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from water (with charcoal treatment); yield, 0.3 g., m.p. 239- 
240" dec. 

Anal. Calcd. for CiH8ClXr03: C, 38.63; H, 3.71; C1, 16.29; 
N, 19.31. Found: C, 38.47; H, 3.67; C1, 16.33; S, 19.13. 

N-( 1H-2-Oxo-5-bromo-4-pyrimidinyl)-~,~-alanine (IVh).- 
The mixture of IVb (D,L-form, 1.0 g.) and N-bromosuccinimide 
(1.1 g,) in acetic acid (30 nil.) was kept for 20 min. a t  80-100" 
and treat,ed as above. The product (1.0 9.) was recrystallized 
from \\-:iter (0.85 g.), m.p. 225-227" dec. 

Anal. Calcd. for C7HSBrW303: C, 32.08; H, 3.08; Br, 30.49; 
S, 16.03. Found: C, 32.00; H, 3.19; Br, 30.43; X, 15.85. 

1-( p-n-Ribofuranosyl)-4-methylthio-2-pyrimidinone (XIa). 
-2 ',3',5'-Tri-O-benzoyl-4-thiouridine13 (X, R = OBz, RB = 
H,  11.5 g.) n-as dissolved in K sodium hydroxide (60 ml.), 
water (40 ml.), and ethanol (100 ml.) and stirred for 1 hr. Methyl 
iodide (14.2 g.) and more K sodium hydroxide (20 ml.) were 
added, and the mixture stirred for 30 min. After neutralization 
with acetic acid, the solution was evaporated in ~acuo, and the 
residue dissolved in ethanol. The insoluble material was removed 
1.13' filtration and discarded, and the filtrate concentrated to a 
sirup. This sirup was treated with ethanol and t'he solids which 
formed tTere discarded. The filtrate was again concentrated to a 
sirup and the treatment with alcohol was repeated. The final 
filtrate was concentrated to a sirup and triturated repeatedly 
with acetone. The acetone-insoluble sirup (4.5 g., crude XIa)  
was used in the folloTving reactions. 

N-( l-p-~-Ribofuranosyl-2-oxo-4-pyrimidinyl)  phenylala ala- 
nine (XIIa).-The solution of XIa (2.7 g.), >phenyl- 
alanine (2.0 g.), and sodium carbonate (0.56 g.) in water (12.5 
ml.) n-as refluxed for 15 hr. After acidification with acetic acid, 
the solution \vas concentrated in zucuo and the residue dissolved 
in ethanol. The insoluble material iTas removed by filtration and 
the filtrate evaporated to dryness. The residue >vas dissolved 
in water, adjusted to pH 7.5, and applied to a column (Dowex I, 
formate, 2.5 X 16 cm. long). The column was washed with 
water which removed uridine and unchanged XIa. Formic 
acid (0.2 JI) was used for elution. The eluate was collected in 
100-ml. fractions. The ultraviolet absorbing fractions (measured 
a t  2'30 mk) containing product were combined and evaporated to 
dryness in, vacuo, and the residue was dissolved in ethanol from 
which crystals were obtained (1.2 g.), m.p. 165-170°slow dec. 

Anal. Calcd. for C18H,,S30i~l.5H20: C, 51.67; H, 5.77; 
S, 10.04. Found: C, 51.90; H, 5.74; S, 10.26. 

N-( I-p-~-Ribofuranosyl-2-0~0-4-pyrimidinyl) -L- tryptophan 
(XIIb).-The solution of XIa (3.2 g.), L-tryptophan (2.05 g.), 
and sodium carbonate (0.56 9.) in water (15 ml.) was 
refluxed for 6 hr. The solution was diluted with water, adjusted 
to  pH 9, and applied to a column (Dowex I, formate, 2.5 x 16 
cm.) .  After washing the column with water, the product was 
eluted with N formic acid. The combined eluate was evaporated 
in z'ucuo to a sirup which was treated with ether t o  remove formic 
acid. The residue was taken up in a small amount of water 
from which the precipitate separated (yield 2.0 g.) and recrystal- 
lized from water, m.p. 176-178" dec. 

Anal. Calcd. for C20H22N407.H10: C, 53.57; H, 5.39; X, 
12.49. Found: C, 53.37; H, 5.22; N, 12.36. 

