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Synthesis and Bacteriostatic Properties of Acylarylureas 
and Alkylarylureas 

T.J. MICICH, Eastern Regional Research Center 1, Philadelphia, PA 19118 

A B S T R A C T  

Fatty substituted ureas (RNHCONHR') were prepared where R is an 
aliphatic acyl or alkyl group and R' is a substituted phenyl group or 
a thiazole group. The benzene ring was generally substituted with 
chlorine, nitro, hydroxy, or a combination of these groups. The 
compounds were ineffective against gram-negative microorganisms 
but a number of samples inhibited the growth of Staphylococcus 
aureus at 1 ppm. Bacteriostatic activity was generally observed 
where the aeyl or alkyl group contained 6-10 carbon atoms and 
where R' is 4-nitrophenyl, 4-chloro-3-nitrophenyl or a thiazole 
group derived from 2-amino-5-nitrothiazole. Scattered activity at 
1 ppm was observed where R' is 3-nitrophenyl, 2,4- and 3,5-di- 
chlorophenyl, 2-hydroxy-5-chlorophenyl, 2-hydroxy-5-nitrophenyl, 
3-nitro-4-hydroxyphenyl, 3,5-dinitrophenyl and 2-nitro4-chloro- 
phenyl. The alkylureas appear to be more active than the acylureas. 

I N T R O D U C T I O N  

Three basic types of sanitizing agents have been used in the 
food processing industry and various health institutions for 
the last several decades. These include the halogens or 
hypohalite solutions, halogenated aromatic compounds and 
quaternary ammonium salts. The halogens usually used as 
hypohalite solutions are exceptional broad spectrum 
germicidal agents by virtue of their high chemical reactivity. 
This characteristic is disadvantageous, for the halogens 
will react with organic substrates, thereby readily losing 
their activity. The low stability and high chemical reactivity 
of halogen-derived agents is associated with destructive 
oxidative reactions of organic substrates. Halogenated 
benzene derivatives such as hexachlorophene and trichloro- 
carbanilide are compatible with anionic and nonionic 
surfactants and have been used in cleaning formulations, 
surgical scrub soaps and soap bars. These totally aromatic 
bactericides possess the disadvantages of high toxicity, 
allergic sensitization and possible structural instability. 

* Agricultural Research Service, U.S. Department of Agriculture. 

Quaternary ammonium compounds are excellent broad 
spectrum germicides which are deactivated by soap, organic 
matter and polyvalent cations. 

Beaver and coworkers studied substituted urea derivatives 
to relate structure with bacteriostatie properties (1). They 
concluded that very small changes in chemical structure 
lead to profound changes in antimicrobial activity. Of the 
10 bridging functions examined, the urea bridging group 
conferred the highest bacteriostatic activity. The most 
active compounds were 3,4,3'-, and 3,4,4'-trichlorocar- 
banilides. Further studies of nitrodiarylureas indicated that 
meta nitro-substituted derivatives showed very high activity 
against S t a p h y l o c o c c u s  aureus  (2). The rather conspicuous 
activity of the 3,4-dichloroaniline derivatives stimulated 
specific studies of this function, resulting in the publication 
of two patents (3,4). Schenach et al. (5) synthesized a 
series of N-alkyl-N'-3,4-dichlorophenyl ureas and found that 
compounds of alkyl groups containing 5-10 carbon atoms 
were most active with minimal inhibitatory concentrations 
(MIC) against S. aureus of < 1 ppm. This activity is compar- 
able to that of the trichlorocarbanilides. Included in this 
study were alkylene oqco-bis (3,4-dichlorophenylureas) 
with methylene bridges containing 0-8 carbon atoms that 
had MIC values greater than 5 ppm. A similar study of N- 
acybN'-3,4-dichlorophenyl ureas by Zakaria and Taber (6) 
indicated that MIC for these compounds in soap were 20 
ppm with no sharp deviations in activity for acyl groups 
containing 2-13 carbon atoms. Work by Baker et al. (7) 
and a patent (8) obtained by Jerchel showed that aliphatic 
amides derived from 2-hydroxy 5 chloraniline and various 
halonitroanilines are active bacteriostats against S. aureus. 
A recent study of fat-based N-aryl-substituted amides (9) 
at this laboratory confirmed these results and indicated that 
high activity against S. aureus  was conferred by a variety of 
substituted phenyl derivatives. These results and the absence 
of a general study of acylarylureas, prompted the present 
program to prepare bacteriostats that are useful with sur- 
factants and effective against gram-negative and gram- 
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positive microorganisms.  The  compounds  in this s tudy 
were effect ive only against S. aureus. 

