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Aminal-Pyrrolidine Organocatalysts

Adrien Quintard, Chloée Bournaud, and Alexandre Alexakis*!*

Since the last decade, asymmetric organocatalysis has
emerged as a powerful method for the construction of new
stereogenic centers.'l Among those, 1,4-conjugate addition
by an activated carbonyl compound is a privileged method
in organic synthesis.”! Tt allows the formation of a new C—C
bond that can be a valuable synthon for fine chemistry.”
Impressive development has been made in this area in the
last five years. Research has mainly focused on the enamine
addition to nitroolefins that leads to highly versatile com-
pounds as demonstrated by our group in the synthesis of
(—)-botryodiplodin.” This research lead to the design of a
multitude of new catalysts for the addition of either alde-
hydes or ketones.”! Concerning nitroalkenes, a wide range
of donors can be used in these reactions but most of the cat-
alysts still suffer limitations. Many of them remain highly
substrate specific, are used in high catalyst loading and sev-
eral equivalent of carbonyl donors are usually required. Fur-
thermore, none of those catalysts possess a tunable moiety
potentially leading to different catalytic properties.

Recently, powerful catalytic systems have been described
by controlling several interesting aspects. Introduction of a
hydrogen bonding to control the selectivity,” discovery of
new substrates,”’ or increased steric hindrance on the pyrro-
lidine substituent lead to increased results both in terms of
selectivity and in reaction efficiency. The last factor seemed
interesting to us since some of those catalysts developed on
increased bulkiness were effective on both ketones and alde-
hydes for different enamine based reactions.®

This prompted us to design our own catalyst by increasing
the bulkiness on the pyrrolidine moiety with an aminal
group. Aminals are interesting nitrogen equivalents of ace-
tals.”] Due to their structure (determined by X-ray analy-
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sis),'% they are able to bring a strong steric hindrance to ad-
jacent carbons. Indeed, each substituents on the nitrogen
atoms are located frans to the substituent of the adjacent
carbons (Figure 1). This configuration is fixed by the stereo-
chemistry of the starting diamine and makes the nitrogen
atom a stereogenic center. Since chiral diamines are highly
efficient on these reactions, we thought that incorporating
an aminal moiety would increase the bulkiness close to the
catalytic site while keeping a strong catalytic activity
(Figure 1).
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Figure 1. Aminal structure and proposed catalysts by diversity-oriented
synthesis.

Furthermore, those catalysts would be highly modular
since varying the substituents on the different parts of the
aminal could potentially totally change their properties.
Indeed, applying the principles of diversity-oriented synthe-
sis™!! to protected prolinal, and considering the wide variety
of different diamines would lead to a conceptually new fa-
milly of modular catalysts (Figure 1).

Herein we describe the synthesis of new aminal-pyrroli-
dine derivatives and their applications in various Michael
addition reactions.

Catalysts 4a—f were prepared starting from protected L-
prolinal 3, easily obtained in two steps from commercially
available Cbz-L-proline. Aminal formation with various dia-
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mines followed by classical deprotection under hydrogen led

to compound 4a—f in moderate to good yields (Scheme 1).
In order to completely study the influence of the configu-

ration of the aminal on the catalytic outcome, three diaste-
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Scheme 1. Synthesis of aminal-pyrrolidine catalysts.

reoisomers 4a—c were prepared; while catalysts 4d—f were
synthesized in order to study the influence of the different
substituents. All catalysts were stable after prolonged con-
servation period. It must be noticed that catalyst 4¢ was ob-
tained as a single all cis diastereoisomer.

In a first part, the newly synthesized catalysts were tested
in the reaction of propionaldehyde with nitrostyrene in con-
ditions optimized in our group (Table 1).54

Table 1. Catalyst screening for the addition of propionaldehyde Sa to ni-
trostyrene 6.1

organocatalyst CI) Ph
H o, R "
O, 3 Me
full conversion
7a
\
N
O\/Iph (&ﬂz QY Ph
H N
/" Ph
4a (4S, 53) 4b (4R, SR) (4S,5R)
@ )
Ph D\( [X N
N
J' (L N
Bn
4d (43,53) 4e 4f
Entry Cat. t [h] dr (syn/anti)® ee (syn) [% ]
1 4a 15 75:25 79 (+)
2 4b 19 66:34 49 (+)
3 dc 18 78:22 57 (+)
4 4d 21 71:29 76 (+)
5 4e 7 75:25 66 (+)
6 af 4 77:23 66 (+)

[a] Reactions were performed using 10 equivalents of aldehyde. [b] dr
determined by '"H NMR of the crude product [c] ee values determined by
super fluid chromatography.

