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Herein, we report a highly diastereo- and enantioselective allylic alkylation of oxozolones with
1,3-dienes by palladium-hydride catalyst under base-free conditions. With DTBM-SEGPHOS
as the chiral ligand, a series of enantioenriched oxazolones bearing tertiary carbon centers
were synthesized from substituted 1,3-dienes via exclusive 1,2-addition with moderate to
good diastereoselectivities and high enantioselectivities. When simple 1,3-butadiene was
used as the allyl precursor under this base-free catalytic system, 1,4-addition products were

obtained in good yields with high regioselectivities.

Transition metal-catalyzed asymmetric allylic alkylation (AAA) of carbon-based pronucleophiles is
a powerful tool for the enantioselective construction of C-C bonds." In recent years, significant
progress has been made on the use of unsaturated hydrocarbons, such as allenes, alkynes and 1,3-
dienes, as atom-economic allyl precursors for AAAs.”* Among them, 1,3-dienes have gained
considerable attention dating back to 1970s when Hata et al. reported the palladium-catalyzed
addition of 1,3-dicarbonyl compounds to 1,3-dienes.” Following this pioneering report, different
transition metal catalysts such as Pd, Ni, Rh efc have been substantially used as the transition metal—
hydride (M—H) precursors to convert 1,3-dienes into electrophilic metal-n-allyl species, which then

2c, 4f-k

react with pronucleophiles for efficient C—C formations (Scheme 1a). In 2004, Hartwig's group

reported the first enantioselective example of such type on a palladium-catalyzed addition of 1,3-



diketones to 1,3-dienes with JosiPhos ligand.” Since then, AAAs of different carbon-based
pronucleophiles with 1,3-dienes have gained rapid progress. Meek et al. developed a chiral (CDC)-
Rh-catalyzed AAA of indoles with 1,3-dienes.” Zhou and coworkers reported a nickel-hydride-
catalyzed asymmetric a-allylic alkylation of ketones with 1,3-dienes with a chiral SEGPHOS-type
ligand.” By using Pd-phosphinooxazoline (Pd-PHOX) catalysts, Malcolmson and co-workers
accomplished the AAAs of various activated carbon-based nucleophiles such as Meldrum’s acids
or malononitriles with 1,3-dienes with high enantioselectivity.”” Very recently, Zi and co-workers
developed a stereodivergent AAA of aldimine esters by synergistically combining Pd-PHOX and Cu
catalysts to access all four stereoisomers of the alkylation products.™ For these palladium-catalyzed
asymmetric transformations (Scheme 1b), the Pd-PHOX precatalyst has to be pre-formed and
excess amounts of amine-based organic bases (2—3 equiv) were essential. With the aim to develop
AAAs of versatile carbon-based pronucleophiles with a broad scope of 1,3-dienes, the exploration

of mild and novel catalytic asymmetric system remains an urgent task in this area.
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Scheme 1 Palladium-catalyzed asymmetric allylic alkylation of various carbon-based nucleophiles

with 1,3-dienes



Oxazolones have been widely used as good nucleophiles in a number of AAAs with either
conventional allyl agents’ or atom-economic allyl precursors.” The resulted allylic alkylated
oxazolones bearing tertiary carbon centers are valuable precursors of biologically important chiral
quaternary amino acids.” Although the racemic example for the allylic alkylation of oxazolone with
1,3-dienes have been reported by Meek and co-workers by using a (CDC)-Rh catalyst,” the
asymmetric version of such transformation has not been reported. During our exploration toward
the different reactivities of 1,3-dienes under metal-hydride catalysis," we found that a palladium(ll)
acetate & camphorsulfonic acid precatalytic system, together with a chiral SEGPHOS ligand, has
allowed an efficient AAA of oxazolones with substituted 1,3-dienes in an exclusive 1,2-addition
manner with moderate to good diastereoselectivities and high enantioselectivities under base-free
conditions (Scheme 1c, eq 1). In addition, when simple 1,3-butadiene was used as the allyl precursor
under this base-free catalytic system, 1,4-addition products were obtained in good yields with high

regioselectivities (Scheme 1c, eq 2).
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entry ligand acid solvent  yield (%)? dr¢ erd

