I. r iz~m. Sor., 
2384 (1958). 

(8) There is no evidence o f  deacetylation of N - a c c t y l c y l ~ ~ s i t ~ e  iu 
aqueou9 solution at 40-80’ at pH I ?  during a period of 15 minutes 

(9) G. E. Hilbert and E. F. Tnnqen, ‘l‘iirs J O I J K N A I . ,  67, 552 (1!135), 

pyranosyl)-4-acetamido-2( 1H)-pyrimidinone in 
good yield. That two equivalents of halogenose are 
required for the removal of the pyrimidine-bound 
mercury in I is in accord with the 1 :1 ratio between 
mercury and the pyrimidine and emphasizes the 
necessity of knowing precisely the type of metal- 
pyrimidine employed in the condensation reaction. 

Compound I11 was identical in melting point, 
mixed melting point and spectral behavior with the 
compound obtained by the acetylation of 1-@-~- 
glucopyranosylcytosine prepared via the Hilbert- 
Jansen p roced~re .~  

Condensation of I with 2 molar proportions of 
2,3,5-tri-0-benzoyl-~-ribosyl chloride (IV), in re- 
fluxing xylene (see Flow Chart) affords a 52% y!eld 
of 1-(tri-O-benzoyl-~-~-ribofuranosyl)-4-acetam1do- 
Z(lH)-pyrimidinone (V). Treatment of V with 
alcoholic ammonia in a sealed tube at  100’ gives 
synthetic cytidine (isolated as the sulfate) in 72% 
yield. The identity of this material with the nat- 
urally-occurring cytidine (converted to the sulfate) 
isolated from ribonucleic acid was established by 
melting point, mixed melting point, elemental an- 
alyses, optical rotations and detailed spectral be- 
havior. 

Similarly, condensation of I with tri-0-benzoyl- 
D-XylOfUranOSyl chloride5 (VI) gave good yields of 
VI1 (the xylosyl analog of V). A similar product, 
though in somewhat lower yield, is obtained when 
the bromo analog of VI5flo is employed. Deacyla- 
tion of VI1 with alcoholic ammonia affords 1-p-D- 
xylofuranosylcytosine (VIII) . When treated with 
metaperiodate, VI1 consumed one mole of oxidant 
per mole without the liberation of formic 
acid, in accord with a pentofuranosyl structure. 
The ultraviolet absorption spectrum of VI11 at  
various pH values was practically identical with 
that reported for cytidine,12 which shows that the 
sugar moiety is linked to the 1-position of the pyrim- 
idine ring. 

The optical rotation of the dialdehyde solution 
resulting from the oxidation of VI11 with aqueous 
metaperiodate was similar to the rotation of the 
solution resulting from similar treatment of cyti- 
dine, showing that the configuration a t  the glycosyl 
centers of VI11 and VI1 is of the 0-D-form. This 
conclusion was further substantiated by the results 
of a comparison of the molecular rotations of re- 
lated nucleoside pairs (see Table I). 
h somewhat similar series of reactions was car- 

ried out with mono-chloromercuri-4-ethoxypyrim- 
idone-2 (IX). Condensation of IX in hot toluene 
with acetobromoglucose yields 1-(tetra-0-acetyl- 
b-D-gh1copyranosyl)-4-ethoxy- 2(1H) -pyrimidinone 
(X), which is identical with the product ob- 
tained by Hilbert13 from 2,4-diethoxypyrimidine 
and 11. Treatment of X with methanolic hydro- 
gen chloride according to Hilbert’s procedure gives 
1 +-D- glucopyr an0 s ylur acil . 

(10) H. G. Fletcher, Jr., ib id . ,  75, 2624 (1953). 
(11) I t  has been shown previously5 that nucleosides containing trans-  

hydroxyls in the sugar moiety require 1-2 days for the oxidation with 
metaperiodate, wheieas ribosyl nucleosides (e.g., uridine, cytidine or 
1-B-D-ribofuranosJ.lthymine) are completely oxidized to the dialde- 
hydes within 5 minutes. 

(13) J .  J .  Fox  and D. Shugnr, Aiorhinz. B i o p h y s .  A r t n ,  9 ,  369 
(1452). 