All the catalysts lead to full conversion after a short reac-
tion time. As expected, the influence of the stereochemistry
of the aminal was crucial in terms of selectivity (entries 1, 2
and 3). Impressively, the enantioselectivity varied from
ee 49 % in the case of diastereoisomeric catalyst 4b (entry 2)
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to the best enantioselectivity (ee 79%) using catalyst 4a
(entry 1). In all three cases, the configuration of the adduct
is the same. This means that, whatever the configuration of
the diamine, the most important stereoselector is the 2 posi-
tion of the pyrrolidine ring." Surprisingly, increasing the
bulkiness on the nitrogen with an isopropyl group (catalyst
4d) did not lead to any increase in the enantioselectivity
(entry 4). These results suggest that the phenyl group of the
aminal interacts during the transition state in catalyst 4a
and 4d. The results are also in agreement with the impor-
tance of the aminal configuration. Finally using a phenyl or
benzyl group on the nitrogen of the aminal in catalyst 4e
and 4f did not bring further increase in the enantioselectivi-
ty (entries 5 and 6).

The best catalyst 4a was then evaluated by addition of
various aldehydes to nitrostyrene 6 (Table?2). Moderate
enantioselectivities (ee 79%) and diastereoselectivities (dr
up to 75:25) were obtained at room temperature with alde-
hydes 5a, 5b and 5¢ but with high reactivity since the reac-
tions were completed in 4 to 15 h (entries 1, 3 and 5). This
prompted us to decrease the catalyst loading to 10 mol %
and the temperature to —25°C. Using these conditions, the
catalyst gave the Michael adducts in two to three days in
good diastereoselectivities (dr up to 95/5), and good enan-
tioselectivities (ee up to 87 %, entries 2, 4 and 6). A further
decrease in the temperature to —40°C with aldehyde Se¢
lead to a slight increase in selectivity while decreasing the
reaction rate (entry 7). Using more hindered aldehyde 5d
lead to a strong decrease in reactivity (Yield=86% after
3 d) and enantioselectivity (ee 67 %, entry 8) while using cat-
alyst 4b gave better results in this case (entry9). Further-
more, more hindered aldehyde Se did not react at all. These
results indicate that the aminal moiety must interact strong-
ly with the aldehyde in the transition state.

Table 2. Conjugate addition of aldehydes 5a—e to nitrostyrene 6 cata-
lyzed by 4a.

? Ph organocatalyst 4a ? Fn NO
+ — L — . 2

HR HNO2 CHCl, R

5a-e 6 7a-e
Entry R T mol% ¢  Yield drl® (syn/  ee (syn)

[°C] 4a [h] [%]@ anti) [%]

1 Me (5a) RT 20 15 84 75:25 79
2 Me (5a) -25 10 72 81 90:10 87
3 Et(Sb) RT 20 5.5 100 72:28 74
4 Et(Sb) 25 10 72 76 80:20 87
5 nPr(5¢) RT 20 4 100¢ 73:27 78
6 nPr (5¢) -25 10 40 94 95:5 84
7 nPr (5¢) —40 15 9% 89 95:5 88
8 iPr(5d) RT 20 72 86 67:33 67
ol iPr(5d) RT 20 18 99 >99% 67
10  MeMe RT 20 72 0 - -

(Se)

[a] Yield of isolated product after column chromatography. [b] dr deter-
mined by '"HNMR of the crude product. [c] ee values determined by
super fluid chromatography. [d] Catalyst 4b was used. [e] Full conversion
observed by "H NMR. [f] Only traces of the product.
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With these good results at hand, we decided to test our
catalysts in the addition of aldehydes to vinyl sulfone,™ re-
action recently developed in our group.!'! This reaction is
really interesting due to the versatility of the sulfonyl group
in organic chemistry."™™ Furthermore, moderate enantiocon-
trol had been achieved for the formation of compound 9d
(Table 3). 71% yield and 75% ee were obtained using
25 mol % of bipyrrolidine catalyst iPBP and only 55% ee
using bimorpholine derivatives.’

Table 3. Conjugate addition of aldehydes Sc-i to vinylsulfone 8 catalyzed
by 4a.

