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In this laboratory, it  was decided to substitute some 
hitherto unknown isosteric nitroheteroaromatic groups 
fur the nitrofuran ring in compounds known to be 
active antiinfective agents. After this work was begun, 
derivatives of nitroisoxazolecarboxaldehyde,1° nitro- 
pyrazolecarboxaldehyde,l0 nitrobenzothiazolecarboxal- 
dehyde," and l-methyl-5-nitro-2-imidazolecarboxalde- 
hyde12 and their antibacterial activities were reported. 
In general, the act'ivit'ies of these compounds were 
inferior to those reported for nitrofurans. 

We now report the syntheses and antimicrobial activ- 
ities of a series of derivatives of 2-nitro-5-thiazole- 
carboxaldehyde and 5-nitro-2-thia~olecarboxaldehyde.'~ 
For purposes of structure-activity correlat'ion, deriva- 
tives of 4-nitro-2-thiazolecarboxaldehyde and 2-thiazole- 
carboxaldehyde were also synthesized and t,ested. 

Chemistry.-The primary precursor chosen for the 
synthesis of 5-nitro-2-thiazolecarboxaldehyde (1) was 
2-methyld-nitrothia~ole'~ (2) (Scheme I). It was 
condensed with 2-pyridinecarboxaldehyde in n-PrOH in 
the presence of piperidine to give 3,14 which was also 
obtained by t'he Meerweiii reaction of 2-amino-5- 
nitrothiaxole with 2-~iny1pyridine.l~ The olefin 3 was 
then ozonized in ethyl acetate a t  ca. - 40" to give 1, in 
42-51 yo yield, and 2-pyridinecarboxaldehyde, which 
was removed from the reaction mixture by extraction 
with acid. The pure aldehyde 1 melted a t  50.5'. SeOz 
oxidation of 2 also afforded 1, while chromic acid led to 
the diacetate 4 of 1, both in trace amounts. 

Chromic acid oxidation of 2-methy1-4-nitrothia~ole'~ 
(5 )  also gave the aldehyde diacetate 6 in trace amounts 
(Scheme 11). On the other hand, SeOz oxidation of 5 
failed. Attempts to condense 5 with 2-pyridinecarbox- 
aldehyde in the presence of piperidine in n-PrOH to 
give the 2-pyridylvinyl compound for subsequent ozona- 
tioii also failed. SeOz oxidation of 2-methylthiazole led 
to a low yield of 2-thiazolecarboxaldehycle (7) .15 

Since the syithesis of 2-amino-5-thiazolecarboxalde- 
hyde (8) had been reportedI6 previously via the reaction 
of chloromalondialdehyde with thiourea, the synthesis 

(10) C. Caradonna and AI. L. Stein, dnn.  C h i n .  (Rome), 54, 539 (1964). 
(11) R .  G. Johnston and D. Kidd, J .  Chem. Soc.,  4730, 4i34 (1964). 
(12) hlerck and Co., Inc.. Netherlands Pa ten t  6,503,442 (1965). A com- 

munication describing our nark in this series has been submitted elsewhere. 
(13) D. W. Henry LJ. X e d .  Chem., 12, 303 (1969)] also describes the srnthesis 

of 5-nitro-2-thiazolecarboxaldehyde and iome of its derivatives. 
(14) G. Asato, J. Org Chem., 33, 2544 (1968). 
(15) After this work was rompleted, P. E. Iversen and H. Lund [ A c t a  Chem. 

(16) Parbenfabrikeri Ba1.w A .  G., German Patent 1,182,234 (1064). 
Scand., 20, 2649 (1966)l reported a better synthesis of this aldehyde. 
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of 2-nitro-5-thiazolecarboxaldehyde (9) was straight- 
forward (Scheme 111). Thus, 8 was diazotized ill 
HBF4 and the diazonium salt was allowed to react with 
excess XOZ- in the presence of Cu to afford 45-495 
crude yields of 9. The nmr spectrum of 9 revealed two 
dosvnfield protons a t  r -0.22 (CHO) and 1.30 (ring H), 
which supported its structure. 

