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Summary: We report the synthesis and characterization
of the first enantiomerically pure C,-symmetric poly-
pyrazole ligand, tris[(4S,7R)-7,8,8-trimethyl-4,5,6,7-
tetrahydro-4,7-methano-2-indazolyl] phosphine oxide (OP-
(camphpz);, 2). The new optically active complexes
[(7°-2)Cu(CH,CN)]BF, (3), [(n*-2)Cu(X)] (X = CI (4), X =
O;SCF, (5)), and [(n*-2)-ZnCl,] (8) were prepared. Com-
plex 3 catalyzed the cyclopropanation of styrene with
ethyl and 2,6-di-tert-butyl-4-methylphenyl diazoacetates
with ee's of up to 60%.

Bidentate optically active ligands containing a 2-fold
rotation axis are well-established auxiliaries for metal-
promoted enantioselective reactions.! Structural features
cited to be responsible for the stereodifferentiating ability
exhibited by complexes of this class of ligands include the
close proximity of asymmetric ligand components to sub-
strate binding sites on the metal atom and rotational
symmetry-controlled limits on possible diastereomeric
transition states. Tridentate ligands with higher order
rotational symmetry?® (C;) may be even better at pro-
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moting asymmetric reactions, since greater steric inter-
actions may result from the presence of three stereogenic
centers in a metal complex rather than two and because
there is the potential for rendering binding sites in com-
plexes with higher coordination numbers (i.e., octahedral)
symmetry-equivalent. To test this idea® experimentally,
we have begun to prepare C;-symmetric tridentate ligands
that contain pyrazolyl donors with strategically placed
stereogenic centers (structure A). Polypyrazole molecules
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were chosen for study because they are well-established
ligands in organometallic and bioinorganic chemistry* and
because related bidentate N-donor chelates recently have
been shown to be effective auxiliaries in metal-catalyzed
organic transformations.!8%¢ In this communication we
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report the synthesis of the first such Cg-symmetric optically
active polypyrazole ligand and its complexes with Cu(l)
and Zn(II), as well as a preliminary demonstration of their
use in asymmetric catalysis.

Ligand 2 (Scheme I) was obtained upon treatment of
the camphor—pyrazole 1%¢ with NEt, and OPCl; (0.33
equiv) in refluxing benzene (20 h, 60%).” In contrast to
the lack of differentiation between the nitrogen atoms
observed in previously reported functionalization reactions
of 1,58 gpectroscopic data for 2 indicated regioselective
bonding of each pyrazole to phosphorus via N1. Thus, the
presence of three camphor-pyrazoles linked identically to
a single O=P unit was evident from the single set of
camphor-pyrazole resonances in the 'H and *C NMR
spectra and a lone resonance at —14.5 ppm (vs H;PO,) in
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(7) Syntheses and analytical and spectroscopic data for all new com-
pounds are presented in the supplementary material.

(8) In attempts to prepare KHB(camphpz); by thermolysis of 2 with
KBH,, we obtained a mixture of products, presumably derived from
linkage of both N1 and N2 to boron (*H NMR).
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the 'P{{H} NMR spectrum. Binding to N1 rather than
N2 was suggested by heteronuclear 'H-3'P NOE-difference
spectra, enhancement of the phosphorus signal being
greater upon irradiation of the pyrazole ring hydrogen than
the 7-methyl hydrogens. Final proof of the structural
formulation of this novel ligand was obtained via an X-ray
crystallographic analysis.?

Mixing 2 and the appropriate Cu(I) source (1:1) in
CH,Cl, and/or THF afforded Cs-symmetric [(7°-2)Cu-
(CH,CN)]BF, (3) or [(n3-2)Cu(X)] (X = Cl (4), X = O,S-
CF, (5)), which were identified by analytical and spec-
troscopic methods (Scheme I).” A single set of camphor-
pyrazole resonances in the !H and ®*C NMR spectra of 3-5
was consistent with the presence of 3-fold rotational sym-
metry in the complexes, and retention of the connectivity
of the N1 atom of each pyrazole ring to the central
phosphorus atom was confirmed by heteronuclear NOE-
difference spectroscopic results for 3 analogous to those
obtained for 2. Reaction of 2 with ZnCl,, on the other
hand, resulted in bidentate coordination to afford pseu-
dotetrahedral (9%-2)ZnCl, (6), as indicated by NMR

