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Carlo Cassani, Luca Bernardi,* Francesco Fini, and Alfredo Ricci*

Aryl and heteroaryl sulfones are very versatile intermediates
in organic chemistry.'! Owing to their strong electron-with-
drawing properties, sulfonyl moieties are able to stabilize a
carbanion at the o position, as well as to activate a conjugated
double bond for nucleophilic addition. After conferring the
desired reactivity, the sulfonyl moiety can be removed by
reduction or transformed into another useful functionality,
such as a C—C double bond or a ketone, through simple
synthetic manipulations.” For these reasons, the development
of catalytic asymmetric transformations that lead to enantio-
merically enriched sulfonyl compounds has received much
attention.l’! In particular, vinyl sulfones™ have been used as
electron-deficient olefins, and a-substituted sulfones have
been used for the generation of various nucleophilic species
or carbenes.”) In contrast, the employment of arylsulfonyl-
acetates 1 in a catalytic asymmetric setting has to our
knowledge never been reported, although these readily
enolizable compounds could conceivably be used as conven-
ient synthetic equivalents of o anions of carboxylic acid
derivatives (Scheme 1).

We considered the possibility of using phase-transfer
catalysis (PTC) for the mild deprotonation of arylsulfonyl-
acetates 1 with the aim of exploring their enantioselective
Mannich!”! addition to highly reactive N-carbamoyl imines
generated in situ from a-amidosulfones 2 (Scheme 1).®! The
use of PTC with a-amidosulfones 2 as imine surrogates should
guarantee broad substrate scope, user-friendly conditions, as
well as useful N-carbamoyl protecting groups (Pg) on the
nitrogen atom which would further enhance the versatility of
the approach..”! Our efforts were motivated by the various
possible transformations of the Mannich adducts 3. For
example, the reductive removal of the sulfonyl moiety
would lead to N-protected B*-amino acid esters 4 in one
step, whereas an oxidative desulfonylation would give a-keto-
[B-aminoesters 5 (Scheme 1). Optically active oa-alkylidene
(-aminoesters 6, generally referred to as aza-Morita—Baylis—

[*] C. Cassani, Dr. L. Bernardi, Dr. F. Fini, Prof. A. Ricci
Department of Organic Chemistry “A. Mangini”
Faculty of Industrial Chemistry, University of Bologna
V. Risorgimento, 4, 40136 Bologna (ltaly)

Fax: (- 39)051-209-3654
E-mail: nacca@ms.fci.unibo.it
ricci@ms.fci.unibo.it

[**] We acknowledge financial support from “Stereoselezione in Sintesi
Organica Metodologie e Applicazioni” 2007. Financial support in
the form of the Merck-ADP grant 2007 is also gratefully recognized.
We thank Dr. M. Belén Cid for a useful suggestion, and E. Galletti for
preliminary experiments.

@ Supporting information for this article (including additional
optimization results, experimental details, and copies of the 'H and
3C NMR spectra) is available on the WWW under http://dx.doi.org/
10.1002/anie.200900701.

© 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

0
%OR —
SOzA]'
P9 NH 1
R1J\SOZAr1
PTC
2 P
Pasnn o 9°NH O
J\Hk l R1J\/U\OR
] — .
R OR 4
SOzAr Pg\NH o
3 [0]
R« OR
5 O
Pg.
Julia-type NH O
olefination R OR
6

Scheme 1. Catalytic asymmetric Mannich reaction of sulfonylacetates.
Pg =tert-butoxycarbonyl (Boc), benzyloxycarbonyl (Cbz).

Hillman (aza-MBH) adducts, could instead be accessed
through a Julia-type olefination process. Owing to their
various applications and biological properties, the prepara-
tion of B-amino acid derivatives of type 4-6 in enantiomer-
ically enriched form has been the focus of tremendous effort
in the last few years;!'”l remarkably, organocatalytic Mannich
reactions with acetate donors equipped with removable
activating groups are amongst the most attractive approaches
reported to date.']

