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The central nature of nicotinamide in metabolic processes

as a part of the NAD and NADP coenzyme systems prompted the

synthesis of a series of N-nicotinyl- and N-isonicotinyl-N'-

(substituted)ureas as potential metabolite antagonists of

the vitamin. The compounds which were synthesized may be

represented by the following general structure,

II0

C-NH-C-NH-R

C N

where R = hydrogen, methyl, ethyl, n-propyl, isopropyl,

n-butyl, t-butyl, n-hexyl, cyclohexyl, phenyl and a-naphthyl.

The observed toxicity of the N-nicotinyl-N'-(substituted)urea

analogs may be attributed to the formation of a non-functional

N-nicotinyl-N'-(substituted)urea-NAD analog through an exchange

reaction catalyzed by NAD-ases in the cell. Support for this

view was obtained by an in vitro enzymic synthesis of N-

nicotinyl-N'-ethylurea-NAD analog employing N-nicotinyl-7- 14C-

N'-ethylurea. The labeled derivative was characterized through

spectral, chromatographic, and chemical reaction studies.

The synthesis of 6-oxa isosteres of uracil and thymine

was accomplished by the interaction of hydroxyurea and the



appropriate a-chloroacid to produce the corresponding

N-ureidoaminoxy acid,which was esterified and cyclized to

produce 6-oxadihydrouracil and 6-oxadihydrothymine. The

biological properties of these analogs were examined in

microbial, mammalian cell tissue culture, and in antiviral

assay systems. Using Lactobacillus arabinosus, the growth

toxicity of 6-oxadihydrouracil was competitively reversed

by uracil over a 30-fold range of concentrations with an

inhibition index of 10; precursors of uracil biosynthesis

were essentially ineffective in reversing the growth

inhibition. The oxygen isosteres are slightly more toxic

to growth than the corresponding nitrogen isosteres (i.e.,

6-azauracil) for Escherichia coli; however, the reverse is

true for lactic acid bacteria.

Six dichlorophenoxyacetones were prepared which may be

represented by the following general structure,

o-CH2 -C-CH3

Cl

where the substituent chlorines are in the 2,4-; 2,3-; 2,5-;

2,6-; 3,4-; and 3,5-positions. These synthetic analogs were

examined as potential metabolic antagonists of 2,4-dichloro-

phenoxyacetic acid utilizing an Avena coleoptile assay system.

The most effective derivatives were 2,3-, 2,4-, 2,5-, and 3,4-

dichlorophenoxyacetones; each produced half-maximal growth

responses (relative to the control growth) at concentrations

of 106, 66, 80, and 62 ig/ml, respectively.
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GENERAL INTRODUCTION

During the latter part of the third decade of this

century, scientists became aware of the metabolite-anti-

metabolite relationship that existed between the sulfonamides

and para-aminobenzoic acid. At the time it was known that

structurally similar metabolites could profoundly affect cer-

tain enzyme systems, as for example the inhibition of

succinic dehydrogenase by malonic acid. Since para-

0 0
H2C-C-OH 1C-OH

I CH2H2C--C-OHNCOH

0 11

0

Succinic Acid Malonic Acid

aminobenzoic acid and sulfanilamide may be considered as

structurally related analogs, it was postulated, and later

substantiated, that apparently certain microbes could synthe-

size the needed vitamin, folic acid, if the dietary essential

para-aminobenzoic acid was provided from an outside source.

On the other hand, animals could not construct folic acid

biosynthetically and had to obtain the preformed vitamin from

their diet. These studies suggested that the sulfonamides

compete with para-aminobenzoic acid for its site of action on
the enzyme involved in synthesis of the vitamin. It was this

xi



unique property of the sulfonamides in inhibiting microbial

metabolism that gave rise to their usefulness as chemo-

therapeutic agents.

A large number of antimetabolites are now known, and

the example of sulfanilamide was chosen primarily for its

historical significance. Further, these studies laid the

foundation for the synthesis and subsequent evaluation of a

wide variety of analogs of naturally occurring metabolites

for antimetabolic activity. Antimetabolites have been syn-

thesized and studied for almost all known vitamins, hormones,

amino acids, purines, as well as some plant growth-regulators.

The present study is concerned with the synthesis of

metabolic antagonists in three different classes of compounds;

(a) vitamins, (b) pyrimidine bases, and (c) plant growth-

regulators. The analogs produced were studied in enzyme

systems, microbial assays using inhibition analysis techniques,

and in plant growth systems, respectively.

The vitamin selected for this study, niacin, was chosen

principally because of its universal requirement by all living

cells either as the free nicotinamide or in the combined forms

as coenzymes NAD and NADP in hydrogen transport. Many analogs

of nicotinamide have been prepared and their antimetabolic

activity evaluated. However, only a limited few of these

analogs could be called true metabolic antagonists of nicotin-

amide (Table I, Part I). Analogs of nicotinamide in which the

substituent group is attached to the amide nitrogen have not

xii
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been studied extensively. Therefore a series of N-nicotinyl

and N-isonicotinyl-N'-(substituted)ureas were synthesized and

evaluated for their biological activity in several microbial

0 0 0
u 11 H II H
C-NH2 R-C-N-C-E-R'

N
R = Nicotinyl, Isonicotinyl

Nicotinamide R' = Alkyl, Aryl

systems. They were also examined as potential piscicides in

toxicity studies employing Shiner fingerlings as the test

organism, and an effort was made to determine the mode of

action of the toxic analogs. This was attempted through

enzymic synthesis of an analog-NAD complex, followed by

spectrophotometric, degradation and chromatographic studies

of the unnatural coenzyme form.

Because of the importance of the naturally occurring

pyrimidine bases, uracil, thymine and cytosine to the bio-

synthesis of nucleic acids, many structural analogs have been

synthesized and evaluated for antimetabolic activity in a

variety of biological systems. Several of these were found

to be effective antagonists of the naturally occurring

metabolites, and selected derivatives are presently being

utilized in chemotherapy studies. The replacement of a

methylene group in naturally occurring metabolites by -0- or

-NH- has often resulted in the production of effective

antagonists. For example, both 6-azauracil and 6-azathymine

xiii



have proved to be functional metabolite antagonists of the

naturally occurring corresponding pyrimidine bases.

o 0
I,

H H rCH3

HH

6-Azauracil 6-Azathymine

In many instances, their toxicity was found to be reversed

in a competitive manner in a variety of microbial systems.

Since 4-oxalysine and 0-carbamoylserine are effective

antimetabolites of lysine and glutamine, respectively, it was

of interest to evaluate the antimetabolic activity of

isosteric oxygen analogs in the pyrimidine series, i.e.,

6-oxadihydrouracil. and of 6-oxadihydrothymine. Accordingly,

0 0

H CH3  HN >CH3

S N N

H H

6-Oxadihydrouracil 6-Oxadihydrothymine
these derivatives were prepared, and their inhibitory pro-

perties examined in several microbial systems employing both

pathogenic and non-pathogenic organisms. Subsequently, their

inhibitory properties in mammalian cell cultures and in viral

systems were also evaluated.

The plant growth regulator, or herbicide, 2,4-dichloro-

phenoxyacetic acid has been studied in several biological

systems, but the mode of biochemical action has not been

xiv



clearly ascertained. In an effort to approach this problem

from a possible metabolite-analog relationship, and with the

anticipation of utilizing inhibition analysis techniques in

plant biochemistry, a series of analogs of 2,4-dichloro-

phenoxyacetic acid was prepared. For the initial studies,

the carboxyl moiety of 2 ,4-dichlorophenoxyacetic acid was

replaced by a methyl ketone group. These dichlorophenoxyacetone

Cl 4  OCH2C-OH Cl 0CH 2-C-CH3

Cl C1

2 , 4-Dichlorophenoxyacetic 2, 4-Dichlorophenoxyacetone
Acid

analogs were then examined for antimetabolic activity using

plant assay procedures. The inhibitory properties of these

derivatives were also related through reversal effects induced

by the naturally occurring plant hormone, auxin.

xv



PART I

SYNTHESIS AND BIOLOGICAL STUDIES ON A SERIES OF

N-(NICOTINYL)- AND N-(ISONICOTINYL)-N '-(SUBSTITUTED)UREAS

1
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INTRODUCTION

Nicotinic acid (Niacin) was first obtained by oxidation

of the alkaloid, nicotine (11), and was subsequently isolated

from natural sources in the course of a search for the anti-

beriberi factor in yeast and rice hulls (33). The biological

importance of the acid and its amide became apparent only

after the discovery of the pyridine nucleotides, nicotinamide

adenine dinucleotide (NAD), and nicotinamide adenine dinucleo-

tide phosphate (NADP). Early biological studies indicated

that nicotinic acid or its amide were growth factors for

several microorganisms as well as for higher animals. Their

nutritional importance was amply demonstrated when they were

shown to be specific curative agents for human pellagra and

canine black tongue (8).

It is now known that almost all living species require

nicotinic acid in some form because of the role of NAD and

NADP in biological oxidation-reduction systems in intra-

cellular metabolism by virtue of their capacity to serve as

hydrogen transfer agents. In these biological oxidations,

hydrogen is effectively removed from the oxidizable substrate

through a series of enzymic transfers in which the coenzyme

operates by reversibly alternating between an oxidized

quarternary pyridinium ion and a reduced tertiary amine.
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This function may be seriously impaired by substituting

nicotinamide analogs for nicotinamide in the phosphopyridine

nucleotides (31).

Once the dietary origin of pellagra in humans and

canine black tongue had been established, many investigations

sought niacin activity in analogs of the vitamin. These

investigations led to the discovery that certain structural

analogs were antagonistic to the action of the related

metabolites (39). However, many of the analogs investigated

possessed little or no antimetabolic activity in the test

systems employed, and several that were active in animal

systems were found to be inactive in microbial systems (40).

Conversely, other derivatives that were active in microbial

systems were inactive in animal systems (39). Numerous

attempts were made to correlate structural modification with

antimetabolic activity, but these investigations were not

overwhelmingly successful. Subsequent investigations,

however, have produced a few true antimetabolites of niacin

(18,19,25,28,30,37,40),as shown in Table I. Wolf has shown

that niacin deficiency symptoms could be induced in test

animals (rat, dog) when treated with 6-aminonicotinic acid,

but the symptoms could be prevented by adding nicotinamide

to the diet (37). Woolley demonstrated further that 3-

acetylpyridine was toxic to nicotinic acid-deficient dogs,

while in equivalent doses it was without effect on normal

dogs (40). It was observed during these investigations that

. .
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TABLE I

SOME ANTIMETABOLITES OF NICOTINAMIDE AND ISONICOTINAMIDE

R R

R4 N~ H

Test
R1, R2 R3 RSystems References*

H

H

H

-CONHNH 2

H

H

H

H

H

H

H

H

H

H

H

H

F

H

H

H

H

H

H

H

H

H

-NH 2

H

H

C l

-COH 3

C 6H5NH-

C 6 H 5 N 2 -

CH3 NH--

(CH3 2N-

H

Animal

Animal;
Microbial

Animal

Animal
Microbial

Plant
Microbial

Animal

Animal

Animal

Animal

Animal

Animal

Animal

7

6,7

8,9

10

11

11

1I

11

11

12

12

12

-COCH3

-SO 3 H

-CONH
2

H

-CO 2 H

-CONH 2

-CONH 2

-CONH
2

-CONH 2

-CONH 2

-CONH
2

-CSNH 2

Now 0

: 3 raa 4 k-41
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once the niacin deficiency symptoms had been induced with

3-acetylpyridine, they could not be reversed by administering

nicotinamide.

Pyridine-3-sulfonic acid and its amide will inhibit

certain strains of nicotinic acid-requiring bacteria, and

this inhibition has been shown to be competitively reversed

by nicotinamide or nicotinic acid. It does not induce niacin

deficiency symptoms in the rat but its mode of action in this

respect was found similar to that of 3-acetylpyridine with

dogs (39).

It has been previously reported that animal tissue

diphosphopyridine nucleotidases can catalyze an exchange

reaction between nicotinamide analogs and NAD and NADP

according to the following equation:

NRPPRA + X ---> N + XRPPRA

N = nicotinamide X = nicotinamide analog

R = ribose P = phosphate A = adenine

Several nicotinamide analogs have been found to undergo this

exchange reaction and the resulting NAD analogs have been

isolated (19,20,42,43,44).

The fact that analogs of NAD and NADP can be formed by

an exchange reaction in vitro suggested the possibility of

antimetabolites exerting their pharmacologic action through

such a mechanism. It was postulated that if these reactions

occurred in the whole animal, they might be of significance
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in developing a new type approach for the use of chemical

substances as anti-tumor agents (20). Thus 6-aminonicotin-

amide and 3-acetylpyridine have shown inhibitory activity

against certain experimental tumors, but the pathological

changes brought about by these nicotinamide analogs in the

central nervous system have prevented their general acceptance

as anti-tumor agents clinically (18,30,37). The anti-

metabolic activity of these analogs was attributed to the

capacity of animal tissue for in vivo synthesis of their

respective analogs of NAD and NADP in the presence of

nucleotidases in the cell and these analogs of the coenzymes

then act as antagonists by virtue of their inability to then

take part in the oxidation-reduction reactions (42,43). The

isolation and identification of the 6-aminonicotinamide-NAD

analog and the 3-acetylpyridine-NAD analog from tissue

homogenates of mice injected with these analogs of nicotin-

amide would seem to support these contentions (20).

