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Abstract: Pd-Catalyzed asymmetric allylic alkylations have been studied using a series of
chiral diphenylphosphino{oxazolinyl)ferrocene ligands 4-8. With these ligands, up to 99%
and 63% ee are obtained for rac-(E)-1,3-diphenylprop-2-enyl-1-acetate and rac-(E)-1,3-
dimethylprop-2-enyl-1-acetate, respectively, with dimethyl malonate as the nucleophile.
Some of the ligands 4-6 generate corresponding Pd-catalysts more reactive than those
formed from other known ligands. A noticeable influence of the planar chirality on the
enantioselectivity is observed. Different coordination modes can be suggested for the
distinguishable enantioselectivity and reactivity patterns observed in the reactions with
the ligands 4-8. © 1997 Elsevier Science Ltd

The Pd-catalyzed asymmetric allylic substitution reaction! has been demonstrated to be useful in
the syntheses of valuable small molecules and complex natural products.2 A variety of chiral ligands
have been studied in the Pd-catalyzed allylic substitutions.3> Much effort has been made to elucidate
crucial factors for the enantioselection of the reaction.* With a few exceptions,2g one set of chiral
ligands that produces high selectivity for acyclic allylic acetates, usually shows greatly decreased
selectivity for cyclic substrates, and vice versa. Furthermore, for given acetates, the steric bulkiness of
the acetate dramatically alters the enantioselectivity.3P Therefore, the search for the best ligand for the
catalysis may be dependent on the type and steric bulkiness of allylic substrates. A recent introduction
of ‘hetero-chelates’ such as (phosphinoaryl)oxazoline ligands 1 opened up a path to the development
of other kinds of hetero-chelates. 3P~ These N,P-chelates, a hybrid of the previousty known oxazoline
and phosphine ligands, are demonstrated to be efficient in the Pd-catalyzed allylic substitution and
other catalytic reactions.” Of particular interest is that these ligands generate more reactive Pd-catalysts
than most of the known N,N- and P,P-chelates, seemingly owing to the ‘trans effect’ .8

Recently we and others have developed a highly diastereoselective lithiation of oxazolinylfer-
rocene compounds,” and we have synthesized a variety of diphenylphosphino(oxazolinyl)ferrocene
compounds (DPOF 2-8) which would be potentially useful ligands for organometallic catalysts.?
A number of ferrocene-based P,P-chelates have been successfully utilized in the transition metal-
catalyzed asymmetric reactions,” and recently the application of ferrocene-based N,P-chelates for
asymmetric catalysts is attracting interest.!® Here we report the Pd-catalyzed allylic alkylation with
DPOF ligands 4-8. Since these ligands have different planar chiralities, it is of interest to study their
effects on the enantioselectivity. In addition, it is an intriguing question which chelation modes among
several possible combinations would operate in the substitution reaction.

* Corresponding author. Email: ahn@vision.postech.ac.kr

1179



1180 K. H. AHN et al.

R B
|N Pha | )
th th
3

©)

1a:R=-Pr

1b: R = tBu 2a:R = iPr C1(RpS)
1c:R=FPh 2b: R =tBu 4a: R = i-Pr
4b: R = t-Bu

h

Ph,

Fe)

r

R A _
Cz (pApA) 7a:R = i-Pr 8 9
5a:R = i-Pr To:R=t8u
5b: R =t-Bu

The Pd-catalyzed allylic alkylation was carried out using racemic (E)-1,3-diphenylprop-2-enyl-1-
acetate 11a and (E)-1,3-dimethylprop-2-enyl-1-acetate 11b as standard substrates, and dimethyl malo-
nate as a nucleophile. Bis(Tt-allylpalladium chloride) was used as the Pd source (eq. 1).3¢™ Since much
increased enantioselectivities were observed with the base system of N,O-bis(trimethylsilyl)acetamide
(BSA-KOACc) compared to those with NaH in THF, the catalytic reactions were carried out under the
former reaction conditions. The results are summarized in Tables 1 and 2. The data obtained with
DPOF 2-3 are listed for comparison.!!

The ligands 4-6, which are ‘N,N’,P,P’-type’, exhibited interesting features in the Pd-catalyzed
allylic alkylation of the acetate 11a. When the ligands 4a and 4b of (R,S) planar chirality were used,
almost complete enantioselectivities were observed in both cases in spite of the difference in the steric
bulkiness of the oxazoline substituents. All the catalysts generated with the ligands 4-6 showed faster
reaction rates than those reported so far. In particular those generated with the C; symmetric ligands
5 and 6 completed the reaction within 10 min at 25°C. However, the corresponding ee values of the
substitution products were noticeably different, which implicated the importance of the planar chirality,
although the absolute configuration of the major enantiomer was S in all cases. The enantioselectivity
obtained with the ligand 6 was 94% ee while those with Sa and Sb were less than 40% ee.

