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Nitrogen Compounds

H.W. ROSSMOORE, PH.D.

Nitrogen is the most electronegative of all
Group V elements, which tends to confer a high
degree of reactivity on compounds containing
covalently bound nitrogen. In addition, nitro-
gen contains five valence electrons (three un-
paired, two paired), making valence states from
5+ to 3— theoretically possibie. This pro-
pensity for both covalent and ionic bonding
establishes an avidity for a wide variety of in-
teracting compounds. Such chemical diversity
is a basis for the formation of antimicrobial
activity by nitrogenous compounds. For pur-
poses of discussion, these can be divided into
two groups: those that appear to react directly
with some sensitive biologic molecule, result-
ing in an inactive (or nonfunctional) end prod-
uct, and those adducts yielding starting reac-
tants that combine with a sensitive site in the
cell. This dichotomy is not always applicable,
since neither the sensitive site in the cell nor
the active antimicrobial moiety is always
known.

In a discussion of known active or poten-
tially active N-containing compounds, some
groups will be purposefully omitted, either be-
cause they are treated in detail in other chap-
ters or because they are not within the scope
of this book (industrial, food, cosmetics, agri-
culture, antifungal, antiparasitic).

THE SIMPLEST COMPOUNDS

Certainly the simplest of N-containing com-
pounds are those with nitrogen plus one other
element. In this category is sodium azide. This
is one of several compounds that appear to

function by tying up heme iron, e.g., cyto-
chrome, catalase (Heim et al., 1956). Sodium
azide was suggested by Snyder and Lichstein
{1940) as an agent that selectively inhibits gram-
negative species. It is used in a blood agar me-
dium for the preferential isolation of hemolytic
streptococci; however, the inhibitor also reacts
with blood heme (catalase), permissively re-
sulting in a greater hemolytic expression of mi-
crobial cell hydrogen peroxide (Rossmoore and
Trubey, 1967). It is also used as a selective soil
sterilant (Rozycki and Bartha, 1981).

- Other compounds shown to stimulate he-
molysis (Rossmoore and Trubey, 1967) also in-
hibit heme-associated bacterial functions.
These include cyanide and hydroxylamine.
What all of these have in common is the highly
electronegative nitrogen to act as a chelator to
form bidentate coordination complexes with
Fe--. The reaction of N, with reduced ferre-
doxin may be the equivalent first step in nitro-
gen fixation.

It should be obvious-that toxicity and in-
stability both prevent the widespread use of
these simple compounds as preservatives, dis-
infectants, or sanitizers. Nevertheless, their high
activity, a reflection of coordination complex
formation, is also a major interpretation of the
mode of action of larger and more complex ni-
trogen-containing compounds (Albert, 1968;
Repaske, 1958; Russell, 1971).

FORMALDEHYDE CONDENSATE
COMPOUNDS

Among those compounds that have antimi-
crobial activity only after decomposition (Al-
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272 ANTISEPTICS AND DISINFECTANTS

TABLE 13-1. SELECTED STRUCTURES OF NITROGEN-CONTAINING ANTIMICROBIAL AGENTS
{See explanation of naming system at end of table, p. 279)

Name ' Structure CAS Registry No.
PUTATIVE FORMALDEHYDE-RELEASE AGENTS

CN: 1,3,5,7-tetra-aza-adamantane @
hexamethylenetetramine N [100-57-01
CN: 1-(3-chloroallyl)-3,5,7-triaza- N
1-azoniaadamantane N"{’>—CH2_?=CH2'CI (4080-31-3]
TN: DOWICIL 75, DOWICIL 200 H
CN: 1,3,5-tris(2-hydroxyethyl) H c,_’,,o”
hexahydro-s-triazine ‘ HOH ?CHic-N\__N_C/—NS_C 2 4719 |
TN: GROTAN BK, ONYXIDE 200 H.CH,0H
CN: 1,3,5-tris(ethyhexahydro-s-triazine /—N—CH,CH,
CHHLCN_ 2 o (7779-27-3]
TN: VANCIDE TH il
CN: 1,3,5-tris(tetrahydro-2-furanyi- . C—N/- > “H; {69141-51-1}
methyl)hexahydro-s-triazine . : %H,—é
. ' S
CN: 3,5-dimethyitetrahydro-1,3,5(2H)- CH, _<
thiadiazine-2-thione _2‘ (533-74-4]
TN: METASOL D3T, BIOCIDE-N-521 N\CH,
CH,
CN: 1,3(dihydroxymethyl)-
5,5-dimethylhydantoin CH, WNCH OH (6440-58-0]
X -
TN: DANTOIN DMDMH-55 H,C/ o)
OH
CN: 4,4-dimethyloxazolidine®
*1 of 2 oxazolidines in (CH,),
commercial mixture NVB [51200-87-4}
TN: BIOBAN C5-1135
CN: 5-hydroxymethyl-1-aza-
3,7-dioxabicyclo(3.3.0.)octane** CH.OH
**1 of 3 cyclo-octanes in
commercial mixture [56709-13-8]
TN: NUOSEPT 95
o]
CN: N-methyloichloroacetamide CH Cl—C/
2 (2832-19-1]

