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CHAPTER 4

Heterocyclic Compounds as Industrial Biocides
H. W. ROSSMOORE
Department of Biology, Wayne State University, Detroit, Michigan 48202

Heterocyclic antimicrobial agents have been used empirically and purposefully for considerable time,
Current and impending restrictions on traditional industrial preservatives has made development and
exploitation of heterocyclics a necessity. Application, mode of action, and antimicrobial spectra of se-
lected heterocyclics is presented. They include derivatives of pyridines, triazines, morpholines, and
thiazoles as well as several others.

DISCUSSION

A strict definition of a heterocyclic compound is one which possesses a cyclic structure with
at least two different kinds of atoms in the ring, one of which is carbon, and can be aliphatic
or aromatic. A heterocyclic compound usually possesses a stable ring structure which does
not readily hydrolyze or depolymerize (Richter 1947). The compounds that will be treated in
this paper essentially fit this definition. It is obvious that the number and variety of heter-
ocyclic compounds with reported antimicrobial activity is extensive with respect to structure
and application. Therefore, some selectivity will be exercised.

The compounds discussed have many characteristics in common. They are primarily
used for preservation of biosusceptible materials, e.g., paints, lubricants, textiles, and also
in certain processes, e.g., cooling, paper manufacturing, and metal forming. For the most
part, the demonstration and commercialization of their utility, and indeed many of the
structures themselves (by patent date), are all fairly recent innovations. Lastly, most of the
compounds or their prototypes have received the blessings of some regulatory agency in the
form of an application registration number.

Antimicrobial agents based on a heterocyclic molecular structure have been used empir-
ically and with purpose for a considerable time. Perhaps the most ancient of these is the ac-
tive derivative of the bark of Cinchona officinialis, quinine, and related chincona alkaloids:

CH .
CH3CH NCH-R
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Almost all of the subsequent antimalarials have had similar general structure, including the
most prominent quinine substitute in World War [I, atabrine. Many subsequent heter-
ocycles have shown protozoicidal activity, including the demonstration by Paul Ehrlich of
the trypanocidal properties of Acriflavin:

NH ~ NH2

The more obvious heterocyclic antimicrobial agents have been based on structural varia-
tions of normal purine and pyrimidines and function as antimetabolites, e.g., isoniazid vs.
the tubercule bacillus. In addition, almost all of these chemical types were used in vivo
where toxicity constraints on the vertebrate host existed.

Perhaps the first heterocyclic compound to be evaluated for germicidal activity was 8- hy-
droxyquinoline by Post and Nicoll (1910), although those writers did not report much suc-
cess. From the studies of Albert and co-workers (Albert et al. 1947), the very effective activi-
ty of this compound is based upon the formation of coordination complex with divalent
cation, e.g., Fe++ or Cu++, such as oxine, copper 8-hydroxyquinolate:

\ /

0/ /
T~

The use and spectrum of this compound have been adequately reviewed by Block (1956),
Frier (1971), and Benignus (1948) and will not be discussed further in this paper.

Perhaps the most extensive antimicrobial utilization of heterocyclic compounds is in crop
protection and although most of these compounds seem to be limited to surface and
systemic inhibition of fungi, there are a few that also qualify as industrial biocides. These
include Captan, N-trichloromethyl thiotetrahydrophthalimide; Folpet, the phthalimide
analog of Captan; and thiabendazole, 2-(4'-thiazolyl-benzimidazole). The latter two of
these are used as paint surface mildewcides.

Exploitation of this chemical group has become more aggressive recently as a result of
the limitations placed on the use of phenolic and mercury-containing compounds by
regulatory agencies. These are discussed in other papers in this symposium.
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Three-Membered Rings

Obviously, the smallest possible heterocycle contains three atoms and for the sake of
completeness is included here. Ethylene oxide

CHp

0

is the simplest epoxide, has been used widely as an industrial sterilizing agent, and has been
extensively reviewed (Phillips 1952; Ernst and Doyle 1968; Hoffman 1971; Phillips 1977).
Its effectiveness is not questioned and its utility in sterilizing thermolabile chemicals and
devices is unequalled. However, its exceptional reactivity coupled with low residue levels has
invited suspicion (Bruch 1973) concerning toxicity.

Recently, the Environmental Protection Agency published a notice of rebuttable
presumption against registration and continued registration of pesticide products contain-
ing ethylene oxide (EPA 1978a). The first comments received resulted in a set of proposed
maximum residue and exposure levels (EPA 1978b). No specific maximum residues are
stated, but exposure levels are not to exceed 30 ng/kg/day for 30 days. Further, if this level
is exceeded due to appropriate use or dose, then the residues are deemed too high and the
manufacturer of the treated material is required to meet the maximum exposure level.
Final residue limits will be determined from comments and ongoing research yet to be
reported. It is possible that future restrictions placed on the use of ethylene oxide will
drastically reduce its utility.

