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Six new styles of water-soluble glycosylated porphyrins (5, 10, 15, 20-tetrakis[2-, 3- or 4-(8-D-glucopyran-
osyl)phenyl]porphine) were synthesized and studied concerning their structures by *H and *C NMR. Tetrakis
(o-substituted phenyl)porphine, consisting of four atropisomers (aBaf3, aaf8, aaafB, and acaa), was clearly
assigned based on the 13C NMR peak-splitting pattern. It was especially noteworthy that water-soluble picket-
fence porphyrin (aaaca) was obtained. Furthermore, their characterization as a chromogenic reagent for metal
ions was investigated. The introduction of highly water-soluble glucose successfully improved the aggregration
and adsorption characteristics of the anionic or cationic porphyrins so far prepared without any marked change

in the other important analytical properties.

Porphyrins and their metal complexes have been ex-
tensively studied in biological and other fields of chem-
istry, and the synthesis of porphyrins having various
functions has become increasingly important. In re-
cent years water-soluble meso-substituted porphyrins
have been studied as highly sensitive spectrophotomet-
ric reagents for metal ions having a very large molar ab-
sorptivity (=2—6x10° mol~! dm3 cm~?, at 400—500
nm).) Every water-soluble spectrophotometric reagent
for metal ions so far prepared has been a cationic, an-
ionic or amphoteric ion type.? We directed our at-
tention to the high water-solubility of sugars, previ-
ously developed a new style water-soluble glycosylated
hydrazone, bis(D-glucose) 1,1’-oxalylbishydrazone, and
used it for the spectrophotometric determination of
copper.®) Based on this background, we recently suc-
ceeded in preparing six kinds of neutral-type glyco-
sylated porphyrins, which have the §-D-glucopyranose
moiety at the para-, meta- or ortho-position of 5,10,15,
20-phenyl substituents.®) These are 5,10,15,20-tetrakis-
[4-(B-D-glucopyranosyl)phenyl]jporphine (1a), 5,10,15,
20-tetrakis[3-(3-D-glucopyranosyl)phenyl|porphine (1b)
and 5,10,15,20-tetrakis[2-(-D-glucopyranosyl)phenyl]-
porphine, containing four atropisomers (afaf (1c),
aaff (1d), caaf (le), and aaaa (1f)), as shown
in Scheme 1. In these porphyrins tetrakis(o-substi-
tuted phenyl)porphine (o-STP) comprises of four at-
ropisomers; it is very tedious and time-consuming to
separate these. However, since this porphyrin has no-
tably different properties from those of tetrakis(p- and
m-substituted phenyl)porphines (p- and m-STP) con-
cerning the rate of metallation, it is not only a use-
ful spectrophotometric reagent, but also an interest-
ing compound for kinetic studies of metallation. Fur-
thermore, o-STP has been studied regarding thermal
and photoatropisomerism;* especiallly the aaaca-iso-
mer (picket-fence porphyrin) has been preferably em-
ployed to model the function of the hemoproteines.®)

As for a linked porphyrin to sugars, a tetraaryl-
porphine chemically bonded to a B-cyclodextrin has
been prepared as a model to mimic the light-induced
electron-transfer process between the porphyrin chro-
mophore and acceptors of varying reduction potential
held in the cyclodextrin cavity.” Recently, Maillard
et al. published information concerning glycoconju-
gated porphyrins, including o-STP as a superstruc-
tured model of the active site of hemoprotein,® and
reported on the synthesis and characterization of these
porphyrins.®) However, their studies were mainly re-
stricted to the acetyl-protected water-insoluble glyco-
sylated porphyrins. They neither referred to the un-
expected atropisomerization during the conversion of
the acetates of glycosylated porphyrins (2c—2e) to free
ones (lc—1e), nor obtained the aaaa-isomer. Until
now, these glycosylated porphyrins have not yet been
used as a spectrophotometric reagent for metal ions.

In this report we describe the preparation of water-
soluble glycosylated porphyrins in detail, and our study
of their structure, chromogenic properties and complex-
ation. An example with copper(II) is used to elucidate
them as a reagent for the spectrophotometric determi-
nation of trace amounts of metal ions.

Experimental

Apparatus. The spectra of *H and *CNMR were
measured in CDCl3 or dimethyl-ds sulfoxide (DMSO-ds) at
400 MHz (*H) or 100 MHz (*3C) using a JEOL GSX-400
instrument operated in the pulsed Fourier-transfer mode.
Tetramethylsilane was used as the internal standard. The
mass spectra were obtained on a JEOL JMS HX-110 instru-
ment by using a fast atom bombardment (FAB) method.
The collision gas used was Xe and the matrix was glycerol.
For measuring the absorption spectra, a Hitachi 200-10 spec-
trophotometer was used. Thin-layer chromatography (TLC)
was carried out using 0.2 mm E. Merk 60F-254 pre-coated
silica-gel plates. For column chromatography, E. Merk silica
gel 60 (70—230 mesh) was used.



March, 1994]

Synthesis and Characterization of Water-Soluble Glycosylated Porphyrins 669

OAC OAc w
AcO 0 Acoa CHO IN7, CH.Cl,/| BF,-OFEt,
AcO + AcO Z >
c ii. p-Chioranil/a

AcOBr

2a(p)

2b(m) ]
2¢(apaB) MeONa in
20(aass) ~ R

MeOH-CHCI.
28(aaaﬂ) *

Zf(aaua)

Scheme

Reagents. Porphyrin Solution: Prepared by dis-
solving the required amount of each porphyrin in 40%(v/v)
1,4-dioxane in water. These solutions were further diluted
with water, when necessary.

Standard Copper(II) Solution: A stock solution
containing about 1 mg of copper per cm® was prepared
by dissolving copper(II) sulfate pentahydrate in water, and
adding a sufficient amount of nitric acid to give a pH of
about 1. This stock solution was standardized by titration
with ethylenediaminetetraacetic acid (EDTA) and appropri-
ately diluted with water to prepare working solutions.

Buffer Solutions: 0.2 M (1 M=1 moldm™3) hy-
drochloric acid-0.2 M potassium chloride, 0.2 M chloroace-
tic acid-0.2 M sodium chloroacetate, 0.2 M acetic acid—0.2
M sodium acetate, 0.2 M 2-morpholinoethanesulfonic acid—
0.2 M sodium hydroxide, 0.2 M tris(hydroxymethyl)amino-
methane-0.2 M hydrochloric acid or 0.2 M boric acid—0.2
M sodium carbonate system was used according to the pH
value required.

