EXPERIMENT 23

Bioinorganic Coordination Chemistry: Copper(il)
Tetraphenylporphyrinate

Note: This experiment requires 2 hours for Part A and 6 hours for Part B.

Metal ions play vital roles in many biological processes, and at least seven tran-
sition metals (iron, zinc, copper, manganese, cobalt, nickel, and molybdenum)
are essential to almost all life on earth. These metals are key components of many
important proteins. In some cases, the metals coordinate to the nitrogen, sulfur,
or oxygen atoms in the side chains of certain amino acids that make up the pro-
tein’s structure; among these “metal-binding” amino acids are histidine, cysteine,
methionine, tyrosine, aspartic acid, and glutamic acid. In other cases, however,
the transition metals are bound to special ligands, the most important of which
are the porphyrins. Metal-bearing porphyrin complexes are called metallo-
porphyrins.

Porphyrins have the general structure shown in Figure 23-1; they are com-
pounds with a central 16-membered ring consisting of four pyrrole subunits
linked by one-carbon bridges. The porphyrin ring is polyunsaturated and com-
pletely conjugated; consequently, porphyrins and their complexes with transition
metals are intensely colored. In metalloporphyrins, a metal atom coordinates

Ri2 M Ra2 FeHs
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Rio Ry HsCg CeHs
Rg Rs
Rg L5 Rs CeHe
Figure 23-1

General structure of a porphyrin with peripheral groups R, ~Ry; structure of the copper(II)
complex Cu(TPP).
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to the four nitrogen atoms and displaces the two central hydrogen atoms. One
important metalloporphyrin complex that is found in almost all animals is
hemoglobin, which contains four iron-porphyrin units. In vertebrates, hemoglo-
bin is responsible for the transport of O, from the lung to cells throughout the
body. Metalloporphyin complexes perform a variety of other important bio-
chemical functions; for example, they serve as electron-transfer relays and as
oxidation catalysts.

Closely related to metalloporphyrins are the chlorins, corrins, and corphins,
which have similar though not identical structures. Two important examples
of such porphyrin-like molecules are chlorophyll and vitamin By, (see Experi-
ment 21). Phthalocyanines, which are nitrogen-rich analogues of porphyrins, are
produced and used industrially as pigments and catalysts.

Naturally occurring porphyrins generally have a variety of different organic
groups on the periphery (exterior) of the ring. The synthesis of such polysub-
stituted porphyrin rings is a challenging task for the chemist. For many purposes,
however, the characteristic chemical properties associated with metallopor-
phyrins are exhibited by simpler analogues with small peripheral groups. The
most important examples of such synthetic analogues are the complexes of meso-
tetraphenylporphyrin (abbreviated H,TPP), where the “meso” designation
means that the phenyl groups are located on the four carbon atoms that bridge
between the pyrrole rings. All the other peripheral groups in HyTPP are hydrogen
atoms, and the chemical formula of HyTPP is C44H3yNy. In this experiment, you
will prepare H;TPP and convert it to its copper complex Cu(TPP), whose struc-
ture is shown in Figure 23-1.

This experiment begins with the preparation of H,TPP by the condensation
of four molecules each of benzaldehyde and pyrrole. This reaction does not give a
high yield but the starting materials are inexpensive and the product is easily
isolated. The low yields of this reaction illustrate the difficulty of assembling a
large ring in a “one-pot” reaction. In some cases, but not this one, the yields of
such cyclization reactions can be improved by adding metal ions to the solution,
which assist in the assembly of the macrocycle by binding to the reactants and
orienting them in such a fashion to favor formation of the ring.

The stoichiometry of the reaction of benzaldehyde and pyrrole is as follows:

4 C¢éHsCHO + 4 C4H4NH + %02 — CyH3yNy + 7 H,O

The mechanism of the cyclization reaction is known in some detail: It involves
formation of a carbocation by addition of a proton to benzaldehyde, followed by
electrophilic attack of the carbocation at the « position of pyrrole. Loss of water
generates a new carbocation, which attacks a second pyrrole ring. These steps
are repeated, and eventually a nonconjugated macrocycle is formed. Oxidation of
this macrocycle by O, generates the fully conjugated porphyrin ring.