Recent investigations have found other 6-substituted

nicotinamide analogs to possess antineoplastic activity. For

example, 6-chloro-, 6-methoxy-, 6-anilino- and 6-phenylazo-

nicotinamide exhibit moderate activity against mouse lymphoid

leukemia (28), and 6-dimethylaminonicotinamide was found to

possess confirmed activity in sequential testing against

several tumor systems. The exact mode of action of these

latter analogs remain obscure, but evidence seems to indicate

inhibition of tRNA o-methyltransferase (25).
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N-Substituted analogs of nicotinamide do not appear to

have been widely studied relative to their structure-activity

relationship. In contrast, several N-substituted acid amides

and N-acyl-N'-alkyl substituted ureas have proved to be

biologically active, and the results indicate the importance

of five to seven-carbon alkyl groups in conferring to such

compounds valuable physiological properties. In many

instances such N-acyl-N'-alkyl substituted ureas were found

to exhibit distinct hypnotic and anticonvulsant activity in

addition to serving as respiratory stimulants and herbicides

(1,4,35).

In the present study, a series of N-nicotinyl- and N-

isonicotinyl-N'-(substituted)ureas was synthesized and

investigated for their antimetabolic activity in several

assay systems. Because these analogs showed no significant

inhibitory properties in the microbial systems employed or

in seed germination tests, a search for another assay system

was undertaken.

The literature reveals that development of 3-trifluor-

methyl-4-nitrophenol as a selective Sea Lamprey larvicide

gave early recognition to the potentials of chemical agents

as a means to efficient manipulation of fresh-water fish.

This and other developments stimulated interest in

investigations to find selective toxicants for various

species of several families of fresh-water "rough" fish
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such as gar, shad, goldfish, carp, squawfish, sucker, black

bullhead, rock bass, green sunfish, pumpkin seed, yellow

perch, and fresh-water drum (16). The N-nicotinyl and N-

isonicotinyl-N' -(substituted)urea analogs were therefore

screened as potential new chemical agents for control of

undesirable fish populations. This assay system employed

Shiner fingerlings as test organisms because the Shiner is

considered a typical fresh-water "rough" fish of the minnow

family found throughout the United States. Various species

of this family are widely employed in bioassays of fish

toxicants (15). In this assay system, only two of the N-

isonicotinyl-N'- (substituted)urea analogs showed any toxicity;

in contrast, most of the N-nicotinyl-N'-(substituted)urea

analogs were found to be toxic.

The analog, N-nicotinyl-N'-hexylurea was found to exhibit

the greatest degree of toxicity and was chosen for further

investigations in an effort to elucidate the mode of action.

The toxicity of the hexyl analog was reversed by.supplements

of nicotinamide, and enzymic studies suggest that the analogs

are incorporated in vivo to produce an inactive coenzyme form.
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EXPERIMENTAL

Organic Syntheses'

Nicotinyl and Isonicotinyl Chloride Hydrochloride.-

These compounds were prepared by modification of a previously

reported procedure (41) to give the crude materials in 70 to

80 percent yield. In a 500-ml round bottom flask, fitted with

a reflux condenser, 25 g (0.023 moles) of the appropriate

acid was added to 30 g (0.25 moles) of thionyl chloride in a

single batch. When the initial reaction had subsided, the

reaction mixture was stirred with a magnetic stirrer and

refluxed for one hour while being protected with a CaCl2

tube. The reaction mixture was cooled to room temperature

and 300 ml of anhydrous benzene was added to the flask. The

precipitated solid was filtered, and washed once with an-

hydrous benzene and once with anhydrous ether, then dried in

a vacuum desiccator over paraffin and calcium chloride. The

resulting crude materials were used without further purifi-

cation to prepare the methyl esters of nicotinic and iso-

nicotinic acid.

All melting points were determined on a Fisher-Johnsmelting point block apparatus and are uncorrected. Yieldsare based on purified products. The author is indebted toMr. Edwin Hoff of the Chemistry Department, North Texas StateUniversity for elemental analysis.
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Methyl Nicotinate.--To a suspension of 25 g (0.15 moles)

of nicotinyl chloride hydrochloride and 20 ml of triethyl-

amine in 25 ml of benzene, excess methanol (100 ml) was added

dropwise while stirring with a magnetic stirrer. The

resulting mixture was refluxed one hour, then evaporated to

dryness in vacuo at 370C. The crude residue was refluxed

one hour with 200 ml of benzene and filtered while hot from

triethylamine hydrochloride. The benzene was removed in vacuo

at 370C, and the resulting ester was distilled through an

air-cooled condenser to afford 17.8 g of pure product (84%),

b.p. 202 -204 , m.p. 37 -39 [Reported (10) b.p. 2040; m.p.

380].

Methyl Isonicotinate.--Methyl isonicotinate was prepared

by an identical procedure as previously described for methyl

nicotinate. The yield of purified material was 15.5 g (73%),

b.p. 209 -211 [Reported (32) 2090).

N-Nicotinyl-N'-(Substituted)ureas (Table II) .--These

derivatives were all prepared through either of two typical

procedures which are outlined below and are adapted from a

general procedure which has previously been reported for the

synthesis of N-acylureas (36).

Method A: A sample of 5.0 g (0.41 moles) of nicotin-

amide was suspended in 200 ml of toluene to which was added

an equivalent amount of the appropriate isocyanate derivative.



TABLE

N-NICOTINYL-NI -

Substituent M.P. Percent Empirical
Group Yield Formula

Hydrogen 233-4* 72 C7H702N3

Ethyl l22-3** 25 C9H120 2N3

Propyl 134-5 38 C10H14 02N3

Isopropyl 131-3* 47 C10 H 02N3

Butyl 90 -100 57 C11H1 602N3

t-Butyl 170-2* 74 C.lHl8O 2N3

Allyl 117-8 90 C1 0H1 302N3

Hexyl 74-5 82 C1 3H2002N3

Cyclohexyl 146-9 85 C13H1802N3

Phenyl 2156*** 74 C1 3H 1 202N3

l-Naphthyl 236-8**** 96 Cl7H 4 02N 3

'Synthesized by Method B.

'Wiley, Paul F., J. Am. Chem. Soc., 71, 1310 (1949).
Reported m.p., 12Q-l220.

.1'.o <ui ? 1NSR kSdk .. v:.:v :;ca :ai,*.,'>E arkr;; ' .,. .. M , ,.n
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II

(SUBSTITUTED)UREAS

Elementa AnalysisRecrystallization Cluae on
Solvent Calculated Found

C H N C H N

Water 50.91 4.27 25.45 49.24 4.18 25.18

Ethanol 55.95 5.74 21.75 55.85 5.79 21.92

Ethanol 57.96 6.32 20.28 57.40 6.30 19.95

Isopropanol 20.28 20.25

Isopropanol 59.71 6.83 18.49 59.10 6.91 18.30

Isopropanol 18.49 18.85

Ethanol 58.53 5.40 20.48 58.89 5.35 20.63

Hexane 62.63 7.68 16.86 62.50 7.92 16.70

Isopropanol 63.14 6.93 16.99 63.20 7.18 16.40

I)ioxane 64.27 4.60 17.42 64.46 4.59 17.21

IMF 70.09 4.50 14.43 69.25 4.40 14.10

S. C., J. Am. Chem.

See reference (**), Reported m.p., 222-223*.

Hubez, W., Boehme , W. and Laskowski,
Soc., 68, 188 (1946).
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The reaction mixture was protected from moisture and heated

under reflux for 24-48 hours. The hot solution was im-

mediately filtered from any acylureas, and the filtrate was

reduced to dryness in vacuo. The resulting residue was

recrystallized from the solvent indicated in Table II to

yield the desired products, which were characterized through

elemental analysis.

Method B:* Following the alternate general procedure

for the synthesis of N-acylureas (7), a sample of 0.037

moles of urea or the N-substituted urea was dissolved in

500 ml of liquid ammonia, and an equivalent amount of sodium

(0.81 g) was added in small increments. The blue color which

developed after the addition of the sodium was allowed to

dissipate before further additions were made. After the

addition of all of the sodium, 5.0 g (0.034 moles) of methyl

nicotinate was added in a single batch with stirring. The

reaction mixture was stirred until all of the grey precip-

itate had dissolved, and the resulting colorless solution

was then taken to dryness in vacuo at room temperature. The

dark grey residue was taken up in a minimal amount of water,

and the resulting solution was adjusted to pH 7 with dilute

acetic acid. The precipitate which formed was filtered and

recrystallized from the appropriate solvent indicated

The N-substituted ureas, N-isopropyl and N-Z-butylureawere Reagent Grade materials purchased from Fisher Scientific,
m.p. 154-156 and 1760, respectively, and used without
further purification.
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in Table II. After drying in vacuo over calcium chloride,

the crystalline products gave the anticipated elemental

analysis.

N-Isonicotinyl-N' -(Substituted)ureas (Table III) .--

These derivatives were synthesized through the same two

general procedures (Methods A and B) indicated for the N-

nicotinyl-N'-(substituted)ureas except that isonicotinamide

or methyl isonicotinate was used in place of the corresponding

nicotinate derivatives.

N-Nicotinyl-N'-Ethylurea Analog of NAD*.--A commercial

powder of pig brain served as the source of NAD nucleotidase

(18,28). Three hundred milligrams of acetone powder of pig

brain, and 120 mg of N-nicotinyl-N'-ethylurea were homogenized

in 5 ml of 0.45 N potassium phosphate buffer (pH, 7.4). The

homogenate was diluted to 20 ml with distilled water, and

120 mg of solid NAD was added. The suspension was incubated

at 370 for two-and-one-half hours at which time 1.0 g of

trichloroacetic acid was added to stop the reaction. The

suspension was centrifuged to remove precipitated proteins,

and the clear supernatent was added to 200 ml of cold

acetone to precipitate the analog complex. After several

hours in the refrigerator, the precipitated solid was removed

.NADase was a commercial product purchased from Sigma
Chemical Company, St. Louis, Missouri.

fir ,_..;s :=<.:a:, . .: _ts.y . ; : - ::: ;L'. Sei - - ,.= k . ~ ,



TABLE

0 H 0 H
C-N-C-N-R

N

- N-ISONICOTINYL-N'-

Substituent M.P. Percent Empirical
Group *C Yield Formula

Hydrogen 246-7* 75 C7H702N3

Methyl 244-6 39 C8H902N3

Ethyl 175-7** 58 C9H 102N3

Propyl 122-4 42 C 1 0 H1 3 02 N 3

Isopropyl 166-8* 69 CH10H30 2N3
Butyl 109-11 60 CllHl02N3

t-Butyl 191-3* 87 C11H1502N3

Allyl 140-2 70 C1 0H1 102N3

Hexyl 82-3 75 C1 3 H2 0 0 2 N 3

Cyclohexyl 190-1 81 C 3H1702N3

Phenyl 212-14 59 C13H11 02N3

l-Naphthyl 258-60 92 C17H1302N 3

*Synthesized by Method B, Stemp
Aschliman, J. A., J. 9r . Chem., 20,
240-241

Ibid. Reported m.p. l70-172 .

el, A., Zelauskas, J. and
412 (1955). Reported m.p.

Noma"=
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III

(SUBSTITUTED )UREAS

Recrystallization Elemental Analysis
Solvent Calculated Found

C H N C H N

Water 50.91 4.27 25.25 50.80 4.39 25.20

Isopropanol 53.30 4.27 25.45 50.80 4.97 23.50

Isopropanol 21.75 22.00

Isopropanol 57.96 6.32 20.28 57.71 6.36 20.35

Isopropanol 20.28 20.30

Isopropanol 18.49 18.40

Isopropanol 18.49 18.40

Isopropanol 58.53 5.40 20.48 58.60 5.89 20.50

Hexane 62.60 7.68 16.86 62.80 7.61 16.91

Isopropanol 16.99 16.85

Dioxane 64.72 4.60 17.42 64.00 4.59 17.50

Dioxane 70.09 4.59 14.43 70.20 4.47 14.80

: . - . .. ;: w:..;:::-ati +z' i' "" -* sa-.rsasw«a,:xxu .:a v-«av,,,. -
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by centrifugation, washed with acetone and anhydrous ether,

and dried in a vacuum desiccator over paraffin and P205 to

yield 60 mg of crude product. The material was freed from

residual NAD by incubating with 10 units of NAD nucleotidase

(from N. crasse) in 25 ml of 1.0 N sodium acetate at 37 C.

After one hour, the mixture was placed on a column of Dowex-1

ion exchange resin in the formate form (22), and the column

washed with distilled water until the eluate was free of all

material absorbing at 260 muz. The column was finally eluted

with a 1:1 mixture of 0.1 N formic acid and 0.1 N sodium

formate until the eluate demonstrated negligible absorption

at 260 mu. The resulting combined solution containing the

N-nicotinyl-N'-ethylurea analog of NAD was evaporated to

dryness under vacuum at 370C. The solid residue was

extracted into one ml of water, acidified to pH 2.0 with

dilute HNO 3 , then added to an excess of cold acetone which

precipitated the analog complex. The resulting material was

recovered by centrifugation, washed with acetone and

absolute ether, then dried in a vacuum desiccator over

paraffin and P205. The yield of dried product was 15 mg.