The Other Reagents: Dichloromethane was dis-
tilled from calcium hydride and stored over 4 A molecu-
lar sieves. Dry chloroform and methanol were purchased
from (Dojindo). Stock solutions (0.5 M) for BF3-Et20
(Tokyo Kasei) were prepared in dry dichloromethane and
were used for approximately 1 week. Pyrrole and hydroxy-
benzaldehydes obtained from commercial sources were used
(Tokyo Kasei). The solution of sodium methanolate (Wako)
was prepared in dry methanol just before use. The other
reagents were of analytical-reagent grade. All water solu-
tions were prepared with distilled and deionized water.

Synthesis of Formylphenyl 2,3,4,6-Tetra-O-acetyl-
B-p-glucopyranosides (3a—3c).  2-, 3-, or 4-Hydroxy-
benzaldehyde (8.8 g, 72.1 mmol) and 2,3,4,6-tetra- O-acetyl-
B-D-glucopyranosyl bromide (11.6 g, 28.2 mmol) were dis-
solved in acetone (60 cm®). After the addition of 5% (g/v)
sodium hydroxide (20 cm?®) the solution was stirred inten-
sively for 24 h at room temperature, poured into iced water
(200 cm®) and stirred for 1 h. In the meantime crystal-
lization started slowly. The crystals were filtered off and
recrystallized from ethanol. More target aldehydes were re-
covered from the remaining reaction filtrate by extraction
with chloroform and purification by column chromatogra-
phy using chloroform as the eluent. Total yields (3a, 5.1 g
(40.0%); 3b, 5.7 g (44.7%); 3c, 6.2 g (48.6%)).
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3a: mp 125—126 °C; "HNMR (CDCl3) §=2.0 (12H, m,
CH;COO), 7.11 (2H, d, benzene(2,6)), 7.86 (2H, d, benzene
(3, 5)), 9.93 (1H, s, CHO). Found: C, 55.76; H, 5.28%.

3b: mp 108—109 °C, "HNMR (CDCls) §=2.1 (12H, m,
CH;COO), 7.26 (1H, dd, benzene(5)), 7.47 (1H, d, benzene
(6)), 7.51 (1H, s, benzene (2)), 7.59 (1H, d, benzene(4)),
9.98 (1H, s, CHO). Found: C, 55.50; H, 5.37%.

3c: mp 149—150 °C, 'HNMR (CDCl3) §=2.1 (12H,m,
CH5COO), 7.13 (1H, d, benzene (6)), 7.19 (1H, m, phen-
yl(4)), 7.57 (1H, m, benzene(5)), 7.86 (1H, d, benzene(3)),
10.3 (1H, s, CHO). Found: C, 55.60; H, 5.64%.

Synthesis of the Acetates of Glycosylated Por-
phyrins.  5,10,15,20-Tetrakis[3- or 4-(2,3,4,6-tetra-
O-acetyl-3-p-glucopyranosyl)phenyl]porphine (2a or
2b): A 1-dm® two-necked, round-bottomed flask, wrapped
in aluminium foil and equipped with a reflux condenser and
N inlet was charged with dry dichloromethane (370 cm?®),
0.1 M pyrrole in dichloromethane (46 cm®) and p- or 0.1 M
m-formylphenyl 2,3,4,6-tetra- O-acetyl-3-D-glucopyranoside
(3a or 3b) in dichloromethane (46 cm®). The mixture was
stirred and purged with N2 for 15 min, after which a 0.5
M BF3-Et20 solution in dichloromethane (0.19 cm?®) was
added. This mixture was stirred for 24 h at room tempera-
ture. Then p-chloranil (0.82 g, 3.3 mmol) was added. After
refluxing for 1 h, a dark-purple solution was concentrated to
about 20 cm® and filtered in order to remove insoluble by-
products. The filtrate was concentrated, loaded on to a sil-
ica-gel column (4x40 cm, chloroform) and then eluted with
chloroform. The fractions of the main purple band were
collected and evaporated to give red-purple crystals, which
were recrystallized from chloroform—methanol.

2a: Yield 1.20 g (53.2%); FABMS m/z (rel intensity) 2000
((M+1)*; 100); 'HNMR (CDCl3)6=-2.8 (2H, s, pyrrolic
NH), 2.1—2.3 (48H, m, CH5COO), 4.0—4.5 (12H, m, glu-
cose), 7.4 (8H, d, benzene (2, 6), 8.9 (8H, s, pyrrole). Found
C, 5998, H, 509, N, 283% Calcd for 0100H102N4O40: C,
60.06; H, 5.14; N, 2.80%.

2b: Yield 0.59 g (26.0%); FABMS m/z (rel intensity)
2000 ((M+1)*, 100); "HNMR (CDCl;3) §=-2.9 (2H, s,
pyrrolic NH), 1.2—1.5 (12H, m, CH3COO), 1.8—2.1 (36H,
m, CH3COO), 3.8—4.2 (12H, m, glucose), 5.1—5.4 (16H, m,
glucose), 7.5 (4H, d, benzene(4)), 7.7 (4H, m, benzene(5)),
7.9—8.0 (8H, m, benzene(3+6)), 8.9 (8H, s,pyrrole). Found:
C, 59.96; H, 5.00; N, 2.54%. Calcd for Ci100H102N4040: C,
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60.06; H, 5.14; N, 2.80%.

5,10,15,20- Tetrakis[2- (2, 3,4, 6- tetra- O- acetyl- 3-
p-glucopyranosyl)phenyl]porphine (2c—2f): The
above-mentioned condensation reaction was repeated twice
using o-formylphenyl 2,3,4,6-tetra- O-acetyl--D-glucopyran-
oside (3c) instead of 3a or 3b. A mixture of atropisomers
was chromatographed on a silica-gel column by elution with
a solvent gradient consisting of 0—20% (v/v) acetone in
chloroform. The four bands were separately collected and
purified by recrystallization from chloroform—methanol or
methanol. Yields (2¢, 0.36 g (7.9%); 2d, 0.30 g (6.6%);
2c+2d, 0.28 (6.1%); 2e, 1.15 g (25.3%); 2f, 0.30 g (6.6%)).

2c: FABMS m/z (rel intensity) 2000 ((M+1)%, 100);
'HNMR (CDCl3) §=-3.0 (2H, s, pyrrolic NH), —1.3 (3H, s,
CH3COO0), 0.8—2.2 (45H, m, CH3COO), 3.7—5.0 (28H, m,
glucose), 7.2—7.9 (16H, m, benzene), 8.6 (4H, s, pyrrole),
8.8 (4H, s, pyrrole). Found: C, 60.15; H, 5.08; N, 2.88%.
Calcd fOI‘ C100H102N4O40: C, 60.06; H, 5.14; H, 2.80%.

