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Microwave assisted synthesis, metallation, and B-formylation of porphyrins is described. All synthetic
reactions were carried out on inorganic polymer solid support using microwave energy. It is the first
documented application of the Duff reaction in the field of porphyrins and metalloporphyrins. The over-
all process is simple, easy, and environment friendly. FTIR, UV-visible, elemental analysis, 'H NMR,
and mass spectrometry were used to characterize the compounds.
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INTRODUCTION

The solid-state synthetic methods have attracted much
attention and are widely used for the synthesis of a vari-
ety of compounds [1-3]. Microwave assisted organic
synthesis has became an increasingly popular technique
in academic and industrial laboratories because of cer-
tain advantages particularly shorter reaction times, mini-
mum solvent requirement, and ease of purification [4—
6]. Application of microwave power in synthesis, metal-
lation, and substitution reactions of porphyrins is not a
new concept [7-9]. In the past few years, porphyrin
chemistry under microwave heating has been under
intense study with significant benefits. Microwave
assisted reactions are believed to facilitate the polariza-
tion of the substrate thereby increasing the rate of the
reactions [10—12]. Herein, we wish to report the use of
inorganic polymer solid support for synthesis, metalla-
tion, and formylation of porphyrins.

Porphyrins are tetrapyrrolic molecules, the electronic
properties of which can be tailored by the variation of
peripheral substitution or by central atom [13]. A single
porphyrin molecule offers twelve peripheral substitution
positions; four meso and eight B-positions. As a result
peripheral substitution reactions of porphyrin with dif-
ferent functional groups are highly important reactions.

Known functionalization reactions of porphyrins include
sulfonation, nitration, halogenation, and Vilsmeier for-
mylation [14,15]. One functional group that allows
asymmetric modification and is widely used in porphy-
rin chemistry is the formyl group [16,17]. Formyl por-
phyrins are not only prepared synthetically but also
occur naturally [18]. Formyl porphyrins are important
precursors for the synthesis of multiporphyrin systems
[19]. Many methods are available in the literature to for-
mylate the porphyrins at meso and B-positions [20-22].
Both synthetic and natural porphyrins have been formy-
lated by different methods but the most popular is the
Vilsmeier reaction [23]. According to the best of our
knowledge, there has not been a single example to for-
mylate the porphyrins by Duff reaction over inorganic
solid support under microwave radiations.

RESULTS AND DISCUSSION

The classical porphyrin synthesis popularized by
Alder, Longo, and Lindsey makes use of toxic and cor-
rosive solvents [24-26]. However, with the advent of
microwave radiation as source of energy for chemical
reactions, it has been possible to synthesize the porphyr-
ins and metalloporphyrins under solventless conditions
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[27]. The first report of solid-state synthesis of porphyr-
ins under microwave radiations used silica gel, alumina,
clay, and montmonillonite. According to that report, the
yields were poor and not more than 10% [28].

The experimental technique applied for the organic
synthesis described below is based on microwave power.
The aim of this work was to investigate the solid phase
synthesis, metallation, and formylation of porphyrins.
The overall process for the synthesis of formyl porphyr-
ins is rapid, efficient, and eco-friendly (Scheme 1).

Two reaction techniques were used namely (i) Sol-
ventless heating with controlled temperature, and (ii)
Dry media procedure with controlled temperature. Ini-
tially, we used microwave radiation under solventless
conditions for the synthesis of Porphyrin 1 and 2 with-
out using any solid support (Table 1). In another experi-
ment, the mixtures of aldehyde and pyrrole were sup-
ported on dry neutral silica gel and irradiated with

Table 1

Solventless synthesis of porphyrins.

% Age
Mixture Porphyrin yield
Pyrrole and Cuminaldehyde Porphyrin [1] 22
Pyrrole and 3,5-di-fert-butyl Porphyrin [2] 20

benzaldehyde

Vol 46
Table 2
Solid phase supported porphyrin synthesis.
% Age
Mixture over H/silica gel Porphyrin yield
Pyrrole and Cuminaldehyde Porphyrin [1] 37
Pyrrole and 3,5-di-fert-butyl Porphyrin [2] 32

benzaldehyde

W = 200 Watts; Time = 10 min; Temperature = 100°C.

microwave radiation to get Porphyrin 1 and 2 but the
yields were not greater than 10%. Alternatively, silica
gel was first acidified with propanoic acid, dried in an
oven at 50°C for 12 h. This silica gel was used to sup-
port the mixtures of reacting aldehyde and pyrrole.
Upon microwave irradiation, Porphyrin 1 and 2 were
obtained in good yields (Table 2).

