
56-1. 

3b.-A solution of 0.5 g. (2 mmoles) of benzyl 2-n-butoxy- 
cyclopropanecarbamate in 20 ml. of ethyl acetate, containing 125 
mg. of 10% Pd on C, was hydrogenated a t  25" at atmospheric 
pressure. After completing the hydrogen absorption the amine 
was worked up and converted to the cyclohexylsulfamate salt, 
imp. 134-138" (from ethyl acetate-tetrahydrofuran). 

Anal. Calcd. for C13H28S204S: C, 50.63; H, 9.15. Fouirtl: 
C, 50.63 : H, 9.34. 

The infrared spectra of t.he salts prepared by inethoth ;;:I 
:tiid 3b &ere identical. 

trans( ?)-N-(2-n-Butoxycyclopropyl)-N,N,N-trimethyIamm~- 
nium Iodide.-The oily 2-n-butoxycyclopropy1:ttnine (6.1 g., 
0.047 mole) u-as quaternized with methyl iodide as desrribed for 
t)he 2-benzyloxy analog above. The reaction mixture XWF 
filtwed, the filtrate was evaporated, the residue (16.8 g.) \\-:IS 

estmcted with 120 ml. of chloroform, and the extractwas cleared 
with charroal. Evaporation of the chloroform and nashing of 
(.he residue with ethyl acetate left 13.4 g. of a solid which crystal- 
lized from ethanol-ether and chloroform-ether, yielding 10.8 g. 
(76:; 1, mp. 108-110"; infrared &sorptions a t  1020 and 83q 
(.111.-1. 

.4nul. Calcd. for CloH2JSO: C, 40.14; H, 7.41: S. 4.hS. 
Found: C, 40.OG; H, '7.35; S, 4 

In the n.m.r. spectrum, the o rotoii peak a t  r 5.S was (wn- 
sidered characteristic of the hydrogen a t  position 2 ( c f .  Table I ,  
trans isomer). 

While it is 
possible that stereoisomeric intermediates may have been lost 
during the synthesis, the appearance of one major carbonyl pe:tk 
in the infrared spectrum ( 1725 cm.-l) of ethyl Z-n-butoxycyclo- 
propanecarboxylate, with only a small shoulder a t  1735 mi.-*, 
implies that  one isomer, probably the lruns form, predominated 
already in this ester. A similar observation has been substmi- 
t,iated in the case of the isomeric ethyl 2-ethoxycyc1oprop:trlr- 
c*:trboxyI:tte~~~; in analogous rases the lower frequency has beeii 
assigned to the truns isonier.r3,14 

Pharmacology-Compounds I, 11, and 111 were tested in the 
following systems: (a)  isolated guinea pig ileum in iitro, at. con- 
ventrations of to  mg./nil.; (b )  blood pressure effects 
in c:tls (for I11 also in rats). Vagotomized animals were used 
under chloralose or pentobarbital anesthesia. Pressur effects 
were also measured after pretreatment wit'h reserpine ( 2  doses of 
0.3 mg./lig. on the two days prereding the experiment), neostig- 
mine (0.1 mg./kg.), and phentolamine :tnd hexamethonium i I 
ing./kg.). (e )  Ganglionic effects in the cat) under urethane or 
vhloralose anesthesia; effects on the blood pressure and urinttry 
bladder tension were measured by the method of Chen, et a/.' 
The effect of preganglionic symp:tt,hetic stimulation w s  deter- 
mined by the contraction of the nictitating membrane of the cat .  
( d )  Effects cn neuromuscular transmission were measured l)y 
stimulating the sciatic nerve arid registering t,hc cont,racatioii ill' 
the gastrocnemii in rats. ( e )  l'he I,I)$,, wits deterniined in niiw 

S o  isomer of this quaternary salt was obt,ained. 

. Etter, l'rr3c. ('iicm. Soc. ,  44:j ( l ! i i j l  I .  
( 1 : i )  J. I f .  Looker and I,. L. Hraun, .I. Org. CherrL., 23, 930 (1938). 
(I 4)  R. .J. Lfohrbacher and N. 11. ('romwpli, J .  .1 m. Clieni. Soc., 79, 401i  

(1957) .  