2d: FABMS m/z (rel intensity) 2000 ((M+1)*, 100);
'HNMR(CDCl3) §=-2.8 (2H, s, pyrrolic NH), —2.3——0.5
(9H, m, CH3sCOO), 1.2—2.2 (39H, m, CH3COO), 3.4—4.9
(28H, m, glucose), 7.4—38.0 (16H, m, benzene), 8.7—8.9 (8H,
m, pyrrole). Found: C, 60.12; H, 5.04; N, 2.83%. Calcd for
C100H102N4O40: C, 60.06; H, 5.14; N, 2.80%.

2e: FABMS m/z (rel intensity) 2000 ((M+1)", 100);
'HNMR (CDCl3) §=—2.8 (2H, s, pyrrolic NH), —0.88 (9H,
d, CH;COO0), 1.2—2.2 (36H, m, CH3C00), 3.4—5.3 (28H,
m, glucose), 7.4—8.0 (16H, m, benzene), 8.5—8.8 (8H, m,
pyrrole). Found: C, 59.83; H, 5.06; N, 2.54%. Calcd for
Ci100H102N4040: C, 60.06; H, 5.14; N, 2.80%.

2f: FABMS m/z (rel intensity) 2000 ((M+ 1),
100);'HNMR (CDCl3) §=-2.8 (2H, m, pyrrolic NH),
—-0.8——0.2 (3H, m, CH3zCOO), 1.2—2.2 (45H, m,
CH3COO), 3.5—5.5 (28H, m, glucose), 7.3—8.2 (16H, m,
benzene), 8.4—8.9 (8H, m, pyrrole). Found: C, 59.38; H,
5.12; N, 2.86%. Calcd fOI‘ 0100H102N4O40°H20: C, 59.52;
H, 5.20; N, 2.78%.

Deacetylation of the Glycosylated Porphyrins. 5,
10,15,20-Tetrakis[3- or 4-(3-p-glucopyranosyl)phen-
yljporphine (1a or 1b):  Acetylated porphyrin (0.5 g,
0.25 mmol) was dissolved in dry chloroform (40 cm?®). To
this solution were added dry methanol (40 cm®) and 0.22 M
sodium methanolate in dry methanol (2.5 cm®). The mix-
ture was stirred at around 55 °C for 0.5 h, neutralized with
a few drops of acetic acid and concentrated to dryness. The
obtained crude solid was dissolved in a minimum amount of
ethanol-water and loaded onto a silica-gel column. Elution
with 2:6:1 followed 3:6:2 (v/v) 2-propanol-ethyl acetate—
water gave the only one band. The fractions of this band
were collected and evaporated to yield pure crystals.

la: Yield 310 mg (90.9%); FABMS m/z (rel intensity)
1327 (M+1)%, 84), 1328 ((M+2)™, 100), 1329 (M+3)*,
81); 'HNMR (DMSO-ds) §=-2.9 (2H, s, pyrrolic NH),
3.3—5.5 (glucose), 7.5 (8H, d, benzene(3, 5)), 8.1 (8H, d,
benzene (2, 6)), 8.9 (8H, s, pyrrole). Found: C, 59.92; H,
5.34: N, 4.08%. Calcd for CegsH7oN4O24-2H20: C, 59.91; H,
5.47; N, 4.11%.

1b: Yield 305 mg (83.9%); FABMS m/z (rel intensity)
1327 (M+1)%, 87), 1328 ((M+2)™, 100), 1329 (M+3)*,
84); 'THNMR (DMSO-ds) 6§=-2.9 (2H, s, pyrrolic NH),
3.2—5.4 (glucose), 7.5 (4H, m, benzene (5)), 7.8—7.9 (8H,
m, benzene (2+6)), 8.9 (8H, d, pyrrole). Found: C, 56.17;
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H, 5.32; N, 4.01%. Calcd fOI‘ CesH7oN4024'2H20: C, 56.20;
H, 5.83; N, 3.85%.

5a,1003,150a,203-Tetrakis[2-(3-p-glucopyranosyl)-
phenyl]porphine (1c):  Porphyrin 1c was obtained by
the deacetylation of 2e with atropisomerization. Porphyrin
2e (550 mg, 27.5 mg) was dissolved in dry chloroform (50
cm?®) and methanol (50 cm®). After the addition of 1.0 M
sodium methanolate in dry methanol (1.1 cm?®), the mix-
ture was stirred at around 55°C for 15 h. The reaction
time (10—17 h) gave the best yield of 1c. In the meantime
crystallization started slowly. The crystals were filtered off,
dissolved in 1,4-dioxane-water and stirred with a Dowex H8
(H") cation-exchange resin to be neutralized. The remain-
ing filtrate was also neutralized with a Dowex H8(H™) resin.
After the resin was removed by filtration, both filtrates were
mixed and concentrated until crystallization started. This
crystals contained mainly 1lc and a small amount of le;
there was no 1c in the filtrate, which consisted of a mixture
of 1d and 1le. The crystals were filtered off, dissolved again
in a minimum amount of 1,4-dioxane-water, loaded onto a
silica-gel column (4x40 cm, ethyl acetate) and eluted with
8:24:3 followed 2:3:2 (v/v) 2-propanol-ethyl acetate-wa-
ter. The fractions containing 1c and le were collected and
concentrated to yield pure red-purple crystals. The other
fractions containing 1c and le were collected, concentrated
and chromatographed again to give more 1lc. Total yield
(130 mg, 33.4%).

1c: FABMS m/z (rel intensity) 1326 (M™T, 34), 1327
((M+1)*, 100), 1328 ((M+2)*, 74); 'HNMR (DMSO-ds)
§=-2.9 (2H, s, pyrrolic NH), 1.7 (18H, s, glucose), 2.3—
5.0 (m, glucose), 7.4—7.9 (16H, m, benzene), 8.7 (8H, d,
pyrrole). Found: C, 57.44; H, 5.36; N, 3.89%. Calcd for
CesH7oN4024-5H20: C, 57.62; H, 5.68; N, 3.65%.