The N-nicotinyl-7-14C-N'-ethylurea analog of NAD was prepared

by the method cited above,employing N-nicotinyl-7-14C-N'-

ethylurea without modification, and the yields were comparable.
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N-Nicotinyl-7-14-C-N'-Ethylurea*.--Using Method A,

previously described, a 100-pc sample of nicotinamide-7-14C

was mixed with 0.02 moles of cold nicotinamide suspended in

50 ml of toluene. The solution was heated to reflux,and

0.03 moles of ethyl isocyanate were added with stirring. The

reaction mixture was protected from moisture with a calcium

chloride drying tube and heated under ref lux for 24 hours.

The solvent was removed in vacuo, and the residue was

recrystallized from hexane to yield 952 mg (24% yield) of

product, m.p. 1220.

Radioactive Counting Procedures.--Radioactivity of the

analog was determined with a Baird-Atomic Scaler-Ratemeter,

Model 125B, using a. thin wall mica window counter. Back-

ground radiation was determined by placing a stainless steel

planchet to be used with the analog in the sample support

at a distance of about lmm from the window of the counter

tube and counted for twenty minutes at the operating voltage

recommended by the manufacturer (900 v). After the back-

ground radiation had been determined, 0.50 ml of a methanol

solution containing 1000 pg/ml of the analog was placed on

the planchet and evaporated to dryness under an infrared

lamp. The planchet with the radioactive sample was placed

in the sample support, and twenty separate measurements of

Nicotinamide-7-l4C was purchased from ICN Co., Irvine,
California.
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one minute duration each were taken. The counts were

corrected for background radiation (approximately 50 cpm),

and the specific activity for the analog was found to be

1578 cpm/um, with a standard deviation of 49 cpm/um

(Table IV).

Chromatographic Procedures.--The N-nicotinyl- and N-

isonicotinyl-N' -(substituted)ureas were chromatographed with

a 95 percent ethanol 0.1 N acetic (1:1) solvent mixture on

Whatman No. 1 paper, using the ascending technique, for 8 to

10 hours. The spots were located by using short-wave ultra-

violet light. The results summarized in Table V were based

on an average of three chromatographic separations, and the

Rn (nicotinylurea) and Rin (isonicotinylurea) are reported

in addition to Rf values as suggested by Block (5).

Addition Reactions .--Ultraviolet studies of these

spectra were made with a Beckman model DB-G grating spectro-

photometer using quartz cells of 1-cm light path. Freshly

prepared water solutions of 100 ig/ml of NAD and the N-

nicotinyl-N'-ethylurea analog of NAD served as a source-of

these compounds in these reactions.

Reaction with KCN (Figure ).--The reaction mixture

contained 0.1 ml of NAD or the analog solution diluted to

3 ml in cuvettes with 1.0 M KCN at pH 10. The spectra were

recorded immediately against a reference of 1.0 M KCN.

. ..
__ . _ .



TABLE IV

DETERMINATION OF SPECIFIC ACTIVITY OF

N-NICOTINYL -7-1 4C-N '-ETHYLUREA

CPM/500g I CPM/}m d d2

3910
4123
4063
4001
4029
4034
4227
4115
4007
4145
3927
4326
4367
3942
4043
4265
4070
4147
4025
4010

1509.3
1592.3
1569.1
1544.0
1555.6
1557.5
1630.9
1588.4.
1545.9
1600.0
1515.1
1669.5
1684.9
1520.8
1561.4
1646.3
1571.0
1611.6
1553.7
1548.4

-68.5
+14.6

8.7
-. 33.7
-.22.2
-20.2
+53.1
+10.7

- 31.8+22.3
-68.3
+91.7

+107.2
-56.9
-16.4
+68.6
- 6.7

+33.8

-24.1
-29.9

31554.8

1577.7

0', 46490.2

20

a = 48.3

CPM/5O00,g x 193 )ig/pf CPM/im
500

20

1 .

2.
3.
4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
:15.
1.6.
L7.
18.
19.
20.

4689.5
210.5
74.8

1135.7
491.1
409.3

2820.7
113.4

1011.9
494.2

4280.5
8410.7

11481.1
3237.6
268.0

4699.1
45.2

1143.8

580.3
892.8

46490.2
I'

-
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TABLE V

CHROMATOGRAPHY OF N-NICOTINYL AND N-ISONICOTINYL-

N'-(SUBSTITUTED )UREAS

Substituent Nicotinyl Isonicotinyl
Group Rf Rn Rf Rin

Hydrogen 0.79 1.00 0.76 1.00

CH3- 0.83 1.05 0.79 1.06

CH3CH2- 0.90 1.13 0.8 2 1.08

CH3CH2CH 2- 0.88 1.11 0.81 1.07

(CH3 )CH- 0.84 1.06 0.77 1.02

CH 3 CH 2 CH 2 CH 2 - 0.91 1.15 0.79 1.04

(CH3) 3C- 0.91 1.04 0.77 1.02

CH2=CHCH2- 0.88 1.11 0.78 1.04

CH 3 (CH 2) 4 CH 2 0. 0.91 1.15 0.80 1.06

C6H13 -f 0.86 1.08 0.80 1.05
C6 H5 - 0..84 1.06 0.78 1.03

C1 0 H7 - 0.89 1.12 0.79 1.05

Rn and R. ratio of distance traveled by analog to the
distance traveled by nicotinyl and isonicotinyl urea, respec-
tively.
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Reaction with NaHSO3 (Figure 2).--The reaction mixture

contained 0.1 ml of NAD or the analog solution diluted to

3 ml in cuvettes with 5 percent NaHSO3 at pH 6.9. The

spectrawere recorded immediately against a reference of 5

percent NaHSO 3 .

Reaction with Dihydroxyacetone (Figure 3).--The reaction

mixture contained 0.1 ml of a freshly prepared water solution

of dihydroxyacetone, 5000 ig/ml, and 0.1 ml of NAD or the

analog solution diluted in cuvettes to 3 ml with tris buffer

at pH 10. After 5 minutes, the spectra were recorded using

0.1 ml of dihydroxyacetone diluted to 3 ml with tris buffer

as reference.

Reaction with Acetone (Figure 4).--This procedure is a

modification of a previously reported technique for the

determination of nicotinamide and NAD in blood and urine (12).

To a sample of 0.1 ml of stock solution of NAD or the

analog in a 15-ml test tube, 0.5 ml of acetone (predistilled

from KMnO4 ) was added. To this solution, 0.2 ml of 6 N NaOH

was added, and the reaction mixture was allowed to stand.at

room temperature for 5 minutes. The alkali solution was

neutralized with 0.3 ml of 6 N HCl, and the resulting

reaction mixture was heated in a boiling water bath for

2 minutes. After cooling, 1 ml of 20% KH2PO4 solution was

added, and the contents were diluted to 10 ml with

v, wA - < ,
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water. The spectra were recorded immediately against a

reference prepared in the same manner in the absence of NAD

or the analog.

Alcohol Dehydrogenases (Figure 5).--A sample containing

2.5 ml of a solution of 0.5 M ethanol in 0.1 M tris buffer

(pH 10) was mixed with 0.1 ml of stock solutions of either NAD

or the analog (0.1 ml). To this mixture was added 0.1 ml

(25 iig/ml) of a stock solution of alcohol dehydrogenase

prepared from yeast or horse liver. The uv spectra were

taken using a reference of 0.5 M ethanol in 0.1 M tris buffer.

Degradation Studies (Figure 6).--Fifty milligrams each

of NAD and N-nicotinyl-7-14C-N'-ethylurea analog of NAD was

hydrolyzed by heating at 100 C for 5 minutes in 5 ml of

0.05 M NaOH. The resulting hydrolysates were evaporated to

dryness under vacuum below 40 C, the residues taken up in

water and transferred to a Dowex-1 anion exchange column in

the formate form. The column was eluted with distilled

water until the eluates were free of materials absorbing at

260 mu. After evaporating the combined filtrates to dryness,

the residues were extracted with methanol and chromatographed

by the ascending technique on Whatman No. 1 paper using, either

a 6:4 mixture of acetone and 35 percent formic acid or a

Alcohol dehydrogenases were commercial preparations
purchased from Sigma Chemical Company, St. Louis, Missouri.
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Fig. 6.--Schematic summary of chromatographic studies.
Lanes 1, 2 and 3 respectively are controls showing locali-
zation of the pure compounds. Lanes 4 and 5 are the results
obtained upon degradation of C and D* in 0.05 N NaOH.
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1:1 mixture of 95 percent ethanol and 0.1 M acetic acid

as the developing solvent. The development was allowed to

proceed for approximately 6 hours. After drying in air, the

spots were visualized under ultraviolet light. Radioactivity

of the analog was semiquantitatively determined by eluting

the spots with distilled water for several hours at 37C and

evaporating the supernatant solutions on stainless steel

planchets to dryness, using an infrared lamp.

Biochemical Assay Procedures

Microbiological Assays.--The inhibitory properties of

the N-nicotinyl and N-isonicotinyl-N'-(substituted)urea

analogs to growth of microorganisms were examined. Using

Lactobacillus arabinosus, Lactobacillus casei, Streptococcus

faecalis and Leuconostoc dextranicum, a routine disc assay

technique was utilized (24),and in subsequent studies with

L. casei, L. arabinosus and E. coli 9723, a liquid culture

tube type assay was used at the maximum limit of solubility

of the analogs.

The procedure for assays with E. coli utilized a

previously described inorganic salts-glucose medium (3).

L. case, S. faecalis, L. dextranicum, and L. arabinosus

were also tested in a previously described amino acid

medium (26) with the following alterations: S. faecalis

required the addition of 20 ig/ml medium of glutamine,which

was added aseptically. L. case required the addition of
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100 ig/ml medium glutamic acid. L. dextranicum required the

addition of 4X phosphates and 0.02 pg/ml panthethine.

Fish Assay Studies.--The fish assay procedure was a

modification of that reported in Standard Methods of Water

Analysis .(29), and Investigations in Fish Control (22). In

this adaption, a series of experiments were carried out em-

ploying Shiner fingerlings, a fresh-water species of "rough"

fish of the minnow family, to determine the relative

toxicities of the analogs. The measure of toxicity in these

experiments was determined by the Median Tolerance Limit

(TL50) (the concentration of the tested analog in solution

at which just fifty percent of the fish were able to survive

for a specified period of exposure). Test specimens,obtained

from a storage tank kept in the dark at approximately 670F,

were placed in a plastic bag filled with water at 25C and

in the presence of oxygen, for transportation to the laboratory.

Exploratory tests using three fish each employing a logarith-

mic series of concentrations of 100, 75, 56, 42, 32, 24, 18,

13.4, and 10 1g/ml, respectively, of the test solutions, were

performed to demonstrate toxicity and to determine the con-

centration range to be used in the bio-assay of the analogs.

The concentration range chosen included the highest concen-

tration at which all fish survived and the lowest concen-

tration which was lethal to most of the specimens in the same

time interval. The logarithmic series of concentrations
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ranges were also used as a means of approximating TL 5 0 (29)

by straight line interpolation, on semilogarithmic paper, of

percent survival against time.

Once the concentration range had been ascertained, ten

test specimens (each with an average weight of 3.5 g and

approximately 3.5 cm in length) were placed in one liter of

the test solution contained in a battery jar of approximately

two liters capacity. The test solutions were aerated

throughout the experiment with compressed air. The pH of

the test solutions and controls were adjusted to between

7.2 and 7.4 with dilute NaOH and/or dilute HCl, while the

temperature was maintained between 230 and 250C. A control

test with ten specimens in distilled water (pH, 7.2-7.4) was

carried out concurrently with ten specimens with each series

of tests of different concentrations of the analogs. The

percent survival was recorded at four-hour intervals, and

those analogs which had more than eighty percent survival at
the end of the test period were considered non-toxic. In a

typical run, ten percent mortality of the control invalidated

the test. Table VI summarizes the results from the preliminary

toxicity tests.
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TABLE VI

TOXICITY OF N-NICOTINYL AND N-ISONICOTINYL-N'-

(SUBSTITUTED)UREAS TO SHINER FINGERLINGS

C H C H
1i 9 1 i i
C-N-C--N-RKY011

R Nicotinyl Isonicotinyl

H

CH3-

CH3CH2

CH 3CH 2CH2 -

(CH3 )2- + +

CH3CH2CH 2CH2- +

(CH3)3C-

CH2 =CH-CH 2 - +

CH3(CH2)4CH2- ++ ++

06H- ++

(-=) nontoxic.
(+) = toxic between 55 and 75 ig/ml.
(++) toxic between 25 and 55 Ig/ml.

4
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RESULTS AND DISCUSSION

The reaction of acid amides with alkyl isocyanates may

be utilized quite generally to prepare N-acyl-N'-(substituted)-

ureas (24). The preparation of the N-nicotinyl and N-iso-

nicotinyl-N'-(substituted)ureas herein reported was carried

out in this manner, and the reactions produced good yields

of products in most cases. However, attempts to prepare the

unsubstituted nicotinyl and isonicotinyl ureas by interaction

0 O H0H
pgti i il ii

2+ R'-CNO C-N-C-N-R

of the corresponding acid chlorides with potassium cyanate,

followed by ammonolysis , or by the reaction of the corre-

sponding acid chlorides directly with urea gave low yields

of products which were difficult to purify. In contrast, a

previously reported method of synthesizing acyl ureas by

employing the interaction of the appropriate methyl esters

of acids with monosodiourea in liquid ammonia was effectively

used to prepare these analogs in good yield -R'=H (17), This

latter method also gave good yields of the corresponding

-- ll----- .--
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Na+
H

N 0 H 0 H

NH3 " C-N-C-N-R '

NHR' Nm

NN

isopropyl and t-butyl analogs when N-isopropyl- and N-t-

butylurea were used as substrates. These analogs were readily

purified by recrystallization from appropriate solvents and

were completely stable at room temperature (Tables II and III).

