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During the last decade, chemists have devoted much
effort to the development of new asymmetric methodologies
to build complex scaffolds in a highly enantioselective fash-
ion."! Among the strategies employed, organocatalysis® has
received widespread attention due to its unique properties
such as metal-free environment, easy predictability of ste-
reoselectivity, use of inexpensive catalysts, and simplicity of
reaction conditions.

Since the work on proline catalysis by List, Lerner, and
Barbas III in 2000° and that on iminium catalysis by Mac-
Millan soon after, organocatalysis has grown exponentially
both by improving catalysts and by the discovery of new re-
actions. However, there are still a number of challenges and
issues that lie ahead. One notable challenge is the use of
“naked” methyl or alkyl synthons as suitable nucleophiles.
The catalytic enantioselective conjugate addition of non-
functionalized hydrocarbon fragments to o,B-unsaturated al-
dehydes is an unsolved problem in organic synthesis. Where-
as in the past few years major breakthroughs have been re-
alized in the metal-catalyzed enantioselective conjugate ad-
dition of Grignard reagents® and of other organometallic
reagents[(’] to a,p-unsaturated ketones, esters, or amides,
only recently Bridse and co-workers reported on the asym-
metric conjugate addition of diethylzinc to cinnamaldehyde,
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by using N,O-planar chiral [2.2]paracyclophane-derived li-
gands.)

In the field of organocatalysis there are several carbon
nucleophiles that can be used to form C—C bonds with unsa-
turated aldehydes. For example, Jorgensen and co-workers
developed the addition of malonate to unsaturated alde-
hydes in excellent yields and enantioselectivities.®! Soon
after, several research groups developed similar routes to
furnish a wide range of interesting scaffolds.”’ Among them,
we can highlight useful asymmetric additions of ketoest-
ers,' nitroalkanes,'" N-nucleophiles,'¥ S-nucleophiles, and
O-nucleophiles!™ to unsaturated aldehydes. In spite of the
fact that the addition of new functionalities in a molecule
can be advantageous, the removal of these functional groups
can be difficult and sometimes demands a protection—depro-
tection approach to render the desired “naked” product.

To circumvent these disadvantages, we aimed to develop
an easy method to add “naked” methyl or alkyl chains to
unsaturated aldehydes. Bis(phenylsulfonyl)methane has
been extensively used in organic chemistry. For example, in
1997 Trost and co-workers used bis(phenylsulfonyl)methane
as a nucleophile in the palladium-catalyzed addition to al-
kenyl epoxides.'"! A recent application of this compound is
its use as a fluoromethyl anion equivalent: bis(phenylsulfo-
nyl)methane is easily fluorinated by treatment with NaH
and Selectfluor, which furnishes fluorobis(phenylsulfonyl)-
methane that can be used as a nucleophile in a broad range
of reactions."”) However, there are few examples of the use
of bis(phenylsulfonyl)methane derivatives with unsaturated
aldehydes. Moreover, it is worth noting that for a,p-unsatu-
rated aldehydes, such as cinnamaldehyde, only 1,2-addition
products have been obtained. Only very recently, in our re-
search group we studied the addition of fluorobis(phenylsul-
fonyl)methane to a,fB-unsaturated aldehydes, and obtained
the Michael adducts with excellent yields and enantioselec-
tivities.""!
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Spurred by these recent results, and taking into account
the facile removal of the phenylsulfonyl moiety that makes
this reactant a perfect choice to carry out the future conver-
sion of the resulting compounds into attractive and interest-
ing products for building blocks in medicinal chemistry, we
decided to examine the use of bis(phenylsulfonyl)methane
as a suitable nucleophile in the Michael addition to a,f-un-
saturated aldehydes under asymmetric iminium catalysis
(Scheme 1).

N Amine catalyst
+ R ~-CHO

E-CH,

+
0
f

"E-CHy" =———= PhO,S.__SO,Ph

E=Me, CI, F
X= Leaving Group

Scheme 1. General output of the reaction.