Because the oxidation step is not quantitative, however, one of the principalt

contaminants is meso-tetraphenylchlorin (H,TPC), a compound that contains

two more hydrogen atoms than H,TPP. The chemical structure of H,TPC is
shown in Figure 23-2; the extra hydrogen atoms are present on the f-carbon

atoms of one of the pyrrole rings:
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CeHs

CgHs

Figure 23-2
Structure of meso-tetraphenylchlorin (H,TPC).

Tetraphenylporphyrin and its metal complexes are best separated from tetra-

phenylchlorin impurities by chromatography.

The conversion of HyTPP to Cu(TPP) is achieved by the addition of an
excess of copper(II) acetate. The copper(Il) center replaces the two nitrogen-
bound protons at the center of the HyTPP ring:

H,TPP + Cu(O,CCHs),(H;0) — Cu(TPP) + 2 HO,CCH; + H,0

The insertion of a metal ion into the porphyrin ring is sometimes very slow
even though the reaction is very favorable thermodynamically. This somewhat
surprising behavior reflects the rigidity and steric constraints of the macrocycle,
which make it difficult for the porphyrin nitrogen atoms to approach a metal
center that is already surrounded by other ligands (such as water or acetate

groups).

Thin-Layer and Column Chromatography

One of the goals of this experiment is to illustrate standard chromatographic
techniques that are used in the isolation of pure compounds from complex reac-
tion mixtures. Thin-layer chromatography (TLC) will be used to test the purity
of small amounts of the Cu(TPP) sample and to explore the chromatographic
conditions necessary to purify it. Once these conditions are established, column
chromatography will be utilized to separate larger amounts of Cu(TPP) from
copper(II) tetraphenylchlorin and other impurities.

Separations effected by both TLC and column chromatography are based
on the tendency of molecules to bind to certain solids called adsorbents. The
adsorbents most frequently used are silica gel and alumina. Silica gel, which will
be used as the adsorbent in this experiment, is to a first approximation a hydrated
form of silicon dioxide, SiO,-x H,O. It does, however, contain significant
amounts of other inorganic salts whose amounts vary from one silica gel prepa-
ration to another. For TLC, the silica gel is often mixed with plaster to help bind
the gel to a glass support.
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When silica gel is heated in strongly acidic or basic solutions, it acquires acidic
or basic properties. Acid-treated silica gel strongly adsorbs (or binds) basic com-
pounds such as amines, whereas base-treated silica gel adsorbs acidic compounds.
The adsorption properties of silica gels also depend on their water content. If the
gels are strongly heated under vacuum, water is driven off the silica gel leaving
sites where other polar molecules strongly adsorb. Less strongly adsorbing silica
gel can be prepared by adding back small amounts of H;O to occupy some of the
adsorption sites. By altering the water content, it is therefore possible to control
the degree to which silica gel binds various compounds.

In TLC, a thin layer (0.1-2 mm thick) of the adsorbent is spread onto a flat
surface. The TLC plates can be purchased commercially and can also be pre-
pared by coating microscope slides. A small amount of the sample to be sepa-
rated is dissolved in a small volume of a suitable solvent. It is essential that the
sample to be tested be completely dissolved. With a capillary, a spot (3—5 mm in
diameter) of the solution is placed about 8 mm from one end of the TLC plate.
The plate is allowed to dry and then the procedure is repeated to add sample to
the same spot. The spot should be kept small for maximum separation of the
components. The TLC plate is then placed in a bottle that contains a few milli-
liters of solvent (Fig. 23-3). The solvent level must be lower than the spot on the

= " Solvent front
TLC plate | |

™ - Solvent

Figure 23-3
Separation using TLC.

plate. The bottle is capped and left undisturbed while the solvent rises up the silica
gel by capillary action. If the proper solvent is chosen, the mixture will begin to
move up the plate behind the solvent front. Ideally, different compounds present in
the mixture will move up the plate at different rates, and thus will be separated.
When the solvent has moved about three-fourths of the way up, the plate
should be removed from the bottle. If the compounds in the mixture are colored,
it will be obvious if a separation has occurred. If some of the compounds are
colorless, their locations on the TLC plate can usually be established by plac-
ing the air-dried TLC plate in a bottle containing a few crystals of iodine. The
iodine sublimes and adsorbs in the areas where the compounds are located. Thus,
dark brown spots on the plate indicate the locations of the components of the
original sample. Alternatively, some TLC plates contain a fluorescent indicator:
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Upon illumination with an ultraviolet (UV) light, the air-dried plate will glow in
all places except the spots where compounds are located.

