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obtained and parallel determinations of inorganic
chloride must be carried out. Using the micro-
method, a direct determination of 1-O,ug. chlorine is
possible. The ultramicro method is intended for use
with amounts of tissue providing less than l O pg. of
chlorine, e.g. tissue slices. It is hoped that, by
reducing the size of the apparatus and by modifying
the determination of iodine, amounts of chlorine
downto 0 1pg. maybe determined. Suchatechnique
might be useful for investigations on the metabolism
ofDDT in insects.

It should be pointed out here that the application
of the method to substances other than those
specifically mentioned may be limited by their
volatility. For example, consistently low results
were obtained when estimations were attempted on
chloroacetamide. This was attributable to volatiliza-
tion ofthe substance before complete oxidation could
take place.

SUMMARY

1. Methods are described for the micro and ultra-
micro determination of chlorine in DDT and related
compounds, applicable to amounts of 1-120 pg. and
0-25-1-0 pg. of chlorine, respectively.

2. The techniques have been successfully applied
to the analysis oftissues containing these substances.
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The present work was carried out for two reasons.
First, investigations in this laboratory on the meta-
bolism of benzene showed that 11 % of orally
administered benzene was excreted by rabbits as
glucuronides (Porteous & Williams, 1949a), and
Schmiedeberg (1881) isolated from the urine of a
benzene-fed dog a crystalline substance which was
probably phenylglucuronide. We therefore required
phenylglucuronide as a reference compound for
further investigations on benzene. Secondly, phenyl-
glucuronide is used as a standard substrate for the

assay of fl-glucuronidase in tissues (see Kerr,
Graham & Levvy, 1948; Mills, 1948). After a search
of the literature we felt that phenylglucuronide had
not been properly described.

Phenyl-p-D-glucuronide was first isolated by Kiilz (1890)
from the urine of rabbits receiving phenol by injection. His
material melted at 1480, but he attributed the wrong
formula, C12H1,07, in accordance with his analytical figures.
It was synthesized from phenol and acetobromoglucurone
byNeuberg&Niemann (1905), who described it asanhydrous,
m.p. 150_151,, [a]17 - 83.3° (solvent not mentioned). For
material isolated from the urine of a sheep fed with phenol,
Salkowski & Neuberg (1906) gave m.p. 148-150°, [x]D
- 81-9° (solvent not mentioned) and analytical figures for the
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anhydrous glucuronide (C12HL1407). Masamune (1933), who
isolated the compound from rabbit urine after phenol
feeding, dried it in vacuo at 780 and his analytical figures
agreed with those for anhydrous phenylglucuronide. He
gave m.p. 1600 (decomp.), but quotea no specific optical
rotation.

It is clear, therefore, that phenylglucuronide has
not been satisfactorily described. We shall show that
phenylglucuronide is normally a dihydrate unless
dried at elevated temperatures. Its rate of hydro-
lysis by acid compared with that of phenylsulphuric
acid has also been studied with a view to justifying
a procedure used in this laboratory for separating
phenols conjugated with sulphuric acid from those
conjugated with glucuronic acid.

EXPERIMENTAL AND RESULTS

Phenylglucuronide
(a) l8olation from urine. The isolation of the glucuronide

asthe basicPbsalthas beendescribed byPorteous& Williams
(1949 a). Phenol was fed at a dose level of 0 8 g. to rabbits
(3 kg.), and from an 18 hr. urine the yield of crystalline
glucuronide was 0 9-1 0 g./g. of phenol fed. To purify the
glucuronide it was dissolved in absolute ethanol and the
solution was filtered and evaporated to dryness in vacuo;
the residue was recrystallized from the minimum of hot
water. After drying in vacuo at room temperature the
dihydrate of phenylglucuronide was obtained as long
colourless needles, m.p. 161-162° (corr., decomp.) after
sintering at 110-115°. It showed [a]17 - 78.50 (c, 2 in water).
(Found: C, 47-5; H, 5B9; H20, 11-7; C6HrOH, 30.0%;
equiv. by titration, 299. C12H,407.2H20 requires C, 47-1;
H, 5B9; H20, 11-8; C*H5OH, 30.7%; equiv. 306.) After
recrystallization from benzene-ethanol the compound re-
tained its water. It is non-reducing and gives a strong Tollens
naphthoresorcinol reaction.
On drying to constant weight at 105° (1.5-2 hr.) anhydrous

phenylglucuronide as described by Masamune (1933) was
obtained. This formed white needles, m.p. 161-162° (corr.,
decomp.) and [a]q - 90_5° (c, 1-6 in water). (Found: equiv.
272. Calc. for C12H1407, equiv. 270.) The anhydrous com-
pound dissolved less rapidly in water than the dihydrate.

It is probable that the optical rotations quoted by
Neuberg & Niemann (1905) and Salkowski & Neuberg (1906)
are for the dihydrate and that their analytical figures are
for dried samples.