TN: GROTAN HD2 \N—CHon
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TABLE 13—1. (continued)
Name Structure CAS Registry No.
CN: tristhydroxymethyl)nitromethane CH,OH
[126-114]
TN: TRISNITRO HO—CH, H,0H
NO,
Br
CN: 2-bromo-2-nitro-1,3-propanediol
HO—CHj, H,0H {52-51-7]
TN: BRONOPOL, ONYXIDE 500
NO,
CN: 2(hydroxymethyllamincethanol HO—CH,—CH,—NH
[34375-28-5]
TN: TROYSAN 174 H,OH
. CH,
CN: 2(thydroxymethyl)amino-2-- H é
O—CH,NH
methylpropanol ,NHCCH,OH (522-99-20-4]
TN: TROYSAN 192 H,
CN: bis(1,1-dioxoperhydro- N N,
1,2,4-thiadiazinyl-4)methane 0.5 (" SO, (19388-87-5]
N N
GN: Taurolin ~
NITRILES
CN: methylenebisthiocyanate (MBT) N=CS—LC—SC=N
]
TN: CYTOX 3552, BIOCIDE N948 He (G317-18-6]
Br /0
CN: 2,2-dibromo-3-nitrilopropionamide /
prop T\EC—é—C\ [10222-01-2]
TN: DBNPA ér NH,
C—=‘N' C=N
CN: 1,2-dibromo-2,4-dicyanobutane H,—C——J;—C—é
é U (35691-65-7]
TN: TEKTOMER 38 r Br H, H,
PYRIDINES
' N
©
c=0
CN: _‘t-pyridingcarboxylic |
acid hydrazide NH (54-85-3]

GN: Isoniazid

|
NH,
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TABLE 13-1. (continued)

Name Structure CAS Registry No.
CN: 2-acetylpyridine thiosemicarbazone @N S representative
*variations based on substitutions of the N- 1 formula
C=N—NHC—NH,*
H,

CN: 4-pyridinemethanol
*variations based on H substitution

CN: sodium 2-pyridinethiol-1-oxide
TN: SODIUM OMADINE

CN: bis(2-pyridylthio)zinc
1,1’-dioxide

TN: ZINC OMADINE

CN: N-tert-butylamino-
2-pyridine-1-oxide

TN: OMADINE TBAO

CN: 2,3,5, 6-tetrachloro-4-(methylsulfonyl)
pyridine

TN: DOWICIL $-13

CN: 3,5,6-trichloro-4-
(propylsulfonyl)pyridine

TN: DOWICIL-A40

CN: 2-chloro-6-(trichloromethyl)pyridine

GN: Nitrapyrin

CN: bis{2,9-dimethyl-1, 10-phenanthroline]
copper(1)nitrate

NO>—g-on

H30—802
C—(oTC
Cl Cl
H,
H,CéCH,
éo:
Cl ]
O
N |
JON
a N co,

| NO,

o
I
To
10
| —

representative
formula

(3811-73-2]

[13463-41-7}

[33079-68-2]

(1308-52-6]

[38827-35-9]

(1929-82-4}

(50725-40-1)
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TABLE 13-1. (continued)

Name Structure CAS Registry No.
THIAZOLES/IMIDAZOLES
CH,O
CN: 5-(p-methoxyphenyl)imidazole N l not
(2, 1bjthiazole Y available
N

TN: METASOL TK-100

H
CN: 2-{4-thiazolyhbenzimidazole | S\
@:: N [148-79-8]

(o]
"CN: 2(n-lauroylamido)3-nitrothiazole I N not
_ CH:(CH:)m—é—JL I available
H NO,

CN: 2-mercaptobenzothiazole (MBeT) @:‘;)SH {149-30-4]
CN: 1,2-benzisothiazoline-3-one o

H {2634-33-5]
TN: PROXCEL CRL
CN: 2-n-octyl-4-isothiazolin-3-one ‘L-—|=O

CH,),—CH [26530-20-1
TN: SKANE, KATHON LP g ERI—CRs !