(I:{) (; I3 Hilliert, ‘I‘HIS T V I T R N A I . ,  62, 4 W l  (1930). 
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TABLE I 
Dif- 

ference 
[ a ] D a  / h f ] D  In [ M I D  

1-8-D-Xylofuranosylcytosine 

1-8-~-);~lofuranosylthymine~ - 2 - 520 
I-8-D-Ribofuranosylc ytocine 

l-@-D-Ribofuranosylthymin@ - 10 - 2,580 
I-(Tri-0-benzoyl-P-D-xylo- 

l-(Tri-O-benzoy1-8-D-ribo- 

1-( Tri-0-benzoyl-P-D-xylo- 
furanos1 1) -4-acetamido- 
2( 1H) -pyrimidinone 
hydrate (1'11) t70 +43,05@ +7i,680 

l-(Tri-O-benzoyl-p-D-ribo- 
furanosyl) -4-acetamido- 
S(lH)-pyrimidinone (V) -58 -34,630 
a The rotations of the free nucleosides were determined 

in distilled water; those of the benzoylated nucleoside inter- 
mediates were determined in chloroform. 

Reaction of I X  with tri-0-benzoyl-D-ribofuran- 
osyl chloride (see Flow Chart) yields XI (the ribo- 
furanosyl analog of X) which may be converted 
with alcoholic ammonia to cytidine in high yield. 

(VIII)  +48" +12,380 i12,000 

(cytidine) 1 3 1  + 8,090 +lo,jso 

furanosyl) -thymines +58 -t33,@6o +80,370 

furanosyl) -thymines -83 -47,3113 

0 
II 

FLOW CHART 

del OB2 

Ip dBz b 0 z  

CgH7N202HpC1 Ix + IzL ___c GH5 /G 
HzC& - HOC& 

JJ OB2 082 OH OH 
XI C y t i d i n e  

HOCHp 

U r i d i n e  

/Bz = benzoyl) OH OH 

That XI may also serve as an intermediate in the 
synthesis of uridine was demonstrated by debenzoy- 
lation of X I  catalytically with sodium alkoxide in 
ethanol followed by acidification of the reaction 
product. The presence of uridine was shown by 
ultraviolet absorption spectra and chromato- 
graphic behavior. 

General Considerations.-These syntheses show 
that the mercuri procedure can be extended to 
the preparation of nucleosides (including glyco- 
furanosyl nucleosides) of other pyrimidines. Both 
methods for the preparation of cytidine from 
mercury-pyrimidine derivatives described herein 
should be adaptable to the synthesis of isotopicalfy- 
labeled nucleoside. In  this regard, consideration 
should be given to the portion of the nucleoside 
molecule in  which the isotope label is to reside. 
Since the N-acetylcytosixieniercury approach is 

rather "wasteful" of sugar, this method would be 
the more desirable for the preparation of cytidine 
bearing radioisotope in the pyrimidine moiety. 
The second approach, which involves the use of 
equimolar proportions of halogenose and IX,  re- 
quires the not easily prepared 4-ethoxy-2 (1H)- 
pyrimidinone as starting material. 

By virtue of the fact that cytidine may be con- 
verted into uridine by treatment with nitrous acid,I4 
these syntheses of cytidine also serve as preparative 
methods for the synthesis of uridine. 

To date, no exceptions have been noted to the 
previously-made ob~ervation,~ namely, that pyrim- 
idine nucleosides of identical glycosylic con- 
figuration are obtained from the Hilbert method 
and the mercuri procedure when identical halo- 
genoses are employed. 

E~perimental '~ 
N-Acetylcytosinemercury {I) .--Acetylcytosine7 (3 .OB g., 

0.02 mole) was added to 1500 ml. of water. Sodium 
hydroxide (20 ml. of 1 N solution) was added and the 
mixture warmed with stirring until solution occurred. 
The temperature should be maintained below 50" to  avoid 
deacetylation of starting material. The solution was 
filtered from trace amounts of undissolved material (when 
necessary). Mercuric chloride (5.43 g., 0.02 mole) dis- 
solved in ethanol was added to  the stirred solution where- 
upon precipitation occurred. The neutrel solution was 
warmed to  approximately 70". (This treatment caused the 
finely-divided precipitate to become granular and settle 
rapidly.) After cooling to  40°, the mixture was treated 
with an additional 0.02 mole of alkali and the neutral soh- 
tion again warmed to  70'. Upon cooling, the mixture was 
filtered and the product washed repeatedly with water until 
the filtrate was free of halide ion. After washing with al- 
cohol and ether, the precipitate was dried, 6.9 g. (theory 
7.0 g.). The product was chlorine-free and analyzed for 
an N-acetylcytosinemercury. 