1€ L1 TsOH THF 31 2:1 90:10
2¢ L1 PhCOOH THF 50 6:1 63:37
3¢ L1 Ph,POOH THF 59 6:1 78:22
4¢ L1 CSA THF 46 8:1 90:10
5¢ L1 CSA 1,4-dioxane 59 6:1 78:22
6° L1 CSA CPME 70 8:1 75:25
L1 CSA THF 70 8:1 90:10
8 L2 CSA THF 84 8:1 73:27
9 L3 CSA THF 85 8:1 61:39
10 L4 CSA THF 55 7:1 90:10
11 L5 CSA THF 63 5:1 60:40
12 L6 CSA THF 67 10:1 90:10
13 L7 CSA THF 70 7:1 58:42
14 L8 CSA THF 81 10:1 937
15 L8 - THF <5 - -

“Unless otherwise noted, the reactions were run in 0.1 mmol scale of 2a. 1a (1.2 equiv), Pd(OAc), (5

mol%), ligand (6 mol%), acid (5 mol%), solvent (0.2 mL). ® Isolated yield of the major diastereomer. ©

Diastereoselective ratio(dr) was determined by "H NMR spectroscopy of the crude reaction mixture. ¢

Enantioselective ratio (er) was determined by chiral HPLC analysis. ¢ 20 mol% of the acid was used.

We started our initial investigation by using oxozolone l1a and 1-phenylbutadiene 2a as the
model substrates. In the presence of 5 mol% of PA(OAc).and 6 mol% of (F)-BINAP (L1), several acid
cocatalysts were firstly examined with THF as the solvent. When TsOH was employed as the Pd-H
precursor, the desired allylic substitution product 3a was obtained in moderate yield with 2:1 dr. To
our delight, high enantioselective ratio (90:10 er) was observed for the major diastereomer (Table
1, entry 1). Using benzoic acid or diphenylphosphinic acid resulted improved yield and dr of 3a, but
with decreased er (Table 1, entries 2 and 3). When camphorsulfonic acid (CSA) was employed, 3a
was obtained with 8:1 dr and 90:10 er (Table 1, entry 4). Changing the solvent from THF to 1,4-
dioxane or CPME showed no improvement (Table 1, entries 5 and 6). Interestingly, when the amount
of CSA was decreased from 20 to 5 mol%, the yield of 3a was increased from 46% to 70% while the

stereoselectivity remained unattached (Table 1, entry 7 vs entry 4). With CSA as the choice of acid,



different chiral bidentate phosphine ligands were screened. While the BINAP-type ligand TolBINAP
(L2), xyIBINAP (L3) and the MeO-BIPHEP-type ligand L4 and L5 failed to give satisfactory results in
balancing both the efficiency and the stereoselectivity, using SEGPHOS-type ligand such as L6 or
L8 allowed this transformation to proceed with high stereoselectivity while the reaction efficiency
was maintained (Table 1, entries 8-14). The best result was achieved when DTBM-SEGPHQOS (L8)
was used as the ligand, yielding 3a in 81% isolated yield with 10:1 dr and 93:7 er (Table 1, entry 14).

Finally, in the absence of the acid catalyst, the formation of 3a was not observed (Table 1, entry 15).
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Scheme 2 Substrate scope of 1,3-dienes (all reactions were run in 0.2 mmol scale of 2, 1a (1.2
equiv), Pd(OAc)2 (5 mol%), (R)-DTBM-SEGPHOS (6 mol%), CSA (5 mol%), THF (0.2 mL); Isolated yield
of the major diastereomer; Diastereoselective ratio(dr) was determined by 1H NMR spectroscopy

of the crude reaction mixture; Enantioselective ratio (er) was determined by chiral HPLC analysis.



