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S-(2-0uo-i-pyriimdinvI ) :tininn acids were prepsred by rezction of i-methyit!iio-2-pvrimidinones with amino 
acids. S-(2-Oxo-~-p?.rirriidinyl)-glyeine, -L-alanine, -L-phenylalanine (IVc), -L-tryptophm (IVd), -p-sh ine ,  
-0- and p-aniinoben7oic acid (Va),  and -glycylglycine were obtained. ?i-(2-Tliio--i-pyrimidinyl)-L-tryptophan 
was also prepared as well as the 5-methyl, &fluor0 (IVf), 5-chloro, and 5-bromo anslogs of N-(2-oxo-4- 
pyrimidiny1)-D,L-alanine The ribonucleosides of IT'c, d, and Va were syntliesiad bL7 tre ttment of 1-0-0- 
ribofuranosyl-~-met~iyltliio-2-p~~rimidinone with the appropriate amino acid. The L-(2'-deoxy-p-u- 
ribofuranosvl) derivative of IT'f w,s synthesized h\- similar methods. Prelirninrry results with so ne  of these 
c~on~pounds in euperimentd tumors sliowed no sigdicznt aqtitumor xt ivi ty .  Sone of t!ie pvriiiiidinyl amino 
a(*ids tested supported the growth of certain pyrirnidine- or amino aciJ-requiring rriut mts of Escher kh i z  coli. 

I t  was deinonstrated in another series? that certain 
exocyclic S-alkylat'ed derivatives of 5-fluoro-2'-deoxy- 
cytidine exhibited significant antitumor activity against 
transplanted mouse leukemia B82, though the parent 
compound, 5-fluoro-2'-deoxycytidine, had a better 
cheniotherepeutic index in this syst'em. It was also 
denionst,rated that the exocyclic S-methyl derivatives 
of the naturally-occurring cyt'osine nucleosides (e .g . ,  
cytidine, 3-niet'hylcytidine, 2'-deoxycytidine, and 5- 
methyl-2'-deoxycytidine) are essentially resistant to 
conversion to their corresponding uridine analogs 
by nuclewide deaminase(s) derived from Escherichia 
coli B. The S-methyl derivative of 5-fluoro-2'-deoxy- 
cytidine however i s  converted appreciably t'o 5-fluoro- 
2'-deoxyuridine in this eiizymat'ic system though to a 
lower extent, than 5-fluoro-2'-deoxycytidine. 

In  addition, several purinyl and pyrimidinyl aiiiiiio 
acids are known to occur in nature as antibiotics or as 
intermediates in the biosynthesis of nucleotides, such 
as adenyl~succinate,~ ar~iicetin,~ and guanine pro- 
pionatej" and its nucleoside.jb h number of ?;-(& 
p~rinyl)""-~ and X-(G-purinoyl)6e amino acids hare also 
been synthesized. These studies suggest t'hat other 
exocyclic-S-substituted derivat'ives of cytosines might 
be useful as compounds of potential biochemical in- 
terest'. 

This paper deals with the synthesis of certain S-(4 
pyrimidinyl) amino acids of structure I including some 
I-D-u-ribofuranosyl and 1-(2-deoxy-&u-rihofuraiiosyl) 
derivatives thereof. 

There are several approaches t'o the synthesis of 
pyrimidinyl ainiiio acids. Some have been prepared 
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by reaction of halogeiiopyriniidiiies with amino acids.' 
Unfortunately, this method is not easily applicable to 
the synthesis of I since 4-halogeno-2-pyrimidinones are 
not readily available. Prokofdv, et al.,* have reported 
the synthesis of S-(2-oxo-G-methyl-4-pyrimidinyl)- 
glycine by treatment of 4-amino-2-chloro-6-methyl- 
pyrimidine with chloroacetic acid. This method is 
ambiguous since later reports in the literatures indicate 
that, in general, alkylation occurs on a ring nitrogen 
rather than on the exocyclic aniino group in certain 
aniinopyriiiiidiiies. Feldnian, et a1.,I0 have utilized the 
ready replacement of the 2-alkylniercapto group'l 
by amines to prepare 17-(4-oxo-pyrirnidinyl) amino 
acids by reaction of 2-methylthio-4-pyriniidinone with 
amino acids. 