Anel. Calcd. for CaHBS802Hg: C, 20.44; H, 1.42; 
Found: C,20.10; H, 1.68; S, 11.64. N, 11.90. 

If the alkali is added in one portion, filtration becomes 
difficult and laborious. Attempts to prepare a inonochloro- 
mcrcuri-h'-acetylcytosine using a 1 : 1 : 1 proportion of K- 
acetylcytosine, mercuric chloride and alkali were unsuc- 
cessful. Under these conditions, a 50yc yield of I \vas ob- 
tained and the remainder was recovered as K-acetylcyto- 
sine. When Compound I was treated with concentrated al- 
kali, mercuric oxide precipitated. 

Chloromercuri - 4 - ethoxy - Z(1H) - pyrimidinone (1x1 .- 
4-E:thoxy-2(1H)-pyrimidinoneg (0 .Os mole) was dissolved 
in 500 ml. of water containing 0.05 mole of sodium hydrox- 
ide. Mercuric chloride (0.03 mole) in alcohol was added 
to  the stirred solution whereupon a white solid precipitated. 
Upon filtration and washing with cold water, cold ethanol 
and ether, 17.8 g.  (theory 18.7 9 . )  was obtained. This 
mercuri derivative may be recrystallized from ethanol. I t  
analyzed for a monochloromercuri derivative of 4-ethoxy-2- 
(1 H)-pyrimidinone. 

Anal. Calcd. for CBH??;2O2HgCl: X, 7.4i; C1, 9.46. 
Found: X, 7.38; C1, 9.27. 

1- (Tetra-O-acetyl-p-D-glucopyranosy1)4-acetamido-Z (1 HI- 
pyrimidinone (111) .-N-Xcetylcytosinemercury (2.0 g., 0.0057 
mole) w-as added to  150 ml. of toluene. The vigorously- 
stirred suspension was dried by azeotropic distillation of 
approximately one-fourth of solvent. Acetobromoglucose 
(11, 2.3 g., 0.005-i molej was added to the hot, stirred mix- 
ture. After several minutes a t  reflux temperature, solution 
occurred whereupon an additional charge of 0.0057 mole of 
sugar was added. After a total of 30 minutes at reflux tem- 
perature, the reaction flask was cooled and the contents 
treated with petroleum ether (500 ml.). After cooling, 
the precipitate was separated by filtration and taken up  in 
chloruform. The cl~loroforrti-illsoluble rcsidue (0.25 g . )  
_. .__I_ .. - 

( 1 4 )  I-'. .I. Lcvene and W. A. JacuLs Be,..,  43, 3159 (1910). 
(15) All melting points are uncorrected unlevs specified utherwise. 

A n a I y w  b? Ur. J. F', Alicino, hletuchen, X. J 
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was discarded and the filtrate washed with 30% aqueous 
potassium iodide followed by a wash with water and dried 
over sodium sulfate. Removal of the chloroform in  vacuo 
left a viscous sirup which was taken up in a minimum of hot 
alcohol and placed in the ice-chest. After 2 days the siruDp 
which had formed slowly crystallized, 2.2 g., m.p. 212-216 . 
Recrystallization from ethanol gave a pure material, 1.4 g., 
which melted a t  150" to a thick sirup which solidified and 
remelted a t  217-218". Similar melting point behavior was 
observed with an authentic specimen of I11 prepared via the 
Hilbert procedure by the acetylation of 1-8-D-glucopyrano- 
sylcytosine,' and a mixed melting point of the two specimens 
gave no depression. Both specimens showed similar ultra- 
violet absorption properties (max. a t  249 and 298 mp; min. 
a t  275 m p  in alcohol). 

