
Spectrophotometric or fluorometric methods with glucose
oxidase (GOD)–peroxidase (POD)–chromogen(s) systems
are well known as useful tools for determination of glu-
cose.1—15) Indicator reactions in these methods are based on
oxidative formation of a colored or fluorescent substance
from a chromogen(s) with H2O2, generated through GOD-
catalyzed oxidation of glucose, in the presence of POD.
These color reactions are well-characterized chemical
processes. However, the POD-dependent indicator reactions
are known to be inevitably disturbed by electron donors pre-
sent in biological samples such as ascorbic acid, uric acid,
and bilirubin.3) Major processes of interference by these
compounds are as follows: 1) reduction of oxidatively
formed colored or fluorescent substance to its original chro-
mogen(s); and 2) competition with a chromogen in reduction
of H2O2. Several methodologies have been developed for
elimination of such interference in glucose determination
with GOD–POD–chromogen(s) systems.3) However, the
most straightforward approach to glucose determination free
from such interference is design of a novel indicator reaction
without recourse to redox reactions coupled with H2O2 and
POD. To our knowledge, only a few methods with non-redox
color reactions for glucose determination using only GOD
have been reported. These methods utilize transformation of
a vanadium(V),16) titanium(IV)17) or dinuclear iron(III)18)

complex to its adduct with H2O2 accompanied by a
bathochromic shift as a spectrophotometric indicator reac-
tion. As expected, it was demonstrated that glucose determi-
nation with vanadium(V) and titanium(IV) complexes was
not affected by various substances usually present in serum
or added to test solution.16,17) However, spectrophotometric or
fluorometric determination of glucose with high accuracy
should use formation of a colored or fluorescent substance
from a chromogen rather than a color change of a dye as an
indicator reaction.

Recently, resorufin (2) was shown to be able to reoxidize a
reduced form of GOD at 37 °C, being transformed to a color-
less dihydro derivative, although the reductive bleaching of
the dye is of no use for GOD-based determination of glucose
as an indicator reaction.19) This finding prompted us to exam-
ine how resorufin derivatives such as acetyl resorufin (1)
would behave in GOD-catalyzed oxidation of glucose, and it
was found that 1 behaves in a manner different from 2 in the
enzymatic reaction. Here, we report that deacetylation of
non-fluorescent 1 to fluorescent 2 is induced by H2O2 gener-
ated in GOD-catalyzed oxidation of glucose, and the trans-
formation is promising as an indicator reaction for fluoro-
metric determination of glucose without significant effects of
ascorbic acid, uric acid, or bilirubin.

Experimental
Materials GOD from Aspergillus niger (EC 1.1.3.4) and glucose were

used as supplied from Wako Pure Chemical Industries, Ltd. Acetyl resorufin
(1)20—23) was prepared by reaction of resorufin sodium salt with acetic anhy-
dride in pyridine at room temperature and recrystallized from ethyl ac-
etate.24) All other chemicals were of reagent grade and were used without
further purification. Deionized and distilled water was used throughout the
present study. CH3CN was of HPLC grade, and a solution of 1 in CH3CN
was used throughout. All solutions of glucose, GOD, and H2O2 were pre-
pared in phosphate buffer (0.1 M, pH 7.4 or 8.0; Na2HPO41NaH2PO4). Glu-
cose solutions were stored overnight to allow equilibration of a- and b-
anomers.

Apparatus and Procedures During incubation of a mixture of 1 (0.1
mM in CH3CN), GOD (0.5 mg/ml in phosphate buffer), and glucose (5.0 mM