Preliminary biological studies indicated that these compounds

were not significantly inhibitory to the growth of micro-

organisms in several assay systems.

Concurrent with the above studies, N-nicotinyl- and

N-isonicotinyl-N'-(substituted)thiourea analogs were prepared

by the interaction of nicotinyl or isonicotinyl thiocyanate

with the appropriate primary amines in acetone (7). With few

exceptions, these compounds were obtained in poor yields and

proved to be relatively unstable under normal bio-assay con-

ditions. They were not investigated further in this study

0
'I 0
C-Cl

Acetone
KN) + NH4SCN 7 <CSC

NN

HCl

0 0 H S H
CSCN Acetone C-N-C-N-R

+ R-NH 2  K% N
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Selected chemical agents are of great interest in

fishery research because of their promise as selective

controls for freshwater "rough fish", and it was of interest

to investigate N-nicotinyl and N-isonicotinyl-N'-(substituted)-

urea analogs as potential piscicides. Toxicity in animal

systems, and also the influence of temperature and exposure

to other aquatic species, would be of interest in estab-

lishing the potential of these analogs as piscicides. To

this end, both the N-nicotinyl and N-isonicotinyl-N'-

(substituted)urea analogs were examined for general toxicity,

employing Shiner fingerlings as the principal test organism.

In these experiments, the test solutions were diluted to the

desired concentration from a freshly prepared stock solution

of the analogs at their approximate maximum concentration level,

1000 ig/ml. The measure of toxicity in these tests was the

Median Tolerance Limit (TL50), the concentration at which just

50 percent of the test specimenscould survive in specified

time of exposure, as compared to test specimens in distilled

water alone. The control assays were carried out concurrently,

and the solutions were adjusted to identical .pH values. Most

of the N-nicotinyl-N'-(substituted)urea analogs exhibited some

degree of toxicity; in contrast, the N-isonicotinyl-N'-

(substituted)urea analogs were toxic only in the case of the

isopropyl and hexyl derivatives. The TL50 for those analogs

in this series showing significant toxic activity was fairly

constant, falling within the range of 52 to 67 u g/ml. The
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single exception was the N-nicotinyl-N'-hexyl analog,which

had a mean TL50 concentration of 27 lg/ml (Table VII). The

time of exposure of test specimen to various concentrations

of test solutions for determining the TL50 were varied from

4 to 32 hours.

Having exhibited the greatest degree of toxicity

relative to the other compounds tested, N-nicotinyl-N'-

hexylurea was chosen for additional studies in an effort to

determine the mode of action of the toxicity of N-nicotinyl-

N'-(substituted)urea analogs. A companion study was also

carried out with 3-acetylpyridine in the same system, since it

had been previously observed that 3-acetylpyridine is a nico-

tinic acid antagonist. Further, 3-acetylpyridine has been

found to undergo an exchange reaction with NAD and NADP, giving

rise to an analog which is considered non-functional in animal

systems (43).

The TL50 for 3-acetylpyridine was determined to be

7.5 tag/ml, thus making it approximately 4 times as toxic as

N-nicotinyl-N'-hexylurea. However, at least 12 hours of con-

tact in test solutions of 3-acetylpyridine were necessary before

any evidence of toxicity was manifest, which is in contrast to

N-nicotinyl-N'-hexylurea which required less than an hour for

toxic effects to be observed. At the lethal concentration

levels in both cases, the observed toxic effects were (a)

rapid respiration, (b) motor incoordination, (c) inflamed
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TABLE VII

MEDIAN TOLERANCE LIMITS (TLm) FOR VARIOUS NNICOTINYL

AND N-ISONICOTINYL-N'-(SUBSTITUTED)UREA ANALOGS IN

TOXICITY TESTS.WITH SHINER FINGERLINGS

Nicotinyl Isonicotinyl
TL50 Time TL50  Time

R1pg/ml hours p g /m hours

H -

CH3 - - -

CH3CH2- 56 28M-

CH3 CH2 CH2 - 56 24

(CH 3 ) 2 CH- 56 32 56 28

CH3(CH2)2CH2 - 56 28

(CH 3 ) 3 C 67 20

CH2 =CHCH 2 - 67 28-

CH 3(CH2)4CH2 -. 27 4 42 4

C8H11- 52 16

C-) = nontoxic.
(0) : not tested in this system.

__ - - ,: ,
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skin in the gill region, followed by (d) complete paralysis,

and finally (e) death. Concentration-mortality response

plots for N-nicotinyl-N'-hexylurea and 3-acetylpyridine are

presented in Figure 7.

Presuming that these derivatives acquire their toxic

properties through interfering at some stage of nicotinic

acid (or amide) anabolism, an effort was made to determine

if the inhibition was at a stage prior to the formation of

the vitamin. Accordingly, supplements of the precursor,

tryptophane, were added at high concentration levels in an

effort to overcome the lethal effects of the analog in the

fish assay. Tests were carried out concurrently with both

3-acetylpyridine and N-nicotinyl-N'-hexylurea -in the presence

of increasing concentrations of tryptophan. As indicated in

Table VIII, supplementation of the amino acid was without

effect on the toxicity of either of the analogs to Shiner

fingerlings. Thus, it would appear probable that a metabolic

block of the biosynthesis of nicotinic acid is not the site

of bioactivity of either of these derivatives.

Subsequently, bioassays were carried out to determine if

the lethal effects of N-nicotinyl-N'-hexylurea and/or 3-

acetylpyridine in the presence of Shiner fingerlings could be

negated in the presence of supplements of nicotinamide. The

results shown in Tables IX and X indicate that the toxicity

of both N-nicotinyl-N'-hexylurea and 3-acetylpyridine for

Shiner fingerlings is reversed by nicotinamide. The data



41

D

0

0

0
0

0

15 20 25 30
1

35
Concentration, g/m

Fig. 7 .--Concentration-mortality response curves for 3-
acetyl pyridine (A) and N-nicotinyl-N'-hexylurea (0) with
Shiner fingerlings after 20 hours exposure.
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TABLE VIII

ATTEMPTED REVERSAL OF N-.NICOTINYL-N '-HEXYLUREA AND

3-ACETYLPYRIDINE TOXICITY TO SHINER FINGERLING$

WITH L-TRYPTOPHAN (16 HOURS EXPOSURE)

Conc.
Conc., L-tryptophan, Ratio Percent

Inhibitor jg/ml - pg/ml mole/mole Mortality

Water Control

None

N-Nicotinyl-
N'ahexylurea

t

ft

ft

'V

3-Acetylpyridine

t

t

t

37

37

37

37

37

13.5

13.5

13.5

13.5-

13.5

340

0

17

34

85

340

0

11.4

22.8

114

228

0.5

1.0

2.0

10.0

0.5

1.0

5.0

10.0

0

0

100

100

100

100

100

90

90

100

90

100
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TABLE IX

EFFECT OF NICOTINAMIDE ON THE TOXICITY OF

3-ACETYLPYRIDINE TO SHINER FINGERLINGS

Treatment

Water Control

3 -Acetylpyridine

Nicotinamide

!!

f!

!!

!!

Conc.,
pg/ml

13.5

13.5

i

#1

3-Acetyl-
pyridine Percent Survival Hours

pg/ml 12 16 20 24

13.5

4.2

5.6,

7.5

10.0

13.5

100

100

100

100

100

100

100

100

- - 100

10 0

- - 100

- 100

- - 100

-- 100

- - 100

100 80 80
: I

loom
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TABLE X

REVERSAL OF LETHAL EFFECTS OF N-NICOTINYL-N'-HEXYLUREA

TO SHINER FINGERLINGS WITH N[COTINAMIDE

Conc., Nicotinamide, Percent Survival, HoursTreatment pg/ml i g/ml 8 12 6 20

Water Control - - 100 - 100

Nicotinamide - 200 100 - - - 100

N-Nicotinyl-N' -
hexylurea 40 - 0

It"I 2 0

20 10 0

100 0

200 100 100 100 90 60
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in Tables IX and X indicate that even though nicotinamide

reverses the toxicity of these analogs, at the higher concen-

trations used, there is observed a slight decrease in the

percent of test specimen surviving. It would appear reason-

able to assume that the protective effect of nicotinamide at

higher concentration levels reaches a maximum which ultimately

produces a deleterious effect due to the toxicity of the

nicotinamide itself. Accordingly, this effect would be mani-

fested in the appearance of a loss of protection against the

toxicity of these analogs. A comparable phenomenon has been

observed in the case of 3-acetylpyridine in an animal

system (43).

Since the preliminary studies suggest that the toxicity

of N-nicotinyl-N'-hexylurea and its homologs is probably

associated with an antagonism of endogenous nicotinic acid,

and since the major biological role of this vitamin is in its

coenzyme form as a pyridine dinucleotide, a series of studies

was undertaken to determine if the toxicity is induced at

the level of coenzyme synthesis. Researchers concerned with

the effect of inhibition of enzyme incorporation of NAD by

nicotinamide have shown unequivocally that carbon-14 labeled

nicotinamide could be induced to undergo an exchange reaction

with NAD in the presence of NAD-ases, and the carbon-14

labeled NAD could be readily isolated by ordinary means (21).

Further investigations with analogs of nicotinamide revealed

that incubation of an analog in the presence of NAD and

Mid
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NAD-ases from pig brain could be used quite generally to form

analogs of NAD by an exchange reaction in vitro (2). Of the

nicotinamide analogs investigated in vivo, however, only the

3-acetylpyridine, 6-aminonicotinamide and 5-fluoronicotinic

acid derivatives of NAD have been isolated from tissues in

animal studies (6,13,18).

Since the toxicity of 3-acetylpyridine is mediated

through an intercellular synthesis of a nonfunctional 3-

acetylpyridine-NAD analog, the same mode of action might con-

ceivably be operative with N-nicotinyl-N'-(substituted)urea

analogs (2). Accordingly, an enzymic synthesis of a repre-

sentative N-nicotinyl-N'-(substituted)urea analog of NAD was

undertaken. It was anticipated that if the physical-chemical

characteristics of urea-NAD analog could be established via

spectral analysis, an identification of this conjugated

inactive substance might be identifiable at the lethal concen-

tration levels of the N-nicotinyl-N'-(substituted)ureas in the

host biological system.

Properties of the N-Nicotinyl-N'-ethyluzrea-NAD Analog.--

The N-nicotinyl-N'-ethylurea-NAD analog was prepared by incu-

bating a homogenized mixture of N-nicotinyl-N'-ethylurea,

NAD-ase, and NAD in phosphate buffer (pH 7.5) for approximately

two hours at 37 C. The enzymic reaction was terminated with

- ='1' ;d dew' ,.. ., n .r.......
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0
11
0-NH2  NH2  0 0

N aH a H

00 1< C-N-C-N-OH2
0,+N 0 0 + | _ _N C.N C 2

11 0

S CH2-P-P-OCH2 NN'
0O 0

H H NAD-ase
37

OH OH

OH OH

0 0

C-N-C-N-C 2 H5  NH21 0
+N 0 0 N C-NH2

CH20-P-P-CH2  N N

H H

OH H

OH OH

trichloroacetic acid, and precipitated proteins were removed

by centrifugation. The resulting solution was added to cold

acetone to precipitate the analog. After the precipitate was
dried, it was incubated with NAD-ase (N. crasse) to destroy

excess NAD in 0.1 M sodium acetate. The resulting solution

containing the analog was placed on an ion-exchange column in
the formate form, and the column was washed with distilled

water to remove nicotinamide. The analog was then eluted

from the column with a 1:1 mixture of 0.1 M formic acid and
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0.1 M sodium formate. The eluate was evaporated in vacuo to

dryness at 370C, and the residue taken up in about two ml of

distilled water and acidified with nitric acid. The acidified

solution was added to excess cold acetone to precipitate the

analog,which was obtained as a light tan hygroscopic powder

that was stable at room temperatures stored in a vacuum desic-

cator. N-nicotinyl-7- 1 4C-N'-ethylurea was prepared by the

interaction of ethyl isocyanate and nicotinamide-7-14 C in

toluene, and was subsequently used to prepare N-nicotinyl-7-

14C-N'-ethylurea-NAD analog by the procedure cited above,with-

out modification.

The analog had a millimolar extinction coefficient of

13,050 mj,as compared to 15,400 mu for NAD, and the absorption

spectra for the analog were almost identical at all points to

that of NAD in neutral solution and in 0.1 M HCl. There was a

slight shift of the absorption maximum of 260 mu to 255 mu in

0.1 M NaOH.

In the absence of hindered positions on the pyridinium ring,

reactions involving the addition of substituents at the 4-

position of N-nicotinyl-N'-ethylurea-NAD analog would be expected

and subsequent spectral alternations would be observed when

there were interactions of the analog and such addition reagents

similar to those reported for NAD (20,21). Therefore, in the

presence of 1.0 M aqueous KCN, 0.1 M NaHSO3 at pH 6.9, acetone

in the presence of 6 M NaOH, and alkaline dihydroxy acetone,

new absorption peaks were observed, very similar to those
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observed with NAD in the presence of these reagents. The

N-nicotinyl-N'-ethylurea-NAD analog was not affected by

alcohol dehydrogenases in Tris Buffer at pH 10. Spectral

characteristics of the analog as compared to those of NAD

are presented in Table XI and in Figure 8.