Metallation of Porphyrin 1 and 2 was achieved when
mixture of Porphyrin 1 and 2 and metal acetate
adsorbed on neutral silica gel were irradiated under
microwave radiation (Table 3). In another experiment,
propanoic acid/silica gel containing synthesized crude
Porphyrin 1 and 2 were washed thoroughly with the sat-
urated solution of metal acetate in methanol. After dry-
ing, silica gel was irradiated with microwave radiation
to get Metallo-porphyrin 3, 4, 5, and 6 (Table 3). Hence,
after the synthesis of Porphyrin 1 and 2 on acidic silica
gel one may use the same silica gel for the synthesis of
Metalloporphyrin 3, 4, 5, and 6 without any purification
step. One pot synthesis of Metalloporphyrin 3, 4, 5, and
6 was also investigated when mixture of reacting alde-
hyde, pyrrole, and metal acetate were simultaneously
heated under microwave radiations over neutral silica
gel. The results were not more than 6% probably
because of poor synthesis of Porphyrin 1 and 2 over
neutral silica gel. On the other hand, when acidic silica
gel was used for one pot synthesis of Metalloporphyrin
3, 4, 5, and 6, under microwave radiations, metallation
failed because of the acidic environment.

Table 3
Metalloporphyrins.
Mixture over % Age
silica gel Metalloporphyrin yield
Ni(OAc), and Metalloporphyrin [3] 90
Porphyrin [1]
Ni(OAc), and Metalloporphyrin [4] 92
Porphyrin [2]
Cu(OAc), and Metalloporphyrin [5] 94
Porphyrin [1]
Cu(OAc), and Metalloporphyrin [6] 93

Porphyrin [2]

W = 200 Watts; Time = 6 min; Temperature = 100°C.
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Table 4
Formylporphyrins.
Mixture on H™/ % Age
silica gel Product yield
Urotropine and Formyl porphyrin [7] 54
porphyrin [3]
Urotropine and Formyl porphyrin [8] 50
porphyrin [4]
Urotropine and Formyl porphyrin [9] 54
porphyrin [5]
Urotropine and Formyl porphyrin [10] 51

porphyrin [6]

W = 200 Watts; Time = 18 min; Temperature = 111°C.

After successful synthesis (Table 2) and metallation
of Porphyrin 1 and 2 (Table 3), we applied the standard
Vilsmeier method for the introduction of formyl group
onto Metalloporphyrin 3, 4, 5, or 6. Dry neutral silica
gel containing Metalloporphyrin 3, 4, 5, or 6 was mixed
with the Vilsmeier salt adsorbed on silica gel. On micro-
wave irradiation, demetallattion was exclusively
observed. When all attempts to formylate the Metallo-
porphyrin 3, 4, 5§, and 6 over silica gel solid support
under microwave radiations were failed, we applied
Duff reaction. Duff reaction require strongly acidic con-
ditions whereas under such conditions metalloporphyrins
demetallate [29]. To overcome this problem, we used
acidified silica gel instead of acid itself under solvent-
less conditions to get formyl porphyrin 7, 8, 9, and 10
(Table 4).

UV-visible spectra of Porphyrin 1 and 2 showed
characteristic Soret and Q bands. On metallation, two
visible bands appeared along with a Soret band. 'H
NMR spectra of free-base Porphyrin 1 and 2 showed a
singlet in the high field region for imino-protons that
disappeared on metallation. Formyl porphyrin 7, 8, 9,
and 10 showed two clear singlets at downfield region;
one for formyl proton and second for B-pyrrolic proton
immediately next to formyl group. FTIR of formyl por-
phyrin 7, 8, 9, and 10 showed clear sharp peak around
1660 cm ™" for C=0 group.