EXPERIMENTAL 

Materials 

Aliphatic amides were prepared by a standard m e t h o d  (10) 
or purchased f rom Aldrich Chemical  Co., Milwaukee,  WI, as 
were all the  subst i tuted anilines, al iphatic amines and 2- 
amino-5-ni t rothiazole .  The 3- and 4-n i t rophenyl  isocyanate  
and 3-ni t ro-4-chlorophenyl  isocyanate  were purchased f rom 
Pfaltz and Bauer Inc., S tamford ,  CT. All solvents were 
reagent grade f rom J.T. Baker Chemical  Co., Phillipsburg, 
NJ. All commerc ia l  reagents were used as received wi thou t  
fur ther  purification.  Florisil was obta ined  f rom Floridin 
Co., Berkley Springs, WV. 

Syntheses 

The compos i t ion  of  all urea compounds  was established by 
e lemental  analyses which agreed to within -+0.3% with 
theory.  All mel t ing points  are uncorrec ted .  The  Perkin- 
Elmer 257 grating infrared spec t ropho tome te r  was used in 
this s tudy.  For  reaction mixtures  which were highly discol- 
ored, the  crude products  were dissolved in ch lo ro fo rm and 
treated with carbon black and /o r  passed through a ½ × 6 in. 
column of  Florisil. 

Typical Alkylarylurea Synthesis 

To a ni trogen-flushed,  100-mE R.B. flask was added 2 g 
(.01 M) 4-ch loro3-n i t rophenyl  isocyanate  and 60 mL of  
anhydrous  benzene.  The mix tu re  was warmed  to dissolve 
the isocyanate.  To this solut ion was added, by drops, 1.4 g 
(.01 M) nonylamine  over a 30-min period.  The  mix tu re  was 
ref luxed 2 hr and fi l tered.  Benzene was evapora ted  at re- 
duced pressure to yield 3.0 g o f  crude product .  Repea ted  
crystal l izat ion f rom ether  hexane to a cons tan t  melt ing 
point  (mp) gave 2.0 g (63% yield) of N-nonyl-N'-4-chloro-3-  
n i t rophenylurea ,  mp 66-7  C, carbonyl  band 1640 crn -1 . 

Typical Acylarylurea Synthesis 

This is a modif ica t ion  and adapta t ion of  a m e t h o d  developed 

by Speziale et al. (11) for  the synthesis of  acyl isocyanates.  
To a lO0-mL R.B. flask was added 2.6 g (.015 M) decana- 
mide and 50 m L  of toluene.  The system was dried azeo- 
tropically by collect ing water  in a Dean-Stark tube.  The  
Dean-Stark tube  was removed and 10 m L  of  solvent was 
col lected in a f lame-dried flask. The  amide solut ion was 
cooled to r o o m  tempera ture  and 1.9 g (.015 M) oxalyl  
chloride in 10 m L  of  anhydrous  solvent was added.  The 
flask was equipped  with a reflux condenser  and a Nujol 
bubble: .  The  mix tu re  was heated to ref lux for  1.5 hr  during 
which t ime gas evolu t ion  cont inued  for  about  20 -30  min.  
The clear pale ye l low solut ion of  decanoyl  isocyanate  was 
cooled to r o o m  tempera tu re  and 2-hydroxy-5-chloroani l ine  
was added. The  react ion mix ture  was ref luxed 2 hr and then 
filtered to yield 3.9 g o f  crude product .  Crystal l izat ion 
f rom absolute  e thanol  to a cons tan t  mp gave 3.0 g (60% 
yield) of  N-decanoyl -N ' -2-hydroxy-5-chlorophenyl  urea, mp 
227-8 C, carbonyl  band double t  1680 and 1705 cm -1 . 

Bacteriostatic Test Method (9) 

One percent  s tock solut ions were prepared by dissolving 
100 mg of  test  c o m p o u n d  ifi 10 mL 95% ethanol  or  water.  
The stock solutions were serially di luted by successively 
pipet t ing 2 mL of  solut ion into 18 m L  of  sterile nut r ien t  
agar to obta in  103, 102, 101 and 100 ppm concent ra t ions  
o f  compound .  The  agar was poured  into sterile Petri dishes, 
al lowed to harden,  dried at 37 C for ½ hr with covers off,  
then inocula ted with one drop of  a 24-hr cul ture  of  test  
microorganism in nut r ien t  broth.  The  inocula ted dishes 
were incubated  48 hr  at 37 C and examined  for  the  presence 
or  absence of  growth.  The  test c o m p o u n d s  were evaluated 
at essentially neutral  pH. Hexach lo rophene  was used as the 
control  germicidal  standard.  All tests were run in duplicate.  