At the outset of our studies on the reaction between
arylsulfonylacetates 1 and a-amidosulfones 2 under PTC
conditions, we invariably observed the formation of a nearly
equimolar mixture of two diastereoisomers 3 with almost
identical ee values. This observation was accounted for in
terms of an epimerization of the stereogenic center bonded to
the sulfonyl group in adducts 3 under the basic reaction
conditions. As this stereogenic center is lost in the final
products 4-6, the real goal of our catalytic transformation, we
proceeded to optimize the reaction conditions and catalyst
structure (Table 1). Commercially available methyl phenyl-
sulfonylacetate (1a) was chosen as the Mannich donor for
some preliminary experiments, which showed that it was
possible to carry out the catalytic transformation with
moderate enantioselectivity in toluene at —30°C with aque-
ous K;PO, (50% w/w) as the base and a quaternary
ammonium salt derived from inexpensive quinidine as the
catalyst.'”l We screened catalysts 7a—e (Table 1, entries 1-5),
all of which contain ortho substituents in the benzylic moiety
attached to the quinuclidine N atom,”*'¥ and found that the
2,6-difluoro derivative 7e was the most efficient in terms of
enantioinduction in the reaction with a-amidosulfone 2a
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Table 1: Optimization studies.”!

o Boc. . 7 (10 mol%) BoC\H ©
OMe aqueous K,PO, R
toluene, =30 °C  Ph OMe
SOAr T Ph/\)\soz-p-ToI Loluene, =% ~, Sonr
2!
1a: Ar=Ph 2a 3a,b: conv. >95%

1b: Ar = p-NO,CsH,

dr.=1:1

PEEE:

Entry 1 Catalyst 3 ee [%6]"
1 1a 7a 3a 63
2 T1a 7b 3a 72
3 1a 7c 3a 76
4 Ta 7d 3a 76
T1a Te 3a 92
6l la Te 3a 92
7t 1b 7e 3b 80
gled 1b 7e 3b 91

[a] Reactions were carried out with 2a (19 mg, 0.05 mmol), 1a or 1b
(0.075 mmol), catalyst 7 (10 mol %), and aqueous K;PO, (50% w/w,
70 pL, 0.25 mmol) in toluene (0.5 mL) at —30°C for 24-48 h. [b] The
ee value was determined by HPLC on a chiral stationary phase and is the
average value for the two diastereoisomers. [c] The reaction was carried
outin 1 mL of toluene with 5 mol % of 7. [d] The reaction was carried out
with 0.125 mmol of aqueous K;PO, (50% w/w, 35 pL).

(Table 1, entry 5). Finally, under more dilute conditions, a
lower catalyst loading was possible (Table 1, entry 6).

At this point, we investigated the feasibility of synthetic
transformations of the Mannich adducts 3 as envisaged in
Scheme 1. On the basis of literature precedent for the
reductive desulfonylation of phenylsulfonyl groups,>
crude 3a was treated overnight with Mg powder in methanol
to afford the corresponding (*-aminoester 4a in 82% yield
(calculated over two steps; Scheme 2). Most importantly, the
ee value of the product 4a was identical to that observed for
both diastereoisomers of 3a, thus corroborating our assump-

Boc\NH o Mg Boc\NH o
: CH,OH P
Ph OMe Ph OMe
SO,Ar 3a

3a: Ar =Ph, 92% ee
3b: Ar = p-NO,CH,, 91% ee

4a: 82% vyield, 92% ee

PhO,S

{BUOK Bocs\H o

o}
Ph)/ THF, 8 : L-selectride
8 Ph OMe
3a o
5a

aqueous HCHO Boc~ .\ o

Cs,CO, - OH
DMF Ph/\/%OMe 9: 65% yield
3b syn/anti 7:3

6a: 85% yield, 91% ee 90% ee

Scheme 2. Transformation of the Mannich adducts 3a and 3b.
DMF = N,N-dimethylformamide, THF =tetrahydrofuran.
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tion that adducts 3 undergo epimerization at the stereogenic
center bonded to the sulfonyl group under the basic reaction
conditions. We next investigated oxidative desulfonylation
and used the phenylsulfonyloxaziridine 8 described by Davis
et al.'! for the conversion of the Mannich adduct 3a into the
B-amino-a-ketoester 5a (Scheme 2).1°! This presumably con-
figurationally unstable ketone was reduced in situ with
L-selectride’ to afford the corresponding N-protected
[-amino-a-hydroxyester 9 with syn selectivity.

