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Abstract—The inclusion behaviour of porphyrin derivative manganese [5-(4-(carboxyphenyl-(N-L-proline)))-10-15-20-tri-
phenylporphyrinyl] chloride 1IMnCl in micellar aggregates of sodium N-dodecanoyl-L-prolinate L-SDP and of sodium dodecyl-
sulfate SDS has been studied by means of several spectroscopic techniques. The catalytic activity in the epoxidation reaction of some
test chiral olefins has been also investigated. Comparison with the case of the related manganese[5-(4-carboxyphenyl)-10-15-20-
triphenylporphyrinyl] chloride 2MnCl, gave evidence that suggests the presence of a chiral functionality on the periphery of
porphyrin macrocycles affects their aggregation mode within the biomembrane models. This results in the modulation of

their stereoselective Cytochrome P450 biomimetic activity.
© 2004 Elsevier Ltd. All rights reserved.

1. Introduction

The study of the interaction of porphyrin derivatives
with membrane models, such as micelle or liposomes,!
represents an important area of research aimed at, for
example, the development of Cytochrome P450 mimics.>
In the seminal works of Groves and co-workers,? for
example, ad hoc tailored steroidal metalloporphyrins,
were efficiently included in synthetic phospholipid vesi-
cles, building up a catalytic system featuring a high
degree of regioselectivity in the epoxidation of poly-
unsaturated fatty acids or diolefinic sterols. Nolte and
co-workers developed a P450 supramolecular mimic by
assembling a manganese porphyrin derivative and an
amphiphilic rhodium(IIT) complex within a bilayer of
surfactants.* This bimetallic system has been shown to
catalyse the O,/HCOO™ promoted oxidation of various
olefin derivatives, with very high turnover numbers.
Along these line, we carried out some studies aimed at
the construction of Cytochrome P450 mimics, based on
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the incorporation of amphiphilic porphyrin derivatives
within micellar aggregates, in the presence of oxygen
atom donors such as H,O, or NaClO.?

One of the most important factors influencing the
activity of the mentioned systems, is the specificity of
the interactions between the included porphyrins and
the aggregates. These interactions can be effectively
modulated by structural changes of the involved species,
such as, for example, the charge of functional groups on
the periphery of porphyrin macrocycles,®®¢ the pH of
the aqueous medium,* or the nature and the morphol-
ogy of surfactant aggregates.” We recently reported that
the presence of a chiral functionality on the periphery of
a porphyrin derivative, resulted in a selective interaction
with the chiral micellar aggregates, influencing the
aggregation state of any included tetrapyrrole macro-
cycles.®

Herein we report on the results obtained in the spec-
troscopic investigation of the interaction of a proline-
functionalised porphyrin derivative, 1MnCl, with
micellar aggregates formed by either sodium dodecyl
sulfate SDS or sodium N-dodecanoyl-L-prolinate
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Scheme 1. Porphyrin derivatives and surfactants employed in the spectroscopic studies.

L-SDP (Scheme 1). Furthermore, their P450 biomimetic
activity, in terms of regio- and stereoselectivity, was
evaluated in the epoxidation reaction of (R)-(+)-limo-
nene carried out in aqueous solution of L-SDP or in
SDS. Comparison to that of a p-carboxyphenyl-por-
phyrin derivative 2MnCl,*" a related macrocycle lacking
the chiral appended functionality, gave important
information on the mode of interaction and location of
the porphyrin solutes as a function of their structural
features, and consequently, on the effect on their reac-
tivity.

2. Results and discussion
2.1. Preparation and spectroscopic studies

L-SDP surfactant was prepared as previously reported.’
Porphyrin derivatives 2H, and 2MnCl were prepared
according to earlier reported procedures.’® Porphyrin
1H, and 1MnCl were prepared by following the proto-
col outlined in Scheme 1 and have been characterised by
UV-vis absorption and fluorescence spectroscopy, 'H
NMR and FAB-MS.

EDCI-HOBT coupling!® of carboxy-porphyrin deriva-
tive 2H, with L-proline-z-butyl ester gave, after work-up
and column chromatography, intermediate 3H,. De-
protection of the acidic function was subsequently
accomplished by straightforward hydrolysis under
acidic conditions,!! to give the target 1H, in a satisfac-
tory 48% overall yield, after work-up and crystallisation.