N-( 1-p-D-Ri bofuranosyl-2-oxo-4-pyrimidinyl)-p-aminoben- 
zoic Acid (XIII).-A mixture of XIa ( 5  g.), p-amino- 
benzoic acid (4.1 g.), and sodium carbonate (1.6 g.) in water 
(30 ml.) was refluxed for 3.5 hr. The solution was acidified with 
formic acid and the precipitate (p-aminobenzoic acid) was re- 
moved. Extensive hydrolysis of XIa to uridine was observed. 
The solution n as adjusted to pH 9, applied to a column (Doivex I, 
formate 2.5 X 16 em.), washed with water and 0.1 N formic acid, 
and eluted with A: formic acid. The combined fractions contain- 
ing the product were evaporated to  a sirup and washed with ether. 
An amorphous solid was obtained from the residue which could 
not be crystallized; yield 1.4 g., m.p. 156-165' dec. 

Anal. Calcd. for C16Hljs307: C, 52.88; H, 4.72; ?;, 11.57. 
Found: C, 32.48; H,4.75; S, 11.25. 

1-( 2-Deoxy-p-~-ribofuranosyl)-4-methylthio-5-methyl-2- 
pyrimidinone (XIb).-Compound X (Rz = Ne,  R = H, 
9.32 g.)'3 in sodium hydroxide (40 nil.), ethanol (100 nil.), 
and water (70 nil.) was stirred for 1 hr. Methyl iodide 
(12 g.) and more S sodium hydroxide (20 nil ) were added and the 
mixture stirred for 30 niin. After storage in the refrigerator 
overnight, needles separated and were collected. The filtrate 
was concentrated to a sirup and the sirup triturated with water 
from which additional needle crl stals were obtained; total yield 
4.9 g. (90%). One recrystallization from water afforded pure 
material, m.p. 176-178". 

Anal. Calcd. for C11H16N20~S: C, 48.32; H, 5.92; N, 10.29; 
S, 11.78. Found: C, 48.49; H ,  5.64; N, 10.22; S, 11.99. 

N- [l-( 2-Deoxy-p-~-r~bofuranosyl)-5-fluoro-2-oxo-4-pyr~m- 
idinyl]  alanine (XIIc).-4-Thio-5-fluoro-2'-deo~yuridine (1.2 
g.)z in S sodium hydroxide (6 ml.), water (20 ml.), and 
methyl iodide (1.5 g.) were stirred for 20 min. The solution was 
neutralized and evaporated to dryness. The residue was taken 
up in water (15 ml.), L-alanine (1 g.) and sodium carbonate 
(0.58 g.) were added, and the solution was refluxed for 2 hr. 
The reaction solution was applied to a column (Dowex I, formate, 
2.5 X 16 cm.), washed with water, and eluted with 0.1 S formic 
acid. The fractions containing the product were combined and 
concentrated to a sirup, washed with ether, and the resulting 
crystalline residue was recrystallized from water; yield 0.7 g., 
m.p. 151-152" dec., [ c x ] ~ ~ D  -40" (c 0.54, S HCI). 

Anal. Calcd. for C12Hl,FrU'306: C, 45.43; H, 5.08; F, 5.99; 
N, 13.24. Found: C,45.14; H, 5.52; F,6.16; X, 13.11. 
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S,S'-Bis-(o-hydroxybenzyl)-ethylenediamine ( I )  undergoes an equirnolecular condensation with aldehydes 
In  contrast, paraformaldehyde 

Acetone forms a stable 
Xone of the compounds showed 

and aqueous formaldehyde in alcohol solution to  form imidazolidine derivatives. 
reacts with I in benzene to form 1,2-bis-[3-(3,4-dihydro-1,3,2H-benzoxazino)]-ethane. 
imidazolidine derivative of I. 
appreciable antibacterial, antifungal, or antiviral activity. 

Reactions of 1 with other ketones are discussed. 

Our interest to  iiivestigate the condensation reactions 
of S,S'-bis-(0-hydroxybenzyl)-ethylenediamine (I) was 

essentially twofold. Other similarly substituted ethyl- 
enediamines, X,S'-bis-(p-methoxybe1izyl)-,* S,S'-bis- 

(1) (a) J. H. Billman, J. Y. C. Ho, and L. R. Casnell, J .  Org .  Chem., 22, 
538 (1957). (b) Dow Research Fellow, 1959-1960. Taken from the Ph.D. 
thesis of L.C.D., Indiana University, 1961. 