in phosphate buffer) at 25 °C under aerobic conditions, absorption spectra
were obtained with a Hitachi U-3210 spectrophotometer. To obtain absorp-
tion spectra, the incubation was started by adding 1.0 ml each of solutions of
1, GOD, and glucose to a cuvette (10310345 mm) in the cell holder in this
order without stirring at 25 °C. All fluorometric measurements were carried
out using a JASCO Model FP-750 spectrofluorometer equipped with a
JASCO ETC-272 Peltier thermostatted single cell holder. Solutions of 1,
GOD, and glucose (1.0 ml each) were added to a cuvette (10310345 mm)
in the cell holder in this order with stirring at 500 rpm and 25 °C. Measure-
ment of the fluorescence at excitation and emission wavelengths of 568 and
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582 nm, respectively, was started 30 s after addition of glucose solution. For
measurements under anaerobic conditions, each solution was added to a cu-
vette after Ar gas was passed through for several min, and fluorometry was
performed under an Ar atmosphere. To examine the effects of ascorbic acid,
uric acid, and bilirubin, fluorometric measurements were carried out under
essentially the same conditions, except that a mixture of glucose and one of
the additives in phosphate buffer was used instead of glucose solution. Reac-
tion of 1 and H2O2 was fluorometrically traced by the same procedure after
addition of 1.0 ml of a CH3CN solution of 1 and 2.0 ml of a buffer solution
of H2O2 to the cuvette in this order. Dissolved oxygen (DO) level was deter-
mined using a Horiba OM-14 DO meter equipped with a Horiba 5420 DO
electrode. All measurements of the amount of DO in the reaction mixture
were carried out by a procedure similar to that used for the fluorometric
measurements except that solutions of 1, GOD, and glucose were combined
in a final volume of 30.0 ml.

Results and Discussion
A CH3CN solution of acetyl resorufin (1) has a yellow

color (lmax; 344, 435 nm). We recently found that resorufin
(2) with strong absorption and emission serves as an electron
acceptor in GOD-catalyzed oxidation of glucose at 37 °C,
being reduced to colorless dihydroresorufin.19) Based on this
finding, it was postulated that the color due to 1 would be
bleached when the dye worked similarly to 2 in the enzy-
matic reaction. However, when a 1 : 1 : 1 mixture of 1 (0.1 mM

in CH3CN), glucose (5.0 mM in phosphate buffer), and GOD
(0.5 mg/ml in phosphate buffer) was incubated at 25 °C under
aerobic conditions, the mixture turned yellow to fluorescent
pink. In the absorption spectrum of the mixture, a new peak
with lmax at 571 nm appeared as soon as the incubation was
started. As incubation time was increased, the new peak be-
came gradually higher, while the peaks due to 1 became
lower (cf. Figs. 1a, b). The new peak at 571 nm corresponded
to that of 2 in a 1 : 2 solution of CH3CN–phosphate buffer.
The absorbance of the new peak observed after incubation
for 45 min (Fig. 1b) was markedly larger than that observed
after incubation of 1 in the absence of glucose for 45 min
(Fig. 1c). These results demonstrated that the color change
observed in the incubation of a mixture of 1, glucose, and
GOD is due to transformation of 1 to 2, which is for the most
part induced through the enzymatic reaction (Chart 1). It
should be noted here that 2 does not function as an electron
acceptor in GOD-catalyzed oxidation of glucose at 25 °C.
Therefore, a fluorescent pink coloration due to the transfor-
mation of 1 into 2 through the enzymatic reaction was not
bleached by reduction of newly formed 2 to its dihydro deriv-
ative by a reduced form of GOD. Enzymatic consumption
and release of 2 have been demonstrated to function as useful
indicator reactions for spectrophotometric and fluorometric
analyses, since the dye exhibits strong absorption (lmax 571
nm, e 4—73104) and emission (excitation maximum at 563
nm and emission maximum at 587 nm at pH 7.4) at wave-
lengths.550 nm, where potential interference in analysis of
colored or turbid serum components can be avoided.25—35)

These observations imply that the transformation of 1 to 2 as
an indicator reaction for glucose analysis using only GOD
takes full advantage of 2 as an analytically useful dye.

The reaction of 1, glucose, and GOD was studied in more
detail by a fluorometric method. Enzymatic reaction of 1,
glucose, and GOD was initiated by addition of glucose to a
mixture of 1 and GOD, where each of the solutions was com-
bined in the same volume, usually 1.0 ml. All fluorometric
measurements were carried out with 568 and 582 nm as exci-
tation and emission wavelengths, respectively, and were set

from 30 s after initiation of the enzymatic reaction. To estab-
lish useful conditions for transformation of non-fluorescent 1
to fluorescent 2 as an indicator reaction for analysis of glu-
cose, effects of the concentrations of 1 and GOD on fluoro-
metric changes in the present enzymatic reaction were deter-
mined. Figure 2 summarizes the effects of the concentration
of 1 (in CH3CN) on fluorometric changes during the enzy-
matic reaction with 1.0 mM glucose (in phosphate buffer) and
2.0 mg/ml GOD (in phosphate buffer). A progression curve
with a larger change in fluorescence intensity was observed
as the concentration of 1 was increased between 0.05 and 0.3
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Chart 1