The fo l lowing microorganisms were used: Escbericbia 
coli ATCC no. 11229, Staphylococcus  aureus ATCC no. 
6538,  Pseudomonas aeruginosa ATCC no. 8709, Salmonella 
t ypb imur ium (U.S. HEW, CDC) and S. enteritidis (U.S. 
HEW, CDC). 

RESULTS AND DISCUSSION 

All the urea  c o m p o u n d s  in this s tudy are white-  to canary 

TABLE I ~ x 

RNHCONH 

Y 

Compound R 

1 C12 H2s 
2 Cll H~2 
3 Ct0H23 
4 C9H19 
5 CsHt7 
6 CTHz s 
7 C6H13 
8 CIAH29 
9 c 4 n  9 

10 CtoH21 
11 C9H:9 
12 CsHI~ 
13 CTHts 
14 C6H13 
15 CtoH21 
16 CgHI9 
17 CsHt, / 
.18 CTHts 
19 C 6 H~2 
20 CsHI1 

Nitro and chloronitroalkylarylureas 
mp 

x y (C) % Yield 
Cryst. S. aureus 

solvent (MIC ppm) 

3NO 2 H 118-119 68 Ethanol I000 
3NO 2 H 113 92 Methanol 1000 
3NO 2 H 117 85 Methanol 1000 
3NO 2 H 111-112 85 Methanol 1000 
3NO 2 H 115-116 80 Methanol 1000 
3NO 2 H 116-117 74 Methanol 1000 
3NO 2 H 121-122 72 Methanol 1 
3NO 2 H 121 85 Ethanol > 1000 
3NO 2 H 125-126 68 Methanol > 1000 
4NO 2 H 116-117 70 Benzene > 1000 
4NO 2 H 114-115 60 Benzene 1 
4NO 2 H 113-114 62 Ethanol 1 
4NO 2 H 112-113 52 Methanol 1 
4NO 2 H 111-112 60 Benzene 10 
3NO 2 4(2l 78-79 50 Ether 1 
3NO 2 4C1 66-67 63 Ether hexane 1 
3NO 2 4CI 76-77 79 Ether hexane 1 
3NO 2 4C1 82-83 67 Ether hexane 1 
3NO~ 4C1 72-73 80 Ether hexane 1 
3NO 2 4el 78-79 66 Ether 10 
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TABLEII ~ x 

RCONHCONH 
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Compound R x 

Dichloroacylarylu reas 
mp Cryst. S. aureu;s 

y (C) % Yield solvent (MIC ppm) 

21 a Cla H~7 3CI 4C1 100 70 Hexane 1000 
22 a C n H2a 3C1 4C1 104-105 70 Methanol > 1000 
23 C9H19 3C1 4C1 109-110 70 Methanol 1000 
24 a CsHt7 3C1 4C1 115-116 64 Ethanol 1000 
25 a CTHIs 3C1 4C1 126 60 Ethanol > 1000 
26 C 6 H~3 3C1 4C1 128-129 65 Ethanol 1000 
27 C s HI~ 2C1 4C1 127-128 65 Ethanol > 1000 
28 C7 H ~s 2C1 4C1 130-131 45 Methanol 1 
29 C 6 H~a 2C1 4C1 140-141 52 Methanol > 1000 
30 C4H 9 2C1 4C1 148-149 60 Methanol > 1000 
31 CgHt9 3C1 5C1 123 65 Ethanol 1 
32 CsH~7 3CI 5C1 130 65 Ethanol 1000 
33 CTH~s 3C1 5C1 136-137 82 Ethanol 1000 
34 C 6 H~ 3C1 5CI 140-141 73 Methanol 1000 
35 CsH H 3C1 5C1 146 86 Methanol > 1000 

aLiterature melting points for compounds 21, 22, 24 and 25 are 99-100, 104-105,114- 
115 and 128-129, respectively. 