Chromatographic Studies of N-Nicotinyl-N'-ethylurea-NAD

Analog.--Further confirmatory evidence indicating that an

exchange reaction between N-nicotinyl-N'-(substituted)ureas

and NAD had occurred in the presence of NAD-ases was obtained

through degradation and chromatographic studies of the N-

nicotinyl-N'-ethylurea-NAD analog.

For the separation of N-nicotinyl-N'-ethylurea, nicotin-

amide and NAD, a 6:4 mixture of acetone and 35 percent formic

acid or a 1:1 mixture of 95 percent ethanol and 0.1 M acetic

acid were found to be suitable solvents. The resulting

hydrolysates from degradation of NAD and N-nicotinyl-7-14C-

N'-ethylurea-NAD analog in 0.05 M NaOH at 100 C, after appro-

priate treatment, were chromatographed on Whatman No. 1 paper.

Development was allowed to proceed for approximately 6 hours,

by ascending technique. After air drying,the spots were

observed under ultraviolet light. NAD yielded nicotinamide

as a single spot only, and the N-nicotinyl-7-14C-N'-ethylurea-

NAD analog yielded two spots, N-nicotinyl-N'-ethylurea and

nicotinamide, both radioactive. The radioactivity was semi-

quantitatively determined by eluting the spots with distilled

"^ - in - v , - _---
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TABLE XI

A COMPARISON OF ABSORPTION MAXIMA OF N-NICOTINYL-N-

ETHYLUREA ANALOG OF DIPHOSPHOPYRIDINE NUCLEOTIDE

WITH DIPHOSPHOPYRIDINE NUCLEOTIDE

Reagent Analog DPN

Distilled water

pH 7.0

0.1 N HCI

0 .1 N NaOH

5 Percent NaHSO 3
pH 6.9

Aqueous KCN

Dihydroxyacetone

Acetone

Alcohol Dehydrogenases

260 mu

260 myu

255 mu

325 mu

260 mu
325 myu

260 mui
335 mus

270 mu

Yeast I-M
Horse , liver j-+
.-. + Indicates no reaction

260 mu

260

260

325

260
325

260
340

350

mu

mu
mu
mu

mu

mu

340 m

340 m

4 -44- A - - . '.. , , , . -, 11 -1. -1 -, , -Mal.
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water several hours at 37 C and evaporating on stainless steel

planchets to dryness, using an infrared lamp, and counted. A

chromatographic summary is presented in Figure 8.

The chromatographic results clearly show that normal NAD

and the synthetic N-nicotinyl-N'-ethylurea-NAD analog have

similar Rf values in the solvent systems employed in this

study and that degradation of these compounds in dilute

alkali gave rise to the expected products nicotinamide,

N-nicotinyl-7-1 4C-N'-ethylurea, and nicotinamide-7- 14C and/or

nicotinic acid, respectively. This seems to be. conclusive

evidence for an in vitro exchange reaction between NAD and

N-nicotinyl and N-isonicotinyl-N'-(Substituted)ureas in the

presence of NADases. The parallel experimental results from

toxicity studies in which 3-acetylpyridine and N-nicotinyl-

N'-hexylurea were compared suggest that the toxicity of the

urea analog described in this study may be due to a common

mode of action. More specifically, their toxicity may be due

to intracellular exchange reactions between diphosphopyridine

nucleotide and the urea analogs in the presence of nucleotidases

present in the cells, giving rise to a diphosphopyridine nucleo-

tide analog thai is non-functional with regard to its role in

specific enzyme reactions.

It has been postulated that the liver can convert 3-

acetylpyridine to nicotinamide or nicotinic acid at an

appreciable rate. When the rate of hepatic conversion is

exceeded, other tissues, especially the brain, incorporate
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the analog by way of the NAD-ase system (30). Since an ex-

change reaction between N-nicotinyl-N-(substituted)ureas and
NAD has been demonstrated in vivo, it might be reasonable to
suggest that the toxicity of the urea analogs used in this

study represents a comparable metabolic site of reaction to
that of 3 -acetylpyridine.

In conclusion, it appears that N-nicotinyl and N-isonico-

tinyl-N'-(substituted)ureas possess some potential as possible

piscicides in fish culture. However, in this exploratory

screening, species specificity was not established, and this
is suggested as a future study under laboratory conditions

with controlled temperature variations and with hardier

specimens that could be observed for periods longer than 24

hours,with confidence. Another point of interest is that if

these urea analogs (selective or unselective) should be found

effective as piscicides under laboratory conditions, the

products of degradation under field conditions may not be
deleterious to plankton and fauna indigenous to the

environment to which they were applied,as has been observed

with a variety of piscicides. A case in point is Thiodan-6,
7 , 8 ,9, 1 0,10-hexochloro-1,5,5,6,9,9a-hexahydro-6,9-methano-

2,4, 3 -benzodioxathiepin-3-oxide, a non-selective piscicide

that has been studied extensively (14). Toxicity in animal
systems as well as the influence of temperature and exposure
in other aquatic species would also be of interest in estab-
lishing the potential of these analogs as piscicides.

---
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The reports of inhibitory activity of certain 6-

substituted nicotinamide analogs against mouse lymphoid

leukemia and other tumor systems suggests that pre-formed

N-nicotinyl and N-isonicot inyl-N'-s analogs

of NAD might serve as antagonists in such systems (25,28).

Thus additional studies of the nicotinic acid analogs as

anti-tumor agents would be of interest.

It appears that in this study the nature of the toxicity

of N-nicotinyl and N-isonicotinyl-N'-(substituted)urea analogs

to Shiner fingerlings has been established and is probably

due to an in vivo incorporation of the analog to form an

inactive NAD coenzyme form which is biologically inactive.
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INTRODUCTION*

The use of synthetic organic compounds, both as chemo-

therapeutic agents and as metabolite antagonists for the

study of biochemical processes, developed rapidly after the

discovery that sulfonamide drugs exert their effect by com-

peting with p-aminobenzoic acid for essential sites (49,50).

Chemical analogs have been synthesized and studied, including

derivatives of essentially all of the naturally occurring

organic structures which occur in biological systems (25).

The pyrimidine analogs are of considerable interest

since this structure is found in nucleic acids, and many

derivatives have been observed to inhibit de novo pyrimidine

nucleotide biosynthesis as well as to compete with natural

substrates at various levels of metabolism. Extensive reviews

of pyrimidine analogs and their biochemical functions have

been published (2,20,22,29,30,44). Closely related struc-.

tural analogs have been proved to be especially interesting.

For example, the partial replacement of thymine by 5-bromo-

uracil has been observed in the DNA of Escherichia coli.

This work has been published in part: R. E. Masingale,S. R. Bryant and C. G. Skinner, J. Med. Chem., 12, 152 (1969).
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Thymine 5-Bromouracil

The nucleic acids produced containing this analog have been

found in succeeding generations; however, the organisms did

form abnormal cell bodies (51). 5-Iodouracil and 5-bromo-

uracil are toxic to bacteria but are inactive in mammalian

systems (24,37), whereas 5-chlorouracil is effective in both

systems (12,14). Subsequent studies have led to a rather

extensive use of halogenated derivatives in preclinical and

clinical studies (31). The most effective anticancer agents

are fluorinated pyrimidines (13), and these data have been

extensively reviewed by Heidelberger (23).

Perhaps the most widely studied of the pyrimidine

analogs in metabolite antagonism studies have been the

nitrogen isosteres. From a clinical viewpoint, the most

effective use of these potential metabolite analogs has been

in the general area of antitumor therapy, and the molecular

basis of their physiological action has receive consider-

able attention. 5-Azauracil and 5-azaorotic acid inhibit
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adenocarcinoma (14), but not leukemia (16), and function as

competitive inhibitors of orotidylate pyrophosphorylase (19).

5-Azauridine, 5-azauridylic acid, 5-azauracil decompose to

form N-formylbiuret and other products (5,6,7), a derivative

which has been demonstrated to antagonize cyclization of

ureidosuccinic acid to dihydroorotic acid (8). 5-Azacytidine

is active against leukemia in AKR mice (46), and Ehrlich

ascites cells phosphorylate the derivative and incorporate

it in vivo into RNA (26). 5-Azacytidine also inhibits protein

synthesis by incorporation into soluble RNA (27) and/or

messenger RNA (38).

6-Azauracil was originally synthesized as a potential

uracil antagonist (3,15,21) and was later demonstrated to

inhibit animal tumors in vivo, but not in tissue culture (41).

In contrast to bacterial cells (45), mammalian cells do not

anabolize 6-azauracil to its ribonucleoside (41,42). The

biological activity of 6-azauridine in a series of animal

neoplasms correlates with its inhibition of orotic acid

metabolism in vitro (9).

6-Azacytosine (47) undergoes deamination in vivo to

6-azauracil, and its bacteriocydal activity (15) may be

correlated with the degree of deamination (4). 6-Azacytosine

is a more effective inhibitor of adenocarcinoma 755 than 6-

azauracil, however, which is not easily explained by its

deamination.
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6-Azathymine (33) is anabolized to its riboside and ribo-

tide (34), and finally incorporated into DNA, but its toxicity

is not directly related to this incorporation (35). It

inhibits the incorporation of formate and thymidine into DNA

thymine in Ehrilich ascites cells (36,37).

0

o' N

H

6-azauracil

0

HN

0 N

H

uracil

NH2

0 N N
H

6-azacytosine

NH2

N

p N

H

cytosine

CH 3

thymine

0

HN CH3

0 N'N
H

6-azathymine

Since such isosteric modifications have proved

effective in the previously mentioned examples, and since

such an approach is academically sound as a route to metabo-

lite antagonists in general (41), a study of the corresponding

oxygen isosteres of thymine and uracil was undertaken. The

synthesis of both of these oxa derivatives has been reported

through a series of reactions which resulted in rather low

0

HN

0 N
H
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yields (29). The present study was designed to accomplish

the following:

(1) To synthesize the 6-oxa-isosteres of uracil and thymine

through essentially a new method by the interaction of

hydroxyurea and the appropriate alpha-halogen acid, and

with subsequent cyclization of the intermediate ethyl

esters of the resulting ureidoaminooxy acids;

(2) To characterize the resulting 6-oxadihydropyrimidines by

appropriate physical methods;

(3) To examine the biological properties of the 6-oxadihydro-

pyrimidines in a variety of microbial systems employing

liquid culture studies;

(4) To evaluate the result of these studies using inhibition

analysis techniques;

(5) To examine the inhibitory activity of the 6-oxadihydro-

pyrimidines in mammalian cell cultures;

(6) To examine the inhibitory activity against a variety of

pathogenic organisms by the agar inclusion technique; and

(7) To examine the antiviral activity against selected viruses.

;
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EXPERIMENTAL

Organic Synthesis

Hydroxyurea was prepared by treating a solution of

34.5 g of hydroxylamine hydrochloride in 100 ml of water with

40.5 g of potassium cyanate with stirring. When the reaction

was complete, the solution was filtered, and the filtrate was

evaporated under vacuum at 37 C to dryness. The solid residue

was extracted with hot methanol, decanted, and the super-

natant was then chilled to induce precipitation. The crude

material was recrystallized from absolute ethanol to yield

between 50 to 70% of pure product, m.p. 142-144 (Reported

[11], m.p. 1440).

N-Ureidoaminoxyacetic acid.--A sample of 17.4 g of

potassium hydroxide was added to 10.0 g of hydroxyurea in

50 ml of dry methanol. The mixture was heated under reflux

while adding dropwise 12.6 g of chloroacetic acid. The

reaction mixture was then heated an additional hour with

stirring. The resulting solution was filtered, and the

filtrate was evaporated to dryness under vacuum. The oily

residue was taken up in 20 ml of water and acidified to pH 2

with concentrated hydrochloric acid. The solid that precip-

itated upon chilling was recrystallized from hot water to

yield 16.1 g (92%) of pure product, m.p., 1620 (Reported

[28], m.p. 1670).

-:..:-.- :,,, aijt1 ;l sclex3a. w i;::. ;« i L' .:::,riv i ,.. - .. ,c - .. , ... _. ,. _ __. yu,#t-~F: ti, as
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Ethyl N-ureidoaminoxyacetate.--A sample of 13.5 g of

N-ureidoaminoxyacetic acid dissolved in 100 ml of ethanol

containing a catalytic amount of n-toluenesulfonic acid,

was heated with stirring overnight. Upon chilling, a

precipitate formed which was filtered and dried over wax

and CaCl2 in a vacuum desiccator. The yield of recrystallized

product (ethanol) was 15 g (96%), m.p. 122*-124 , [Reported

(28) m.p. 1250).

Ethyl-a-methyl-N-ureidoaminoxyacetic acid was prepared

by the same general procedure used in the preparation of

N-ureidoaminoxyacetic acid, using 10.9 g of a-chloropropionic

acid and 7.6 g of N-hydroxyurea, and 13.2 g of potassium

hydroxide. The final product was an oil, 11.9 g (80.5%

yield), that did not crystallize and was used directly to

prepare the ethyl ester by a procedure identical to that

previously described to prepare ethyl N-ureidoaminoxyacetate.

The ester was obtained as an oil in 83% yield (11.7 g) and

was used directly for the cyclization step [Reported (28)

m.p. 750*.

