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Control of Epoxidation Enantioselectivity by Axial Ligation in Manganese
Chiroporphyrins with Diastereotopic Faces
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A manganese(IIl) chiroporphyrin with alternate pentafluoro-
phenyl and chiral cyclopropyl meso-substituents in the aFoF
conformation has been shown by X-ray crystallography to
have its chloro axial ligand predominantly on the non-chiral
B face. Epoxidation of 1,2-dihydronaphthalene by iodosyl-
benzene induced by the neat catalyst in dichloromethane so-
lution shows a twofold increase in enantioselectivity relative

to the same reaction in the presence of pyridine. These ob-
servations suggest that the location of the chloro ligand on
the B face can block that face from participating in catalytic
epoxidation, and direct the reaction to take place on the
chiral a face.

(© Wiley-VCH Verlag GmbH, 69451 Weinheim, Germany,
2002)

Introduction

Chiroporphyrins derived from (1R)-cis-hemicaronal-
dehydic acid (1) display an afof conformation of the chiral
meso-substituents which make their two faces equivalent.!!
Their manganese(III) complexes such as chloromangane-
se(IIT) tetramethylchiroporphyrin [MnCI(TMCP)] (2) are
mild asymmetric catalysts in olefin epoxidation by iodosyl-
benzene, with ee’s in the range 60—86% for the epoxidation
of 1,2-dihydronaphthalene.”3! With the aim of improving
the reactivity of these catalysts, we have introduced elec-
tron-withdrawing pentafluorophenyl substituents in the two
opposite meso positions.[] We report here that the resulting
chiroporphyrin free bases have a predominant conforma-
tion (labelled aFaF) in which two opposite chiral cyclopro-
pyl substituents are located on the same face of the macro-
cycle (labelled o), leaving the other face (labelled ) devoid
of stereogenic groups. The enantioselectivities of 1,2-dihy-
dronaphthalene epoxidation induced by several catalysts of
this type have been measured with or without added pyrid-
ine, and the results provide new insights into the stereo-
chemistry of the active oxidant.

Results and Discussion

Methyl and benzyl esters were obtained by deprotonation
of 1 with sodium hydride followed by nucleophilic attack
on methyl iodide or benzyl iodide, respectively.’! Mixed
condensation of either aldehyde ester with pentafluorobenz-
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aldehyde and pyrrole, catalysed by trifluoroacetic acid un-
der standard reaction conditions, afforded a mixture of
porphyrins (Scheme 1) from which pure products could be
isolated after several consecutive separations on TLC plates.
Ten types of chiroporphyrin-free bases with mixed meso-
substitution are expected in this case, of which seven were
obtained in amounts sufficient for characterization by elec-
trospray mass spectrometry and NMR spectroscopy. The
stereochemistries of the seven compounds, depicted schem-
atically in Scheme 2, were assigned on the basis of the ob-
served 'H and '3C NMR spectral multiplicities. Among the
chiroporphyrins with two pentafluorophenyl groups, those
with identical orientations of the chiral substituents (a«FaF
and aaFF) were predominant for both ester derivatives (re-
spective yields for H,MeCP: 4% and 4%; respective yields
for H,BzCP: 0.2% and 0.2%). Compounds of the type
opFF and BoFF were obtained in minute amounts among
the benzyl ester derivatives, but they could not be separated.
The oFBF stereoisomer was obtained in 0.2% yield in the
H,BzCP mixture, but it was not detected in the H,MeCP
mixture. The apaF chiroporphyrin was obtained in 3%
yield among the methyl ester derivatives, but it was not de-
tected among the benzyl ester derivatives. The chloroman-
ganese(III) complexes shown in Figure 1 were obtained by
standard metal insertion methods, and pure samples ob-
tained by TLC were characterized by electrospray mass
spectrometry and UV/Visible spectroscopy.

The X-ray structure of the catalyst [MnCl(a.FaF)MeCP]
(3) was solved, and a stick representation is shown in Fig-
ure 2. The porphyrin macrocycle of 3 is less ruffled than
that of [MnCI(TMCP)] (2),”! with average out-of-plane dis-
placements of the C,,.,, atoms with respect to the 24-atom
mean-planes of 0.43(1) A for 3 and 0. 73(1) A for 2, consist-
ent with the absence of steric crowding on the  face of the
former. The average Mn—Np bond length is therefore
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Scheme 1. Cross-condensation synthesis of the chiroporphyrin mix-
tures
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Scheme 2. Symmetry elements and NMR multiplicities of chiropor-
phyrins with mixed substitution by pentafluorophenyl and chiral
cyclopropyl groups; homochiral cyclopropyl substituents are de-
picted as left hands