(b) Benzy1amine salt of phenylglucuronide. The dihydrate
(200 mg.) was dissolved in 20 ml. ethyl acetate containing
5% (v/v) absolute ethanol. Benzylamine (10 drops) was
addeduntilnofurtherprecipitationoccurred.Thebenzylamine
salt (200 mg.) wasrecrystallizedfrom 95% ethanol andformed
colourlessneedles, m.p. 207-208° (corr., decomp.), [a1]D _62.3
(c, 2 in water). (Found: N, 3-5%. C19H2,,O7N requires N,
3.7 %.) It is easily soluble in water, insoluble in cold but
soluble in hot ethanol. It gives the Tollens reaction readily.

(c) Absorption spectra. The ultraviolet absorption spectra
(determined with a Hilger E3 Quartz Spectrograph) of
phenylglucuronide and its dihydrate were identical (the
oommon curve is shown in Fig. 1). From the values of El %foav
for the anhydrous and hydrated forms at various wave.
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lengths, the molecular weight of the hydrate could be
calculated from that of the anhydrous form (mol. wt. 270).
For the wavelengths 271, 268 and 259-5m,u. the values 305,
311 and 309 respectively, were found (cale. mol. wt. 306),
thus confirming that the compound was a dihydrate.
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Fig. 1. Ultraviolet absorption spectrum of phenylglucuro-
nide or its dihydrate in water. Ama. 271 and 264x5 miz.
(e., 690 and about 810, respectively), and - 259-5mu.
(emax. 710).

The spectra (Fig. 1) show bands with A.,. 271 and
264 5m,u. (cm.. 690 and about 810, respectively, and an
inflexion at 259 5m,u. with e,,. 710. It is interesting to
compare these values with those for phenol in ionizing and
non-ionizing media. Phenylglucuronide (C6HH5OR, where
R =0C,H,,O,) should be similar to un-ionized phenol (R= H).
Phenol in pentane (non-ionizing medium) shows maxima
at Am.. 270 and 277 5mu. (e,, 2000 in both cases) and
a small band at 265mus. (e,,, 1270; Klingstedt, 1923). In
ionizing solvents phenol shows a single large band in this
region of the ultraviolet; thus in water this band has A...
269-8 myu. (Klingstedt, 1922) and in ethanol Am.. 273 m,u.
(Morton & Stubbs, 1940). The spectrum of phenol in
various solvents is further discussed by Stimson & Reuter
(1945).

The rate of hydrolysi8 of phenylglueuronide by acid
compared with that of phenyl8ulphuric acid

It has been observed on several occasions in this
laboratory that glucuronides of phenols are not
rapidly hydrolysed by dilute acids at the temper-
ature of a boiling water bath, whereas ethereal
sulphates of phenols are readily hydrolysed. We
have made use of this observation for the separation
ofphenols conjugated with sulphuric acid from those

i
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conjugated with glucuronic acid (Garton & Williams,
1948, 1949; Porteous & Williams, 1949b; Smith &
Williams, 1949). The present experiments were
carried out to see how far this procedure was justified
and could be made more discriminating.
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Fig. 2. Comparison of the rate of hydrolysis by N-HaI
of phenylsulphuric acid with that of phenylglucuronide
at 93-95°. A, potassium phenylsulphate, x 00048M,
* 0-0017 M. B, phenylglucuronide dihydrate, 0-0005M.

The potassium phenylsulphate used was prepared
according to Burkhardt & Lapworth (1926). (Found:
S, 15-4%. Calc. for C,,H504SK: S, 15*1 %.)

Standard solutions of phenylglucuronide dihydrate
(00005M) and potassium phenylsulphate (0-0017 and
0-0048M), made N with respect to HCl, were heated in a
boiling water bath (temperature of solutions 93-95°). All

solutions were raised to 93-95° before mixing. Samples
of 5 ml. were withdrawn periodically and immediately
neutralized with solid NaHCO3. The mixture was diluted to
a known volume with distilled water and its free phenol
content determined colorimetrically with 2: 6-dichloro-
quinonechloroimide as described by Porteous & Williams
(1949a). The results (Fig. 2) show that, at this temperature,
phenylsulphuric acid is completely hydrolysed in 10 min.
whereas the proportion of phenylglucuronide hydrolysed is
less than 2 %. In previous papers we had used periods of
20-30 min. and, although less than 10% of the glucuronide
ishydrolysedin thistime, it appearsthata 15 min. hydrolysis
under our conditions would have given a sharper separation.
In experimentsinwhichtheliberatedsulphatewasestimated,
Sperber (1948) showed that phenylsulphuric acid was com-
pletely hydrolysed by approx. 0-25N-HCI in 10 min. and
resorcinylsulphuric acid in 15 min. Masamune (1933
studied the hydrolysis of phenylglucuronide by N-HCI at
1000 (i.e. in boiling solution) and found 16% hydrol.ysis in
10 min. and 99% in 3.5 hr. Porteous & Williams (1949a)
found that 1ON-H2S04 was necessary to hydrolyse phenyl-
glucuronide completely in 1 hr. at 1000.

SUMMARY

1. Phenylglucuronide has been prepared bio-
synthetically and characterized. It normally occurs
as a dihydrate; its benzylamine salt has been
described.

2. The ultraviolet absorption spectrum of the
glucuronide in water has been determined and dis-
cussed in relation to that of phenol.

3. Phenylsulphuric acid is hydrolysed by acid at
93950 at least 50 times as rapidly as is phenyl-
glucuronide.
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