To our delight, this unprecedented reaction was efficiently
catalyzed by chiral secondary amines, thus affording the cor-
responding Michael adducts in excellent conversions
(Table 1). When crotonaldehyde (1a) was treated with bis-
(phenylsulfonyl)methane using proline (I) as a catalyst, the

Table 1. Catalyst screening.”)

cHo ___ """
PhO,S._SOPh  + A LCHO
2 1a Me
(R) 3a
Entry Catalyst Conversion (14 h) [%]™ ee [%]

COoH
1 Q‘ 2 7 nd.
H I
OH
2 O‘/ 93 —54

N1
H
el
3 H NH, traces n.d
nm
F,;C
CF,
CF3
traces n.d.

5 O v 100 85

N
H OTMS

[a] In all cases, bis(phenylsulfonyl)methane (2) (1 equiv) was added to a
solution of 1a (1.5 equiv) and catalyst I-V (0.2 equiv) in toluene at room
temperature; n.d.= not determined. [b] Determined by NMR spectrosco-
py. [c] Determined by chiral HPLC analysis.
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reaction led to the formation of the target Michael adduct
3a with 7% conversion in 14 h (Table 1, entry 1). Moreover,
when (4)-prolinol II was used as catalyst, the reaction ren-
dered the Michael adduct in 93 % conversion after 14 h and,
more interestingly, with 54 % ee (Table 1, entry 2). The best
enantioselectivities were obtained when diphenyl prolinol
derivatives were used. Catalyst IV afforded compound 3a
with 32% conversion and 70% ee after 14h (Table 1,
entry 3). The best catalyst was the trimethylsilyl(TMS)-pro-
tected (+)-diphenylprolinol V that showed full conversion
after 14h and produced 3a with good enantioselectivity
(85% ee, Table 1, entry 5).

Further optimization of temperature, solvent, and addi-
tives was performed, allowing us to conclude that the best
conditions from the point of view of enantioselectivity were
toluene as a solvent at —20°C as shown in Table 2.

Table 2. Conditions screening.!”!
PhO,S. _SO,Ph

LCHO

catalyst V, T, solvent

PhO,S._SO,Ph + 1~ CHO

2 1a Me ®) 3a

Entry Solvent Temperature Additive Conversion ee
(14h) [%]" (%]
1 toluene RT - 96 85
2 CH,Cl, RT - 97 50
3 AcOEt RT - 91 70
4 MeOH RT - traces n.d.
5 toluene RT Et;N (1 equiv) 100 64
6 toluene RT PhCOOH 100 77
(20 mol %)

7 toluene 4°C - 100 88
8 toluene —20°C - 40 93

[a] In all cases, bis(phenylsulfonyl)methane (2) (1 equiv) was added to a
mixture of 1d (1.5 equiv) and catalyst (V) in the conditions specified in
Table 2; RT =room temperature. [b] Determined by NMR spectroscopy.
[c] Determined by chiral HPLC analysis.

With these optimized conditions in hand, we decided to
examine the scope of this valuable methodology. The reac-
tion took place in good yields and enantioselectivities when
aliphatic unsaturated aldehydes were used (Table 3). For ex-
ample, when 2-pentenal (1b) or 2-hexenal (1¢) were treated
with bis(phenylsulfonyl)methane (2) in toluene at 4°C and
with 0.2 equivalents of catalyst V, the corresponding Michael
adducts 3b and 3¢ were isolated in 74 % and 81 % yields, re-
spectively, and more importantly, both in 99 % ee (Table 3,
entries 2 and 3). The scope of the reaction was further ex-
panded by using different functionalities in the unsaturated
aldehydes, rendering the Michael adducts in good yields and
enantioselectivities (Table 3, entries 5, 6, 7, and 8). On the
other hand, when cinnamaldehyde derivatives were used the
reaction did not work, affording only, when more drastic
conditions were used, the undesired 1,2-addition product
(see the Supporting Information for details).

