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Chiral Diketimines as Ligands in Pd-Catalyzed phv/\%/ph CH,(CO,EY), Ph\/\rPh

Reactions: Prediction of Catalyst Activity by the oac  KOAGBSA Shico,en

AMS Model 2/ or 3/Pd(CI)C3Hs 2502
4 5

Manfred T. Reetz,* Gerd Haderlein, and Klaus Angermund* model* a special type of molecular modeling in which the

o accessiblemolecularsurface at the active site in a homologous
Max-Planck-Institut fu Kohlenforschung  series of transition metal catalysts is calculated and correlated
Kaiser-Wilhelm-Platz 1 jth catalyst activity. On the basis of a molecular fragment of
D-45470 Miheim/Ruhr, Germany  he proposed transition metal catalyst, the following steps are
. performed: (1) Exploration of the conformational space within
Receied August 23, 1999 . _ : - .
. . - ’ defined energy limits (3 kcal/mol) using force field calculatins;
Revised Manuscript Receed December 1, 1999 (2) combining all of the generated conformers into a single
WhereasC,-symmetric dialdimines constitute a well-known “pseudo-molecule” after superimposition of their fixed structural
class of chiral ligands in a number of transition metal catalyzed fragments; and (3) determining the size and orientation of the
reactions, the corresponding diketimines have not been described AMS at the metal at coordination distance (similar to the method
to date. We report here the synthesis of tBesymmetric of Connolly? in which the solvent accessible surface at the active
diketimines2a—e and their use as chiral ligands in Pd-catalyzed Site of enzymes is calculated). The AMS method was originally
C—C bond forming reactions. Included is a comparison with the a@pplied to the Rh-catalyzed hydrogenation of G@which the
known dialdimine3? as well as a theoretical analysis of the relative coordination number is lowered upon passing through the

catalyst activity of the entire homologous series of Pd complexes transition state, low AMS values therefore correlating with high
derived from these ligands. catalyst activities. In the present case the opposite is to be

expected, that is, a large AMS should lead to high catalyst activity
due to steric reasons. Upon applying the mod@d®d, rotational

j\ @@ )R\ freedom was allowed for the four-bonds between the phenyl
R™ R N“"R groups and the respective C-atoms of the imine moieties, whereas
/ NQrR the actual metallocycle was assumed to be static. This gave rise
@@ R to 33 conformers, the superimposition of which generates the
respective pseudo-molecule which is shown in Figure 1a together

©© 2a R=CgHs with the calculated AMS (13.7 . Whereas a single analysis of
NH; b R+R=22-(CeHy) this type is of little value, the comparison with analogous
NH, a gzg—hélﬁ:oﬁem calculations of the homologous series is in fact illuminating. Thus,

©© i in the case of the Pd-catalyst derived from the dialdin8na

dramatically different steric picture evolves (Figure 1b). In this
1 @ case the AMS is only 7.3 A Moreover, since the free coordina-
\. CgHsCHO © NP R tion sites are not even on the accessib_le_ molgcular surface,
N<_R complexation with substrates should be difficult, in contrast to
©© h the situation in2a/Pd (cf. orange markers in Figure la versus
those in Figure 1b).
A small AMS and an unfavorable position of the free
3 R =CeHs coordination sites are both expected to decrease catalyst activity.
It is clear that the metal irRa/Pd is sterically much more
While the preparation of dialdimir@is straightforward simply  accessible for coordination than ®#Pd. This can be traced to a
by mixing the diaminel with benzaldehyde, the synthesis of the  “|ocking-in” effect of the phenyl groups ia/Pd. In contrast,
diketimines requires the presence of molecular sieves as well asthe phenyl groups o/Pd rotate much more freely, resulting in
considerably longer reaction times<2 d) in order to achieve  considerably enhanced steric shielding. The analysis was also
yields of >95%. Upon performing the Pd-catalyzed allylic performed for the fluorenone-derived catal@t/Pd, in which
substitution4—5 as a model reactiohthe Pd complex derived  only a single conformer is relevant, leading to an AMS of 99 A
from the diketimine2a turned out to be a reasonably active with the coordination sites being on the edges of the accessible
catalyst, affording producs in 78% yield after a reaction time  surface (Figure 1c). Thus, catalyst activity is predicted to decrease
of 72 h with an ee-value of 92%. Surprisingly, the Pd complex in the serie®a/Pd > 2b/Pd> 3/Pd. Of course, possible electronic
derived from dialdimine8 showed no activity whatsoever, even  effects are not considered in this simple model, which is the reason
after 4 days of reaction time. Catalyst decomposition was not the para-substituted catalystac-d/Pd were not subjected to the
observed. analysis.
~Why does a sterically encumbered catalyst show dramatically  The apove prediction concerning relative rates should pertain
higher activity than the seemingly less shielded homologue? To {4 gther Pd-mediated reactions as well. We therefore tested the
shed some light on this unexpected finding, we applied the AMS Pd-catalyzed alternating copolymerizafiar p-tert-butylstyrene
(1) (a) Clark, J. S.; Fretwell, M.; Whitlock, G. A; Burns, C. J; Fox, D.N.  (68) with carbon monoxide leading to polyketon&s. The
A. Tetrahedron Lett1998 39, 97—100. (b) Suga, H.; Fudo, T.; Ibata, T.  Stereoselectivity of this type of process has been studied previously

Synlettl 998 933-935. (c) Krasik, P.; Alper, HTetrahedrorl.994 50, 4347 by several groups using various prochiral olefins, Pd complexes
4354. (d) Evans, D. A, Lectka, T.; Miller, S. Jetrahedron Lett1993 34, of chiral ligands such as unsvmmetrical phosphinhosphite$
7027-7030. (e) Li, Z.; Conser, K. R.; Jacobsen, E. N.Am. Chem. Soc g Yy phosprpBRoSp )

1993 115 5326-5327.

