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Abstract: The structures of (R,S)- and (R,R)-(salen)manganese(IlI) complexes [(R,S)-2a,b and (R,R)-2a,b]
possessing axial chirality as one of their two chiral elements were unambiguously determined by X-ray
crystallographic analysis. The basal salen ligands of the complexes were demonstrated to adopt a stepped
conformation but the degree of their non-planarity varied with the apical ligands and the relative
stereochemistry of two chiral elements of the complexes. From these structural analyses, it was indicated that
two factors, the chirality of the conformation of the five-membered chelate ring and the OH-xt interaction
between the apical aqua ligands and the 2"-phenyl group in the C3-naphthyl substituent, dictates the ligand
conformation and, in turn, influences the asymmetric induction by (R,S)- and (R,R)-Mn-salen complexes.

© 1999 Elsevier Science Ltd. All rights reserved.

Introduction

Catalytic asymmetric oxidation of various organic compounds is of increasing importance in synthetic
chemistry. Undoubtedly, development of chiral metal catalysts has promoted the rapid progress of this area
and among them chiral (salen)manganese complexes (hereafter referred to as Mn-salen complexes) are
currently recognized to be the most versatile.! We have developed chiral Mn-salen complexes bearing four
asymmetric centers at their ethylenediamine and salicylaldehyde moieties!a? and achieved high
enantioselectivity in various asymmetric oxidation reactions such as epoxidation, oxidation of enol ethers and
sulfides, benzylic C-H oxidation, desymmetrization of meso-tetrahydrofurans and -pyrrolidines, and kinetic
resolution of allenes, especially with the second generation Mn-salen complexes bearing a chiral binaphthyl
subunit such as (R.5)- and (R,R)-1 as catalysts.2 Although asymmetric induction by complexes {(R.,S)- and
(R.R)-1] is influenced by the substituents on the salen ligand (R, Ar, and X), it is strongly affected by the
relative configurations between the chiral binaphthyl and ethylenediamine subunits and by the presence or
absence of donor ligands. The best configuration varies with the type of reaction. For example, asymmetric
oxidation of sulfides and desymmetrization of meso-tetrahydrofurans and -pyrrolidines are well effected by
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Ar= CGHS or p-[t-Bu(CeH5)QSi]CGH4
X=H or MeO

R,R= CgHs, 3,5-MexCgHg, or -(CHa)4-
Y= PFg or AcO'

using (R,R)-complexes as catalysts in the absence of donor ligand, while asymmetric epoxidation, oxidation of
enol ethers, and kinetic resolution of racemic allenes are better catalyzed by (R,S)-complexes in the presence of
donor ligand. The issue of this substrate-specificity should be addressed by studying the structures of the active
ox0 Mn(V)-salen complexes but these species are too reactive to be isolated.? Only the presence of oxo
Mn(V)-salen complexes was recently proved by MS/MS study of p-oxo Mn(IV)-salen species,4 still no
information on their structures has been available to date. Therefore, we performed the study on the structure
of Mn(II)-salen complexes3 which have been expected to have a structure closely related to the oxo species.
The X-ray structures of several Mn(IIl)-salen complexes had been already determined to have slightly or
shallow stepped ligand-conformation.52.6¢ On the basis of these resuits and in analogy with metalloporphyrin
complexes, most of the mechanistic discussions had been made on the assumption that the oxo Mn(V)-salen
complexes also have planar structures.> However, some recent results are not consistent with this assumption.
For example, enantioselective epoxidation using an achiral Mn(III)-salen complex in the presence of chiral
apical ligand as the catalyst’a-¢ can be explained only by assuming that the salen ligand of oxo Mn-salen
species possesses high conformational freedom and takes non-planar, probably stepped conformation which
had been proposed to explain the effect of C5 and C5' substituents on enantioselectivity.8 Furthermore, the fact
that Mn-salen complexes bearing a carboxylate appendage at its ethylenediamine unit shows the opposite sense
of asymmetric induction to that by the usual C;-symmetric Mn-salen complexes strongly supports our proposal
that oxo Mn(V)-salen species exists in a non-planar stepped conformation (Figure 1).7d To clarify what factors
participate in the control of the conformation of Mn-salen complexes, we studied the X-ray structures of
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Figure 1. Proposed stepped conformation of oxo Mn(V)-salen
complex and substrate approach.
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complexes (R,$)-2 and (R,R)-2.9