5a,10a,153,203-Tetrakis[2-(3-Dp-glucopyranosyl)-
phenyl]porphine (1d): As analogous to the procedure
for 1a and 1b, 2d (280 mg, 0.14 mmol) was deacetylated.
The obtained crude solid was recrystallized from ethanol-
water to give pure red-purple crystals (1d, 110 mg). The
mother liquor was evaporated, loaded onto a silica-gel col-
umn (4x40 cm, ethyl acetate) and eluted with 4:12:1 fol-
lowed 8:2:3 (v/v) 2-propanol-ethyl acetate —water. Each
fraction containing 1d or 1e was collected and concentrated
to give red-purple crystals, respectively. Total yield (1d,
116 mg (60.0%); le, 46 mg (23.5%)). Porphyrin 2d was
converted to 1d and le in the ratio of 5 to 2. Since the
reaction time was longer, or the amount of added sodium
methanolate was more, the ratio of 1e to 1d increased.

1d: FABMS m/z (rel intensity) 1326 (M*, 61), 1327
((M+1)*, 100), 1328 (M+2)*, 69); "HNMR (DMSO-ds)
§=-2.9 (2H, s, pyrrolic NH), 1.0—1.1 (2H, m, glucose),
2.1—5.2 (m, glucose), 7.4—8.0 (16H, m, benzene), 8.6—8.8
(8H, m, pyrrole). Found: C, 59.19; H, 5.76; N, 3.81%. Calcd
for CesH70N4024°3H201 C, 59.13; H, 5.55: N, 4.06%.

5a,10c,15¢,2083-Tetrakis[2-(8-p-glucopyranosyl)-
phenyl]porphine (1e): Porphyrin le was prepared by
the following two different procedures.

Procedure 1. Porphyrin 2¢ (300 mg, 0.15 mmol) was
converted to 1e completely. The conditions of deacetylation
and purification were almost the same as those used for 1d.
Red-purple crystals (176 mg, 83.8%).

Procedure 2. Porphyrin 2e (420 mg, 0.21 mmol) was
deacetylated by the same conditions as that of Procedure 1
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and converted to 1e almost completely. The obtained crude
solids, which contained a small amount of 1c and 1d, were
recrystallized from ethanol-water to give pure red-purple
crystals (144 mg). More 1le was recovered from the mother
liquor and purified by silica-gel column chromatography us-
ing 2:6:1 followed 3:6:2 (v/v) 2-propanol-ethyl acetate—
water as the eluent. Total yield (224 mg, 76.2%).

1e: FABMS m/z (rel intensity) 1326 (M*, 67), 1327 (M+
1)*%, 100), 1328 ((M+2)*, 69); 'HNMR (DMSO-dg) 6=
—2.8 (2H, s, pyrrolic NH), 1.2 (2H, s, glucose), 2.0—5.1
(m, glucose), 7.4—8.1 (16H, m, benzene), 8.6—8.8 (8H, m,
pyrrole). Found: C, 58.67; H, 5.58; N, 3.83%. Calcd for
CesH7oN4024-4H,0: C, 58.37; H, 5.62; N, 4.00%.

5a,10,15c,20a -Tetrakis[2-(3-p-glucopyranosyl)-
phenyl]porphine (1f): As analogous to the procedure for
1d, 2f (240 mg, 0.12 mmol) was deacetylated and purified
by silica-gel column chromatography using 8:24:3 followed
2:6:1(v/v) 2-propanol-ethyl acetate-water as the eluent to
yield dark-green solids (92.0 mg, 53.4%).

1f: FABMS m/ z (rel intensity) 1326 (M™, 50), 1327 ((M+
1)*, 100), 1328 ((M+2)*, 86); 'HNMR (DMSO-ds) 6=-2.9
(2H, s, pyrrolic NH), 0.8—1.9 (m, glucose), 2.8—5.0 (m,
glucose), 7.3—8.8 (24H, m, benzene+ pyrrole). Found: C,
56.92, H, 5.43, N, 4.03%. Calcd for CegH7oN4O24-6H20: C,
56.90, H, 5.76; N, 3.90%.

Measurement of Atropisomerism. The change in
the isomer distribution in acetylated o-STP was measured by
a method described in the literature.'®) Porphyrin (65 mg)
was dissolved in toluene (30 cm?®); the solution was heated
at around 120 °C in an oil bath under N2. A portion of the
solution was sampled with a pipette at appropriate intervals
and spotted on a 10x20 cm TLC plate (Merck silica gel 60).
The four isomers were separated on the TLC plate with 10%
(v/v) acetone in chloroform by developing twice, and then
20% (v/v) ethyl acetate in dichloromethane by developing
once. The quantity was measured by a spectrophotometric
method after the extraction of each isomer from the TLC
plate with acetone. The relative abundance of the isomers
was photometrically determined using the Soret-band.

Results and Discussion

Synthesis of Formylphenyl (3-bp-Glucopyran-
osides. There has recently been a fair number of uti-
lizations of the phase-transfer-catalyzed (PTC) method
for the synthesis of arylglycosides'*'? including thio-
glycosides'® and sialic acid a-glycosides.!®) Although
this PTC glycosylation of 4-hydroxybenzaldehyde has
also been reported by Jain et al.'® and Roy et al.,*® the
yield in this method was significantly influenced by the
kinds of catalysts and aldehydes. Here, we employed a
slight modification of the procedure of Schuster et al.,'”
which is different from the PTC method in reacting in a
water-acetone homogeneous solution and not using any
phase-transfer catalyst. Although our modified method
required a longer reaction time and was not suitable for
milligram-scale preparations, it was simple, and gave a
slightly higher yield than did the PTC method and al-
most the same yield, regardless of the kinds of aldehydes
(3a, 40%; 3b, 44.7%; 3c, 48.6%).

Condensation of Formylphenyl 3-D-Glucopy-
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ranosides with Pyrrole. Although many meso-
substituted porphyrins have been prepared according
to the Alder-Longo procedure,'® this method is be-
set with certain vexing problems. For example, the
harsh reaction conditions result in a complete failure
with benzaldehydes bearing sensitive functional groups;
further, the work-up is very tedious. A few years ago
Lindsey et al. developed a new synthetic strategy for
preparing meso-substituted porphyrins,'® in which the
cyclization of pyrrole and aldehyde in an acid-catalyzed
reaction to porphyrinogen is favored over lined poly-
merization. Once equilibration is complete, the por-
phyrinogen is oxidized by p-chloranil (PCA) or 2, 3-
dichloro-5, 6-dicyano-1, 4- benzoquinone (DDQ). This
Lindsey’s method is complementary to the Alder-Longo
procedure, allowing small quantities of porphyrins to
be prepared from sensitive aldehydes in 30—40% yield
without any difficult purification problems. Thereafter,
Lindsey et al.?® and van der Made et al.?!) improved
Lindsey’s method and succeeded in preparing sterically
hindered porphyrins in high yield, for example 5,10,15,
20-tetramesitylporphine or 5,10,15,20-tetrakis (penta-
fluorophenyl)porphine. Specially, van der Made’s pro-
cedure was suitable for gram-scale preparations. In this
method BF3-Et2O gave better yields as a catalyst than
did trifluroacetic acid, and PCA was superior to DDQ
in the oxidation step.