Q talyst 4 Q
krRz . :<SOZPh organocatalyst 4a | S0,Ph
R SO,Ph CHCl, R R S0,Ph
Sc-i 8 9c-i
Entry R',R? Aldehyde equivalent, Reactions Yield ee
mol % 4a conditions [%] [%]™

1 nPr, H 10 equiv, 10 mol % —60°C,2h 87 74
(5¢)

2 iPr, H 10 equiv, 10 mol % —60°C,2h 90 85
(5d)

3 iPr,H 2 equiv, 5 mol % —60°C,3h 86 85
(5d)

4 Bu, H 2 equiv, 10 mol % —60°C,4h 96 75
(51%)

5 allyl, H 2 equiv, 10 mol % —60°C,2h 84 77
(5g)

6 cHex, H 10 equiv, 10 mol % —60°C,3h 82 91
(5h)

7 Ph, Me 10 equiv, 10 mol % RT,4h 84 16
(59)

[a] Yield of isolated product after column chromatography on florisil.
[b] ee values determined by super fluid chromatography.

Reactions performed using linear aldehydes gave excel-
lent results. Impressive reactivity (yield around 90%) and
good enantioselectivities were obtained with only 10 mol %
of catalyst 4a. More substituted aldehydes 5d and 5h gave
the best enantioselectivities (ee up to 91 %, entries 1 and 6)
while less hindered ones gave slightly lower enantioselectivi-
ties (entries 1, 4 and 5). The more bulky 3,3-dimethylbutyr-
aldehyde 5f gave only 75% ee probably due to a too strong
interaction between the tert-butyl group and the catalyst.
Impressively, only two equivalents of aldehydes could be
used with aldehydes 5d, 5f and 5h (entries 3, 4 and 5) and
5 mol % was used with aldehyde 5d without loosing reactivi-
ty (entry 3). Unfortunately, poor enantiocontrol was ob-
served in the formation of the quaternary center with Si
(entry 7). These results represent an impressive increase in
both reactivity and enantioselectivity compared with iPBP.
This good stereoselectivity can be explained by the same
transition state as proposed with iPBP. A strong interaction
of the sulfonyl group with the aminal associated with a good
control of the geometry of the enamine in the transition
state lead to this higher stereocontrol.

In order to study the reactivity of our catalysts with ke-
tones, their efficiency was tested in the reaction of cyclohex-
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anone 10 with nitrostyrene 6, a classical model commonly
used (Table 4). Surprisingly, catalyst 4b, the less efficient
catalyst using aldehydes lead to a total conversion after 4 d
(entry 2). Furthermore this catalyst, the diastereoisomer of
the best catalyst for aldehyde, also gave the best results in
terms of enantioselectivity (ee 80%, entry 2). Catalyst 4a
and 4c¢ gave much lower reactivity and a dramatic loss in
enantioselectivity (entries 1 and 3). Finally, the more hin-
dered catalysts 4d-f, highly reactive for aldehyde did not
catalyze the reaction (entries 4, 5 and 6).

Table 4. Catalyst screening for the addition of cyclohexanone 10 to nitro-
styrene 6 catalyzed by 4a.[!

o} organocatalyst 0O Ph
N Ph 10 mol % » L __NO,
NO, PhCOOCH (10 mol %) H
CHCI;, RT
10 6 1

Entry Cat. ¢[d] Conv (yield)® [%] dr (syn/anti)'! ee (syn) [%]¢

1 4a 4 60 95:5 61
2 4b 4 100 (73) 90:10 80
3 4c 4 85 95:5 50
4 4d 4 0 - -

5 4e 4 13 >95:5 25
6 4f 5 0 - -

7t 4b 3 100 (81) 92:8 87

[a] Reactions were performed using 6 equivalents of ketone. [b] Conver-
sions were determined by '"H NMR of the crude product, isolated yields
are shown in brackets. [c] dr determined by '"H NMR of the crude prod-
uct. [d] ee determined by super fluid chromatography. [e] Reaction per-
formed in cyclohexane.

These results demonstrate how a slight modification in
the catalyst structure can totally change its properties. This
difference of reactivity relies on the different proposed tran-
sition state between ketones and aldehydes, where the ge-
ometry of the enamine plays a crucial role.” Finally a short
solvent and co-catalyst screening showed that the enantiose-
lectivity could be increased to 87 % ee by using cyclohexane
instead of chloroform (entry 7).

In conclusion, a conceptually new family of chiral aminal—-
pyrrolidine derivatives has been synthesized. From their
evaluation in diverse Michael additions, this family of cata-
lysts is highly modular since the catalytic properties toward
different substrates can easily be tuned by varying the sub-
stituents on the aminals. Finally, excellent results (ee up to
91 %) have been obtained in the addition of aldehydes to
vinyl sulfones. This is to date the best published results on
such additions and represents a promising result.

Investigations are currently under progress in our labora-
tory in order to improve those catalysts and toward a better
understanding of the influence of the various aminal groups
on the reactivity other different organocatalyzed reactions.

Keywords: asymmetric  catalysis -  diversity-oriented
synthesis - enamines - Michael addition - organocatalysis
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