SCHEME I11 
ClCH(CHO), -I- (NH2),CS -+ 

45-49% 2 NT" - 8 
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A survey of the known active nitrofurans led us to 
choose azomethine, 4-arylvinyl, and heterocyclic groups 
for attachment to the 2 and 5 positions of the thiazole 
ring. The azomethine compounds were prepared 
readily by standard techniques from the aldehydes. In 
addition, the oxime 10 was prepared by the reaction of 
2-methyl-5-nitrothiazole with BuONO and EtOH-HC1. 

The p-arylvinyl compounds in the 5-iiitrothiazole 
series were prepared by the condensation of 2-methy1-5- 
nitrothiazole with aromatic aldehydes. In contrast, 
attempts to condense 2-nitro-5-thiazolecarboxaldehyde 
with 2-picoline, 2-picoline N-oxide, and quinaldine were 
unsuccessful, the aldehyde being unstable in hot AcOH 
or AczO reaction mixtures. In these solvents evolution 
of a brown gas (NO2?) was observed during heating 
and no nitro compounds were isolated after work-up, 
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11) I l ictcroe\ (ail(, tlerivati\ es norts 
li(. aniiiiothiaclia~olcs, which \vor(~ 

tlcrivccl froiii tlw thioscmicarbazoii~~s 113' oxitlativc 
cyc*lizatioiis with Fe+, 

Biological Activity.- The 1 t i  citro aiitiliacterial activit) 
of' most of the iiitrothiaxolyl compouiids is summarized 
i i i  Table I .  111 griieral, the  iiitrothiazole derivatives 
have fair-to-good broad-spectrum I I I  iztro activity. 111 
thesc tests the responsc of the selertecl orgaiiisms to 
furaxolidoiie (E') was reatlily cleinoiistratrd. The 
iiitrothiazolcs n.cr(3 tpstrtl I I (  ~ i c o  orally qaiiist , S d -  
~/towUo qalliriarcci,~ iii chicks :tiit1 ,Sfuphylococczi~ aiwc 14.5 

iS'mith), fcschei  I'chirr coli, mid . I l~cobnctr~r17m tubei-  
it1 mire. Iii acltiitioti, conipouiids 18, 20, 22, 26, 
wer(' trss:iyctl o i~ i l ly  against Pasteurella ttiultocida 

i i i  inicc>. The airiirioirnidazolidiiioiic derivative 21 n-as 
the. oiily i t 1  r ~ t ~ o  antibacterially ktctive compouiitl. 
algaillst ai1 S .  ( I U ~ P I I S  iiifectioii iii iniw a siiigle dose of 
21 saved 4 5 when given by oral tulviiig at 128 iiig kg. 
Sulfadiuziiic at 63 ~ i i g  1q4 saved 5 5 :tiid there \vas 0 10 
hurvival in thv itifcctcd, uiitreatetl coiitrols. hgaiiist 
:t fatal !$. coh 311 iiifertioii, 21 r rwd tcd  i i i  5 5 aiid 3 5 
~urvival :it 5 1'2 t l  128 ing Lg, rcspwtively (oiitl 
tut)iiig). T l i ~  st) 
Trichor,/or/t/h P q i i  
ut:wtive ut  0.023' [ . .ig:tiiist aclrctcd futigi, some of th(,  
tlerivativcs tli5playi~l l)ro:t(l I ) )  I jtro wtivity (T:thlc I I ) ,  
I1ut. \vhc~11 o11e of til( i i o i ~  act i \  e coiiipuuiids, 3, \vab 
tested cl;.rrnally a s  a 1 oiiitiricwt against Tn'chophytciti 
t/roitcrqrophytrs oil guiiiea pigs. it IT as iiiactivc. 

