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57 ABSTRACT 
Certain reducible compounds are useful in analytical 
compositions, elements and methods, e.g. for assays of 
bacterial cells. These compounds comprise a moiety 
which provides a detectable species (e.g. a dye) when 
released from the compound in an environment of pH 9 
or less (i.e. physiological pH). Structurally, the reduc 
ible compounds are aromatic derivatives or quinones 
having suitable substituents which promote varying 
amounts of moiety release at physiological pH. When 
reduced at about pH7, the preferred compounds release 
at least 50% of the available detectable species within 
30 minutes. 
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1. 

REDUCBLE COMPOUNDS AND ANALYTICAL 
COMPOSITIONS, ELEMENTS AND METHODS 

UTLZNG SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation-in-part of U.S. Ser. No. 
699,386, filed Feb. 7, 1985 now U.S. Pat. No. 4,746,607. 
Reference is made to the following copending and 

commonly assigned applications: 
U.S. Ser. No. 699,374 filed Feb. 7, 1985 by A. J. Mura 

et al and entitled USE OF SUBSTITUTED QUI 
NONEELECTRON TRANSFERAGENTS IN AN 
ALYTICAL DETERMINATIONS, 

U.S. Ser. No. 824,757, now U.S. Pat. No. 4,803,61 
filed on even date herewith by Babb et al and entitled 
BIOLOGICAL AND ANALYTICALUSE OF PHE 
NALENONE AND BENZPHENALENONE COM 
POUNDS, and 

U.S. Ser. No. 824,755, now U.S. Pat. No. 4,803,160 
filed on even date herewith by A. Wu and entitled USE 
OF POLYMERIC MORDANTS TO INCREASE 
THE INTENSITY OF RIGID FLUORESCENT 
DYES. 

FIELD OF THE INVENTION 

This invention relates to clinical chemistry. In partic 
ular, it relates to the use of reducible compounds in dry 
or wet assays of liquids, such as biological fluids, to 
release useful moieties or to detect living cells (e.g. 
bacteria) or other analytes. It also relates to novel com 
pounds which can be reduced to provide a detectable 
species (e.g. a dye) at a pH of 9 or less. 

BACKGROUND OF THE INVENTION 

Chemical analysis of liquids, such as water, milk and 
biological fluids is often desirable or necessary for 
health maintenance and diagnostic care. Various com 
positions and elements to facilitate such analyses are 
known. Such compositions and elements generally in 
clude a reagent composition for determining a sub 
stance under analysis, identified as an "analyte' herein. 
The analyte can be a living organism or a nonliving 
chemical substance. The reagent composition, upon 
interaction with the analyte, provides a detectable 
change (e.g. dye formation). 

Recently, much work has been directed to develop 
ing compositions and elements which are useful for 
rapid and highly quantitative diagnostic or clinical anal 
ysis of biological fluids such as whole blood, serum, 
plasma, urine and the like. 

For example, for the rapid and effective diagnosis and 
treatment of infectious diseases, it is desirable to be able 
to detect the bacteria causing the disease as rapidly as 
possible. Infections of the urinary tract are among the 
most common bacterial diseases, second in frequency 
only to infections of the respiratory tract. In fact, in 
many hospitals, urinary tract infections are the most 
common form of nosocomial infections, often following 
the use of in-dwelling catheters and various surgical 
procedures. Most urinary tract infections (UTI) result 
from ascending infection by microorganisms introduced 
through the urethra and vary in severity from an unsus 
pected infection to a condition of severe systemic dis 
ease. Such infections are usually associated with bacte 
rial counts of 100,000 (105) or more organisms per ml of 
urine, a condition referred to as significant bacteriuria. 
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2 
Under normal conditions, urine is sterile, although con 
tamination from the external genitalia may contribute 
up to 1,000 (103) organisms per ml in properly collected 
and transported specimens. 

Significant bacteriuria may be present in a number of 
pathological conditions involving microbial invasion of 
any of the tissue of the urinary tract, or may result from 
simple bacterial multiplication in the urine without tis 
sue invasion. The infection may involve a single site 
such as the urethra, prostate, bladder, or kidney, al 
though frequently it involves more than one site. Infec 
tion restricted to the urine may present itself as asymp 
tomatic bacteriuria, i.e., a condition which manifests no 
overt signs or symptoms of infection. Early treatment of 
this condition can prevent the development of more 
serious conditions, e.g., pyelonephritisi (inflammation 
of the kidney and the renal pelvis). The rapid detection 
of bacteria by a reliable method would therefore facili 
tate an early and specific diagnosis. 

Further, in order to insure that a prescribed antibiotic 
is in fact effective in treating an infection, repeated tests 
during therapy are required. The need for simple, rapid 
bacteriuria tests is thus clear. Moreover, in viewof the 
frequent unsuspected asymptomatic occurrences of 
UTI among children, pregnant women, diabetics and 
geriatric populations, diagnosis of which may require 
collection and testing of several specimens, bacteriuria 
tests must be sufficiently simple and economical to per 
mit routine performance. Again, this illustrates the need 
for a rapid and inexpensive bacteriuria detection 
method. 
Current laboratory methods based on culturing mi 

croorganisms, e.g., the calibrated loop-direct streak 
method, require significant incubation periods (18-24 
hours) before results can be determined. These labora 
tory methods are also time-consuming to perform and 
require considerable clinical training and facilities. 
Known commercial methods for relatively rapid 

detection of bacteriuria have serious drawbacks. They 
are tedious, not completely reliable, require complex 
reagents or instrumentation, and have limited sensitivity 
to certain microorganisms and susceptibility to drug or 
other interferences. Hence, the usefulness of known 
methods is severely limited. 

It is also known that bacterial microorganisms can 
reduce dyes, resulting in a colorless product (i.e. dye 
bleach). Alternatively, colorless materials, e.g. tetrazo 
lium salts, can be reduced to form a colored formazan 
dye, as described in U.S. Pat. No. 3,415,718 (issued Dec. 
10, 1968 to Forkman et al) and by Guze et al in Am. J. 
Med. Sci, December, 1963, pp. 691-694. However, the 
use of formazan dyes for detecting microorganisms has 
several drawbacks. The formazan dyes generally have 
low extinction coefficients and therefore cannot be used 
to detect low levels of microorganisms. The tetrazolium 
salts have structures that are not readily modified to 
increase the extinction coefficients of the formazan 
dyes. Some formazan dyes are insoluble in water and 
can be toxic to the microorganisms. 

U.S. Pat. No. 4,144,306 (issued Mar. 13, 1979 to Figu 
eras) describes a multilayer element for analysis of liq 
uids. This element can include an interactive composi 
tion which interacts with an analyte to release a pre 
formed, detectable moiety from an immobile carrier 
nucleus upon oxidation or reduction. Such release gen 
erally requires the presence of a highly alkaline medium 
(i.e. pH greater than 13). The spectral absorption band 
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of the preformed detectable moiety is the same before 
and after release. In other words, the detectable species 
is not shiftable from one spectral absorption band to 
another. Therefore, the reference teaches the use of 
radiation-blocking layers in the element to screen out 
unwanted absorption from unreleased detectable moi 
ety during the assay. 

U.S. Pat. Nos. 4,108,850 (issued Aug. 22, 1978 to 
Fields et al) and 4,139,379 (issued Feb. 13, 1979 to Chas 
man et al) describe ballasted electron-accepting nucleo 
philic displacement compounds (called BEND com 
pounds therein) which can release dyes or other photo 
graphically useful fragments when reduced in the pres 
ence of silver halide, an incorporated reducing agent 
and an electron transfer agent. However, like the com 
pounds described by Figueras, most of these BEND 
compounds release the desired moieties only in a high 
pH (13-14) environment. A few BEND compounds, 
e.g. those having reduction potentials at about - 650 
mV (in acetonitrile), will release dye at a lower pH. 
However, dye release from these compounds at low pH 
(i.e. less than about 9) is very inefficient, i.e. very slow, 
and would not provide a rapid clinical chemistry assay. 
BEND compounds that release dyes only at high pH 
cannot be used in analytical determinations which are 
generally carried out at physiological pH (i.e. <9). 
Highly alkaline conditions are undesirable for clinical 
analysis, and especially for detection of microorganisms 
because many key enzymes and organisms are inacti 
vated at high pH. The BEND compounds which re 
lease dye at lower pH are unsuitable for analytical de 
terminations because their dye release is too slow. 
Hence, there is a need in the art for a rapid and highly 

quantitaive assay for analytes or microorganisms in 
aqueous liquids which can be carried out at physiolog 
ical pH. 

SUMMARY OF THE INVENTION 

The present invention overcomes the problems of the 
art with the use of certain reducible compounds. There 
fore the present invention provides a composition buff. 
ered at a pH of 9 or less which comprises a reducible 
compound of the structure 

CAR-R). 

wherein CAR- is a substituted or unsubstituted aromatic 
or quinone nucleus, R is a moiety which comprises a 
shiftable detectable species, and n is 1 or 2, 
provided the reducible compound is capable of being 

reduced at a pH of 9 or less to release the shiftable 
detectable species, and 

further provided that when R1 is replaced with H, 

CAR-e-H) 

has an E of either at leat about +100 mV when mea 
sured in water, or of at least about - 650 mV when 
measured in acetonitrile. 

Also, a dry analytical element for the determination 
of an analyte comprises an absorbent carrier material 
and contains the reducible compound described above. 
This invention also provides a method for the deter 

mination of an analyte. This method comprises the steps 
of: 

5 

10 

15 

20 

25 

30 

35 

45 

50 

55 

60 

65 

4. 
A. at a pH of 9 or less, contacting a sample of a liquid 

suspected of containing an analyte with the reducible 
compound described above, and 

B. detecting the detectable species released as a result 
of the presence of the analyte. 
This invention also provides a class of novel reduc 

ible intramolecular nucleophilic displacement, or 
RIND, compounds of the structure CAR-R wherein 
CAR- is 

R1 is 

R6 

--R5N-Q-FRAG, 

R2 and Rare independently hydrogen, substituted or 
unsubstituted alkyl, substituted or unsubstituted aryl or 
an electron withdrawing group, 

R3 is R., hydrogen, substituted or unsubstituted alkyl, 
substituted or unsubstituted aryl or an electron with 
drawing group, or R3 and R', taken together, represent 
the atoms necessary to complete a substituted or unsub 
stituted fused carbocyclic ring, 
R is substituted or unsubstituted alkylene of 1 or 2 

carbon atoms, 
R6 is substituted or unsubstituted alkyl, substituted or 

unsubstituted aryl, substituted or unsubstituted cycloal 
kyl or substituted or unsubstituted heterocycle, pro 
vided that when FRAG is a fluorogen, R6 is methyl, 
Q is carbonyl or thiocarbonyl, 
FRAG is a shiftable detectable species which pro 

vides a detectable species when released from the re 
ducible compound, and 
m is 0 or 1, 
provided that when Rl is replaced by H, CAR-H has 

an E of either at least about -100 mV when measured 
in water, or of at least about - 650 mV when measured 
in acetonitrile. 
The present invention provides a means for using 

reducible compounds in rapid and highly quantitative 
determinations of analytes, e.g. enzymes, metabolites or 
living cells (e.g. bacterial microorganisms) in liquids 
conducted at physiological pH (i.e. 9 or less). It also 
provides a class of novel compounds particularly useful 
in such determinations. Further, it also provides a 
means for releasing chemically or biologically useful 
moieties which can be converted into detectable spe 
CS. 

The present invention overcomes many of the draw 
backs of known analytical compositions and elements. 
In particular, the reducible compounds described 
herein, upon reduction, will efficiently provide a detect 
able species (e.g. a chromogen or fluorogen) at physio 
logical pH, thereby avoiding the problems encountered 
at high pH. For example, when the preferred com 
pounds of this invention are reduced at about pH 7 at 
least 50% of the available detectable species is released 
within 30 minutes. Further, in a preferred embodiment, 
the chromogens and fluorgens which can be released 
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from these compounds have high extinction coeffici 
ents, thus providing improved sensitivity, for example, 
to detect low levels of bacteria or other analytes present 
in low concentrations. 

It is also an advantage of this invention that the mea 
sured spectral absorption band of the released detect 
able species is different from the spectral absorption 
band of the reducible compound. Hence, radiation 
blocking layers are unnecessary in the element to screen 
out unwanted absorption from unreleased species, and 
the determination can be made with a single layer ana 
lytical element. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graphical plot of the change in absorban 
ce/min. vs. concentration of lactate dehydrogenase for 
both a state of the art assay and the assay of this inven 
tion in reference to Example 7 below. 

FIG. 2 is a graphical plot of the change in absorban 
ce/min. vs. concentration of a-glycerophosphate oxi 
dase for both a state of the art assay and the assay of this 
invention in reference to Example 8 below. 

FIG. 3 is a graphical plot of the change in absorban 
ce/min. vs. concentration of lactate oxidase for both a 
state of the art assay and the assay of this invention in 
reference to Example 9 below. 