(2) (a) J. II. Uillnian, J. Y. C. Ho, and L. R. Caswell, J .  Org. Chem., 17, 
1375 (1952); (b) L. Veibel and I. B. Anderson, Anal. Chim. Acta, 15, 15 
(1956). 
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TABLE 1 
1,3-BIS-(O-HYDROXYBENZYL)-IXIDAZOLIDINES Iv 

Purified Iiroduct 
70 Nitrogen 

I1 XI.p., " C .  L?c Yield Forrnula Calcd. Found 

3-Met liosy-4-liydros~pl1enyl 151.2-152.5 71 C,,H,GS,OJ 6.89 7.19 
3,1-nletliylenedioxyplienyl 131-132 74 CuH2rSsOi 6 .93  6.80 

p-Sitrophenyl 143-111.5 64 C23H23N304 10.37 10. 2 i  
3,1-I)irnetlios?piienyl 151.5-152.5 76 C?SHspSgC)J 6.66 6.91 
p-hydroxy phenyl 155-157.5 43 C~H24Y203 7.1.5 7 .26  
H 110.5-111 CIjH?oS?O, 9.8.5 9.19" 
o-hydroxy phenyl 119-150.5 dec. 60 CJl,,X?08 7.45 7.49 
2-1'henyletlien~.l 131 .5-132, 5a -5 8 C ? S H ~ ~ S : ( ) ~  7,31 7.26 

1,52.3-153,5 7 3  C?jH?g?;aO? 10,40 10. 26 
2-1'ropyl 107.5-1OS.5 7s C,,H,,HL02 8.58 8.67 
3-Furyl 166-16s dec. 9 1 C2,H22?;20a 7 . !N 7 .99  
rti-Hydrcisyplienyl 165-167 dec. 67 C?3H24X203 7.45 7.36 

7.99 

p-AIethoxyplieny l 151-151.5" 72 C ~ ~ H ? ~ S P O ~  7.18 7.00 

- -- Phenyl 169-170 90 C?rH2,S?O, 1 . 1 1  

a Purified material melted lower than crude product. Per cent recovery from methanol. Calcd.: C, i l .82; H, 7.09. Found: C, 
71.46; H, 7.33. 

Unlike aqueous fornialdehyde and other aldehydes, 
paraformaldehyde underwent a bimolecular coiideiisa- 
tioii with S,K'-bis-(0-hydroxybenzyl)-ethylenediamine 
in beiizeiie to form 1,2-bis- [3-(3,-l-dihydro-l,3,2H- 
beiizoxazino) ]-ethane (VIII) in a -1G70 yield. The 
structure of this derivative mas based on its elemental 
analysis, its infrared aiid ultraviolet spectra, and its 

+ VI11 

( C W ,  + 
2H20 

acid hydrolysis products. This derivative possessed 
no S H  or OH absorption in the infrared and its ultra- 
violet spectrum was similar to that of homologous 
niethyleiie-bis-(3,~-dihydro-1,3,2H-beiizoxazine), which 
is the condeiisatioii product of aqueous formaldehyde 
and o-hydroxybeii~ylamine,~ both having A,,,,, 275 
m b  (log E 3 .7 ) .  When VI11 was hydrolyzed with dilute 
sulfuric acid the regenerated formaldehyde was re- 
covered (as its methone derivative) in 88% yield, along 
with S, S '-his- (0-hydroxybenz yl) -et hylenediamine in 
S570 yield based oil the assigned structure VIII. 
K,S'-Bis-(0-hydroxybenzy1)-ethylenediamine (I) re- 

acted with pure acetone or with acetone in ethanol to 
form a stable iniidazolidiiie in high yield. Methyl 
ethyl ketone, acetophenone, and benzopheiione failed 
to coiideiise under similar conditions. Cyclohexanone 
forms a solid derivative in methanol and in benzene 
under water removal conditions. However, the mate- 
rial could not be purified by recrystallization from sev- 
eral solvents or solveiit mixtures. The imidazolidine 
derivative of methyl ethyl ketone was prepared by re- 
fluxing I with the preceding ketone for 5 hr. At- 
tempted recrystallizatioii of this derivative from 95% 
alcohol resulted in complete hydrolysis; however, 
purification was achieved by recrystallization from 
methyl ethyl ketone. 

( i )  1 15 IIoll? and A .  C Cope, J .  Am.  Chem. Soc., 66, 187: (1944). 

Coiistructioii of molecular models of actual and hypo- 
thetical ketone iniidazolidiiie derivatives of I disclosed 
considerable steric interactions beheen  the benzyl 
groups situated in the 1- and 3-positions and the sub- 
stituents in the 2-position. These steric interactions 
increase on going from the acetone coiidensatioii prod- 
uct (2,2-dimethyl derivative) to those of higher ketones. 
As a coiisequeiice, the ketone derivatives of I probably 
have higher energies which may be related to  some of 
the difficulties of preparation aiid purification. 