An analogous procedure carried out on 2MnCl gave the
1MnCl counterpart in 35% yield. Attempts to obtain the

latter porphyrin derivative by direct MnCl,/DMF met-
allation of 1H, were unsuccessful. Only traces of the
desired product, along with some 2MnCl (i.e., loss of L-
proline functionality), could be recovered. Porphyrins
1MnCl and 2MnCl show the typical intense ligand to
metal charge transfer band (LMCT) at ca. 470 nm in
chlorinated solvents. The relative Ay, showed some
dependence on the polarity of the medium (Table 1),
being hypsochromically shifted (5-10 nm) in more polar
solvents. This can be ascribed to the axial coordination
of solvent molecules.'> Two, nearly collapsing Q bands
are also featured, as expected, in the 500-650 nm region
of the spectra.

Porphyrins 1H,, 2H, and 1MnCl, were readily soluble in
chlorinated solvents, THF, ethanol or an ethanol/water
mixture, but insoluble in pure water. Selected UV-vis
spectroscopic data are reported in Table 1. The UV-vis
spectra of 1H,, for example, feature the four visible Q-
bands in the range 510-650 nm with a typical Soret band
in the range 414-419 nm, dependent on the polarity of
the solvent. The CD spectrum of the 1H, ethanol solu-
tion (Fig. S1; ESI) featured the typical dichroic band of
the vL-proline residue centred at 230nm {[0] =
5500 degcm? dmol~!, at A 230nm}. These porphyrin
derivatives were further characterised by studying their
self-aggregation behaviour, at uM concentrations, in
ethanol/water mixtures. The results are reported
graphically in Figure 1.

Interesting differences were found for 1H, and 2H,: As
far as 1Hj; is concerned, a strong hypochromic effect and
a broadening of the absorption bands were observed (4
430 nm, fwhm >60nm) when increasing the proportion
of water. The absorbance maxima were concomitantly
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Table 1. Spectroscopic data of porphyrin derivatives in different media®

Porphyrin = Medium  /J.x, nm (loge)

1H, CHCl;  419(5.1) 514(3.8) 546(3.8) 586(3.7) 642(3.5)
EtOH 414(4.9) 514(3.7) 546(3.8) 585(3.5) 643(3.4)
SDS 418(4.8) 513(3.9) 544(3.4) 585(3.3) 642(3.2)
L-SDP  419(5.0) 513(4.0) 546(3.6) 589(3.4) 642(3.2)

2H, CHCl;  419(5.2) 515(3.9) 550(3.8) 590(3.6) 645(3.3)

SDS 418(4.8) 515(3.9) 549(3.3) 587(3.3) 643(3.2)

L-SDP  417(4.6) 516(3.7) 550(3.2) 590(3.0) 645(2.9)
1MnCl CHCl;  378(4.6) 403(4.6) 425(4.4) 466(4.8) 561(3.9)
598(3.8)
EtOH  379(4.5) 400(4.7) 420(4.3) 474(4.8) 561(3.8)
613(3.8)
SDS 379(4.3) 401(4.8) 420(4.2) 471(4.5) 572(3.7)
607(3.4)
L-SDP  379(4.5) 400(4.7) 420(4.3) 470(4.6) 572(3.7)
606(3.6)
2MnCl CHCL®  377(4.6) 403(4.4) 469(5.1) 582(3.8) 618(3.7)

EtOH  379(4.5) 400(4.7) 467(5.0) 567(4.0) 601(3.5)
SDS 380(4.0) 401(3.9) 473(4.2) 570(3.4) 610(3.2)
L-SDP®  381(4.1) 400(4.1) 472(4.3) 570(3.6) 609(3.5)

a[Porphyrin] =3x10=° M. T = 25°C. [Surfactants] =0.10 M.
°®From Ref. 5b.
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Figure 1. UV-vis spectra of 1H, (1.0x 10~ M) in ethanol/water mix-
tures at increasing water proportion. Uppermost curve: 0% H,O;
lowermost curve: 95% H,O. Inset: aggregation curves of 1H, (®) and
2H; (O) derivatives at the corresponding water/ethanol mixtures.