The separation of mixtures into their components by chromatography mainly
depends on differences in the adsorption tendencies and solubilities of the com-
ponents. Compounds that are weakly adsorbed and that are readily soluble in the
solvent will move or elute quickly; in contrast, compounds that are strongly
adsorbed and that are poorly soluble in the solvent will elute slowly. Finding the
solvent that effects the best separation of the components is not easy, but gen-
erally a solvent that dissolves the desired compound moderately well will allow
the compound to move up the plate; it can only be hoped that the impurities do
not migrate at the same rate as does the compound of interest. If the solvent that
was chosen does not separate the components of the mixture, other solvents
either more or less polar than the first should be tried until a solvent that gives a
separation is found. The polarities of some common chromatographic solvents
increase in the following order:

alkanes
toluene
benzene
dichloromethane
chloroform
diethyl ether
ethyl acetate
acetone
ethanol
methanol
water

increasing polarity

—
i

It is sometimes convenient to use mixtures of solvents. For example, mixtures of
ethyl acetate in dichloromethane often succeed in effecting a useful separation
where other solvents do not.

At this point it is probably obvious that the successful choice of adsorbent
and solvent is an art that is learned largely by doing chromatographic separa-
tions. The references at the end of this experiment do offer, however, many hints
on how to use these techniques effectively.

Having established (he solvenl or solvent mixture that will separate the
sample on TLC plates, it is hoped that the same solvent can be used to separate
larger quantities of the sample on a silica gel chromatography column. Generally,
this is possible. It is necessary, however, to use a much larger silica gel particle
size for column chromatography (80-200 mesh) than that used in TLC (finer
than 200 mesh).

The chromatography column (Fig. 23-4) consists of a glass tube that typi-
cally is about 3 cm in diameter and 30 cm long. First, a small glass wool plug is
pushed to the bottom of the column, and a 5-mm layer of sand is added. A slurry
of the silica gel in the solvent to be used in the separation is then poured onto the
sand. The column is drained until the solvent level is the same as the top of the
silica gel, and then a mixture of the sample and silica gel (both suspended in a few
milliliters of the solvent) is added to the column. (Alternatively, the sample may
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Eluting solvent

: Sand
Sample

Figure 23-4

Chromatography column. §

Silica gel

Glass wool plug |35 Sand

be dissolved in a small volume of the solvent and added to the column.) A 5-mm
layer of sand is then added to the top of the silica gel.

From this point on, the solvent level should never fall below the top of the
silica gel, because channels in the column will result, and the solution will pass
down the channels without properly percolating through the adsorbent. The sol-
vent is added to the column, and the movement of the compounds down the
column begins. This process is called elution. The rate at which solvent is passed
through the column is called the flow-rate; slow flow-rates give better separations
than do fast flow-rates.

If the compounds in the sample are colored, it is easy to determine which
fractions should be collected to obtain the desired products. If the compounds are
colorless, fractions may have to be collected at regular volume intervals and
examined for the presence of the desired compounds spectrophotometrically or
by other techniques. Whereas the initial eluting solvent may elute one or more of
the compounds, other compounds may require (as noted by TLC) more polar
solvents to move them down the column. If a change in solvent is required, it is
best to introduce it gradually by using first a mixture of the initial and the sub-
sequent solvent and then finally the pure new solvent. Sometimes an abrupt
change of solvent leads to the evolution of large amounts of heat when the new
solvent adsorbs to the silica gel. Thermal expansion of the solvent creates chan-
nels in the adsorbent that can destroy the efficiency of the column.