CN: 5-chloro-2-methyl-3(2H)-isothiazalone

” l [26172-55-4
TN: KATHON 886MW, KATHON CT, KATHON S/N_CHa l
cG Ci
+
TN: 2-methyl-3(2H)-isothiazalone r‘,=0 {2682-20-4]
,N—CH,
Trade names above apply to a S

mixture of both isothiazalones.
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TABLE 13-1. (continued)

Name Structure CAS Registry No.
NITROS
CN: B-bromo-B8-nitrostyrene Ha==C—NO,
é {7166-19-0}
TN:-SLIME-TROL, GIV-GARD BNS r
CN: 4,4'(2-ethyl-2-nitrotrimethylene) CH,—CH,
dimorpholine | Voam
; °< ;“ CH,CI H,C N”° (1854-23-5]
2
butylimorphol o
CN: 4-(2-nitrobutyl)morpholine
O—'CHz—'é—c—CHa {2224-44-4]
TN: BIOBAN P-1487 Lol
Trade name is for mixture of H H,
morpholines.
CN: N[a(la-nitroethyl)benzyll CH,CHNQO,
ethylenediamine
HNHCH,CH,NH, (14762-38-0]

TN: METASOL J-26

CN: N(5-nitro-2-furfurylidene)-1-amin
hydantoin .

GN: Nitrofurantoin

CN: 5-nitro-2-furaldehyde semicarbazone

CN: Furacin

CN: 2-thiophenecarboxylic acid, 5-nitro-
{3-(5-nitro-2-furanyl)-2-propenylidene]
hydrazide

TN: NIFURZIDE

CN: 1-8-(hydroxyethyl)-2-methyl-
S-nitroimidazole

CN: Metronidazole

L

[
N
NO;ﬂ‘L—\g‘J—-CHa

(67-20-9]
e
NO, HeN—NHC
NH, (59-87-0]
S
NO, He=CH—CH=N—NH—C NO,
i (39978-48-2]
o)
CH,—CH,0H (433-48-1]
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TABLE 13-1. (continued)

277

Name Structure CAS Registry No.
AMINES
CN: N-Cocotrimethylenediamine R—NHCH,CH,CH,NH, (61791-63-7]
[R=Cs — Cul
CN: Dodecylmorpholin&N-oxide (:) [2530-46-3]
< \
O CyHx
ANILIDES
cl 9
CN: 3,4,4"-trichlorocarbanilide m—.—»—c—u—“ {O>—¢
H H {101-20-2]
GN: Triclocarban
CN: 3,4',5-tribromosalicylanilide Br OH o
GN: Tribromsalan ©) ' (O
H
TN: TEMASEPT IV Br [38848-67-8]
” o]
CN: salicylanilide I‘”‘@
H [87-17-2}
TN: SHIRLAN OH
CN: 3-trifluoromethyi-4,4’-dichloro-
carbanilide F;C ?
GN: Cloflucarban C"Z: >‘4H“—°ﬁ—©—°' 369-77-71
TN: IRGASAN CF,
CN: 3'-trifluoromethyi-3, 5-dibromo- Br o)
salicylanilide I (4776-06-1]
CO>——4<0p

CN: Fluorosalan
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TABLE 13-1. (continued)

Name Structure ’ CAS Registry No.
UINOLINES
Q OH
CHQO H
O A
CH,
CN: 6-methoxy-8-(5-vinyl-2-
quinuclidinyl)-4-quinoline methanol / (130-95-0]
CH
GN: Quinine ! CHemCH
: CH
CN: 6-chloro-9-([4-(diethylamino)-1- [
methylbutyllaminoj-2-methoxy . HN—CH(CH,);N(C,H,),-2HC!
acridine dihydrochloride
@) OCH, [69-05-6]
GN: Quinacrine HCI Cl
N
TN: ATABRINE
CN: dibenzpyridine
) IR
GN: Acridine N {260-94-6]
CN: 8-hydroxyquinoline
O {1321-40-0]
GN: Oxine
N
H
?H
CN: 1,4-quinoxaline-di-N-oxide N [2423-66-7]
o)
N
i
(0]
representative
CN: 2,4-diaminoquinazoline R, NH, formula
(R, and R, substitutions R ’
pyrrolerbenzene derivatives) o N
N °NH,

o)