The facile synthesis of 4-thio-2-pyriniidinones by 
direct thiation of uracils'? and the availability of 4- 
thio iiucleosides? l 3  made this approach the method of 
choice. The thiouracils (11) used herein were prepared 
by the method of Jlizuiio, et aZ.,12 and then converted 
to the 4-methylthio derivatives 111, by modification of 
the procedure of Wheeler and Johnson. l4  
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tives of IV were stable to N hydrochloric acid or N 
sodium hydroxide (100" for 18 hr.). This stability is 
to be contrasted with that for X-(6-p~rinyl)-a-alanine~~ 
which was reported to be unstable to acid or to boiling 
water and with that for K-(6-hydroxy-2-purinyl)-~- 
alaninesa which is unstable in aqueous solution as well 
as in acid or alkaline media. 

The synthesis of J'III was accomplished by reacting 
I11 (R = H) with phosphorus oxychloride in diethyl- 
aniline and treating the crystalline monochloro deriva- 
tive T'I thus obtained with thiourea to afford T'II. 
Refluxing of VII with L-tryptophan in water (pH 8-9) 
gave S- a- (2-t hio-4-pyrimidinyl) -L- tryptophan (VI I I) 
with the evolution of methyl mercaptan. VI11 was 
negative to ninhydrin spray test which shows that the 
a-amino group of tryptophan is substituted. 

The reaction of I1 (Rz = H) with p-alanine a t  reflux 
temperature in water containing one equivalent of 
sodium carbonate for 30 hr. yielded the p-amino acid 
derivative IX in 607, yield. On the other hand, when 
the methylthio derivative I11 was used in place of I1 
in this reaction, the reaction time was reduced to 3 hr. 
and IX was obtained in 90% yield. These data attest 
to the greater susceptibility of I11 us. I1 to nucleophilic 
displacement on C-4. 

The 5-chloro and -bromo analogs of 11% were syn- 
thesized by reaction of IT'b with S-chloro- and S- 
bromosuccinimide, respectively . 

R CI iCOOt i  l d q R z  
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m 
For the synthesis of amino acid nucleosides of struc- 

ture I, the readily available acylated 4-thionucleosides 
(X, R = OBz, Rz = H and R = H, R2 = CH3,) were 
employed as starting materials. These were deacylated 
in alkali and methylated in situ to their 4-methylthio 
analogs XI. Of these, only the thymidine analog XIb 
was obtained in crystalline forni. Cnfortunately, this 
crystalline substance XIb  when treated with an amino 
acid (Le. ,  a-alanine, phenylalanine, or tryptophan) for 
20 hr. gave only trace amounts of product. The bulk 
of the reaction mixture was thymidine and starting 
material. 

4-Methylthiouridine (XIa) was more reactive than 
4-methylthiothymidine XIb  with amino acids (i.e., 
phenylalanine, tryptophan, and p-aminobenzoic acid) 
and after ion-exchange chromatography, gave low 
yields (20-3OyG) of product XIIa,b,  and XIII. Again, 
the main side reaction was the hydrolysis of the thio- 
ether of XIa  to uridine. I-Thio-5-fluoro-2'-deoxyuri- 
dine2 was converted to the 4-methylthio derivative XIc 

and reacted with a-alanine. After ion-exchange chro- 
matography on Domex I (formate), a 40% yield of 
crystalline XIIc  was obtained. 

Screening Studies.16--hs in a previous study," 
some of these compounds mere tested against trans- 
planted mouse leukemia B82. Preliminary screening 
results in this system16a were obtained with the following 
compounds: I1 and I11 (Rz = F), I V a 4 ,  XIb, and 
XIIc. Yone of these compounds was active against 
this tumor except the phenylalanyl derivative IVc 
and the tryptophanyl derivative IVd. With IVc at 
250 mg./kg./day X 7, the inhibition was slight and 
without significant toxicity. With IVd (at the same 
dose level) significant tumor inhibition (- 73%) was 
observed but this activity was accompanied by severe 
weight loss. 

In  Sarcoma 180,16b IVd showed 110 activity. In  
Ehrlich ascites in the mouse, at dose levels of 500 and 
250 nig./kg.,/day X 7 ,  IVd showed slight inhibition of 
tumor growth.16b 

Escherichza coli auxotrophs were employed to test for 
the ability of the pyrimidinyl amino acids (IVa-d) to 
support growth in these niicrobial systems.16C Four 
a u x ~ t r o p h s ~ ~ b  were used, z'ix., Bu- (uracil requiring), 
Wc- (cytosine requiring), 1183-5 (phenylalanine re- 
quiring), and 11165.A-52 (tryptophan requiring). Sone  
of the compounds supported the growth of the pyrim- 
idine-requiring organisms, indicating that cleavage 
at the aliphatic side of the exocyclic aniino function did 
not occur. S o r  did IT'c or IVd support the growth of 
1183-5 or 11165h-52, respectively, indicating that the 
C-X bond on the heterocyclic side of the exocyclic 
amino function also remained intact in this system. 
Similar results were obtained with a uracil-requiring 
mutant of Bacillus subtilis. 16' 