Fig. 1. Absorption Spectra Obtained Immediately (a) and after 45 min (b)
incubation of a 1 : 1 : 1 Mixture of 1 (0.1 mM in CH3CN), Glucose (5.0 mM in
pH 7.4 Phosphate Buffer), and GOD (0.5 mg/ml in pH 7.4 Phosphate Buffer)
at 25 °C under Aerobic Conditions, and That (c) Obtained after 45 min Incu-
bation of a 1 : 1 : 1 mixture of 1 (0.1 mM in CH3CN), a Blank Solution (pH
7.4 Phosphate Buffer), and GOD (0.5 mg/ml in pH 7.4 Phosphate Buffer)
under the Same Conditions

Fig. 2. Effects of Concentration of 1 on Fluorometric Traces Obtained
during Incubation of a 1 : 1 : 1 Mixture of 1 (in CH3CN), Glucose (1.0 mM in
pH 7.4 phosphate buffer), and GOD (2.0 mg/ml in pH 7.4 Phosphate Buffer)
at 25 °C for 5.5 min under Aerobic Conditions

Concentration of 1 in the stock solution was varied between 0.05 (a), 0.1 (b), 0.2 (c),
and 0.3 mM (d). Excitation and emission wavelengths were 568 and 582 nm, respec-
tively.



mM. As can be seen in Fig. 3, which includes fluorometric
traces obtained with only 0.5 and 4.0 mg/ml GOD for sim-
plicity, progression curves observed in the reactions with 0.1
mM 1 and 1.0 mM glucose could nearly be superimposed re-
gardless of GOD concentration. Thus, it is likely that the rate
of transformation of 1 to 2 through the enzymatic reaction is
not influenced by GOD concentration, at least in the range
between 0.5—4.0 mg/ml.

The possibility of transformation of 1 to 2 as a fluoromet-
ric indicator reaction in glucose detection was then explored.
Based on the detection limit of the fluorometer as well as the
above results, a CH3CN solution of 1 in 0.2 mM and a buffer
solution of GOD in 0.5 mg/ml were utilized for this purpose.
In Fig. 4, fluorescence intensity observed 5 min after initia-
tion of the enzymatic reaction on a mixture of 1, glucose, and
GOD is plotted against the concentration of glucose. A linear
relation was found between the intensity and the glucose
concentration of 0.2—2.0 mM, with a slope and a correlation
coefficient of 216.9/mM and 0.997, respectively. Relative
standard deviations (RSD) (n53) for fluorescent responses
obtained with glucose in 0.2 and 2.0 mM were 2.5 and 0.5%,
respectively. In addition, the fluorescence intensity observed
after 5 min incubation in the absence of glucose was also re-

producible, RSD (n53) being 4.8%. When glucose at a con-
centration of more than 2.5 mM was subjected to the enzy-
matic reaction, fluorescence intensity obtained after 5 min
reached an almost constant value, independent of glucose
concentration.

The transformation of 1 to 2 was also found to serve as a
fluorometric indicator reaction in glucose detection when the
enzymatic reaction was carried out using solutions of glu-
cose and GOD (0.5 mg/ml) in pH 8.0 phosphate buffer.
Under these conditions, fluorometric responses became
larger and a CH3CN solution of 1 in 50 mM instead of 0.2 mM

was used. A relationship similar to that in Fig. 4 was recog-
nized between the glucose concentration and fluorescence in-
tensity observed 5 min after initiation of the enzymatic reac-
tion. However, a linear relation was observed only over the
range of glucose concentration between 0.2 and 1.5 mM.
Thus, the working range for glucose detection with the pre-
sent indicator reaction was slightly wider at pH 7.4 than at
pH 8.0.

The effects of ascorbic acid, uric acid, and bilirubin on this
reaction for glucose determination were evaluated. For this
purpose, fluorescence intensity obtained 5 min after initiation
of incubation of a mixture of 1 (0.2 mM in CH3CN), GOD
(0.5 mg/ml in pH 7.4 phosphate buffer), glucose (1.0 mM in
pH 7.4 phosphate buffer), and one of the additives was com-
pared with that obtained without the additive. The incubation
was initiated by addition of a phosphate buffer solution con-
taining both glucose and the additive to a mixture of 1 and
GOD in a fluorometric cell under aerobic conditions. The re-
sults are summarized in Table 1. The examined compounds
at concentrations equivalent to or even higher than those in
normal serum showed no significant influence on the trans-
formation of 1 to 2 induced by GOD-catalyzed oxidation of
glucose. These results are reasonable since the present
GOD–chromogen system provides an indicator reaction
based on non-oxidative formation of a fluorescent substance.

