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ABSTRACT

Fluorous ( S) pyrrolidine sulfonamide serves as an efficient promoter for highly enantioselective aldol reactions of ketones and aldehydes with
aromatic aldehydes on water. A notable feature of the organocatalyst is that it can be recovered from the reaction mixtures by simple fluorous
solid-phase extraction and subsequently reused (up to seven cycles) without a significant loss of catalytic activity and stereoselectivity.

Interest in organocatalysis has increased spectacularly in theecyclable and subsequently reusable versions of organo-
past few years as a result of both the novelty of the conceptcatalysts.

and unique activation modes and, more significantly, because Despite the fact that the original ideas behind organoca-
of the fact that the operational simplicity, less toxicity, talysis arise from enzyme active site motifs that display their
efficiency, and selectivity make many organocatalytic reac- catalytic activity in natural aqueous environmehtsgano-
tions superior to those carried out using more conventional catalytic reactions have thus far typically been carried out
methods. However, their drawbacks also have been realized. in organic solvents because water interferes with organo-
One of the major limitations using organocatalyst catalyzed catalysts and disrupts hydrogen bonds and other polar
reactions is high catalyst loadings (280 mol %) generally  interactions, accordingly in many cases deteriorating catalytic
required to complete the transformations in reasonable activity and stereocontrol. On the other hand, water is an
timescales. This will raise a cost concern when a large ideal reaction medium, as it offers unparalleled and unique
amount of chiral materials are used for a large scale of features: cheap, clean, easy to handle, hazardless, and en-
synthesis in industrial applications. In spite of significant vironmentally benigr$.Therefore, the development of orga-
efforts devoted to the development of highly active organo- nocatalytic asymmetric reactions using water as the reaction
catalysts aimed at lowering catalyst loading, it has proved medium has received considerable intefe$tMeanwhile,

to be a significant challenging task, and limited success hasefforts also have been made on organocatalyst recycling
been achieved so far. An alternative strategy is to designusing ionic liquids, solid-phase support, and fluorous
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technologie<:1° However, to the best of our knowledge, The analogueS) pyrrolidine trifluoromethane sulfonamide
no such organoctalyst has been reported, which possessel has been demonstrated for a highly enantioselective aldol
unigue features of promoting asymmetric transformations on reaction in an aprotic DMSO rather than in watehe
water and convenient recovery and reuse. guestion is whether the fluorouS)(pyrrolidine sulfonamide

To this end, recently our group has developed the first | can be applied for catalyzing the same process in water
water-compatible and readily recyclable organocatalyst, with a similar efficiency since as discussed above, generally,
fluorous (S) pyrrolidine sulfonamidé (Figure 1), and  the use of water as the reaction medium leads to poor

catalytic activity and enantioselectivity as a result of disrupt-

I | (o the interactions between substrates and catalyst in the

transition state.

B o O/\ On the basis of the unique structural features of the catalyst
N N !
N O//S\n-C4F9 NT.-H" ST [, we contemplated thalt could catalyze an aldol reaction
| o H/O n-CeFe in water with high catalytic activity and high stereocontrol.
N0 As observed, catalyst displays high catalytic activity and
N o ATNHIH stereoselectivity as a result of unique activation modes of
N o//S‘CFs involving two H-bond interactions where the sulfonamide
n TS group, substrate, and water are involved (Figuré? Thhis

implies that water is beneficial to the process. Moreover,

the strong electron-withdrawing effect of the fluorous tag in

I enhances the acidity of the NH proton of the sulfonamide

and thus provides a stronger hydrogen-bonding interaction

successfully employed this unique organocatalyst to a highly with the substrate. Finally, the fluorous tag can also provide

enantioselective Michael addition reaction of ketones and @ handle for the catalyst recycle by using the fluorous solid-

aldehydes with nitroolefin&.In our continuing effort on  phase extraction techniqdé?

expanding the scope of this useful organocatalytic system, To test the hypothesis, we carried out a model reaction of

in this communication, we wish to describe a study, which an aqueous solution of cyclohexanod@a and 4-nitro

has resulted in a highly enantioselective aldol reaction—one benzaldehyde®a in the presence of 10 mol % of fluorous

of the most important carbercarbon bond-forming reactions  (S) pyrrolidine sulfonamidé (Table 1). Initially, a reaction

in organic synthesis. with a ratio of 2:1 ofla/2aat rt was performed, and an

' — ~emulsive mixture was observed, indicating a heterogeneous

e B e s o SYSIeM was involved (entry 1). The process proceeded
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Figure 1. Chiral pyrrolidine sulfonamide organocatalysts and a
proposed transition state model of aldol reaction.
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Table 1. Exploration of Fluorous$) Pyrrolidine Sulfonamide
Promoted Aldol Reaction of Cyclohexanofea with
4-Nitrobenza|dehyd@a on Watef

catalyst |
(10 mol %)
é )K©\ solvent ii)\©\
ratio T t yield ee
entry l1a/2a (°C) solvent (h) (%) (%)  dr¢
1 2:1 rt  HyO 12 90 70 2:1
2 2:1 0 H20 24 60 83 4:1
3 5:1 0 H20 20 90 86  4.5:1
4 10:1 0 H20 9 92 90 5:1
5 10:1 rt  HyO 8 95 73 2:1
6 10:1 rt  DMSO 10 90 55 4:5
7 10:1 0 neat 18 95 60 2:1

aUnless specified, a mixture of cyclohexanoria) with a specified
amount and catalyst(7.62 mg, 0.01 mmol) in a solvent (0.2 mL) or neat
condition was stirred for 20 min followed by the addition of 4-nitroben-
zaldehyde (2a) (15.1 mg, 0.1 mmol), and the mixture was stirred for a
specified reaction time perioBisolated yields¢Determined by chiral HPLC
analysis (Chiralcel OD—H){Determined by*H NMR.

time (entry 2). The reaction efficiency dramatically improved

when the donor/acceptor ratio was increased (entries 3 and

4). When the reaction was carried out in DMSO (entry 6) or
a neat condition (entry 7), poorer enantioselectivities were
observed. This implies that water plays a role in governing
the selectivity (Figure 1). These studies prompted us to
choose the reaction conditions usihg/2awith a ratio of
10:1 at 0°C in water for evaluation of the feasibility of the
catalyst recycling by employing the fluorous silica gel based
solid—liquid extraction technique.