longer in 3 [1.9972(7) A] than in 2 [1.974(2) Al, and the
Mn—Cl bond length is also longer [2.3868(8) A wvs.
2.3475(9) A]. The manganese atom of 3 is slightly displaced
from the porphyrin mean plane by 0.14 A (as compared to
0.44 A in 2). There is a small disorder of the chloro ligand
of 3, which is predominantly (ca. 90%) located on the open
{3 face as shown in Figure 2 (B-Cl conformer). The presence
of a small amount of a-Cl conformer in the samples of 3
(ca. 10% as indicated by the crystallographic disorder
model) was confirmed by TLC on silica gel, which showed
a minor, more polar spot very close to the major spot, and
inseparable from it. The conformer composition of the
chloromanganese(III) complex derived from the analogous
benzyl ester derivative {noted [MnCl(aFaF)BzCP] (4)} has
not been determined.

Asymmetric epoxidation of 1,2-dihydronaphthalene by
iodosylbenzene with 3 as catalyst was faster than with the
first-generation chiroporphyrin catalystsi® and gave im-
proved product yields. For example, epoxide yields obtained
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Figure 1. Stereochemistries of the five characterised types of chiro-
porphyrin catalysts with mixed substitution by pentafluorophenyl
and chiral cyclopropyl groups

Figure 2. Stick representation of the structure of the major (90%)
B-Cl conformer in the crystal lattice of [MnCl(aFaF)MeCP] (3),
showing the moderate ruffling of the macrocycle; selected bond
lengths (A): [Mn—Np] average 1.9972(7), Mn—Cl 2.3868(8); Mn js
displaced from the porphyrin mean plane towards Cl by 0,14 A;
the C,,., atoms are displaced alternatively up [+0.46(1) A] and
down [—0.40(1) A] with respect to the 24-atom mean plane

with 3 under our standard conditions with pyridine co-cata-
lyst reached 96% after only 15 min, as compared to 83%
after 60 min for 2 (Table 1). On the other hand, the ee
lagged below 20% for 3, as compared to 60% for 2, indicat-
ing that epoxidation takes place at a significant rate on the
non-chiral B face of 3. Bulky bases such as 4-tert-butylpyr-
idine, 1-(zert-butyldimethylsilyl)imidazole, 1,5-dicyclohexyl-
imidazole, or diazabicyclo[2.2.2]octane had a similar effect
to that of pyridine (Table 1). These observations led us to
exclude the nitrogen bases and to use the neat chloroman-
ganese(III) complexes 3 and 4 as catalysts. A remarkable
improvement of the ee (which more than doubled from 18%
to 43% for 3, and from 17% to 35% for 4) was obtained,
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without affecting much the reaction rates and product
yields, which remained satisfactory (Table 1).

Table 1. Catalytic asymmetric epoxidation of 1,2-dihydronaph-
thalene with manganese chiroporphyrins 3—5

Axial ligand® Epoxide yield (%o)®! [l ee (%, 60 min)l!

Smin 15 min 30 min 60 min
[MnCl(aFaF)MeCP] (3)

py 62 96 >99 >99 18
bp 48 86 97 >99 17
bsi 80 86 92 95 2
dci 12 61 75 98 5
dabco 33 51 63 67 15
none 73 82 87 88 43
[MnCl(aFuF)BzCP] (4)
py 33 60 70 80 17
none 79 82 90 96 35
[MnCl(oFBF)BzCP] (5)
py 48 — — 17
none 45 75 81 >99 31

[al Axial ligands: py = pyridine; bp = 4-zert-butylpyridine; bsi = 1-
(tert-butyldimethylsilyl)imidazole; dci = 1,5-dicyclohexylimidazole;
dabco = 1,4-diazabicyclo[2.2.2]octane. ! Reactions conditions: 1.0
pumol of catalyst, 100 pmol of iodosylbenzene, 250 pmol (or none)
of axial ligand, and 1.00 mmol of 1,2-dihydronaphthalene in 2 mL
of CH,Cl,, 1 h. [l Based upon iodosylbenzene and determined by
GC analysis with 20 pL of n-tridecane as internal standard. [ De-
termined by GC (Cyclodex-B chiral capillary column). The major
enantiomer had 1S,2R absolute configuration in all cases.