As mentioned before, there are various possibilities in the coordination modes of the ligands 4-6
when they act as bidentate ones: N,P- (or N',P’-), N,P’- (or N',P-), P,P’-, and N,N'-type (where N
and P indicate the N- and P-atom of the oxazoline and diphenylphosphine groups on one Cp ring,
respectively, and N' and P’ denote those on the other Cp ring). The N,N’-mode can be ruled out in
all cases because the reaction with the ligand 9 does not give any substitution product. The dominant
catalytic species from possible equilibria among several coordination modes could be inferred by
comparing the selectivity and reactivity profiles between the N,P-, N.N'P,P’'- and N,N' P-type ligands.
For the C, symmetric ligands 5a and 5b, the N,P- chelated (or N',P’-) species may not be the dominant
one, because the substitution reactions with these ligands show reactivity and selectivity patterns
distinguished from those observed with N,P-chelates 2 and 3. The substitution with the N,P-chelate
2a proceeded with a much slower rate than that with 2b, whereas the substitution with 5a proceeded
as fast as with 5b but much faster than 2a and 3. The enantioselectivity observed in the substitution
with 5a was similar to that with §b but much lower compared to the cases with 2a and 3.
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Table 1. Enantioselective Pd-catalyzed allylic substitutions of rac-(E)-11a

Reaction 12a

Entry Ligand fime® %Ee %Yield®
1 2a 1.5h 90 95 (5)*
2 2b 30 min 299 99 ()

3 50h 67 BE
. ‘@ 30 min 9 99 (5)
5 4p 30 min 99 2O
6 sa 10 min 38 9 )
7 5b 10 min 34 9
8 6 10 min 94 9
9 Ta 30k 77 84(5)

10 b 30h 74 539

1 8 20h 80 8

12 9 48h - 0

13 10 10 min - »

20.3 M Allylic acetate in CH,Cly. ® Determined by HPLC (Chiralcel OD®) and 'H NMR (Eu(hfc)s) analyses.
€ Purified yields by column chromatography on SiO,. ¢ Absolute configuration.

Table 2. Enantioselective Pd-catalyzed allylic substitutions of rac-(E)-11b

Bwy gt ey i i
14 2a 50 11 26(5°
15 2b 5.0 35 825
16 2b 1.04 36 B
17 da 10 12 e
18 ab 1.0 12 819
19 5a 1.0 20 84 (R)
20 Sb 1.0 33 B®
2 6 1.0 9 885
- 7a 50 28 17®
23 7> 5.0 63 36 (5)
- 8 50 32 3

# Determined by the comparison of the [a]p, values of distilled samples with literature value. 3P ® Purified yields by
column chromatography on SiO;. © Absolute configuration. *With 10 mol% catalyst.
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/\j\Ac 1.0 mol% [Pd(ally!)Cl],, /\/?\H(COzMe)z

A 2.5 mol% DPOF A

R R 3 eq CH3(CO2Me),, R R 1)
11a (R=Ph) 3 eq BSA, 2 mol% KOAc 12a (R = Ph)

11b(R=Me)  CH,Clp, 25°C 12b (R = Me)

A preliminary study using X-ray crystallography and 3P NMR spectroscopy also suggests that
(Tr-allyl)Pd complexes of ligands 5 and 6 exist mainly as P,P’-chelated species.'? The N,P’-mode (or
N’,P-) for the ligands 4-6 is also less probable since the reactivity and selectivity profiles observed
with the ligands are noticeably different from those obtained with the ligands 7 and 8 that have two
possible combinations of the N,P- and N’,P-ligations (vide infra). Therefore, for the cases of 5 and 6,
although several ligation modes are possible, it can be suggested that they act mainly as P,P’-chelates
in the Pd-catalyzed allylic substitution. A simple P,P’-chelate, 1,1’-bis(diphenylphosphino)ferrocene
103 produces the corresponding Pd-catalyst similarly reactive as those from 5 and 6, which also
supports our suggestion.

As mentioned before, 99% ee was obtained in the substitution reaction with the ligand 4a or 4b
but the reactivity of the corresponding catalyst is slightly decreased in comparison to the cases of the
C> symmetric ligands 5 and 6. The different reactivity profile observed with the ligand 4 can not be
explained by simply P,P’-type ligation at present.

