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Abstract: In the palladium-catalyzed asymmetric substitution reaction
between 1,3-diphenylallyl acetate and sodium salt of diethyl malonate,
electron-withdrawing and electron-rich P-substituents in a single
chiral back-bone give products of opposite stereochemistry. Sterically
bulky substituents have the same effect as electron-rich ones.

Asymmetric,  palladium-catalyzed  nucleophilic  allylic
substitution reaction is an important carbon-carbon bond forming
reaction.! The mechanisms of the individual steps and the origin of
enantioselectivity have been the subject of intense research.2-3 One of
the prototypical reactions which has been studied in considerable detail
is the nucleophilic addition of stabilized anions to 1,3-diphenylallyl
system (Eq. 1). High enantioselectivity has been
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achieved by the use of C symmetric ligands?2-¢h and ligands that have
chelating atoms with different donor-acceptor properties.2d-8 In
general, four different mechanistic arguments based on the
supposition? that nucleophilic attack occurs at the diastereotopic allyl
termini in the thermodynamically more stable intermediate (Scheme 1.
5), have been proposed for the observed sense of chiral induction: (i)
the interaction of the incoming nucleophile with a ligand pendant
groups!? (ii) distortion of the allylic unit caused by the steric repulsion
of one of the ligand substituents and the allylic system22-C (i)
electronic differentiation by trans influence due to different chelating
atoms in the square planar Pd-complex2d:¢.2, and (iv) stability of the
Pd-olefin n-complex resulting from the addition of the nucleophile to
the w-allyl complexes.2f Our interest in this reaction was prompted by
the belief that systematic changes in the electronic and steric properties
of a given ligand frame might provide new insights into these various
mechanistic possibilities, and this could lead to new control elements
for the enhancement of enantioselectivity. We have successfully used
this approach in the discovery of unprecedented electronic
amplification of enantioselectivity in asymmetric hydrocyanationt2-c
and hydrogenation?d reactions. In sharp contrast to these two
reactions, where the origin of enantioselectivity has been attributed to a
difference in the reactivities of diastereomeric intermediates,> a direct
correlation between the structures of the well-characterized
intemediates and the chirality of the products has been established for
the Pd-catalyzed allylation reaction.2-3 The question is, could we alter
the equilibrium composition of the relevant diastereomeric
intermediates (and possibly the factors listed under ii - iv above) by
changes in ligand electronics alone? Can this be parlayed into high
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In trying to answer these questions we have used a series of
pseudo-C; symmetric ligands 4 which are easily available from
carbohydrates.# The results are shown in Table 1. Bidentate
phosphinites are excellent ligands for this reaction and all of the

chemical yields are nearly quantitative (>95 %). To our surprise, we
obtained both (R)- and (S)-selectivities just by changing the
substituents on the aromatic ring of the phosphorus atom. The
following features are characteristic of the system: (1) bis-
diphenylphosphinite and the corresponding 3,5-dimethyl derivatives
gave ~0 %ee (enantiomeric excess) (entries 1 and 2). (2) Phosphinites
with large 3,5-substituents in aromatic ringé gave (R)-selectivity
(entries 3-5). (3) Electron-withdrawing groups in aromatic ring
generally gave the (S)-enantiomer (entries 6-8). (4) In the case of 3,5-
bis-(trifluoromethyl)phenyl derivative” (entry 5) steric effects seem to
take precedence over electronic effects. (5) Aliphatic phosphinites gave
(R)-selectivity; a larger group (cyclohexyl) giving better ee than a
smaller (ethyl) one (entries 9, 10).

Table 1. Electronic and steric effects for asymmetric allylation using
various substituents on phosphorus

entry R? 3P NMR, ppm®  ee, %°  config.?
1 Ph 1186, 1139 -0 —
Me
2 Q 121.7, 1154 ~0 —
Me
MS
122.1, 1153 16 (R)
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OMe 127.4, 1245 25
Bu
CF3

5 Q 110.6, 108.8 39 )
CFs3

6 —@—F 116.9, 113.7 17 (8)
F

7 Q 112.5, 110.5 41 (9)
F

8 —@-ca 114.0, 111.4 55 ©)

9 Et 146.8, 143.9 18 (R

10 Cy 151.9, 1481 59 (R)

2 Ar of 4 was phenyl except entry 1 in which 2-naphthyl was applied.
b Chemical shifts of the ligands in CDCl3. 85% H3PO4 was a
reference standard. ° Determined by HPLC analysis with a chiral
column (Daicel 0J).  Determined by the major peak of HPLC
analysis from an authentic (R) major sample by the reaction with
(S,5)-CHIRAPHOS.
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At present we do not have an adequate mechanism for this
remarkable reversal of enantioselectivity by a remote electron-
withdrawing groups.® For an explanation, one could argue that the
ligand electronics affect the Pd-C bond distances in the intermediate
allyl complex and the syn/anti equilibrium (k1/k-1) might be different
for different phosphinites. Nucleophilic addition at the carbon carrying
the anti-phenyl group (6, Scheme 1, ¢) will now lead to the observed
product. Surprisingly all reports® that propose the induction
mechanisms2:3 assume that enantioselectivity is induced by preferential
attack of the nucleophile at one of the diastereotopic allylic termini of 5
(Scheme 1, a vs b), although equilibration of syn/syn § and syn/anti 6
isomers has been recognized.!0 In the context of a C; or pseudo-Cs
symmetric ligand it is hard to see how a remote group such as 4-CF3
on the phosphorus-aromatic ring can bring about a reversal of
regiochemistry of nucleophilic addition (Scheme 1, § @ vs b) to a
syn/syn intermediate,!! as has been argued so far. Further studies are in
progress.
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Scheme 1. A plausible mechanism for switch of enantioselectivity
with a G, or pseudo-C, symmetric ligand.

