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Conjugate addition ta,3-unsaturated compounds is an estab- Table 1. Screening of Catalysts for the Organocatalytic Conjugate

; ; ; ; -~ Addition of Acetyl Cyclopentanone 2a to Butyn-2-one 1a in the
lished and useful synthetic strategy which has been used widely in Presence of Cinchona Alkaloids and Some Derivative? (5 mol %)

organic synthesis, such as for the generation of quaternary carbon

centers in a stereoselective manharvariety of different alkenones
have been found useful as substrates for these conjugate addition é* oyt é’k @
reactions. In contrast, there are only isolated reports dealing with (5 mol%)
the analogous conjugate addition reaction to the corresponding 1a o2 3a /—0
alkynone< and to the best of our knowledge no successful catalytic
enantioselective additions to alkynones, leading to e.g. optically g, catalyst Eiz® ee (E) (%) ee (2) (%)°
active quaternary carbon centers, have been repbArddvantage -
. L - . 1 EtN 2.0:1 - -
of the conjugate additions to alkenones is that the products obtained quinine 141 33 —10
from the reaction with alkynones contain a&C double bond which 3 cinchonine 1.911 -16 0
is an ideal “anchor” functionality for further transformations. 4 O-Ac-quinine 2.0:1 50 0
This communication presents the first organocatalytic enanti- > [DHQJ]AQN 17l 24 0
oselective conjugate addition gf-dicarbonyl compounds to ? %B:Sﬁmil_ ;gll 778 _1;)0
alkynones (eq 1). 8 [DHQJ,PHAL 1.4:1 68 39
o % 3 o [DHORPHAL 201 71 i
=< R MR’ M 11 [DHQIS]ZPHAL 1.1:1 -56 -20

R

2
R Mo 12 g 1.5:1 0 0

a Reaction performed with 0.10 mmol @a and 0.12 mmol ofla in 2
mL of toluene; 99% conversion in all cases after 2 Betermined by*H
NMR. ¢ Enantiomeric excess determined by GC or HPLC; the sign refers
to the sign of optical rotatiorf! Catalyst loading 1 mol % Reaction
N N temperature 438C. 20 mL of toluene and 10 mol % cataly$§tCatalyst
[DHQLPHAL (9-(+)-1-(2-pyrrolidinylmethyl)pyrrolidine.

OMe

To verify the feasibility of such a type of transformation, we catalytic amount of BgP (10 mol %) (b can also be used)
chose to test the addition of acetyl cyclopentan@aeto com- selectively isomerizes thE/Z mixture of 3a to the more stable
mercially available butyn-2-onga in the presence of organocata- (E)-3a(eq 3). On the other hand a 1:1 mixture of t8&-enone of
lysts based on the cinchona alkaloids and some derivatives (eq 2)3a in the presence of silica gel leads tB)3a in 34% isolated
(see Supporting Information for a list and structures of the cinchona yield (68% based on only th&) isomer, 40% ee) while theE-
alkaloids and derivatives tested). enone furnishes compounB)¢4a (eq 3). As expected the config-

Complete conversion is observed at room temperature from a uration of the newly formed quaternary center is identical in both
few minutes (E4N) to 2 h (cinchona alkaloids and derivatives), geometric isomers, and is not affected by the isomerization reaction.
and analytically pure products are isolated in quantitative yield after

addition of EtO, filtration, and evaporation of the solvent. é/\)\
Anhydrous conditions or inert atmosphere are not required. The é)\ B é)k S § 7’ ) ®)

solution may be directly analyzed by CSP-GC allowing a fast and kf uafo \”J
high throughput screening of reaction conditions and catalysts. o
Several solvents have been investigated, and toluene was selected (532 S0 (Ey-4a

as the best solvent, although some halogenated solvents also
afforded good enantioselectivities. Of the cinchona alkaloids and  To the best of our knowledge, no report exists of any successful
some derivatives tested, [DHIHAL (eq 1) proved to be the most  conjugate addition gf-diketones catalyzed by cinchona alkaloids

promising catalyst for the reaction of acetyl cyclopentar@meith and derivative$,although the conjugate addition gfketoesters
butyn-2-onela, giving the addition producaas a 2:1 mixture of to activated olefins is a well-known methodologglkynones are
E/Z-isomers with 70% ee and 40% ee for tlg-(and ¢)-enone, more active electrophiles under the present conditions compared

respectively (Table 1, entry 7). The reaction also proceeds efficiently to the alkenones; when performing the reaction in the presence of
with just 1 mol % of catalyst (entry 8). The proline derivativ&-( [DHQ],PHAL or EN as the catalyst with e.g. buten-2-one, no
(+)-1-(2-pyrrolidinylmethyl)pyrrolidine (entry 12) effectively ca-  significant amounts of product were formed after 4 d, even if a
talyses the reaction, but the products are obtained as racemates. stoichiometric amount of the base is added.