Four-Membered Rings

Four-membered heterocyclic rings are most unstable because of bond stretch and therefore
tend to be highly reactive. The only compound in this category with antimicrobial activity is
B-propiolactone, the inner ester of B3-hydroxy propionic acid:

v

—C=0
CH2

H.__

2

This compound was first proposed for antimicrobial activity by Hartman et al. (1954) who
found it effective for sterilizing tissues for transplants. It is extremely effective as a vapor
phase biocide but lacks the penetrating capacity of ethylene oxide and is ineffectual at low
relative humidity. Its extreme toxicity and potential mutagenicity has limited its use to
some specialized cases. These have been reviewed by Hoffman (1971).
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Five-Membered Rings

There are no industrial biocides with one hetero atom, although derivatives of furan are

utilized in chemotherapy and topically. However, several compounds with more than one
hetero atom do fit this category.

Oxazolidines

R
|
R—C——'—Cl{z

R'—ll 0
R"

Oxazolidine derivatives are claimed (Sidi and Johnson 1975) to have inhibitory activity in
latex paint and surface protection. Activity is also claimed for bicyclic oxazolidine
derivatives as well. These are being exploited commercially by Tenneco Chemical Co.

A related monocyclic oxazolidine, CS 1135 (4,4-dimethyloxazolidine and 3,4,4-trimethyl
oxazolidine) originally intended for maintaining alkaline reserve in corrosion protection
proved to be an effective biocide in aqueous metalworking fluids (Selleck, pers. comm.).

Dimethyloldimethyl hvdantoin (Dantoin DMDMH-S5, Glyco Co.)

Cl*{3

| 0
CH 7~C——C

3
HO CHz-lL N-CHZOH
~c¢c -~
N
0

This is a formaldehyde condensate product presumed to function by release of for-
maldehyde (Bennett 1973; Glyco Co.). However, hydrolysis of this type of hydantoin yields
an amino acid and it is difficult to envision the source of the formaldehyde molecule from
traditional cleavage of DMDMH since the putative carbon for aldehyde formation already
is doubly substituted with methyl groups. It is claimed to be an effective, stable preservative
for adhesives, resins, and emulsions.

Isothiazoles. Two series of compounds based on this structure have been developed, one
based on alkyl derivatives of the isothiazole molecule (Miller and Lewis 1976) and the other
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on dervatives of 3-ketoisothiazole (Lewis ¢t al. 1973), Only the latter have been commercial-
ly exploited and registered for a variety of uses (Table 1).

0 0
i H
c
H-c./ \N-—CH3 H--(i/c\N—-CH3
li | | J
H-C ——S ¢cl1-Q——
2-Methyl-4-isothiazolin-3-one 5-Chloro-2-methyl-4-isothiazolin-3-one

Earlier in my laboratory, we found that 3-hydroxyisothiazole was five to ten times more
effective than an alkylhexahydrotriazine in controlling bacterial growth in a synthetic
metal-working fluid, but stability problems interfered with further exploitation of this com-
pound.

The isothiazalones were extensively evaluated in a paint film mildewcide test (Dupont et
al. 1974) (Table 2). In this study a variety of derivatives were compared, and persistence and
activity were examined. The 2-n-octyl-4-isothiazolin-3-one derivative of isothiazalone was
considered to be most active and most persistent when compared to other derivatives. This
compound is recommended for areas where persistence is required, e.g., in fabrics and in
coatings (Edwards and Smith 1974).

Lashen (pers. comm. has extensively evaluated a mixture of two isothiazalones— 5-
chloro-2 methyl-4-isothiazolin-3-one (10.1%) and 2 methyl-4 isothiazolin-3-one (13.9%) -
(Kathon 886) (Table 1), used to prevent fouling in cooling towers, and it has proven very -
successful in inhibiting all three groups: bacteria, fungi, and algae, in that situation.

Recently, this compound has been used for controlling bacteria and fungi in metal-
forming fluids in two-piece aluminum can drawing. Aluminum can-forming is extremely
demanding on quality of fluid used since there is formation of aluminum fines which must
be continually filtered. Any excessive growth of microorganisms, especially those that pro-
duce slime on surfaces, would hinder filter function, thus microbial level in these systems
must be controlled to a greater extent than in other metal-working operations. King (pers.

TABLE 2. Relutionship of side chain to antimicrobial activity and persistence of isothiazalones in paint

Primary Screen

Serial Dilution Paint Film Mil- Overall Overall
Test — MIC dewcide Test Activity Persistence

R (ppm) A. niger (Ib /100 gal) Rating Rating*
C4Hy -n 63 1 v. good v. poor
CoHy3 -n 16 2 v. good v. poor
CiHys -n 4 2or < v. good fair-good
CyHy7 -n 4 1 v. good very good
CyoHy, -n 4 6 fair -
CyHy7 = 63 6 poor —
CH,C H,CH;(4) 125 4 good-fair v. poor
CH,CH,C¢H¢ 125 2or < v. good v. poor
CyHs 250 6 good-fair v. poor

22 1b /100 gal paint.
Modified from Dupont et al. (1974).