The detrimental effect of pyridine on enantioselectivity
in this system is unexpected, since in most previous investi-
gations the ee increases upon addition of a nitrogen base.
A complete understanding of this effect is difficult because
the nature of the active catalyst in the presence of pyridine,
and that of the active oxidant, have never been estab-
lished.[”-¥1 However, our results are consistent with a simple
mechanism in which the presence of the chloro ligand on
the B face favours the binding of added ligands on the va-
cant site of the a face. Pyridine binding on the chiral o face
would, in turn, direct the formation of the active oxidant
on the non-chiral B face, resulting in a poor ee, while iodos-
ylbenzene binding on the o face in the absence of pyridine
would generate the active oxidant on that same face and
induce a good enantioselectivity. A rough calculation based
on potential ee values of 60% for the o face (similar to that
of 2) and of 0% for the § face, and assuming equal reactivit-
ies on both faces, gives an overall ee value of about 50% for
the mixture of conformers of 3 in a 90:10 B-Cl:a-Cl ratio.
The reasonable agreement with the observed ee suggests
that 2 and the B-Cl conformer of 3 have similar enantiose-
lectivities.

Conclusion

In summary, although several elaborate synthetic routes
to A,B, porphyrins are available,®! cross condensation is an
expedient method to obtain the free-base precursors of
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active chiroporphyrin catalysts for a quick screening of their
ee’s in a combinatorial sense. The two diastereotopic faces
of a chiroporphyrin with mixed meso-substitution by pen-
tafluorophenyl and chiral cyclopropyl groups in an aFoF
conformation have widely different potential for enanti-
ocontrol. The preference of the chloro ligand of manganese
for the B face devoid of stereogenic groups in 3 directs the
formation of the active oxo species on the a face and allows
enantioselective olefin epoxidation. The electrophilicity of
3 allows the catalytic epoxidation to be carried out without
exogenous ligand such as pyridine, which is advantageous
since the latter can be a competitive substrate.!”!

Experimental Section

General Remarks: Solvents and chemicals were used without puri-
fication unless indicated. Dichloromethane was stabilized by eth-
anol (ACS for analysis, C,HsOH 0.1%). Pyrrole was purified by
filtration through alumina before use. The methyl and benzyl esters
of 1 (biocartol esters) were prepared according to previously pub-
lished procedures.[' Thin-layer chromatography was performed us-
ing Merck precoated silica plates 60F-254. Silica gel (230—400
mesh) and alumina (neutral, act. I) were used for column chroma-
tography.

Spectroscopy: UV/Visible spectra were recorded on a
Perkin—Elmer Lambda 9 instrument. Nuclear magnetic resonance
spectra were obtained with Bruker AC 200, or Varian Avance 400
and 500 instruments. Spectra are tabulated in the following order:
chemical shift (8 values), multiplicity (s = singlet, d = doublet, t =
triplet, m = multiplet, br = broad singlet), number of protons,
assignment [CH,,, (aromatic proton or carbon), C,,,r (pentafluor-
ophenyl carbon), Hg (B pyrrolic protons of chiroporphyrins), C,
and Cg (a and P pyrrolic carbon of chiroporphyrins), Cyeso (meso
carbon of chiroporphyrins)]. The § values of the C atoms connected
to F atoms are not reported in the '*C NMR spectra for some
porphyrins because of high coupling constants.'” Mass spectra
were determined in the electrospray mode on a Finnigan
MATLCQ instrument.

Typical Procedure For the Synthesis of Free Base Porphyrins: A
2.5 L commercial brown bottle filled with CH,Cl, (containing 0.1%
ethanol), equipped with a gas inlet, and shielded from ambient light
by aluminium foil, was purged with argon for one hour. The flask
was then charged with 6.4 mmol of biocartol methyl or benzyl ester,
6.4 mmol of pentafluorobenzaldehyde, and 15.4 mmol (1.2 equiv.
relative to total aldehyde) of pyrrole under argon, followed 10 mi-
nutes later by the addition of 15.4 mmol (1.2 equiv.) of TFA. The
resulting mixture was stirred at room temperature under gentle ar-
gon flow for 3 days. After this time, 12.8 mmol (1 equiv.) of DDQ
was added to the reaction mixture which was stirred at room tem-
perature for 4 hours. The solvents were then evaporated to dryness.
The residue was chromatographed on alumina (neutral, act. I),
eluting with CH,Cl, containing 2% methanol under UV/Visible
spectroscopic control, to afford a mixture of porphyrins. Pure com-
pounds were obtained by preparative chromatography on success-
ive TLC plates.

