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A Rh(I)-catalyzed highly regio- and enantioselective allylic alkylation of Meldrum acid with racemic
allylic substrates bearing alkyl groups has been developed. The applying of chiral bisoxazopinephosphine
ligand is essential for the high yields and selectivities. This method provides a rapid access to various
chiral p-alkyl-y,6-unsaturated carboxylic acids and their derivatives.
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Meldrum’s acid is a very useful molecule in organic synthesis
for its versatile transformation by its strong nucleophilicity and
electrophilicity [1]. Due to the easy transformation to acetic acid
derivatives by losing CO, and acetone, many asymmetric carbon-
carbon bond formation reactions have been realized with
Meldrum'’s acid as the carbon nucleophile [2]. Nevertheless, the
utilization of Meldrum’s acid in the asymmetric allylic substitution
reactions is much underexplored [3], which is on sharp contrast to
extensively application of malonates as carbon nucleophiles
(Scheme 1a). To the best of our knowledge, only two examples
have been reported in literature. Kitamura developed a Ru(Il)-
catalyzed highly branch- and enantioselective allylic alkylation of
Meldrum'’s acid, in which aryl group substituted allylic alcohols
could be successfully used (Scheme 1b) [4a,b]. Trost reported a
single example with Morita-Baylis-Hillman adduct as substrate
[4c]. The reactions from aliphatic group substituted allylic
precursors have never been reported.

Our group has developed the earth-abundant first-row cobalt-
catalyzed highly regio- and enantioselective allylic amination
reaction [5]. The racemic allylic carbonates bearing simple alkyl
groups are successfully used in this transformation. The applying
of chiral bisoxazolinephosphine ligand is the key to control the
selectivities. Recently, we found that the replacement of cobalt by
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rhodium could further extend the scope to other carbon, oxygen,
nitrogen and sulphur pronucleophiles and provide ageneral
reaction platform for different nucleophiles [6]. Herein, we report
a Rh(I)-catalysed regio- and enantio-selective allylicalkylation of
Meldrum acid with racemic allylic substrates bearing alkyl groups.
p-Alkyl-y,6-unsaturated carboxylic acid and its derivatives could
be synthesized in up to 83% yield and 99% ee (Scheme 1c).

We commenced the study with racemic allylic t-butyl carbon-
ate 1a and Meldrum'’s acid 2a as the model substrates (Table 1). A
variety of chiral bisoxazolinephosphine ligands were examined in
the presence of 2.5mol% of [Rh(cod)Cl], in toluene at room
temperature. The R? group on the oxazoline ring has a profound
effect on the reactivity and enantioselectivity of the product 3a.
Reaction with L1 bearing a small methyl group leads to 29% yield
and 53% ee (entry 1). The ee increases to 96% when the methyl was
replace by t-butyl or phenyl group, while the conversions remain
low (L2 and L3, entries 2 and 3). To our delight, L4 with an
isopropyl group on the oxazoline ring could help give a 70% yield
and 97% ee for 3a (entry 4). The reactions in other solvents gave
lower yields, which indicates less polar solvents are benefit for the
conversion (entries 5-8). We then examined the substituent effect
of R! in the ligands. Applying of L5 with an electron-donating 4-
MeOCgH,4 group could further improve the yield to 85% (entry 9).
While, L6 and L7 with 4-NMe,CgH, and 4-MeO-3,5-‘Bu,CgH,
groups respectively are not as good as the L5, probably due to the
relatively bigger size (entries 10 and 11). As predicted, a lower 48%
yield was obtained when L8 with an electron-withdrawing
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Scheme 1. Asymmetric allylic substitution with Meldrum'’s acid.

Table 1
Optimization of Rh-catalyzed asymmetric allylic alkylation of Meldrum acid.?

OBoc
s b
rac-1a, 1.5eq 2.5 mol% [Rhcod)Cll; MBXMG A
+ 5mol% L oo
Me)a'e solvent, r.t, 12h OJY'QQ = ﬁ
oo -4
DMO P T :Mv’t‘v_
@F}L@ L1,R'=Ph, R*=Me LS5, R'=4.OMeCgH,, R®='Pr
P L2,R'=Ph,R?='Bu LB, R = 4-NMe,CyH,, RZ = Pr
oSN NTo B R'=Ph RZ2=Ph L7, R'=4-OMe-3,5BusCeHs, R = Pr
\_( ./ L4&R'=PhR:="Pr LB, R'=4-CFyCeH,, RZ="Pr
R RE
Entry Solvent Ligand Yield (%)° ee (%)°
1 Toluene L1 29 53
2 Toluene L2 18 96
3 Toluene L3 30 96
4 Toluene L4 70 97
5 CH5CN L4 27 95
6 DCM L4 12 97
7 EtOH L4 51 99
8 Dioxane L4 56 96
9 Toluene L5 85 96
10 Toluene L6 73 97
11 Toluene L7 66 99
12 Toluene L8 48 97
134 Toluene L5 <5 -

2 All reactions were run on a 0.2 mmol scale at 23 °C for 12 h unless otherwise
noted.

b Yield of isolated product.

¢ The ee value was determined by HPLC with chiral column.