Thc preseiicc of the nitro group, as ~ v e l l  as its positioii. 
ih critical iii this series as it is iii the nitrofuraiis. Both 
the 2-iiitro-3-tliiazol~l aiitl 3-iiitro-2-thiazolyl aiialogs 
of furazolidoiic, 17 arid 24, respecxtively, were actiw 
1 t! ritro agaiiist hacterial microorganisms, whereas the 
4-1 titro-2-thiazolyl aiialog 30 ai id tlesiiitro derivative 29 
ivcrv essentially iiiactive in the same test. 

Experimental Section 
3leltiug poiiits were deterniiiied on a Thomas-Hoover apparatus 

itrid are uncorrected. I r  spectra were taken on a Perkin-Elmer 
JIodel 137 spectrophotometer, nmr spertra on a Varian A-60 
instrument (Me&i). hlicroanalyses were performed t iy  Galllraith 
T2al)oratories, Inc., Knoxville, Tenn. Where analyses are indi- 
w t e d  only by symbols of the elements, analytival results obtained 
for the elemelits were within *0.4", of the theoreticd values. 

5-Sitro-2-thiazolecarboxaldehyde ( 1): suspension of I2 g 
(51 .?I ininole,?) of 2-r2-(5-nitrii-2-t hi:tzolyl)viiiyI]p!-ritiiiie' ' i i i  1-50 
ti11 uf 1~:tO.i~. w t s  htirrd :L[ :io III ~ 20", ant i  O.$ (gener:Liotl l r i i i i i  
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Structu1e 
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16 - 31 62.3 62.3 31 2 31 62.5 1G 31 0 2 . 3  

62 123 62 8 - -  125 123 123 2 31 - 

16 - - 230 - 31 2 4 62.3 1ti l(i 2 

8 -  62.3 62.5 12; 31 I 31 62.3 d l  6 2 . 5  62.3 

31 - ti2 I23 I23 31 2 31  12.; 62 I23 31 

123 - 123 62 1 31 123 62  123 31 62  - 

123 - >230 62 ti2 125 4 123 123 123 230 125 

123 - 123 31 ;I1 123 4 62  I23 82 I23 62  

3 230 123 62  16 62 4 31 ci2 ti2 82 62  

16 >250 8 62 > 2 3 0  4 4 2 4 2 4 2 

a Bgar dilution tests. Dash indicates compound was inactive at  the highest test level, 250 Mg/ml; >250 indicates partial inhibition 
of highest test level. B.c. = Baczllus cerezis ATCC 10702, B.s. = Baczllus subtzlis ATCC 6633, B.t. = Baczllus thitringzensis, 31. = 
.Ilzcrococcus, S a .  = Staphylococcus aureus ATCC 6538, St. a. = Streptococcus agalactzae, S.f. = Streptococcirs jaecalzs iZTCC 8043, 
A.a. = Aerobacter aerogenes, A.f. = Blcalzgenes faecalzs ATCC 8750, B.b. = Bordetella bronchzseptzca, E.c. = Escherichia cola 2, P.m. = 
Pasteurella multoczda R C  315, S.C. = Salmonella choleraesuis var. bunzendorf, S.d. = Salmonella dublan, S.g. = Salmonella gallznarum 
605, S.t. = Salmonella typhzmwzum, S. ty. = Salmonella typhosa ATCC 6539. F = furazolidone. 

(RIe2CO) afforded an analytical sample, mp 208-209". Anal. 

p-(5-Nitro-2-thiazolyl)styrene (13).-Bensaldehyde (3 ml) and 
0.5 g (3.47 mmoles) of 2-methyl-5-nitrothiazole were heatrd a t  
reflux temperature in the presence of 5 drops of piperidine for 
15 min. The mixture was cooled, and 15 ml of Et20 was added 
t o  precipitate a solid, which was collected and washed thoroughly 
with EtnO; this gave 0.48 g, mp 159-163 '. The solid was recrystal- 
lized from 9570 EtOH and decolorized with activated C to give 
0.34 g ( 4 2 q )  of yellow-orange crystals, mp 164.5-166". The 

(CirH9N302S) C, H, N, S. 
analytical sample was obtained by recrystallization (MeCO); 
mp 164.5-166'. .4nal. (CIIHSN~O?S) C, H, S, S. 