shifted at somewhat longer wavelength. The corre-
sponding absorbance versus solvent composition profile
showed a sharp inflection point at water proportion
>75%. This indicated the formation of porphyrin,
probably J-type, aggregates'> by a controlled self-
assembling process, as evidenced by the presence of
isosbestic points at 396 and 520nm. In the case of the
carboxylic derivatives 2H, the aggregation occurred at a
significantly lower water proportion (i.e., >55%; Fig. 1,
inset). Also in this case, the hypochromicity and bath-
ochromic shift of the absorption maxima suggested the
occurrence of aggregation. However, the absence of any
clearly defined isosbestic points (Fig. S2; ESI) testifies
the formation of different species of porphyrin aggre-
gates. This finding indicates that the nature of the ap-
pended functionality influences the self-recognition
process during the porphyrin aggregation event. Evi-
dently, the presence of the L-proline residue steers a
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Figure 2. UV-vis spectra of 1MnCl (1.0x 1075 M) in different media:
(a) L-SDP 0.10 M; (b) SDS 0.10 M; (dashed) CHCl;; (dotted) EtOH.

more regular porphyrin to porphyrin interaction. The
aggregation process is governed by specific chiral inter-
actions that results, as recently demonstrated,® in the
formation of chiral suprastructures.

Analogous studies on the behaviour of 1IMnCl in vari-
ous media were also carried out with the results graph-
ically reported in Figure 2. The position of the
absorption maxima of the Soret, Q and LMCT bands
depended on the polarity of the solvent, with it being
hypsochromically shifted in more polar or protic media,
as a consequence of metal co-ordination and the
aggregation state of the chromophore.

The studies of the inclusion in micellar solutions pro-
vided interesting informations on their own mode of
binding. Micellar solutions are constituted by 0.1 M
surfactant aqueous solutions, well above their critical
micelle concentration.'* UV-vis spectra of 1MnCl in L-
SDP featured the expected bands with the A, some-
what red-shifted (up to Snm) with respect to that ob-
served in ethanol. This finding suggests an inclusion of
the chromophore in a hydrocarbon like region of the
micelle. Moreover, the sharpness of the LMCT band
indicates that the chromophore is included in the non-
aggregated form. On the contrary the inclusion of
1MnCl in SDS occurs with consistent degree of aggre-
gation, as indicated by the broadening and hypo-
chromicity of the relative Soret and LMCT bands."
These results gave evidence of the role of the porphyrin-
appended functionalities on the selectivity of the solute-
micelle molecular recognition processes. In the case of
the porphyrin 1MnCl, the presence of the L-proline
moiety drives a more efficient recognition process within
the chiral micelle.

CD spectroscopy studies on the inclusion of 1MnCl
within different micellar phases gave more insight on
the interaction of the macrocycle with the surfactant
aggregates. The inclusion of 1MnCl in the L-SDP
micelle, for example, resulted in a bisignate, negative
band centred at ca. 450nm (LMCT feature,
(0], = 4000 degcm? dmol™'; Fig. 3), as a result of the
Induced Circular Dichroism (ICD) by the chiral bio-
membrane model.'® Some experimental evidence, such
as the independence of the molar ellipticity of the
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Figure 3. CD spectra of 1MnCl (8.5x 107° M) in L-SDP 0.10 M.

porphyrin concentration (not shown) within the con-
centration range examined, and the sharpness of the
relative Soret band (UV-vis), ruled out the formation of
porphyrin aggregated species (i.e., n—7 stacked). Ethanol
solutions of 1H, were CD silent in the 350-500 nm range
(i.e., in the porphyrin Soret and LMCT region) even in
the presence of L-SPD (0.1 M). The fact that in ethanol
(i.e., non-aggregating conditions) we did not observe
any ICD, implies that is the stereochemical information
possessed by the surfactant aggregates, that must be
effectively read-out by the included macrocycles upon
noncovalent, specific, interactions. Interestingly, a
EtOH/H,O (20/80, v/v) solution of 1H, featured a
coupled CD band, red-shifted at 480 nm, with opposite
(i.e., positive) sign with respect to that performed in L-
SDP. Moreover, the intensity, higher than that observed
in L-SDP ([0] ., = 6000 deg cm? dmol~'; Fig. 4), and the
shape, were largely dependent on the porphyrin con-
centration.

This finding, along with the presence of some broaden-
ing of the Soret band (UV-vis), implies the formation of
porphyrin chiral aggregates with the L-proline appended
residues driving the helical sense of the self-assembling
process.!” Analogous behaviour was observed upon
inclusion of 1MnCl in SDS 0.1 M. This should corro-
borate the hypothesis, as already evidenced by UV-vis
spectroscopic studies, that the inclusion of 1H, in SDS
occurs with a consistent degree of self-aggregation (see
Fig. 2), towards a chiral structure, driven by the L-
proline functionality. On the other hand, the achiral
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Figure 4. CD spectra of 1MnCl (8.5x 107¢ M) in 90% (v/v) water/
ethanol mixture.