Experimental18 
4-Thiothymine (11, RP = CH3).lg-A mixture of thymine (63 

g., 0.5 mole) and phosphorus pentasulfide (58 g., 0.26 mole) in 
pyridine (1200 ml.) was refluxed for 3 hr. with stirring. Sfter 
cooling, the upper layer was decanted (lower layer discarded) 
and concentrated to dryness zn cacuo. The residue was re- 
crystallized from boiling water, yield, 59 g. (83<h). This product 
I1 is sufficiently pure for use in the next step. 
4-Methylthio-5-methyl-2-pyrimidinone (111, RS = CHa).- 

4-Thiothymine (12 g.) R as dissolved in LV sodium hydroxide 
(84.5 ml.), methyl iodide (15 g.) was added, and the mixture 
stirred for 1 hr. a t  room temperature. The separated crystals 
were collected by filtration and recrystallized from water; 10 g., 
needles, m.p. 214-215" were obtained (lit.1Q m.p. 205-211'). 

Anal. Calcd. for CB8NPOS: C, 16.14; H, 5.16; S, 17.94; 
S, 20.53. Found: C, 16.25; H, 5.14; S, 17.98; S, 20.66. 

5-Fluoro-4-thiouraci1 (11, RP = F).-5-Fluorouracil (19.5 
g.)Zo and phosphorus pentasulfide (17.5 g.) in reagent grade 
pyridine (400 ml.) were refluxed for 2 hr. At the beginning of the 

(16) The authors are indebted t o  the  following investigators from this 
Insti tute for kindly providing their preliminary results: (a) J. H. Burchenal. 
J. R. Purple, and E. Bucholz, (b) P. C. AIerker and F. Schmidt, and (e) L. 
Kaplan and L. Provenzano. 

117) (a) N. Yung, J. H. Burchenal, R. Fecher, R. Duschinsky, and J. J. 
Fox,  J .  A m .  Chem. S o c . ,  83, 4060 (1961): (b) The authors are indebted t o  
Dr. B. D. Davis of Harvard University for the  phenylalanine- and trypto- 
phan-requiring mutants and t o  DI. S.  S. Cohen of the  University of Penn- 
sylvania for the uracil- and  cytosine-requiring mutants.  

(18) All meltinr points were taken on a Thomas-Hoover capillary melting 
point apparatus and are corrected. Nicroanalyses u-ere performed by the 
Galbraitti Laboratories, Inc., Knoxville, Tennessee, and by Spang hlicro- 
analytical Laboratory, Ann Arbor, hlichigan. 

(19) H. L. Wheeler and D. F. JlcFarland, Am. Chem. J. ,  4.3, 19 (1910). 
(20) R. Duschinsky, E .  Pleven, and C. Heidelberger. J .  Am. Chem. Soc.. 

78, 4559 (1967). 



reaction, water was added dropwise ( -  0.4 nil.) to maintain :in 
orange-turbid color.a' The pyridine layer was evaporated anti 
the residue was taken up in water and stirred. The precipitated 
product, was collect,ed by filtration (16.7 g., 7 6 (  1). Pure eoni- 
pound was obtained aft,er recrystallization from water; ni.p. 
277-278" tlec.. 

:lna/. Calcd. for C4H3FS20S: C, 32.86; H, 2.07; S ,  1!),17: 
l', 13.00: S, 2l.:J3. Found: C, 3 2 3 7 :  H, 2.07;  S, 19.35: 1:. 
13.22: s, 32.06. 
.5-Fluoro-4-methvlthio-2-ovrimidinone (111. R, = Fi.--5- _. j ,  - 

Fl111ir1~-4-thio11rac.il (8 9.) in N sodium hydroxide (54.8 ril l .  ) was 
treated with methyl iodide (20 g . )  at room t,eniperature. Tht. 

tallized frnm >,\.:iter, yielding needlw 

Icd. for CaHsFS20S: C, 37.4:); H, 3.13; S, 17,4!1; 
C, 3i.63; H, 3.23;  S,  17.36; F, 

12.06; S, 20,lfi. 
2-Chloro-4-methyl thiopyrimidine (VI).-4-hIethylthio-2-pyrini- 

ithione (111, R? = H, 20.5 9.) \vas suspended in phosphorus 
hloride (SO nil.),  stirred, and treated dropwise with diethyl- 
ic (21.5 g.) at, 55". After 1.5 hr. a t  55" most of the solvent 

\v:is reiiiciveti in m c u o .  The residue was poured into ic.e-\wter 
(400 nil.) :ind extracted with ether. The ether layer \vas washed 
w i t h  w t e r  :tnd dried over sodiunr sulfate, filtered froiii salts. 
iinil tlic: filtrate evaporated to dryness. i'171iite crystals of 2- 
c~lrloro-4-rnetliyltlii~ipyriinidine ( VI)22  were ohtained, 1ii.p. 66 - 
iis O, 

.lnrtl. Calvd. for C5H5C1N2S: C ,  87.38; 11, 3.14; S ,  1 i .44 .  
I'ciund: C, 37.39; H, 3.20; S, 17.40. 