The E/Z-enones obtained are configurationally stable and may  An increase in enantioselectivity is found when aromatic
be separated by column chromatography. However, addition of a alkynones are employed. The conjugate addition of different
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Table 2. Enantioselective Conjugated Addition of Alkynones
1b—h to $-Diketones 2a—e Catalyzed by [DHQ],PHAL (5 mol %)

o 0

O .3, 1
= R——— § ] =k @
R e I G
[2) BusP] R
1 2 3
ee ee
Y EZ Y ()

ent R nR: %2 E/z° %W % %
1 Ph 1b 0,Me2a 3b99 1.0:1 88/89 92 88
2 p-F-Ph 1c O,Me2a 3c99 1.1:1 95/88 85 91
3  p-Cl-Ph 1d 0,Me2a 3d99 1.0:1 95/90 82 92
4 p-NO-Ph  1le 0,Me2a 3e99 1:1.4 77/88 — —
5 pCR-Ph 1f 0,Me2a 3f99 1.4:1 95/88 88 92
6 p-OCHs-Ph 1g 0,Me2a 3g99 151 90/70 — -
7 p-F-Ph 1c 1,Me2b 3h95 1.6:1 95/95 — -
8 p-Cl-Ph 1d 1,Me2b 3i95 1.2:1 95/95 70 95
94  p-Cl-Ph 1d Ph,0,Me2c 3j95 1.221 80/82 — -—
10¢ p-CI-Ph 1d Ph,0,E2d 3k95 1.3:1 80/85 — -—
119 Ph 1b Ph,1,Me2e 3199 1.5:1 94/88 — —
12 p-CI-Ph 1d Ph,1,Me2e 3m99 1.3:1 94/88 75 92
13 p-CI-Ph 1d Ph,1,Me2e 3m97 1.3:1 9592 — —
144 Me la Ph,1,Me2e 3n97 1.8:1 84/62 — —
158 (CHyp)Ph 1h Ph,1,Me2e 3095 1.4:1 77144 — —

alsolated yield.” Determined by!H NMR. ¢ Enantiomeric excess de-
termined by HPLCY Isolated yield of E)-isomer.4 Aromatic ring present
in 2. ® Reaction temperature55 °C and reaction time 9 d.

[-diketones to aromatic alkynones catalyzed by [DHRBIAL
proceeds in high yields and enantioselectivities (eq 4). Furthermore,
the isomerization of the mixture d&/Z-enones to theH)-isomer

can be performed in a one-pot procedure without affecting the yield
or the enantioselectivity. Table 2 shows the results for the catalytic
enantioselective conjugate additionfftliketones to aromatic and
aliphatic alkynones, including the results for both the first direct
addition step as well as examples for the two-step, one-pot
procedure providing exclusively th&)-isomer.

Acetyl cyclopentanon®a reacts smoothly with the aromatic
alkynoneslb—g in the presence of [DHQPHAL (5 mol %), and
excellent yields of the enon@&b—g are obtained (Table 2, entries
1-6). The enones are obtained as mixtures oBfxeisomers, and
the (E)-enones are in most cases obtained with slightly higher ee
than the Z)-enones. The-chloro-,p-fluoro-, andp-trifluoromethyl
substituted aromatic alkynonds, 1d, and 1f, respectively, give
95% ee for the)-enones3c, 3d, and3f, respectively (entries 2,

3, 5). The ee for the correspondirg){enones is only slightly lower

(entries 2, 3, 5). Other cyclic diketones such as acetyl cyclohexanone

2b, also react withlc,d to give the corresponding enon8g,i as
anE/Z-mixture in excellent yields and ee’s of 95% for both isomers
(entries 7, 8). Further examples of the additiorpediketones to
aromatic alkynones are given in entries¥B. These reactions also
proceed in excellent yields and with up to 94% ee of fegnone
adduct.

The two different alkyl-substituted alkynoné&sa,h reacted also
smoothly with3-diketones and #-ketoester. Table 2 entries 14,
15 present the results for the reactions with/kdiketone2ewhich
proceeds in high yields and up to 84% ee. The Supporting
Information gives the results for various other substrates to
demonstrate further the generality of this new catalytic enantiose-
lective conjugate addition reaction.

Entries 3, 5, 8, and 12 of Table 2 show some examples for
the one-pot procedure (eq 4) using the [DHPHAL catalyst (5
mol %) for the enantioselective addition of tfediketones to the
aromatic alkynones in the first step, followed by the use of a
catalytic amount of BsP (10 mol %) for the Z)- to (E)-

isomerization. TheH)-isomer of the addition adducts is isolated
in high yields and maintains the enantiomeric excess as an average
between the values obtained for tt®-(and E)-isomers.

The absolute configuration of the chiral quaternary carbon center
formed has been assigned to 5 6n the basis of reduction of
one of the enones to the saturated system and by comparison of
the HPLC-retention times and optical rotations with a known
compound (see Supporting Informatidhi).

In summary, we have developed the first catalytic enantioselec-
tive conjugate addition to alkynones. For both aromatic and aliphatic
alkynones, the addition g¢f-diketones proceeds in high yields and
good to high enantioselectivity, giving a mixture d&){ and @)-
enones. A one-pot procedure has been developed, furnishing
exclusively the E)-isomer in high yields and maintaining the
enantiomeric excesses of the products. Further work is in progress
to understand these additions to develop other catalytic enantiose-
lective reactions of alkynones and to use the optically active
products in future syntheses.
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