Results and Discussion

Cationic Mn(Ill)-salen complexes (R,5)-2 and (R,R)-2 (Figure 2) were synthesized from the
corresponding acetates!®!! by the anion exchange!2 according to the reported procedure. Recrystallization of

these complexes from the appropriate solvents gave single crystals, (R,5)-2a, (R,5)-2b, (R,R)-2a and (R,R)-2b
and their molecular structures were unambiguously determined by X-ray diffraction analysis as described in
Figure 3. The central manganese ions of (R,S)- and (R,R)-2a are coordinated by two aqua ligands and those of
(R.S)- and (R,R)-2b by cyclopentene oxide and aqua ligands at the apical sites. The selected bond lengths and
angles of these complexes are shown in Table 1. The several common structural features between these
complexes were observed: i) The basal salen ligands are coordinated to the manganese ion in slightly distorted
square planar geometry with stepped conformation which is indicated by the deviation of the C7(7') atoms from
the mean N(I1)N(2)O(1)O(2) plane!3 (the side views in Figure 3). ii) The five-membered chelate rings
including two imino nitrogen atoms adopt a half-chair conformation with the two phenyl substituents being
disposed at pseudo-equatorial positions. iii) The phenyl substituents on the C3- and C3'-naphthalene rings are
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87° and 81° in (R,R)-2a, 75" and 85" in (R,R)-2b] and the separations between the centroids of the phenyl
groups and the benzene ring units including C7' atom in the naphthalene rings [5.52 and 5.06 A in (R.5)-2a,
5.14 and 4.84 A in (R,$)-2b, 5.53 and 5.16 A in (R,R)-2a, 5.00 and 4.89 A in (R,R)-2b} are small enough for
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in Figure 3).!4 iv) The distances between the centroids of phenyl groups of the C3- and/or C3'-substituents and
the apical oxygen atoms are very short [3.43 and 3.44 A in (R.S)-2a, 3.84 A in (R,5)-2b, 3.15 and 3.24 A in
(R.R)-2a, 3.56 A in (R.R)-2b] as indicated by dotted lines, suggesting the existence of OH-x interaction
between them.!> Nonetheless, there are differences in their structures as described below.

Although complexes (R,S)-2a and -2b and (R,R)-2a and -2b differ only in the apical ligand and the
chirality of the ethylenediamine unit, the sense and degree of the ligand-folding are different, respectively, as
shown in Figure 3. The five membered chelate rings including manganese ion and ethylenediamine unit take a

)
Ph Ph
(R.5)-2 (R.A)-2
a: L'=1%= H,0 a:L'=L2%=H,0
b: L'= cyciopentene oxide, L?= HyO b: L'= cyclopentene oxide, L?= H,0

Figure 2.
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half-chair conformation, in which manganese ion and two nitrogen atoms exist in the mean plane of the salen
ligand, one methine carbon atom above the plane and the other methine carbon below the plane. Since ail the
substituents [manganese ion, C1 (or C1') carbon. the methine carbon next to the imino nitrogen} of the C=N
double bonds roughly exist in the same plane, two C=N double bonds incline up- and down-ward, respectively,
causing the ligand-folding. As the phenyl substituents at the ethylenediamine unit take a stable equatorial
orientation, the sense of the folding of the chelate ring in (R,S)-2 and (R,R)-2 is opposite to each other. The X-

(Side view from the diamine side) (Top view )

""""""" OH-n interaction -«» CH-n interaction (edge-to-face
-— CH-r interaction aromatic interaction)

(R,R)-2a-side (R,R)-2a-top
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(continued)
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Figure 3. ORTEP diagrams of the Mn-salen cations from (R,S)-2a,b and (R,A)-2ab with thermal
ellipsoids at 30% probability level. Al the hydrogen atoms have been omitted for clarity. The deviations
ot C7(7') atoms from the basal mean N,N,0,0-plane have been calculated by using SPARTAN on an
IRIS-O2™.