5-Nitro-2- [2-(5-nitro-2-thiazolyl)vinyl]furan (14).-In 30 nil of 
glacial HOAc, 1.44 g (0.01 mole) of 2-methy1-5-nitrothiazole, and 
1.69 g (0.012 mole) of 5-nitro-2-furfuraldehyde were dissolved, 
and a catalytic amount of freshly fused ZnCln was added. The 
mixture was stirred, heated at  reflux for 3 hr, cooled, and evapor- 
ated to dryness zn vacuo to give a solid which was washed with 
EtOH and collected. The crude yield was 0.6 g and this material 
was recrystallized from 2:l  EtOH-l\le,CO to give orange crystals, 
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i i i p  l!K-liI7 . 111 :~iii)thcr ruii, tiiuitiplc c tr:tiAtiiiii of IIic ( ' rude 
iii:tteri:d ( l I c G 0 )  gave the product in 40' yield. - 1 n d .  (Cg l i , -  

2-Amino-5-(5-nitro-2-thiazol~l)-1,3,4-t~iiadiazo~e (22).. --.I liet- 
erogeneous mixture of 0.655 g ( 2 . 5  mmoles) of 5-nitro-2-t hiazok- 
cxr1)oxaldehyde tliiosemicar1)azone in n solutioii of 5.5 g of 
I.'eSHd.SOp)p~12H?O iii 10 xnl of Ha0 \vas stirred and heated ;it 
SO-90" for 2 hr anti cooled mid the product was collected. Recrys- 
t:illiz:ttion of the crude material from P:tOH-I>lIF an'orded 0.35 g 
III yellow solid, inp 249" dec. .Inn(. (C,H,JS,O&) C, H,  S, S. 

2-Amino-5-thiazolecarboxaldehyde ( 8).-- Chloromalontlialde- 
Iiydc was treated with thiourea in 50' :tqueous lIO.\c t o  givv 
:J2--42',; crude yields of the altleliyde16 8, nip 160-167" (lit." 
nlp 172-175 "), which was used without purification. 
2-Nitro-5-thiazolecarboxaldehyde (9) .  R!ethod A: -.I solutioii 

III' 0.5 g (4 nimoles) of ?-amino-5-thiazol rliox:ildehyde in :Z nil 
ttqueous HBFI \vas c.ooled to :tiid stirred as 0.27 g 

The mixture w:is 
H I  irrcd for 50 iiiiii a t  0 ', and then added, in port ions, t o  a vigorously 
stirred suspension of 0.8 g of Cu po\vder in 10 in1 of :ZO('; aqueou> 
S:tS02 solution :it 2S -. This c:tused fo:tniing :tnd NO? WIS 
liI)c;r~it,ed. After 1 hr of stirring, the niixture \WS filtered aiitl the 
filtrilte  as dilured with 15 ml of HaO and extracted twice with 
40 in1 of iienzene. The com1)iiied extr were dried ( 11gso4 i 
:i irtl  evaporated t o  dryness i r r  uaciw t I'Fortl i i  yelloiv syrup 
(0.27c5 g or 45' ;,I, which gradually solidified. Iiecryst:illizaIi[)ii 
of the solid (I<ipO) allforded >-ellow crystals, iiip 84.5-S5". T h t :  
ir and nmr spectra affirmed the structure of the aldehytle. . Inn / .  