FIG. 4 is a graphical plot of the change in absorban 
ce/min. vs. concentration of glucose oxidase for both a 
state of the art assay and the assay of this invention in 
reference to Example 10 below. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The reducible compounds useful in the practice of 
this invention are broadly defined as organic com 
pounds containing a shiftable detectable species which 
can be reduced at physiological pH (i.e. 9 or less) to 
release the shiftable detectable species. The term "shift 
able' is defined as: (1) a chromogen moiety, which has 
a first spectral absorption band while attached to the 
reducible compound and a second spectral absorption 
band when released, or a fluorogen moiety which has 
first spectral absorption and emission bands while at 
tached and second spectral absorption and emission 
bands when released, (2) a chemically or biologically 
useful moiety which is inactive, blocked or otherwise 
inaccessible when attached to the reducible compound 
but active, unblocked or accessible when released, or 
(3) a chemically or biologically useful moiety which is 
active or accessible when attached to the reducible 
compound but inactive or otherwise inaccessible when 
released. 
Thus, a shiftable detectable species is a moiety which 

has a first spectral absorption band while attached to the 
reducible compound before reduction and release, but 
which exhibits a second spectral absorption band during 
analytical measurement. The detectable species is chem 
ically modified when attached to the reducible com 
pound nucleus so that the spectral absorption band of 
the reducible compound is "shifted' from the band that 
the species has when released. Generally, but not neces 
sarily, the band is relocated to substantially shorter 
wavelengths when the species is a part of the reducible 
compound. In all cases, the two bands do not overlap to 
a significant extent. The change (i.e. "shift') from one 
spectral absorption band to another can be due to the 
mere release of the moiety from the reducible com 
pound, or alternatively, it can be caused by such release 
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6 
coupled with either interaction of the released moiety 
with metal ions or a mordant, or coupled with a change 
in the assay environment (e.g. change in pH). Any such 
change in the environment must still keep the pH at 9 or 
less. 
As noted above, shiftable detectable species can also 

be a chemically or biologically useful moiety which, 
when attached to the reducible compound, is inactive or 
blocked or otherwise inaccessible, but when released at 
physiological pH becomes biologically or chemically 
active or accessible for further interaction. The re 
leased, active species can be detectable itself or is capa 
ble of one or more subsequent chemical, physical or 
biological reactions to provide a detectable species. The 
method of this invention provides a means for releasing 
such moieties, e.g. electron transfer agents, enzymes, 
enzyme substrates, enzymes inhibitors, cofactors, cata 
lysts, reactants, etc. upon reduction of the reducible 
compound, preferably at physiological pH, for a variety 
of chemical or biological purposes. 

Further, a shiftable detectable species can be a chemi 
cally or biologically useful moiety which, when at 
tached to the reducible compound, is active, or other 
wise accessible for one or more subsequent chemical, 
physical or biological reactions, but when released at 
physiological pH becomes inactive or otherwise inac 
cessible for such reactions. 
More particularly, the compounds useful in this in 

vention have the structure 

CAR-R) 

wherein CAR- represents a substituted or unsubstituted 
aromatic or quinone nucleus, R is a moiety comprising 
a shiftable detectable species defined below, and n is 1 
or 2. Examples of such nuclei are presented below. 
Further, when R is replaced by H, 

CAR-e-H) 

has a reduction potential (E) of either at least about 
-- 100 mV when measured in water, or of at least about 
-650 mV when measured in acetonitrile. This Evalue 
facilitates the reduction and subsequent release of the 
shiftable detectable species from the compound at phys 
iological pH (i.e. 9 or less). Such measurements are 
made according to standard electrochemical techniques 
using either differential pulse polarography or cyclic 
voltametry (see, e.g. Sawyer and Roberts, Jr., Experi 
mental Electrochemistry for Chemists, John Wiley & 
Sons, New York, 1974). Preferably, the E is from about 
-- 100 mV to about -- 400 mV was measured in water, 
or from about - 650 to about -300 mV as measured in 
acetonitrile. Both ranges are given because some of the 
reducible compounds are best measured in water 
whereas others are best measured in acetonitrile. Fur 
ther details of measuring the E are described below 
prior to Table I. The desired E is achieved by appropri 
ate electron withdrawing groups on the CAR-nucleus, 
or by a combination of a fused ring attached to the 
nucleus and electron withdrawing groups. 
Examples of useful reducible compounds are illus 

trated below without intending to limit this invention. 
In one embodiment, the reducible compounds can be 

reduced to provide a detectable species through quino 
nemethide formation, similar to the description by Van 
de Sande in Angew. Chen. Int. Ed. Engl. 22, pp. 191-209 
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(1983) and U.S. Pat. No. 4,232,107 (issued Nov. 4, 1980 
to Janssens), but which have the desired E properties. 

In another embodiment, useful reducible compounds 
include sulfillimides and sulfenylsulfonamides similar to 
those described on page 206 of the Van de Sande refer 
ence noted above, but which have the desired E prop 
erties. 

In a preferred embodiment, the reducible compounds 
of this invention are RIND compounds, i.e. reducible 
compounds capable of undergoing intramolecular nu 
cleophilic displacement at physiological pH to release 
one or more shiftable detectable species when a nucleo 
philic group is generated by at least a one electron re 
duction of the compound. In other words, such dis 
placement occurs when the RIND compound is re 
duced by a suitable reductant which provides the neces 
sary electrons (described in more detail below). The 
distinction of these RIND compounds over the many 
similar benzoquinone compounds used in the photo 
graphic art is that the RIND compounds have a higher 
Evalue, thereby facilitating their reduction and subse 
quent release of a shiftable detectable species (e.g. a 
dye) at physiological pH (i.e. 9 or less). This release is 
very efficient in that, for most of the preferred com 
pounds, at least 50% of the detectable species is pro 
vided within 30 minutes at about pH 7. These RIND 
compounds are particularly useful because they release 
the detectable species rapidly, allowing for a rapid as 
say. Similar photographic compounds have lower E 
values and either release dye only at high pH (13-14), or 
release dye very inefficiently (i.e. slowly) at physiolog 
ical pH. Such compounds are described in U.S. Pat. No. 
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4,144,306 (noted above). When a RIND compound of 35 
this invention is reduced, e.g. in a clinical chemistry 
assay, the shiftable detectable species is released and 
diffuses throughout a solution, or within the layers of an 
analytical element efficiently (i.e. quickly). 
The term "intramolecular nucleophilic displace 

ment” refers to a reaction in which a nucleophilic cen 
ter on a molecule reacts at another site in the molecule, 
which site is an electrophilic center, to effect displace 
ment of a group or atom attached to the electrophilic 
center. Generally, the RIND compounds useful in this 
invention have the nucleophilic and electrophilic 
groups juxtaposed in the three-dimensional configura 
tion of the molecule in close proximity whereby the 
intramolecular reaction can take place and a ring is 
formed having from 4 to 7 atoms, and preferably haing 
5 or 6 atoms. 
The rate of nucleophilic displacement is substantially 

Zero prior to reduction of the RIND compound. Hence, 
the RIND compounds are stable prior to that reduction. 

Particularly useful RIND compounds are those of a 
novel class of reducible compounds which have the 
structure CAR-R wherein CAR- is 

R1 is . 
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R6 

--RsN-Q-FRAG, 

wherein m is 0 or 1, and preferably 1. R5 is substituted 
or unsubstituted alkylene, preferably of 1 or 2 carbona 
tons in the backbone (e.g. methylene, ethylene, alkox 
ymethylene, etc.). Most preferably, R is methylene. Q 
is carbonyl or thiocarbonyl and preferably carbonyl. 
R6 is substituted or unsubstituted alkyl preferably of 1 

to 40 carbon atoms (e.g. methyl, ethyl, n-propyl, isopro 
pyl, t-butyl, hexyl, decyl, lauryl, benzyl, etc.), substi 
tuted or unsubstituted cycloalkyl preferably of 4 to 40 
carbon atoms (e.g. cyclobutyl, cyclohexyl, 4-methylcy 
clohexyl, etc.), substituted or unsubstituted heterocycle 
preferably of 5 to 40 atoms (carbon and heteroatoms, 
e.g. pyridyl, etc.), or substituted or unsubstituted aryl of 
6 to 40 carbon atoms (e.g. phenyl, xylyl, naphthyl, p 
nitrophenyl, anthryl, p-t-butoxyphenyl, etc.). Prefera 
bly, Ris lower alkyl of 1 to 3 carbon atoms (substituted 
or unsubstituted). However, when FRAG is a fluoro 
gen, R6 is methyl. 
FRAG is a shiftable detectable species as defined 

above. Preferably, along with the remainder of the 
molecule, it has a first spectral band(s), but when it is 
cleaved from the RIND compound, it provides a de 
tectable species having a second spectral band(s) as 
described above. This species is released in an amount 
which can be directly related to the amount of reduc 
tant present. The specific composition of FRAG can 
vary considerably depending upon the type of detect 
able species desired and upon the particular detection 
means employed. 
The shiftable detectable species can be a material 

which is directly detectable by a suitable means, as well 
as a material which can react with other substances, e.g. 
analytes, enzymes or other reagents to provide a detect 
able species. Such species include those detectable by 
radiometric means, including chromogens (e.g. dyes or 
pigments) which can be detected colorimetrically and 
fluorogens (e.g. fluoroscent dyes or probes) which can 
be detected fluorometrically. Additionally, the detect 
able species can be a phosphorescent species, a chemilu 
minescent species, or any other detectable species 
known to one skilled in the art. 

Particularly useful shiftable detectable moieties are 
chromogens and fluorogens. Examples of useful classes 
of chromogens are azo, azomethine, nitrophenol, indo 
phenol, indoaniline and triarylmethane dyes, and others 
known in the art, with azo dyes being preferred. Exam 
ples of useful classes of fluorogens are coumarin, umbel 
liferone, phenalenone and benzphenalenone, fluorescein 
and rhodamine fluorescent dyes, and others known in 
the art. Phenalenone dyes are particularly useful. 

Useful phosphorescent species include such phos 
phors as 2',5'-dibromofluorescein and 4,5'-diiodofluore 
scein. A useful chemiluminescent species is luciferin. 
FRAG is linked to Q by means of a single bond 

through a bivalent monoatom linkage which is a part of 
FRAG. Preferably, the monoatom linkage is oxy, thio 
or seleno, and most preferably it is oxy. However, when 
FRAG is a fluorogen, the linkage is oxy or thio. 

R2, R3 and R' in the above quinone structure are 
independently hydrogen, substituted or unsubstituted 
alkyl of 1 to 40 carbon atoms (e.g. methyl, ethyl, hy 
droxymethyl, methoxymethyl, benzyl, etc.) substituted 
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or unsubstituted aryl (e.g. phenyl, naphthyl, methyl 
naphthyl, p-nitrophenyl, m-methoxyphenyl, phenylsul 
fonamido, etc.) or an electron withdrawing group 
which generally has a positive Hammett sigma value, 
and preferably has a sigma value greater than about 
0.06. Hammett signal values are calculated in accor 
dance with standard procedures described, e.g. in Steric 
Effects in Organic Chemistry, John Wiley & Sons, Inc., 
1956, pp. 570-574 and Progress in Physical Organic 
Chemistry, Vol. 2, Interscience Publishers, 1964, pp. 
333-339. Representative electron withdrawing groups 
having positive Hammett sigma values include cyano, 
carboxy, nitro, halo (e.g. fluoro, bromo, chloro, iodo), 
trihalomethyl (e.g. trifluoromethyl, trichloromethyl, 
etc.), trialkylammonium, carbonyl, carbamoyl, sulfonyl, 
sulfamoyl, esters and others known in the art, or alkyl 
or aryl groups (defined hereinabove) substituted with 
one or more of these electron withdrawing groups. 
Preferred electron withdrawing groups include p 
nitrophenyl, m-nitrophenyl, p-cyanophenyl and 2,5- 
dichlorophenyl. Aryl groups with methoxy or acet 
amido groups in the meta position are also useful. 
R3 can also be Rl thereby potentially providing a 2:1 

molar ratio of detectable species molecules to original 
RIND compound molecule. 

Alternatively, R3 and R, taken together, can repre 
sent the carbon atoms necessary to complete a substi 
tuted or unsubstituted fused carbocyclic ring attached 
to the quinone nucleus. For example, such a ring (mono 
or bicyclic) can have from 4 to 8, and preferably from 5 
to 7, carbon atoms in the backbone. 
The RIND compounds of this invention readily re 

lease FRAG at physiological pH. Preferred compounds 
release the shiftable detectable species at about pH 7 so 
quickly that at least about 50% of the available species 
is released in 30 minutes. Most preferably, at least about 
75% is released within that time. 
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10 
Representative novel and preferred RIND com 

pounds of this invention are listed in Table I below in 
reference to the following structure: 

O 

R6 O 
II 

CH2N-C-FRAG 

R2 
I 
O 

The E values in Table I were determined for the qui 
none nucleus of this structure having a hydrogen atom 
in place of 

R6 

-CH2N-C-FRAG, i.e. 