Experimental Procedure

All reactions were carried out at 25 _C under a nitrogen atmosphere in
a Vacuum Atmosphere drybox. To a solution of [(n3-C3Hs)PdCI]>
(1.0 mg, 2.7 pmol; 0.55 mol%) in THF (1 mL) was added a solution of
the phosphinite 4 (6.5 pmol; 1.3 mol%) in THF (3 mL). A solution of
1 (125 mg, 0.50 mmol) in THF (2 mL) was treated successively with
this catalyst solution, and a solution of 2 (109 mg, 0.60 mmol) in THF
(4 mL). After the conversion was complete according to TLC analysis,
the reaction mixture was taken out of the drybox. Then a saturated
NH4C! solution (10 mL) was added, and the organic material was
extracted with Et20 (20 mL). The extract was dried over MgSO4 and
concentrated in vacuo. The crude product was purified by column
chromatography on silica gel (hexane/EtOAc, 10:1) to afford 3 in
nearly quantitative yield.

SYNLETT

References and Notes

(1) Recent reviews: a) Frost, C. G.; Howarth, J.; Williams, J. M. J.
Tetrahedron: Asymmetry 1992, 3, 1089. b) Hayashi, T. In Catalytic
Asymmetric Synthesis; Ojima, 1., Ed.; VCH, New York, 1993, p.325;
c¢) Trost, B. M.; Vranken, D. L. V. Chem. Rev. 1996, 96, 395.

(2) a) von Matt, P.; Lloyd-Jones, G. C.; Minidis, A. B. E.; Pfaltz, A ;
Macko, L; Neuburger, M.; Zehnder, M.; Riiegger, H.; Pregosin, P. S.
Helv. Chim. Acta 1995, 78, 265. b) Andersson, P. G.; Harden, A ;
Tanner, D.; Norrby, P. -O. Chem. Eur. J. 1995, 1, 12. c) Kubota, H.;
Nakajima, M.; Koga, K. Tetrahedron Lett. 1993, 34, 8135. d) Allen, J.
V.; Coote, S. J.; Dawson, G. J.; Frost, C. G.; Martin, C. J.; Williams, J.
M. ). J. Chem. Soc., Perkin Trans. I 1994, 2065. ¢) Sprinz, J.; Kiefer,
M.; Helmchen, G.; Reggelin, M.; Huttner, G.; Walter, O.; Zsolnai, L.
Tetrahedron Lett. 1994, 35, 1523. f) Brown, J. M.; Hulmes, D. L;
Guiry, P. J. Tetrahedron, 1994, 50, 4493. g) Togni, A.; Breutel, C.;
Schnyder, A.; Spindler, F.; Landert, H.; Tijani, A. J. Am. Chem. Soc.
1994, 116, 4062. h) Seebach, D; Devaquet, E.; Ernst, A.; Hayakawa,
M.; Kiihnle, F. N. M.; Schweizer, W. B.; Weber, B. Helv.Chim. Acta.
1995, 78, 1636.

(3) a) Auburn, P. R.; Mackenzie, P. B.; Bosnich, B. J. Am. Chem. Soc.
1985, 107, 2033. b) Mackenzie, P. B.; Whelan, J.; Bosnich, B. ibid,
1985, 107, 2046.

(4) a) RajanBabu, T. V.; Casalnuovo, A. L. J. Am. Chem. Soc. 1992,
114, 6265. b) idem, Pure Appl. Chem. 1994, 66, 1535. ¢) Casalnuovo,
A. L.; RajanBabu, T. V.; Ayers, T. A.; Warren, T. H. J. Am. Chem.
Soc. 1994, 116, 9869. d) RajanBabu, T. V.; Ayers, T. A.; Casalnuovo,
A.L.J Am. Chem. Soc. 1994, 116, 4101. ¢) Selke, R.; Pracejus, H. J.
Mol. Catal. 1986, 37, 213.

(5) For leading references: Hydrocyanation: ref. 4c; Hydrogenation:
Landis, C. R.; Halpern, J. J. Am. Chem. Soc. 1987, 109, 1746. Brown,
J. M. Chem. Soc. Rev. 1993, 25 and references cited therein.

(6) For effects of substituents in meta position of the aromatic
phosphinite see: Trost, B. M.; Murphy, D. J. Organometallics, 19885,
4, 1143,

(7) Trifluoromethyl substituent is roughly the same size as i-propyl.

(8) Recently Achiwa et al. reported reversal of chirality induced by
non-chiral substituents in asymmetric hydrogenation and allylic
amination; Morimoto, T.; Nakajima, N.; Achiwa, K. Tetrahedron:
Asymmetry 1995, 6, 23. Yamazaki, A.; Achiwa, A. ibid. 1995, 6, 51.
(9) As this manuscript was being prepared, Togni e al. reported the
possibility with one ligand for the first time, where 5-a vs 6-c process
might reverse the enantioselectivity due to a steric influence in allylic
amination; Togni, A.; Burckhardt, U.; Gramlich, V.; Pregosin, P. S.;
Salzmann, R. J. Am. Chem. Soc. 1996, 118, 1031.

(10) a) Herrmann, J.; Pregosin, P. S.; Salzmann, R.; Albinati, A.
Organometallics 1995, 14, 3311. b) ref. 2e-f.

(11) A remote substituent on the P-Ar group should have little
electronic effect on the A to & conformational change in the 7-
membered Pd-chelate. See: Paviov, V. A.; Klabunovskii, E. L;
Struchkov, Y. T.; Voloboev, A. A.; Yanovsky, A. . J. Mol. Catal.
1988, 44, 217. Toth, 1.; Hanson, B. E. Organometallics, 1993, 12,
1506.



	s02996.pdf
	page 2