I n  view of the anomalous reaction of S,S'-bis-(0- 
hydroxybenzyl)-ethylenediamine with parafornialde- 
hyde and its facile coiideiisatioii reaction with acetone, 
this diamine reagent does not appear to be as practical 
or as specific an aldehyde reagent as some previously 
studied diamines.'" 2 3 

Table I11 summarizes the bacteriostatic and fuiigi- 
static activities of the compounds tested. Koiie of the 
compounds showed appreciable activity as aiiti- 
bacterial, antifungal, or antiviral agents. 

The compounds iii Table I1 were tested in tissue 
culture systems (roller tube) against the viruses indi- 
cated. Xoiie showed any protective activity at con- 
centratioiis up to the levels where host cell toxicity was 
encountered. 

Experimental 

Melting points were taken in open capillaries and are corrected. 
Boiling points are uncorrected. Infrared spectra were recorded 
on a Perkin-Elmer Infracord as potassium bromide disks. Micro- 
analyses were performed by Miss J. Dickey of the Chemistry 
Department of Indiana University and/or Midwest Microlab, 
Inc., Indianapolis, Indiana. 

Materials. (A) Aldehydes.-Either reagent grades of alde- 
hydes were used or they were purified by distillation or by recrys- 
tallization from appropriate solvents. Exceptions x ere vera- 
traldehyde and cinnamaldehyde for \\ hich prncatical grades 11 ere 
used. 

(B)  Ketones.-Acetone and niethyl ethyl ketone a ere purified 
by distilling from potassium permanganate, drying with anhy- 
drous potassium carbonate, and redistilling, b.p. 58" and 78.5- 
79", respectively. Commercial grades of other ketones \\-ere used. 
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cator, then recrystallized from methanol to provide 4.6 g. (46%) 
of white needles, n1.p. 111.5-112'. 

Anal. Calcd. for C1SH20S?02: C, 72.88; H, 6.80; S,  9.45. 
Found: C, 72.78; H, 7.18; S, 9.42. 

Acid Hydrolysis of VII1.-To a solution of 1 ml. of concentrated 
sulfuric in 40 ml. of viater was added 0.20 g. of 1,2-bis-[3-(3,4- 
dihydro-1,3,2H-benzoxazino)]-ethane. The solution which re- 
sulted on warming was distilled into a slightly saturated dilute 
alcohol solution of excess methone. The distillation vas  stopped 
when the distilland ivas about 3-5 ml. The yield of the fornial- 
dehyde methone derivative was 0.35 g. (88c/;), n1.p. 188-189" 
(lit.'o m.p. 189"). The distillation residue x i s  treated with l0yo 
sodium hydroxide to p H  6-7 and filtered free of resinous-like 
material. Treatment of the filtrate with 2 ml. of 10% sodium 
carbonate follon-ed by seeding and cooling produced a pale tan 
solid product of m.p. lli-122'. A mixture melting point with 
N,?;'-bis-(o-hydroxybenzyl)-ethylenediamine was not depressed; 
the yield of recovered Y,N'-bis-(o-hydrosybenzy1)-ethylenedi- 
amine was 0.16 g. (8,5%). 

Reaction of N,N'-Bis-(0-hydroxybenzyl)-ethylenediamine I 
with Ketones. (A)  Acetone.-A mi\;ture of 1.0 g. (3.7 ninioles) 
of I tind 15 nil. of acetone was refluxed for 1 hr. The reaction 
mixture was refrigerated and the crystalline product (0.8 g , )  
which formed was removed by filtration. A second crop of 0.3 g. 
was obtained after concentration of the mother liquor. Both 
crops were combined and recrystallized from absolute ethanol. 
The yield of 2,2-dimethgl-l,3-bis-(o-h~droxpbenz~l)-imidazoli- 
dine was 0.9 g. (84c;L), white needles, m.p. 146.5". 

A n a l .  Calcd. for C19H249202: X, 8.94. Found: X, 8.88. 
This derivative was also prepared, in 90% yield (m.p. of crude 

product was 145.5'), a t  50" in absolute ethanol in the same way 
as described previously for the isobutyraldehyde react,ion in which 
a 1.6 M excess of acetone was used. 