The fractions eluted from the column that contain the desired compounds
may simply be evaporated to dryness to give the pure product. Evaporation
sometimes does not give a crystalline solid, and in such cases recrystallization of
the material usually gives purer and better looking product.
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Column chromatography has numerous variations. Although silica gel and
alumina (Al,Os) are the most common adsorbents, many others have also been
used. For materials that decompose at room temperature, chromatographic
separations can be carried out in cooled, jacketed columns. Air-sensitive com-
pounds have been chromatographed in an atmosphere of nitrogen or argon. All
of these variations, however, are basically chromatography, and it is these basics
that will be practiced in this experiment.

EXPERIMENTAL PROCEDURE

Part A

meso-Tetraphenylporphyrin, C44H3N,4 (H,TPP)

Place a Teflon-coated stirbar in a 100-mL one-neck round-bottom flask, and add
40 mL of propanoic acid (sometimes called propionic acid). Fit the flask with a
reflux condenser (see Fig. 23-5), and use a small amount of silicone grease on the
joint. Leave the top of the reflux condenser open to air. Heat the acid to reflux
with a rheostat-controlled heating mantle. When the propanoic acid begins to boil
vigorously, add a mixture ‘of 1.65 mL(15.75 mmol) of benzaldehyde and 1.0 mL
(14.4 mmol) of pyrrole by pouring this solution down the reflux condenser.
Measure out these liquids with a syringe or pipet. (Note: Freshly distilled pyrrole
gives a higher yield of product but is not required.) Rinse the pyrrole and ben-
zaldehyde down the condenser with 10 mL of propanoic acid. Continue to reflux
the solution for 30 min, and then remove the heat and let the flask cool for a few
minutes. Filter the dark brown mixture through a medium-porosity glass frit (see
Figure 13-1). Rinse the mixture with a few mL of methanol until the washings are
clear and purple crystals are left on the frit. Allow the crystals to dry by pulling
air through them for a few minutes. Collect the purple crystals (do not scrape the

)
Water out  ¢—— i’

Figure 23-5
Apparatus for preparing H, TPP.

Waterin —— air,
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frit too vigorously or your sample will become contaminated with powdered
glass). Record the yield. Discard the wash solutions by pouring them into the
containers provided for them.

Record the proton nuclear magnetic resonance (!H NMR) spectrum of your
product. To do this, place approximately 15 mg of your sample in a S-mm
diameter NMR tube and add about 1 mL of CDCl; (containing a small amount
of tetramethylsilane, TMS, standard). The solution should fill the lower 4 cm of
the NMR tube (using less CDCl3 will lead to problems shimming the magnet).
Record the spectrum from J+10 to d —5 (relative to TMS at & 0), expand and
plot any complex regions, and integrate the spectrum. Now add about 3 drops of
D;0, shake the two phase CDCl3-D,0 mixture vigorously for about 15 seconds,
and again record the NMR spectrum.

Part B

(Tetraphenylporphyrinato)copper(II), Cu(TPP)

The reaction set up is the same as in Part A (Fig. 23-5). Place 0.1 g (0.16 mmol)
of H,TPP in a 100-mL one-neck round-bottom flask along with a stir bar. Add
20 mL of N, N-dimethylformamide (DMF) and stir the mixture (it is not neces-
sary for all of the H,TPP to dissolve). To the dark purple solution, add 0.16 g
(0.80 mmol) of hydrated copper(II) acetate, Cu(O,CCH3), - H,O. Fit the flask
with a reflux condenser and use grease to lubricate the joint. Bring the reaction
mixture to reflux with a rheostat-controlled heating mantle. Allow the reaction to
proceed for 30 min.

Because the copper complex is nonfluorescent, conversion to the copper
complex can be confirmed by checking for complete quenching of the porphyrin
fluorescence under long-wavelength UV light. Spot some of the reaction solution
on a non-fluorescing TLC plate with a Pasteur pipet, and examine the plate with
a long-wavelength UV light. If the conversion is not complete (i.e., if the spot still
glows red—even around the edges), add additional copper(Il) acetate to the
reaction solution and reflux the mixture for 10 min; then redo the spot test.
Alternatively, the conversion to the copper complex can be followed by UV-vis
spectroscopy. Dip a capillary tube (open at both ends) into the reaction mixture
and then dip the tube containing a little of the reaction solution into a cuvette
containing pure dichloromethane. Complete conversion is indicated by the dis-
appearance of the bands at 650 and 592 nm.