4-Methylthio-2-pyrimidinethione (VIIj.-Produc.t, V I  was 
dissolved in absolute ethanol (450 nil.) containing thiourea. (14 p. i 
:ind the solution refluxed for 1 hr. Aft,er concentrating to 100 
nil .  and cw)ling, crystals of the thiouronium salt separated, m.p. 
1Mj--16io der. 

i / ~ m [ .  Calcd. for CsHgCIS&: C, 30.&3; H, 3.80; 3, 23.6'1; 
~, 27.03. Found: C, 30.49; H, 4.09; XI 23.50; S, 26.32. 

The thiouroniuni salt was dissolved in water (100 ml.) and 10' ; 
sodiuni hydroxide (ca. 30 nil.) was added. After acidificat,ion 
with aretic acid to pH 3, the precipit'ated crystals VI1  were c i~ l -  
lected and rccarystallized frctni wtiter. Yellow needles ( 1  6 p., 
YO',: from 111, It2 = H), were obtained, ri1.p. 190-l!12°. 

. lnu/ .  Calcd. for CjH6S2S2: '7, 37.97; H, 3.80: S, 17.71': 
S, -10.31. Found: C, 88.11; H, 8.75; S,  17.81; S,40.25. 

N-( lH-2-Oxopyrimidinyl-4)-glycine (IVa).--A mixture r i i t i -  

taining 4-rriethylthio-2-pyriniidinone (4.0 g.), glycine (2.57 p., 
1.2 tquiv.), and sodiuin carbonate (1.S2 g.. 0.6 equiv.) in water 
(20  d.) wts refluxed for 3 hr. After cooling, the solution wis 
avidified with fomiic: acid ( 4  rril.), looled, and the precipitate, 4.7 
g., cdlected arid recrystallized fioin water. 
: tnd  the (mipound has no definite melting point. 

Atrial. Calcd. for C6H7S103: C1, 42.61: H, 4.17; S, 24.8X. 
Found: C, 42.40; H, 4.22; ?;, 24.63. 

N-( lH-2-0~0-4-pyrimidinyl)-1,- and -n~-Alanine (IVb).-Thew 
prriduvts werr obtained hy the sdine method stated before, except 
t h c a  refluxing time \vas 5-S hr. The yield was 75-85Yc for bisonier, 
I C X ] " U  - 104' ( c  0.4, ,\' HCI), r i i , p .  > 280", and DL-korner, op- 
1 i (d ly  in:ictivc, n1.p. 2ti4-265' dec. 

Yield is cn. 

NaOs: C', 45.90; H, 4.93; N ,  22.94. 
7; H, 5.03; N, 23.21. DL-isonier: C', 

N-( lH-2-0~0-4-pyrirnidinylj-~-phenylalanine (IVc).-A mix- 
t u r e  o f  TI1 (It2 = 13) (2 g.). &phenylalanine (1.1 equiv.), and 
s i~ l iu i i i  c:irbon:ite (0.55 equiv.) in xvater (20 ml.) gave this prod- 
ui,t, after 1X hr. a t  reflux temperature. Revrystallization from 

gave 1.8 g., r11.p. 136-138' dec:., [ a ] %  +49' ( c  0.40, '\' 

. 1 ? l d .  Cdcd. f l J r  (:&13S303: c;, 60.23; 13, 5.05; s, 16.21. 
Found: C, 59.82; H, 5.54; N, 16.01. 
N-(lH-2-0~0-4-pyrimidinylj-~~tryptophan (IVd).-A niixturc 

o f  111 (R?  = H, 4.26 g.)> L-tryptophan (1.1 equiv.), and sodiunr 
c:irlitinate (0.55 equiv.) in water (50 nil.) gave crude product, (7.5 
g.) :ifter 17 hr. reflux. This product was purified by dissolving 
i t  i n  dilute :rninioniun~ hydroxide and precipitation by addition of 
: i w t i i ~  : r c i t l ,  0.1 g., m.p. 201-205" slow der. This product showed 
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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- 
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