ray structures of complexes (R,S)-2 and (R,R)-2 are consistent with this consideration. On the other hand, the
degrees of the folding of the salen ligands in the four complexes are considerably different, as demonstrated by
the deviation of the naphthalene rings from the mean plane of the basal salen ligands shown in Figure 3. It is
noteworthy that (R,S)-2 a bearing two aqua ligands at its apical positions takes a shallow stepped conformation,
while (R,R)-2a bearing also two aqua ligands take a deeply folded stepped conformation. Furthermore, the
replacement of one of the aqua ligand in (R,S)-2 a with cyclopentene oxide increases the folding of its salen
ligand, while the replacement of the aqua ligand in (R,R)-2 a reduces the folding. These results indicate that,
besides the chelate conformation discussed above, some other factor influences the degree of ligand-folding.
As discussed above, the distances between the aqua ligand and 2"-phenyl ring are very short. This suggests that
the 2"-phenyl ring and the aqua ligand attractively interact through OH-r interaction.!5 Since the OH-nt
interaction works similarly in (R,S)-2a,b and (R,R)-2a,b, and the effect of the chelate conformation works
reverse in (R,S)-2a,b and (R,R)-2a,b, these two factors should influence synergetically in (R,R)-complexes and
cancel out in (R,S)-complexes. For example, in (R,5)-2 a, the OH-n interaction works to pull up the left-half of
the salen ligand and down the right-half, while the chelation effect moves down the left-half of the ligand and
up the right-half. Thus, two factors cancel out to each other and (R,S)-2a takes a shallow stepped
conformation. On the other hand, in (R,R)-2a, two factors work synergetically to increase the ligand-folding
and to shift the 2"-phenyl ring to the right side [compare the locations of the 2"-phenyl rings in (R,5)-2a and
(R.R)-2a] (Figure 3).

Difference in the mutual work of two factors in (R,S)-2 a and (R,R)-2a is also reflected in the distance of
2"-phenyl ring and apical aqua ligand (vide supra) and in the conformation of 3- and 3'-substituents. The
substituents in (R,5)-2 a stand almost perpendicular to the basal salen ligand, while the substituents in (R,R)-2a
incline toward the apical aqua ligand.

Replacement of one of the aqua ligands with cyclopentene oxide reduces the OH-r interaction by half.
Furthermore, the cyclopentane ring of the coordinated epoxide locates in the close vicinity of the 2"-phenyl
ring probably due to the CH-n interaction between them [pointed by double arrows in the views of (R,S)-2b
and (R,R)-2b in Figure 3].16 Reflecting these two events, the salen ligand of (R,S)-2 b folds more deeply than
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Table 1. Selected bond lengths (A) and angles (deg) for Mn-salen complexes ( R,S)-2a.b and (R,R)-2a.b