With the optimized reaction conditions in hand, the generality of this enantioselective allylation
was investigated (Scheme 2). Different substituted 1,3-dienes were tested first. Aryl substituted 1,3-
dienes bearing phenyl, methyl or chloro-substitutions at para position on the aryl ring gave the
corresponding allylation products in good yields with high dr and er (3b — 3d), however, strong
electron-withdrawing group such as nitro group resulted much diminished yield but the
stereoselectivity was maintained (3e). Aryl 1,3-dienes bearing electron-donating meta-
substitutions on the aryl ring also yielded the desired product in good efficiency and high
stereoselectivity (3f, 3g). While 2-naphthyl substituted 1,3-diene led to the corresponding product
in good yield with high dr and er (3i), 1-naphthyl substituted one showed only moderate reactivity
and diastereoselectivity but both diastereomers were formed with high enantiopurity (3h)." 2-Furyl
substituted 1,3-diene reacted smoothly with 1a to give desired product 3j in good yield with high
dr and er. Alkyl substituted 1,3-dienes were also suitable substrates. Hexyl substituted 1,3-diene
gave the product 3k in 62% yield with 8:1 dr and 80:20 er. On the other hand, cyclohexyl substituted
substrate showed low efficiency, giving the corresponding product 3l in 32% yield with 3:1 dr but

again, with high enantioselective control for both diastereomers.
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Scheme 3 Substrate scope of oxazolones (all reactions were run in 0.2 mmol scale of 2, 1 (1.2 equiv),
Pd(OAc)2 (5 molh), (R)-DTBM-SEGPHQOS (6 mol%), CSA (5 mol%), THF (0.2 mL); Isolated yield of the
major diastereomer; Diastereoselective ratio(dr) was determined by 1H NMR spectroscopy of the

crude reaction mixture; Enantioselective ratio (er) was determined by chiral HPLC analysis.

The substrate scope of oxazolones was then investigated (Scheme 3). Various alkyl substituents
at the C4 position of oxazolones were well tolerated to undergo the enantioselective allylic
alkylation reaction, providing the corresponding products bearing tertiary stereogenic centers in
moderate to good yields with high level of diastereo- and enantioselectivities (3m — 3r). Oxazolones
bearing para-substituted phenyl group at the C2 position also underwent the desired reaction with
high dr and er but in moderate yields (3s — 3t).

The resulted optically active oxazolone products could be utilized as precursors for the synthesis
of a,a-disubstituted unnatural amino acids. To demonstrate their synthetic utilities, oxazolone 3a
was treated with K:CO; in MeOH to access the benzoyl-protected enantioenriched o,o-

disubstituted amino ester 4 in 91% yield. On the other hand, acid hydrolysis of 3a led to the



corresponding benzoyl-protected amino acid 5 in 83% yield while the enantiomeric level was

maintained (Scheme 4).
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Scheme 4 Synthetic elaborations of compound 3a

Allylic alkylation reactions utilizing 1,3-dienes generally occurred via 1,2-addition, and
regioselective allylic alkylation via 1,4-addition was seldom reported.”” As an important chemical
feedstock, simple 1,3-butadiene has found wide applications in a number of useful
transformations.” However, using 1,3-butadiene as the metal-n-allyl precursor to react with
pronucleophiles was challenging owing to their nature to undergo rapid telomerization under metal
catalysis.” In view of the base-free nature of the current catalytic system, which might reduce the
tendency for 1,3-butadiene to undergo telomerization, the reactivity between oxazolone and 1,3-
butadiene was explored. To our delight, under standard reaction conditions, the 1,4-addition
product, rather than a 1,2-addition product generally observed for substituted 1,3-dienes, were
obtained in good yields with high regioselectivities (Scheme 5).” the excellent regioselectivity for
this transformation would offer a useful protocol for the crotylation of other type of

pronucleophiles.
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Scheme 5 Allylic alkylation of oxazolones with 1,3-butadiene via 1,4-addition.

In conclusion, we have developed a palladium-catalyzed diastereo- and enantioselective allylic
alkylation of oxazolones with 1,3-dienes under base-free conditions. A palladium-hydride catalyst
generated from Pd(OAc). and camphorsulfonic acid is response for the activation of 1,3-dienes.
With DTBM-SEGPHOS as the chiral ligand, a series of oxazolones bearing tertiary carbon centers
were synthesized from substituted 1,3-dienes with moderate to good diastereoselectivities and
high enantioselectivities. This base-free catalytic system is also applicable to simple 1,3-butadiene
but yielding 1,4-addition product exclusively. Further development of asymmetric transformations

with this catalytic system is currently ongoing.
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