1-(Tri-0-benzoyl-p-~-ribofuranosyl)-4-acetamido-2 (1H)- 
pyrimidinone (v) .-I -0-Scety1-2,3,5- t r i -0-  benzoyl-D - ri- 
bas@ (0.01 mole) was added to 150 ml. of anhvdrous ether 
previously saturated with hydrogen chloride 2 0'. After 
4 days a t  5-10', the solvent was removed in vacuo, and to 
the sirup 50 ml. of anhydrous benzene was added and re- 
moved under vacuum three times. The benzene solution 
of the halogenose (2,3,5-tri-0-benzoyl-~-ribosyl chloride, 
IV) was added to an azeotropically-dried and stirred mix- 
ture containing 0.005 mole of I in hot xylene. After several 
minutes, the mixture became homogeneous. After a total 
of 25 minutes a t  reflux temperature, the reaction was cooled 
and treated with petroleum ether. The precipitate was 
removed and taken up in chloroform and washed with 3OYG 
aqueous potassium iodide, water and dried. After removal 
of sdverit, the residual sirup was dissolved in a minimum of 
hot ethyl acetate and treated with petroleum ether to in- 
cipient cloudiness and cooled. After crystallization had 
begun, more petroleum ether was added slowly to complete 
the crystallization. Upon f i l t r a t p ,  1.5 g. (51%) of prod- 
uct was obtained, m.p. 179-180 . Two recrystallizations 
from ethanol gave the pure material, m.p. 191-192' (cor.), 
[a] 25ps9&, -58", [a] 2554emp, -67'; spectral properties: 
maxima a t  230 and 282 mp, shoulder a t  295 mp, in ethanol. 

Anal. Calcd. for Cs2H?,N309: C, 64.32; H,  4.56; N, 
7.03. Found: C, 64.33; H,  4.49; N, 6.81. 

Synthesis of Cytidine (1-6-D-Ribofuranosylcytosine) .- 
Three grams of crude V was placed in 60 ml. of ethanol pre- 
viously saturated with ammonia a t  0" and heated overnight 
in a sealed tube a t  100'. The tube was opened and the am- 
ber-colored solution was concentrated in vacuo to a sirup 
to which water was added and the ethyl benzoate removed 
by distillation under vacuum. The residue was taken up in 
water and extracted several times with small portions of 
chloroform in order to remove benzamide. The aqueous 
phase was Norited and the filtrate was concentrated to a 
sirup. This sirup was difficultly soluble in absolute ethanol 
and was dissolved in a minimum of hot, 9570 alcohol. Four 
drops of concentrated sulfuric acid was then added to the 
hot solution followed by absolute ethanol to incipient tur- 
bidity. Crystallization of cytidine (as the sulfate salt) 
occurred almost immediately; yield 1.07 g. (73y0), m:p. 
224-225' (dec. with efferv.). The mixed melting point 
with authentic cytidine sulfate prepared from naturally- 
occurring cytidine was 222.5-223.5'. The nucleoside was 
recrystallized from dilute alcohol for analyses. 

Anal. Calcd. for [C~HI&~O~]Z.HISOJ: C, 37.00; H, 
4.82; N, 14.37; S, 5.47. Found: C, 37.26; H, 4.72; K, 
14.55; S, 5.29. 

The ultraviolet absorption spectrum of the synthetic 
nucleoside a t  various pH values including the high alkaline 
range was essentially identical with the detailed spectrum 
previously reported for cytidine," emax in 0.1 X HCl = 
13.0 X lo3 .  A\ comparison of the optical rotational prop- 
erties of synthetic cytidine sulfate with a sample prepared 
from naturally-occurring cytidine gave these values: 

[a126 (in water) 
589 m p  546 mp 

Cytidine sulfate (natural) f34'  f 4 3  ' 
Cytidine sulfate (synthetic) +33 +41 

Howard and co-workers3 report [a]"D +35" (in lY0 
H?SOa). 

(10) K. K. h-ess, H. W. Diehi and €I. G. Fletcher, Jr., 'I'HIY JUWK- 
NAL, 76, 763 (1!354); 11. M. Kissmun, C. Pidacks and B. K. Baker, 
i b i d . ,  77, 18 (1Y55). 