CN: 1-ethyl-1,4-dihydro-7-methyl-4- A\ COOH
oxo-1,8-naphthyridine-3-carboxylic O |
acid [389-08-2]
CH, N

CN: Nalidixic acid )
: Nalgixic ac ész
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TABLE 13-1. (continued)
Name Structure CAS Registry No.
CN: 5-ethyl-5,8-dihydro-8-oxo-
1,3-dioxolo{4,5-glquinoline- ]
7-carboxylic acid HOO ‘ @ o (14698-29-4|
GN: Oxolinic acid N C

The listings for generic/trivial names have the first letter capitalized, and trade names have the entire name
capitalized. This listing is not meant to be all-inclusive. Some products are made and/or sold by several companies
under different proprietary names. Frequently, proprietary compounds contain inert or stabilizing additives, and
the trade name refers to the total mixture, not anly to the active antimicrobial agents. For additional information,
see Rossmoore (1979), Sharpell (1980), Trotz and Pitts (1981), Manowitz and Sharpell (Chapter 33 of this book),
and Block (Chapter 34 of this book). CN, Chemical name; GN, generic name; TN, trade name.

bert, 1968) are those based on putative for-
maldehyde release. This includes a large num-
ber of compounds, both cyclic and acyclic, rep-
resenting a diverse array of structures. Although
a large majority of the compounds result from
the reaction of NH,R with formaldehyde, there
are several based on the methylolate deriva-
tions of nitroalkanes (Bennett et al., 1960; Trotz
and Pitts, 1981; Bennett, 1973; Paulus et al.,
1967; Paulus, 1980). The applications of these
compounds are as widespread as their chem-
ical variety, including urinary tract antisepsis
(Mandell and Sande, 1980; Musher and Grif-
fith, 1974), cosmetic preservation, metalwork-
ing fluids, secondary oil recovery, spin fin-
ishes, inks, latex paint, and textile impregnation
(Trotz and Pitts, 1981). However, many suffer
from the same ultimate shortcoming as does
formaldehyde itself (Paulus, 1976; DeMare et
al., 1972; Rossmoore and Holtzman, 1974;
Rossmoore, 1979): differential quantitative in-
hibition between bacteria on the one hand and
fungi on the other.

The formaldehyde-releasing compound with

the longest history of use is hexamethylene-
tetramine (HTM, Hexamine, Urotropin) (Table
13-1), first synthesized in 1860 from the con-
densation of NH, and CH,O and first used for
cystitis in 1894 (Goodman and Gilman, 1958a).

One notable property of this compound (and
other cyclic adducts of the CH,O + NH.R re-
action) is its relative resistance to hydrolysis
at alkaline pH. The elevation of urine pH by
ammonia-producing Proteus species involved
in bladder infections increases the need to

compensate for alkaline stability of HTM used
as therapy. Thus, standard treatment with HTM
includes an organic acid, e.g., mandelic acid,
administered with the HTM. Mandelamine
lowers urine pH sufficiently to hydrolyse the
producing formaldehyde in situ (Mandell and
Sande, 1980). This pH dependency can be read-
ily demonstrated stoichiometrically (Musher
and Griffith, 1974; Scott and Wolf, 1962).
Jacobs et al. (1916a and b) examined a num-
ber of quaternary derivatives of HTM and at-
tributed their bactericidal activity to the HTM

“cation as well as to the formaldehyde released.

Scott and Wolf (1962), however, using tradi-
tional neutralizers (lecithin and tween), were
unable to show decreased activity of quater-
nized derivatives. One important result of
quaternization was the sensitivity to alkaline
hydrolysis, with a subsequent yield of formal-
dehyde even at pH 10 (Table 13-2).
Graymore (1938) depicts a mechanism for this
reaction in which a quaternized hexahydro-
triazine is hydrolized at pH 8 to yield one mole
of CH,O per one mole of triazine, a theoretical
yield of approximately 30%; this is close to the
level reported by Scott and Wolf for HTM.
This broadening of the hydrolysis spectrum
of HTM has created useful niches for the qua-
ternized products in metalworking fluids, cos-
metics, and latex paints (Trotz and Pitts, 1981;
Sharpell, 1980). Its instability, i.e., hydrolysis
at alkaline pH, however, has conferred upon it
a handicap in preservation requirements at
(long-term) alkaline pH. There are some in-
novations that bridge this problem. Adducts of
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TABLE 13-2. - EFFECT OF pH ON FORMALDEHYDE RELEASE FROM HEXAMETHYLENE