6-Oxadihydrouracil was prepared by dissolving 5.0 g of

the ethyl ester of ethyl N-ureidoaminoxyacetate in 50 ml of

ethanol containing an equivalent of sodium ethoxide with

stirring and allowing the reaction mixture to stand at room

temperature for 4 hours. There was produced a gelatinous

mixture. The solvent was removed in vacuo, the residue was
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dissolved in a minimum quantity of water, and the solution

was adjusted to about pH 7 with concentrated HCI. The

precipitate which formed was recrystallized from hot water

to yield 2.95 g of product, m.p. 180-181* [Reported (28), m.p.

1820).

6-Oxadihy thymine was prepared by adding dropwise

12.5 g of ethyl a-methyl-N-ureidoaminoxyacetate dissolved in

25 ml of ethanol to a solution of 1.65 g of sodium dissolved

in 50 ml of ethanol. After stirring at room temperature for

about 2 hours, there was formed a gelatinous mixture which

was evaporated to dryness in vacuo. The resulting solid

residue was dissolved in a minimum volume of water, the

solution adjusted to pH. 6 with concentrated hydrochloric

acid, and the material which precipitated was collected and

recrystallized from hot water to yield 7.2 g of product,.

m.p. 152-153 [Reported (28), m.p. 15301.

Microbiological Assay Procedures

Liquid Culture Studies.--For lactic acid bacteria a

previously described amino acid medium (39) was employed,with

the exclusion of uracil in the purine-pyrimidine supplement,

the addition of calcium pantothenate at 0.2 vg/ml, and with

additional modifications as noted: for Streptococcus
faecalis 8043, 20 pg/ml of L-glutamine was added without

heating to each assay tube; for Leuconostoc dextranicum 8086

.:.. r.: ... r,;. "t., .
.. 
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0.02 jg/ml of pantothenine was added, and the phosphate

concentration was increased four-fold. All of the lactic

bacterial assays were incubated at 300 Lactobacillus

arabinosus 17-5 and S. faecalis were read at 15 to 18 hours;

whereas L. dextranicum usually required 24 hours for optimum

growth. Assays with Escherichia coli Texas strain were

carried out in a previously described inorganic salts-

glucose medium (1), whereas an alternate basal media was

utilized for studies with E. coli W (10). All strains of

E. coli were incubated at 37 for 15 to 18 hours.

The amount of growth was determined using a Bausch and

Lomb model 20 spectrophotometer set at 600 mui. Since in

these studies the interpretation of the data is based on

essentially complete inhibition of growth, the intermediate

spectrophotometric readings are not required; however, in

order to establish growth rates, control curves were deter-

mined in which dry weight of cells is plotted vs percent

transmission. The percent transmission reading this way

served as a direct measure of bacterial growth (Table I).

Agar Inclusion Studies .--Testing was carried out to

establish the antimicrobial properties of 6-oxadihydrouracil

against 16 strains of gram-positive and gram-negative

bacteria and several strains of E. coli and K. pneumoniae.

*The author is indebted to the microbiological research
division of Smith, Kline and French Laboratories for these
studies using pathogenic organisms.

.. _ <<.
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TABLE I*

DRY WEIGHT OF BACTERIAL CELLS AS A FUNCTION OF PERCENT

TRANSMISSION AS DETERMINED ON A SPECTRONIC 20

SPECTROPHOTOMETER AT 600 mi

Bacteria, mg/ml dry weight of cells

E. L. S. L.
Transmission coli arabinosus faecalis dextranicum

90 0.01 0.01 0.07 0.06

80 0.03 0.06 0.13 0.10

70 ,0.06 0.11 0.21 0.20

60 0.09 0.16 0.32. 0.28

50 0.12 0.23 0.45 0.46

40 0.18 0.32 0.62 0.60

30 0.24 0.43 0.83 0.80

20 0.34 0.62 - 0.99

The bacteria were grown in the complete media given in
the Experimental section, spun down and washed with water.
The pellet was resuspended in water and fractionally diluted
to produce solutions of various optical density readings. An
aliquot of each of these diluted samples was reduced to dry-
ness in a hot air oven at 110 C to constant weight.

i ... a;..: ] -: ,' . r ..... 
i' . t.ii': 'ddciH.C44 7.nt :t-a



70

The agar inclusion technique was used in which the compound

was incorporated in melted trypticase soy agar (55 C). After

hardening, the agar surface was inoculated with suspensions

of the test organisms. Following overnight incubation, the

minimum concentration of compound capable of inhibition of

bacterial growth (MIC) was determined and recorded. Results

of this testing are shown in Table II and Table III.

Tissue Culture Assay Procedure *.--The procedures used for

the study of metabolic analogs in mammalian cell cultures have

been described in detail previously (49). Briefly, stock

monolayer-type culture of HEp-2 human carcinoma, Jensen rat

sarcoma., and WI-38 human diploid fibroblast cells were sub-

cultured to replicate T-25 flasks so that initial inocula

ranged from 0.2 to 3.3 x 106 cells per flask. After one or

two days incubation, test compounds were added at 0.25,

2.5, 5.0, 25, or 50 yg/ml final concentrations. Each

culture contained 3 ml of medium** and fresh medium changes

were made at 48, 72, or '96 hours, at which time three repli-
cate control and test cultures at each level were terminated

The author is indebted to Dr. P. F. Kruse, Jr., of the
Samuel R. Noble Foundation for these tissue culture studies.

No exogenous pyrimidines were added to this media; how-
ever, it does contain 10% serum. An analysis of serum for
the presence of pyrimidine compounds was carried out using
Escherichia coli ATCC No. 12632 which responds to uracil,
uridine, cytosine, and cytidine, but not to their metabolic
precursors; and it was demonstrated that the tissue culture
medium contained less than 0.6 pg/mI of these metabolites.
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TABLE II*

ANTIBACTERIAL ACTIVITY OF 6-CXADIHYDROURACIL

Minimum Inhibitory
Concentration

Organism g/mi

Staph. aureus HH 127 > 200

Staph. aureus SKF 23390 > 200

Staph. aureus HH 265 > 200

Strep. pyogenes C203 > 200

Strep. faecalis HH 34358 > 200

Diplo.pneumoniae HH 145 50

E. coli SKF 12140 > 200

E. coli HH 33779 > 200

Kieb. pneumoniae KKF 4200 100

Kieb. pneumoniae SKF 1200 > 200

Pseudomonas SP HH 63 50

Sal. paratyphi ATCC 121176 > 200

Shig. paradysenteriae HH 117 50

Ent. aerogenes ATCC 13048 > 200

Kieb. pneumoniae SKF 4200 (L) 100

Kieb. pneumoniae SKF 1200 (L) > 200

Toxicity studies courtesy of Smith, Kline and FrenchLaboratories. The agar inclusion technique was used em-
ploying trypticase soy agar.

w ,. _ _ . _ :~ ,.. . , . __. ,.,., ,.f
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TABLE III*

ANTIBACTERIAL ACTIVITY OF 6-OXADIHYDROURACIL

Minimum Inhibitory
Concentration

Organism g/mi

coli HH 20144

coli HH 1699

coli HH 29809

coil R 261

coli V 284

coli HH 20170

coli HH 20206

pneumoniae HH

pneumoniae HH

pneumoniae HH

pneumoniae HH

pneumoniae HH

pneumoniae HH

pneumoniae HH

> 200

> 200

> 200

> 200

> 200

> 200

> 200

> 200

> 200

> 200

> 200

> 200

> 200

> 200

and French
used em-

E.

E.

E.

E.

E.

E.

E.

K.

K.

K.

K.

K.

K.

K.

19938

25474

32859

25514

34240

19895

34262

Toxicity studies courtesy of Smith, Kline
Laboratories. The agar inclusion technique was
ploying trypticase soy agar.

I -
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for determination of cell numbers in a hemocytometer.

Antiviral Test Assays .-- The antiviral activity of

6-oxadihydrouracil was determined in mice infected with

Asian influenza, herpes simplexand coxsackie-B1 viruses.

The compound was administered subcutaneously in an 8-dose

treatment regimen (-3, 0.25, 24, 30, 48, 54, 72, and 78

hours post-infection) in the influenza virus infection. A

6-dose regimen was employed in the other two infections

(-3, 0.25, 24, 30, 48, and 54 hours post-infection). The

dose level tested was 25 mg/kg body weight throughout, and

the test groups consisted of 10 mice each. A water-Tween

solution (1 drop of Tween 80/100 ml of H20) served as a

compound diluent. Results of antiviral testings are presented

in Table IV.

Courtesy of Smith, Kline and French Laboratories.
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RESULTS AND DISCUSSION

Since it has been observed that functional metabolite

antagonists can be produced by isosteric replacement by -0-,

-S- and -NH- of methylene groups in naturally occurring

metabolites (43), it was of interest in this study to investi-

gate the biological properties of oxygen isosteres of the

naturally occurring pyrimidine bases, uracil and thymine.

A previous report has described the synthesis of 6-

oxadihydrouracil and 6-oxadihydrothymine in low yields (28).

in the present study an alternate route was utilized,employing

inexpensive commercially available chloroacetic acid and

a-chloropropionic acid and hydroxyurea (11).

Hydroxyurea was readily available by either of the two

synthetic sequences shown in the accompanying equations:

H
0C 2H5 NaOH NOH

O:C( + H2NOH-HCl ) O=C\
NH2  NH

H

. H20 _ NOH
H2 NOH.HCI + KCNO H20 C(

NH2

The second reaction proved to be the one of choice for

the preparation of hydroxyurea in this study because it ob-

viated the necessity of evaporating large volumes of water.

:..eroaawu oatsa -.- _ ,. $' ~dS$ :.sa' 1v :N ,...v- _ ;!
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:e h:rtxyu rea prodced by the second reaction was not as

pure initially as that produced by the first reaction;

however, the overall procedure had the advantage of being

less time consuming, and a pure product was readily obtained

after several recrystallizations from ethanol.

6-Oxadihydrouracil and 6-oxadihydrothymine were produced

in good yield by the reaction sequence shown in Figure 1. It

should be noted that this synthetic approach differed signi-

ficantly from the previously reported route to these analogs

(28) in that hydroxyurea was condensed directly with the less

expensive a-chloroacids in methanol in the presence of

potassium hydroxide to produce the corresponding N-ureido-

aminoxy acids. These acids were readily esterified by

refluxing in ethanol with catalytic amounts of p-toluene-

sulfonic acid to give good yields of the ethyl ester inter-

mediates. Initially, condensation of hydroxyurea with the

corresponding a-halogen esters was successful, but the ester

intermediates were obtained as oils, and in poor yields.

Cyclization of the ethyl-N-ureidoaminoxy acetates with sodium

ethoxide in ethanol produced the anticipated 6-oxadihydro-

pyrimidine analogs. Recrystallization from hot water afforded

the pure analogs in good yields.

The biological properties of 6-oxadihydrouracil and

6-oxadihydrothymine were examined in several microbial,

mammalian cells culture and antiviral systems. In the

liquid culture studies, 6-oxadihydrouracil was found to be

OR" 
- - -''. -, - - - - mm- dmm
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H H X O

NH ,0KOH /NOCHC-OH
0OC + CCHC-0H MeO H =

~NH2NH

NOC-HC-OH p-TSA NOCHC-0C2H5O=C + C2H50H 2 
NHC

NH2 NH

0

xH X V

NOCHC-OC2H5

NH2

+ NaOC2H5 ---- >
HN

o0K N'e

H

X=H; -CH3

Fig. i--Preparation of 6-oxadihydropyrimidines.
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significantly inhibitory to growth of a number of micro-

organisms as indicated in Table V. In this study, two

representative systems were chosen for more extensive study,

L. arabinosus and E. coli, and the reversal of toxicity by

uracil and/or its conjugate derivatives is presented in

Tables VI and VII, respectively. In L. arabinosus, 6-oxa-

hydrouracil is reversed in a competitive-like manner by

uracil over a 30-fold range of concentrations with an

inhibition index (ratio of analog to metabolite required to

completely inhibit growth) of about 10 at the upper levels

(Table VI). Uridine also reverses the toxicity of 6-oxa-

dihydrouracil in a comparable fashion with an inhibition

index of about 10 over a 30-fold range of increasing substrate

concentration. Uridylic acid even at high concentrations is

relatively inactive in reversing the toxicity of 6-oxadihydro-

uracil, presumably due to the inability of such phosphate

derivatives to penetrate cell walls.