Selected Spectroscopic Data for Hy(aFaF)MeCP: ES-MS: m/z =
895.2 (caled. 895.8 for [MH™]). UV/Vis (CH,Cly): Apax = 421 nm,
519, 551, 595, 652. '"H NMR (400 MHz, CDCl): § = —2.26 (br, 1
H, NH), 0.99 (s, 6 H, CHai), 1.95 (s, 6 H, CHse), 2.85 [d, 2 H,
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CH-C(O)], 3.13 (s, 6 H, OCHs), 4.96 [d, 2 H, CH—CH~-C(0)0],
8.64, 8.71, 9.31, 9.52 (4d, 8 H, Hp) ppm. '3*C NMR (Zn" complex,
200 MHz, CDCl5): 6 = 18.6 (CHj3), 27.9 (CYV), 29.2 (CHj), 33.7
(CH), 38.8 (CH), 51.1 (OCHs), 101.9, 113.7 (Cynec), 129.4, 129.5,
130.1, 132.0 (Cp), 133.5—144.8 (m and br, C,,p), 148.0, 148.1,
151.8, 152.5 (C,), 171.2 [C(O)] ppm.

Selected Spectroscopic Data for H,(aFpF)BzCP: ES-MS: m/z =
1047.3 (calcd. 1047.9 for [MH™]). UV/Vis (CH,CL): Apax = 422
nm, 520, 550, 594, 654. '"H NMR (400 MHz, CDCls): § = —2.35
(br, NH), 1.05 (s, 6 H, CHsi), 1.96 (s, 6 H, CHze), 2.93 [d, 2 H,
CH-C(O)], 438, 461 (2d, 4 H, OCH,), 488 [d, 2 H,
CH—-CH-C(0)0], 6.65-6.85 (m, 10 H, CH,,,,), 8.42, 8.65, 9.23,
9.42 (4d, 8 H, Hp) ppm. *C NMR (Zn" complex, 400 MHz,
CDCl3): § = 19.0 (CH3), 28.3 (C%Y), 29.5 (CH3), 33.9 (CH), 39.4
(CH), 66.2 (OCH,), 101.4, 101.9, 113.5 (Cyjes0), 128.1, 128.5, 128.9
(CH,yo), 129.6, 130.0, 130.3, 131.9 (Cp), 136.4 (CLY,), 147.8, 148.3,
152.2, 152.9 (C,), 170.9 [C(O)] ppm.

Selected Spectroscopic Data for Hy(apaF)MeCP: ES-MS: m/z =
855.3 (caled. 855.9 for [MH™]). UV/Vis (CH,Cly): Apax = 425 nm,
524, 563, 603, 654. 'TH NMR (400 MHz, CDCl3): § = —1.85 (br,
NH), 0.90, 0.95, 1.00 (3s, 9 H, CH;i), 1.97, 2.00, 2.01 (3s, 9 H,
CH;e), 2.86, 2.88, 2.94 [3d, 3 H, CH-C(O)], 3.15, 3.18, 3.19 (3s, 9
H, OCH,), 4.88, 4.94, 4.96 [3d, 3 H, CH—CH—-C(0)0], 8.57—9.42
(m, 8 H, Hp) ppm. *C NMR (400 MHz, CDCl;): § = 18.6 (CH;),
27.8, 28.1, 28.3 (C'V), 29.2 (CH3), 33.6 (CH), 38.3, 38.4, 38.6 (CH),
51.4 (OCH3), 99.8, 111.7, 112.1, 112.3 (Cpes0), 127.7, 128.2, 128.6,
129.0, 129.3, 131.0, 131.4, 132.0 (Cp), 136.8 (br), 136.6 (br), 138.9
(br), 140.7 (br), 142.4 (br), 143.2 (br, Cypo.p), 147.5—150.9 (C,),
171.0, 171.1, 171.3 [C(O)] ppm.

X-ray  Crystallographic =~ Study: Crystal data for 3:
MnCl(CysH30O4N4F;0):CHCI5:0.5 CH,Cl,1.41H,0, M = 1170.44,
monoclinic space group P2y, a = 13.1971(7), b = 15.3994(8), ¢ =
14.5274(8) A, B = 115.8040(10)°, V' = 2658.0(2) A T= 223(2) K,
Z =2, u(Mo-K,) = 0.583 mm~!, 11678 reflections (R,,, = 0.0202)
which were used in all calculations. The final R was 0.0510, the
final wR(F?) was 0.1258 [1 > 2o(1)].
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CCDC-171628 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge at
www.ccde.cam.ac.uk/conts/retrieving.html [or from the Cambridge
Crystallographic Data Centre, 12, Union Road, Cambridge
CB2 1EZ, UK; Fax: (internat.) +44-1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk].
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