1 - (Tri-0-benzoyl-p-D-xylofuranosyl) -4-acetamido-2 ( 1 H) - 
pyrimidinone (VII) Method A.--A mixture containing 5.0 
g. of 1-0-acetyl-2,3,5-tri-~-benzoyl-a-~-xylose in 200 ml. of 
anhydrous ether was saturated with hydrogen chloride a t  
0". After 4 days a t  5' the solution was concentrated zn 
vacuo to a yellow sirup to which anhydrous benzene was 
added and removed several times under vacuum. A solu- 
tion of this halogenose (2,3,5-tri-0-benzoyl-~-xylosyl chlo- 
ride) was added to a previously dried, stirred mixture of 
1.75 g. of I in hot xylene, and after 25 minutes a t  reflux 
temperature complete solution had occurred. The solu- 
tion was cooled and treated with petroleum ether. The 
amorphous precipitate was separated from the solvent and 
taken up in chloroform. The chloroform solution was 
washed successively with 30% aqueous potassium iodide 
and water and dried. Upon concentration of the chloro- 
form solution a sirup was obtained which was taken up in 
1-2 ml. of hot ethyl acetate. Ethanol was then added to a 
point of incipient turbidity. Upon cooling, needle clusters 
separated, 2.0 g. (651, based upon I), m.p. 155-158'. 
After two recrystallizations from ethyl acetate-ethanol, 
1.6 g. of pure material was collected, m.p. 172-173" (cor.), 
[a] 2 5 ~ 8 9  m p  +'ioo, [a] *554e ml.r +8S0 (c 1.5 in CHClJ . 

Anal. Calcd. for C~ZHZ,N~OQ.HZO: C, 62.44; H, 4.72; 
PZ, 6.83. 

Method B .-As shown previously,G the easily accessible 
tetra-O-benzoyl-a-D-xylofuranoseio (XII) may be used in- 
stead of the 1-0-acetyl-tri-0-benzoyl analog in these con- 
densations. XI1 (5.6 g., 0.01 mole) was added to 100 ml. of 
anhydrous methylene dichloride and the solution saturated 
with hydrogen bromide a t  0". The tightly-stoppered flask 
remained a t  room temperature for 30 hr. after which the 
> ellow solution was poured in a thin stream into vigorously 
stirred ice-water. The organic layer was separated quickly 
and washed rapidly with ice-cold bicarbonate solution to 
remove the acids and finally with ice-water. After drying 
quickly with sodium sulfate, the chloroform solution was 
concentrated to a sirup and treated with anhydrous ben- 
zene as in method A above. The benzene solution of the 
halogenose was then added to an azeotropically-dried mix- 
ture containing 0.005 mole of I in hot toluene. Method A 
was then followed; yield 0.7 g. (23y0), m.p. 163-165' (un- 
cor.). Light absorption properties were identical with 
those given by the product obtained from method ,I: max- 
ima 234 and 283 mp, shoulder a t  300 m p .  

1-p-D-Xylofuranosykytosine-crude VI1 (0.70 9.) was 
added to 30 ml. of methanolic ammonia previously satu- 
rated a t  0' and the solution heated overnight a t  100' in a 
sealed tube. The reaction was treated in a manner similar 
to the synthesis of cytidine (see above). The free nucleo- 
side crystallized from ethanol, 220 mg. (77%), m.p. 237- 
238". The ultraviolet absorption spectrum was similar to  
that for cytidine'6 (pH 1, maxima a t  212.5 and 280 mp, 
minimum a t  241 mp; pH 7, maximum a t  271 mp, shoulder 
a t  229 m p ,  minimum a t  250 mp). 

Found: C,62.67; H, 5.03; K, 6.50. 

Anal. Calcd. for CgHlsNaOK: C, 44.43; H, 5.38; S, 
17.27. Found: C, 44.62; H, 5.20; N, 17.15. 

When treated with metaperiodate, xylofuranosylcytosine 
consumed one mole of oxidant per mole without the libera- 
tion of formic acid. Two days were required for this up- 
take to reach constancy. For the determination of the ro- 
tations of the dialdehyde solutions resulting from oxidation 
with metaperiodate, both natural cytidine and xylofurano- 
sylcytosine were compared. The results were as follows 
(c 0.7 in distilled water): 

[a ]Zs~  of the di- 
[ . ]~SD aldehyde s o h .  