When the ‘N,P,N'-type’ ligands 7-8 were employed in the Pd-catalyzed reaction, reactivity and
selectivity patterns different from the N,P- and N,N’,P,P’-type ligands were observed: Regardless of
the oxazoline substituents, they gave enantioselectivities around 74-80% ee (entry 9-11). In addition,
the corresponding Pd-catalysts exhibited somewhat decreased reactivity compared to those generated
from the N,P- (except for 3) or N,N',P,P’-type ligands. An explanation for their ligation modes needs
a further study.

The enantioselectivity of the Pd-catalyzed allylic alkylation is known to be greatly dependent on
the substrates used. For given allylic acetates, the steric bulkiness as well as electronic effects of the
substituents affect the reactivity and enantioselectivity significantly. These phenomena were observed
again in this study. We have studied the same catalytic reactions for a simple aliphatic acetate 11b,
which is known to be much less reactive and worse for the enantioselection than the acetate 11a.3P
The results are summarized in Table 2.

Using the N,N’,P,P’-type ligands 4-6, again very high reactivity was also observed in the catalytic
reactions. Also distinguishable reactivity patterns depending on the types of the ligands were observed.
Good yields (79-88%) were obtained in all cases after 1 h-reaction period; however, low to moderate
enantioselectivities were obtained in all cases. Interestingly, a noticeable enantioselectivity (63% ee)
was obtained with the N,N',P-type ligand 7b, albeit in moderate yield. For the acetate 11b, 71% ee
has been reported using the ligand 1b.3P-14 The lower enantioselection observed with our DPOF-Pd
catalysts for the acetate 11b, in comparison to the Pd catalyst from the ligand 1b, may be ascribed
to the diminished steric interaction between the substituents of the ligand and the acetate in the
enantiodiscriminating stage. !’

In summary, we have studied Pd-catalyzed allylic alkylations using a variety of ferrocene-based
DPOF ligands. A dramatic influence of planar chirality on the enantioselection is observed. Some of
the ligands produce very reactive and highly enantioselective Pd-catalysts for the allylic substitution.
Among several competing ligation modes for the Pd-catalysts, the P,P’-chelation seems to operate for
the N,N',P,P’-type ligands 5-6 dominantly during the catalytic reaction. A further study on the exact
chelation modes for the ligands 4 and N,N’',P-type ligands (7 and 8) including a possibility of third
ligation by spectroscopic methods and crystallography is under way.

Experimental

All reactions were carried out under an argon atmosphere. CH,Cl was distilled from CaH. Column
chromatography was carried out on SiO; (mesh size 230-400). All the commercially available reagents
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were used without further purification. All the chiral DPOF ligands and allylic acetates used were
synthesized.?

General procedures for the Pd-catalyzed allylic substitution

A mixture of (Tr-allyl)palladium chloride dimer (3.7 mg, 0.01 mmol) and a DPOF ligand (0.025
mmol) in CH2Cl, (1.7 mL) was stirred at 25°C for 1 h. To this Pd catalyst was added the acetate 11a
or 11b (1.0 mmol) in CH2Cl> (1.7 mL), followed by dimethy! malonate (0.34 mL, 3.0 mmol), BSA
[N,O-bis(trimethylsilyl)acetamide), 0.74 mL., 3.0 mmol] and KOAc (2.0 mg, 0.02 mmol) sequentially.
After the reaction was complete (judging from TLC analysis) or after a certain time was elapsed,
the reaction mixture was diluted with CH2Cl; (20 mL) and poured into a cold saturated aqueous
NH4Cl solution (15 mL). The organic layer was separated and dried over anhydrous MgSQO4. After
evaporation of solvent in vacuo, the residue was purified by column chromatography (eluant: 20%
ethyl acetate in hexanes).

Determination of % ee values of products

For the acetate 12a, enantioselectivity was determined by HPLC analysis with a chiral column
[Chiralcel OD; 25 cmx0.46 cm; hexanes: i-PrOH=99:1; flow rate=0.9 mL/min; trg=14.10 (R-12a),
15.44 (5-12a) min] and 'H NMR analysis with chiral shift reagent Eu(hfc)s (one of the two methyl
ester groups that appears at 3.70 was splitted into two peaks, for example, at 3.97 (R-12a) and 3.93
(S-12a) when 0.8 equiv of the shift reagent was added). For the acetate 12b, enantioselectivity was
estimated by comparison of its specific rotation value with a literature value3P [a]p23=—19.8 (c=1.1,
CHCl3): 71% ee. The absolute stereochemistry of the products was assigned by comparing the sign
of its optical rotation with literature data.
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