Derivatives of 
1-(5-Nitrofurfurylideneamino)hydantoin. 
Synthesis and Some Biological Properties 

1-(3-Sitrofurfury1ideneainino)hydantoinl has been 
widely used in the therapy of urinary tract infections 
High urinary concwitrat ioiis follov oral administratioil 
of' th is  drug, hut hlood 1c~vclh arc' uiiiiiiportaiit (\vtsii 

(1) 11. IIases, U. 8. I'atent L.610,181 (19121. 

after intravenous adininistration of' its sodium salt: 
-1tteinpts to  niodify its structure have riot given satis- 
factory biological  result^.^-^ Tho cffwts of 3-iubbtit  - 
iicnts iii the liydaiitoiri ring oil the aiitihacterial ucti\S- 
ity, toxicity, and protein-binding capacity oi t he  dnig 
havc non- txw invrstigated. 

\Vc, ha\-() cwmriiicd compouiicl:, \\ itli tlic fol lo\~i i lg  
gc'1lcr:Ll f o l * l u ~ l l a  

/ (  0, 
(,?I- XI{ 

U.h C'H=h--n---c.O 

aiid thc 
TI1 and T 

ConlDou 

two hc,inicar.bazidoactitic acid t1erivativc.s 

11, 111; and VI alreid; have been de&-ibed,4f6s7 but & h a w  
prepared I1 by a niodified proredure; I1 and V were obtained by 
reaction of the sodium salt of 1-(j-nitrofurfurylideneaniino j- 
hydantoin with ethyl c%hloroacetate and a-diethylaminoethyl 
chloride, respectively. Coinpounds IV and VI1 were obtairitd 
from the corresponding 1-aminolivdaiitoins, prepared from 4- 
substituted semicarbazides by reaction with ethyl chloroacetate 
and sodium ethoxyde,* while I11 and VI were obhined simply 
from 5-nit8ro-2-furaldehyde :tnd seniicarbazidoacetic acid or 
its ethyl ester. 

Materials and Methods. Antibacterial Spectrum.--Serisi- 
tivity determinations n-erc carried out by the broth dilutioii 
method using phenol red mannitol broth (Ilifco) for the genera 
Salnzonella, Staphylococciis, Escherichia, and Aerobacter; phennl 
red dextrose broth (Difco) for the genera Bacillus, Shigella, 
Streptococcus, and Proteus; and nutrient broth (LXfco) for Kleb- 
siella pneuiiionine, Alkaligenes fuecalis, and Sarcina Zufeu. Nitro- 
furan solutions were prepared by dissolving the compound in  
:I 1 : 1 (v./v.) diniet,hylforinamide--phvsiologic:tl saliiie niixtnrc. 
:tiid Seitz filtering t.he solut,ion. The inocula were prepared 11). 
making a 1 :lo0 dilution of 18-hr. cultures grown in txaiti-. 
heart infusion brot,h (Difco). 

Acute Toxicity.-~-dwiss \\.hit,(: riiic.e i 19-20 g . )  \\crc' iii;ci.t(.d 

iiitraperitoneally with 1 nil, of solutinn. T3e:itlis \\-ert~iiotrclcivt~r 
7 days and t,he I2Dju values were calculated hy t,hc, riicthoil o f  
Litchfield and Wi1ciixon.Q 

Plasma Binding.---The u1tr:ifiltr:ttioir ~ n c ~ t l i o t l ! ~  TI :IS risc~l. 
Aliout 10--15 nil. of plasniu \vas pipetteti into i t  dinlymr liii)itig 
(tlianietrr inflated to 3 cnr . )  that  wiis soaked i n  physiologii.:rl 
d i n e  and dried :it, room temper:iture. The) c,t=llophiins\ s:ic.l; 
wts plared in :t lieavy-~v\-alled glass tnhe (9  x 2.9 (mi . )  :il)oiit 2 
('In. from the hottorn. T h e  tube IWS t h e n  c,piitrifnged ftrr : h m r  
4 hr. a t  3000 r.p,ni. Of t h e  iilt,rnfiltr:it,i~, 0.6 nil .  \Y:IS i isc~l for t ' ic '  
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TABLE I 

Compound 

I 
I1 
I11 
IV 
v 
VI  
VI1 

I-( 5-?jitrofurfurylidene- 
amino)hydantoin (VIII) 

Plasma 
binding, 

% 
13 
43 .5  

6 
i 4 . 5  
23.5 
18 .5  

100 

18 

Acute toxicity 
LDKO in Swiss 
white mice, 

mg./kg. 