O 
I 

O 

The E values (where available) were measured in an 
aqueous emulsion of the quinone dissolved in N,N- 
dimethylformamide, a nonionic surfactant (TRITON 
X-100) and sodium phosphate buffer (pH 7). A normal 
hydrogen electrode was used as a standard. Some E 
values (denoted by *) were measured in acetonitrile 
using a saturated calomel electrode as a standard. E. 
values not available are denoted by "NA'. 
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RIND compounds V, VII, VIII, IX, XX, XXIV, 
XXIX, XXX and XXXI are preferred in the practice of 
this invention with XXIX and XXXI being most pre 
ferred. 
The novel RIND compounds of this invention are 

prepared using a sequence of individually known reac 
tions. Generally, the preparation sequence includes the 
following general steps: (1) preparation of the substi 
tuted hydroquinone, (2) oxazine ring formation, (3) 10 
oxazine ring opening, (4) preparation of the carbamoyl 
chloride, and (5) reaction of the carbamoyl chloride 
with the FRAG moiety. Representative preparations 
are provided in Examples 1, 17, 21 and 22 below. 
Other RIND compounds useful in the practice of this 

invention include those having the appropriate E val 
ues and the structure 

15 

CAR-e-R) 20 

wherein: 
(1) CAR- is a substituted or unsubstituted nucleus of 

a 1,2-naphthoquinone, 1,2-, 1,4- or 9,10-anthrazinone, 25 
4,4'-diphenoquinone, azuloquinone or 1,6-10 
anulenoquinone wherein R is attached to the nucleus 
one carbon atom distant or in the periposition from one 
of the oxo groups of the nucleus. The nucleus can be 
substituted with one or more electron withdrawing 30 
groups as described above for R2 or have one or more 
fused rings as described above for R3 and R“. 
R1 is 

35 
R6 

--R5N-Q-FRAG, 

as defined above, and n is an integer of 1 or 2. 40 
(2) CAR- is 

O 

45 

O 50 

O 

55 

O 
60 

O 

O 
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-continued 

O 

O 

O 

O 

O 

any of which can be substituted with one or more elec 
tron withdrawing groups as described above for R2, R3 
and Rt. Rl is 

R6 

--RsN-Q-FRAG, 

as defined above, and n is 1 or 2. 
(3) CAR- is a substituted or unsubstituted nitroben 

Zenoid nucleus of the structure 

NO2 

RSO2 

SOR7 

wherein R7 is substituted or unsubstituted alkyl of 1 to 
20 carbon atoms (e.g. methyl, ethyl, methoxymethyl, 
isopropyl, dodecyl, hexadecyl, octadecyl, etc.), and R. 
is 

R6 

--R5N-Q-FRAG, 

as defined above and n is 1. These compounds are simi 
lar to some described in U.S. Pat. No. 4,139,379 (noted 
above). 

All of these reducible compounds can be prepared 
using techniques and starting materials known in the art 
or readily apparent to a skilled synthetic chemist. See, 
e.g. Examples 19 and 20 below. 

Generally, the reducible compounds described herein 
have limited water solubility. Hence, it is best, when 
using them in an aqueous environment, to prepare a 
dispersion of the compound prior to use, e.g. in a coat 
ing formulation. Such dispersions generally comprise 
the reducible compound, an aqueous buffer solution and 
either a water-solubilizing surfactant or a water-misci 
ble organic solvent for the compound, or both. 

Surfactants which are useful in the practice of this 
invention include any surfactants which do not inhibit 
compound reduction. Generally, for detection of living 
cells, the useful surfactants are nonionic surfactants, 
including, for example, alkylarylpolyethoxy alcohols 
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(e.g. TRITON X-100 and X-305 available from Rohm 
& Haas, Philadelphia, Pa., U.S.A.), p-alkylaryloxypoly 
glycidols (e.g. SURFACTANT 10 G available from 
Olin Corp., Stamford, Conn., U.S.A.), TWEEN 80 
(available from ICI Americas, Inc., Wilmington, Del, 
U.S.A.), and others known to one skilled in the art. 

Useful water-miscible organic solvents include alco 
hols (e.g. methanol, ethanol, propanol, etc.), N,N-dime 
thylformamide, dimethyl sulfoxide, acetonitrile, hex 
amethylenephosphoramide and the like. The particular 
solvent to be used for a particular reducible compound 
can be readily determined by routine experimentation. 

10 

A dispersion can be prepared in the following general 
manner with the particular details of such a preparation 
illustrated in Example 2 below. The reducible com 
pound is dissolved in the water-miscible solvent at a 
concentration which depends upon its molecular 
weight, but generallyat from about 1 to about 100, and 
preferably from about 5 to about 80, mg per ml of sol 
vent. The resulting solution is then mixed with a suit 
able surfactant in an amount generally of from about 0.1 
to about 24, and preferably from about 0.5 to about 10, 
mg surfactant per ml of dispersion. This preparation is 
generally carried out at room temperature. 
These dispersions generally contain a buffer in an 

amount effective to maintain a physiological pH (9 or 
less). The concentration of buffer in the dispersion can 
vary widely, but is generally from about 0.01 to about 
0.1 molar. Representative buffers include phosphates, 
borates and others reported by Good et al in Biochemis 
try, 5, 467 (1966), and Anal. Biochem., 104, 300 (1980). 
The reducible compounds described herein are useful 

in compositions for analytical determination (i.e. quali 
tative or quantitative detection) of aqueous and nona 
queous liquids, e.g. biological fluids, manufacturing 
processes, wastewater, food stuffs, etc. Determinations 
can be made of various analytes via a single reaction or 
a sequence of reactions which bring about reduction of 
the compound and release of the moiety. The various 
analytes include living cells (e.g. bacteria, white blood 
cells, yeast, fungi, etc.), enzymes (e.g. lipase, glucose 
oxidase, lactate oxidase, creatine kinase, a-glycerophos 
phate oxidase, lactate dehydrogenase, pyruvate dehy 
drogenase, glucose-6-phosphate dehydrogenase, alanine 
aminotransferase, aspartate aminotransferase and other 
NADH-based, FADH-based or oxidase-based assays), 
biological or chemical reductants other than living cells 
which will reduce the reducible compound (e.g. ascor 
bates, cysteine, glutathione, thioredoxin, etc.), metabo 
lizable substances (e.g. glucose, lactic acid, triglycer 
ides, cholesterol, etc.), immunoreactants (e.g. antigens, 
antibodies, haptens, etc.). 
The compositions can be used to monitor enzyme 

redox reactions as well as flaving adenine dinucleotide 
(FAD-FADH)-based and nicotinamide adenine dinu 
cleotide (NAD-NADH)-based and (NADP-NADPH)- 
based reactions. In such instances, the reducible com 
pound can be used to provide a detectable species in 
place of NADH. 
The reducible compounds described herein, and espe 

cially the novel RIND compounds of this invention, are 
particularly useful in detecting or quantifying living 
cells in biological samples. Although any biological 
sample suspected of having living cells therein (e.g. 
food, tissue, ground water, cooling water, pharmaceuti 
cal products, sewage, etc.) can be analyzed for bacteria, 
white blood cells, yeast, fungi, etc. by this invention, the 
invention is particularly useful for bacterial detection in 
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aqueous liquids, such as human and animal fluids (e.g. 
urine, cerebral spinal fluid, blood and the like as well as 
stool secretions) and suspensions of human or animal 
tissue. The practice of this invention is particularly 
important for detection of urinary tract infections in 
urine (diluted or undiluted). 
When determining living cells using the reducible 

compounds, it is preferable for rapid dye release in such 
determinations that the living cells interact with an 
electron transfer agent (herein ETA). The presence of 
an ETA may also provide more efficient dye release for 
analytical determinations of nonliving analytes. The 
ETA is a noble compound which acts as an intermedi 
ary between the substance being determined (e.g. living 
cell) and the reducible compound. 

In general, the ETA compounds useful in the practice 
of this invention have an E in the range of from about 
-320 to about -- 400 mV as measured in aqueous buffer 
(pH 7) versus the normal hydrogen electrode using a 
differential pulse polarographic technique with a PAR 
Potentiostat (Princeton Applied Research, Princeton, 
N.J.). In general, the potential of the ETA should be 
more positive than the potential of the substance to be 
determined (i.e. analyte) and less positive than the po 
tential of the RIND compound. That is, the ETA 
should be more easily reduced than the analyte and less 
easily reduced than the reducible compound. They are 
generally present at a concentration that is dependant 
upon the concentration of the analyte, and preferably at 
a concentration of from about 1X 103 molar to about 
1X 10-7 molar. 
ETA compounds useful in the practice of this inven 

tion include phenazine methosulfate, phenazine ethosul 
fate and similar compounds known to one skilled in the 
art. Combinations of different ETA compounds can be 
used if desired. 

Preferred ETA compounds useful in the practice of 
this invention which provide further advantages of low 
background are those which are the subject of U.S. Ser. 
No. 699,374 of Mura et all noted above. In general, those 
compounds are substituted benzo- and naphthoqui 
nones. Examples of this class of quinones include 2,3- 
dimethyl-5-hydroxymethyl-1,4-benzoquinone, 2,5- 
dimethoxy-1,4-benqoquinone, 2,3,5-trimethyl-1,4-ben 
zoquinone, 2,6-dimethoxy-1,4-benzoquinone, 2-hydrox 
ymethyl-1,4-naphthoquinone and 2-(2-hydroxyethyl)- 
1,4-naphthoquinone. The most preferred ETAs are 
those designated as I, III, IV, XXVI and XXVII of 
Table I of the Mura et al application. 
The detection of living cells, and particularly of bac 

terial cells, is often carried out in the presence of a 
nutrient for those cells although its presence is not es 
sential. Any nutrient media can be used which contains 
useful carbon, and optionally nitrogen, sources. Suitable 
nutrient media having proper components and pH are 
well known in the art. Particularly useful nutrients are 
glucose or tryptose alone or in combination. 
The present invention is adaptable to either solution 

or dry assays. In a solution assay, a solution (or disper 
sion) containing a reducible compound, and preferably 
an ETA, is prepared and contacted with a liquid tesr 
sample containing the living cells or analyte to be deter 
mined by mixing. The ETA can also be mixed with the 
test sample prior to mixing with the reducible com 
pound. Generally the reducible compound is mixed 
with the test sample in a suitable container (e.g. test 
tube, petrie dish beaker, cuvette, etc.). The resulting 
solution (or dispersion) is gently mixed and incubated 
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for a relatively short time (i.e. up to about 30 minutes) at 
a temperature up to about 40 C., and generally from 
about 20 to about 40 C. The test sample is then evalu 
ated by measuring the detectable species, for example, 
at a wavelength in the spectral absorption band of the 
chromogen species, or at a wavelength in the emission 
band of the fluorogen species which band is different 
than the band the reducible compound had prior to 
species release. Such an evaluation can be done with 
suitable detection equipment. 
A solution assay can also be carried out by contacting 

a porous, absorbent material, e.g. paper strip, containing 
the test sample with a dispersion of the reducible com 
pound. The analyte in the test sample can migrate from 
the porous material into the dispersion and initiate the 
analytical reactions needed for determination. In solu 
tion assays, the amount of reducible compound present 
is at least about 0.001, and preferably from about 0.01 to 
about 1.0, millimolar. Other reagents can be present in 
amounts readily determined by one skilled in the art. 

Alternatively, the method of this invention can be 
practiced in a dry assay with a dry analytical element. 
Such an element can be a absorbent carrier material, i.e. 
a thin sheet or strip of self-supporting absorbent or 
bibulous material, such as filter paper or strips, which 
contains the reducible compound or a dried residue of 
the dispersion comprising same. Such elements are 
known in the art as test strips, diagnostic elements, dip 
sticks, diagnostic agents and the like. 
When employed in dry analytical elements, the re 

ducible compounds described herein can be incorpo 
rated herein can be incorporated into a suitable absor 
bent carrier material by imbibition or impregnation, or 
can be coated on a suitable absorbent carrier material. 
Alternatively, they can be added to the element during 
an assay. Useful carrier materials are insoluble and 
maintain their structural integrity when exposed to 
water or biological fluids such as urine or serum. Useful 
carrier materials can be prepared from paper, porous 
particulate structures, cellulose, porous polymeric 
films, wood, glass fiber, woven and nonwoven fabrics 
(synthetic and nonsynthetic) and the like. Useful materi 
als and procedures for making such elements are well 
known in the art as exemplified by U.S. Pat. Nos. 
3,092,465 (issued June 4, 1963 to Adams et al), 3,802,842 
(issued Apr. 9, 1974 to Lange et al), 3,915,647 (issued 
Oct. 28, 1975 to Wright), 3,917,453 (issued Nov. 4, 1975 
to Milligan et al), 3,936,357 (issued Feb. 3, 1976 to Milli 
gan et al), 4,248,829 (issued Feb. 3, 1981 to Kitajima et 
al), 4,255,384 (issued Mar. 10, 1981 to Kitajima et al), 
and 4,270,920 (issued June 2, 1981 to Kondo et al), and 
U.K. Pat. No. 2,052,057 (published Jan. 21, 1981). 
A dry assay can be practiced to particular advantage 

with an analytical element comprising a nonporous 
support having thereon at least one porous spreading 
Zone as the absorbent carrier material. The reducible 
compound can be in the spreading zone or in a different 
Zone (e.g. reagent zone, registration zone, hydrophilic 
Zone, etc.). The spreading zone can be prepared from 
any suitable fibrous or non-fibrous material or mixtures 
of either or both. The void volume and average pore 
size of this zone can be varied depending upon the use 
intended. For example, if whole blood or other liquid 
samples containing cells or high molecular weight ma 
terials are to be assayed, the void volume and average 
pore size are generally greater than if serum or urine is 
to be assayed. 
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The spreading zone can be prepared using fibrous 

material, either mixed with a suitable binder material or 
woven into a fabric, as described in U.S. Pat. No. 
4,292,272 (issued Sept. 29, 1981 to Kitajima et al), from 
polymeric compositions (e.g. blush polymers) or partic 
ulate materials, with or without binding adhesives, as 
described in U.S. Pat. Nos. 3,992,158 (issued Nov. 16, 
1976 to Przybylowicz et al), 4,258,001 (issued Mar. 24, 
1981 to Pierce et al) and 4,430,436 (issued Feb. 7, 1984 
to Koyama et al) and Japanese patent publication No. 
57(1982)-101760 (published June 24, 1982). It is desired 
that the speading zones be isotropically porous, mean 
ing that the porosity is the same in each direction in the 
zone as created by the interconnected spaces or pores 
between particles, fibers, polymeric strands, etc. 
The dry analytical element of this invention can be a 

single self-supporting porous spreading zone containing 
a reducible compound and any other desired reagents 
for a particular use, but preferably such zone is carried 
on a suitable nonporous support. Such a support can be 
any suitable dimensionally stable, and preferably, trans 
parent (i.e. radiation transmissive) film or sheet material 
which transmits electromagnetic radiation of a wave 
length between about 200 and about 900 nm. A support 
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with the intended mode of detection (reflection, fluores 
cence or transmission spectroscopy) and inert to chemi 
cal reagents and liquid samples used in the assay. Useful 
support materials include polystyrene, polyesters e.g. 
poly(ethylene terephthalate), polycarbonates, cellulose 
esters (e.g. cellulose acetate), etc. 
The elements can have more than one zone, e.g. a 

reagent zone, a registration zone, subbing zone, etc. The 
zones are generally in fluid contact with each other, 
meaning that fluids, reagents and reaction products can 
pass between superposed regions of adjacent zones. 
Preferably, the zones are separately coated superposed 
layers, although two or more zones can be in a single 
coated layer. Besides the patents noted above, suitable 
element formats and components are described also, for 
example, in U.S. Pat. Nos. 4,042,335 (issued Aug. 16, 
1977 to Clément) and 4,144,306 (noted above) and No. 
30,267 (reissued May 6, 1980 to Bruschi). 