To determine the mechanism responsible for the enzymati-
cally induced transformation of 1 to 2, a mixture of 1 (0.2
mM in CH3CN), GOD (0.5 mg/ml in pH 7.4 phosphate
buffer), and glucose (1.0 mM in pH 7.4 phosphate buffer) was
incubated at 25 °C under anaerobic conditions, which was
followed by essentially the same fluorometric method. The
trace obtained under anaerobic conditions is compared with
that afforded under aerobic conditions in Fig. 5. The fluoro-
metric trace observed for incubation of 1 with only GOD
under aerobic conditions is also included in the figure. Dur-
ing the enzymatic reaction under anaerobic conditions, the
change in fluorescence intensity due to transformation of 1 to
2 was markedly smaller than that under aerobic conditions.
Although incubation under anaerobic conditions gave a pro-
gression curve with a slightly greater slope than incubation
of the blank solution under aerobic conditions, it was clear
that DO plays an important role in deacetylation of 1.

In the present enzymatic reaction, DO was rapidly con-
sumed in a manner dependent on glucose concentration,
when a mixture of 1, GOD, and glucose was subjected to in-
cubation at 25 °C under aerobic conditions. This observation
implied that H2O2 formed from DO through the enzymatic
reaction induces the transformation of 1 to 2. When reaction
of 1 (0.2 mM in CH3CN) with H2O2 itself (0, 0.22, 0.44, 0.66,
and 0.88 mM in pH 7.4 phosphate buffer) was followed by a
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Fig. 3. Effects of Concentration of GOD on Fluorometric Traces Obtained
during Incubation of a 1 : 1 : 1 Mixture of 1 (0.1 mM in CH3CN), Glucose
(1.0 mM in pH 7.4 Phosphate Buffer), and GOD (in pH 7.4 Phosphate
Buffer) at 25 °C for 5.5 min under Aerobic Conditions

Concentration of GOD in the stock solution was varied between 0.5 (a) and 4.0 (b)
mg/ml. Excitation and emission wavelengths were 568 and 582 nm, respectively.

Fig. 4. Relationship of Glucose Concentration with Fluorometric Intensity
Observed after 5 min Incubation of a 1 : 1 : 1 Mixture of 1 (0.2 mM), Glucose
(in pH 7.4 Phosphate Buffer), and GOD (0.5 mg/ml in pH 7.4 Phosphate
Buffer) at 25 °C under Aerobic Conditions

The spectrophotometric responses were obtained using 568 and 582 nm as excitation
and emission wavelengths, respectively.



similar fluorometric method, progression curves were ob-
tained, with increments depending on H2O2 concentration, as
depicted in Fig. 6. It has been proposed that nucleophilic ad-
dition of H2O2 to aryl oxalate esters results in formation of
the corresponding phenols and 1,2-dioxetane.36—38) Accord-
ing to this mechanism, nucleophilic substitution by H2O2 is
thought to be responsible for transformation of 1 to 2 during
GOD-catalyzed oxidation of glucose, which is much faster
than simple hydrolysis of 1 in CH3CN–buffer solution. It
should be noted here that when glucose at a concentration of
more than 2.5 mM was incubated under aerobic conditions,
DO was totally consumed, suggesting that the amount of
H2O2 generated was constant. This is why a plateau region
was observed in the relationship between fluorescence inten-
sity and glucose concentration as shown in Fig. 4.