1600 
108 
850 
840 
258 
820 

1580 

analytical assay according to Buzzard.11 The amount of nitro- 
furan bound to plasma proteins was calculated by the difference 
between the original concentration in the plasma and the con- 
centration in the ultrafiltrate. 

Discussion 

Effect on Binding to Plasma Proteins.-Because of 
the variety of methods generally employed for plasma 
binding study of nitrofurans,12 we chose 1-(5-nitro- 
furfurylideneamino) hydantoin as a standard (Table I) .  
From these data it is evident that, whatever the 
3-substituent, there is generally an increased binding 
to proteins with respect to 1 - (5-nitrof urf urylidenea- 
mino) hydantoin, particularly in IV and VII,  where 
the substituent is an aryl group. Rloreover t'here 
seenis to be no relation between esterification and pro- 
tein binding; in fact I1 is more firmly bound than I, 
while I11 is less strongly bound than VI. 

Influence on the Antibacterial Activity.-The mini- 
mum inhibitory concentration (RI.1.C.) of the test 
compounds was studied with a number of micro- 
organisms (Table 11). There mas no activity in the 
carboxylic acids (I  and VI) whereas their esters (I1 
and 111) show good antibacterial activity. Other 
workers observed similar results with 5-nitrofuroic 
acid and its ester13 and also with I and 11,4 but these 
observations were restricted to a very limited number 
of organisms. Our experiments, carried out on a 
variety of microorganisms, confirm the hypothesis that 
carboxylic acid derivatives of nitrofuran are inactive. 

Compound V, which contains a basic group, shows 
no antibacterial activity, while me know that 5-morpho- 
linomethyl-3- ( 5 - nitrofurfurylideneamino) oxazolidonei4 
and other basic nitrofurans5 are very active. This 
confirms the importance of the nature of the 2- 
substituent for nitrofurans independently from the 
chain proposed by Dodd.'3 Antibacterial activity is 
not really altered by the 3-substitution with aryl groups 
(IV and VII) ;  in fact, the action against Escherichia 
coli is maintained, whereas the 5-phenyl analog is 
described as practically i n a ~ t i v e . ~  

Effect on Toxicity.-Introduction of a diethylamino- 
ethyl group into position 3 increased the toxicity sub- 
stantially; 3-aryl substitution did not rause effecti\.c 
variat,ions, whereas 5-aryl substitution has been de- 

(11) J. A. Buzard. D. RI .  Vrablic, and hi. F. Paul,  Ant ih io t .  Chemotherapy,  
6, 702 (1956). 

(12) P. Dessi and G. Murai,  Boll. Soc. Ital. Bid. Sper . ,  S T ,  761 (1961); 
RI .  F. Paul, E .  H. Paul, R. C. Bender, F. Kopko. C .  1 4 .  Harrinpton, V. R. 
Elis, and .I. A .  Auzard,  A n f i h i o t .  Chemotherapy,  10, 287 (IgIi0). 

(13) AI. C. Ilodd, I). L. Cramer, and \V. C. Ward 

(14) D. K. Kefauver, I. Pabers, and T. 1'. McSarnara in "Antibiotics 
Sci. Ed.. s9, 313 (1YtiO). 

Annual," Medical Encyclopedia, Inc., Kew York, N. Y., 1959, p. 81. 

scribed to  produce a particularly high t o x i ~ i t y . ~  A 
low degree of toxicity is shown by the 3-chlorophenyl 
substituted derivative (Table I). 

Experimental 

Melting points were taken on a Kofler apparatus and are cor- 
rected. 