When the reaction is complete, cool the reaction mixture to room temper-
ature in an ice—water bath for 5-10 min, and then add 50 mL of distilled water to
precipitate the porphyrinic material. Transfer the slurry to a separatory funnel,
and extract it three times with 25 mL of dichloromethane. Collect the organic
(bottom) layer each time. Discard the aqueous layer that remains in the funnel (it
typically is pale blue), and then pour the combined organic extracts back into the
separatory funnel. Add 50 mL of distilled water, shake the mixture, and then
drain out the organic (bottom) layer. Concentrate the organic layer to dryness
on a rotary evaporator. Discard the aqueous wash solution that remains in the
separatory funnel.
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Chromatographic Purification of Cu(TPP)
In this step, you will use TLC to determine which solvent system will allow you to
separate Cu(TPP) from the H,TPP and chlorin impurities.

With a very small portion of the Cu(TPP) mixture, prepare a concentrated
dichloromethane solution for use in the TLC trial separations. A very small
amount of this solution will be spotted on the silica gel 8—10 mm from the bottom
of the microscope slide. Because the best separations are achieved when this
spot is between 3 and 5 mm in diameter, the dichloromethane solution should be
applied with a very small capillary. These can be purchased or can be prepared
by heating the middle of a melting point capillary tube over a low flame and
quickly pulling the ends of the tube apart before the tube is sealed off. Scratch the
capillary with a sharp file and break the tube into two applicators. Dip an appli-
cator into the dichloromethane solution of the mixture and touch it to the TLC
plate, giving a spot that is not larger than 4 mm in diameter. Allow the
dichloromethane to evaporate, and then make a second application of the solu-
tion to the same spot.

Fill five screw-cap bottles (Fig. 23-3) with the trial solvents listed below to a
depth of 4 mm or less, such that the level is below your spot when the TLC plate
is inserted.

1. Hexane (or petroleum ether, 60-70 °C boiling fraction)
2. Toluene

3.  Ethyl acetate

4. Dichloromethane

5. Acetone

Insert a spotted TLC plate into each bottle and replace the cover. Allow the sol-
vent to rise about three-fourths of the way up the plate and then remove it and
allow it to dry. Do this for each of the five TLC plates, carefully recording which
solvent was used for each slide. The Cu(TPP) and the impurities are intensely
colored and easily visible even at low concentrations on the plate. In other cases,
however, where the compounds to be separated are weakly colored and are dif-
ficult to see, the locations of the spots can be determined either chemically (by
exposing the plate to a developer such as iodine) or by examining the plate under
UV light.

Make a drawing in your research notebook of the location of the spots for
each of the five attempts. To establish which spot is H,TPP, obtain a fresh TLC
plate, spotting it first with the dichloromethane solution of the mixture and then
in an adjacent position with a dichloromethane solution of pure H,TPP. Develop
the plate in one of the solvents that gave a good separation of spots, and establish
which spot of the mixture is H, TPP by comparing it with the known H, TPP spot.

From the five TLC trials, you should select a solvent for the column chro-
matographic separation. You may select a solvent in which one of the compo-
nents moves rapidly and the other more slowly. Such a solvent should give a
good separation on the column. Alternatively, one might choose an initial solvent
in which only one component moves while the other remains at the starting point.
The first component could then be washed off the column, and then a more polar
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solvent could be added to elute the other component. Regardless of your choice,
it should be based on the separation achieved on the TLC plates.