In conclusion, it was demonstrated that in GOD-catalyzed
oxidation of glucose, deacetylation of 1 occurs yielding 2 in
a manner dependent on glucose concentration without signif-
icant effects of ascorbic acid, uric acid, or bilirubin, and
hence the reaction can be utilized as a novel indicator reac-
tion for fluorometric detection of glucose using only GOD.
As mentioned above, several analytical methods with spec-
trophotometry or fluorometry have been designed based on
enzymatic release of 2 from its derivatives such as 1.25—35)

However, to our knowledge, generation of 2 from 1 has been

used as an indicator reaction only for studies of esterase ac-
tivity of cytosolic aldehyde dehydrogenase and chymo-
trypsin.20—23) Thus, this is the first report to show that trans-
formation of 1 to 2 is induced by H2O2. Although practical
application of the present indicator reaction requires preven-
tion of simple hydrolysis of 1 in blank solution, the present
results suggested some intriguing points from the standpoint
of enzymatic analysis of biological compounds, as follows:
1) H2O2-induced deacylation of 1 and other acylated 2 will
find applications as indicator reactions for enzymatic analy-
sis of various biological compounds based on oxidoreduc-
tases with oxygen as an electron acceptor such as GOD, cho-
lesterol oxidase, uricase, etc.; 2) leuco dyes, produced by
acylation of phenolic hydroxy groups of dyes, might be de-
acylated by H2O2, which process can be used as a novel indi-
cator reaction for POD-independent enzymatic analysis, sim-
ilarly to deacylation of 1 and other acylated 2. Further studies
are currently underway in our laboratory to examine these
points.

Acknowledgments This study was supported in part by Mitsubishi
Chemical Corporation Fund and by a Grant-in-Aid for Scientific Research
(12877353) from the Ministry of Education, Science, Sports, and Culture,
Japan.

References and Notes
1) Trinder P., Ann. Clin. Biochem., 6, 24—27 (1969).
2) Barham D., Trinder P., Analyst (London), 97, 142—145 (1972).
3) Michal G., Möllering H., Siedel J., “Methods of Enzymatic Analysis,”

ed. by Bergmeyer H. U., 3rd ed., VCH Publishers, Weinheim, 1983,
Vol. 1, pp. 197—232.

4) Relj’c R., Ries M., Ani’c N., Ries B., Clin. Chem., 38, 522—525
(1992).

5) Ukeda H., Fujita Y., Ohira M., Sawamura M., J. Agric. Food Chem.,
44, 3858—3963 (1996).

6) Zhu Q.-Z., Zheng X.-Y., Xu J.-G., Liu F.-H., Li Q.-G., Microchem. J.,
57, 332—338 (1997).

7) Mizoguchi M., Ishiyama M., Shiga M., Sasamoto K., Anal. Commun.,
35, 71—73 (1998).

8) There have been many reports on POD–chromogen(s) systems, which
will provide indicator reactions for GOD-dependent spectrophotomet-
ric or fluorometric analysis of glucose. For example, see ref. 9—15.

9) Artiss J. D., Thibert R. J., McIntosh J. M., Zak B., Microchem. J., 26,
487—505 (1981).

10) Tamaoku K., Ueno K., Akiura K., Ohkura Y., Chem. Pharm. Bull., 30,
2492—2497 (1982).

11) Capaldi D. J., Taylor K. E., Anal. Biochem., 129, 329—336 (1983).

March 2001 297

Fig. 5. Fluorometric Traces Obtained during Incubation of a 1 : 1 : 1 Mix-
ture of 1 (0.2 mM in CH3CN), Glucose (1.0 mM in pH 7.4 Phosphate Buffer),
and GOD (0.5 mg/ml in pH 7.4 Phosphate Buffer) at 25 °C for 5.5 min under
Aerobic (a) and Anaerobic (b) Conditions, and That (c) Obtained during In-
cubation of a 1 : 1 : 1 Mixture of 1 (0.1 mM in CH3CN), a Blank Solution
(pH 7.4 Phosphate Buffer), and GOD (0.5 mg/ml in pH 7.4 Phosphate
Buffer) under Aerobic Conditions

Excitation and emission wavelengths were 568 and 582 nm, respectively.

Fig. 6. Fluorometric Traces Obtained during Incubation of a 1 : 2 Mixture
of 1 (0.2 mM) and H2O2 (in pH 7.4 phosphate buffer) at 25 °C for 5.5 min
under Aerobic Conditions

Concentration of H2O2 in the stock solution was varied between 0 (a), 0.22 (b), 0.44
(c), 0.66 (d), and 0.88 mM (f). Excitation and emission wavelengths were 568 and 582
nm, respectively.