TABLEIII x 

RCONHCONH - - ~  

Y 

Compound R x 

Chloronitroacylarylu reas 
mp Cryst. S. aureus  

y (C) % Yield solvent (MIC ppm) 

36 Cla H2-/ 3NO 2 
37 C]t I-t23 3NO 2 
38 C9H~9 3NO~ 
39 CsHl7 3NO 2 
40 C 7 H~s 3NO~ 
41 C 9 Ht9 2NO 2 
42 C s H t~ 2NO 2 
43 CTHIs 2NO~ 
44 C 6 H~3 2NO~ 
45 C s H11 2NO~ 
46 C 9 H19 5NO2 
47 C s HtT 5NO~ 
48 CTH~s 5NO~ 
49 C 6 H~a 5NO 2 
50 CsH n 5NO 2 
51 C9H~9 4NO z 
52 CsHI~ 4NO~ 
53 CTH~s 4NO 2 
54 C 6 H~a 4NO z 
55 CsHj~ 4NO 2 
56 C9H19 3NO z 
57 CsHI~ 3NO 2 
58 CTHI5 3NO2 
59 C 6 H~ 3NO 2 
60 C s H n 3NO 2 

4C1 95-96 53 Ether > 1000 
4C1 105-106 82 Methanol > 1000 
4C1 103-104 65 Methanol > 1000 
4C1 105-106 70 Methanol > 1000 
4C1 101-102 80 Ethanol 1000 
4C1 130-131 68 Hexane > 1000 
4C1 ' 144 72 Toluene 1 
4CI 153 65 Toluene > 1000 
4C1 161-162 81 Toluene 1000 
4C1 137-138 60 Toluene 1000 
2C1 149-150 70 Ethanol > 1000 
2C1 152 71 Ethanol > 1000 
2C1 162-163 70 Ethanol > 1000 
2CI 170-171 61 Methanol > 1000 
2C1 173-174 77 Methanol > 1000 

H 106-107 62 Methanol 1000 
H 102 63 Methanol > 1000 
H 113-114 72 Ethanol 1000 
H 116-117 62 Methanol > 1000 
H 134 49 Ethanol > 1000 

5NO 2 168-169 69 Ethanol > 1000 
5NO z 168 70 Ethanol 1 
5NO 2 176 80 Ethanol > 1000 
5NO z 177-178 82 Ethanol 1 
5NO z 173-174 83 Toluene 1000 

yel low,  crystall ine solids. The alkylarylureas (Table I) 
were prepared  by react ing an aromatic  i socyanate  wi th  
an fliph~ttic amine in anhydrous  benzene .  These  deriva- 
tives are mode ra t e  mel t ing solids 65 -125  C, generally ob- 
ta ined in 50-85% yields wi th  carbonyl  absorp t ions  observed 
f rom 1630-1655  cm -1 . The acylarylureas (Tables I I -V)  were 
prepared  by  react ing fa t ty  amides with oxalyl  chloride in 
to luene  to  fo rm the  acyl i socyanate  (9,10).  T r e a t m e n t  of  
the  acyl i socyanate  (w i thou t  isolat ion or pur i f ica t ion)  
with a subs t i tu ted  aniline or 2-amino-ni t ro th iazole  gave the  
desired acylaryturea.  Both s teps  in this synthes is  occur  
within 1 hr; however ,  to  insure comple te  reac t ion  for  the  

various products ,  longer  react ion t imes were  s ta ted  in the  
exper imenta l  sec t ion.  Percentage yields  for  the  acylarytureas 
are generally b e t t e r  than  50%, indicat ing tha t  the  yields of  
in te rmedia te  al iphatic acyl i socyanate  were  quite  good (12). 
A s tudy  of  the  acyl i socyanate  synthes is  indicated tha t  ex- 
cess oxalyl  chlor ide was no t  requi red  for  comple te  conver-  
sion of  the  amide.  The  fo rma t ion  of  acyl isocyanate  wi th  
to luene  (bp 110 C) solvent  was c o m p l e t e  within ½ hr  at 
ref lux.  Acylarylureas  are crystal l ine solids generally mel t -  
ing above 100 C, wi th  carbonyl  absorp t ions  at 1680-1720  
cm -1 . 