In the elements of this invention, the amount of the 
reducible compound can be varied widely, but it is 
generally present in a coverage of at least about 0.01, 
and preferably from about 0.05 to about 0.2, g/m2. Op 
tional, but preferred reagents (e.g. ETA, nutrient, 
buffer, etc.) are generally present in the following cov 
erages: 
ETA: generally at least about 0.001, and preferably 

from about 0.001 to about 1, g/m2, 
nutrient: generally at least about 0.05, and preferably 

from about 0.1 to about 2, g/m2 (used only in living cell 
detection), 

buffer (pHS9): generally at least about 0.1, and pref 
erably from about 0.5 to about 2, g/m2, and 

surfactant: generally at least about 0.1, and preferably 
from about 0.2 to about 5, g/m2. 
One or more of the zones can contain a variety of 

other desirable, but optional, components, including 
activators, binders (generally hydrophilic), antioxi 
dants, coupler solvents, etc. as is known in the art, as 
well as any reagents needed for assay of a particular 
analyte. 

In one embodiment of this invention, an element for 
detection of microorganisms (e.g. yeast, fungi, bacteria, 
etc.) in an aqueous liquid comprises an electron transfer 



29 
agent and a reducible compound, both of which are 
described above. It is desirable that these elements also 
contain a nutrient for the living cells and a buffer which 
maintains physiological pH during the assay (e.g. when 
contacted with a 1-200 ulsample of test liquid). Such an 
element can be used to detect bacteria, for example, in a 
urine sample (e.g. one pretreated to eliminate reductive 
interferents) by physically contacting the sample and 
element in a suitable manner, and detecting the detect 
able species released from the reducible compound as a 
result of the presence of the bacteria at the appropriate 
wavelength. 

Representative elements and their use to detect bac 
teria are described in Examples 3, 5, 6, 11-14 and 25 
below. 

In another embodiment of this invention, an element 
is used for the determination of a nonliving biological or 
chemical analyte in an aqueous liquid. An interactive 
composition containing one or more reagents can be 
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incorporated into the element or added at the time of 20 
the assay. Examples of such analytes are described 
above. The amount of detectable species detected can 
be correlated to the amount of analyte present in the 
liquid sample. 
The element of this invention is also useful for deter 

mining other reductants such as ascorbate (ascorbic 
acid and equivalent alkali metal salts), cysteine, glutathi 
one, thioredoxin and the like. 
A variety of different elements, depending on the 

method of assay, can be prepared in accordance with 
the present invention. Elements can be configured in a 
variety of forms, including elongated tapes of any de 
sired width, sheets, slides or chips. 
The assay of this invention can be manual or auto 

mated. In general, in using the dry elements, an analyte 
or living cell determination is made by taking the ele 
ment from a supply roll, chip packet or other source and 
contacting it with a sample (e.g. 1-200 ul) of the liquid 
to be tested so that the sample mixes with the reagents 
in the element. Such contact can be accomplished in 
any suitable manner, e.g. dipping or immersing the ele 
ment into the sample or, preferably, by spotting the 
element by hand or machine with one or more drops of 
the sample with a suitable dispensing means. 

After sample application, the element is exposed to 
any conditioning, such as incubation, heating or the 
like, that may be desirable to quicken or otherwise facil 
itate obtaining any test result. 

Detection of an analyte or living cell is achieved 
when the reducible compound is reduced releasing a 
species which can be detected in a suitable manner. 
Preferably, as noted above, the detectable species is a 
colorimetric dye or fluorescent dye which can be de 
tected with conventional colorimetric or fluorometric 
apparatus and detection procedures. If the detectable 
species is other than a chromogen or fluorogen, for 
example, a chemiluminescent or phosphorescent moi 
ety, suitable chemiluminescence or phosphorescence 
detecting means can be employed. Spectral determina 
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tions can be made either at the maximum wavelength of 60 
the dye or at wavelengths other than the maximum 
wavelength. 

Reagents used in the following examples were ob 
tained as follows: lactate dehydrogenase, peroxidase, 
D,L-a-glycerophosphate, nicotinamide adenine dinu 
cleotide, reduced form (NADH), glucose oxidase, as 
corbic acid, sodium salt and phenazine methosulfate 
from Sigma Chemical Co. (St. Louis, Mo., U.S.A.), 

65 
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brain heart infusion (BHD and tryptose nutrient media 
from Difco Labs (Detroit, Mich., U.S.A.), TRITON 
X-100 surfactant from Rohm & Haas (Philadelphia, Pa., 
U.S.A.), BRIJ 35 surfactant from ICI Americas, Inc. 
(Wilmington, Del, U.S.A.), ZONYL FSN surfactant 
from DuPont Co. (Wilmington, Del, U.S.A.), and the 
bacterial microorganisms from the American Type Cul 
ture Collection (ATCC) in Rockville, Md., U.S.A.. All 
other reagents were either obtained from Eastman Or 
ganic Chemicals (Rochester, N.Y., U.S.A.) or prepared 
using known starting materials and procedures. 

Escherichia coli (ATCC 25922) cells were grown in 
BH medium at 37 C. without shaking and transferred 
daily. Forty ml of the cells grown overnight were har 
vested by centrifugation and resuspended in 10 ml of a 
0.05 molar potassium phosphate buffer (pH 7.5). Solu 
tion 1 was prepared by adding 5 ml of the cell suspen 
sion to 9 ml of buffer. Solution 2 was prepared by add 
ing i ml of solution 1 to 9 ml of buffer. Solutions 2a, 2b, 
2c, etc. were prepared by a 1:1 dilution of Solution 2. 
The turbidity of each solution was measured at 620 mm 
against a buffer blank in a commercially available Beck 
man A25 spectrophotometer. A linear relationship be 
tween turbidity measurement and viable cell counts had 
been predetermined. An absorbance of 0.1 was found to 
be equivalent to about 6X 107 E. coli cells/ml. Using this 
relationship and the known dilution factor, the number 
of cells in Solution 1 was determined. 

In the preparation of the illustrated reducible com 
pounds, the identity and purity of the intermediates 
were determined by infrared (IR) spectra as measured 
in a commercially available Perkin-Elmer 137 spectro 
photometer sharp(s) or broad.(b) bands yielding struc 
tural information are reported in reciprocal centimeters 
(cm) or by nuclear magnetic resonance (NMR) spec 
tra measured in a conventional Varian T60 NMR spec 
trophotometer chemical shifts reported in 6 values in 
ppm to tetramethylsilane at broad(b), singlet(s), multi 
plet(m) or broad singlet(bs) peaks). The identity and 
purity of final products were determined by IR, NMR 
spectroscopy and elemental analysis. 
The following examples are presented to illustrate the 

practice of this invention. The identified RIND com 
pounds are the reducible compounds included in Table 
I above. 

EXAMPLE 1. 

Preparation of RIND VII Compound 
Step 1: 
A mixture of p-nitroaniline (27.6 g., 0.199 mole), con 

centrated HCl (80 ml) and water (200 ml) was warmed 
until solution was obtained, then cooled to 0-5 C. 
Sodium nitrite (13.8 g., 0.2 mole), dissolved in H2O (25 
ml), was added slowly to prevent any rise in tempera 
ture. After stirring at 0° C. for one hour, the resulting 
diazonium salt was added slowly to a mechaically 
stirred mixture of p-benzoquinone (25.9 g, 0.23 mole), 
sodium acetate (100 g, 1.2 mole), and ice water (2300 
ml) in a 4 liter beaker. The golden colored heteroge 
neous mixture was stirred in an ice bath for four hours 
and slowly warmed to room temperature. The solid was 
isolated by filtration, washed repeatedly with water, 
then dried to afford 44.4 g (97% yield) of intermediate 
A of sufficient purity for use in the next step. The prod 
uct could be recrystallized in 2:1/EtOH:acetone. NMR 
(CDCl3/DMSO-d6), 8 7 (b, quinone H's), 7.6-8.6 
(AAXX'-phenyl). 
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Step 2a: 
A mixture of intermediate A (50 g, 0.218 mole), 1,3- 

cyclohexadiene (20.9 g, 0.26 mole) and methylene chlo 
ride (250 ml) was heated at reflux overnight under nitro 
gen. The solvent was removed and the crude protohy 
droquinone was used immediately in the next step. 

Step 2b: 
Rearrangement of the protohydroquinone was car 

ried out by adding KHCO3 (42 g, 0.42 mole) and MeOH 
(400 ml), and heating to reflux for 30 minutes under 
nitrogen. The mixture was cooled, filtered and the fil 
trate was poured into dilute HCl/ice water. Filtration 
and drying (vacuum oven at 50 C.) afforded 64 g of 
crude intermediate B, sufficiently pure for use in the 
next step. NMR (CDCl3), 61.5 (s, -CH2CH2-), 4.5 (b, 
ring junction H's), 6.6 (m, -CH=CH-), 6.7 (s, 
HQ-H), 7.7-8.4 (AATXX", phenyl H's). 

Step 3: 
Intermediate B (22.8 g., 73 mmole) was dissolved in 

tetrahydrofuran (THF) (750 ml) in a Parr shaker bottle, 
and 10% palladium on carbon catalyst was added under 
a nitrogen atmosphere. This mixture was placed on a 
commercial Parr shaker apparatus under 40 psi (2.75 
bars) of hydrogen and shaken for 10-11 minutes. The 
reaction mixture was then filtered under a nitrogen 
atmosphere and the solvent removed under vacuum to 
give intermediate C as an orange semisolid. Recrystalli 
zation from methylene chloride gave 12.8 g (56% yield) 
of pure intermediate C as an orange solid. NMR 
(CDCl3), 6, 1.6 (m, CH2CH2), 3.4 (bs, -CH), 8 
(AA"XX", nitrophenyl H's). 

Step 4: 
A mixture of intermediate C (3.5 g, 11.2 mmole), 

N,N(diisobutoxymethylene)methylamine (4.5 g, 22.4 
mmole) and toluene (15 ml) was heated overnight at 
115 C. under nitrogen. A stream of nitrogen was passed 
through the reaction mixture until all of the solvent was 
evaporated. Hexane (25 ml) was added and the resulting 
solid was broken up while heating the mixture. After 
cooling, filtration yielded 4 g (97.6% yield) of interme 
diate D as a golden solid. NMR (CDCl3/DMSO-d6) 
shows oxazine ring protons 8 3.5 (bs, ph-CH2-N), 
4.65 (s, O-CH2-N), 2.4 (s, CH3N). 

Step 5: 
A mixture of intermediate D (4 g, 10.9 mmole), 

FeCl3.6H2O (4.4g, 16.3 mmole), concentrated HCl (6 
ml), water (6 ml) and methanol (30 ml) was heated at 
reflux overnight. Water (150 ml) was added and the 
mixture extracted with methylene chloride 3 times. The 
combined organic layers were dried (Na2SO4) and the 
solvent was removed to give 3.3 g (78.6%) of intermedi 
ate E, IR (KBr) 1660s (quinone), 1530s and 1430s 
(NO2), 2700 b (NH.HCl). 

Step 6: 
Intermediate E (3.3 g, 8.48 mmole) was dissolved in 

cold methylene chloride (50 ml), and triethylamine (2.4 
ml, 16.9 mmole) was added to the solution. This mixture 
was then added in portions over 15 minutes to a cold 
saturated solution of phosgene in methylene chloride 
(100 ml). The reaction mixture was stirred at 0 for 30 
minutes, then slowly warmed to 25 over 2 hours. The 
mixture was held under vacuum overnight to remove 
all the solvent (a NaOH trap was used to collect phos 
gene). The resulting solid was broken up and stirred in 
tetrahydrofuran (250 ml). After filtration to remove the 
amine salt, the filtrate was freed of solvent to afford 3.3 
g (94%) of intermediate F. IR (KBR) 1740s (carbamoyl 
chloride), 1650s (quinone). 
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Step 7: 
A mixture of the azo dye having the structure: 

SO2CH3 

HO NEN NO2 

NHSO2 

SO2NH2 

(5.3 g, 8.74 mmole), prepared from compound 6A in 
U.S. Pat. No. 4,199,354 (issued Aug. 22, 1980 to Hin 
shaw et al) by a known treatment with ammonia, and 
4-piperidinopyridine (catalytic amount) was dissolved 
in pyridine (50 ml) in the dark under nitrogen. Interme 
diate F (3.3 g, 7.95 mmole), dissolved in tetrahydrofu 
ran (5 ml), was then added and the resulting reaction 
mixture stirred overnight. After pouring into dilute 
HCl/ice water, the crude product was isolated by filtra 
tion. Column chromatography on silica (85:15, 
CH2Cl2:Et2O) afforded 3 g (38%) of RIND VII. Anal. 
Calculated for C44H37N7O14S: C, 53.7, H, 3.8, N, 10.0, 
O, 22.8, and S, 9.8%. Found: C, 53.0, H, 3.9, N, 9.4, O, 
18.6, and S, 9.2%. 