(R.S)-2a (R.5)-2bd) (R,R)-2a (R.R)-2b
Mn-O(1) 1.865(4) 1.854(3) [1.858(2)] 1.877(5) 1.870(4)
Mn-O(2) 1.847(4) 1.849(3) [1.857(3)] 1.859(5) 1.860(4)
Mn-O(3) 2.264(6) 2.342(3) [2.305(3)] 2.263(7) 2.308(5)
Mn-O(4) 2.272(5) 2.231(4) [2.224(4)] 2.286(6) 2.268(5)
Mn-N(1) 1.988(5) 1.973(4) [1.981(3)] 1.982(5) 1.987(4)
Mn-N(2) 1.970(5) 1.990(3) {1.998(3)] 2.006(6) 1.997(5)
O(1)-Mn-O(2) 92.2(2) 91.5(1) [92.7(H] 92.1(2) 93.2(2)
O(1)-Mn-O(3) 89.6(2) 99.8(1) [96.3(1)] 91.2(2) 95.8(2)
O(1)-Mn-0O(4) 92.5(2) 96.3(1) [93.5(1)] 93.3(2) 93.5(2)
O(1)-Mn-N(1) 92.5(2) 92.8(1) [92.7(1)) 93.5(2) 92.2(2)
O(1)-Mn-N(2) 174.7(2) 174.4(1) [175.2(1)] 174.9(2) 173.0(2)
O(2)-Mn-0O(3) 88.4(2) 87.8(1) [88.4(1)] 95.1(2) 89.9(2)
0(2)-Mn-0(4) 87.2(2) 92.5(1) [98.0(2)] 90.2(2) 92.0(2)
O(2)-Mn-N(1) 174.2(2) 173.3() [171.3(1)] 173.1(2) 174.2(2)
O(2)-Mn-N(2) 93.1(2) 93.0(1y [91.9(1H] 93.0(2) 91.8(2)
0O(3)-Mn-0O(4) 175.2(2) 163.9(1) [168.0(1)) 172.9(2) 170.4(2)
O(3)-Mn-N(I) 95.0(2) 86.3(1) [84.3(1)] 88.8(2) 87.5(2)
0O(3)-Mn-N(2) 91.2(2) 77.0(1) [82.4(1)] 88.9(2) 79.4(2)
O(4)-Mn-N(1) 89.2(2) 92.2(2) [88.5(2)) 85.4(2) 89.7(2)
0O(4)-Mn-N(2) 87.1(2) 87.0(1) [87.2(1)] 86.1(2) 91.1(2)
N(1)-Mn-N(2) 82.1(2) 82.5(1) [82.6(1)] 81.4(2) 82.6(2)

a) Bond parameters in parentheses are for the other independent molecule included in an asymmetric unit.” See
the experimental section,

that of (R.S)-2a and the salen ligand of (R,R)-2b becomes shallower than that of (R,R)-2a [c.f. the side views
of (R,S)-2a,b. and (R.R)-2a,b]. This attractive interaction between the C3- substituent and the apical oxide
ligand may explain the ligand acceleration observed in the epoxidation of 1-alkylindene8 and aziridination of

styrene.!7

Consideration on the Stereochemistry of Mn-Salen Catalyzed Oxidation

As discussed in the beginning of this paper, we have proposed that the salen ligands of oxo Mn(V)-salen
complexes take a stepped conformation and that olefins approach from the downward benzene ring side (Figure
1).2 That is, if the oxene atom of the oxo Mn-salen species is delivered to the top face of the complex as
described in the Figure, olefins approach oxo species from its left side, orientating their bulkier olefinic
substituent away from the C3-substituent of the salen ligand and give optically active epoxides.2-18 In the
epoxidation with complex (R.,S)-2, the orientation of the incoming olefin is determined by the interaction
between the bulkier olefinic substituent and the 2"-phenyl substituent (C3-substituent) on the ligand (Figures |
and 3). On the other hand. in the oxidation of alkyl aryl sulfides and desymmetrization of meso-heterocycles
which are better effected with (R,R)-Mn-salen complex, substrates are expected to approach the oxo species

derived from (R,R)-Mn-salen complex from its right side and their orientation should be determined by the
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(S,R)-3

repulsion between the substrates and the 2"-phenyl group on C3-substituent (The 2"-substituent on C3'-
substituent is located at the bottom side of the salen ligand and it can not interact with the incoming substrates).
This hypothesis is compatible with the stereochemistry observed in oxidation of sulfides with (§,R)-Mn-salen
complex 319 as a catalyst.?0 As a matter of course, these results strongly suggest that the 2"-phenyl group on
C3-substituent in (R,R)-Mn-salen complex should be located close to the path of the incoming substrate from
the right and the 2"-phenyl group on C3-substituent in (R,S)-Mn-salen complex to the path from the left, in the
corresponding oxo Mn-salen species.

