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The first organocatalytic addition of dicyanoalkylidenes to
quinones catalyzed by Cinchona alkaloids leading to formation
of 1,4-diketone derivatives with high diastereomeric ratios
(up to >98 : <2 dr) and enantioselectivities (up to 99% ee) has
been developed; the optically active compounds obtained are
useful for a number of transformations, e.g. the synthesis of
optically active a-aryl ketones.

Stereoselective C-C bond formation is an important goal in
organic chemistry, and especially organocatalysis has in the past
years provided the chemist with different asymmetric strategies
to reach this goal.! Limitations of these strategies have been
Csp*~Csp? and Csp’—Csp organocatalytic asymmetric reactions.
However, recent strategies for the development of methods for
the formation of these types of bonds, allowing the synthesis of a
stereocenter attached to double®’ or propargylic triple bond,*
have been presented.

In nature, quinones have an important role in biological
processes and therefore a large number of reactions have been
performed with these compounds.® Recently, the first asymmetric
organocatalytic o-arylations of p-keto esters* and aldehydes™ by
addition to quinones were presented. However, the organocatalytic
a-arylation of ketones, in a direct or indirect way, is also attractive
but has been elusive until now. In this communication we present
our efforts to achieve this goal.

In our initial attempts, we focused on performing the reaction
with enamine chemistry (top, Scheme 1). However, in our hands,
after several diverse attempts, with different catalysts,5 we found
that the system was completely non-reactive using various reaction
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Scheme 1 Two main strategies for the a-addition of ketones to quinones.
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conditions (See Tables S1 and S2 in the ESIt).® Consequently, the
retro-analysis of the final product (I) was considered, and it was
found that I might be formed by functionalization of the dicyano-
alkylidenes,’ followed by oxidative cleavage, allowing the synthesis
of the same type of compound in an indirect manner (Scheme 1).

In this paper, we present the first asymmetric addition of
dicyanoalkylidenes to quinones catalyzed by Cinchona alkaloids.
Furthermore, further derivatization of the products to e.g
a-aromatic ketones is also included (Scheme 2).
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Scheme 2 The allylic C-C formation.

The screenings of the appropriate conditions and catalysts are
presented in Table 1 for the reaction of dicyanoalkylidene 1a with
1,4-naphthoquinone 2a. The reaction can be catalyzed by quinine
3a with good conversion and moderate diastereomeric ratio;
however, the enantioselectivity was poor (entry 1). Further
modification of the catalyst, such as protection at the hydroxy
group with 1-naphthalene (3b), improved the enantioselectivity to
39% ee; nevertheless, longer reaction time was required (entry 2).
Other aromatic rings have also been introduced as the linker (3¢
and 3d) leading to a further improvement to 52% ee (entries 3, 4).
However, on applying the adamantoyl ester 3e as the catalyst, the
enantioselectivity was not improved further (entry 5), indicating
that not only steric effects, but also electronic effects might be of
importance for the reaction.

The dimeric catalysts 3f-3j were also screened (entries 6-10) and
these catalysts gave more satisfactory results in terms of conversion
and stereoselectivity than the monomeric catalysts. The best
catalyst was 3j which gives 4a with 61% ee (entry 10).

The effect of solvents on the reaction course using catalyst 3j
was also studied (entries 10-15). Chlorinated solvents, such as
1,2-dichloroethane (DCE), CH,Cl,, and CHCl;, gave a slower
reaction, compared to acetone, leading to lower conversion. In
order to obtain both high conversion and stereoselectivity, it was
found that a mixture of CHCls;—acetone (7 : 1) allowed us to
decrease the temperature to —40 °C. By increasing the catalytic
loading from 10 to 20 mol%, product 4a was formed with high
conversion, a dr of 14 : 1 and with 67% and 81% ee of the major
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Table 1 Screening and optimization conditions for the addition of
dicyanoalkylidene 1a to quinone 2a“

MeO.