2MnCl derivative became CD silent once included in L-
SDP micelle in either monomeric form or in aggregative
conditions. This finding could be the consequence of the
inclusion of the macrocycle in a nonchiral region of the
micelle, or of scarcely specific interactions between the
porphyrin macrocycle and the aggregates. This behav-
iour was also encountered in the case of parent free-base
macrocycles, indicating that the presence of the central
metal atom does not heavily influence the interaction
with the surfactant aggregates.

Fluorescence spectroscopy studies on the Mn(III)
derivatives, could not be carried out as the presence of
the heavy metal atom precluded the acquisition of
fluorescence signals.'> However, quenching fluorescence
experiments, were carried out on the parent 1H,/L-SDP
system in order to acquire information on the localisa-
tion of the macrocycles within the biomembrane models,
with the assumption that the absence of the central
metal atom would not dramatically affect the topology
of inclusion. The use of ‘depth-dependent’ lipophylic
quenchers'® such as 2-bromooctanoic acid and 16-bromo-
hexadecanoic acid, C2-Br, and C16-Br, respectively,
provided some information on the location of 1H; in the
chiral micellar aggregates. The different effect of the
probes could imply a preferential location of the por-
phyrin solute within the micelle.

In fact, the fluorescence of the 1H, was quite affected by
C16-Br whereas it could not be quenched by C2-Br (Fig.
5), indicating a location of the macrocycle in an internal,
hydrophobic region, of the surfactant aggregate. From
the corresponding plot, a Stern—Volmer quenching
constant of Ksy 15 M~! can be estimated. The value is in
line with those commonly observed in the case of static
quenching with a bromide ion.'8

The cytochrome P450 biomimetic epoxidation® ability
of 1MnCl was tested in either chiral L-SPD, or in SDS
0.1 M aqueous solutions, by following a protocol re-
ported in the Experimental section, and outlined in
Scheme 2. The results have been compared to those
obtained in the case of the achiral 2MnCl, and are
summarised in Table 2. (R)-(+)-limonene 1 was chosen
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Intensity (a.u.)

50° |-

600 620 640 660 680 700 720
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Figure 5. Fluorescence emission spectra of 1H, (8.5x 10~® M) in (a) L-
SPD 0.10M, and (b) SDS 0.10 M. Inset: Stern—Volmer plot of the
fluorescence quantum yield of 1H, (8.5x 107° M) in L-SDP 0.10 M, at
varying concentrations of 16-bromohexadecanoyc acid (@), and
2-bromooctanoic acid (O).
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Scheme 2. Scheme of epoxidation reaction in various media. (i) [limonene] = 0.02 M; [catalyst] = 3x 10~3 M; [imidazole] = 0.10 M; [H,0,] =0.06 M;

[surfactant] =0.10 M; rt, 10 min.

Table 2. Epoxidation of R-(+)-limonene in different media by H,O,*

Entry Catalyst Medium Epoxide (%)° De*
1 1MnCl L-SDP >95 42
2 1MnCl SDS 55 <5
3 1MnCl EtOH/H,0¢ 15¢ 0
4 2MnCl L-SDP 60 10
5 2MnCl SDS 15 0
6 2MnCl EtOH/H,0¢ 15¢ 0

#[Limonene] = 0.02 M; [catalyst] = 3.0x 10~* M; [imidazole] = 0.10 M; [H,0,] = 0.6 M; [surfactant] =0.10 M.

® Percentage referred to starting olefin.

°De is the diastereomeric excess of the 1,2-epoxide isomers (syn vs anti).

4 Ethanol/water 80:20, v/v solvent mixture.
¢ Regioselectivity endolexo ca. 1/2.
"From Ref. 5b.

as a test substrate, as it has (i) a good solubility in L-
SPD,*® (ii) two different double bonds, namely an
endocyclic and an external one and (iii) a stereogenic
centre. The results obtained provide useful informa-
tion on the intimate structure of the whole
(i.e., micelle/substrate/catalyst) system. The reactions
occurred smoothly at room temperature, with H,O, as
oxidant, in the presence of an excess amount of imid-
azole as co-catalyst. The reaction when carried out in
homogeneous medium (EtOH/H,0, 80:20 v/v) resulted
in a lower degree of conversion, with respect to that
already carried out in micellar phases.