We next focused on the synthesis of enantiomerically
enriched aza-MBH adducts 6. As the classical Julia-Lythgoe
olefination with phenyl sulfones requires three steps, that is,
an aldol reaction followed by acylation and reductive
elimination,” we turned our attention to a different type of
sulfone, namely, t-electron-deficient aryl sulfonyl derivatives,
which are known to undergo a mechanistically distinct
olefination (modified Julia or Julia-Kocienski reaction).!'®!
In this transformation, which proceeds through a Smiles
rearrangement, the C=C double bond is formed in one step
from the sulfone. Among the different possible substrates, we
chose the p-nitrophenylsulfonylacetate 1b, which we pre-
pared and tested in the catalytic reaction (Table 1, entries 7
and 8)." Although this more acidic sulfonylacetate was
converted under the previously optimized reaction conditions
into the desired adduct with lower enantioselectivity than that
observed with 1a, high enantioinduction was restored simply
by decreasing the amount of base used (Table 1, entry 8). The
Mannich product 3b was transformed into the aza-MBH
adduct 6a in one step as expected by treating crude 3b with
formaline and Cs,CO; in DMF (Scheme 2).*?)

We next verified the possibility of using different
a-amidosulfones 2 in catalytic asymmetric Mannich reactions
of sulfonylacetates 1a and 1b (Table 2). The crude products 3
obtained from the catalytic reactions were subjected directly
to reductive desulfonylation in the case of 1a, or to the
modified Julia olefination in the case of 1b, to facilitate HPLC
analysis and to demonstrate the generality of our methods. A
range of a-amidosulfones, 2a-m, derived from linear, a- or [3-
branched, and aromatic aldehydes, were converted into the
corresponding N-Boc- or N-Cbz-protected B*-aminoesters
4a-1 (from 1a) and aza-MBH adducts 6a-m (from 1b) in
moderate to good yields (over two steps) and with good
enantioselectivities. During our investigations, we found that
the N-(2-nitrobenzyl)quinidine catalyst 7d afforded consis-
tently higher enantioselectivities than those observed with 7e
in the case of the aromatic or more sterically demanding
substrates 2g—m (Table 2, entries 7-13). Our protocol proved
to be efficient even in the case of very readily enolizable
imines derived from linear, unbranched aldehydes (Table 2,
entries 1-6). Furthermore, a chloride substituent was toler-
ated in the desulfonylation process (Table 2, entry 12). In
contrast, a bromide substituent did not survive treatment with
Mg powder; the a-amidosulfone 2m could thus be used only
for the preparation of the aza-MBH adduct 6m (Table 2,
entry 13).

The absolute configuration of several products 4 and 6 was
determined by comparison of the specific optical rotation
with known values (Table 2).'" In all cases, the observed
configuration derives from the Mannich addition of the
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Table 2: Catalytic enantioselective Mannich reactions of sulfonylacetates 1, followed by reductive

desulfonylation or a modified Julia olefination.?

possible hydrogen-bond network
involving the ortho substituent,

Pq. Rk Pg. the oxygen atom of the hydroxy
Entry g)N\H Cat. " NHoo P group, and a molecule of water
R™ "SOAr R OMe R OMe (Scheme 3), as observed in the
2, Ar R Pg 49 Yield [%]9  ee[%]Y 6%  Yield [%]9 ee[%]¥  solid state.¥] This interaction can

1 2apTol Ph(CH,), Boc 7e 4a 82 92 6a 85 91 help to rigidify the system and thus

2 2bpTol Ph(CH,), Cbz 7e 4b 70 77 6b 74 78 augment its effectiveness in dis-

3 2¢, pTol  Me Boc 7e 4c 88 78lfeh 6c 88 gqMh criminating the two prochiral faces

4 2d, Ph iBu Cbz 7e 4d 71 87 6d 76 84 of the imine.