EXAMPLE 2. 

Composition of RIND VII Compound 
The RIND compound prepared in Example 1 was 

dissolved in N,N-dimethylformamide (16 mg per ml). 
An aliquot of 0.25 ml of this solution was mixed with 0.5 
ml of aqueous solution of TRITON X-100 non-ionic 
surfactant. The resulting soltuion was then added drop 
wise to 25 ml of 0.05 molar potassium phosphate buffer 
(pH 7.5) while the buffer was stirred at room tempera 
ture. A clear dispersion resulted. 

EXAMPLES 3a and b 

Determination of Bacterial Microorganisms with 
RIND XXI 

E. coli (ATCC 25922) microorganisms were deter 
mined with RINDXXI in the following manner. A 1 ml 
reaction mixture was prepared with 0.5 ml of a compo 
sition of RIND XXI (prepared as described in Example 
2), 10 millimolar final concentration of glucose nutrient, 
0.1 millimolar final concentration of phenazine metho 
sulfate ETA and 0.05 molar potassium phosphate buffer 
(pH 7.5). An aliquot of E. coli cell suspension (2.5x107 
colony forming units/ml) (CFU/ml) was added to the 
reaction mixture and the resulting mixture was incu 
bated at 37 C. for 10 minutes at pH 7.5. Magenta dye 
formation was observed as the cells reduced the RIND 
compound. The change in absorbance measured at 490 
nm after 10 minutes is given in Table II below. 

Control reaction mixtures was similarly prepared, 
leaving out one component of the mixture. Table II 
below identifies the component left out and the result 
ing change in absorbance (AA) measured at 490 nm for 
the Controls. 
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TABLE II TABLE III-continued 
AA at 490 nm. Celi Concentration Example Control 

Example 3a 0.49 E. coli (CFU/ml) AA at 635 nm. AA at 560 nn 
Control A - E. coli omitted 0.008 5 1 x 107 0,103 0.104 
Example 3b -glucose omitted 0.060 
Control B - phenazine methosulfate omitted 0.002 

EXAMPLE 5 
Comparisons of Controls A and B with Examples 3a Detection of Bacterial Microorganisms with Various 

and b indicate that E. coli (a bacterial reductant) re 8 10 RIND Compounds 
quires an electron transfer agent for efficient dye release a 
from the RIND compound. Looking at Example 3b, the One ml reaction mixtures of RIND V, VII, XXII and 
pesence of a readily metabolizable substrate (i.e. glu- XXIII compounds were prepared by the procedure 
cose) is preferred in the determination of microorgan- described in example, 3, each containing 0.5 ml of the 
isms, but without it some dye is still released. 15 RIND compound and various cell concentrations of E. 

EXAMPLE 4 

Detection of Bacterial Microorganisms by Comparative 
Methods 

This is an example comparing the detection of E. coli 
by the method of this invention to a prior art method 
using a tetrazolium salt having the structure: 

20 

coli suspensions. The mixtures were incubated at 37 C. 
for up to 30 minutes and the dyes released by reduction 
of the RND compounds by the E. coli were determined 
by spectrophotometrically measuring the change in 
absorbance (AA) for RIND V and VII. RINDs XXII 
and XXIII released fluorescent dyes which were deter 
mined by measuring net relative fluorescence with a 
commercial fluorometer (excitation, 372 nm and emis 
sion, 476 mm). Table IV below lists the data obtained 
from these measurements. 

TABLE IV 
Cell RIND W RIND VII RND XXII RIND XXIII 

Concentration AA at 635 nm AA at 635 nm. Net relative fluorescence 
CFU/m after 30 min. after 10 min. after 30 mini. 

5 x 105 O,013 NA NA NA 
1 x 106 0.043 NA 0.0 0.09 
5 x 106 0.351 NA 0.03 0.22 
1 x 107 0.729 0.563 0.075 0.51 
5 x 107 NA NA 0.79 82 

NA as not available 

H3C S 

-- EXAMPLE 6 
N N BF49 w 

M Detection of Various Bacterial Microorganisms 
H3C N 40 One ml reaction mixtures were prepared by the pro 

One ml reaction mixture was prepared as described in 
Example 3 containing 0.5 ml of a RIND I composition 
and E. coli suspensions having different cell concentra 
tiones. A Control reaction mixture was prepared with 
the tetrazolium salt (0.2 micromoles), phenazine metho 
sulfate (0.2 micromoles), glucose (10 micromoles) and 
potassium phosphate buffer (pH 7) to give a total vol 
ume of i ml. This mixture was equilibrated at 37 C. for 
5 minutes. 
The change in absorbance for each reaction mixture 

was measured after 10 minutes following addition of the 
cells to the reaction mixture. Table III below presents 
the data obtained. These data indicate the improved 
sensitivity of the RIND I compound to detect E. coli at 
lower cell concentrations over the tetrazolium salt. 

TABLE III 
Cell Concentration Example Control 
E. coli (CFU/ml) AA at 635 nnn AA at 560 mm 

1 x 106 0.014 0.007 
5 x 106 0.057 0.031 
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cedure described in Example 3 above containing 0.5 ml 
of RIND I composition and each of various urinary 
tract infection (UTI) microorganisms at various cell 
concentrations as listed in Table V below. An E. coli 
suspension was prepared as described above. Separate 
suspensions of the other microorganisms in potassium 
phosphate buffer were prepared in a similar manner. 
Each reaction mixture was incubated at 37 C. for 10 
minutes after which the absorbance change (AA) was 
determined at 635 nm. A Control reaction mixture was 
prepared without microorganisms. The results are listed 
in Table V below. 

TABLE V 
Cell Concentration AA at 635 mm 

Microorganism (CFU/ml) after 10 min. 

Escherichia coli (ATCC 
25922) 2.5 x 107 0.214 

5 x 107 0.44 
Staphylococcus epider 
midis (ATCC 12228) 2.5 x 107 O. 104 

5 x 107 0.222 
Enterobacter cloacae 
(ATCC 23355) 2.5 x 107 0.445 

5 x 107 0.90 
Staphyloccus aureus 
(ATCC 25923) 2.5 x 107 0.062 

5 x 07 0.06 
Streptococcus faecalis 
(ATCC 19433) 2.5 x 107 0.276 

5 x 107 0.714 
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TABLE V-continued 
Cell Concentration AA at 635 mm 

Microorganism (CFU/ml) after 10 min. 
Klebsiella pneumoniae 
(ATCC 13883) 2.5 x 107 0.290 

5 x 107 0.705 
Pseudomonas aeruginosa 
(ATCC 27853) 2.5 x 107 0.020 

5 x 107 0.024 
Proteus vularis 
(ATCC 13315) 2.5 x 107 0.820 

5 x 107 1520 
Serratia narcescens 
(ATCC 8100) 2.5 x 107 0.228 

5 x 107 0.547 
None (Control) 0.00 

EXAMPLE 7 

Measurement of Lactate Dehydrogenase Enzyme 
Activity 

This example compares the practice of the present 
invention using a RIND compound to the use of a 
known NADH detection composition to detect the 
presence and amount of lactate dehydrogenase in an 
aqueous liquid. 
A 1 mi reaction mixture was prepared containing 

lactic acid (10 micromoles), an aqueous composition of 
RIND V (0.5 ml), nicotinamide adenine dinucleotide 
(NAD+-) (10 micromoles), phenazine methosulfate (0.1 
micromoles) and potassium phosphate buffer (pH 7.5, 
50 micromoles). A 1 ml Control reaction mixture was 
prepared containing lactic acid (10 micromoles), 
NAD-- (10 micromoles) and potassium phosphate 
buffer (pH 8, 50 micromoles). 

Each reaction mixture was incubated at 37 C. for 5 
minutes, after which lactate dehydrogenase was added. 
The absorbance change was monitored for each mixture 
with a commercial spectrophotometer at 635 mm for the 
RIND V mixture and at 340 nm for the Control mix 
ture. FIG. 1 is a plot of the rate of change in absorbance 
for various concentrations of enzyme. This plot illus 
trates the significantly improved sensitivity obtained by 
using the RIND V compound for detection of lactate 
dehydrogenase (LDH) as compared to the known 
NAD-NADH detection composition. 

EXAMPLE 8 

Measurement of L-a-Glycerophosphate Oxidase 
Enzyme Activity 

This example compares the practice of the present 
invention using a RIND compound to the use of a 
known peroxidase detection composition for the deter 
mination of L-a-glycerophosphate oxidase in an aque 
ous liquid. 
A 1 ml reaction mixture was prepared containing 

D,L-a-glycerophosphate (200 micromoles), phenazine 
methosulfate (0.1 micromoles), an aqueous composition 
of RIND V (0.5 ml) and potassium phosphate buffer 
(pH 7, 100 micromoles). A 1 ml Control reaction mix 
ture was prepared containing 3,3-dimethoxybenzidene 
dihydrochloride (66 micrograms), horseradish peroxi 
dase (4.6 purpurogallin units, 25 micrograms), D,L-a- 
glycerophosphate (200 micromoles, titrated to pH 7) 
and potassium phosphate buffer (pH 7,100 micromoles). 
Each reaction mixture was equilibrated at 37° C., 

after which L-a-glycerophosphate oxidase (a-GPO) 
was added. The absorbance change was monitored for 
each mixture with a commercially available spectro 
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36 
photometer at 635 nm for the RIND V mixture and at 
430 nm for the Control mixture. FIG. 2 is a plot of the 
rate of change in absorbance for various a-GPO con 
centrations. This plot illustrates the significantly im 
proved sensitivity obtained using the RIND V com 
pound for a-GPO detection as compared to the known 
peroxidase detection composition. 

EXAMPLE 9 

Measurement of Lactate Oxidase Enzyme Activity 
This example compares the practice of the present 

invention using a RIND compound to the use of a 
known peroxidase detection composition for the deter 
mination of lactate oxidase in an aqueous liquid. 
A 1 ml reaction mixture was prepared containing 

sodium L-lactate (25 micromoles), phenazine methosul 
fate (0.1 micromoles), an aqueous composition of RIND 
V (0.5 ml) and potassium phosphate buffer (pH 7.5, 100 
micromoles). A 1 ml Control reaction mixture was pre 
pared containing 3,3-dimethoxybenzidine dihydro 
chloride (66 micrograms), horseradish peroxidase (4.6 
purpurogallin units, 25 ug), sodium L-lactate (25 micro 
moles) and potassium phosphate buffer (pH 7, 100 mi 
cromoles). 

Each reaction mixture was equilibrated at 30° C., 
after which lactate oxidase was added. The absorbance 
change was monitored for each mixture with a commer 
cially available spectrophotometer at 635 nm for the 
RIND V mixture and - at 430 mm for the Control mix 
ture. FIG. 3 is a plot of the rate of change of absorbance 
for various oxidase concentrations. This plot illustrates 
the significantly improved sensitivity obtained using the 
RIND V compound for lactate oxidase detection as 
compared to the Control peroxidase detection composi 
tion. 

EXAMPLE 10 

Measurement of Glucose Oxidase Enzyme Activity 
This example is similar to Example 9. It compares the 

practice of the present invention using a RIND com 
pound to the use of a known peroxidase detection con 
position to detect the presence and amount of glucose 
oxidase in an aqueous liquid. 
A reaction mixture containing RIND V and a Con 

trol reaction mixture were prepared as described in 
Example 9 except that D-glucose (200 micromoles) was 
used in place of sodium L-lactate. Also, the RIND 
reaction mixture contained only 50 micromoles buffer 
(pH 7.5). 
Each reaction mixture was treated as in Example 9 

except glucose oxidase was added instead of lactate 
oxidase. FIG. 4 is a plot of the rate of change of absor 
bance for various glucose oxidase concentrations. This 
plot illustrates the significantly improved sensitivity 
obtained using the RIND V compound for glucose 
oxidase detection as compared to the known peroxidase 
detection composition. 

EXAMPLE 1. 

Detection of E. coli With a Multilayer Element 
Containing RIND V 

A multilayer analytical element was prepared having 
the following format and components: 
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EXAMPLE 13 

Range Detection of E. coli With Multilayer Element (g/m) s 
Pol tol Containing Electron Transfer Agent and RIND VII 

invit -co-o-t- 
Silic 5 A multilayer analytical element was prepared similar 
acid) (61:37:2 weight ratio) to that in Example 11 except that RIND V was replaced pt na p 

Sing/ s (20-40 micrometers) 100-200 with RIND VII (0.05-0.5 g/m2) and the TRITON 
eagent 2 X-100 surfactant (2-5 g/m2) and phenazine methosul 

Layer E. fate (0.01-0.05 g/m) were incorporated into the sprea 
methylpropane sulfonic acid ding/reagent layer. A cell suspension of E. coli (5x 108 ylprop ) 
(70:20:10 weight ratio) CFU/ml) was mixed with 10 millimoles of glucose. A 
adhesive 2-20 10 ul sample of this mixture was applied to the sprea 
SR X-00 surfactant Sis ding/reagent layer of the element which was then incu 

Poly(acrylamide-co-N-vinyl- 15 bated at 37° C. for 10 minutes. The reflection density, as 
Subbing 2-pyrrollidone) (90:10 weight measured by the procedure described in Example 11, 
Layer ratio) 0.5-5 was 0.137. 