This could be inferred to the onset of catalyst deacti-
vation paths, such as for example the formation of
porphyrin p-oxo derivatives, promoted by porphyrin
self-association? or catalyst bleaching, that are pre-
vented in micellar phases. A poorer degree of regio-
selectivity was also seen. Moreover, the lack of
diastereoselectivity presented by the chiral functiona-
lised 1MnCl, analogous to that observed for the achiral
2MnCl, prove that the mere presence of a stereogenic
centre on the periphery of the macrocycle does not affect
the stereochemical course of the reaction (entries 3 and
6, Table 2). Reactions carried out in micellar phases
proceeded with higher yield and towards the almost
exclusive (>95% of regioselectivity) attack on the inter-
nal double bond (i.e., formation of 1,2-epoxides 2a and
2b), being the external epoxides 3 (attack on the 8,9
double bond) formed in very low amounts. This reflects
the rigid geometrical constraints of the substrate inside
the micellar aggregates, resulting in a preferential
exposition of one of the double bonds to the catalytic
metal centre. The decreased reactivity observed in the
case of the reaction carried out in SDS, should be

inferred to the aggregation of the catalyst in this micellar
system. It is noteworthy that when the reaction was
carried out in L-SDP it proceeded with an appreciable
degree of diastereoselectivity towards the preferential
formation of the syn-epoxide 2a over the anti-diaste-
reoisomer 2b.!"° This result, although not exceptional
from a synthetic point of view, showed an increased
stereoselectivity featured by the 1MnCl/L-SPD system
(de ca. 40, entry 1; Table 2) compared to the other
catalytic systems, namely 1MnClISDS (de ca. 5, entry 2;
Table 2) and 2MnCl/L-SDP (de ca. 10, entry 4; Table 2).
As expected, the reaction carried out under homoge-
neous conditions resulted in no diastereomeric excess.
All these findings suggest that the presence of the
asymmetric environment of the chiral micellar aggre-
gates influences the stereoselectivity of the reaction; it
should be noted that this can not be the only factor
affecting the observed chiral induction. The selective
interaction of the catalyst with the biomembrane model,
as concomitantly evidenced by the spectroscopic studies,
must also play a decisive role on the observed phe-
nomenon. Moreover, the results obtained indicate,
according to the fluorescence quenching experiments,
that the catalytic active site (i.e., the metal centre) should
be located in the inner region of the micelle, that is
within the hydrophobic tail of the surfactants (quench-
ing studies). It is known that a reaction occurring in a
surfacial area of the micelle aggregates, usually yields a
lower extent of stereoselectivity.®® This has been
reported, for example, in some Rh(I)-catalysed asym-
metric hydrogenation reaction? carried out in similar L-
proline amphiphilised derivatives, in which the small
enantiomeric excess observed has been interpreted as the
consequence of the location of the catalyst in a surfacial
area (i.e., the palisade layer) of the micelles. In our case,
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the results can be interpreted on the basis of the for-
mation of an internal chiral pocket, steered by the
interaction of the porphyrin functionality with the chiral
surfactant polar head group.?' Although it is known??
that aggregates formed by chiral surfactants may yield
chiral recognition, the case herein, in our opinion, is
quite novel. The chirality featured by the involved por-
phyrin macrocycles (demonstrated by both CD and
reactivity experiments) is transmitted by the chiral head
groups to an internal region of the micelle (i.e., hydro-
carbon region) that, otherwise, would have been ex-
pected to feature, at least in principle, a low extent of
organisation.

3. Conclusions

The spectroscopic studies on the interaction of chirally
functionalised porphyrin derivatives with chiral micelle
aggregates point out the important role played by the
presence of the appended group on their inclusion
behaviour. The results obtained in CD and reactivity
experiments suggest that chiral recognition takes place
in the hydrophobic region of the aggregates where a
chiral environment is transmitted by the polar head
groups to the hydrophobic chains. These amino acid-
functionalised porphyrins® are of particular interest for
the development of hemoprotein models** or multi-
haem protein mimics for redox catalysis and energy
conversion in respiratory and photosynthetic electron
transfer.?

4. Experimental section
4.1. Instrumentation

UV-vis spectra were performed on a Perkin Elmer A18
Spectrophotometer equipped with a thermostated cell
holder.