Ethyl 1-(5-Nitrofurfurylideneamin0)-3-hydantoinacetate (11). 
-A suspension of 2.6 g. (0.01 mole) of the sodium 1-(5-nitrofur- 
furylideneamino)hydantoin16 in 20 ml. of methanol containing 
2.44g. (0.02 mole) of anhydrous ethyl chloroacetate nas  heated 

a t  50" for 3 hr. The reaction mixture then \?as filtered, and the 
solvent was removed in vacuo. The residue, crystallized from 
methanol (decolorizing charcoal), melted a t  155.5-156.5'. 
The melting point was not depressed on admixture with an authen- 
t ic   ample.^ 

Ethyl 1-(5-nitrofurfurylidene)-2-semicarbazidoacetate (111) 
was obtained by treating an aqueous solution of ethyl 2- 
semicarbazidoacetate16 I-, ith 5-nitro-2-furaldehyde in ethanol. 
After recrystallization from methanol, the melting point was 
180.5-181.5" (lit.'m.p. 178"). 
1-(5-Nitrofurfurylidene)-2-semicarbazidoacetic Acid (VI).- 

5-Nitro-2-furaldehyde (3.1 g.) in 5 ml. of methanol was added to 
40 ml. of a hot aqueous solution containing 3 g. of 2-semicarb- 
azidoacetic acid'?; the product quickly separated and after 
recrystallization from water-dimethylformamide melted a t  
231.5-236.5' dec. (lit.? m.p. 234-235'). 

1-(5-Nitrofurfurylideneamino)-3-( p-diethy1aminoethyl)hy- 
dantoin (V).-Sodium 1-( 5-nitrofurf~rylideneamino)hydantoin~~ 
(3.12 g , 0.012 mole) was added to 15 ml. of methanol contain- 
ing 1.35 g. of p-diethylaminoethyl chloride; the mixture was 
heated a t  40" for 1 hr. and then filtered a t  the same tempera- 
ture. On cooling, the product separated as yellow crystals. 
An analytical sample, crystallized from methanol, melted a t  

Anal. Calcd. for C14H19TT60b: C, 49.84; H, 5.68; K, 20.i6. 
Found: C,49.57; H,5.97; 5,20.72. 

The hydrochloride melted a t  229.5-233.5' and the picrate 
a t  9C-93". After this work was completed, the hydrochloride of 
this compound was reported by another group.'* These authors 
described a different method of preparation, m.p. 227-230". 
No data are reported for the corresponding base. 

l-Benzylideneamino-3-phenylhydantoin.-Benzaldehyde 4- 
phenylsemi~arbazone1~ (23.9 g., 0 1 mole) was added to a solution 
of sodium (2.3 g.)  in anhydrous ethanol (75 ml.), and the mixture 
was refluxed with stirring for 10 min. Then a t  70" ethyl chloro- 
acetate (12.2 g.) was added and the reaction mixture refluxed for 
1 hr. The cooled mixture was diluted with water (150 ml.) 
and filtration gave the crude product (15 g. air-dried), m.p. 
190-200". Recrystallization from ethanol raised the melting 

113-114". 

point to 206.5-207.5". 

Found: C, 68.68; H,4.90; N, 15.10. 
Anal. Calcd. for C ~ O H I ~ S ~ O ~ :  C, 68.80; H ,  4.69; K, 15.05. 

1-(5-Nitrofurfurylideneamino)-3-phenylhydantoin (IV).-A 
suspension of 13.95 g. of 1-benzylideneamino-3-phenylhydantoin 
iri HC1 (125 ml.) and water (125 ml.) was heated until all the 
benzaldehyde had distilled. After cooling a t  70-75", 5-nitro- 
2-furaldehyde (6.76 g., 0.048 mole) was added. A yellow 
product quickly separated, which was collected by filtration, 
washed with water, and recrystallized from ethyl acetate-ligroin, 
m.p. 230.5-232.5' dec. 

Anal. Calcd. for C~HloN40j: C, 53.51; H, 3.21; N, 17.83. 
Found: C, 53.67; H,3.27; N, 17.80. 