ZONYL FSN surfactant 0.05-1 
Poly(ethylene terephthalate) 
Support 

Buffered (pH 7-7.5) reaction mixtures were prepared 
from various concentrations of E. coli cell suspensions, 
and 0.1 millimole phenazine methosulfate ETA, 10 mil 
linoles glucose and enough TRITON X-100 surfactant 
to give a final surfactant concentration of 1%. A 10 
microliter sample of this mixture was applied to the 
spreading/reagent layer of the above element which 
was then incubated at 37 C. for 10 minutes. The reflec 
tion density of the dye obtained from reduction of the 
RIND V compound was measured at 635 nm in a com 
mercially available spectrophotometer, and the density 
change (ADR) was calculated as the difference between 
the density of a reaction mixutre without cells and the 
density of the reaction mixture containing cells after the 
incubation period. Table VI below lists the ADR for 
each test, indicating that the described element of this 
invention is capable of detecting various E. coli cell 
concentrations. A Control test was carried out with the 
above described reaction mixture minus the ETA. The 
ADR obtained was very low, indicating that the ETA is 
preferred for efficient dye release by E. coli 
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TABLE VI 
E. coli Concentration 45 

(CFU/ml) ADR at 635 mm 
1 x 109 (Control) 0.005 

1 x 108 O.O20 
2.5 x 108 0.045 
5 x 108 0.085 50 
1 x 109 0.115 

EXAMPLE 12 

Detection of E. coli With Multilayer Element 55 
Containing Electron Transfer Agent and RIND V 
A multilayer analytical element was prepared similar 

to that in Example 11 except that phenazine methosul 
fate (0.01-0.5 g/m2), TRITON X-100 surfactant (1-5 
g/m) and glucose nutrient (0.1-2 g/m2) were incorpo 
rated into the spreading/reagent layer. A cell suspen 
sion of E. coli (5X108 CFU/ml) was prepared as de 
scribed above. A 10 pulsample of the cell suspension was 
applied to the spreading/reagent layer of the element 
which was then incubated at 37 C. for 10 minutes. The 
reflection density, as measured by the procedure de 
scribed in Example 11, was 0.073. 

60 

65 

EXAMPLE 4 

Determination of Microorganisms Using Substituted 
Quinone Electron Transfer Agents 

This example, described in related U.S. Ser. No. 
699,374, noted above (Example 3 therein), as noted 
above illustrates the use of several electron transfer 
agents in the practice of this invention. 

Reaction mixtures were prepared with the following 
components: 1.5 ml of an aqueous composition of 
RIND IX compound prepared similarly to that de 
scribed in Example 2 above, 25 pil of a solution of elec 
tron transfer agent (ETA), described below, 25 ul of a 
5 wt.% glucose solution, and 0.5 ml of potassium phos 
phate buffer (pH 7-7.5). The electron transfer agent 
solutions contained phenazine methosulfate or phen 
azine ethosulfate in methanol (3 mg/ml), and ETAs I 
and III individually in methanol (1.5 mg/ml). ETAs I 
and III have the respective structures: 

O 

CH3 CH2OH and 

CH3 
I 
O 

O 

CH3 CH3. 

CH3 

O 

After equilibration of the reaction mixtures at 37 C., 
a 25ul aliquot of the microorganism Pseudomonas aeru 
ginosa (ATCC 27853) (about 1X 108 cells/ml) in a potas 
sium phosphate buffer (pH 7.5) was added to each mix 
ture. The release of dye from RIND IX was monitored 
with a commercially available Perkin-Elmer Lambda 5 
spectrophotometer at 635 mm for up to 30 minutes. A 
Control reaction mixture without ETA was likewise 
monitored. Table VII below provides the AA (change 
in absorbance for the reaction mixture containing cells 
and the Control) observed after 15 and 30 minutes of 
reaction. 
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TABLE VII EXAMPLE 7 
EA AA after 5 min. AA after 30 min. Preparation of RIND Compound Containing An 
Control 0,092 0.256 Enzyme Inhibitor 
Phenazine ethiosulfate 0.088 0.237 
Phenazine methosulfate 0.141 0.394 The following compound was prepared: 
ETA 0.683 1921 
ETA III 0.534 1758 

Cl 

EXAMPLE 1.5 

Determination of NADH in Solution Assay 
This example illustrates the use of the present inven 

tion to detect nicotinamide adenine dinucleotide, re 
duced form (NADH) in a solution assay. The present 
invention can be used in the determination of an analyte 
during which assay NADH is either produced or elimi 
nated. 
A solution of phenazine methosulfate was prepared 

Cl 

An intermediate carbamoyl chloride was prepared 
containing 3 mg of phenazine methosulfate in 1 ml of 20 according to the procedure of Steps 16 of Example 1 
methanol. A stock solution of NADH was prepared 
containing 7.09 mg of NADH in 10 ml of water. 
A dispersion of RIND IX was prepared by dissolving 

4 mg of RINDIX in 250 ul of N,N-dimethylformamide, 
adding 0.5 ml TRITON X-100 surfactant and then add 
ing the resulting solution slowly with stirring to 25 ml 
of 0.05 molar potassium phosphate buffer (pH 7.5). 
A test solution was prepared from the following com 

ponents: 1.5 ml RIND IX dispersion, 1.5 ml buffer and 
50 ul of the NADH stock solution. Control solution 1 
containing the above components plus an additional 25 
ul of buffer, and omitting phenazine methosulfate, was 
also prepared. Control solution 2 containing the above 
components, except NADH, was also prepared. 
Twenty-five microliters of the phenazine methosulfate 
solution was then added to the test solution and to Con 
trol solution 2. The optical density was measured in a 
spectrophotometer at 635 nm at 37 C. when the solu 
tions were first mixed and after 30 minutes. The differ 
ence in optical density for Control solution 1 was 0.002 40 
optical units, for Control solution 2 was 0.034 optical 
units while the difference for the test solution was 1.124 
optical units. 

EXAMPLE 16 

Determination of Ascorbic Acid in Solution with a 
RIND Compound 

A stock solution of ascorbic acid, sodium salt was 

above except p-cyanoaniline was used in place of p 
nitroaniline. This intermediate (5 g, 12.6 minole) was 
added to a solution of 2,4-dichlorophenol (1.72 g, 10.6 
mmole), which is a known inhibitor of catalase, and 

25 dimethylaminopyridine (catalytic amount) in pyridine 
(30 ml). The resulting mixture was stirred under a nitro 
gen atmosphere while protected from light for 18 hours. 
The reaction mixture was then poured into a dilute 
hydrochloric acid/ice water mixture (1 liter), and the 

30 solid obtained was collected by filtration, washed with 
water and air dried. Chromatography (silica, methylene 
chloride:ether/95:5) followed by recrystallization from 
ethanol provided 4.65 g (84% yield) of the desired 
RIND compound which had a m.p. of 150-152 C. 

35 Mass spectral and nuclear magnetic resonance analyses 
confirmed the structure shown above. Calculated ele 
mental analysis for C28H22Ol2N2O4 was: C, 64.5, H, 4.3, 
Cl, 13.6, N, 5.4. Found: C, 64.5, H, 4.4, Cl, 13.0, N, 5.1. 

EXAMPLE 18 

Release of Enzyme Inhibitor from RIND Compound 
The release of the catalase inhibitor 2,4-dichloro 

phenol from the RIND compound prepared in Example 
45 17 above was determined using high performance liquid 

chromatography. The apparatus used consisted of a 
Model 710B autoinjector (Water Associates, Milford, 
Mass., two solvent delivery pumps, Model 6000, con 
trolled by a 720 system controller (Water Associates), a 

prepared with 1 mg of sodium ascorbate in 1 ml of 50 photodiode array detector (Model 1040A, Hewlett-Pac 
water. A test solution was prepared from the following 
components: 1.5 ml RIND IX dispersion prepared in 
Example 15, 1.5 ml buffer and 100pal of ascorbate stock 
solution. A Control solution containing the above com 
ponents plus an additional 25 ul of buffer, but without 
phenazine methosulfate, was also prepared. Control 
solution 2 containing the above components, except 
ascorbic acid, was also prepared. Twenty-five microli 
ters of phenazine methosulfate solution from Example 
15, was then added to the test solution and to Control 
solution 2. The optical density was measured in a spec 
trophotometer at 635 nm and 37 C. when the solutions 
were first mixed and after 30 minutes. The difference in 
optical density for Control solution 1 was 0.121 optical 
units, for Control solution 2 was 0.034 optical units and 
for the test solution was 1.232 optical units. These data 
indicate that ascorbic acid (or its equivalent salt) can be 
determined using a RIND compound. 

kard, Palo Alto, Calif., integrator (LAS System, Model 
3357, Hewlett-Packard), and a Zorbax C18 column (Du 
Pont Co. Wilmington, Del.). The solvent system used 
was a mixture of acetonitrile and 0.5% phosphoric acid 

55 (3:2). The flow rate was 1 ml/minute. 
The RIND compound of Example 17 was dissolved 

in a 7% solution of 1:1 BRIJ 35 surfactant/N,N-dime 
thylformamide in water to obtain a solution having a 
concentration of 1.7 x 10 molar. Trimethylhydroqui 

60 none was used as the reductant. It was dissolved in a 7% 
solution of 1:1 BRIJ 35 surfactant/N,N-dimethylforma 
mide in potassium phosphate buffer (0.05 molar, pH 7.5) 
to obtain a solution having a concentration of 0.02 mo 
lar. These solutions were mixed and automatically in 

65 jected into the chromatography apparatus described 
above. 

Rapid reduction of the RIND compound was ob 
served. Then a single peak having a retention time of 6.8 
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minutes was detected at two wavelengths (254 nm and 
280 nm). The peak was a composite of the peaks from 
the two products of the reaciton, an oxazine product 
resulting from the RIND compound after release of the 
inhibitor, and the inhibitor 2,4-dichlorophenol. 

EXAMPLE 9 

Preparation and Use of a Nitrobenzenoid RIND 
Compound to Determine E. coli Cells 

The following compound was prepared: 

NO2 O 

An intermediate acid chloride (5 g, 7.7 mmole) was 
prepared as described in U.S. Pat. No. 4,139,379, and 
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dissolved in tetrahydrofuran (50 ml). The sodium salt of 25 
p-nitrophenol (1.67 g, 8.5 mmole) was added to the 
solution. After stirring at room temperature for i.5 
hours, the reaction mixture was poured into dilute hy 
drochloric acid and ice water (500 ml). The resulting 
white solid was isolated by filtration, washed with 
water and air dried. Column chromatography (silica, 
dichloromethane) provided a white solid which was 
washed with ethanol, filtered and dried to give 2.8 g. 
(48%) of the desired product having amp. of 147-149 
C. The nuclear magnetic resonance spectrum confirmed 
the structure shown above. The calculated elemental 
analysis for C37H56N2O16S2 was: C, 59, H, 7.5, N, 3.7, S, 
8.5. Found: C, 59.2, H, 7.4, N, 3.6, S, 8.0. 
An assay for the microorganism E. coli was per 

formed using the RIND compound prepared above in 
the following manner. 
A solution of the RIND compound was prepared by 

dissolving the RIND compound (6 mg, 8x10-6 mole) 
in 0.5 ml N,N-dimethylformamide which had been acid 
ified with 0.1% sulfuric acid. TRITON X-100 surfac 
tant (0.5 ml) was added and the resulting solution was 
added to 25 ml of potassium phosphate buffer (0.05 
molar, pH 7.8). 
A test solution was prepared from the following: 1.5 

ml RIND compound solution, 25 ul ETA solution (1.5 
mg trimethyl-1,4-benzoquinone per ml methanol), 25 ul 
of 10% glucose solution and 0.3 ml of E. coli cells in 
phosphate buffer (final concentration 5X 107 CFU/ml). 
A Control solution was prepared without the cells. 
Solutions were made up to equal volumes using phos 
phate buffer. Transmission densities were measured at 
410 nm when the solutions were first mixed (about 2. 
minutes) and after incubation at 37 C. for 30 minutes. 
The change in density for the Control was 0.114 units. 
The change in density for the test solution, after sub 
tracting the background density of the Control, was 
0.329 units. 

