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ydroxy Ketones as Masked Ester Donors in Brgnsted Base-

Catalyzed Conjugate Additions to Nitroalkenes

lurre Olaizola,® Teresa E. Campano,® Antonia Mielgo,® Jesis M. Garcia,®! Mikel Oiarbide*® and

Claudio Palomo*&l

Abstract: Catalyst-controlled enantioselective direct addition reaction
of enolizable esters and related carboxylic acid derivatives to n-
electrophiles remains a difficult synthetic transformation. Here -
hydroxy ketones are presented for the first time as donor ester
equivalents capable of being activated by bifunctional Brgnsted base
catalysts in this endeavour. Thus, a-hydroxy ketones react efficiently
with nitroalkenes in the presence of chiral tertiary amine/H-bond donor
catalysts to give the Michael addition adducts with very high
stereoselectivity (dr 295:5, up to 99% ee).

One of the most general entries to new carbon-carbon bonds
relies on the nucleophilic addition of an enolizable carbonyl
compound to a n-electrophile which results in synthetically useful
carbonyl compounds modified at Ca. Stereoselective variants of
such a process involving an enolizable carbonyl substrate in the
carboxylic acid oxidation state have been established by using
chiral stoichiometric reagents and auxiliaries and commonly
require a previous, irreversible enolization step (Scheme 1A).14
However, direct type versions involving an enolizable ester,
amide or the like, in which a chiral catalyst controls the
stereoinduction (Scheme 1C), are less developed. Catalytic
activation of these types of substrates is challenging owing to their
diminished carbon acidity. Some progress in the area has been
made by using as enolizable substrates thioamides/lactams,?
amides,P! nitriles,” imides,®! and free carboxylic acids!® and a
chiral metallic catalyst in combination with a base in sub-24 or
superstoichiometric®®  amount.  Among  organocatalytic
approaches, covalent activation of carboxylic acids and esters by
chiral NHC and isothiourea catalysts has been reported to
(mainly) afford lactone- and lactam-type cyclic products,” while
seldom examples of non covalent activation of reactive ester
equivalents (acyl silanes, thioesters, pyrazoleamides, cyclic
anhydrides, B,y-unsaturated esters) by Brgnsted base catalysts
have also been explored.®! Despite these advances, methods that
combined both reasonably broad scope —many require an
additional activating a-substituent—® and high stereocontrol in
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terms of reaction diastereo- and enantioselectivity are rare. While
all these studies deal with enolizable substrates of the type |
(acyl-heteroatom systems), a conceptually different, but in
practice equivalent, strategy would involve a-hydroxy ketones Il
as a carboxylic acid surrogate (Scheme 1B). Early work by the
groups of Heathcock™® and Masamune,*! independently,
established a route to a-modified carboxylic acids upon an
enolization/a'-functionalization/ketol scission sequence starting
from II. This approach was further advanced in such a way that
the chiral information source was
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Scheme 1. a-Functionalization of carboxylic acid equivalents via enolization.

no longer sacrificially destroyed during ketol oxidative scission.*?
Despite its potential and practicality, however, to our knowledge
no direct version of this approach has been reported so far. Here
the feasibility of achiral a-hydroxy ketones Il to be used as donor
ester equivalents*® in catalytic, asymmetric conjugate addition
reactions, is demonstrated for the first time. The underlying idea
is that substrate Ill may get activated by a bifunctional tertiary
amine/H-bond donor catalyst as in model IV to ultimately attack a



suitable n-electrophilic reaction partner and lead, after final ketol
scission, to enantioenriched a-branched carboxylic acids and
derivatives.

For initial validation of the idea the reaction of o-hydroxy
ketone 1A with nitroalkenes was selected and several Brgnsted
bases were screened. As the results in Table 1 show, both
catalysts C1 and C2 were able to promote the addition reaction,
but led to suboptimal enantioselectivity (entries 1 and 2). Among
the bifunctional catalysts examined, the squaramide C3/4
resulted the most active, providing essentially quantitative yield
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Scheme 2. Conjugate addition of a-hydroxy ketones to nitroalkenes catalyzed
by Brgnsted bases C1-C5.

of the addition adduct 6 after 5 h, but with yet unsatisfactory levels
of selectivity (entry 3). Catalyst C4,119 but specially the thiourea
catalyst C5,1*% resulted superior in this reaction affording ee’s of
70% and 80%, respectively. Then, we decided to study the
behavior of the related a-hydroxy ketones 2A—4A, which exhibit
different geminal R substituents. These ketones can readily be
prepared through the method of Qi employing the corresponding
alkyne, simple ketone and CO; as starting materials.l'”) As the
results in the table show, when shifting from 1A(R=Me) to
2A(R=Et) and 3A(R=Ph) there is not much impact on the reaction
selectivity (compare entries 3-5, 6-8, and 9). However, an
outstanding 99% ee was obtained in the reaction with nitrostyrene

of 4A(R=Bn) using either catalyst C3 or C5 (entries 10 and 12).
Of importance, in all the above experiments essentially one
diastereomer was formed with diastereomeric ratios measured by
1H NMR being consistently >95:5.