Precursors of uracil biosynthesis and related compounds

were essentially ineffective in reversing the inhibitory

effect to microbial growth of 6-oxadihydrouracil, and com-

parable results have also been reported in the case of 6-

azauracil. In this respect it should be noted that the aza

analog possesses a potential pyrimidine-like nuclear structure,

whereas, the corresponding oxa derivative cannot tautomerize

to such an aromatic-like ring system because of the divalent

character of the oxygen atom. Thus, the oxa analog is in
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TABLE V

RELATIVE TOXICITIES OF 6-OXA- Ai D 6-AZA-ISOSTERES

OF URACIL AND THYMINE

6-Oxa- 6-Oxa-
dihydro- 6-Aza- dihydro- 6-Aza-

Micro8rganism uracil uracil thymine thymine

Concentration required for complete
growth inhibition, ig/ml

E scherichia
coli 9723 2 6 600 > 2,000

Escherichia
coli W 6 6 2,000 2,000

Escherichia
coli Texas 2 6 >2,000 > 2,000

Leuconostoc
dextranicum 8086 0.2 0.6 > 2,000

Lactobacillus
arabinosus 17-5 0.2 0.06 200 > 2,000

Streptococcus
faecalis 8043 0.2 0.06 60 0.6
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TABLE VI

REVERSAL OF 6-OXADIHYDROURACIL GROWTH INHIBITION IN

LACTOBACILLUS ARABINOSUS BY URACIL AND DERIVATIVES

M U IM i.i IM l il illlIA l LMNOIE J i| g lg gg | M l I .IU L wi m .g g i- II M LliM E I L IN IIIM ~ ]M ilJllg ~ ls ilI M ii llIM I i W II~ lm

6-Oxa-
dihydro-
uracil,
pg/ml

0

0.06

0.2

0.6

2

6

20

Uracil, iig/ml

None 0.02

Growth

28

64

93

23

27

34

94

0.06 0.2 0.6

response in %

23

33

87

94

25 19

55

88

89

61

78

83

Uridine, pg/ml

0.02 0.06 0.2

transmission*

21

29

97

24

24

44

99

23

31

64

97

0.6

22

29

71

84

Uridylic
acid,
ig/m1

-~/m
20

25

29

83

Determined using a Spectronic 20 spectrophotometer at
600 mu.

rIi
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TABLE VII

REVERSAL OF 6-OXADIHYDROURACIL GROWTH INHIBITION IN

ESCHERICHIA COLI TEXAS BY URACIL

6-Oxa-
dihydro-
urac il,

ig/ml

0

0.6

2

6

20

60

200

Uracil, hg/mi

None 0.06 0.2 0.6 2.0

Growth response in % transmission*

19

19

94

19

19

83

18

24

90

19

34

83

19

43

73

*
Determined using a Spectronic 20 spectrophotometer set

at 600 mu.
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reality an isostere of dihydrouracil. Since both of these

analogs appear to function as metabolite antagonists of uracil

in these microbiological systems, and neither is reversed

appreciably by dihydrouracil, orotic acid, or dihydroortic

acid, the enzymic site of inhibition would suggest a metabolic

block after the formation of orotic acid in the biosynthesis

of pyrimidines. E. coli cultures inhibited by azauracil have

been observed to accumulate orotic acid and orotidylic acid

(17), suggesting a block in the synthesis of the dihydroxy-

pyrimidine nucleus rather than at sites of utilization of

uracil and, more specifically, at the decarboxylative

conversion of worotidylic acid to uradylic acid (18).

6-Oxadihydrouracil also inhibits the growth of E. coli

Texas,and its toxicity is competitively reversed by uracil

over a 30-fold range of concentrations with an inhibition

index of about 100 (Table VII). Further, uracil precursors

and related compounds also did not reverse the inhibitory

action of the analog in E. coli.

In tests of antimicrobial activity of 6-oxadihydrouracil

by the agar inclusion technique, the analog' was inhibitory

to twenty-five of thirty pathogenic organisms tested only at

concentrations in excess of 200 Ig/ml, and showed marginal

inhibitory activity against five of the microorganisms at

concentrations of 50 to 100 ig/ml, respectively (Tables II

and III). The lack of significant inhibitory activity in

this system may be due to the inactivating effect of purines
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and pyrimidines always present in complex bacteriological

media.

Neither 6-oxadihydrouracil nor 6-oxadihydrothymine were

appreciably inhibitory to mammalian cells grown in tissue

culture using HEp-2 human carcinoma, Jensen rat sarcoma, and

WI-38 diploid human embryonic lung cells (Table VIII). Using

HEp-2 cells, the percent of control growth in the presence

of 0.25, 2.5, and 5.0 Ug/ml of the oxauracil derivative was

103, 88, and 101, respectively; the control growth was ten-

fold that of the initial inoculum. Subsequent assays at

levels of inhibitor up to 50 g/ml did not affect proli-

feration in vitro of these human cells appreciably. In the

same system, 6-oxadihydrothymine at levels of 5, 25, and 60

Vg/ml gave values of 100, 114, and 88 percent that of control

growth, respectively (with a seven-fold increase of cell

growth over that of the inoculum). No striking differences

in results were obtained with either of these analogs at

these concentration levels using Jensen rat sarcoma and WI-38

lung cells in comparable tissue culture assays.

The antiviral activity of 6-oxadihydrouracil was deter-

mined against lethal infections (LD90) in mice of Asian

influenza, herpes simplex, or coxsackie B1 viruses. In these

tests, 6-oxadihydrouracil failed to exhibit significant

effects. Percent survivals in the treated mice were 0, 10,

and 10, respectively (Table IV).
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TABLE VIII

EFFECT OF OXA-ISOSTERES ON GROWTH OF

MAMMALIAN CELLS IN VITRO

Isostere,
jig/ml

6- O xadihydrouraci.

0.25

2.5

5.0

25

5o

6 -Oxadihydrothymine

5

25

50

T

Percent

HEp-2

103

88

101

104

100

114

88

of Control Proliferation

Jensen

90

87

115

62

89

86

73

WI-38

86

36

85

75

82

65

Calculated by dividing the number of new cells produced
in test compound cultures by those produced in nonsupplemented
Medium 7a control cultures (xlOO); test compounds were intro-
duced in log phase of proliferation; for culture conditions
see text; the HEp-2 and WI-38 cells are derived from human
carcinoma and normal embryonic lung tissue, respectively; the
Jensen cells were obtained from freshly excised Jensen sar-
comas carried in Holtzman rats.
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In summary, 6-oxadihydrouracil and 6-oxadihydrothymine

were found to exhibit a relatively high toxicity to microbial

growth in basal media and were in general more effective

antagonists to uracil and thymine than the corresponding 6-

azapyrimidines. Neither of the oxa analogs proved to be

appreciably inhibitory to growth of mammalian cell cultures.

6-Oxadihydrouracil did not prove to be significantly inhibi-

tory to growth of pathogenic organisms by the agar inclusion

technique and.did not exhibit significant antiviral activity

against lethal infections (LD90 ) in mice of Asian influenza,

herpes simplex, or coxsackie B1 viruses..

It would be of considerable interest to prepare the

corresponding nucleotides and/or nucleosides for biological

evaluation since in several instances the presence of a

riboside moiety potentiates the biological activity in purine-

pyrimidine antagonist. The clear evidence of an antimetabolite

relationship in the case of the nonpathogenic organisms might

thus be exploited to produce useful chemotherapeutic agents.

_. .. _ _, _., .. gyp}
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INTRODUCTION*

In conjunction with the biological response produced by

synthetic plant growth-regulators, considerable efforts have

been made to correlate these activities with the chemical

structures of the compounds (5). These studies have often

been concerned with correlations using the aryl and aryloxy

acids and their derivatives as model compounds (14,18). In

addition to studies concerning the overall structure, attempts

have also been made to correlate biological activity with

variations in benzene ring substituents, including the number

and position of the substituents (6). It has generally been

observed that biological activity of the compounds may be

increased by the addition of halogen (usually chlorine) on the

aromatic nucleus. However, even with the vast amount of

information collected concerning structure-activity relation-

ships, very little fundamental knowledge has been obtained

with regard to the mode of action of these plant growth-

regulators (1,15,20).

Went (22) modified the original concept of structural

requirements for plant growth activity described by Koepfli

et. al., (9) by suggesting that an unsaturated ring system and

*This work has been published in part: R.E. Masingale,
J.E. Lewis, S.R. Bryant, and C.G. Skinner, Plant Physiol. 43
641 (1968).

-- - - ----
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a side chain adjacent to the ring double bond containing at

least two carbon atoms ending in a carboxyl group were all

that were necessary for plant growth-regulating activity. It

is of interest to note that many of the synthetic compounds

observed to be active in affecting plant growth still meet

these requirements

The introduction of a methyl ketone moiety (CH3-CO-) in

lieu of the carboxyl (C00H) grouping in biologically active

compounds has been utilized in analog-metabolite studies to

produce derivatives which antagonize the functions of the

physiologically active compound (16). In view of the com-

mercial importance of 2,4-dichlorophenoxyacetic acid as a

herbicide, it was of interest to determine if such a substi-

tution would produce phytoactive compounds. Accordingly, a

0 0

Cl-0-CH2-C-OH Cl O-CH 2-C-CH3

C1 C1

2 , 4-Dichlorophenoxyacetic Acid 2, 4-Dichlorophenoxyacetone

number of dichlorophenoxyacetones were synthesized for bio-

logical studies in plant systems, and an attempt was made to

use these analogs for inhibition analysis studies. It is

interesting to note that depending upon the assay system

used, 2,4-dichlorophenoxyacetic acid may function either as
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an auxin-like compound or as a herbicide (13,19) and that

its action may be caused by a conjugation with essentially

all constituents (12,17).

The analog, 2,4-dichlorophenoxyacetone has previously

been reported (4,11) and examined as a fungistatic agent for

Aspergilis niger (11) as well as other fungi (2), for its

herbicidal properties on white mustard (10), and as a

repressing agent for sprouting of radishes and hemp (3). In

the latter study (as well as in analogous series of experiments

involving various modifications of the side chain of 2,4-

dichlorophenoxyacetic acid, including 2, 4-dichlorophenoxy-

acetone), the aryloxyacetone derivatives were dismissed as

having no activity as plant growth-regulating substances (5).

The present study was designed to accomplish the following:

(1) To synthesize a series of analogs of 2,4-dichlorophenoxy-

acetic acid by introducing the methyl keto grouping in lieu

of the carboxyl group, and by placing the chlorine sub-

stituents in the 2,3-; 2,4-; 2,5-; 2,6-; 3,4-; and 3,5-

positions of the phenyl ring respectively, and charac-

terize the resulting compounds by appropriate physical

methods.

(2) To investigate these analogs in an appropriate plant assay

system in the presence of 2,4-dichlorophenoxyacetic acid

and auxin for any antimetabolic activity.

(3) To evaluate the results by utilizing inhibition analysis

techniques.
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(4) To compare the rooting response of cuttings of .a selected

plant species to 2,4-dichlorophenoxyacetic acid and auxin

under laboratory conditions.
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EXPERIMENTAL

Chemical Syntheses

1-(Dichlorophenoxy)-2-propanones.--All of these compounds

were synthesized by essentially the same general synthetic

procedure (7), and specific data for each compound are recorded

in Table I. For example, a sample of 0.03 moles of the appro-

priate dichlorophenol was dissolved in 50 ml of acetone con-

taining 10 g of potassium carbonate and 500 mg of potassium

iodide, and about 0.033 moles of chloroacetone were added,

after which the reaction mixture was heated under reflux with

stirring for about 24 hours. The insoluble salt which formed

was filtered and the filtrate was reduced to dryness in vacuo.

The residue was taken up in ethanol, the insoluble portion

discarded, and the filtrate reduced to dryness to yield either

low-melting solids which were crystallized from isopropyl

alcohol-water or oils that were distilled under reduced

pressure to produce materials which crystallized upon standing.

S. --These

derivatives were prepared through the usual procedure by

mixing about 0.5 g each of semicarbazide hydrochloride and

the appropriate dichlorophenoxyacetone with I g of sodium

acetate in 10 ml of aqueous methyl alcohol and heating the

reaction mixture for a few minutes in a water bath. After

cooling to room temperature, solids resulted which were

recrystallized from isopropyl alcohol-water to produce an
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TABLE I

DICHLOROPHENOXYACETONES

0

Q -CH 2C-CH 3

1 C1

Analysis
Dichloro- Yield M.P. B.?., Aun

substituent Percent *C *C/mm Carbon Hydrogen

2,4- 90 5 5 -5 7 b 49.36 3.38

2,3- 70 60-62 49.50 3.70

2,5- 53 62-64 120/2 mm. 49.39 3.73

2,6- 70 43-44 85-90/0.5 mm.C 49.27 3.70

3,4- 65 48-49 49.17 3.66

3,5- 79 42-43 110-120/1 mm. 49.81 3.77

aCalcd. for C9H8C1202 ; C, 49.34; H, 3.68

bReported values: V. P. Mamaev, et al., Zhur. Obshchei
Khin. 23 1206-1209 (1953), Chem. Abstr., 47 12 W7T (19S3).
m.p. 54-550; C. K. Bradsher, et al., J. Am. Chem. Soc.,
756304-6305 (1953), m.p. 55.5-56.5 .

c
Reported value: B. J. Ludwig, et al., J. Am. Chem. Soc.,

74 1935-1939 (1952), b.p. 78-5-79.50/0.06 mm.

,,,-4 I- , ON44M '. - - .
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essentially quantitative yield of the corresponding semi-

carbazide. These data are recorded in Table II.

Biological Studies

Coleoptile Assays.--The procedure utilized for the

growth assays of the coleoptile segments was essentially the

same as that described by Wiegand and Schrank (22). Victory

oat seeds were presoaked for two hours in distilled water at

room temperature under room light conditions. The seeds

were then drained, the husks removed, and the resulting

embryos were placed on filter paper (approximately 60 seeds

per 20.5 cm length) in a previously described chamber (22).