Clamp a 3-cm diameter, 30-cm long chromatography column to a ring stand
or other rigid support. Push a 2-cm diameter wad of glass wool to the bottom of
the tube with a rod. Then pour in enough sand to give a 1-cm layer, and add
enough solvent to cover the sand. In a medium sized beaker, prepare a slurry of
silica gel in your selected solvent. Use enough silica gel to fill the column to a
height of about 8—10 cm. Pour the slurry gently into the column and let the excess
solvent drain until the meniscus is about 0.5 cm above the settled gel. (Do not
allow the solvent level to drop below the top of the gel.) Carefully pour a slurry of
silica gel and the Cu(TPP) mixture in a few milliliters of the initial solvent onto
the column. (Depending on which solvent you choose, the sample may or may
not dissolve completely. Even if it does not dissolve completely, a good separa-’
tion should result if you have selected your solvent correctly.) Lower the solvent
again at the top of the adsorbent and add another 1-cm layer of sand to prevent
the bed from being disturbed when the eluting solvent is added. Then gently fill
the column with the initial eluting solvent, being careful not to agitate the
bed. Carry out the elution, using a flow rate of a few drops per second. Insoluble
residues, if any, will remain on top of the column. Generally, two bands move
down the column: a slowly moving sharp band that is composed of impurities,
and a quickly moving broad red smear that contains the desired Cu(TPP) prod-
uct. Collect this broad band continuously until all the red material has been
eluted, or until the sharp band is about 2 cm from the bottom of the column.
Collect only the broad red band due to Cu(TPP).

Concentrate the Cu(TPP) solution to 50 mL on a rotary evaporator and then
add 50 mL of methanol to precipitate the product. Filter the solution using a
medium glass frit, rinse the product with two 10-mL portions of methanol, and
dry the product under vacuum if possible. Record the weight. The used silica gel
can be removed by inverting the column over a large-mouth jar. The tar that
remains at the top of the column should be discarded along with the used silica
gel; be sure to put them into the appropriate waste container.

Obtain the visible (or UV-vis) spectrum of a very dilute toluene solution
of the purified Cu(TPP) product (the molar absorption coefficient in benzene
is reported to be 20,600 at 538 nm).

REPORT

Include the following:

1. Yields of H,TPP and Cu(TPP).

2. The 'H NMR spectra of H,TPP both with and without added D,O.
3. Visible (or UV-vis) spectra of HyTPP and Cu(TPP).

PROBLEMS

1. What are the assignments of the NMR peaks for H,TPP? Why are some of
the peaks multiplets while others are singlets? Why are some of the peaks
downfield of TMS (positive shift) and some upfield (negative shift)?
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2. How does the NMR spectrum of H, TPP change upon addition of D,O? Why
are only some of the peaks affected by D,O?

3. What are the electronic transitions that are responsible for the peaks in
the visible spectra of H,TPP and Cu(TPP), and why are the two spectra
different?

4. Why does Cu(TPP) elute before H, TPP?

5. Why should the reaction of benzaldehyde and pyrrole not be carried out under
a Nj atmosphere?

6. In the purification of Cu(TPP), what might be the tar that remained at the top
of the chromatography column?

7. The rates at which compounds elute from a silica gel column depend on any
pretreatment of the silica gel. In which case would a compound elute faster:
down a column made of silica gel that had previously been heated at 150 °C
under vacuum for 8 h, or down a column made of silica gel that had been
sitting open in the laboratory for a few days? Explain.

8. What methods might be used to detect the elution of colorless compounds
from a column?

9. A mixture of cis and trans isomers of the neutral complex Cr(CO)4[P(CsHs)s]2
is loaded onto a silica gel column and eluted with CHCl;. Which isomer
would elute first, and why?

INDEPENDENT STUDIES

A. Prepare and characterize the iron porphyrin complex Fe(TPP)CI and the
imidazole adduct [Fe(TPP)(Im);]Cl, which are related to the oxidized form
of the oxygen-carrying molecule hemoglobin. Use UV-vis to show iso-
sbestic behavior in the reaction of Fe(TPP)Cl with imidazole. (Epstein,
L. M.; Straub, D. K.; Maricondi, C. Inorg. Chem. 1967, 6, 1721; Collins,
D. M.; Countryman, R.; Hoard, J. L. J. Am. Chem. Soc. 1972, 94, 2066.)

B. Brominate Cu(TPP) at all eight pyrrole positions. (Bhyrappa, P.; Krishnam,
V. Inorg. Chem. 1991, 30, 239.)

C. Prepare and characterize the nickel complex Ni(TPP), which is a model of the
nickel-containing enzyme called F-430. (Johnson, E. C.; Dolphin, D. Inorg.
Synth. 1980, 20, 143.)