Method E.---;\ solution of 10 g (0.078 mole) of 2-amiiin-b- 
t I~i:rzolecari~oxaldeliytle in SO nil of 
\v:t.s added slowly to :t vigorously rtirred suspension of 5 g of Cu 
powder in  100 nil of 20";. aqueous SaSO? solution at  10-1 5 '. Tiit. 
niixt ure n:ils stirred 2 lir snd filtered, and thc: product. wits isiJI:iic(l 
liy Ixnzenc extractions. 

thylenelamino j -2-imidazolidinone 
iiip 252-2,54'. :I nu/. (CiH,Sj03S) 

ro-5-thiazolyl)meth~ lenelamino ] -2-oxazolidinone 
de yield, recrystallized from IllIF-lltOH ( 1  : 2 ) ,  

1- 1 [(2-Xitro-5-thiazol~l)methylene]amino] hydantoin (25): 
0 crude yield, recrystallized from aqueous IltOH, yellow 
.t:A.ls, nip 2:39-240". 
-Nitro-5-thiazolecarb hyde thiosemicarbazone (26) : 

S7' crude yield, rec izetl from D.\ZF-lIe~CO-I<tOH 
15:5:1), d:uk lot1 powder, mp >2S5'. Arzal. (CjHjSj02S2) 
C, €1, s, d. 

2-Nitro-5- thiazolecarboxalde oxime (27j had an SB'; 
im ide  yield, nip 160-163 '. Iiec llizatioii from aqueous EtOH 
lowcred the melting point and the recrj-stallized sample after 
sul)lini:ttion melted a t  149 ', The iimr spectrum (MezCO-dsj 
showed t \ ~ o  singlets at, T 2.S sild 2.66. .Inn/. (C,H,S,03S) 
fl, s, s, c:  calcd, 27.74; found, 28.S2. 

This oxime is apparently dehytlrated easily since a crude sample 
after sublimation esliihited a -CS :illsorption at 2235 cn-1. 

2-Amino-5-( 2-nitro-5-thiazol~ 1)thiadiazole (28).----To :I inisturca 
c,iiiit:tining 40 in1 nf IIlIF, 20 ml of HpO, and 20 nil ( i f  50' , 
aclucous I.'eCla solution, 4.6 g (0.02 iiiole) of Z-riitro-5-tlii:txi~le- 

NaO:,S) C, 11, x, s. 

) of SaSO, was added gradually. 

(CaHaSeOyS) C, H, S, S. 

ayueous HBF, a t  40-60 

Tlie crude yiel(1 was 49' i ,  

mp 254-255' der. . I  /la/. (CjH6OaS4S;) c ,  €1, s, s. 

alncrl. (C,EIiS:,OaS) C, H, S, S. 

~ ~ : ~ r ~ ~ o ~ : i l ~ l e l i y ~ ~ ~ ~  t liici~criiic~:~ri~:t~oiie \\:I> :itlded :iiitl  I I I V  t i i i \ l  i iw 

\vas heated t i t  100' for 2 lir. After stirring r~vertiigli~ :it riioiii 

ieiiiperature, tlic niixrurc, x:is diluted with 100 nil o f  t id l  : i i i i I  

filtered to  give :t dark Iirowti snlid. This solid was t horciughly 
extracted with 1\Ie,CO ancl the extracts rvere derolorized wi th  
activated C mid evaporated t o  dryness to give 1 g (%2( 1 ( i f  

orange product, nip >300". A l m l .  (C,H3S;!02Sy) C, H,  S, S.  
3-( 2-Tbiazolylmethyleneamino)-2-oxazolidinone (29 ).. .I d u -  

iioii of 3.8 g (0.38 mole) of 2-niethylthiazole in 15 nil o f  l,2-di- 
methoxyethane w:is 1ie:ttetl uiicler reflux while 4.26 g (0.:38 molt' i 
of freshly prep:ird SeOp i n  I5 nil of dimel hoxyet liaiic :tnd 2.5 r i i l  

ijf H O  Y:IS atlcled in I hr. Tlie mixture was roiiled af ter  s'Z2.T, h r  
and filtered t hrougli lIgSO4, the filter rake wits wished (l;i20j, 
arid the filtrate :ind washings were tin tiistillecl. The dist illa~ (5 