(2) Kuhn, R.; Goldfinger, PJustus Liebigs Ann. Cherh929 470, 183— (4) Angermund, K.; Baumann, W.; Dinjus, E.; Fornika, R.;rSp H.;
200. Kessler, M.; Kfiger, C.; Leitner, W.; Lutz, FChem—Eur. J.1997, 3, 755~
(3) (a) Helmchen, GJ. Organomet. Chen1999 576, 203-214. (b) Trost, 764.
B. M.; van Vranken, D. LChem. Re. (Washington, DCJL996 96, 395~ (5) Sybyl, version 6.5; Tripos Assoc. Inc.: St. Louis, MO
422. (6) Connolly, M. L. Sciencel983 221, 709-713.
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Figure 1. AMS model of2a/Pd (a),3/Pd (b), and2b/Pd (c). Orange markers denote coordination sites.

bisoxazoline$, phosphine-oxazolines® phosphine-phosphin-
ites! or diphosphineé affording more or less isotactic polymers.
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In the present case isotacticity of the polym&esfollowing

whatsoever. In complete contrast, those catalysts prepared from
2a, 2¢, and2d led to productivities of 20, 16, and 40 kg (polymer)/
mol Pd, respectively. Under optimized conditions even activities
of up to 110 kg (polymer)/mol Pd could be achieved, applying
[2a/PACH]*BARF~ which is comparable or better than those
reported previously using other chiral ligarfd$? Similar results
were obtained in the case of styrene itsebb)( Thus, the
qualitative predictions made on the basis of the AMS model are
fully substantiated®

In summary, we have prepared a new class of chiral lig&nds
for Pd-catalyzed €C bond forming reactions. Extreme differ-
ences in catalyst activity within the diketimine serizand the
dialdimine3 are readily understood by applying the AMS model.

the use of cationic Pd complexes of appropriate chiral diketimines \ye expect that this type of theoretical treatment, although rather

2 turned out to be>97% with formation of polymers in the
molecular weight range d¥l, = 40 006-50 000 M,/M,, = 1.2
by GPC). Tacticity was determined by integration of @& NMR

crude, can be of substantial use in predicting catalyst activity in
a homologous series of other transition metal mediated reactions
as well. Thus it may turn out to be helpful in designing transition

signals of the methylene C-atoms. The absolute configuration of meta| catalysts.

7 is unkonwn. Significantly, catalysts derived from fluorenone

and benzaldehyde2lp and 3, respectively) showed no activity

(7) (a) Drent, E.; Budzelaar, P. H. Mthem. Re. (Washington, DC1996

96, 663-681. (b) Drent, E.; van Broekhoven, J. A. M.; Budzelaar, P. H. M.

Recl. Tra. Chim. Pays-Ba4996 115 263-270. (c) Sen, AAcc. Chem.
Res.1993 26, 303-310. (d) Drent, E.; van Broekhoven, J. A. M.; Doyle, M.
J.J. Organomet. Chend991, 417, 235-251. (e) Drent, EPure Appl. Chem.
199Q 62, 661-669. (f) Sen, AAdv. Polym. Scil986 73/74, 125-144. (g)
Sen, A.CHEMTECH1986 48-51.

(8) Nozaki, K.; Sato, N.; Tonomura, Y.; Yasutomi, M.; Takaya, H.; Hiyama,

T.; Matsubara, T.; Koga, NJ. Am. Chem. S0d.997, 119, 12779-12795.

(9) Brookhart, M.; Wagner, M. |.; Balavoine, G. G. A.; Haddou, H.JA.
Am. Chem. Sod994 116, 3641-3642.

(10) Sperrle, M.; Aeby, A.; Consiglio, G.; Pfaltz, Alelv. Chim. Actal996
79, 13871392.

(11) Keim, W.; Maas, HJ. Organomet. Chen1996 514 271-276.

(12) (a) Jiang, Z.; Sen, Al. Am. Chem. S0d.995 117, 4455-4467. (b)
Sperrle, M.; Consiglio, GJ. Am. Chem. Sod.995 117, 12130-12136. (c)
Bronco, S.; Consiglio, G.; Hutter, R.; Batistini, A.; Suter, U. Wacromol-
ecules1994 27, 4436-4440. (d) Jiang, Z.; Adams, S. E.; Sen, Macro-
moleculesl 994 27, 2694-2700. (e) Barsacchi, M.; Batistini, A.; Consiglio,
G.; Suter, U. WMacromoleculesl992 25, 3604-3606.

Acknowledgment. This paper is dedicated to Professom@her Wilke
on the occasion of his 75th birthday.

Supporting Information Available: Experimental Data (PDF). This
material is available free of charge via the Internet at http://pubs.acs.org.

JA9930566

(13) In spite of the crudeness of the AMS model, it is in line with the
experimental results. Nevertheless, knowledge of transition states and rate-
determining steps will in general be required to make predictions about catalyst
activity. For example, in the copolymerization the insertion of the olefin in
the Pd-acyl bond, which is believed to be the rate-determining step, requires
an open and accessible site for the olefin. Extremely open catalysts species,
however, may form very stable intermediates, such that the subsequent CO
insertion could then become the rate-limiting step for those catalysts, making
comparisons difficult. The AMS concept is a computationally fast and intuitive
way to distinguish between active and less active catalysts in a homologous
series, provided that they react in a similar way. It can be applied even to
molecular systems in which the size of the species considered prohibits the
use of sophisticated methods. Because of the modeling type of approach, the
results obtained by the AMS concept should be applied with the appropriate
care.