The derivat ions listed in Tables I -V  were ineffect ive 
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TABLEIV 

RCONHCONH ~ x 

z 

Y 

Compound 

Hydroxychloronitroacylarylureas 
mp 

R x y z (C) % Yield 
Cryst. 

solvent 
S. a u r g z l $  

(MIC ppm) 

61 CH 2 =CHC s Hi6 20H 5C1 H 217-218 55 
62 C 9 H~9 20H 5C1 H 227-228 60 
63 C 8 HI7 20H 5C1 H 226-227 53 
64 C 7 Hts 20H 5C1 H 233-234 53 
65 C 6 H,3 20H 5C1 H 227-228 65 
66 C3H 7 20H 5CI H 234 43 
67 CH 2 =CHC 8 Hie 20H 5NO 2 H 195-196 50 
68 C 9 H~9 20H 5NO 2 H 206-207 53 
69 C 8 H l~ 20H 5NO 2 H 207-208 54 
70 C.~H~s 20H 5NO2 H 213-214 56 
71 C 6 H~3 20H 5NO2 H 213 61 
72 C s Hll 20H 5NO 2 H 221-222 78 
73 C 3 H~ 20H 5NO 2 H 235-236 40 
74 CH 2 =CHC s H~6 H 3NO~ OH 135-136 72 
75 CsH~7 H 3NO~ OH 133-134 71 
76 CTHts H 3NO 2 OH 140-141 69 
77 C 6 H~s H 3NO 2 OH 165-166 58 
78 CsH~t H 5C1 OH 181-182 45 
79 C 9 H 1 9  3C1 5C1 OH 132 45 
80 C s Hrl 3C1 5C1 OH 141-142 42 
81 CTH~s 3C1 5C1 OH 168 43 
82 C 6 H13 3C1 5C1 OH 197-198 53 
83 CsH~I 3C1 5C1 OH 209 25 

Ethanol 
Ethanol 
Ethanol 
Ethanol 
Ethanol 
Ethanol 
Methanol 
Methanol 
Methanol 
Methanol 
Water methanol 
Water methanol 
Ethanol 
Ethanol 
Ethanol 
Ethanol 
Methanol 
Methanol 
Benzene 
Benzene 
Benzene 
Methanol 
Methanol 

> 100o 
1 
1 

> 100o 
> lO00 

lOOO 
> 1000 
> lOOO 

1 
> lOO0 
> 1000 
> 1000 
> lOO0 
> 1000 

1 
> 10oo 

1000 
> lOO0 
> lOO0 
> lO00 
> lO00 

1 
> 10oo 

TABLE V N 

RCONHCOHN - - - ~  k 
S NO2 

Acylureas from 2-amino 5-nitrothiazole 
mp Cryst. S. aureus 

Compound R (C) % Yield solvent (MIC ppm) 

84 Cll Hza 130-131 78 Methanol > 1000 
85 C H  2 =CHC s Hie 128-129 56 Methanol 1 
86 C9 H ~9 134-135 59 Methanol 1 
87 CsH : 134 43 Ethanol 1 
88 C 7 H, ~ 146 35 Methanol 1 
89 C 6 H ~ ~ 148-149 51 Methanol 10 
90 C s H ~l 162 42 Methanol 10 
91 C 2 H s 198-200 40 Methanol 100 
92 a 3,4C12 C6 H4 252 47 Butanol 10 
93 a 4C13NO 2 C 6 H 4 240 58 Ethanol > 1000 

aCompounds 92 and 93 are diarylureas where the R group as shown is directly attached 
to the nitrogen atom. 

agents for  inhibi t ing the  growth  of  gram-negative micro-  
organisms. However,  a number  of  c o m p o u n d s  was f o u n d  
active against S. aureus  with MIC of  1 ppm.  Table I shows 
the  bacter ios ta t ic  act ivi ty of  alkylarylureas where in  the  
aromat ic  ring is subs t i tu ted  with 3-nitro,  4-ni tro,  or 3-nitro- 
4-chloro groups.  A m o n g  the  c o m p o u n d s  derived f rom 3- 
ni t roani l ine,  only the  N-hexyl -N ' -3-n i t rophenylurea  (no.  7) 
is active wi th  an MIC o f  1 ppm,  whereas  c o m p o u n d s  de- 
rived f rom 4-ni t roani l ine  show a b roader  range of  activity 
at the  same level (nos. 11-14) .  The s tudies  of  Baker et  al. 
(7) and Bistline et  al. (9) were con f i rmed  with the high 
activity f o u n d  for  alkylarylureas derived f rom 3-nitro-4- 
chloroani l ine  with R groups  conta in ing  5 -10  carbon  a toms  
(nos. 15-20) .  