Table 1. Catalyst screening for the reaction of several a-hydroxyketones 1A-4A
with 5a (R% Ph).[

Entry Ketone, R Catalyst Product Time[h] Yield [%]® ee [%]¥
1 1A, Me Cl 6Aa 72 97 100
2 1A, Me Cc2 6Aa 72 86 -50€l
3 1A, Me C3 6Aa 5 98 60

4 1A, Me C4 6Aa 72 97 70

5 1A, Me C5 6Aa 72 98 80
6 2A, Et C3 7Aa 24 97 76

7 2A, Et C4 7Aa 48 550 72

8 2A, Et C5 7Aa 24 97 80

9 3A, Ph C5 8Aa 24 87 80
10 4A, Bn C3 9Aa 24 75 99
11 4A, Bn C4 9Aa 72 70 88
12 4A, Bn C5 9Aa 24 95 99

[a] Reactions conducted on a 0.1 mmol scale in 0.3 mL CH:Cl. (molar ratio of
ketone/5a/catalyst 1:2:0.1); dr >95:5 in all entries as determined by *H NMR
(300 MHz) of crude sample. [b] Yields of isolated product after chromatography.
[c] Conversion; yield not determined. [d] Determined by HPLC analysis using a
chiral stationary phase. [e] Reaction performed at —20 °C.

Based on the above results, a-dibenzyl a-hydroxy ketone 4A and
catalyst C5 were selected for further exploring the scope of the
reaction regarding the nitroalkene component. As data in Table 2
show, several B-aryl substituted nitroalkenes with a range of
electron-rich (entries 2,3,6) and electron-poor (entries 1,4,5)
arene systems participate in the reaction with 4A to afford the
corresponding products 9A in good isolated yields and essentially
perfect stereocontrol (dr 295:5, 99% ee in all entries). Importantly,
the reaction also tolerates well the more challenging alkyl-
substituted nitroalkenes, although considerable longer reaction
times were needed. For example, the reactions of nitroalkenes
bearing a linear pentyl(5h) or propyl(5i) substituent afforded the
corresponding adduct in 75% and 76% isolated yields,
diastereomeric ratios >95:5, and ee’s of 96% and 99%,
respectively. In its turn, the isopropyl-substituted nitroalkene 5j
afforded, after 5 days of reaction, a 45% vyield of isolated product
with 90:10 dr and 97% ee for the major diastereomer.

Next the tolerance of different aromatic substituents at the
Co' position of the ketone was studied. As data in Table 3 show,
hydroxyl ketones with electron-deficient arene groups at Co',
such as the p-cyanophenyl and p-fluorophenyl, were more active
than ao'-phenyl ketone, the latter necessitating longer times for
useful reaction conversions. On the other hand, the influence of
the nature of the geminal R substituent on both reactivity and
selectivity for the different entries was, once again, clear, and two
distinguishable subsets of results were obtained from o-hydroxy
ketones 1 (R=Me) and 4 (R=Bn), respectively (Table 3).



Table 2. Scope of the reaction of 4A with nitroalkenes 5 catalyzed by C5.

Entry Nitroalkene R? Product Time [n] Yield [%]®! drd ee [%]¥
9Ab
1 5b 16 93 >95:5 99
Br
9AcC
2 5¢ /©X 16 92 >955 99
MeO
MeO.
9Ad
3 5d \©/~< 16 80 >95:5 99
Cl
9Ae
4 se \(j}l1 16 81 >955 99

OAf
5 5f ©i< 16 77 >955 99
Cl
16 85 >95:5 99
Me

6 59

7t 5h  CH3(CHz)a 9Ah 72 75 >95:,5 96
8tel 51 CHs(CHa)2 9Ai 44 76 >95:;5 99
glel 5] (CH3)CH 9Aj 120 45(75)1 90:10 97

[a] Reactions conducted on a 0.1 mmol scale in 0.3 mL CH:Cl. (molar ratio of
4A/5/catalyst, for R?=aromatic, 1:2:0.1; for R?=aliphatic, 1:3:0.1) at r.t. unless
otherwise stated. [b] Yields of isolated product after chromatography. [c]
Determined by *H NMR. [d] Determined by HPLC analysis using a chiral
stationary phase. [e] Using 20 mol% catalyst. [f] Yield in parentheses based on
recovered starting material.