As discussed above, Mn-salen complexes take stepped conformation. Oxo Ma-salen complexes are
considered to adopt more deeply folded stepped conformation, since the length of the Mn-Ogqyaoriat bond is
expected to shorten and the non-planarity of its basal salen ligand is amplified as the oxidation state of the
manganese ion becomes higher.2! Therefore, the factors controlling the conformation of the ligand of Mn-
salen ligand are considered to hold for the control of the ligand-conformation of the corresponding oxo Mn-
salen complex. Thus, clarification of the conformation-controlling factors enabled us to answer the above
question about the location of 2"-phenyl group in (R,S)- and (R,R)-complexes and another question why
oxidations with (R,S)-complexes are efficiently performed in the presence of a donor ligand but oxidations with
(R.R)-complexes in the absence of a donor ligand. As discussed above, degree of the folding of salen ligand
and the conformation of its C3-substituent is dictated by three factors: i) conformation of the five-membered
chelate ring, ii) the OH-t interaction between the apical aqua ligand and 2"-phenyl group and iii) the edge-to-
face aromatic interaction between C3- and C3'-substituents. As discussed above, the substrate is considered to
approach oxo species from the side of the downward naphthalene ring. However, (R,S)-2a adopts a shallow
stepped conformation. Therefore, upon the oxidation of (R,S)-2a to the corresponding oxo species, its ligand-
folding is desired to be deepened and its 2"-pheny! group to shift close to the substrate-approaching path from
the left side. On the other hand, (R,R)-2 that is already deeply folded disposing the 2"-phenyl group close to
the apical ligand is desired to be oxidized to the corresponding oxo species, maintaining its conformation and
the location of the 2"-phenyl group. The desired conformational change in the oxidation of (R,S)-2 a to the oxo
species should be achieved by adding a donor ligand such as 4-phenylpyridine N-oxide which replaces the
remaining apical aqua ligand and eliminates the unnecessary OH-7 interaction that conflicts with the effect of
the five-membered chelate ring and forces (R,S)-2 a to adopt a shallow stepped conformation. This prediction
is supported by the difference in the conformation of (R,S)-2a and (R,5)-2b in which one of the aqua ligand is
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replaced by epoxy ligand: i) Ligand-folding in (R,5)-2b is larger than that of (R,S)-2 a and the 2"-phenyl group
in the former is located closer to the approaching path from the left side than the 2"-phenyl group in the latter
(Figure 3). On the other hand, replacement of the aqua ligand in the oxo species derived from (R,R)-2a
eliminates the necessary OH-m interaction that draws 2"-phenyl group toward the right side. Again, this
prediction is supported by comparison of the conformation of (R,R)-2b and (R,R)-2a. Coordination of epoxy
ligand as an apical ligand reduces the ligand-folding and shifts the 2"-phenyl group to the undesired left side.
These considerations agree with the fact that oxidations with (R,S)-Mn-salen complexes should be carried out

in the presence of donor ligand and oxidations with (R,R)-complexes in the absence of donor ligand.?
Conclusion

We were able to determine the structures of (R,S)- and (R,R)-Mn-salen complexes [(R,S)-2a,b and (R,R)-
2a,b] by X-ray crystallographic analyses. The central manganese ions in these complexes take octahedral
geometry and the salen ligands coordinate manganese ions in square planar geometry. All the salen ligands
adopt stepped conformation due to the half-chair conformation of the five-membered chelate rings including
manganese ion and the ethylenediamine unit. Since the five-membered chelate ring adopts the half-chair
conformation in which the substituents at the ethylenediamine are delivered in equatorial position, (R,S)- and
(R,R)-Mn-salen complexes fold in an opposite way. On the other hand, analyses of the structures of complexes
and their comparison indicate the presence of OH-r attractive interaction between aqua ligand and 2"-phenyl
group. Combination of these two effects enables for second generation Mn-salen complexes to adopt various
types of ligand-conformation. (R,S)-Complex 2a takes a shallow stepped conformation, as the effects of the
five-membered chelate ring and OH-x interaction on ligand-folding cancel out, while (R,R)-complex 2a adopts
a deep stepped conformation as two effects work synergetically there. This endows second-generation Mn-
salen complexes with versatile catalytic activity.? Contrast to this, the conformation of first-generation Mn-
salen complexes bearing bulky groups such as ¢-butyl group at C3 and C3'-carbons is dictated only by the
conformation of the five-membered chelate ring. Finally, we were able to disclose that the ligand conformation
of Mn-salen complexes is strongly related to their asymmetric catalysis and its appropriate control expands the
scope of Mn-salen catalyzed asymmetric reactions. The finding on the role of the apical aqua ligand in chiral
cationic Mn-salen catalysts may also give a rational for understanding the catalysis of cationic complexes
bearing aqua ligand(s).22 Recently several examples that the addition of water to asymmetric reaction systems
affects their enantioselectivity have been reported?? but the role of water molecule was not sufficiently
evaluated. The present study will also shed some light on this area of chemistry.