Here, we employed the procedure of van der Made
et al. for the condensation of formylphenyl 8-D-gluco-
pyranoside with pyrrole. As a result, the target gly-
cosylated porphyrins were obtained in reasonably high
yields wihtout any difficult or tedious purification prob-
lems (2a, 53.0%; 2b, 26.0%; 2c—2f, 52.5%). The yield
for 2b was about half that for 2a or 2c—2f. It is as-
sumed that an electron-donating m-glucosyl group of 3b
releases electrons and, thus, destabilizes the transition
state by intensifying the negative charge developing on
the carbonyl oxygen.

Tetrakis(o-substituted phenyl)porphine consisted of
four atropisomers (afaf (2¢), aaB8 (2d), acaf (2e),
and acaa (2f) in the order of Ry values). They
were identified by the NMR spectra and assigned
by the NMR peak-splitting patterns, which are dis-
cussed later. Fortunately, we could obtain aaaa-iso-
mer (2f), which Mailard et al. could not obtain.® Ta-
bles 1 and 2 show the isomer distribution of atro-
pisomerization in toluene at 120 °C as well as the rel-

Table 1. Isomer Distribution of Atropisomerization
in Toluene Heating at 120 °C
Heating time 2f 2e 2d 2c
h % % % %
0 6.3 41.1 26.3 26.3
48 11.0 46.1 24.2 18.7
100 10.8 50.9 22.7 15.6
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Table 2. Relative Ratios in the Equilibrium State

Porphine aocaa aafs afaf
acaf acaf acaf

o-Substituted 0.21 0.45 0.30

tetraphenylporphine

Statistical abundance 0.25 0.50 0.25

ative ratio in the equilibrium state. It has been re-
ported that the four isomers of 5,10,15,20-tetrakis(2-hy-
droxyphenyl)porphine,?? 5,10,15,20-tetrakis(4-t-butyl-
2-aminophenyl)porphine,?® 5,10,15,20-tetrakis(2-ami-
nophenyl)porphine,?¥ and “picket-fence” porphyrin¥
have been equilibrated in statistical abundance
(afaf:aaff:aaaf:aaaa=1:2:4:1). Although our
relative-yield ratio (afaf:aaff:acaf:acaa=1:1:
1.6:0.66, toluene heating for 0 h) was slightly different
from the statistical abundance, the relative ratio in the
equilibrium state (toluene heating for 100 h) was almost
the same as that of conventional porphyrins.

Conversion of the Acetates of Glycosylated
Porphyrins to Free Ones. Protected glycosylated
porphyrins (2a—2f) were deacetylated to free ones
(1a—1f) by a catalytic amount of sodium methanolate
in dry chloroform—methanol (1:1, v/v) at around 55 °C.
Although this reaction was completed within 30 min in
p- and m-STP, unexpected atropisomerization was ac-
companied in o-STP. Porphyrin 2d was converted to
a mixture of 1d and le, while 2e was converted to a
mixture of 1c, 1d, and 1e. The rate of these isomeriza-
tions was dependent on the reaction conditions. As the
reaction time became longer or the amount of added
sodium methanolate was increased, the ratio of le to
1d increased; similarly, the ratio of 1c and 1d to le
increased. In addition, 2c was easily converted to only
le completely. On the other hand, 2f gave only 1f
completely in spite of varying the reaction conditions.
Since 1e could be sufficiently obtained from 2c or 2d,
we chose the best conditions which gave the maximum
yield of 1d in the conversion of 2d to a mixture of 1d
and le, and 1c in the conversion of 2e to a mixture of
1c, 1d, and 1le, respectively. The details are described
in the Experimental section.

Structural Analysis of Porphyrins by NMR
Studies. = Determination of Anomeric Config-
uration of Glucose in Porphyrins: The con-
figuration of the anomeric center of glucose was con-
firmed by a comparison of the !H and '*CNMR data
of 1a with those of p-nitrophenyl §-D-glucopyranoside
(8-NPG) and p-nitrophenyl a-D-glucopyranoside (o-
NPG),?® which resembled the phenyl glucopyranoside
moiety of 1a in structure. Table 3 shows the 'H NMR
chemical shifts and coupling constants for the anomeric
proton of 1a (see Fig. 1) and a comparison with those
of - and a-NPG. The 3C NMR chemical shift of the
glucose of 1a and a comparison with those of $-and a-

[Vol. 67, No. 3

Table 3. 'HNMR Chemical Shifts and Coupling
Constants for the Anomeric Proton of la and
Comparison with Those of 3-NPG and a-NPG

Compound Chemical shift Coupling constant
ppm Hz
la 5.26 6.6
B-NPG 5.06 6.6
a-NPG 5.61 34

Solvent: DMSO-dg containing one drop of D2O. -NPG:
p-Nitrophenyl B-D-glucopyranoside. «a-NPG; p-Nitro-
phenyl a-D-glucopyranoside.

S g

T T T

e
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Chemical shift/ppm

Fig. 1. 'HNMR (400 MHz) spectra of 1la and 1b in
DMSO-ds containing one drop of D20O.

0 - 2 3

NPG are shown in Table 4. All of the NMR data of 1a
are very similar to those of 3-NPG, indicating that the
porphyrin ring is a strong electon-attracting like nitro
group and (-configuration is maintained without any
change in the course of the synthesis.

Identification of the Water-Soluble p- and m-
STP (la and 1b):  Figure 1 shows the 'HNMR
spectra of 1a and 1b. The signals at §=8.9, 7.5—8.2,
5.2, 3.2—3.8, and —2.9 were assigned to those of pyr-
role, benzene, the anomeric proton, the other protons
of glucose and pyrrolic NH, respectively. The peaks for
pyrrole and pyrrolic NH underwent line broadening and
a decrease in the intensity by the addition of one drop
of D30 to the solvent (DMSO-dg). Porphyrin la was
identified clearly by the two characteristic doublet peaks
at §=8.2 (2- and 6-positions) and 7.5 (3- and 5- posi-
tions) derived from p-substituted benzene. It was also
possible to identify 1b by the three peaks at 6=7.8—
7.9, 7.6, and 7.5, which were assigned to the protons at
the (2+6)-, 4-, and 5-positions of m-substituted ben-
zene. These porphyrins were also identified by FABMS
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Table 4. 3CNMR Chemical Shifts for the Glucose
of 1a and Comparison with Those of 3-NPG and
a-NPG

Compound Chemical shift /ppm

C-1 C-2 c3 C4 C5 C6
la 100.5 734 771 69.7 76.6 60.7
B-NPG 101.2 743 784 708 774 61.9
a-NPG 99.0 725 756 71.0 741 619
Aby 0.7 0.9 1.3 1.1 0.8 1.2
Aba -15 -09 -15 1.3 =25 1.2

Solvent: DMSO-ds. [-NPG: p-Nitrophenyl (-D-gluco-
pyranoside. a-NPG: p-Nitrophenyl a-D-glucopyranoside.
Ab1: Chemical shift for 3-NPG minus that for 1a. Aés:
Chemical shift for a-NPG minus that for 1a.

and elementary analysis (shown in the Experimental
section).