Once we had defined the scope of the reaction, and with
a range of enantiomerically enriched (-(bisphenylsulfonyl-
methyl)aldehydes in our hands, we were in position to inves-
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Table 3. Aldehyde scope.l”)

Zfé:’ I(ZO%): PhO,S.__SO,Ph
N
PhO,S._-SOPh  + .~ CHO _ st touene LCHO
2 1a-i 48-72h R s
a-l
Entry R Compound  Yield [%]®)  ee [%]“ (Conf)
1 Me 3a 90 93 (R)
2 Et 3b 74 99 (R)
3 nPr 3¢ 77 99 (R)
4 nBu 3d 79 90 (R)
5 CO,Et 3e 74 94 (R)
6 N, 3t 91 94 (R)
7 B2O A~ 3g 72 97 (R)
o
le] i
8 o 3 61 91 (R)

[a] In all cases, bis(phenylsulfonyl)methane (2) (1 equiv) was added to a
mixture of 1a-i (1.5 equiv) and catalyst V (0.2 equiv) in toluene at room
temperature. [b] Yield of isolated product. [c] Determined by chiral
HPLC analysis. [d] Reaction performed at —20°C. [e] determined by
Mosher ester analysis.

tigate the reductive desulfonylation of compounds 3 to com-
plete the sequence of enantioselective monomethylation. To
show the viability of this sequence, we chose compound 3a;
the aldehyde was oxidized to the corresponding acid 7a,
which was subsequently treated with activated magnesium
in methanol for the reductive removal of the sulfonyl
groups. We obtained isoamylic acid 13a in almost quantita-
tive yield from the starting aldehyde 3a (Scheme 2).

PhO,S.__.SO,Ph

MeLcozH

7a

PhO,S.__SO,Ph

MeLCHO

3a

NaClO,
quantitative

Scheme 2. Deprotection of addition products.

Furthermore, we synthesized different derivatives from 3a
to showcase the versatility of our method. We obtained
amine 6a, acid 7a, and ester 8a in excellent yields and in
highly enantiopure form (Scheme 3).

Me
PhO,S.__SO,Ph HQN%Ph PhOZSIsz\Ph Ve
MeLCHO3a NaBH,.CN, CH,Cl,  Me N)‘ph
83% H 6a
NaCIO,
guantitative .
DCC, DMAP PhO,8_SOPh
e BT O
Me COoH 78% Me 07 8a
PN

Scheme 3. Synthetic transformations of product 3a.
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This methodology can be also regarded as an organocata-
lytic version of previous metal-based conjugate addition
methodologies. As shown in Scheme 4, compound 3a can be
easily protected as the cyclic acetal 9a; this compound can
be deprotonated and subsequently reacted with an electro-
phile to afford a wide range of products (Scheme 4). This
makes this methodology an efficient short-cut to highly
enantiopure conjugate addition products that avoids the use
of transition metals and chiral auxiliaries or ligands.

The absolute configuration of the obtained adducts was
ascertained by chemical correlation (Scheme 4). Thus, com-
pound 9a was fluorinated by treatment with NaH and then
with Selectfluor. Comparison of the optical rotation data of
11a ([a]5=+16.3 (c=1.2, CHCL;) with those obtained for
material derived from the known compound 12a ([a]5 =+
15.6 (c=1.0, CHCL,)"" revealed that the absolute configura-
tion of this aldehyde 3a was (3R). The absolute configura-
tion of the remaining adducts 3b—i was assigned by analogy.

The stereochemical outcome of the reaction can be easily
rationalized by the mechanistic proposal outlined in
Scheme 5. Thus, efficient shielding of the Re-face of the
chiral iminium intermediate 15 by the bulky aryl groups of
V leads to stereoselective Si-facial nucleophilic conjugate
attack on the B-carbon of 15. This mechanism is in accord-
ance with those proposed for other amine-catalyzed reac-
tions between nucleophiles and enals.!"”

Both deuterium- and *C-labeled amino acids have found
wide use in metabolite studies. For example, in 1980, Tanaka
et al. described a metabolism study of valine in vitamin B12-
folate deficiency in rats using
valine chirally labeled with *C
and deuterium.'™ In 1997,
Meinwald synthesized L-
(25,35)-4,4,4-[*H;]valine in
eight steps in low overall yield,
employing the Sharpless epoxi-
dation of allyl alcohols as the
source of chirality and using
highly valuable deuterium start-
ing materials."”! Furthermore,
the synthetic route only affords this diastereomer.