As shown in Table 3, with the sterically more demanding o,o-
dibenzyl congeners 4 reactions needed longer times for
completion in all entries as compared to the less demanding o,a-
dimethyl congeners 1. However, while both diastereoselectivity
(dr>95:5) and enantioselectivity (96%—-99% ee) attained with 4B—
D was almost perfect, the selectivites were eroded with
substrates 1B-D. Importantly, the high stereoselectivity was
maintained also with the B-isobutyl-substituted nitroalkene 5k
which upon reaction with 4B afforded adduct 9Bk as single
diastereomer and 99% ee. The absolute configuration of adduct
9Ab was established by single crystal X-ray structural analysis[*él
and that of the remaining adducts was assigned by assuming a
uniform reaction mechanism. In this respect, it appears that the
free hydroxy group of the template plays a crucial role in the
reaction mechanism since the reactivity decreases dramatically
when it is blocked as the silyl ether. Thus, we observed that while
the reaction of 1B with nitrostyrene produced adduct 6Ba in 89%
isolated yield in the presence of C5 (Table 3), the similar reaction
of the trimethylsilyl ether derived from 1B progresses much more
slowly, with less than a 25% conversion reached after 20 h at
room temperature. Although still premature, in Figure 1 two
plausible reaction stereomodels are proposed that would correctly
account for the observed stereochemistry.[*9]

Table 3. Scope of the reaction regarding the a-hydroxy ketone.®

R1
0 0 R?
0,
HO 5’ c5 (10 mol A)) HOMNOZ
R R CH,Cly, rt RR
BR":CN;CR"F;DR"H ;

o Ph
HOMN% HOMNOZ
RR -
CN

1 R: Me 6 R: Me
4 R:Bn R 9 R:Bn
G Ph O Ph

R: Me, 6Ba; 20 h, 89%
dr90:10, 82% ee
R: Bn, 9Ba; 96 h, 70%
dr>95:5, 99% ee

o}
HO NO,
R R ;
CN

R: Me, 6BK; 64 h, 64%
dr >95:5, 63% ee
R: Bn, 9Bk; 64 h, 36%(90%)
dr>95:5, 99% ee

R: Me, 6Ca; 96 h, 70%
dr>95:5, 66% ee
R: Bn, 9Ca; 96 h, 49%(96%)
dr>95:5, 96% ee

R: Me, 6Da; 5 d, 37%(62%)
dr>95:5, 60% ee

R: Bn, 9Da; 96 h, 46%(92%)
dr>95:5, 96% ee

[a] Reactions conducted on a 0.1 mmol scale in 0.3 mL CH:Cl. (molar ratio of
ketone/5a/catalyst 1:3:0.1 or 1:1.2:0.1). Yields in parentheses based on
recovered starting material.
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Figure 1. Proposed qualitative stereomodels.

Plausible transformations of adducts obtained through this
catalytic conjugate addition are shown in Scheme 3. For instance,
direct oxidation of the ketol moiety in 9Aa using HslO¢ afforded
carboxylic acid 10. Conversely, reduction of the ketol carbonyl
with borane and subsequent treatment with HslOg as above gave
aldehyde 12. In each case dibenzyl ketone is also formed as a
byproduct that could be recovered and reused. On the other hand,
the aliphatic nitro group could be transformed to the carboxylic
function without affecting the ketol moiety (9Aa — 11) through Nef
oxidation.
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Scheme 3. Elaboration of adducts.

In conclusion, enolizable a-hydroxy o,o-disubstituted ketones are
presented for the first time as efficient ester donor equivalents in
asymmetric catalysis. Specifically, their conjugate addition
reaction to nitroalkenes, including the challenging pB-alkyl-
substituted nitroalkenes, can be triggered by bifunctional
Brgnsted base catalysts to afford the corresponding adducts with
very high diastereo- and enantioselectivity (dr >95:5, up to 99%
ee). The reactivity and the stereodirecting ability of the o-hydroxy
ketone template is easily modulated by varying the nature of the
geminal a-substituents, with the «,a-dibenzyl-substituted
congeners providing the highest enantiocontrol with the selected
catalysts. Chemical elaboration of the ketol moiety in the resulting
adducts through smooth oxidative protocols gives access to the
corresponding enantioenriched a-branched products (either
carboxylic acids or aldehydes), inter alia aryl acetics, along with
dibenzylacetone byproduct which can be separated and recycled.
Extension of this catalytic methodology to other n-electrophiles is
currently under investigation.
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