Identification and Assignment of the Water-
Soluble o-STP (1c—1e): Unexpected atropiso-
merization occurred in the conversion of the acetates of
glycosylated porphyrins (2c—2e) to free ones (1c—1e).
Porphyrin 2d was converted to a mixture of 1d and 1le,
2e to a mixture of 1c, 1d, and 1e, while 2¢ to 1e com-
pletely. The rate of isomerization was dependent on the
reaction conditions. We needed to identify and assign
these atropisomers. As reported by Maillard et al.,®
the acetates of glycosylated porphyrins (2c—2e) could
be assigned by 'HNMR studies based on the isomer
symmetries. Each type of proton in the glucose of 2¢
should be equivalent in the H NMR spectra; 2d has, in-
stead, two distinct resonances of two chemically equiv-
alent protons, while 2e has three distinct resonances.
In short, 2¢ gives the simplest peak-splitting pattern;
on the other hand, 2e gives the most complicated one.
This rule was also the case for the corresponding glu-
cose of free glycosylated porphyrins. Figure 2 shows
the 'HNMR spectra of 1c—1f. The solvent (DMSO-
dg) also contained one drop of DyO. Three porphyrins
(1c—1e) were identified as the o-STP by the four peaks
at 7.9—8.1, 7.8, 7.7, and 7.4 ppm, which were assigned
to the protons at the 6-, 3-, 4-, and 5-positions of the
o-substituted benzene. Although they gave almost the
same spectral patterns as 1a and 1b, their resonances
of protons of glucoses were shifted upfield to 1.0—3.0
ppm. This suggests that the glucose molecule at the o-
position of the benzene ring bends over the porphyrin
ring. The properties of 1f are discussed later. By a
comparison of the signals for the anomeric proton at
about 5.0 ppm and the other protons at 2.0—3.5 ppm
in glucose, it was proved that 1c gave the simplest peak-

splitting pattern, while 1e gave the most complicated

one. These results imply that 1c, 1d, and 1le can be
assigned to the afaf-, aaff-, and aaaB-isomers.
However, this 'H NMR assignment was not distinct
because there was only a slight difference among three
peak-splitting patterns. To justify the 1H NMR assign-
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Fig. 2. 'HNMR (400 MHz) spectra of 1c, 1d, 1e, and
1f in DMSO-dg contaning one drop of D20O.

ment we also measured the 3C NMR, spectra, which
was likely to reflect the structural difference of atropiso-
mers in its peak-splitting pattern because of a wider
chemical shift range than that of the 'HNMR spec-
tra. Figure 3 shows the *CNMR spectra of lc—1e
and Table 5 shows the 1*C NMR chemical shift for four
atropisomers together with those of 1a and 1b. The sig-
nals at 6=114—157 were assigned to those of 5,10,15,
20-positioned carbons, benzene and pyrrole. Six peaks
at 6=100.1—100.7, 76.9—77.1, 76.3—76.6, 72.2—73.4,
69.2—69.7, and 60.6—60.7 were assigned to those for
C-1, C-3, C-5, C-2, C-4, and C-6 of the glucose accord-
ing to our previous data.?® From these results, all of
the porphyrins were identified as being the target ones.
Undoubtedly, }*C NMR gave a more distinctive differ-
ence in its peak-splitting pattern than did 'HNMR.
Attention should be paid to the chemical shifts of three
isomers (1lc—1e), especially to those for C-1 and C-2
and at around §=156, 135, 130, and 115. The spectral
patterns of all these signals became more complicated in
the order 1c<1d<1e, indicating the same result as that
of the 1TH NMR studies. This apparently demonstrates
that 1c, 1d, and le can be assigned to the afag-,
aaffp-, and aacaB-isomers. It is noteworthy that the
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Table 5. '*C NMR Chemical Shifts for the Glycosylated Porphyrins (1a—1f)
Compound Chemical Shift/ppm
c1 C2 C3 C4 CB5 C-6 Benzene + Pyrrole + meso-positioned carbons
la 100.5 734 77.1 69.7 766 60.7 1574 @ 135.1 119.5 114.5
1b 1003 73.3 769 696 765 606 1558 1422 128.3 127.8 1223 1195 114.5
1c 1005 72.2 77.0 69.2 763 606 1566 1356 130.4 120.4 1154
129.9 115.1
1d 1006 725 769 693 764 606 156.7 1359 130.6 120.4 115.4
1004 72.2 156.5 135.6 130.2 115.2
129.9 114.9
le 100.7 726 76.9 69.3 764 60.6 156.9 136.0 130.6 120.4 115.4
100.6 724 76.3 156.8  135.7 130.4 115.2
100.4 72.2 156.6  135.5 130.3 115.0
156.3 135.2 129.9 114.9
if 100.2 727 770 694 T76.5 606 156.2% 1349 130.7 120.6 114.9
100.1  72.3 156.0 134.5 1304
155.7 130.2
152.8 129.3

Solvent: DMSO-dg *: Signals are smaller than the other ones.

c3
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Fig. 3. ®*CNMR spectra of 1¢, 1d, and 1e in DMSO-ds.

three atropisomers can be clearly assigned according to
1I3CNMR peak-splitting pattern.