--BY then saturiit et1 wi th  Sac1 :ind est rwted with CfICl.3, :iiiil 
the extra('t5 were dried (1lgSOsj ancl evap 
0.56 g of liquid. (ilpc :malj-sis on :I 20' 
140" rerealed t tie presetic'e of only rii.  
(equal t o  cn. 7' yield) along w i t h  m. 4 3 '  
(he  disti1l:~te. To this mixture 0,:; g of iIiiiinooxazolitliiioiic in 2 nil  
of I:tOH \vas :i:ltfctl :iloug rvi t l i  :t i lr iqt  of iwiirentr:tteii HCI t i ,  
give 11 Ivhite soiid. . i n  :ttltiitioiial 2 1111 of I<t  OH LWS :tdtieti :tiid 
I he mixture reHuxc:d for :;-4 iniii. T h e  mixture was waled :iniI 

otluvt 'ivlts c~ollec~ted. I t  melted : i t  100 l 9 l . B " ,  
. .\ sample recrystallized from 1leOH ineltccl : \ I  

3- 1 [( 4-Nitro-2-thiazolyI)methylene]amino -2-oxazolidinone 
(30): - A \  solution of 0.6; g (4.5 mmoles) of 2-m~rhyl-4-nitro- 
thiazole" in 15 in1 of g1wi:iI €10.1~ antl 15 nil of . k X ~  was c~oo l~x l  
t o  5' and 2 nil nf coiirentrated HnSOd was added. To this w:w 
atitled 2 g (0.02 m o l d  of CrO. in 45 niin :it ,j-l0-. .Ifter I 111. 
:it this 1eniper:tture, the  iriiiturc w:is allowed t 1 1  l i r e  I ( I  rooni 

was ril)scrvetl i t 1  11ir ir 
:in :iliquot wliicli iratl I)ceii 
2 g of Crth wa* :tdtieci i i r  

ed t o  rise t o  i32.5'. .1fttLr 
l ~c - l~o l t i ,  s:ltur:ll c d  li2C0, 

and the resultwit solutioii w i s  c>xtr:tc:ted (CH?CI:). Thc ~ Y I  r w t s  
ivere dried (1IgSOaj antl ev:tpor;tletl i r t  vnclto lo 
4-iiitro-%-tlii:i~c~lec~:irl~oz:t11leliy1le di:tcet:tte20 

The rrutfe d iu  
i i i  cold CC1, atid filieretl t i i  reniove starting mat 
filtrate \vas evaporated to dryness to  give ca. 20 my of partially 
purified material. This w:is derivat ized with atiiiiiooxazi)lidiiioii(? 
iti the inaniier nf (.+ever" to give white needles of product, nip 
2773-275" (after re(-rj-stallization from MeeCO). . l r i c i i .  (CilIsSn- 
so,; c, H, s, s. 

.ittenipts at SeOr ositi ) t i  of 2-niet li~l-4-tiitr(itlii:t~ole i t 1  
dioxane or tliiiiethoxyet hane %-ere uiisuccessful. 

2- [2-( 2-Acetamido-5-thiazolyl)vinyl]quinoline (15p .\ suspc?ri- 
sioii of 5.0 g (0,0:39 inole) of ~-a11iiii~1-5-thiazolecnrl~oxalciehytle in 
1.5 nil of Ac20 was heated tit reflux for 2 hr, the mixture \vi is 
cooled, and the solid ) 

L U ~ .  (C7HiS302d) C, H, S, S. 

m d  starting m:ateri:il. 

uillected and dried to  gi\-c! 4.7 g (70' 



of tan solid, mp 234-235O.21 This material was suspended in 
20 nil of glacial HOAc and heated to 60" and 4.0 g (0.028 mole) 
of freshly distilled quinaldine and 5 ml of AczO were added. The 
mixture was heated at  reflux for 4 hr and cooled over a week-end, 
and 100 ml of Et20 was added. After filtering and drying, 
5 g (Sly{,) of product, mp 260-272', was obtained. il sample was 
recrystallized from EtOH-MenCO (1 : l )  with added DXF to 
increase the solubility; mp 273-274". Anal. (CI,HI,S,OS) 
C, H, S, S. 