CD spectra were performed on a JASCO J-600, equip-
ped with a thermostated cell holder, and purged with
ultra-pure nitrogen gas.

Steady-state fluorescence spectra were recorded on a
SPEX Fluoromax Spectrofluorometer, operating in
single photon counting (SPC) mode. Nanosecond de-
cays were measured by a CD900, SPC lifetime apparatus
from Edinburgh Instruments.

GC analyses were performed on a Carlo Erba HRGC
equipped with a Supelco SPB-35 capillary column. GC-
MS runs have been performed on a Varian 3400
matched to a mass selective Hewlett—Packard HP-5970
detector.

4.2. Materials
Chemicals (Aldrich, Merck or Fluka) were of the highest

grade available and used without further purification.
Silica gel 60 (70-230 mesh) was used for column chro-

matography. Solvents were dried, distilled and degassed
prior to use by using standard procedures.?® Solvents
employed in the spectroscopic studies are of spectro-
scopic grade and used as received. SDS (Fluka) was
used as received. Aqueous solutions of the surfactants
were found to be fluorescence free and were used as
such.

4.3. UV-vis and CD spectroscopic studies

Incorporation of the substrates in micellar phases were
accomplished by injection of the required amount of
porphyrin stock solution (1-5mM ethanol solution) in
0.10 M doubly distilled water solution of surfactants.
The resulting solutions were incubated at 35°C for
30min. The clear solutions obtained (final porphyrin
concentration within the range 1x 1077-1 x 107> M) were
found to be stable in the dark at room temperature, with
no significant alteration (UV-vis check of the band
intensities) or precipitation observed after several
months of storage.

4.4. Fluorescence spectroscopy experiments

All fluorescence experiments were carried out in quartz
cells, using freshly prepared solutions, thermostated at
25°C. Quenching experiments were carried out by
measuring the fluorescence of the porphyrin (typically
5x107°M) in 0.10M surfactant solution containing
different concentration of quenchers (0-0.025M). The
solutions were prepared by co-dissolving in a 2mL
volumetric flask the required amount of quencher, sur-
factant and porphyrin into the minimum amount of
absolute ethanol. The solvent was evaporated (gentle
warming under a nitrogen stream) and the residue
dissolved in 2mL of distilled water (Millipore grade).
This procedure ensured a constant concentration of the
porphyrin fluorophore throughout the titration experi-
ment. Spectra were acquired after 15 min of incubation
at 35°C.

4.5. Preparation of porphyrin derivatives

All the reactions were carried out under an inert atmo-
sphere. The protocol for the synthesis of 2H, and
2MnCl, outlined in Scheme 1, has previously been re-
ported.*®

4.6. 5-[4-(Carboxyphenyl-(/NV-L-proline #-butyl ester))]-10-
15-20-triphenylporphyrin 3H,

To a stirred solution of 0.14g of 2H, (0.211 mmol)
in 25mL of CH,Cl, kept at 0°C, 0.041 g of 1-[3-(dime-
thyl-amino)propyl]-3-ethylcarbodiimide hydrochloride
(EDCI, 0.211 mmol) and 0.029 g of 1-hydroxy-1H-benzo-
triazole (HOBT, 0.211 mmol were added). The solution
was stirred, at 0 °C for 1 h, then an excess of L-proline ¢-
butyl ester (0.11g; 0.633mmol) added. The reaction
mixture was stirred at room temperature overnight. The
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solvent was then removed under reduced pressure and
the residue dissolved in 100 mL of chloroform and ex-
tracted with brine (3x100mL). The organic layer was
dried over Na,SO, and the solvent evaporated to give
125mg of pure 3H, (TLC) as purple solid. Further
purification (SiO, chromatography, CHCI;/CH;0OH 9:1
v/v as eluant) gave 105mg of 3H, (0.130 mmol; 61%
yield) as bright purple crystals. UV-vis (CHCL;): Apax
(loge) 419 (5.1), 514 (3.8), 546 (3.6), 586 (3.7), 645 (3.2).
FAB-MS (NBA), m/e: 811 [M—-H]*.