Cytidine +31° t 3 9 "  
1-8-D-Xylofuranosylcytosine +48 +38 

1 - (Tetra-0-acetyl-p-n-glucop yranos yl) -4-ethoxy-2 (1 H) - 
pyrfidinone (X) .-Chloromercuri-4-ethoxy-2 (1H)-pyrimi- 
dinone (IX, 3.75 g., 0.01 mole) in 200 ml. of dry, hot X J -  
lene was treated with 4.1 g. of I1 and the mixture stirred 
under reflux temperature. Within a few minutes a clear 
solution resulted. After 40 minutes the reaction was 
cooled and treated with one liter of petroleum ether, filtered 
and the precipitate taken up in chloroform. After separa- 
tion from some insoluble material, the chloroform solution 
was treated in the usual manner with aqueous potassium 
iodide, dried and coricentrated to a sirup. Trituration of 
the sirup with alcohol-ether gave crystalline material, 1.1 



g. (23(Y0), 1n.p. 200-203". One recrystallization froin 31- 
coho1 gave pure material, m.p. 203-204". X mixed melting 
point with an authentic sample prepared according to  Hil- 
bert's gave 202-204'. The ultraviolet absorption spectra 
were also similar (maximum at 274 mp, minimum a t  243 
mpo. 

X small sample of X was treated with methaiiolic hydro- 
gen chloride according to  Hilbert, and l-P-D-glUCOp>TanO- 
syluraci113 was isolated, m.p. 199-201". X mixed melting 
point with authentic material13 gave no depression. 

Synthesis of Cytidine.-l-O-.-\cetyl-2,3,5-tri-O-benzoyl- 
D-riboseI6 (0.02 mole) was added to 250 ml. ofDanhydrous 
ether saturated with hydrogen chloride a t  0 . :ifter 4 
days a t  5-10" the solvent was removed in Z'QCUO as previously 
described, and a benzene solution of the sirupy lialogenose 
was added to  an azeotropically-dried mixture of i . 5  g. of 
IX in hot xylene. After 5 minutes under reflux the stirred 
mixture clarified. After an additional 20 minutes the rc- 
action was cooled, treated with petroleum ether, filtered 
and the precipitate dissolved in chloroform. The chloro- 
form solution was treated in the usual manner, and upon rc- 
tnoval of the solvent a sirup mas obtained which was taken ut) 
iii a minimum volume of warm ethyl acetate and treated with 
ether. Cpon cooling overnight some unreacted 1-0-acetyl- 
2,3,5-tri-O-benzoyl-~-ribose separated nut (0.3 g., m.1). 
126-129') and was removed. In the filtrate a mass o f  
crystals appeared which, upon filtration, gave 3 . i  g. (XI) 
of white powdery material, m.p. 96-106" (to a viscous 
liquid). An additional 3.2 g. of lower melting material 
precipitated from the mother liquor (total yield of crude 
material 60%). Both fractions were combined and used 
directly for conversion to free nucleosides. 

Crude X I  (1.5 g.) was treated with 50 nil. of alcoholic 
ammonia in a sealed tube at 100" overnight. The contents 
were worked up in the usual manner (vide supra) and gave 
520 mg. of cytidine (as the sulfate), 70%. Recrystalliza- 
tion from ethanol-water did not raise the melting point, 
222-223", and a mixed melting point with the synthetic 
material prepared via the S-acetylcytosinc routc or xvitli 
material prepared from natural cytidine gave no  r1cl)rciiioii. 

Crude XI (0.4 6.) in 50 ml. of ethanol 1x1s treatetl iritli 2 

ml. of sodium ethoxide (1 iV) and the solution refluxed for 
1 hr. The reaction was acidified with concentrated hydro- 
chloric acid (0.5 ml.) and filtered from some sodium chlo- 
ride. The acidic filtrate was warmed to  reflux temperature 
for 10 minutes and then concentrated to  a sirup which was 
taken into water and extracted with ether. The ether layer 
was discarded and the water layer was treated with charcoal 
and filtered. A spectral determination of the aqueous 
solution showed that uridine was present (no shift in the 
spectrum between pH 1 and 7, maximum a t  262 mp; in 0.1 
iV alkali, maximum at 263 mp). When chromatographed 
in butanol-water (86/14) a major spot (similar in Kf to 
uridine) was obtained along with a minor component. 