EXPERIMENTAL

Melting points were determined on a Kofler micromelting
point apparatus without correction. IR spectra were recorded
on a Nicolet Impact-410 FTIR spectrophotometer in KBr. 'H
NMR spectra were measured in CDCl3 using TMS as internal
standard with a Bruker 500 MHz spectrometer. MS spectra
were taken on a KRATOS-AEI-MS50 spectrometer. Elemental
analyses were performed on a PE-2400 CHN elemental ana-
lyzer. UV/Vis measurements were performed with a Shimadzu
Multispec-1501. All the reactions were performed in the com-
mercial microwave oven having maximum output power 500
Watts. Reagents from Merck and Aldrich Chemical were used.
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Anhydrous Silica gel 60-100 (0.063-0.2 mm) was used as
solid support after dehydration under microwave irradiation for
4 min.

General procedures

(i) Solventless heating with controlled temperature. The
reagents were mixed together in a low boiling point solvent at
room temperature. Solvent was removed under vacuum. The
reaction mixture was heated under microwave radiation in a
quartz flask having an outer solvent circulating jacket for the
control of temperature. The sample was cooled in an ice bath.
TLC was used to monitor the reaction progress. The reaction
product was extracted with solvent; the extract was filtered, dried
over anhydrous sodium sulfate, and then the solvent was
removed. The product was purified by column chromatography.

(ii) Dry media procedure with controlled temperature. The
reagents were dissolved in a low boiling point solvent at room
temperature; anhydrous microwave transparent inorganic solid
support (silica gel) was added and the solvent was removed
under vacuum. The adsorbed reaction mixture was introduced
in an open quartz flask having an outer solvent circulating
jacket for the control of temperature. It was subjected to
microwave irradiation. The reaction mixture was cooled in an
ice bath. TLC was used to monitor the reaction progress. The
reaction product was purified by column chromatography. For
column chromatography, the reaction mixture was applied as
such onto silica column and eluted with mixture of solvents.
Solvents were removed under vacuum to get product.

Preparation of propanoic acid/silica. Silica gel (15 g,
Merck, 60-100 mesh size) was mixed well with 5 g of propa-
noic acid in a mortar. The resultant mixture was dried in an
oven at 60°C for 12 h. Acidic silica gel was obtained as white
powder.

Preparation of H,SOy/silica gel. H,SO, (5 g, 95%) and
silica gel (15 g, Merck, 60-100 mesh size) were mixed in a
mortar. The resultant mixture was dried in an oven at 90°C for
12 h. Acidic silica gel was obtained as white powder.

Porphyrin [1] (1A). A mixture of pyrrole (0.04 mole, 2.68
g) and cuminaldehyde (0.04 mole, 5.93 g) was subjected to
microwave irradiation according to solventless heating with
controlled temperature method (i) (Table 1). After cooling, the
reaction mixture was applied onto silica column and eluted
with chloroform: n-hexane (1:2). The fast moving band was
collected and the solvent was evaporated to get Porphyrin [1]
(22%). mp > 350°C; Anal. Calcd. for Cs¢Hs4Ny: C, 85.89; H,
6.96; N, 7.16. Found: C, 85.79; H, 6.93; N, 7.18. IR(KBr):
Vmax 3315 (N—H), 2956, 1470, 1348, 1186, 1053, 966, 802,
735 cm™'; UV(CHCl3) Amax 420, 450, 515, 555, 670 nm; 'H
NMR (CDCl3): & —2.74 (bs, 2NH), 1.53 (d, J = 6.9 Hz,
8CH3), 3.25 (sep, J/ = 6.9 Hz, 4CH), 7.58 (d, J/ = 7.8 Hz, 4m-
Ph2H), 8.12 (d, J = 7.8, 40-Ph2H), 8.84 (s, B-pyrrolic H 2, 3,
7,8, 12, 13, 17, 18). MS (m/z, %): 782.3 (M™, 100%), 780.4
(2.14%), 391.3 (7.74%).

Porphyrin [1] (1B). A mixture of pyrrole (0.04 mole, 2.68
g) and cuminaldehyde (0.04 mole, 5.93 g) was supported on
propanoic acid/silica gel (5 g) and subjected to microwave
irradiation according to dry media procedure (ii) (Table 2). Af-
ter cooling, the reaction mixture was applied as such onto
silica column and eluted with chloroform: n-hexane (1:2). The
fast moving band was collected and the solvent was evapo-
rated to get Porphyrin [1] (37%).