The clear plastic box containing the strips of seeds was in-

cubated at 220 for 18 hours (4), then exposed to red light

for 14 hours at a temperature of 250 to achieve the desired

stage of growth. Those seedlings possessing about the same

average overall length were chosen and cut into uniform l-mm

segments under diffuse red light. Each segment was cut 5 mm

from the tip using an apparatus consisting of three new single-

edged razor blades held together with the appropriate spacing

bars (14). The resulting l-mm segments were immediately

placed in a 2 percent sucrose solution to equilibrate for

one hour in the dark at 220. For the various assays, 10

randomly selected segments were placed into petri dishes

containing 20 ml of test solutions which were freshly

prepared from (0.1 mg/ml) stock solutions. The assay dishes
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TABLE II

SEMICARBAZONE DERIVATIVES OF SOME DICHLOROPHENOXYACETONES

CH3  0
Q O0-CH 2 =N-NH-C-NH

2

Dichioro- M.P. Analysis
Found

substituent 00 Carbon Hydrogen

2,4- 2 2 5 - 2 2 6b,c 43.13 3.99

2,3- 193-195 43.31 4.16

2,5- 229-230 43.38 4.03

2,6- 192-193 43.13 4.13

3,4- 229-231 43.40 3.96

3,5- 2 2 8 - 2 2 9 d 43.80 4.07

aCalcd. for C1 0H 1 C12N302 : C, 43.49; H, 4.02; N, 15.22

bReported m.p., 184-1850, K. S. Bokarev and N. N.
Mel'nikov., Zhur. Obschei Khim., 24 2014-2023 (1955), Chem.Abstr., 49 14679a (1955).

CAnal. for N (found), 15.00

dAnal. for N (found), 15.51
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were then placed in a high humidity incubator at 220 for

24 hours. The resulting growth was measured in the light,

using a small ruler subdivided in millimeters. All assays

were repeated at least five times on separate days. The

resulting average difference in growth, calculated as a

percentage of the sugar control growth determined simul-

taneously, was determined.

Rooting Response Assays.--English Ivy (Hedera helix)

cuttings were obtained as needed from July to January. Only

terminal cuttings possessing 7 nodules were utilized in an

effort to maintain consistency of assay material. The

cuttings were immediately placed in distilled water after

harvesting, and the lower 4 leaves were removed. Each of

the assays was carried out in 250-ml glass flasks containing

200 ml of the appropriate test solution,which was changed

each week during the assay period. All of the assays were

carried out using 5 cuttings per flask, and each of the in-

dicated concentrations was examined in 5 replicate experiments;

i.e., a total of 50 cuttings was examined in 5 separate

experiments under each of the assay conditions. The ex-

periments were carried out under continuous lighting using

40 watt daylight fluorescent fixtures yielding about 100 foot

candles of light and at a temperature of 25 22C.
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RESULTS AND DISCUSSION

In view of the commercial importance of synthetic plant-

growth regulators, it was of interest in this study to deter-

mine if the introduction of the methyl ketone moiety (CH3CO-)

in lieu of the carboxyl (COOH) grouping in 2,4-dichlorophen-

oxyacetic acid would produce a biologically active analog.

Accordingly a series of dichlorophenoxyacetones was synthe-

sized by the interaction of the appropriate dichlorophenols with

chloroacetone in the presence of potassium carbonate and a

catalytic amount of potassium iodide in acetone.

0 KI

0H + C1CH2-C-CH3AKetone ( OCH2-C-CH 3

Cl Cl Cl Cl

After appropriate treatment of the reaction mixtures, the

resulting dichlorophenoxyacetones (2,3-; 2,4-; 2,5-; 2,6-;

3,4-; and the 3,5 analogs) were finally obtained either as

low-melting solids (which were recrystallized from isopropyl

alcohol-water) or oils which were distilled under reduced

pressure. The purified oils ultimately crystallized upon

standing.

The structural similarity between 2,4-dichlorophenoxy-

acetic acid and 2,4-dichlorophenoxyacetone suggests that the

latter compound might serve either in a similar manner or as
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a metabolite antagonist of the physiological function of the

former well known plant-growth factor. Since the physiologi-

cal activity of 2,4-dichlorophenoxyacetic acid is similar to

that of indoleacetic acid in several biological assay systems

(8), the dichlorophenoxyacetones prepared in this study were

also examined as potential inhibitory agents for certain

growth effects induced by auxin. The assay system chosen was

the straight growth coleoptile test,which responds readily to

differential concentrations of both the growth factors.

The general assay procedure consisted of placing care-

fully cut coleoptile sections in varying concentrations of

the several dichlorophenoxyacetones and determining the

growth responses relative to coleoptile sections placed in

sucrose solutions alone. Concurrently, supplements of indole-

acetic acid or 2,4-dichloroacetic acid were also added at each

of the selected concentrations of inhibitor in order to deter-

mine the effect of reversal of'toxicity of the analogs by

these plant growth factors. All assays were repeated at least

five times,with a relative deviation of about 10 percent. The

results, which are presented in Table. III, are an average of

the replicate experiments. In every example, the growth of

the coleoptile section was progressively inhibited by in-

creasing concentrations of the dichlorophenoxyacetones.

In order of decreasing toxicity, the compounds were

3,4-; 2,5-; 2,4-; 2,3-; 2,6-; and 3,5-dichlorophenoxyacetone,

each of which gave half-maximal growth at concentration levels

1 .1 -, A-- -, - . IrW Ok ,
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TABLE III

INHIBITORY EFFECTS OF DICHLOROPHENOXYACETONES IN THE

PRESENCE OF INDOLEACETIC ACID

Growth of Coleoptile Segments Relative
Dichlorophenoxy- to Sugar Control*

acetone
Indoleacetic Acid, Ug/mi

Concentration
g/ml 0 0.05 0.1 0.25 0.5

(sucrose-water) 1.00 1.29 1.41 1.59 1.57

2,4-Dichloro-

25 0.86 0.98 1.14 1.15 1.12

50 0.63 0.85 0.94 0.94 0.98

100 0.45 0.59 0.59 0.60 0.63

2,3-Dichloro-

25 0.81 1.21 1.27 1.32 1.33

50 0.72 1.0& 0.99 0.97 1.03

100 0.52 0.63 0.69 0.72 0.75

2, 5-Dichloro-

25 0.76 1.24 1.38 1.48 1.53

50 0.59 0.94 1.00 1.12 1.32

100 0.49 0.73 0.80 0.82 0.83

2,6-Dichloro-

25 0.79 1.06 1.27 1.38 1.45

50 0.64 1.00 1.15 1.22 1.37

100 0.60 0.90 0.95 1.02 1.01
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TABLE III Continued

Growth of Coleoptile Segments Relative
Dichlorophenoxy- to Sugar Control*

acetone
Indoleacetic Acid, U g/ml

Concentration
ig/ml 0 0.05 0.1 0.25 0.5

3 ,4-Dichloro-

25 0.71 1.15 1.20 1.17 1.18

50 0.53 0.83 0.90 1.00 1.01

100 0.41 0.55 0.63 0.61 0.62

3, 5-Dichloro-

25 0.89 1.45 1.55 1.55 1.58

50 0.90 1.39 1.46 1.42 1.49

100 0.80 1.23 1.16 1.23 1.32

*Data based on an average of at
experiments.

least five separate

-



104

0 .7 
0 0 p g./m .

0.6

I

I pp./

T25 .m

N one.

0.5

01 2 3

- X gO-6
Cs]

Fig. l.--Lineweaver-Burk plot of inhibitory properties
of 2,4-dichlorophenoxyacetone on indoleacetic acid-induced
growth of Oat coleoptile sections. r = Growth of section
relative to sugar control.
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of 62; 80; 86; 106; 250; and 250 ig/ml, respectively. In

summary, the first four derivatives possessed comparable

toxicities, while the latter two were significantly less

inhibitory. Attempts to reverse the toxicity of these analogs

by adding supplements of indoleacetic acid were effective

only at the lower concentrations, as indicated in Table III.

At concentration levels of 25 to 100 ig/ml (the higher con-

centration approximates the limit of solubility in the assay

medium) a complete reversal of toxicity was not effected.

A Lineweaver-Burk plot of the data for the inhibition by

2,4-dichlorophenoxyacetone of the growth response of the

coleoptile to indoleacetic acid is presented in Figure 1 and

may be interpreted as representing inhibition similar to an

uncompetitive like inhibition. In the presence of the

inhibitor at each of the three concentrations, a group of

essentially parallel lines is obtained; however, the slopes of

these lines are slightly different from the uninhibited control

growth. The 2,3- and 2,5-dichlorophenoxyacetones give com-

parable data. A kinetic explanation for uncompetitive in-

hibitions in general is that the inhibitor (2,4-dichloro-

phenoxyacetone) combines only with the natural enzyme-substrate

complex (normal metabolic function(s) of indoleacetic acid) in

producing an effect on the growth rate of the coleoptile

section. Attempts to force the inhibitor from the enzymic

site and produce a complete reversal of toxicity by increasing

the concentration of indoleacetic acid were not possible since
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higher levels of auxin were themselves toxic to growth of the

coleoptile sections. All of the dichlorophenoxyacetones

examined possessed some inhibitory activities as indicated in

Table III; however, the unchlorinated phenoxyacetone is essen-

tially nontoxic to the growth of the coleoptile segments at

100 jg/ml, and it does not significantly affect the growth

response at varying concentrations of indoleacetic acid.

Thus, the presence of chlorine substituents on the aromatic

ring appears to be necessary to induce the inhibitory pro-

perties.

The metabolic properties of this series of phenoxy

compounds would not appear to be explained on the basis of

oxidation in situ of the methyl ketone grouping since this

should lead to dichlorophenoxyacetic acids which stimulate

growth, especially in the case of the 2,4-derivative.

From a structural viewpoint, 2,4-dichlorophenoxyacetone

would be expected to serve as an isosteric analog of the

corresponding 2,4-dichlorophenoxyacetic acid derivative

(i.e., the replacement of a methyl grouping by a hydroxy

radical). Some evidence of this structural relationship was

found as indicated in Figure 2. A Lineweaver-Burk plot of

the reversal of growth-promotion of 2,4-dichlorophenoxyacetic

acid by 2,4-dichlorophenoxyacetone at the higher concen-

tration levels indicated a mixed response somewhat more

suggestive of a noncompetitive inhibition than the uncompe-

titive effect observed with auxin. This difference in

1, -, -, -,", -A 0 4,WMON W*v
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Fig. 2.--Lineweaver-Burk plot of inhibitory properties
of 2 ,L-dichlorophenoxyacetone on 2, 4-dichlorophenoxyacetic
acid induced growth of Oat coleoptile sections. r : Growth
of section relative to sugar control.
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physiological activity is presumably due to the greater

affinity of the 2,4-dichlorophenoxyacetone for the analogous

binding site of the isosteric 2,4-dichlorophenoxyacetic acid

than for indoleacetic acid, and suggests that the two growth-

factors may bind in somewhat different fashions on active

enzymic site(s).

The data in Table IV summarize the results of a series

of rooting response assays of English Ivy in the presence of

2,4-dichlorophenoxyacetone as compared with 2,4-dichloro-

phenoxyacetic acid or indole-3-acetic acid. The time required

to initiate rooting in 50 percent of the cuttings was deter-

mined after treatment with the indicated concentrations of

the test solutions. It should be noted that the concentrations

selected were based on separate assays in which lower and

higher concentration levels were examined,which either

resulted in death of the cuttings or rooting at rates com-

parable to the water control.

Treatment of the cuttings in solutions containing 2,4-

dichlorophenoxyacetone of 100 ig/ml showed no evidence of

lethal effects. In contrast, this high concentration of

2,4-dichlorophenoxyacetone appeared to be physiologically

active and gave quantitative rooting responses within 3 days.

One hundred percent rooting was also observed with 2,4-

dichlorophenoxyacetic acid and indoleacetic acid, however,

only after a longer period of time, but at lower concen-

tration levels. This effect was especially apparent in the
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TABLE IV*

EFFECT OF TREATMENT OF ENGLISH IVY WITH VARIOUS

COMPOUNDS ON RATE OF ROOT FORMATION

Time Required Cuttings
for 50% of Rooted in

Concentration Cuttings to 14 Days
Compound ig/ml Root (Days) (Percent)

2, 4-Dichlorophenoxy-
acetone

2 ,4-Dichlorophenoxy-
acetic acid

Indole.-3-acetic acid

Water Control

*Reference 18.
J jjxrna l of Science,

0.1

1.0

10.0

100.0

0.001

0.01

0.1

1.0

0.1

1.0

10.0

100.0

i..... i

6

5

6

<3

4

16

<30

lethal

6

6

5

lethal

12

85

80

80

100

85

50

35

0

95

90

80

0

55

Yount, J. E. and Skinner, C. G., Tex.
Vol. XXII, No. 2 and 3, 241-242 (1171 .
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case of 2,4-dichlorophenoxyacetic acid which was active at a

concentration of 0.001 ig/ml.

In summary, dichiorophenoxyacetones inhibit the growth

response of coleoptile sections incubated in the absence as

well as in the presence of either auxin or 2,4-dichloro-

phenoxyacetic acid; however, the data indicate that the

toxicity is not competitively reversed by these particular

growth factors. The nature of the reversal may be explained

by an uncompetitive inhibition which could occur after the

growth factor is bound at the appropriate active site. Since

a complete reversal of toxicity was not effected by these

compounds, it would be of interest to search for other struc-

tural analogs which might be more effective reversing agents.

It would appear that from the data presented in Table IV,

2,4-dichlorophenoxyacetone is less active on a weight basis

than the more widely studied growth factors, 2,4-dichloro-

phenoxyacetic acid and indole-3-acetic acid. However, it is

significantly less toxic to plant cuttings, and preliminary

data on field growth of the cuttings suggest that no damage to

the resulting plants is evidenced. With regard to the increased

rate of response in the case of 2,4-dichlorophenoxyacetone, it

would appear reasonable that the hydrophobic nature of the

ketone may permit more rapid penetration of the compound

through the cell wall to essential sites associated with root

initiation (15).
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