EXAMPLE 2.0 

Preparation of Quinonemethide Reducible Compound 
and Its Use to Determine E. coli Cells 

The following compound was prepared: 
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NO2 

A quinone carrier was prepared by a standard oxida 
tion of the corresponding hydroquinone which had 
been prepared according to the procedure describe in 
Steps 1-3 of Example 1 above using p-cyanoaniline in 
place of p-nitroaniline. This material (5.2g, 18 mmole) 
was added to a mixture of hydrobromic acid (30% in 
acetic acid, 48 ml), 37% formalin (18 ml) and acetic acid 
(140 ml), and the resulting solution was heated at 55 C. 
for 18 hours. After cooling, the reaction mixture was 
poured into ice water (500 ml) and the resulting yellow 
solid was recrystallized from ethanol to give 2.4 g of the 
bronomethyl intermediate having a m.p. of 201-202 
C. An NMR spectrum confirmed the structure. 
This intermediate (5.25 g, 14 mmole) in tetrahydrofu 

ran (100 ml) was treated with the sodium salt of p-nitro 
phenol (3,5 g, 18 mmole), and the reaction mixture was 
stirred under a nitrogen atmosphere, protected from 
light, for 8 hours. The mixture was then poured into 
dilute hydrochloric acid and ice water (800 ml) and 
extracted with dichloromethane. The extracts were 
combined and dried, and the solvent was removed. The 
crude product was chromatographed (silica, dichloro 
methane), and the resulting material was recrystallized 
from ethanol to give 3.1 g of the desired reducible com 
pound as a yellow solid having a m.p. of 191-196° C. 
The NMR spectrum confirmed the structure shown 
above. Elemental analysis calculated for C26H2ON2O5 
was: C, 70.9, H, 4.6, N, 6.4. Found: C, 70.5, H, 4.7, N, 
6.3. 
A solution of the reducible compound shown above 

(3.5 mg) was prepared in N,N-dimethylformamide (250 
ul) which has been acidified with 0.1% sulfuric acid. 
TRITON X-100 surfactant (0.5 ml) was added, and the 
resulting solution was added to 25 ml of potassium 
phosphate buffer (0.05 molar, pH 7.8). 
Test solutions were prepared from 1.5 ml reducible 

compound solution, 25 Jul of ETA solution (1.5 mg 
trimethyl-1,4-benzoquinone/ml methanol), 25 pil 10% 
glucose solution and two cell concentrations of E. coli, 
0.3 ml (final cell concentration of 5x107 CFU/ml) and 
60 l (final cell concentration of 1x107 CFU/ml). Con 
trol solutions were prepared without E. coli cells. The 
solutions were made up to equal volume with potassium 
phosphate buffer. Transmission densities were then 
measured at 410 nm both when the solutions were first 
mixed (after 2 minutes) and then after 30 minutes at 37 
C. The density changes resulting from these determina 
tions are presented in Table VIII below. 

TABLE VII 
Change in Density 

Cell (410 nm after 28 minutes) 
Concentration Test 
(CFU/ml) Control (Minus Control) 
5 x 107 0.017 123 
1 x 107 0.018 0.297 
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EXAMPLE 21 

Preparation of RIND XXIX and Buffered Composition 
Containing Same 

Step A: 5 
A mixture of p-cyanoaniline (23.5g, 0.2 mole), con 

centrated HCl (80 ml) and water (200 ml) was warmed 
until solution was obtained, then cooled to 0-5 C. 
Sodium nitrite (13.8 g., 0.2 mole), dissolved in H2O (25 
ml), was added slowly to prevent any rise in tempera- 10 
ture. After stirring at 0° C. for one hour, the resulting 
diazonium salt was added slowly to a mechanically 
stirred mixture of p-benzoquinone (25.9 g, 0.23 mole), 
sodium acetate (100 g, 1.2 mole), and ice water (2300 
ml). The mixture was stirred in an ice bath for four 15 
hours and slowly warmed to room temperature. The 
solid was isolated by filtration, washed repeatedly with 
water, then dried and recrystallized from acetonitrile to 
give 21.7 g of Intermediate A. 

Steps B-F: 20 
Intermediate A was then treated according to the 

procedure described in Example 1. Steps 2a-6 noted 
above. 

Step G: 
Intermediate F (17.3 g, 43.7 mmole) was added in 25 

portions over 45 minutes to a solution of 6-hydroxy 
phenalenone (6.6 g., 33.6 mmole) and 4-dime 
thylaminopyridine (catalytic amount) in pyridine (175 
ml). The reaction mixture was stirred at 25 C. for 15 
hours under a nitrogen atmosphere. The resulting mix- 30 
ture was poured into hydrochloric acid and ice water (3 
liters) to precipitate a yellow solid. The solid was col 
lected by filtration, washed with water and dried under 
vacuum. Chromatography (silica, 90:10, dichlorome 
thane:acetone) gave a yellow foam which was solidified 35 
by stirring for 15 minutes in ether (100 ml). The solid 
was collected and dried to give 13.8 g (74% yield) of 
RIND XXIX, m.p. 210"-213' C. Analysis, calculated 
for C35H26N2O5: C, 75.8, H, 4.7, N, 5.1. Found: C, 75.1, 
H, 4.9, N, 5.0. 40 
Step H: 
A buffered dispersion of the RIND XXIX compound 

was prepared as follows: RIND XXIX was dissolved in 
N,N-dimethylformamide (16 mg per ml). An aliquot of 
0.25 ml of this solution was mixed with a solution of 45 
TRITON X-100 nonionic surfactant. The resulting so 
lution was then added dropwise to 25 ml of 0.05 molar 
potassium phosphate buffer (pH 7.5) while stirred at 
room temperature. A clear dispersion resulted. 

EXAMPLE 22 50 

Preparation of RIND XXX and Buffered Composition 
Containing Same 

RIND XXX was prepared with the following se 
quence of steps. 55 

Step A: 
A mixture of 2,5-dimethoxy-4-phenylbenzaldehyde 

(52.5g, 0.22 mole), malonic acid (51.8 g., 0.5 mole), and 
piperidine (2.5 ml) in pyridine (100 ml) was heated at 
80 C. for 15 hours. After cooling, the mixture was 60 
poured into hydrochloric acid/ice water (2.5 liters). 
The precipitated yellow solid was collected by filtra 
tion, washed with water, and dried on the filter. The 
product was refluxed in acetonitrile (600 ml) for 30 
minutes, the mixture was cooled, and the yellow solid 65 
was collected, washed with acetonitrile, and dried on 
the filter. This product (43.3 g) was suspended in etha 
nol (1.25 liter), placed in a Parr shaker bottle with 10% 

44 
Palladium on charcoal catalyst and shaken under hy 
drogen for 3 days. The catalyst was filtered off, and the 
filtrate was concentrated to yield 35 g of Intermediate 
A having a m.p. of 143-146 C. 

Step B: 
A mixture of Intermediate A (35 g, 0.12 mole) and 

oxalyl chloride (23.3 g, 0.18 mole) in dichloromethane 
(400 ml) was stirred at 25 C. for 8 hours. The solution 
was concentrated under reduced pressure to yield an 
orange oil. Two separate portions of dichloromethane 
(about 50 ml) were added and then removed under 
reduced pressure. The oil obtained (about 37 g, (Inter 
mediate B) was used directly in the next step. 

Step C: 
Intermediate B (about 37 g, 0.12 mole) was dissolved 

in dichloromethane (400 ml). This solution was cooled 
in an ice bath and stannic chloride (38g, 0.15 mole) was 
added. The reaction mixture was allowed to set at 25 
C. for 30 hours, then poured into hydrochloric acid/ice 
water (3 liters) and stirred for 15 minutes. The layers 
were separated, and the water layer was washed twice 
with dichloromethane. The organic layer were com 
bined, dried, and concentrated under reduced pressure 
to give a solid product. Chromatography on silica with 
dichloromethane, ether (98:2) gave 28g of yellow Inter 
mediate C, having a m.p. of 97-99 C. 

Step D: 
A solution of Intermediate C (28 g, 0.104 mole) in 

acetic acid (600 ml) and perchloric acid (12 ml) was 
placed in a Parr shaker bottle with 10% Palladium on 
charcoal catalyst and shaker under hydrogen for one 
week. Potassium acetate (about 10 g) was added, and 
the mixture was stirred for 10 minutes, and filtered to 
remove the catalyst. The filtrate was concentrated 
under reduced pressure to give a semi-solid product. 
This product was dissolved in tetrahydrofuran and the 
solution was poured into ice water. The water was 
extracted with dichloromethane and the solvent was 
dried and concentrated. Toluene was added in two 
separate portions and removed under reduced pressure. 
There was obtained 23.5g of Intermediate D. 

Step E: 
Cerric ammonium nitrate (152 g, 2.28 mole) was dis 

solved in water (325 ml) and added dropwise with stir 
ring over 45 minutes to a solution of Intermediate D in 
acetonitrile (325 ml). The reaction mixture was allowed 
to stir and additional 30 minutes. Water (300 ml) was 
added, and the mixture was extracted with dichloro 
methane (4x100 ml) and ethyl ether (1X 100 ml). The 
organic layers were combined, dried, and concentrated 
to yield 24 g of orange oil. A purified sample of the oil 
solidified having a m.p. of 81-82.5° C. 

Step F: 
Intermediate E (24 g, 0.11 mole) was dissolved in 

tetrahydrofuran (200 ml), placed in a Parr shaker bottle 
with 10% Palladium on charcoal, and shaken under 
hydrogen for 75 minutes. The catalyst was filtered off 
under nitrogen, and the filtrate was concentrated to 
give 23 g of Intermediate F. This product was used 
directly in the next reaction. 

Step G: 
Intermediate F (23 g, 0.1 mole) and N,N-(diisobutox 

ymethylene)methylamine (30.9 g, 0.15 mole) in toluene 
(50 ml) were heated at 90° C. under a nitrogen atmo 
sphere for 3 hours. Thin layer chromatography (silica, 
dichloromethane:ether, 95:5) showed the presence of 
starting material. The solvent was removed, N,N- 
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(diisobutoxymethylene)methylamine (1 ml) was added, 
and the mixture was heated neat for an additional 3 
hours. Methanol (50ml) was added and the mixture was 
brought to reflux. The mixture was allowed to cool 
overnight at 0°C. The product was collected, washed 
with cold methanol, and dried. There was obtained 11.9 
g of Intermediate G, having a m.p. of 212-213 C. 

Step H: 
A mixture of intermediate G (11.9 g, 0.04 mole) and 

ferric chloride (17.1 g, 0.063 mole) in hydrochloric acid 
(35 ml), water (35 ml), and methanol (100 ml) was re 
fluxed for 8 hours. The reaction mixture was cooled at 
O' C. for several hours and filtered. The filtrate was 
treated with water (100 ml) and extracted with tetrahy 
drofuran/dichloromethane (1:1) 3 times with 100 ml. 
The combined extracts were dried, treated with char 
coal, and filtered. The filtrate was concentrated to yield 
10.3 g of Intermediate H. 
Step I: 
Intermediate H (10.3 g, 0.034 mole) and triethylamine 

(6.9 g, 0.068 mole) were dissolved in dichloromethane 
(100 ml). This solution was added in portions at O' C. 
with stirring to dichloromethane (300 ml), which had 
previously been saturated with phosgene gas. The reac 
tion mixture was allowed to stir at 0 C. for 15 minutes 
followed by warming to 25 C. over two hours. The 
solvent was removed under reduced pressure and ethyl 
ether/tetrahydrofuran (1:1, 100 ml) was added. This 
mixture was stirred, and the solid was filtered off and 
washed with ethyl ether/tetrahydrofuran. The filtrate 
was concentrated to give 11.1 g of Intermediate I. 

Step J: 
A suspension of 6-hydroxyphenalenone (2.4g, 0.013 

mole) in pyridine (100 ml) under a nitrogen atmosphere 
was treated with a catalytic amount of 4-N,N-dime 
thylaminopyridine and Intermediate I (5 g, 0.015 mole), 
then stirred in a dark area for 5 hours. The reaction 
mixture was poured into hydrochloric acid/ice water (2 
liters), the solid product was collected, washed with 
water, and dried under vaccum for 15 hours in a dark 
area. Chromatography (silica, dichloromethane/ace 
tone, 9:1) yielded 1.3 g of product, RIND XXX. Analy 
sis: calculated for C31H23NO5: C, 76.1, H, 4.7, N, 2.9. 
Found: C, 74.1, H, 4.8, N, 2.8. 
A dispersion of RIND XXX was prepared by the 

same procedure described in Example 21. 
EXAMPLE 23 

Solution Assay for Pseudomonas aeruginosa Using 
RIND XXX 

The following solutions were used in this assay: an 
electron transfer agent (ETA) in methanol, 0.01 molar, 
and Pseudomonas aeruginosa, grown in brain heat infu 
sion medium and having a concentration of 1x108 
cells/ml. 

Solutions were prepared from the following compo 
nents: 1.5 ml RIND XXX dispersion prepared as de 
scribed in Example 21, 1.5 ml potassium phosphate 
buffer (pH 7.5), 25ul glucose stock solution (10%) and 
25ul of Pseudomonas aeruginosa solution. Twenty-five 
ul of the appropriate ETA were then added. A Control 
did not contain any ETA. The fluororescence was then 
measured at 25 C. in a commercial Farrand spectroflu 
orometer (excitation, 540 nm, emission, 620 nm) at ini 
tial time (when solutions were first mixed) and at 5, 15, 
and 30 minutes later. 
The results, shown in Table IX below, indicate that 

RIND XXX can be used in a solution assay for Pseudo 
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46 
monas aeruginosa using two different electron transfer 
agents. 

TABLE IX 
Relative Fluorescence 

Initial 
Solution Time 5 Min 15 Min 30 Min 

Control 0.058 0.062 0.066 0.078 
TMBQ 0.059 0.081 0.144. 0.290 
DMHBQ 0.058 0.087 0.177 0.360 

2,3,5-Trimethyl-1,4-benzoquinone 
2,3-Dimethyl-5-hydroxymethyl-1,4-benzoquinone 

EXAMPLE 24 

Solution Assay for Nicotinamide Adenine 
Dinucleotide, Reduced Form and Ascorbate Using 

RIND XXiX 

This example demonstrates the use of RIND XXIX 
to assay for the biological reductants nicotinamide ade 
nine dinucleotide, reduced form (NADH), and ascorbic 
acid. 