(B)  Methyl Ethyl Ketone.--A solution of 6 g. (22 mmoles) of 
I in 50 ml. of methyl ethyl ketone was reflused for 5 hr. The 
condenser used had a drying tube containing Drierite in its open 

(10) E. H. Huntress and S. P. RIulliken, "Identification of Pure Organic 
Compounds," John Wiley and Sons, Inc., Keu York. S. T., 1941, p. 50. 

end. The reaction mixture was refrigerated and the resulting 
precipitate was filtered, rinsed with methyl ethyl ketone, and 
dried: 5.2 g., m.p. 129.5-135'. The crude product v a s  purified 
by refluxing it, in 30 ml. of fresh methyl ethyl ketone on a hot 
plate for 2.5 hr. The hot solution was filtered and crystallization 
was induced by cooling. The yield of 2-methyl-2-ethyl-l,3-bis- 
(0-hydrosybenzy1)-imidazolidine was 3.5 g. ( 5 3 5 ) ;  vhite prisms 
melting a t  133-134". 

A n a l .  Calcd. for C2,,He&?02: K, 8.58. Found: S, 8.62. 
(C) Other Ketones.-Condensation reactions of acetophenone, 

benzophenone, methyl ethyl ketone, and cyclohexanone with I 
were conducted in the same general nianner as described for 
aromatic aldehydes. In  the first three cases, the diamine reagent 
was recovered essentially unchanged. In  the cyclohexanone 
reaction a solid product was obtained vhich melted slon-ly a t  
107-111"; a misture melting point with I (m.p. 124") n-as de- 
pressed. Recrystallization of this solid from anhydrous tetra- 
hydrofuran gave a material of m.p. 103-107". The cyclohes- 
anone reaction was repeated using a benzene solution in M-hich 
water formed in the react,ion was removed as its benzene-water 
azeotrope. The product resulting when the theoretical amount 
of water was removed melted at  105.5-10Y.5°. Recryst,allizat'ion 
from benzene-petroleum ether (b.p. 40-60") or carbon tetra- 
chloride gave products of loner melting points without improve- 
ment in the ranges (e.g., 99.5-105.5"). 
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2-(2,6-Sylyloxy)ethylguanidine sulfate is a potent hypotensive agent which acts by blocking the symptttlietic 
Related compounds have been synthesized and structure-activity relationships in the series nervous system. 

have been investigated. 

Treatment of hypertensive disorders has been revolu- 
tionized in recent years by the discovery and use of 
agents which inhibit the release of neurohormones from 
the postganglionic sympathetic nerve endings. The 
first compound discovered to have this effect was cho- 
line 2,6-xylyl ether bromide' (I), which effectively 
blocks transmission a t  peripheral sympathetic nerve 
terminals but suffers from muscarinic side-effects. 
Subsequently, bretyliuni (11) was developed and in- 
tensive investigation showed it t'o be selectively ac- 
cumulated in postganglionic sympathetic nerve fibers3b 
and t3 prevent the release of neurohormones from the 
sympathetic nerve endings following neural stimula- 
tion.Yb More recently guanethidine (111) was intro- 
duced for the treatmelit of hypertension. This com- 

(1) T o  alioni inquiries should he  addressed. 
(2) P. Hey and G. L. Willey. Brit. J .  Pha~macol. ,  9, 471 (19.54). 
(3) (a) A .  L. A. Boura, F. C. Coup, W. G. Dunconihe, .1. F. Green, and 

(b) A .  L. A .  Uoura and A .  F. Green, >.. LIcCoubrey, ibid., 17, 265 (1960); 
ibid., 14, 536 (1959). 

\ C H ~ G ( C H ~ ) ~ C ~ H ~ T O ~ -  

I1 
0 + 

\ OCHLC!-12N(CH3)3Br- G; I 
pound has been shown to exert its effect on the sympa- 
thetic nervous system by depleting the norepinephrine 
stores at the postganglionic sympathetic nerve ei idi i ig~.~ 

(CH2),SCH2CH2SHC( SH1)=KH 
I11 

I, 11, and I11 have certain c3niimn structural fea- 
tures. Each contains a strongly basic terminal group 
connected via a side chain to a carbocyclic or hetero- 
cyclic ring. These factors suggested that replacement 
of the poorly absorbed quaternary group of I by the 
guanidine residue might lead to compounds acting a t  the 
pxjtganglionic sympathetic nerve fibers. 2-(2,6-Xylyl- 
0xy)ethylguanidine (IT) which is the guanidine analog 

14) R Cas.. R. Kuntatiian. and 13 13.  Brodle, Proc Soc. Eaptl  BzoE. .\fed.. 
105, 871 (1960). 