Porphyrin [2] (2A). A mixture of pyrrole (0.04 mole, 2.68
g) and 3,5-di-tert-butylbenzaldehyde (0.04 mole, 8.73 g) was
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subjected to microwave irradiation according to solventless
heating with controlled temperature method (i) (Table 1). After
cooling, the reaction mixture was applied onto silica column
and eluted with chloroform: n-hexane (1:2). The fast moving
band was collected and the solvent was evaporated to get Por-
phyrin [2] (20%). mp > 350°C; Anal. Calcd. for C;6Ho4Ny: C,
85.82; H, 8.90; N, 5.20. Found: C, 85.66; H, 8.87; N, 5.23.
IR(KBr):vpax 3320 (N—H), 3060, 2960, 2900, 2860, 1600,
1470, 1420 cm™"; UV(CHCI3) Amax 420, 520, 555, 590, 645
nm; 'H NMR (CDCls): 8 —2.67 (bs, 2NH), 1.51 (s, 8t-Bu),
7.74 (t, J = 1.7 Hz, 4p-PhH), 8.07 (d, J = 1.7 Hz, 8o-PhH),
8.87 (s, B-pyrrolic H 2, 3, 7, 8, 12, 13, 17, 18). MS (m/z, %):
1063 (M, 100%), 189 (5%).

Porphyrin [2] (2B). A mixture of pyrrole (0.04 mole, 2.68
g) and 3,5-di-tert-butylbenzaldehyde (0.04 mole, 8.73 g) was
supported on propanoic acid/silica gel (5 g) and subjected to
microwave irradiation according to dry media procedure (ii)
(Table 2). After cooling, the reaction mixture was applied as
such onto silica column and eluted with chloroform: n-hexane
(1:2). The fast moving band was collected and the solvent was
evaporated to get Porphyrin [2] (32%).

Metalloporphyrin [3] (3A). A mixture of Porphyrin [1]
(0.04 mmole, 31.32 mg) and nickel acetate (1 mmole, 176.78
mg) was supported on propanoic acid/silica gel (5 g) and sub-
jected to microwave irradiation according to dry media proce-
dure (ii) (Table 3). After cooling, the reaction mixture was
applied as such onto silica column and eluted with chloroform:
petroleum ether; b.p 60-90°C (1:3). The fast moving band was
collected, and the solvent was evaporated to get Metallopor-
phyrin [3] (90%). mp > 350°C; Anal. Calcd. for CscHsoNyNi:
C, 80.10; H, 6.25; N, 6.67. Found: C, 80.05; H, 6.28; N, 6.68.
IR(KBr):vinax 2956, 1654, 1660, 1351, 1261, 1055, 1004, 812
em™"; UV(CHCl3) Amax 420, 445, 530 nm. "H NMR (CDCls):
8 1.48 (d, J = 6.9 Hz, 8CHj;), 3.18 (sep, J = 6.9 Hz, 4CH),
7.50 (d, J = 7.9 Hz, 4m-Ph2H), 7.90 (d, J = 7.9 Hz, 4o-
Ph2H), 8.74 (s, B-pyrrolic H 2, 3, 7, 8, 12, 13, 17, 18). MS
(m/z, %): 839 (M*, 75%) 837.7 (100%), 55.1 (16.79%).

Metalloporphyrin [3] (3B). Silica gel obtained directly
from Experiment-1B having adsorbed crude Porphyrin [1] was
thoroughly washed with 50 mL of a saturated solution of
nickel acetate in methanol. Silica gel was dried and heated
under microwave according dry media procedure (ii) (Table
3). After cooling, the reaction mixture was applied as such
onto silica column and eluted with chloroform: petroleum
ether; b.p 60-90°C (1:3). The fast moving band was collected,
and the solvent was evaporated to get Metalloporphyrin [3]
(90%).

Metalloporphyrin [4] (3C). A mixture of Porphyrin [2]
(0.04 mmole, 42.54 mg) and nickel acetate (1 mmole, 176.78
mg) was supported on propanoic acid/silica gel (5 g) and sub-
jected to microwave irradiation according to dry media proce-
dure (ii) (Table 3). After cooling, the reaction mixture was
applied as such onto silica column and eluted with chloroform:
petroleum ether; b.p 60-90°C (1:3). The fast moving band was
collected, and the solvent was evaporated to get Metallopor-
phyrin [4] (92%). mp >350°C; Anal. Calcd. for Cy6HgoNyNi:
C, 81.48; H, 8.28; N, 5.00. Found: C, 81.52; H, 8.30; N, 5.01.
IR(KBr):vpax 3060, 2960, 2900, 2860, 1600, 1480, 1440, 1400
cm ™' UV(CHCL;) Amax 415, 530 nm. '"H NMR (CDCly): §
1.46 (s, 8t-Bu), 7.70 (t, J = 2.0 Hz, 4p-PhH), 7.86 (d, J = 2.0
Hz, 80-PhH), 8.79 (s, B-pyrrolic H 2, 3, 7, 8, 12, 13, 17, 18).
MS (m/z, %) 1118 (M™", 100%), 57 (84%).