TETRAMINE/HALOHYDROCARBONS (Modified from Scott and Wolf, 1962)

% Recovery Based on 6 Moles Formaldehyde per Compound

pH: 4 6 8 10
Compound* 24 hr 1 wk 24 hr 1 wk 24 hr 1 wk 24 hr 1 wk
Formaldehyde 104 104 98 97 97 90 97 80
HTMt 17 44 4 21 0 0 0 0
HTM 3-chloropropene 74 105 52 86 46 66 35 35
HTM 1,3-dichloropropene 32 70 31 46 28 36 23 35
HTM chlorotoluene 3 64 3 43 26 39 24 38

*500 ppm
tHexamethylene tetramine

CH,O and primary alkylamines are resistant to
alkaline hydrolysis (DeMare et al., 1972), but
nevertheless possess significant antimicrobial
activity at those pH values (DeMare et al., 1972;
Bennett, 1973). -

A number of adducts based on CH,O and
NH,R have achieved commercial success. The
ethanolamine derivative introduced first in Eu-
rope (Schuelke and Mayr, 1963) and the ethyl
derivative (Brooks and Harvey, 1973) have the
bulk of the market. Because of their cost effec-
tiveness, compatibility, and relative lack of tox-
icity, these compounds have approximately
50% of the metalworking fluid preservative
market. Unfortunately, they have the same de-
ficiency in their antimicrobial spectrum men-
tioned previously for CH,O; i.e., a relative de-
creased activity against fungi for longer-term
use in active field conditions (Sykes, 1958).

Fungal blooms are a common result of un-
derdosing (with respect to fungi) metalworking
fluid systems (Rossmoore and Holtzman, 1974;

. Rossmoore et al., 1972; Bennett, 1973). There
is little to choose between the ethanolamine
(Grotan, Grotan BK, Onyxide 200) and the ethyl-
amine (Vancide TH) with regard to their anti-
‘microbial activity (DeMare et al., 1972: Ben-
nett, 1973). The ethanolamine is much less
Pungent and is therefore easier to mask at use-
dilutions, while the ethylamine derivative has
a much more advantageous partition coeffi-
cient, making it the triazine of choice for oil
concentrates.

The importance of polar/nonpolar solubility
was demonstrated in a water/jet fuel system
preserved with a series of derivatives based on
methylamine to amylamine/CH,0 condensa-
tions (Jones et al., 1972). Methyl and ethyl tria-
zines were optimally active (Table 13-3), while
activity decreased with increasing alkyl chain

length, a phenomenon strictly dependent on
water solubility.

Anotherinnovative structure (Borchert, 1974)
based on ethoxyethanolamine purportedly had
greater activity in metalworking fluids than
other known alkylamine/CH,0 condensates.
However, none of the alkyl derivatives were
specifically designed for, and thus lacked suc-
cess in, controlling fungi. Grier and Witzel
(1978, 1979) presented evidence that tetrahy-

~drofuran derivatives condensed with CH,0

formed adducts with superior antifungal activ-
ity. This was exemplified (Grier et al., 1980)
by 1,3,5-tris(tetrahydro-2-furanylmethyl)hexa-
hydro-s-triazine (Table 13-1). Over a 9-week
period in two metalworking fluids, 0.1% of the
furfural derivative controlled fungal popula-
tions of approximately 10¢ cfw/ml, while at the
same level, the 2-hydroxyethyl triazine allowed
fungal levels to be at the same level as the con-
trol (Table 13-4).

One mechanism proposed (Grier et al., 1980)
is based on the greater solubility of the furfural
derivative in n-octanol, assuming a greater pen-
etrability into the fungal cell membrane
(Hansch and Lien, 1971). This untested hy-
pothesis is based on the assumptions that (1)
the intact triazine penetrates the fungal pro-
toplastand hydrolyses in the cytoplasm to CH,O
and furfural, and (2) the furfural makes no con-
tribution to the antimicrobial activity of the
triazine.

The differential effect could be due to the
greater instability of hydroxyethyl derivative in
the contaminated system. For the first 2 weeks,
fungal populations were controlled equally
with either triazine derivative.

The condensation of CH,O with an antifun-
gal agent, released by hydrolysis, would appear