Identification and Assignment of the Water-
Soluble Picket-Fence Porphyrin (1f): The
'H NMR spectrum of 1f is shown in Fig. 2. The charac-
teristic signals for pyrrole and pyrrolic NH were clearly

detected at 6=8.8 and —2.9, respectively. Furthermore,
as described in the Experimental section and shown
in Table 5, FABMS (Fig. 4), an elementary analysis
and the 13C NMR spectrum (Fig. 5) strongly substan-
tiates that 1f is one of the four atropisomers of o-
STP. Since porphyrins 1c, 1d, and le could be as-
signed to afaf-,aaBf-, and aaaB-isomers, the remain-
ing 1f could necessarily be assigned to the aaaa-isomer
(picket-fence porphyrin). This assignment is substanti-
ate by the following two facts: (1) The resonance of the
proton for pyrrole at 8.8 ppm is split into a few peaks at
around 8.3 ppm (see Fig. 2), which can explain the dis-
order of the porphyrin plane induced by the strong hy-
drogen bonds among the four glucose molecules (protic
cavity), as shown in Fig. 6. This hydrogen bond is
discussed later. (2) The peaks for the protons of glu-
cose are shifted upfield (§=1.9 and 0.8—1.2), as com-
pared with the other o-STP, because of the magnetic
anisotoropy effect of the porphyrin ring. As for this
effect, it is presumed that the glucose moiety of 1f is
likely to bend over the porphyrin ring due to the above-
mentioned strong hydrogen bonds among the glucose
molecules.

It is important to have succeeded in the synthesis of
a water-soluble picket-fence porphyrin, which has only
been reported by Valiotti et al.2®

General Properties of the Glycosylated Por-
phyrins.  Although porphyrins (1a—1f) are weakly
soluble in water and methanol, they are very soluble
in DMSO or an aqueous solution containing a small
percentage (5—20%, v/v) of methanol or 1,4-dioxane.
They are gradually hydrolyzed below pH 1.0, but are
very stable in a neutral solution. When stored in a des-
iccator the solid porphyrins are stable to isomerization.
However, 1c and 1e are very gradually isomerized to 1d
in water. Picket-fence porphyrin (1f) did not isomer-
ize in water at room temperature for at least 4 months.
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Fig. 4. FABMS spectrum of aaaa-isomer (1f).
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Fig. 5. '*C NMR spectrum of aaaa-isomer (1f) in DMSO-ds.

Because of the neutral type of porphyrins they did not
show any adsorption on the surface of the glassware, or
any aggregation over its concentration range up to 107
moldm~3.

The solubilities of porphyrins in water increased in
the order 1d<le<1lc<1f~1b~1a. This order was the
same as that of the R¢ values (1d, 0.51; 1e, 0.49; 1c,
0.45; 1f, 0.31; 1b, 0.30; 1a, 0.27 in 2-propanol—ethyl
acetate—water (3:6:2, v/v)). The smaller the R¢ value
became, the more the solubility increased. There was
no remarkable difference in the solubility among 1d, le,
and 1c or among 1f, 1b, and la. It is assumed that
the difference in the solubility is based on the hydro-
gen bond between the hydroxyl groups in the adjacent
glucose molecules which are located on the same side of
the porphyrin ring plane. For example, 1d has two sets
of such glucose molecules. Similarly, although 1e has
one set, there is no set in 1a, 1b or 1c¢. The structures
of the four atropisomers (1c—1f) are shown in Fig. 6.
As the number of the set increases, the solubility de-
creases. This implies that the hydrogen bonds between
the two adjacent glucose molecules cannot be easily re-
placed by the hydrogen bonds between the water and
glucose molecules. In spite of having two such sets, 1fis
very soluble in water. Picket-fence porphyrin has four

very hydrophilic glucose moleucles which create a very
protic cavity on one side of the porphyrin ring plane so
that the solubility into water increases.

Acid Dissociation Constants and Spectral
Data of the Glycosylated Porphyrins. The pro-
ton-dissociation equilibria can be expressed as follows:

HiL*
ka/ \kag, kap ka1
H4L2"' — H,L = HL =< = 12
ka3
(1)

Here, L denotes the undissociable part of the porphyrin
and ka4, ka3, kao, and k,; are the acid-dissociation con-
stants. The ko4 3 is the acid-dissociation constant when
two protons are released simultaneously in the process
of H4L?2+ to HyL. The ks and k,3 were sufficiently
close that the isobestic point for the separate process
could not be distinguished, except for 1f. On the other
hand, the k,; and k.2 were not obtained, because these
glycosylated porphyrins were not sufficiently stable in
an alkaline solution to permit their exact determina-
tions. We could thus obtain only the k.4 3, which was
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(aaaa)

Fig. 6.
hydrogen bonds; Glu, glucose.

determined spectrophotometrically at an ionic strength

of 0.2 (NaCl) and at 25+0.1°C. For a representative
example, the absorption spectra of 1la at pH 8.0 and
and 1.0 are shown in Fig. 7. Spectra A at pH 1.0 and
B at pH 8.0 correspond to the HyL?* and H;L species,
and the Soret bands, which are useful for the determina-
tion of trace amounts of metals, are at 442 and 418 nm,
respectively. These Soret bands have very large mo-
lar absorptivities (A: 4.07x10%, mol~! dm® cm™?!), sim-
ilarly to conventional meso-substituted porphyrins. At
the region of 500—700 nm there are a few smaller band,
the so-called Q bands (¢=103—10* mol~! dm3 cm™1!).
The absorption maxima (Apyax), apparent molar absorp-
tivities (¢) of Soret bands of H4L?* and H,L species and
acid dissociation constants (pKa4,3) of six glycosylated
porphyrins are summarized in Table 6 in comparison
with those of conventional anionic porphyrin(5,10,15,
20- tetrakis(4-sulfophenyl)porphine, T(4-SP)P)?” and
cationic porphyrin (5,10,15,20-tetrakis(1-methyl-4-pyri-
dinio)porphine, TMPyP).2® In every glycosylated por-
phyrins, except for 1f, Apax, €, and pK,q 3 are almost
intermediate between those of T(4-SP)P and TMPyP.
It is very reasonable that spectral properties of the neu-
tral-type porphyrins are intermediate between those of
the cationic- and anionic-type porphyrins. The pK,4 3
values for p- and m-STP (1la and 1b) were larger than
those for 0-STP (1c, 1d, and 1e), being assumed that
the disorder of the porphyrin plane was induced by a
steric hindrance and an intramolecular hydrogen bond

Structures for the four atropisomers of tetrakis(o-substituted phenyl)porphine. i, interaction based on the

of the glucose moiety at the o-position of 5,10,15,20-
phenyl substituents. However, this disorder of the por-
phyrin plane gave no remarkable difference in Apnax and
€ among the glycosylated porphyrins. The specific spec-
tral properties of 1f also might be explained by the dis-
order of the porphyrin plane induced by the “protic
cavity”.