Journal of Heterocyclic Chemistry

Vol 46

Metalloporphyrin [4] (3D). Silica gel obtained directly
from Experiment-2B having adsorbed crude Porphyrin [2] was
thoroughly washed with 50 mL of saturated solution of nickel
acetate in methanol. Silica gel was dried and heated under
microwave according dry media procedure (ii) (Table 3). After
cooling, the reaction mixture was applied as such onto silica
column and eluted with chloroform: petroleum ether; b.p 60—
90°C (1:3). The fast moving band was collected, and the sol-
vent was evaporated to get Metalloporphyrin [4] (92%).

Metalloporphyrin [5] (3E). Experiment-3A procedure was
repeated with copper acetate (1 mmole, 181.63 mg) to get
Metalloporphyrin [5] (Table 3) (94%). mp > 350°C; Anal.
Calcd. for CsHs,CuNy: C, 79.62; H, 6.21; N, 6.63. Found: C,
79.50; H, 6.23; N, 6.65. IR(KBr):vin.x 2922, 1670, 1460, 1342,
1000, 802, 722 cm™"; UV(CHCI3) Apax 415, 540 nm. MS (m/
z, %): 844.6 (M™, 15.85%), 842.6 (72%), 837.6 (100%).

Metalloporphyrin [5] (3F). Silica gel obtained directly
from experiment 1-B having crude synthesized Porphyrin 1
was washed thoroughly with 50 mL of a saturated solution of
copper acetate in methanol. After drying, silica gel was irradi-
ated with microwave (Table 3). Pure Metalloporphyrin [5] was
obtained by column chromatography using chloroform: petro-
leum ether; b.p 60-90°C (1:3) as mobile phase. The fast mov-
ing band was collected and the solvent was evaporated to get
pure Metalloporphyrin [5] (94%).

Metalloporphyrin [6] (3G). Experiment-3C procedure was
repeated with copper acetate (1 mmole, 181.63 mg) to get
Metalloporphyrin [6] (Table 3) (93%). mp > 350°C; Anal.
Calcd. for C;6HgoCuNy: C, 81.13; H, 8.24; N, 4.98. Found: C,
81.20; H, 8.22; N, 5.0. IR.(KBr)vp,x 3060, 2980, 2940, 2860,
1600, 1520, 1480, 1440, 1400 cm™'; UV(CHCls) Amay 420,
540 nm. MS (m/z, %) 1123 (M™, 23%), 57 (34%).

Metalloporphyrin [6] (3H). Silica gel obtained directly
from the experiment 2-B having crude synthesized Porphyrin 2
was washed thoroughly with 50 mL of a saturated solution of
copper acetate in methanol. After drying, silica gel was irradi-
ated with microwave (Table 3). Purification was done by col-
umn chromatography using chloroform: petroleum ether; b.p
60-90°C (1:3) as mobile phase. The fast moving band was col-
lected, and the solvent was evaporated to get pure Metallopor-
phyrin [6] (93%).