Table 1. Effects of Some Organic Substances on the Fluorescence Inten-
sity Observed after 5 min Incubation of a Mixture of 1 (0.2 mM in CH3CN),
GOD (0.5 mg/ml in pH 7.4 Phosphate Buffer), and Glucose (1.0 mM in pH
7.4 Phosphate Buffer) (1.0 ml Each)a)

Substance Concentration added (mM)b) Relative intensity (%)c)

Ascorbic acid 0.2 99.9
0.4 97.8

Uric acid 0.2 99.4
0.4 99.5

Bilirubin 0.02 101.8
0.04 100.2

a) Excitation and emission wavelengths were 568 and 582 nm, respectively.
b) Concentration in the stock solution. c) Ratio of the fluorescence intensities ob-
tained in the presence of additive against those obtained without the additive.



12) Madsen B. C., Kromis M. S., Anal. Chem., 56, 2849—2850 (1984).
13) Mizoguchi M., Shiga M., Sasamoto K., Chem. Pharm. Bull., 41,

620—623 (1993).
14) Schubert F., Wang F., Rinneberg H., Mikrochim. Acta, 121, 237—247

(1995).
15) Sakuragawa A., Taniai T., Okutani T., Anal. Chim. Acta, 374, 191—

200 (1998).
16) Matsubara C., Ishii K., Takamura K., Microchem. J., 26, 242—249

(1981).
17) Matsubara C., Kudo K., Kawashita T., Takamura K., Anal. Chem., 57,

1107—1109 (1985).
18) Harms D., Meyer J., Westerheide L., Krebs B., Karst U., Anal. Chim.

Acta, 401, 83—90 (1999).
19) Maeda H., Matsu-ura S., Senba T., Yamasaki S., Takai H., Yamauchi

Y., Ohmori H., Chem. Pharm. Bull., 48, 897—902 (2000).
20) Kitson T. M., Bioorg. Chem., 24, 331—339 (1996).
21) Kitson T. M., Kitson K. E., Adv. Exp. Med. Biol., 414 (Enzymology

and Molecular Biology of Carbonyl Metabolism 6), 201—208 (1997).
22) Kitson T. M., Kitson K. E., Biochem. J., 322, 701—708 (1997).
23) Kitson T. M., Biochim. Biophys. Acta, 1385, 43—52 (1998).
24) In previous studies, ethanol was used as a solvent for recrys-

tallization.11,12) However, recrystallization from ethanol induced partial
hydrolysis of the acetyl derivative to 2. Thus, recrystallization from
ethyl acetate seems to be the best way to purify the compound.

25) Herrmann R., Chimia, 45, 317—318 (1991).

26) Prough R. A., Burke M. D., Mayer R. T., “Methods in Enzymology,”
ed. by Wood W. A., Academic Press, New York, 1978, Vol. 52, pp.
372—376.

27) Brotea F. P., Thibert R. J., Microchem. J., 37, 368—376 (1988).
28) Brotea G. P., Draisey T. F., Thibert R. J., Microchem. J., 39, 1—9

(1989).
29) Tokutake S., Kasai K., Tomikura T., Yamaji N., Kato M., Chem.

Pharm. Bull., 38, 3466—3470 (1990).
30) Simpson D. J., Unkefer C. J., Whaley T. W., Marrone B. L., J. Org.

Chem., 56, 5391—5396 (1991). 
31) Kasai K., Yamaji N., Anal. Sci., 8, 161—164 (1992).
32) Hadd A. G., Raymond D. E., Halliwell J. W., Jacobson S. C., Ramsey

J. M., Anal. Chem., 69, 3407—3412 (1997).
33) Tortorella M. D., Arner E. C., Inflamm. Res., 46, S122—S123 (1997).
34) O’neill R. B., Dillon S. A., Morgan P. M., Biochem. Soc. Trans., 26,

S84 (1998).
35) Candeias L. P., MacFarlane D. P. S., McWhinnie S. L. W., Maidwell N.

L., Roeschlaub C. A., Sammes P. G., Whittlesy R., J. Chem. Soc.,
Perkin Trans., 2, 1998, 2333—2334.

36) Catherall C. L. R., Palmer T. F., Cundall R. B., J. Chem. Soc., Faraday
Trans., 2, 80, 823—834 (1984).

37) Catherall C. L. R., Palmer T. F., Cundall R. B., J. Chem. Soc., Faraday
Trans., 2, 80, 837—849 (1984).

38) Alvarez F. J., Parekh N. J., Matuszewski B., Givens R. S., Higuchi T.,
Schowen R. L., J. Am. Chem. Soc., 108, 6435—6437 (1986).

298 Vol. 49, No. 3


