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We disclose an organocatalyzed enantioselective decarboxylative

ketone aldol reaction of b-ketoacids with trifluoromethyl ketones in

the presence of biscinchona alkaloid (DHQD)2AQN, affording

chiral tertiary alcohols in up to 98% yield and 90% ee.

Nature uses enzymatic activation of malonic acid half thioesters

(MAHTs) via decarboxylative transformation for the biosynthesis

of polyketides and fatty acids.1 Aspiring to imitate this biocatalytic

process, organic chemists have succeeded in developing a host of

asymmetric catalytic systems to demonstrate the synthetic useful-

ness of deployment of direct decarboxylative additions in enantio-

selective carbon–carbon bond-forming reactions.2–5 Nearly all

such studies have focused on the two-carbon extension asymmetric

transformations of thioester enolates and their equivalents. In

sharp contrast, the biomimicry of b-ketoacid decarboxylation for

the asymmetric introduction of synthetically useful keto-carbonyl

groups remains largely untapped. The lack of progress may be

attributed to the unimolecular decomposition of b-ketoacids and
the difficulty of stereochemical control as compared to thioester

enolates and ester enolates. One example of asymmetric decarboxy-

lative reaction of b-ketoacids came from Evans and co-workers,

who reported a nickel-catalyzed addition of b-ketoacids to

nitroalkenes to afford the enantiomerically enriched adducts.6

Mahrwald and Rohr described an asymmetric decarboxylative

aldol reaction of b-ketoacids, but the use of chiral aldehydes is a
prerequisite for asymmetric induction.7 Accordingly, the direct

catalytic enantioselective decarboxylative ketone aldol reaction of

b-ketoacids for the synthesis of chiral tertiary alcohols has not

been reported so far, and thus remains an important challenge.

Asymmetric organocatalysis,8 where small organic molecules

catalyze the reactions without the presence of any metal, has

become an attractive strategy in organic synthesis. Herein we

report details of our discovery of the first enantioselective

decarboxylative ketone aldol reaction of b-ketoacids catalyzed

in the absence of metal ions. We found that the cinchona

alkaloid-derived organocatalysts promote the decarboxylative

aldol reactions of b-ketoacids with trifluoromethyl ketones under

mild conditions. Furthermore, our preliminary investigation into

the mechanism of this transformation suggests a stepwise process

involving nucleophilic addition of b-ketoacid to the trifluoromethyl

ketone followed by a subsequent decarboxylation reaction.

In an initial investigation, we conducted the decarboxylative

aldol reaction of 3-oxo-3-phenylpropanoic acid 1a with 2,2,2-

trifluoroacetophenone 2a by employing triethylamine as an

organocatalyst to afford the desired product 3a in 48% isolated

yield.9 In addition, a significant amount of acetophenone,

generated through decarboxylative protonation of 1a, was

recovered in this case. Therefore, we tried slow addition of

2.0 equiv. of 1a to a mixture of the catalyst and 2a. As expected,

the yield was improved to 98% even in the presence of catalytic

triethylamine (20 mol%). Next, a series of natural chiral

cinchona alkaloids and commercially available biscinchona

alkaloids were tested (Fig. 1). It was found that (DHQD)2AQN

was the most promising catalyst for the model reaction

(Table 1, entry 7), whereas all the other chiral bases tested

resulted in low enantioselectivities (entries 1–6 and 8). In

addition, the solvent was found to have an important effect

on the reactivity (entries 9–12). Among the solvents tested, THF

was found to be the best with respect to catalytic activity

and asymmetric induction. Substantial decrease in reaction

temperature revealed that the enantioselectivity can be signifi-

cantly improved from 63% ee (entry 7) to 85% and 90% ee

Fig. 1 Cinchona alkaloids tested in the decarboxylative aldol reaction

of b-ketoacid 1a with trifluoroacetophenone 2a.
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(entries 13 and 14). Further changes in reaction temperature

and the amount of catalyst did not have any significant effect on

the enantioselectivity; however, reduced yields were observed,

even with prolonged reaction times (entries 15 and 16).

With the optimized reaction conditions in hand, the scope of

this organocatalytic enantioselective decarboxylative aldol reaction

was examined by varying both b-ketoacids and trifluoromethyl

ketones. The results are summarized in Table 2. Most of the

trifluoromethylated tertiary alcohols were obtained in high yields

with the range of 64–90% ee (entries 1–5 and 10–14). However, by

contrast, the substituent at the 2-position of the aryl rings has a

little effect on the reactivity. These reactants gave the aldol

products in moderate to good yields (entries 6–9, 15, and 16).

When 1,1,1-trifluoroacetone was employed, the desired

product was also obtained in 94% yield with 64% ee

(entry 17).10 It is noteworthy that the reaction worked well with

1,1,1-trifluoro-4-phenylbut-3-yn-2-one to give the 1,2-adduct

in high yield and moderate enantioselectivity (entry 18).

In addition, we investigated the decarboxylative aldol reaction

of alkyl-substituted b-ketoacids including 3-oxobutanoic acid,

3-oxopentanoic acid, and 3-cyclopropyl-3-oxopropanoic acid

with 2,2,2-trifluoroacetophenone 2a. These substrates were found

to be unsuitable for this asymmetric transformation and no

desired products were observed.