2- [2-(2-Amino-5-thiazolpl)vinpl]quinoline (31).--A suspension 
of 0.4 g (1.35 mmoles) of 15 in a mixture of 2 ml of glacial HO;Zc 
and 2 ml of concentrated HCI was heated at reflux for 2 hr to 
give a clear, dark solution. The solution was evaporated t o  
dryness, and the residue was dissolved in 100 ml of H20 and 
treated with saturated SaHC03 until gas evolution stopped. 
The precipitate was collected, washed (HzO), and dried to give 

(21) H. Taiiiyama, U.  Yaaui, and F, Iiioue [ J .  Pharm. SOC. J a p . ,  73, Z i t i  
(1953)l report mp 2Oi 'der .  

0.275 g (SOr c )  of yellow crystals, nip 244-246". Anal. (CI~HI I -  
NZS) C, H, K q  S. 

Attempts to convert the KHz group to NO2 by diazotization in 
the presence of Cu and excess S a S O ?  gave traces of a semisclid 
which had an ir spectrum showing S O ,  bands (1510 and 1340 
em-'), which was similar to the spectrum of 12. A virtually 
identical spectrum was obtained from a crude solid which had 
been isolated from an attempt t o  condense 2-nitro-5-thiazole- 
carboxaldehyde with quinaldine in refluxing HOAc-AczO. 
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Some 3-[(  5-nitrofurfurylidene)amino]h~clantoins and some S-ethor;ycarbonylamino acid nitrofurfurylidene- 
hydrazides have been synthesized for antibacterial screening. Improved procedures for the preparation of 3- 
aminohydantoins have been developed. 

111 view of the chemotherapeutic properties of 
1- [ (5-nitrofurfurylidene) amino Ihydantoins, we syn- 
thesized and screened several 3- [ (5-nitrofurfury1idene)- 
amino]hydantoins (I). Three examples of K-ethoxy- 
carbonylamirio acid hitrofurfurylidenehydrazides 
(11), open-chain forms of the hydantoins, were also 
prepared for antibacterial screening. 

The syiithcsis of several 5,3-disubstituted 3-amino- 
liydaritoins (IV) by heating aqueous solutions of 
S-carboxy-a-amino acid dihydrazides (111) a t  atmo- 
spheric pressure has been reported by Taub2 (method 
B) . 

I 5 
SHCONHNH, 0 

I11 IV 

Earlier, Schlogl, et al.,334 had found this method uii- 
satisfactory for the synthesis of monosubstituted hy- 
daiitoins; yields decreased as the size of the substituent 
decreased, and they were unable to prepare the unsub- 
stituted 3-aminohydantoin or its 5-hydroxymethyl 
analog. We also were unable to prepare either the un- 
substituted or the 3-methyl compound by heating 
aqueous solutions of dihydrazides. 

Nore recently another synthesis of 5,5-disubstituted 
3-aminohydantoin from 5,5-disubstituted hydantoins 
arid hydrazine hydrate was devised by Davidson.6 
The applicability of this method to the preparation of 
5-monosubstituted 3-aminohydaiitoins or to unsubsti- 
tuted 3-aminohydantoin was not mentioned. These 
methods, then, are of limited value for the preparation 
of 3-aminohydantoins. 

We have developed a reliable procedure for the prep- 
aration of 5-monosubstituted 3-amiiiohydantoins (IV, 
R1 = H), which consists of heating under reflux a dilute 
solution of the dihydrazide (111) in DLIF. The com- 
pounds prepared in this way are listed in Table I 
(method A4). This method is applicable for either large 
or small substituents, as well as the unsubstituted com- 
pound. 

Although the procedure of Taub2 \vas uwd for prepa- 
ration of the dimethyl aiid methylethyl compounds 
(Table I, method B), we fourid that the low yield of the 
latter compound could be doubled by a third procedure 
(method C).I This consisted of heating under reflw an 
ethanol solution of ethyl S-ethoxycarbonyl-m-iso- 
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