Experimental Section

Details for X-ray crystallographic analyses: Cationic Mn-salen complexes (R,S)-2 and (R.R)-2 were
synthesized by treatment of the corresponding acetate!0:!! with sodium hexaftuorophosphate and purified by
silica gel column chromatography (CH2Cl;-MeOH= 9:1) according to the reported procedures.!? Four single
crystals of (R,5)-2a.b and (R,R)-2a,b were obtained by recrystallization from CHCl3-toluene, cyclopentene
oxide-toluene-heptane, CH,Clz-hexane, and cyclopentene oxide-toluene-heptane under air, respectively. The
samples of (R,5)-2a,b and (R,R)-2a were immersed in hexane and transported from Kyushu University to
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Tokyo Institute of Technology. Anal. Calcd for C75HgsN204F6PCl3Mn [(R.S)-2a-CHCl3-hexane]: 66.01; H,
4.80; N, 2.05. Found: C, 66.15; H, 4.34; N, 2.11. Calcd for C76 sHeoN204F¢PMn [(R,5)-2 b-(toluene)2): C,
72.28: H, 4.76; N, 2.20. Found: C, 72.55; H, 4.82; N, 2.19. Calcd for ¢gH50N204F¢PMn [(R.R)-2a]: C, 70.45;
H, 4.35; N, 2.42. Found: C, 70.21; H, 4.41; N, 2.38. Calcd for C73HgN206F¢PMn [(R,R)-2b-2H,0]: C,
69.52; H, 4.80; N, 2.22 Found: C, 69.35; H, 5.14 N, 2.01. Suitable crystals were mounted on glass fibers and
diffraction measurements were made on a Rigaku RAXIS IV [(R,5)-2a,b and (R.R)-2a] or a Rigaku RAXIS
RAPID {(R,R)-2b] imaging plate area detector with Mo Ko radiation (A= 0.71069 A). The data collections
were carried out at -60 °C [(R,S)-2a,b and (R,R)-2a] or at -90 °C [(R,R)-2b]. Indexing was performed from 3
oscillation images which were exposed for 4 min [(R,S)-2a,b and (R,R)-2a] or from 2 oscillation images which
were exposed for 5 min [(R,R)-2b]. The crystal-to-detector distance was 100 mm [(R,5)-2a,b and (R,R)-2a]
and 124 mm [(R,R)-2b]. Data collection parameters were as follows: the detector swing angle: 3° [(R,S)-2a],
3.5° [(R.S)-2 b], 2.5° [(R.R)-2 a], 5° [(R,R)-2b]; the number of oscillation images: 25 [(R,S)-2a], 51 [(R,S)-2b],
50 [(R,R)-2a], 44 [(R,R)-2b]; the exposed time: 100 min [(R,5)-2a], 27 min [(R,S)-2b], 50 min [(R,R)-2a], 25
min [(R,R)-2b]. Readout was performed with the pixel size of 100 um x 100 um. The structural analysis was
performed on an [RIS O2 computer using teXsan structure solving program system obtained from the Rigaku
Corp., Tokyo, Japan. Neutral scattering factors were obtained from the standard source.24 In the reduction of
data, Lorentz and polarization corrections were made. An empirical absorption correction?5 or a symmetry-
related absorption correction using ABSCOR (a program obtained from the Rigaku Corp., Tokyo, Japan) was
also applied for (R,S)-2a,b and (R,R)-2a or (R.R)-2b, respectively. The structures were solved by the direct
methods (SHELXS-86) and refined (on F2) using SHELXL-93 linked to teXsan.