ph O DHQ N=N
3aR=H DHQ%/DHQ DHQ DHQ
3b: R = 1-Naphthyl s \ 7/
3c: R = 2-Methyl-4-quinoline N =N
3d'R= 2 4-Dinitrophenyl hd
3e: R = 1-Adamantoyl Ph O DHQ

3f: (DHQ),PYR  3h: (DHQD),AQN
3i. (DHQ),AQN

NC.__CN
[¢]
. ‘O catalyst
solvent, T
[e]
1a 2a

Catalyst
Entry (mol %) Solvent

3g: (DHQ),PHAL
3j; (DHQD),PHAL

Time Conv.” ee
7°C (h)y (%) dr® (%)

1 3a(10) CH,Ch -20 18 78 2:1 2

2 3b(10) CH,Ch -20 89 36 13:1 39

3 3¢(10) CH,Cl, —20 44 88 3:1 52

4 3d(10) CH,Cl =20 72 26 8:1 —47

5 3e(10) CH,Cl, -20 12 95 4:1 30

6  3f(10) CH,Cl -20 47 89 4:1 17

7 3g(10) CH,Cl -20 72 85 3:1 56

8  3h(10) CH,Cl, -20 72 98 10:1 —43

9  3i(10) CH,Ch -20 16 96 4:1 —46

10 3j(10) CH-Cl, -20 48 79 4:1 —61

11 3j(10) DCE -20 43 91 5:1 —53

12 3j(10) CHCl, —20 43 67 4:1 —65

13 3j(10) Acetone -20 18 98 3:1 =59

14 3j(10) Toluene -20 72 82 5:1 =30

15  3j(10) THF -20 43 82 2:1 -63

16 3j(10) CHCly-Acetone —40 20 90 5:1 —60
(7:1) (44)?

17 3j(20) CHCly-Acetone —40 20 80 14:1 —67
(7:1) @8n?

18 3j(20) CHCly-Acetone —20 20 95 14:1 =75
(7:1)

“ All the reactions were performed on a 0.10 mmol scale (0.1 M).
b Conversion and diastereomeric ratio were determined by '"H NMR
spectroscopy. ¢ The ee was determined by HPLC using a chiral
stationary phase. ¢ Ee of minor diastereoisomer.

and minor diastereomer, respectively (entries 16, 17). Finally, it
was found that slightly higher temperature led to an increase of the
enantioselectivity to 75% ee (entry 18).

With these key conditions, we decided to investigate the scope of
the reaction (Table 2). Surprisingly, when the reaction was carried
out with the 1,4-anthraquinone, compared with the 1,4-naphtho-
quinone, the enantioselectivity was improved to >99% ee (entries
1, 2). However, the yield of 4b was only moderate, which might be
due to insolubility problems of the final product. Substitution at
the 1,4-naphthoquinone led to a minor decrease in the enantio-
selectivity of the reaction, as observed for the reaction with the
acetyl juglone (entry 3).8

The 6-methoxy-dicyanoalkylidene derivative 1b reacted with
quinone 2a to give the corresponding adduct 4d in good yield
and moderate enantioselectivity (entry 4). Interestingly, when a

Table 2 Screening for the addition of dicyanoalkylidenes la-g to
quinones 2a—¢“

NCL CN NC.__CN o
(DHQD),PHAL 3j
N (20 mol%) N
* X CHCl3/Acetone (7/1) R
n R 0
o]
1 2 4
Yield” ee
Entry 1 2 Product 4 (%) (dr) (%o)?
1 la 2a NC_ _CN O 4a84 (14:1) 75
oo
0
2 1a 2b 4b 39 (>98 : <2) >99