Reactivities of the Glycosylated Porphyrins
with Copper (II) Ion.  Figure 8 shows the spec-
tra of 1a, 1b, and their complexes with copper(II)
ion. The complexation reaction was completed within
a few minutes by using 1.0 cm?® of a 0.5% (g/v) hy-
droxylamine hydrochloride solution as an accelerator.
After the formation of the complex in a neutral solu-
tion the pH was lowered to 1.0 in order to separate
the Soret band of porphyrin from that of its complex.
The complex remained stable at this pH value. The
Amax and e of the glycosylated porphyrin-copper(II)
complex are summarized in Table 7 along with those
of T(4-SP)P and TMPyP. These complexes gave the
almost same Apnax, which were comparable to those of
T(4-SP)P, though the 1f-copper(II) complex was not
sufficiently stable to permit a constant measurement
of its. Amax and €. The reactivity of 1la and 1b with
various metal ions was investigated, the results being
summarized in Table 8. Both porphyrins reacted with
cadmium(IT), copper(II), and palladium(II) to form col-
ored stable complexes with high molar absorptivities
(€), but with silver(I), palladium(II), mercury(II), and
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Fig. 7. Absorption spectra of 1a. 1a, 2.1x107% moldm™3; A, H4L?*, pH, 1.0; B, HzL, pH, 8.0; reference, water.
Table 6. Spectral Properties of the Glycosylated Porphyrins
Amax € » b)
Porphyrin Taax ( 10 mol- T dm® cm"l) Acid dissociation constant
H,L (pH8.0) H,L?* (pH1.0)
Soret band pKas pKas,3 pKas
la(para) 418 442 4.75
(3.8) (4.1)
1b(meta) 416 439 4.05
(4.3) (3.9)
1c(afafB) 416 434 2.90
(4.9) (4.1)
1d(aaBB) 414 433 3.32
(4.0) (2.5)
le(aaaf) 415 434 3.34
(4.4) (3.4)
1f(acac) 438 458 4.16 6.78
(1.0) (1.2)
T(4-SP)P®) 413 434 4.86 4.96
(5.1) (5.0)
TMPyP?d 423 444 0.80 2.06
(2.6) (3.2)
HsL
a) €:Molar absorptivity. b) pKa4//// L\pKas , I=0.2 (NaCl), at 25+0.1 °C. ¢) 5,10,15,20-Tetrakis (4-sulfo-
H4L2* H,L
a4,3
phenyl) porphine.?”) d) 5,10,15,20-Tetrakis (1-methyl-4-pyridinio) porphine.28)
Table 7. Absorption Maxima and Apparent Molar Absorptivities of the Por-
phyrin—Cu(II) Complexes
la 1b 1c 1d 1le 1f T(4-SP)P¥ TMPyP®
Amax 417 415 415 415 415 — 413 434
5 _
05 mol T dm® om=T 42 38 43 41 43 4.8 2.3
a) 5,10,15,20-Tetrakis(4-sulfophenyl)porphine. b) 5,10,15,20-Tetrakis(1-methyl-4-
pyridinio)porphine.
zinc(II) to form unstable complexes or to give a very low  SP)P.
€. Mercury(II) underwent a catalytic reaction. This re- Comparison of la with T(4-SP)P as the Spec-
activity had almost the same tendency as that of T(4- trophotometric Reagent for Copper(II). Ta-
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Fig. 8.
water (1a, 1b) and reagent blank (complexes).

Absorption spectra. la and 1b, 2.1x107% moldm™%; complexes, 4.2x107% moldm™2; pH, 1.0; reference,

Table 8. Reactivities of 1a and 1b with Various Metal Ions

la 1b

Metal A € A £

ion pH nm 105 mol T dm3 cm™! pH nm 10~°mol 'dm® cm™!
Ag (1) >10 430 0.2 >10 428 0.1

Cd (1) ca. 10 437 4.5 ca. 10 436 34

Cu (II) 4-7 417 4.2 3.5—8 415 3.8

Hg (II) ca. 11 Inconstant Inconstant® ca. 11 Inconstant Inconstant®
Pb(II) ca 11  466—467 1.0 ca. 11 466 2.0

Pd (II) 3-5 416—417 2.0 2—5 414—415 2.4

Zn (II) >10 429 0.5 >10 428 0.2

a) Catalytic reaction.

Table 9.
la and T(4-SP)P®

Comparison of the Conditions for the Spectrophotometric Determination of Copper in

. A € Copper(I1) concentration Interference of
Porphine pH T ol Tdm® om- ppb diverse ion
la 6—<1.0 417 4.2x10° 8—240
T(4-SP)P 425 434 4.8x10° 6—60 Zn(IT)

a) 5,10,15,20-Tetrakis(4-sulfophenyl)porphine.

ble 9 shows a comparison of the conditions for the spec-
trophotometric determination of copper using la and
T(4-SP)P. For a determination of copper using T(4-
SP)P, it was preferred to use the absorption band of
the free H4L2"at 434 nm, since the band of the copper-
(II) complex at 413 nm overlapped with the shoul-
der peak of H4L?+, which showed a somewhat poor
reproducibility.?” In the case of 1a, the band of the
copper(II) complex at 417 nm could be used due to the
larger difference of Ay ,x between the bands of the free
H4L?* and copper(II) complex. The difference was 25
nm in 1a, but 21 nm in T(4-SP)P. On the other hand,
the concentration of copper(II) was determined in the
8—240 ppb range in 1la and 6—60 ppb in T(4-SP)P.
The former had about a 4-times wider dynamic range.
Furthermore, upon the influence of diverse ions there

was little difference between 1a and T(4-SP)P, except
for zinc(II). In T(4-SP)P only zinc(II) interfered with
the determination of copper, because T(4-SP)P formed
molecular aggregates under acid conditions where the
zinc(II) complex was decomposed quantitatively; the
absorbance did not conform to Beer’s law. However,
since the neutral type of glycosylated porphyrins did
not show any aggregration, even under acid conditions,
there was no interference of zinc(II). These character-
istics strongly show that la is a more excellent spec-
trophotometric reagent for copper(II) than T(4-SP)P.
A report on the sensitive and selective spectrophoto-
metric determination of copper using la is being pre-
pared.

In conclusion, these neutral-type glycosylated por-
phyrins improved the aggregation and adsorption char-
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acteristics of the anionic or cationic porphyrin so far
prepared without any marked change in the other an-
alytical important properties, and can be used as an
excellent reagent for the spectrophotometric determina-
tion of trace amounts of ions. Especially, 1a, giving a
moderate high yield and very large £, but no containing
any atropisomers, was a very useful spectrophotomet-
ric reagent for copper(Il) because of a wider dynamic
range of copper(II) concentration and no influence of
zinc(II). New applications of these water-soluble glyco-
sylated porphyrins can also be expected.
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