(9) X-ray data for 2, Ca3H,sNgOP, M, 572.73, space groui P2, (No. 4)
at 24 °C: a = 6.841 (4) A, b = 18.657 (8) A, ¢ = 12.633 (4) A, § = 103.62
(4)°, V = 1567 (2) A3, Z = 2. For 2564 unique, observed reflections with
I > 24(I) and 369 variable parameters R = 0.052 and R,, = 0.057. Full
tables of positional and thermal parameters, as well as bond lengths and
angles, are reported in the supplementary material.
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Figure 1. ORTEP drawing of one of the independent molecules
of 6:2CH,Cl, showing 60% probability thermal ellipsoids (Zn, Cl,
and P anisotropic, the remaining isotropic) and atom labels for
all non-hydrogen atoms (excluding CH,Cl, solvate molecules; atom
labels for carbon atoms omitted for clarity). Selected interatomic
distances (&) and angles (deg) are as follows: Zn1A-Cl14, 2.221
(5); Zn1A—CI2A, 2.234 (6); Zn1A-N12A, 2.04 (2); Zn1A-N32A, 2.04
(2); P1A-01A, 1.42 (1); P1A-NA (average), 1.66 (2); Cl1A-
Zn1A-CI2A, 116.9 (2); Cl1A-Znl1A-N124, 111.8 (4); Cl1A-
Zn1A-N32A, 114.6 (4); CI12A-Zn1A-N124A, 108.0 (4); Cl2A-
Zn1A-N324A, 104.2 (4), N12A-Zn1A-N32A, 99.5 (6).

spectroscopy and a preliminary X-ray crystal structure
determination (Figure 1).1° Not surprisingly,! variable-
temperature H NMR data obtained for 6 revealed that
exchange of coordinated and free pyrazolyl rings occurred
in solution (AG* = 11.9 (2) kcal mol™?).

In a first attempt to assess the propensity of the Cs-
symmetric species to effect enantioselective reactions, we
examined the cyclopropanation of styrene with ethyl and
2,6-di-tert-butyl-4-methylphenyl diazoacetates, reactions

(10) (a) The preliminary X-ray crystal structure of chiral 6:2CH,Cl,
was found to be pseudocentrosymmetric,'® and solution and refinement
in space group P1 was only possible by using the following procedure.
The Zn, Cl, P, and pyrazolyl ring atoms were located by using the space
group P1, but the camphor ring atoms were obscured by the pseudosym-
metry. A rigid group for the camphor unit (including two C atoms of the
pyrazolyl ring) was constructed by averaging the bond distances and
angles of the three independent camphor-pyrazole groups in the X-ray
structure of 2. Placement of the rigid group in the six positions of the
two molecules of 6 in the unit cell was followed by refinement in P1 with
group constraints in place but individual B(eq) values for all atoms.
X-ray data for 6:2CH,Cl,, C35H ,sClgNgOPZn, M, 878.88, space group P1
(No. 1) at -101 °C: o = 11.768 (8) A, b = 12.451 (4) A, ¢ = 15.43 (1) A,
a = 108.00 (4)°, 8 = 102.84 (5)°, v = 95.31 (4)°, V = 2065 (5) A3, Z = 2,
For 3412 unique, observed reflections with I > 2¢(I) and 334 variable
parameters R = 0.064 and R, = 0.079. Full tables of positional and
thermal parameters, as well as bond lengths and angles, for both inde-
pendent molecules in the unit cell are reported in the supplementary
material. (b) For a related case, see: Wallix, J. D.; Dunitz, J. D. Acta
Crystallogr., Sect. C 1988, 44, 1037-1039.
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Table I. Results of Catalysis by 3 of Cyclopropanation of
Styrene with Diazo Esters RO,CCHN, (See Scheme II)

trans (anti)/ % ee
temp, yield, cis (syn) trans (anti)/
R °C % ratio cis (syn)®
Et 22 52 0.8 31/51
Et 0 64 0.6 37/57
Et -18 48 0.6 40/60
BHT® 29 94° 239 10°/o

¢Enantiomeric excesses and the indicated absolute configura-
tions (Scheme II) of the major stereoisomers were determined by
GC and NMR analyses, respectively, of diastereomeric amides
prepared from (S)-(-)-a-methylbenzylamine according to a pub-
lished procedure. b2,8-Di-tert-butyl-4-methylphenyl.® <3 mol %
catalyst. ¢After LiAlH, reduction to the corresponding cyclo-
propylcarbinol.® ¢Determined via F NMR analysis of the
Mosher ester.

known to be catalyzed by Cu(I) reagents possessing N-
donor ligands.>&312  After high catalytic efficiency was
first demonstrated with its similarly sterically hindered
yet achiral analog [(®-(t-Bupz)sPO)Cu(CH,CN)]BF, (7;
75% yield of a 1.6:1 mixture of trans (anti) and cis (syn)
cyclopropanes with 1.0 mol % Cu(I) complex), stereose-
lectivities were assessed by using optically pure 3 as cat-
alyst (Scheme II, Table I). We note from our initial runs
that (a) % ee’s exhibit only a moderate temperature de-
pendence and (b) an increase in the trans (anti)/cis (syn)
ratio and a dramatic decrease in % ee occur upon using
the sterically hindered aryl diazo ester.!®*  Although
moderate, the observed ee’s for the cis (syn) product of up
to 60% are promising indications of useful applications of
the new ligand and its 3-fold-symmetric complexes toward
asymmetric synthesis. In future work we will explore such
applications, as well as the design and synthesis of new
members of the class of ligands represented by structure
A that contain central atoms and stereogenic centers
complementary to those within the camphor-based system
described herein.
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