§ 9
%
O.O
0

3 la 2 4c80 (8:1 60
T e en 0 AR ¢ ®:D
O‘ o
o
4 1b 2a NC. _CN O 4d81 (5:1) 63
L
0
5 1c 2a NG _CN O 4e76 (14:1) 99
WO o8
MeQ Y
6 1d 2a NG_ _CN o 469 (>98:<2) 96
O
MeO o)
7o le2a o oo 4g81 (4:1) 65
| O
8§ 1f 2¢ 4h67 (11:1) 68
NC._CN o AR
O‘ .i
9 ° 4i 8 98 ) 8
1g 2c i83 (>98:<2 0
NC._CN g AR
Ol. ot
o .
10 le 2b NC_ _CN 0 4i50 (12:1 93
| OO
11 1d 2b NG _ON 0 4k 51 (>98:<2) 92
ol oY
MeQ o

“1In all cases the reaction was carried out at —20 °C on a 0.2 mmol
scale and stopped after 24-48 h, after the consumption of the
starting material (see ESI).  Global isolated yield. ¢ Diastereomeric
ratio determined by 'H NMR spectroscopy. ¢ The enantiomeric
excess was determined by HPLC using a chiral stationary phase
(see ESI).
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Table 3 Acid-catalyzed aromatization of compounds 4a, 4b and 4g”

NC I CN OCOR

- QL O

; H,S0, . e
OCOR

5a-d

Entry Starting material R Product Yield (%)

1 4a Me 5a 74 (69)°
2 4b Et 5b 71
3 4g Me 5¢ 71
4 4a Et 5d 93

“ All the reactions were performed on a 0.10 mmol scale. * Reaction
done on the 6.0 mmol scale.

methoxy group was placed at the 5-position as in S5-methoxy-
dicyanoalkylidene 1c or 5,6-dimethoxy-dicyanoalkylidene 1d, the
reaction with quinone 2a gave 4e and 4f in good yields and 96
and 99% ee, respectively (entries 5, 6). The non-phenyl-fused
dicyanoalkylidene—derived from cyclohexanone—only gave 10%
ee of the desired product (41, see ESIY).

Substrates with heteroatoms in the nucleophile, such as the
sulfur derivative le, also reacted smoothly with quinone 2a to give
the corresponding product 4g with moderate enantiomeric excess
and good yield (entry 7). It is also interesting that the reaction can
be performed with five and seven membered rings (1f and 1g),
obtaining in both cases the compounds 4h and 4i in good
yields and diastereoselectivities with moderate enantioselectivity
(entries 8, 9).

Finally, the reaction could be performed with the 14-
anthraquinone 2b, and both reactions studied, the products 4j
and 4k were obtained with excellent enantioselectivities (entries 10,
11). The configuration of the products was determined by X-ray
crystal analysis of compound 4j,f and also based on previous
results”> (see ESI for more detailst).

The reaction also proceeds well on a larger scale. Compound 4a
could be obtained in 90% yield on a 20 mmol scale, allowing in this
way different derivatizations. For all the compounds that we
have studied, we did not detect aromatization to the corresponding
1,4-hydroquinones under the base-catalyzed conditions as we
observed before.* However, compounds 4a, 4b and 4g instanta-
neously aromatized in solvent-free conditions using acid catalysis’
and the products were trapped using different anhydrides, giving
the o-aromatic compounds Sa-5d in good yields and without any
significant loss of enantiopurity (Table 3).

In addition, compound 4a could be subjected to oxidative
cleavage conditions,”” giving the tri-ketone 6 in good yield (eqn (1),
Scheme 3); also, the a-aromatic ketone from 5a gives 7 in good
yield (eqn (2), Scheme 3) and in both cases without any significant
loss of enantiopurity.

In conclusion, we have presented the first organocatalytic allylic
addition of alkylidene derivatives to quinones by using Cinchona
alkaloid catalysts. This reaction proceeds with good yields,
diastereoselectivities, and gives up to 99% ee. The adducts can
be derivatized to different useful products such as o-arylated
alkylidenes and ketone compounds.
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Scheme 3 Different transformations of the alkylidenes 4a and 5a.
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