Very recently, Soai et al. reported on the use of cryptoe-
nantiomers and/or of isotope-enantiomers as chirality induc-
ers in the autocatalytic diisopropylzinc addition to pyrimid-
yl-5-carbaldehydes.”” In this context, we examined the pos-
sibility of applying the present methodology to the synthesis
of isotope-enantiomers. We envisaged an easy entry to deu-
terium-labeled compounds by simply using CD,OD (a
common NMR solvent) with magnesium in the desulfonyla-
tion step. To test this idea, we treated carboxylic acid 7a in
deuterated methanol and Mg, and obtained the chiral deu-
terolabelled compound 14a in moderate yield (Scheme 6).
This methodology allows us to synthesize both enantiomers
of 14a simply by changing the enantiomer of the catalyst. In
addition, the use of “C-labeled bis(phenylsulfonyl)methane
would result in the formation of the chirally “C-labelled
compound 14a. As described in the literature, 14a could be

13a 95%
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PhO,S.__SO,Ph
PhO,S.__SO,Ph NaH, RX
2 LZ Ho/\/\OH DMF
Me CHO 3a  Quantitative Me 82%
93070  R=Me, ClI
NaH, Selectfluor
THF, 80%
F
PhO,S. | .SO,Ph E
HO” "0H PhO,S._| SO,Ph
CHO —
Me quantitative
Me
12a
11a O° O

L

Scheme 4. Determination of absolute configuration and scope of the reaction.

Ph
%Ph Ph0,S._SO,Ph

OH"
| OTMS 2
(0]
/H | 15
R
| 1 H,0
R S
Ph
N Ph
Ph ™
o= o
N OTMS g
H v R”:
Ph0,S” >S0,Ph
16
PhOzsj/\S/OzPh H,0
H
R CHO
3
Scheme 5. Proposed mechanism.
PhO,S.__SO,Ph Mg, MeOD )Cis/COOH
LCOZH 40% Me
Me 14a

7a

Scheme 6. Synthesis of chiral deutero-labeled isoamylic acid.

a convenient starting compound for synthesizing valine in
an organocatalytic fashion by the o-amination protocol re-
ported by List?! and Jorgensen and co-workers?! or by the
method described by Aberhardt and Weiller®® starting from
isoamyl alcohol.

In summary, we have described a practical, inexpensive,
and powerful methodology that constitutes an organocata-
lytic alternative for organometallic 1,4-additions. We have
developed an asymmetric methyl or alkyl addition to o,f3-
unsaturated aldehydes with excellent yields and enantiose-
lectivities. This versatile reaction can also be used in the syn-
thesis of isotope-enantiomers, making this procedure highly

www.chemeurj.org
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valuable for the synthesis of in-
teresting compounds for biolog-
ical studies or for the investiga-
tion of autocatalytic asymmetric
processes.

Pho,S.}_s0,Ph
Me%\ 10a
R=Me 82%

o o

k/| R=Cl 85%

)
N

CHO

Experimental Section

In a vial, bis(phenylsulfonyl)methane
(2) (74 mg, 0.25 mmol) and catalyst V
(16 mg, 0.05 mmol) were added to tol-
uene (2mL). Next, unsaturated alde-
hyde 1a (0.375 mmol, 1.5 equiv) was
added and the reaction mixture was
stirred at 4°C overnight. The crude
product was purified by column chro-
matography to afford the final com-
pound 4a.

Yellow oil; '"H NMR (300 MHz, CDCl;, TMS,,\): §=9.65 (s, 1H), 7.90-
7.83 (m, 4H), 7.70-7.61 (m, 2H), 7.57-7.47 (m, 4H), 4.77 (m, 1H), 3.28—
3.12 (m, 2H), 2.92 (dd, J,=7.0 Hz, J,=18.7 Hz, 1H), 1.39 ppm (d, /=
6.7 Hz, 3H); ®C NMR (100 MHz. CDCl,): 6=200.1, 139.4, 138.9, 134.5,
134.4,129.4,129.1, 129.0, 85.2, 47.3, 28.0, 18.2 ppm; HRMS [M+H]*: cal-
culated for [C;H405S,]™: 347.1254; found: 347.1255; [a]y=+6.7 (c=
1.2, CHCL;, 93 % ee).
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