Stock solutions of the following reagents were used: 
NADH (7.09 mg) in 10 ml distilled water, and 
sodium ascorbate (1.98 mg) in 10 ml distilled water. 
A dispersion of RIND XXIX was prepared by dis 

solving 4 mg of RIND XXIX in 250 ul of N,N-dime 
thylformamide, adding 0.5 ml of TRITON X-100 sur 
factant and then adding this solution slowly with stir 
ring to 25 ml of 0.05 molar potassium phosphate buffer. 
Test solutions were prepared from the following 

components: 1.5 ml RIND XXIX dispersion, 1.5 ml of 
0.05 molar potassium phosphate buffer (pH 7.5) and 25 
ul phenazine methosulfate solution (3 mg/ml metha 
nol). Varying concentrations of the reductants, as 
shown in the tables, were added to these solutions. The 
fluorescence was then measured at 25 C. after 5 min 
utes (excitation, 540 nm and emission, 620 nm) for each 
reductant series, which included a Control where re 
ductant was absent. The results, listed in Tables X and 
XI below, indicate that RIND XXIX is useful in deter 
minations of NADH and ascorbate, respectively. 

TABLE X 
Assay for NADH 

NADH Concentration Relative Fluorescence (5 Min.) 
Control 0.042 

3.3 x 108 molar 0.046 
3.3 x 107 molar 0.043 
3.3 x 106 molar 0.096 
3.3 x 105 molar 0.370 

TABLE X 

Assay for Ascorbic Acid 
NADH Concentration Relative Fluorescence (5 Min.) 

Control 0.044 
3.3 x 108 molar 0.049 
3.3 x 10-7 molar 0.049 
3.3 x 106 molar 0.096 
3.3 x 105 molar 0.450 

EXAMPLE 25 

Detection of E. coli with RIND XXIX in a Dry 
Element 

A dry element having the following format was used 
in this example. 
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Poly(vinyltoluene-co 
p-t-butylstyrene-co 
methacrylic acid) Beads 100-150 g/m2 
Poly(n-butyl acrylate-co 

Spreading/ styrene-co-2-acrylamido 
Reagent Layer 2-methylpropane sulfonic 

acid, sodium salt) 2-6 g/m 
TRITON X-100 surfactant 2–5 g/m2 
Glucose 0.1-0.5 g/m2 
RND XXIX 0.1-0.5 g/m2 
2,3,5-Trimethyl-1,4- 0.8-4 g/m 
benzoquinone 
Gelatin (hardened) 1-10 g/m2 

Reflection Titanium dioxide 0.5-5.0 g/m2 
Layer ZONYL FSN surfactant 0.1-0.5 g/m 

DAXAD 30 surfactant 0.02-0.04 g/m2 
Gelatin (hardened) 1-10 g/m 
Poly(styrene-co-N-vinyl 

Mordant/ benzyl-N,N-dimethyl 
Registration benzylammonium chloride 
Layer co-divinylbenzene) 

mordant 0.05-5.0 g/m2 
ZONYL FSN surfactant 0.1-0.5 g/m 
Poly(ethylene terephthalate) 
Support 

To evaluate this element, solutions of varying E. coli 
cell concentrations in potassium phosphate buffer (pH 
7.5) and a Control containing only buffer were pre 
pared. These solutions were then spotted onto the ele 
ment using 10 ul drops, and the element was incubated 
at 37 C. for up to 60 minutes. The fluorescence was 
measured in a modified, commercial fluorometer (exci 
tation, 540 nm, emission, 620 nm) after 3 minutes and at 
60 minutes in the incubation period. The results, listed 
in Table XII below, show the difference in relative 
fluorescence at 3 and 60 minutes and indicate that ap 
proximately 107 cells/ml can be detected using this 
element. 

TABLE XII 
E. coli Relative Fluorescence Standard 

(Cells/ml) 57 Min, 37° C. Deviation CV (%)" 
1.0 x 107 0.272 0.007 2.6 
4.1 x 106 0.249 0.007 2.8 

O 0.22 0.010 4.5 
*CW = Coefficient of Variation 

The present invention has been described in detail 
with particular reference to preferred embodiments 
thereof, but it will be understood that variations and 
modifications can be effected within the spirit and scope 
of the invention. 
We claim: 
1. A reducible compound of the structure CAR-R 

wherein CAR- is 

R1 is 
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R2 and R4 are selected from the group consisting of 
hydrogen, substituted or unsubstituted alkyl, sub 
stituted or unsubstituted aryl and an electron with 
drawing group, 

R3 is selected from the group consisting of R, hydro 
gen, substituted or unsubstituted alkyl, substituted 
or unsubstituted aryl and an electron withdrawing 
group, or R3 and R, taken together, represent the 
atoms necessary to complete a substituted or un 
substituted fused carbocyclic ring, 

R is substituted or unsubstituted alkylene of 1 or 2 
carbon atoms, 

Ris selected from the group consisting of substituted 
or unsubstituted alkyl, substituted or unsubstituted 
cycloalkyl, substituted or unsubstituted heterocy 
cle and substituted or unsubstituted aryl, provided 
that when FRAG is a fluorogen, R6 is methyl, 

Q is carbonyl or thiocarbonyl, 
FRAG is a shiftable detectable chromogen, fluoro 

gen, phosphorescent species or a chemiluminescent 
species constructed such that it provides a detect 
able species when released from said reducible 
compound, and 

m is 0 or 1, 
provided that said reducible compound is con 

structed such that when R is replaced with H, 
CAR-H has an E of either at least about + 100 mV 
when measured in water, or of at least about - 650 
mV when measured in acetonitrile, and 

further provided that said reducible compound is 
constructed such that when said compound is re 
duced at about pH 7, at least about 50% of said 
FRAG is released within about 30 minutes. 

2. The compound of claim 1 wherein R3 is R. 
3. The compound of claim 1 wherein m is l, and at 

least two of R2, R3 and R' are independently electron 
withdrawing groups, or R3 and R, taken together, 
represent the atoms necessary to complete a substituted 
or unsubstituted fused 5- to 7-membered carbocyclic 
ring. 

4. The compound of claim 3 wherein R5 is methylene, 
R6 is methyl, and Q is carbonyl. 

5. The compound of claim 1 constructed such that 
CAR-H has an E of either from about -- 100 to about 
-- 400 mV when measured in water, or of from about 
-650 to about -300 mV when measured in acetoni 
trile. 

6. The compound of claim 1 constructed such that 
FRAG is a chromogen or fluorogen, at least about 75% 
of which is released within about 30 minutes when said 
compound is reduced at about pH 7. 

7. A composition buffered at a pH of 9 or less and 
comprising a reducible compound of the structure 

CAR-(-R) 

wherein CAR- is a substituted or unsubstituted aromatic 
or quinone nucleus from which nucleus one or two 
hydrogen atoms have been removed for attachment of 
the Rl group, R is a moiety which comprises a shiftable 
detectable chromogen, fluorogen, phosphorescent spe 
cies or chemiluminescent species from which a hydro 
gen atom has been removed for attachment to CAR-, 
and n is i or 2, 

provided said reducible compound is capable of being 
reduced at a pH of 9 or less to release said shiftable 
detectable species, and 
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further provided that said reducible compound is 
constructed such that when R is replaced with H, 

CAR-e-H) 

has an E of either at least about +100 mV when mea 
sured in water, or of at least about -650 mV when 
measured in acetonitrile. 

8. The composition of claim 7 wherein said reducible 
compound has the structure CAR-R wherein CAR- is 

10 

15 

O 2O 

R1 is 

25 

--RsN-Q-FRAG, 

R2 and Rare selected from the group consisting of 
hydrogen, substituted or unsubstituted alkyl, sub 
stituted or unsubstituted aryl and an electron with 
drawing group, 

R3 is selected from the group consisting of R, hydro 
gen, substituted or unsubstituted alkyl, substituted 
or unsubstituted aryl and an electron withdrawing 
group, or R3 and R, taken together, represent the 
atoms necessary to complete a substituted or un 
substituted fused carbocyclic ring, 

R5 is substituted or unsubstituted alkylene of 1 or 2 
carbon atoms, 

R6is selected from the group consisting of substituted 
or unsubstituted alkyl, substituted or unsubstituted 
cycloalkyl, substituted or unsubstituted heterocy 
cle and substituted or unsubstituted aryl, provided 
that when FRAG is a fluorogen, R6 is methyl, 

Q is carbonyl or thiocarbonyi, 
FRAG is a shiftable detectable chromogen, fluoro 
gen, phosphorescent species or chemiluminescent 
species constructed such that it provides a detect 
able species when released from said reducible 
compound, and 

m is 0 or 1, 
provided that said reducible compound is con 

structed such that when R is replaced with H, 
CAR-H has an E of either at least about -100 mV. 
when measured in water, or of at least about - 650 
mV when measured in acetonitrile. 

9. The composition of claim 7 further comprising a 
surfactant or a water-miscible solvent. 

10. A dry analytical element for the determination of 60 
an analyte comprising an absorbent carrier material, and 
containing a reducible compound of the structure 
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CAR-e-R) 
6S 

wherein CAR is a substituted or unsubstituted aromatic 
or quinone nucleus from which nucleus one or two 
hydrogen atoms have been removed for attachment of 

50 
the Rl group, R1 is a moiety which comprises a shiftable 
detectable species, and n is 1 or 2, 

provided said compound is constructed such that it is 
capable of being reduced at a pH of 9 or less to 
release said shiftable detectable chromogen, fluoro 
gen, phosphorescent species or chemiluminescent 
species from which a hydrogen atom has been 
removed for attachment to CAR-, and 

further provided that said reducible compound is 
constructed such that when R is replaced with H, 

CAR-e-H) 

has an E of either at least about + 100 mV when 
measured in water, or of at least about - 650 mV 
when measured in acetonitrile. 

11. The element of claim 10 wherein said shiftable 
detectable species is a chromogen or fluorogen. 

12. The element of claim 10 further comprising an 
electron transfer agent. 

13. A dry analytical element for making a determina 
tion of living organisms in a liquid comprising a support 
having thereon a porous spreading zone, and containing 
an electron transfer agent and a reducible compound of 
the structure CAR-R wherein CAR- is 

R1 is 

R6 
, 

--R5N-Q-FRAG, 

R2 and Rare selected from the group consisting of 
hydrogen, substituted or unsubstituted alkyl, sub 
stituted or unsubstituted aryl and an electron with 
drawing group, 

R3 is selected from the group consisting of R, hydro 
gen, substituted or unsubstituted alkyl, substituted 
or unsubstituted aryl and an electron withdrawing 
group, or R3 and R', taken together, represent the 
atoms necessary to complete a substituted or un 
substituted fused carbocyclic ring, 

R5 is substituted or unsubstituted alkylene of 1 or 2 
carbon atoms, 

R6 is selected from the group consisting of substituted 
or unsubstituted alkyl, substituted or unsubstituted 
cycloalkyl, substituted or unsubstituted heterocy 
cle and substituted or unsubstituted aryl, provided 
that when FRAG is a fluorogen, R is methyl, 

Q is carbonyl or thiocarbonyl, 
FRAG is a shiftable detectable chromogen, fluoro 

gen, phosphorescent species or chemiluminescent 
species constructed such that it provides a detect 
able species when released from said reducible 
compound, and 

m is 0 or 1, 
provided that said reducible compound is con 

structed such that when R is replaced with H, 
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CAR-H has an E of either at least about -100 mV 
when measured in water, or of at least about - 650 
mV when measured in acetonitrile. 

14. The element of claim 13 wherein said reducible 
compound is constructed such that said FRAG is a 
chromogen or fluorogen, at least about 50% of which is 
released within about 30 minutes when said compound 
is reduced at about pH 7. 

15. A dry analytical element for the determination of 
an analyte comprising an absorbent carrier material and 
containing a reducible compound of the structure 
CAR-R wherein CAR- is 

R1 is 

R6 

-e-R5N-Q-FRAG, 

R2 and Rare selected from the group consisting of 
hydrogen, substituted or unsubstituted alkyl, sub 
stituted or unsubstituted aryl and an electron with 
drawing group, 

R3 is selected from the group consisting of R, hydro 
gen, substituted or unsubstituted alkyl, substituted 
or unsubstituted aryl and an electron withdrawing 
group, or R3 and R', taken together, represent the 
atoms necessary to complete a substituted or un 
substituted fused carbocyclic ring, 

R is substituted or unsubstituted alkylene of 1 or 2 
carbon atoms, 
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R6 is selected from the group consisting of substituted 
or unsubstituted alkyl, substituted or unsubstituted 
cycloalkyl, substituted or unsubstituted heterocy 
cle and substituted or unsubstituted aryl, provided 
that when FRAG is a fluorogen, R6 is methyl, 

Q is carbonyl or thiocarbonyl, 
FRAG is a shiftable detectable chromogen, fluoro 

gen, phosphorescent species or chemiluminescent 
species constructed such that it provides a detect 
able species when released from said reducible 
compound, and 

m is 0 or 1, 
provided that said reducible compound is con 

structed such that when R is replaced with H, 
CAR-H has an E of either at least about + 100 mV 
when measured in water, or of at least about - 650 
mV when measured in acetonitrile. 

16. The element of claim 15 wherein R3 is Rl. 
17. The element of claim 15 wherein R5 is methylene, 

R6 is methyl, and Q is carbonyl. 
18. The element of claim 15 wherein m is 1, and at 

least two of R2, R3 and R are independently electron 
withdrawing groups, or R3 and R, taken together, 
represent the atoms necessary to complete a substituted 
or unsubstituted 5- to 7-membered fused carbocyclic 
ring. 

19. The element of claim 15 wherein said reducible 
compound is constructed such that CAR-H has an E of 
either from about -- 100 to about - 400 mV when mea 
sured in water or of from about - 650 to about -300 
mV when measured in acetonitrile. 

20. The element of claim 15 further comprising a 
support carrying said absorbent carrier material. 

21. The element of claim 15 wherein said reducible 
compound is constructed such that said FRAG is a 
chromogen or fluorogen, at least about 50% of which is 
released within about 30 minutes when said compound 
is reduced at about pH 7. 

t e k k 
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