4.7. 5-|[4-(Carboxyphenyl-(/N-L-proline))]-10-15-20-tri-
phenylporphyrin 1H,

In a 50mL round bottomed flask, 100mg of 3H,
(0.123 mmol) were dissolved in 50 mL of CH,Cl,/triflu-
oroacetic acid (1:1 v/v). The reaction mixture was stir-
red, at room temperature, for 1 h. The solvent was then
evaporated under reduced pressure and the greenish
residue dissolved in 50mL of chloroform and washed
with 50 mL of a saturated NaHCO; aqueous solution.
The organic layer was dried over Na,SO,, evaporated
and the solid crystallised (CHCl;/hexane) to give 75 mg
(0.10 mmol; 80% yield) of purple crystals of pure 1H;.
UV-vis (CHCLy): Anax (log) 419 (5.1), 514 (3.8), 546
(3.8), 586 (3.7), 642 (3.5). FAB-MS (NBA), m/e: 756
[M+H]*. '"H NMR (CDCly), d: 9.1-8.5 (br s, 8H, pyr-
role $-Hs), 8.25 (d, J = 8.2Hz, 2H, 3-C¢H4OR), 8.15
(d,J = 8.2Hgz, 2H, 2’-C4H4OR), 4.7-4.5 (m, 1H, proline
o-H), 4.8-3.7 (m-2H, proline 8-H), 2.5-1.9 (m, proline,
v, f-Hs), =2.79 (br s, 2H, pyrrole NH) ppm.

4.8. Manganese[5-(4-(carboxyphenyl-(/NV-L-proline z-butyl
ester)))-10-15-20-triphenylporphyrinyl] chloride 3MnCl

The preparation of 3MnCl was accomplished by fol-
lowing the procedure reported for 3H,. Starting from
0.190g of 2MnCl (0.270mmol), 0.039g of HOBT
(0.028 mmol) and 0.054 g of EDCI (0.028 mmol), 0.150 g
of 3MnCl (0.160 mmol; 45% yield) was obtained after
work-up and column chromatography (SiO,, CHCIs/
CH;0H 1:1 v/v as eluant). UV-vis (CHCl3): Anax (loge)
376 (4.6), 425 (4.4), 468 (4.8), 561 (3.9), 598 (3.8). FAB-
MS (NBA), m/e: 865 [M—-CI]*.

4.9. Manganese[5-(4-(carboxyphenyl-(/V-L-proline)))-10-
15-20-triphenylporphyrinyl] chloride 1MnCl

The preparation of 1MnCl was accomplished by fol-
lowing the procedure reported for 1H,. Starting from
0.10g of 3MnCl (0.110 mmol), 0.070 g of 1MnCl was
obtained (0.086 mmol; 78% yield) after work-up and
crystallisation (CHCls/hexane). UV-vis (CHCL3): Apax
(loge) 378 (4.6), 403 (4.6), 425 (4.4), 466 (4.8), 561 (3.9),
598 (3.8). FAB-MS (NBA), m/e: 809 [M—-CI]*.

4.10. Epoxidation reactions

The solutions for the epoxidation experiments were
prepared, in a 3mL vial equipped with magnetic stirring

apparatus, by co-dissolving the required amount of
porphyrin catalysts 1MnCl or 2MnCl, and imidazole in
400 uL of dichloromethane. The resulting solution was
briefly sonicated to homogeneity and the solvent then
removed by gentle warming with the aid of an argon
stream. The appropriate surfactant solution (2mL)
containing the required amount of olefin was then added
and the resulting mixture stirred and sonicated until
dissolution. The reaction mixture was incubated at 35 °C
for 15min and then cooled to 25°C. Aliquots of 1.0 M
H,0, aqueous solution were added and the resulting
mixture (final concentration of 0.6 M) vigorously stirred
for 10 min. This reaction time allowed us to observe the
differences between the catalytic systems: However by
prolonging the reaction time, some decomposition of the
epoxides (i.e., ring opening) can occur. An internal
standard (n-decane or n-dodecane) was then added and
an aliquot (200 pL) of the reaction mixture then taken,
quenched with methanol (100 uL) (in order to disrupt
the micellar aggregates) filtered from the eventually
precipitated salts and extracted with petroleum ether.
The organic phase was analysed by GC and GC-MS.
Runs were triplicated and were reproducible within 5%.
The reaction products were characterised by compari-
sons (GC and GC-MS) with authentic samples. As far
as the reactions in aqueous solvent mixture were con-
cerned, the oxidant was added to a 2mL solution of
catalyst, imidazole and olefin, in the appropriate molar
ratio. The reaction mixture was then extracted (petro-
leum ether) and analysed as described above.
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