Details of the refinements are as follows. Mn(III)-salen (R,S)-2a: All the non-hydrogen atoms were
refined anisotropically. All the hydrogen atoms except for the H,O hydrogen atoms were fixed at the
calculated positions (C-H: 0.95 A) and not refined, and the H>O hydrogen atoms were refined isotropically.
Mn(l11)-salen (R,S)-2b: Two independent molecules with essentially the same geometry of the cationic parts
are included in an asymmetric unit. All the non-hydrogen atoms were refined anisotropically. The hydrogen
atoms of the aqua ligand were located by Fourier synthesis and all the hydrogen atoms of the cationic part were
fixed at the calculated positions (C-H: 0.95 Ay and not refined. The hydrogen atoms of the water molecules

(O11-014) and the methyl hydrogen atoms of the toluene solvates were not included in the refinement. The
occupancy factor of O14 was refined to be 0.66. During the course of the refinement it was found that PFgq

anion was disordered. The axial F atoms (F1b and F2b), however, could not be resolved and only equatorial F
atoms were refined by taking into account two contributors (F3b-6b : F3c-6¢=1:1). Mn(III)-salen (R,R)-2a:
All the non-hydrogen atoms were refined anisotropically. During the refinement, it was found that the F¢ parts
in the PFg anion was disordered and two components were considered (F1-6 : Fla-6a= 0.6 : 0.4). The
hydrogen atoms except those of the aqua ligands (not located) were located at the calculated positions and not
refined. Although this severe disorder of PFg renders the R value slightly higher, the small values of all the
temperature factors of the atoms of the cationic part allow us to discuss the detailed structure of the cationic
part.25 Mn(lII)-salen (R,R)-2a and (R,R)-2b: All the non-hydrogen atoms were refined anisotropically. The
hydrogen atoms except those of the aqua ligand (not located) were located at the calculated positions (C-H:
0.95 A) and not refined. The hydrogen atoms of the aqua ligand were not included in the refinement.
Crystallographic Data for these Mn-salen complexes are summarized in Tables 2 and 3. 26
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Table 2. Crystallographic Data for Mn-salen complexes ( R.S)-2a -(H20); 92-(toluene)2
and (R,S)-2b-CHCl3-hexane

(R,5)-2a -CHCl3-hexane (R.5)-2b -(H70) 92-(toluene) 2
empirical formula C75HgsN204FgPCl13Mn C76.5He4.16N205 83FcPMn
formula weight 1364.6 1305.8
crystal system monoclinic monoclinic
space group P2 c2
alA 11.053(2) 44.630(6)

b/ A 19.163(4) 11.070(1)
clA 15.90(1) 26.482(6)
B/ deg 95.84(3) 103.074(5)
v/ A3 3350(1) 12744(4)

VA 2 8

Deaied! g cmd 1.35 1.36
#(Mo-Ka) / cm! 4.08 3.07
maximum 20 / deg 55.1 55.1

no of data collected 6656 14516

no of unique data 6161 [I > 2.06(D)] 13780 [ > 2.06(])}
no of parameters refined 845 1705
reflection/parameter ratio 7.29 8.08
RIWR* 0.084,0.212 0.064,0.170
goodness of fit 1.70 1.24

Table 3. Crystallographic Data for Mn-salen complexes ( R,R)-2a and (R,R)-2b

(R,R)-2a (R.R)-2b
empirical formula CpgHsoN204F¢PMn C713Hs56N204FcPMn
formula weight 1159.06 1225.17
crystal system orthorhombic monoclinic
space group P2;2,2 P2,
al A 19.713(2) 11.4490(5)
b/ A 10.9097(9) 11.3890(5)
clA 26.597(2) 22.780(1)
B/ deg 91.399(1)
V/A3 5719.9(8) 2969.4(2)

V4 4 2

Dealed! g cm3 1.346 1.370

H(Mo-Ka) / em-! 3.30 3.22

maximum 20 / deg 55.1 55.0

no of data collected 6497 6742

no of unique data 6123 [I > 2.00(D)] 4591 [I> 2.06(1)]

no of parameters refined 793 784

reflection/parameter ratio 7.72 6.92

RIwR)* 0.091,0.234 0.056, 0.165

goodness of fit 1.52 0.98
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