Benzaldehyde 4-(3-Chlorophenyl)semicarbazone.-With 
good stirring, 65 g. of acetone semicarbazone was added to 325 
ml. of 3-chloroaniline at, 200". The solution wa6 allowed to 
stand at 200" for 15 rnin. and, after cooling, \vas poured into 2000 
rill. of 1096 :wetic* acid. A brown oil separated, which cystal- 
lized on standing; the solid was filtered and hydrolyzed by re- 
fluxing for 20 min. with 500 ml. of dilute HC1. The hot mixture 
was filtered from the d i d  residue, and the solution was treated 

(15) F. Banci and F. Aranzini, Swiss Patent 346,549 (1960). 
(16) I\-. Traube and E. Hoffa, Ber., 31, 167 (1898). 
(17) British Patent 757,822 (1956); Chem. A h s f r . .  51, 96Slf (lB.57). 
(18) . I .  C. A[icliels, I3elgian Patent (il1,YSB (lTltj2); C / L C T ~ .  .4hstr., 61, 

(19) J. R.  Bailey and A. T. AIcPlierson, J. Ana. Chem. Soc., 39, 1332 
ltiti23f (1902). 

(1917). 
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with benzaldehyde (15 ml.) and ethanol (85 ml.). After 2 hr. 
the product was collected by filtration and recrystallized from 
ethanol; an analytical sample melted a t  187.5-189.5'. 

Anal. Calcd. for CI4H&iNaO: C, 61.43; H,  4.42; Cl, 
12.95; SI 15.35. Found: C, 61.14; H, 4.66; C1, 12.93; N, 
15.04. 

1 -Benzylideneamino-3-( 3-~hlorophenyl)hydantoin.--Benz- 
aldehyde 4-(3-chlorophenyl)semicarhazone (5.46 g., 0.02 mole) 
and 2.44 g. (0.02 mole) of ethyl chloroacetatewere added a t  55-60' 
to an ethanolic sodium ethoxide solution (prepared from sodium 
(0.46 g , )  and ethanol (15 ml.)), and the mixture was refluxed for 
1 hr. After cooling, it was diluted with Tyater (200 ml.) to sepa- 
rate the crude product which, air-dried, melted a t  135-145'. 
An analytical sample (from ethyl acetate-ligroin) melted a t  

Anal. Calcd. for C16H&lN30?: C, 61.25; H, 3.86; C1, 
11.30; S, 13.39. Found: C, 61.01; H, 3.89; C1, 11.15; N, 
13.27. 

1-( 5-Nitrofurfurylideneamino)-3-( 3-chloropheny1)hydantoin 
(VLI).-l-I3enzylideneamino-3-( 3-chloropheny1)hydantoin ( 15.65 
g.) in 200 nil. of diluted HCI was heated until ail the benzalde- 
hyde distilled; 5-nitro-2-furaldehyde (6 g . )  was added and the 
solution was stirred a t  70" for 15 min and then cooled and filtered. 
The yellow crystals (from ethyl acetate-ligroin) melted a t  156- 
161" dec. 

Anal. Calcd. for C14HgClS406: C, 48.21; H, 2.60; C1, 
10.16; N, 16.06. Found: C, 48.02; H ,  2.55; C1, 10.05; N, 
15.95, 

1 -( 5-Nitrofurfurylidene)-4-( 3-chloropheny1)semicarbazide.- 
This compound was prepared by the same procedure as described 
for benzaldehyde 4-(3-~hlorophenyl)semicarbazone using 5- 
nitro-2-furaldehyde instead of benzaldehyde. After crystal- 
lization from ethanol-dimethvlformamide the moduct melted 

190.5-1 92.5". 
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a t  226.5-232.5" dec. 
-4naZ. Calrd. for C12HgClS404: C, 46.68; H, 2.93; C1, 

11.81; S, 10.15. Found: C, 46.57; H,  2.89; C1, 11.76; N, 
10.02. 

1-Amino-3-phenylhydantoin.-l-Renzylideneamino-3-phenyl- 
hydantoin (13 95 g.)  was hydrolyzed by heating in HC1 (125 
ml.) and water (125 ml.) and distilling all the benzaldehyde. 
The hot solution was filtered and concentrated in vacw) to a small 
volume; on cooling a t  0" for several hours the crude hydrochloride 
separated. I t  was dissolved in a little water and the solution 
made alkaline with ammonium hydroxide to  the free base, which 
after recrystallization from water melted a t  119-122". 