4 With 5mol% Rh(cod),BF,.

CF5-CgHy group was used (entry 12). The reaction with 5 mol%
Rh(cod),BF,4 gave no any product 3a, which suggests the chloride
anion plays a key role in the reaction (entry 13). In all cases, no
trace of the linear isomer of 3a or diallylation product could be
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Scheme 2. Reaction scope.
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Scheme 3. The pKj, value and the reaction of barbituric acid.

observed [7]. The absolute configuration of 3a was assigned to be R
by single crystal X-ray diffraction analysis of 3a (CCDC: 1987520).

With the optimal condition in hand (entry 9, Table 1), we
examine the scope of allylic carbonates in this highly regio- and
enantioselective allylic alkylation reaction (Scheme 2). For the easy
determination of the ee values of the products, all the synthesized
Meldrum'’s acid derivatives react further with aniline to give the
p-alkyl-y,8-unsaturated amide, in which a UV-active phenyl group
exists [8]. Allylic carbonates bearing phenylethyl, n-propyl, methyl
and n-pentyl groups could be converted to allylation products 4a to
4d smoothly. Lower yield of 4e bearing p-branched methyl group
could be obtained. 4f and 4g bearing a-branch cyclopropyl and
isopropyl groups respectively were synthesized in high yields. The
reaction efficiency of 1h and 1i with big cyclohexyl and 3-pentyl
groups drops, while the enantioselectivities increase to 99% (4h
and 4i). Alkyl group with a sulphide function could be well
tolerated in this reaction (4j). The reaction of phenyl group
substituted racemic allylic carbonates gave 70% yield and 53% ee.

The scope of the nucleophile was then checked. 5-Substituted
Meldrum’s acid is not active in this reaction for the steric reason.
Diethyl malonate, the open chain analogue of Meldrum’s acid,
cannot react as a nucleophile under the identical condition,
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Scheme 4. The synthetic transformation of the Meldrum'’s acid derivatives. (a) EtsN
(3.0 equiv.), H,0 (10 equiv.), toluene, 110 °C, 3 h; (b) D0 (10 equiv.), pyridine, 100 °C,
5h; (c) EtsN (3.0 equiv.), EtOH (5 equiv.), toluene, 110 °C, 3 h; (d) EtsN (4.0 equiv.),
PhSiH3 (3 equiv.), THF, r.t,, 2 h; (e) NH3-H,0 (5.0 equiv.), toluene, 110°C, 3 h; (f)
BnNH; (5.0 equiv.), toluene, 110 °C, 3 h; (g) HCI-HN(OMe)Me (2.0 equiv.), toluene,
110°C, 3 h.

probably due to its much lower acidity. Considering the similarity
of barbituric acid’s pKa value (4.01), 1,3-dimethylbarbituric acid 5
readily reacts to give 6a in 80% yield and 94% ee (Scheme 3) [9].

The Meldrum’s acid derivative 3a bearing a chiral allyl group
was synthesized in 2 mmol scale in 80% yield (Scheme 4). 3a could
be transformed into the free carboxylic acid 7a [8] and the
a-deuterated 8a [10] easily by treatment with EtsN or pyridine in
water (D,0) (routes a and b). The corresponding ethyl ester 9a was
synthesized similarly by reaction with ethanol and Et3N in 99%
yield (route c) [2d]. The substituted Meldrum'’s acid 3a was readily
reduced by EtsN and PhSiH; to aldehyde 10a in 93% yield, without
any erosion of the enantioselectivity (route d) [11]. Not only
aniline, NH3-H,0 and aliphatic benzylamine could also react with
3a to prepare the primary and secondary amide 11a [12] and 12a
[13]. Finally, Weinreb amide 13a was synthesized in high yield,
which allows the ketone synthesis by reaction further with
organometallic reagents [8].

Based on the experiments above and the literature reports,
aplausible mechanism was proposed as shown in Scheme 5. The
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Scheme 5. Proposed mechanism.

in-situ formed NPN*RhCI (Rh(I)-A) reacts with the allylic t-butyl
carbonate 1 to get the chiral cationic intermediate Rh(III)-B as a 18
electron complex. At the same time t-butyl carbonate anion was
released as the counter anion [14]. The catalytic amount of basic t-
butyl carbonate anion removes the acidic proton in the pronu-
cleophile 2 to generate the Meldrum’s acid anion and release
neutral t-butanol and CO,, which enables the reaction conduction
in base-free condition, while the less acidic diethyl malonate could
not be deprotonated and react under the same condition. When
Rh(cod),BF, was used as the rhodium precursor, t-butyl carbonate
anion binds with rhodium and no free base is available to activate
the Meldrum’s acid. Finally, the nucleophile attacks the chiral
Rh(IIT)-B intermediate from the bottom side regio- and enantio-
selectively via an outer-sphere mechanism to give 3 and release
NPN*RhCI catalyst.

In conclusion, we have developed the Rh/bisoxazoline-phos-
phine-catalysed highly branched and enantioselective allylic
alkylation of Meldrum’s acid. Simple alkyl group based allylic
precursors are utilized for the first time in the allylic alkylation of
Meldrum’s acid. The chiral Meldrum'’s acid derivatives could be
converted to p-alkyl-y,8-unsaturated carboxylic acid and its
derivatives [15]. Further extension of novel nucleophiles in this
Rh-catalysed regio- and enantioselective allylic alkylation reaction
is under investigation.
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