Table II summarizes  the  results ob ta ined  with acylaryl-  
ureas in which the  pheny l  group is subs t i tu ted  wi th  3,4- 
d ichloro ,  2 ,4-dichloro and 3,5-dichloro groups.  Zakaria and 
Taber  (6) p repared  a series of  al iphatic-based N-acyl-N'-3,4-  

d ich lorophenylureas ,  all o f  which showed  MIC = 1-20 p p m  
with ATCC 6538 S. aureus  using the agar streak di lu t ion 
t echn iques  in the  presence  of  soap. Comparab le  derivatives 
p repared  in this s tudy  (nos. 21 -26)  show no activity be low 
10 ° p p m .  Past work  f rom this l abora tory  (9) showed  tha t  
a n u m b e r  of  f a t ty  anilides derived f rom 3,4-dichloroani l ine  
had MIC = 0.1 p p m  against S. aureus .  Acylarylureas  derived 
f rom 2,4-dichloroani l ine  were inactive even at 103 p p m  
excep t  the  oc t anoy l  derivative (no.  28) which  had an MIC = 
1 ppm.  Similar results were found  with the  homologous  
series f r o m  3,5-dichloroani l ine wi th  all samples  be low de- 
canoyl  (no.  31) being inactive.  The effect iveness  Of a single 
sample is surprising because recent  studies here  (unpubl i shed  
work)  have shown tha t  amides  of  the  type  RCONHAr,  where  
R is a fa t ty  acid or  s - m e t h y l e n e  fa t ty  acid and Ar is a 3,5- 
d ich lo ropheny l ,  actively inhibi t  g rowth  of  S. aureus  for  a 
broad range o f  c o m p o u n d s .  

Acylarylureas  p repared  f rom 3-ni t ro-4-chloro,  2-nitro-4- 
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chloro, 5-nitro-2-chloro, 4-nitro and 3,5-dinitroaniline are 
listed in Table III. Ureas derived from 3-nitro4-chloroanil ine 
(nos. 36-40)  are inactive in stark contrast  to the alkylaryl- 
ureas in Table I (nos. 15-20). The inclusion of a carbonyl 
function appears to be associated with the inactivity. 
Similarly, samples (nos. 52-54) are inactive and differ from 
the corresponding alkyl derivatives Table I (nos. 11-13) by 
substituting a carbonyl for a methylene group. N-3,5- 
dini trophenyl  anilides from octanamide and nonanamide 
(9) were very active (MIC = 0.1 ppm) against S. a u r e u s  

whereas the acylureas (nos 56-60)  exhibited lower activity 
with a skipping pattern. Reevaluation of samples (nos. 
57-59) gave no change in the pattern of  activity. Beaver 
et al. (1) concluded that  the urea bridging group is consid- 
erably more effective than the simple amido function. 

In view of the high activity found in fat ty acid anilides 
containing a hydroxy  group (9), acylarylureas with a 
phenolic aryl function were studied (Table IV). Here again, 
scattered activity is observed in the various homologous 
series. Compounds derived from 2-hydroxy-5-chloro, 
2-hydroxy-5-nitro,  4-hydroxy-3-nitro and 4-hydroxy-3,5- 
dichloroaniline are highly active growth inhibitors; how- 
ever, a simple increase or decrease in one methylene group 
leads to complete inactivity against S. aureus .  

Acylureas derived from 2-amino-5-nitrothiazole (Table 
V) show the entire spectrum of activity. Acyl compounds 
in which R contains 11 carbon atoms or is a 3-nitro-4- 
chlorophenyl moiety have MIC = > 1,000 ppm (nos. 84, 
93). Compounds in which R contains 7-10 carbon atoms 
have MIC = 1 ppm (nos 85-88) whereas lower activity is 
noted for R containing less than 7 carbon atoms or is a 
3,4-dichlorophenyl moiety (nos. 89, 92). To establish 
the activity of urea compounds in the presence of  soap, 
alkylureas (nos. 15-19, Table I) and acylureas (nos. 85-  
89, Table V) were tested for their activity against S. a u r e u s  
in the presence of 1,000 ppm soap (sodium tallowate). All 
10 samples retained their activity in the presence of soap at 
the levels shown in the respective tables. 

These data show that  small changes in structure lead to 

enormous changes in activity. Several highly active single 
compounds in various homologous series are completely 
inactivated by adding or subtracting one methylene group. 
The alkylarylureas appear to be considerably more active 
than the acylarylureas. The 2-amino-5-nitrothiazole derived 
compounds are an exception to this rule. Those compounds 
whose alkyl or acyl groups contain five to ten carbon atoms 
exhibit  the highest activity. 
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