Table 2. Recycling and Reuse of FluorouS)(Pyrrolidine
Sulfonamide Promoted Aldol Reaction of Cyclohexandae
with 4-Nitrobenza|dehydéa on Watef

catalyst ]

20 mol %)
cycle t (h) yield (%)° ee (%) drd
1 6 90 90 5:1
2 7 92 90 5:1
3 12 90 90 5:1
4 13 90 90 5:1
5 19 91 89 5:1
6 24 92 87 5:1
7 40 88 87 5:1

aUnless specified, a mixture of cyclohexanorda) (98 mg, 1 mmol)
and catalyst (7.62 mg, 0.02 mmol) in kD (0.2 mL) were stirred at 6C
for 20 min followed by the addition of 4-nitrobenzaldehy@a) (15.1 mg,
0.1 mmol), and the mixture was stirred at’G for a specified reaction
time period. See the procedure for catalyst recovery in Supporting
Information.Plsolated yields¢Determined by chiral HPLC analysis (Chiral-
cel OD—H).9Determined by*H NMR.
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Table 3. Catalytic Asymmetric Aldol Reactions of Ketones
and Aldehydesl With Aromatic AIdehydeSZf’1

O catalyst |
(10 mol %)
RVHJJ\ + —x —_—
R2 0°C, H,0
1
entry product t(th) yield ee dr?
(%)’ (%Y
1 &/ﬁ@\ 9 92 90 5:1
3a NO,
2 Q  OH 72 80 90 >20:1
g 3b Br
3 O OH 24 92 89 11:1
3c CF3
4 Q OH 24 93 86 5.5:1
5 72 86 92 7:1
6 72 73 93 >20:1
OCH;
7 6:% 22 88 94 551
8 24 85 70 1:1
: “NO,
9 O OH NO, 24 75 97 >20:1
)‘\/JI\@
10 J><'\©\ 59 87 93 -

aUnless specified, see footnatén Table 2 Pisolated yieldsDetermined
by chiral HPLC analysis (Chiralpak AS—H or Chiralcel OD—Hpeter-
mined by'H NMR.

When 20 mol % of fluorousS) pyrrolidine sulfonamide
I was employed to promote the aldol reaction of cyclohex-
anonelawith 4-nitro benzaldehyd2a (Table 2), we found
that the fluorous 9§ pyrrolidine sulfonamide was cleanly
recovered (>90%) from the reaction mixture by the simple
fluorous solid-phase extraction, and the catalyst could be
repeatedly reused (see Supporting Information for details).
In each run, the recovered catalyst retained its high activity,
high levels of enantioselectivity (>87% ee), and good
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diastereoselectivity (5:1 dr) even after seven cycles despitelimitation of thel-catalyzed aldol process was also realized.
some degree of loss of activity observed in cycles 2—7. No reaction occurred for less reactive acceptors, such as
Having established the recoverable and reusable capacitybenzaldehyde, probed.

of the fluorous §) pyrrolidine sulfonamide, we next probed In conclusion, the results from the investigation demon-
the generality of its use as a promoter for aldol reactions. strate that the fluorous| pyrrolidine sulfonamide is a robust
As revealed in Table 3, the processes proceeded smoothlyand effective catalyst for highly enantioselective aldol
with 10 mol % of catalyst and gave rise to highly enan- reactions on water, and it is readily recovered and reused
tioenriched adducts in good yields. Significant structural without significant loss of catalytic activity and stereoselec-
variation of aromatic aldehydes, which possess either electron+ivity. Expanding the scope of the unique organocatalyst
donating (entry 6) or withdrawing (entries-5, 7) groups  catalyzed asymmetric transformations is underway in this

and contain a variety of substitution patterpara-, meta- laboratory.
andortho-, entries 1—7), could efficiently participate in the
process with achieving high enantioselectivities {8@% Acknowledgment. We are grateful for the generous
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(entries 9 and 10), and this greatly expands the scope of the
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reaction. Even more significant was the observationitduat

bUtyra.ldehyde underwent the _quorQLS) (pyrrolldlne sul- (13) To our knowledge, there are only two examples of organocatalyzed

fonamide catalyzed aldol reaction with 4-nitro benzaldehyde asymmetric aldol reactions involved in the formation of stereogenic

to furnish a product containing adjacent quaternary and guatekmalr:y Cgrbgn CegteFrS ?u{ Barbasc ?]nd Cjoiwgékggsoingsuszill(zfg Méase, N.;
- - . anaka, F.; barpas, C. ., ngew. emint. . , y an

tem‘?ry Carb_on centers V\_"th results similar to those we ref 11. It is noted that a much shorter reaction time (2 h) for the same

obtained using catalyst in DMSO (entry 10):%'3 The reaction is observed in the study reported by Barbas.
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