D. Prepare the water soluble porphyrins tetrakis(carboxymethylphenyl)-
porphyrin or tetrakis(alkylpyridyl)porphyrin. (Datta-Gupta, N.; Bardos,
T. J. J. Heterocycl. Chem. 1966, 3, 495; Beckmann, B. A.; Bochman, A;
Pasternack, R. F.; Reinprecht, J. T.; Vogel, G. C. J. Chem. Educ. 1976, 53,
387)

E. Investigate the use of metals as templates for the synthesis of large-ring com-
pounds such as [Ni(R4[14]-1,3,8,10-tetraeneN4)]*/°. (Tait, A. M.; Busch, D.
H. Inorg. Synth. 1978, 18, 22; Hayes, J. W. II; Taylor, C. J.; Hotz, R. P. J.
Chem. Educ. 1996, 73, 991.)

F. Prepare Goedken’s macrocycle and investigate its coordination chemistry.
(Chipperfield, J. R.; Woodward, S. J. Chem. Educ. 1994, 71, 75.)

G. Study the uptake of O, by a cobalt(II) Schiff-base complex. (Aymes, D. J;
Paris, M. R. J. Chem. Educ. 1989, 66, 854.)
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H. Use microscale techniques to prepare H,TPP, Zn(TPP), and Ni(TPP).
(Marsh, D. F.; Mink, L. M. J. Chem. Educ 1996, 73, 1188.)

I. Record and interpret the EPR spectrum of Cu(TPP). (For a recent EPR study
of a copper(I) complex, see Louloudi, M.; Deligiannakis, Y ; Tuchagues,
J.-P.; Donnadieu, B.; Hadjiliadis, N. Inorg. Chem. 1997, 36, 6335.)
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15201). It is essential to boil the reaction solution vigorously. Reaction times up
to 18 h are acceRtible (and even beneficial).

Experiment 20. This experiment is fairly advanced. The [Ni(NH;3)6]Cl; should be
fresh because it loses NH; upon standing. This complex can be prepared while
the Na reacts with the cyclopentadiene. Cyclopentadiene has an objectionable
odor and is toxic, thus the cracking should be conducted in a hood. The “Cp
cracker” can be reused for many weeks; any unused cyclopentadiene can be
added back to the distillation flask. Do not fill the distillation flask more than
about one-third full with dicyclopentadiene: The cracking process is accompanied
by foaming, which can carry uncracked dicyclopentadiene into the receiver. The
synthesis and purification of nickelocene requires one busy lab period followed by
a lab period that is dedicated only to the sublimation step. At the end of the ex-
periment, we often asked the students to flame-seal their samples in ampules on
the vacuum line (nickelocene has a short shelf life in air). This assignment gives
students some experience with glassblowing.

Experiment 21. This experiment is a useful introduction to the use of inert at-
mosphere techniques. Good results are obtained even by those with no previous
experience with inert atmosphere techniques. We recommend that the solution of
Br, in acetic acid be prepared in advance by the instructor.

Experiment 22. We used relatively inexpensive pH meters and standard electro-
des with good results. The standardizing buffers were purchased.

L
-

Experiment 23. This experiment works well despite the low yields (~ 10%) for the
H,TPP synthesis. Pyrrole oxidizes slowly in air, and better yields of H;TPP can
be obtained if the pyrrole is freshly distilled. The experiment can be shortened by
omitting the TLC study of Cu(TPP) and proceeding directly to the chromato-~
graphic purification using dichloromethane as the eluting solvent. e

Cuvettes for UV-vis spectroscopy can be purchased from many supply
houses; we used products from Hellma Cells (Box 544, Borough Hall St., Ja-
maica, NY 11424). A hand-held 4-watt UV light works well for detecting the free
H,TPP; these can be purchased from Cole Parmer. For column chromatography,
we used 0.040—0.063 mm, 230—400 mesh ASTM silica gel (Fisher Scientific, 1600
W. Glenlake, Itasca, IL 60142). For TLC, we used non-fluorescent Silica Gel 60
plates, which were obtained in boxes of 20 x 20 cm sheets with a layer thickness
of 0.25 mm (EM Industries, Inc., 480 Democrat Road, Gibbstown, NJ 08027).
The sheets were cut with scissors into 1 x 5 cm strips, which were stored in a
screw-capped jar.