An organocatalytic decarboxylative aldol experiment on a

2 mmol scale of 2a was also carried out with 1a, and the

condensation product 3a was obtained with excellent optical

purity after single recrystallization from CH2Cl2/hexane

(Scheme 1). Furthermore, the organocatalyst was recovered

in almost quantitative yield and reused without any loss of

reactivity and enantioselectivity.11 In addition, the absolute

configuration of 3a was determined to be R by comparison

with the sign of optical rotation of the deprotected compound

Table 1 Optimization of conditions for the decarboxylative aldol
reactiona

Entry Catalyst (mol%) Solvent
Temp (1C)/
Time (h)

Yield
(%)b

ee
(%)c

1 Quinine (20) THF 0/12 88 6 (+)
2 Quinidine (20) THF 0/12 88 14 (�)
3 Cinchonine (20) THF 0/12 87 0
4 Cinchonidine (20) THF 0/12 86 6 (+)
5 (DHQD)2PYR (20) THF 0/12 88 38 (�)
6 (DHQD)2PHAL (20) THF 0/12 73 8 (�)
7 (DHQD)2AQN (20) THF 0/12 95 63 (�)
8 (DHQ)2AQN (20) THF 0/12 96 36 (+)
9 (DHQD)2AQN (20) toluene 0/12 46 23 (�)
10 (DHQD)2AQN (20) Et2O 0/12 25 15 (�)
11 (DHQD)2AQN (20) CH2Cl2 0/12 0 0
12 (DHQD)2AQN (20) CH3CN 0/12 0 0
13 (DHQD)2AQN (20) THF �20/24 97 85 (�)
14 (DHQD)2AQN (20) THF �40/28 96 90 (�)
15 (DHQD)2AQN (20) THF �60/48 53 90 (�)
16 (DHQD)2AQN (10) THF �20/48 88 87 (�)
a The reaction was carried out with b-ketoacid 1a (0.2 mmol) and

trifluoromethyl ketone 2a (0.1 mmol) in THF (0.6 mL). b Isolated

yield. c Enantiomeric excess was determined by chiral HPLC analysis.

Table 2 Scope of the enantioselective decarboxylative aldol reactiona

Entry Product Yield (%)b ee (%)c

1 3a 96 90

2 3b 97 82

3 3c 93 80

4 3d 94 76

5 3e 86 80

6 3f 63 72

7 3g 80 74

8 3h 72 75

9 3i 60 85

10 3j 85 65

11 3k 98 65

12 3l 97 64

13 3m 95 78

14 3n 92 72

15 3o 60 60

16 3p 60 62

Pu
bl

is
he

d 
on

 0
9 

M
ar

ch
 2

01
2.

 D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

R
oc

he
st

er
 o

n 
21

/0
7/

20
13

 1
1:

55
:4

1.
 

View Article Online

http://dx.doi.org/10.1039/C2CC30949A


4310 Chem. Commun., 2012, 48, 4308–4310 This journal is c The Royal Society of Chemistry 2012

reported in the literature.10 Further reduction of enantio-

enriched 3a in the presence of NaBH4 gave trifluoromethylated

diols 4 and 5 (1 : 1 dr), which were easily isolated through

silica gel column chromatography in 98% yield with excellent

enantiomeric purities (98% ee).

It was noteworthy that 19F NMR analysis of the reaction

progress between 1a and 2a with triethylamine in THF-d8
revealed the appearance of a new peak (at �85.05 ppm) that

was tentatively assigned as the reaction intermediate (A).12

With the disappearance of this intermediate A and the reactant

2a (�72.35 ppm) from the catalytic system, the aldol product

3a (at �80.95 ppm) was formed (Fig. 2a). Based on these

preliminary results, a stepwise process could be involved in the

catalytic cycle, in which nucleophilic addition of the ketoacid

salt to trifluoromethyl ketones gave the addition intermediate,

followed by the decarboxylation to afford the desired aldol

product (Fig. 2b).

In conclusion, we have successfully developed the first

organocatalyzed enantioselective decarboxylative ketone

aldol reaction of b-ketoacids with trifluoromethyl ketones by

employing chiral cinchona alkaloids as efficient catalysts. A

series of chiral trifluoromethyl-substituted tertiary alcohols

were obtained in good to high yields (60–98%) and enantio-

selectivities (60–90% ee). Further investigations to understand

the mechanism and to improve the enantioselectivity are

underway.

This work was supported financially by the National

Natural Science Foundation of China (NSFC) (No. 20972110

and 20902067).
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Scheme 1 Scaled-up version of the decarboxylative aldol reaction,

and further transformation.

Fig. 2 (a) 19F NMR monitoring of the reaction mixture of b-ketoacid
1a, trifluoromethyl ketone 2a, and NEt3 in THF-d8 as a function of time

at 0 1C; (b) proposed mechanism for the organocatalytic decarboxylative

aldol reaction of b-ketoacids with trifluoromethyl ketones.
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