5 2e, Ph n-pentyl Cbz 7e 4e 62 85 6e 79 88 In summary, arylsulfonylace-

6 2f, Ph n-hexyl Boc 7e 4f 68 95lel 6f 91 96 tates 1 have been used for the

7 2g Ph iPr Boc 7d 4g 65" 80BN 6g 74 87 first time in a catalytic asymmetric

8 2h,Ph  cyclohexyl Boc 7d 4h 78 911 6h 840l 92 . .

9 2i Ph ph Boc 7d  4i 75 ool 6i 85 1M reaction, namely, an enantioselec-
10 2j,Ph  2naphthyl Boc 7d 4j 76 85 6 84 84 tive Mannich addition to N-carba-
n 2k, p-Tol  p-MeOCH, Boc 7d 4k 70 90'e! 6k 63 89 moyl imines. Reductive removal of
12 21, Ph p-CICeH, Boc 7d 41 89 83 6l 70 80 the sulfonyl group of the Mannich
13 2m, Ph  0-BrCH, Cbz 7d - - - 6m 750 94 adducts gave a range of ’-amino-

[a] Reactions were carried out with 2a-m (0.15 mmol), Ta or 1b (0.225 mmol), 7 (5 mol%), and
aqueous K;PO, (50% w/w, 210 pL, 0.75 mmol for Ta; 105 pL, 0.37 mmol for 1b) in toluene (3.0 mL) at
—30°C for 16-60 h. [b] After plug filtration, the crude products of the catalytic reaction were treated with
Mg powder (109 mg, 4.5 mmol) in CH;OH (1.5 mL) overnight. [c] Yield of the isolated product (two
steps) after chromatography on silica gel. [d] The ee value was determined by HPLC on a chiral
stationary phase. [e] After plug filtration, the crude products of the catalytic reaction were treated with
aqueous HCHO (37% w/w, 57 pL, 0.75 mmol) and Cs,CO; (123 mg, 0.37 mmol) in DMF (1.5 mL)
overnight. [f] Catalyst 7d was used. [g] The ee value was determined after conversion into the Cbz
derivative.' [h] The absolute configuration was assigned by comparison of the optical rotation with a
known value."? [ Acetate 1b was used. [j] Reaction time for the olefination step: 48 h.

sulfonylacetate 1 to the Re face of the intermediate
N-carbamoyl imine. The inefficiency of O-alkylated and
O-acylated catalysts in this'"” and related transformations’!
suggests a crucial hydrogen-bond interaction between the
hydrogen atom of the hydroxy group of the catalyst and one
of the reagents; such an interaction was rationalized very
convincingly for the related aza-Henry reaction by a compu-
tational study.”! On the basis of these considerations, we
tentatively propose an intermediate in which the catalyst
coordinates the deprotonated sulfonylacetate through the
hydrogen atom of the hydroxy group to give the tight ionic
couple depicted in Scheme 3. Additional hydrogen-bond
interactions between the incoming imine and the hydrogen
atoms o to the quaternary nitrogen atom in the catalyst (not
shown)?! force the imine to approach from the back side and
thus favor selective addition to its Re face. The superior
efficiency of catalysts containing an ortho-substituted ben-
zylic moiety in these reactions, when used in combination with
aqueous inorganic bases, can be interpreted by considering a

R
N=
:;\/ 1
OR/ Re-face
approach

Scheme 3. Proposed reaction intermediate.
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ester derivatives 4 through a very
simple two-step procedure in
which the hydrolytic, oxidative, or
thermal conditions typically used
in previously reported related
transformations  were  avoid-
ed.”==! Similarly, an oxidative
desulfonylation furnished a f3-
amino-o-hydroxyester 5, whereas
a Julia-type olefination provided
access to aza-MBH products 6. In
contrast to the more common aza-MBH approach,!”l in which
preformed N-tosyl imines are typically employed, this proce-
dure enables the use of highly unstable imines through their
generation insitu; furthermore, the enantiomerically
enriched products contain a readily removable protecting
group on the nitrogen atom.
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