Polarimetric Investigations.-Optical rotations were dc- 
tcrmined with a polarimetric unit model D attachment17 to 
the Beckman model DU spectrophotometer calibrated with 
standard sucrose solutions. For the determination of the 
rotations of the dialdehydes produced, solutions of known 
concentrations were treated in the polarimetric cell with cx- 
cess sodium metaperiodate. Readings were taken at frc- 
qucnt intervals until a constant reading was attained. The 
specific rotations of the dialdehydes produced were based 
upon the original concentrations of the nucleoside solutions. 

Metaperiodate Titration Studies.-Concentrations of 
uucleosides ranging between 0.0015 and 0.002 mmole Per 
ml. were treated with excess sodium metaperiodate and ti- 
trated iodometrically according t o  the usual procedures.'*J9 
The acidity produced was determined by the method of 
Jackson and Hudson.20 
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Guanamine Diuretics 
BY SEYMOUK I,. SIIAPIIW, VIXCEXT &I. PARRINO, KARL GEIGER, SIDNEY KOURIN AKI) LOUIS FREEDMAN 

RECEIVED ~ I A R C I ~  28, 195i 

A series of guanamincs of the typc I has beell s)-iitlicsized and evaluated its orul diuretics i i i  ruts. 1~)iiit'etic activity is foulid 
Certain of the variants of this series arc the most to be critically dependent on structural characteristics of the group R. 

active guanamine diuretics so far reported. 

Although the diuretic activity of forinoguan- 
(I, R = H) has been known for some time, 

i t  is only recently that structural variations with 
enhanced diuretic activity5 have been character- 
ized. 

(1) (a )  \V. I,, Lipschitz and E. Stokey, J .  P ~ U Y H Z Q C O ~ . ,  83, 235 
(1915); (b) W. I,. Lipschitz and Z. IIadidian, ibid., 81, 8.1 (1944) 
(diuretic s tudies  in animals). 

('2) (a) S. A.  Freire, Rev. 6rasil.  biol . ,  8, 1 (1948) [C. A , ,  42, 7876 
(1'34811; (b) A .  Turchetti, R ~ ~ ' o Y ~ z Q  iiied., 64, 405 (1950) [C. A , ,  44, 
10163 (19.50)l (the modeof activity). 

(3) (a) S .  A. Freire, Arquio. bid. (Sbo P a d o ) ,  31, 1-11 (1947) IC. A . ,  
42, 4072 (1948)l; (b) W. 1,. Lipschitz and E. Stokey, J .  P ~ W ~ Q C O ~ .  
Ex$ T h e r a p  , 92, 131 (1948): (c) L. DeUellis, Boll. soc. itd. bid. s p e r . ,  
29, 1224 (1953) [C. A , ,  48, 12306 (1954)l (use in humans). 

(4) 9 A.  Rat tus ,  E. V .  Kenman and J. Franklin,  Bull. Johns Hop-  
f ~ i ~ i s  Hosp. ,  89, 1 (1931) [C. A , .  45, 10401 (19Sl)l (use of acylatrd 
d e r i u l t i v c q  in hiim;in stiidies). 

(a) (a) 0 C'lnii<ler and  G. 13tiIcsu. .If lir l i i i i r  P,ll) .6iyol,  67, G8 
( I n i l )  [(.. :I , 46, 1023 (lU.-,Z) 1 ;  (b) Richter and Getiron, V e g y J s z r f i C y h r  
R l . ,  (1liin~:iriun C w p . ) ,  British Patciit fi7G.024; (c) n. A. 1,eSher 
: 1 1 1 t i  I: I,: SIiiii-in:iii, .I.  T'iirirn7omf ??si, ~ ' I T P T U ~ . ,  116,  R8 ( I ! I , ; I ~  

Maximum activity was noted in the coiripoui1tls 
I, where R = phenyl, p-chlorophenyl, p-brotno- 
phenyl. Structures of this type have been re- 

I 

portetlfl to yield remarkable results ill cases oi 
cardiac cdema. 

An additional variant,' claimed to yield diuretic 
activity, includes compounds of the type where R 
= H, and the hydrogen in the &position is re- 
p1:tced by :L dialkyl3iriinoinethyl group. 

(17) G. V. husterweil, Chemirlry t? Indi i s tvy ,  370 (1952). 
(7) V. littel and J. Nosek. Chrm. I . i s f v ,  46, 280 (19.52) IC' .  A , 47,  

,I.'{ 4.1 ( 1 !i.-lR) 1 .  