Anal. Calcd. for CgHS?;g02: C, 56.54; HI 4.75; N, 21.98. 
Found: C, 56.48; HI  4.71; K, 21.93. 
I-Amino-3-(3-chlorophenyl)hydantoin.-'I'his compound was 

prepared essentially by the same procedure as the one described 
ahove for l-amino-3-phenylhydantoin, starting from l-henz- 
vlideneamino-3-(3-chlorophenyl)hydantoin. After crystalliza- 
tion from water, the melting point was 108-109°. 

A.nal. Calcd. for C~H&l?;~O~:  C, 47.90; HI 3.58; C1, 15.i1, 
S, 18.62. Found: C, 47.78; HI  3.52; C1,15.63; N, 18.48. 
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Interest in the chemotherapeutic properties of analogs 
of the naturally occurring pyrimidines and pyrimidine 
nucleosides of RNA and DNA in which changes have 
hcen inadc a t  thc .?-position of the pyrimidine ring led 

(1)  Tliis inaestigatlon was supported b y  Grant  C.i-02857 from the  Na- 
tional Cancer Institute, National Institutes of Health, U. S. Public Health 
S e r w x .  

us to prepare a number of 5-allylpyrimidine~,~ including 
5-allyl~ridine.~ We now wish to report the prepara- 
tion of the anomeric 5-allyl-2'-deoxyuridines. While 
5-allyluridine was reported as devoid of biological 
activity in several test systems, the corresponding 
deoxyribosides reported here diminish catabolism of 
thymidine and 5-fluoro-2'-deoxyuridine in HeLa- 
PPLO (pleuropneumonia-like organisms) cultures. 

In  accordance with the structure of the mercury 
salt4 one molar portion of 5-allyluracilmercury (I) was 
condensed with two molar portions of 3,3-(di-O-p- 
chlorobeiizoyl)-2-~-deoxyribosyl chloride (11) in re- 
fluxing toluene to give a mixture of the blocked p- 
and a-nucleosides (111 and IV) in 80% apparent yield 
as a tan glass. Coiidensations with a halogenose 
blocked with p-tolyl groups gave similar results. 
Alumina column chromatography showed that the 
crude material coiisisted of 2lY0 of the mixed anomem 
(thus, 16% actual yield from I), the remainder being 
unidentified material. 

CHART 1 

0 OH 

ClBzO 
I1 

OH 
I 

I11 p-anomer 
IV a-anomer 

Hok$ 
, I  

HO 

V 8-anomer 
VI a-anomer 

The anomers could not be separated by alumina 
column chromatography, although the mixed anomers 

(2) H. J. Minnemeyer, J. 1. Epger, J. F. Holland, and H. Tieckelmann, 
J .  070. Chem., 26, 4425 (1961). 

(3) H. J. Minnemeyer, H. Tieckelmann, and J. F. Holland, d .  .Wed. Chem., 
6, 602 (1963). 
(4) (a) It has been reported tha t ,  i n  the synthesis of pyrimidine deoxy- 

ribosides, a "more reactive" mercury salt  is required,& tha t  is, one i n  which 
the  pyrimidine and mercury are present in a 1 : 1 molar ratio. By chance, of 
three possible mercury saltsV8 this is the salt  formed b y  the reaction of 5- 
allyluracil with mercuric chloride and sodium hydroxide. I n  contrast to  
thymine' i t  was not necessary t o  attempt the preparation of such a salt  by 
other methods. (b) Structural formula I is intended only as  a convenient 
representation whirh reflects t h e  emyiriral formula of this corrlponnd. 

( 5 )  M. Hoffer, R .  Duscliinsky, J .  .J. Fox,  and N. Yung ,  J .  A m  Cliem. S'oc., 
81, 4112 (1959). 

(6) J. J. Fox, N.  Yung, I. Weinpen, and I. L. Doerr, ib id . ,  79, 5060 (19.57; 
(7) M. Hoffer, Chem. Ber., 98, 2777 (1960). 