Formyl porphyrin [7] (4A). Urotropine (1 mmole, 140.19
mg) and Metalloporphyrin [3] (0.04 mmole, 33.59 mg) were
powder together in an agate mortar. These were doped on
H,SOy/silica gel (15 g) and heated under microwave according
to dry media procedure (ii) (Table 4). After cooling, 50 mL of
water was added and reaction mixture was stirred at room tem-
perature for 30 min. Water was removed by filtration and resi-
due was dried in vacuum desiccator. It was applied onto silica
column and eluted with chloroform: petroleum ether; b.p 60—
90°C (2:1). The fast moving band was collected and the sol-
vent was evaporated to get 2-formyl-5,10,15,20-tetrakis(4’-iso-
propylphenyl)porphyrinatonickel(Il) [7] (54%). mp > 350°C;
Anal.Calcd. for Cs7HspN4NiO: C, 78.90; H, 6.04; N, 6.46.
Found: C, 78.80; H, 6.03; N, 6.50. IR(KBr)vy,,x 2956, 2923,
1669 (C=0), 1545, 1507, 1459, 1351, 1056, 1001, 937, 813,
797, 719 cm™'; UV(CHCl3)Amax 435, 545, 585 nm. 'H
NMR(CDCl;): & 1.48 (d, J = 6.7 Hz, 8CH3), 3.18 (sep, J =
6.7 Hz, 4CH), 7.52 (d, J = 6.9 Hz, 4m-Ph2H), 7.89 (d, J =
6.9 Hz, 40-Ph2H), 8.72 (m, B-pyrrolic H 7, 8, 12, 13, 17, 18),
9.20 (s, CH 3), 9.34 (s, CHO). MS (m/z, %), 867 (M™, 1%),
413 (100%), 277 (24%).

DOI 10.1002/jhet



March 2009

Formyl porphyrin [8] (4B). Urotropine (I mmole, 140.19
mg) and Metalloporphyrin [4] (0.04 mmole, 44.81 mg) were
treated according to the procedure describe in experiment (4A)
to get 2-formyl-5,10,15,20-tetrakis(3’,5 -di-ters-butylphenyl)por-
phyrinatonickel(Il) [8] (50%). mp > 350°C; Anal.Calcd. for
C77H9oN4NiO: C, 80.54; H, 8.08; N, 4.88. Found: C, 80.45; H,
8.09; N, 4.89. IR(KBr)vi,.x 3080, 2970, 2920, 2880, 1680
(C=0), 1600, 1480, 1440, 1400, 1370, 1360 cm™'; UV
(CHCl3)Amax 435, 545, 585 nm. 'H NMR(CDCly): & 1.45 (m,
8t-Bu), 7.71 (m, Cs p-PhH, C;( p-PhH, C5 p-PhH); 7.74 (t, J =
1.8 Hz, C, p-PhH), 7.79 (d, J/ = 1.8 Hz, C5 o0-Ph2H, 6H), 7.82
(d, J = 1.8 Hz, Cyo o-Ph2H), 7.82 (d, J = 1.8 Hz, C;5 0o-Ph2H),
7.88 (d, J = 1.8 Hz, C5y o-Ph2H), 8.77 (m, B-pyrrolic H 7, 8,
12, 13, 17, 18), 9.03 (s, CH 3), 9.34 (s, CHO). MS (m/z, %)
1147 (M*, 1%), 235 (23%), 193 (18%), 189 (25%), 57 (100%).

Formyl porphyrin [9] (4C). Experiment (4A) procedure
was repeated by using Metalloporphyrin [5] (0.04 mmole) to
get 2-formyl-5, 10, 15, 20-tetrakis(4’-isopropylphenyl)porphy-
rinatocopper(Il) [9] (54%) (Table 4). mp > 350°C; Anal.-
Calcd. for Cs57Hs5,CuN4O: C, 78.46; H, 6.01; N, 6.42. Found:
C, 78.51; H, 6.03; N, 6.44. IR (KBr) vy.x 2957, 2923, 1670
(C=0), 1559, 1540, 1507, 1458, 1342, 1055, 1000, 798, 721
em ™ UV(CHCI) Amax 430, 550, 595 nm. MS (m/z, %) 872
(M, 3%), 349 (100%), 236 (71%).

Formyl porphyrin [10] (4D). Experiment (4B) procedure
was repeated by using Metalloporphyrin [6] to get 2-formyl-
5,10,15,20-tetrakis(3',5'-di-fert-butylphenyl)porphyrinatocopper  (II)
[10] (51%) (Table 4). mp > 350°C; Anal.Calcd. for
C77Hg,CuN4O: C, 80.20; H, 8.04; N, 4.86. Found: C, 80.18; H,
8.04; N, 4.85. IR(KBr)v,.x 2961, 1671 (C=0), 1591, 1560, 1540,
1362, 1345, 1288 cm™". UV(CHCI3) Apmay 430, 550, 595 nm. MS
(mlz, %) 1154 (M, 3%), 349 (100%), 236 (71%), 189 (24%).
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