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Abstract

The asymmetric catalytic aza-Morita—Baylis—Hillman reaction of N-sulfonated imines with a,B-unsaturated ketones has been successfully
conducted by using chiral bifunctional phosphine amides as catalysts. A series of new chiral bifunctional phosphine amides were designed, syn-
thesized, and systematically studied for this asymmetric reaction. The corresponding aza-MBH adducts were obtained in good yields (75—99%)
and up to very good enantiomeric excesses (51—95% ee) under mild conditions.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

The Morita—Baylis—Hillman (MBH) reaction has been an
active topic in organic chemistry in the past decade because
the resulting MBH adducts can find numerous applications
in organic and medicinal chemistry."* Recently, the asymmet-
ric version of aza-Morita—Baylis—Hillman has received much
attention® in which N-sulfonated imines (ArCH=NTs) and
N-phosphorated imines [ArCH=NP(O)R,] were employed as
electrophiles, and MVK and ethyl vinyl ketone (EVK) as var-
ious Michael acceptors. These processes took advantage of
chiral nitrogen and phosphine Lewis bases as multifunctional
organocatalysts to give moderate to high enantioselectivity
and good yields. In order to further improve the outcomes of
the asymmetric aza-Morita—Baylis—Hillman system, we envi-
sioned that chiral phosphine-amide Lewis bases would serve
as efficient catalysts because they can provide unique chiral
environment, and their acidic protons on amide nitrogen can
act as an efficient hydrogen-bonding donor to interact with
substrates.® In this paper, we wish to report that chiral phos-
phine-amide derivatives can be utilized as catalysts for the
asymmetric aza-MBH reaction of N-sulfonated imines
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(ArCH=NTs) with MVK and EVK to give up to excellent
yields and enantioselectivity under mild conditions.

2. Results and discussion

These newly designed chiral phosphine-amide Lewis bases
L1, L3—L8 are shown in Figure 1. They were readily synthe-
sized by treating (R)-(—)-2-(diphenylphosphino)-1,1’-bi-
naphthyl-2-amine’ with the corresponding sulfonyl chloride,
acyl chloride, or phosphoryl chloride in the presence of a base
under mild conditions. The chiral phosphine-amide Lewis
base L2 was prepared by reacting (R)-(—)-2-(diphenylphos-
phoryl)-1,1’-binaphthyl-2’-amine” with trifluoromethanesulfonic

I, SO W
o™ o™

L1: R = SO,CH, L8
L2: R = SO,CF,

L3: R = SO,C4H,CHyp

L4: R = COC¢Hs

L5: R = COCH,

L6: R = CO,CH,

L7: R = PO{CgHs),

Figure 1. Chiral phosphine-amide Lewis base catalysts L1—L8.


mailto:mshi@mail.sioc.ac.cn
mailto:guigen.li@ttu.edu
http://www.elsevier.com/locate/tet

1182 M.-J. Qi et al. | Tetrahedron 64 (2008) 1181—1186

anhydride at —78 °C in the presence of Et;N and SiHCl;/PPhs
as reducing agents (see Supplementary data).

Initial studies were aimed at determining the most effective
chiral phosphine-amide organocatalyst for this aza-MBH reac-
tion. The reaction of N-benzylidene-4-methylbenzenesulfon-
amide 1a with MVK 2a was performed in 1,2-dichloroethane
(DCE) solvent at room temperature in the presence of chiral
phosphine-amide catalysts Ls (10 mol %). The results are
summarized in Table 1. As revealed in Table 1, catalysts L1
(R=SO,Me) and L5 (R=COMe) resulted in the corresponding
aza-MBH adduct 3a in nearly quantitative yields, and 89% ee
and 93% ee (Table 1, entries 1 and 5). Under the same condi-
tion, chiral phosphine-amide catalysts L3 (R=SO,C¢HsMe-p),
L4 (R=COC¢Hs), L6 (R=CO,Me), and L7 (R=POPh,)
showed lower catalytic activity in comparison to L1 and LS
counterparts (Table 1, entries 3, 4, 6, and 7). Furthermore,
more sterically encumbered L8 did not give any product while
all starting materials remained unchanged in the reaction sys-
tem. This observation indicates that an active amide proton of
the catalyst is crucial for this asymmetric catalytic process
(Table 1, entry 8).

Interestingly, chiral catalyst L2 (R=SO,CF;) did not give
any product. This observation indicates that a moderately
acidic amide proton is necessary (Table 1, entry 2). Covalent
N—H bonding connection is necessary to achieve the efficient
catalytic transition state in which the catalyst can bring two re-
action partners together. In this transition state, the phosphine
site is added onto MVK 2a to form Zwitterionic intermediate.
Meanwhile, the amide hydrogen activates N-benzylidene-
4-methylbenzenesulfonamide via hydrogen bonding and then
brings it to react with Zwitterionic anion which is in the
same chiral binding pocket.'®"!?

Based on the above results, L1 and L5 were next utilized as
the catalysts for optimizing catalytic conditions in various

Table 1
Asymmetric aza-MBH reaction of N-sulfonated imine 1a with methyl vinyl
ketone catalyzed by L1—L8 (10 mol %

)
seoWseW
O e ™

o L (10 mol%) TsHY O
(] bt
P SNTs + AN DCE 1t Ph
1a 2a° 3a

Entry Catalyst Time (h) Yield®* (%) ee” (%)
1 L1 48 95 89

2 L2 48 0 —

3 L3 96 94 86

4 L4 48 89 78

5 L5 48 99 93

6 L6 60 91 59

7 L7 96 85 72

8 L8 96 0 —

# Tsolated yields.
® Determined by HPLC.
¢ MVK of 2.0 equiv was used.

solvents under different temperatures. The results are shown
in Table 2. It was found that DCE, chloroform, and dichloro-
methane (DCM) are the solvents of choice (Table 2, entries 1—
5 and 8—13). Unlike other asymmetric process,’ adding
benzoic acid as an extra proton source did not give any im-
provement on enantiomeric excess (Table 2, entries 6 and
14). Lowering the temperature to 0 °C and —10 °C resulted
in higher enantioselectivity (90—96% ee) (Table 2, entries 7,
9, 15, and 16).

Under these optimized conditions, we subsequently exam-
ined the generality of this reaction using LS as the catalyst.
A variety of sulfonated imines and o,B-unsaturated ketones
were examined for this reaction. Since most of the aryl
substituted sulfonated imines 1 cannot be dissolved well in
DCE at 0 °C, the asymmetric reactions were thus performed
at room temperature in this solvent; they were conducted at
0 °C in DCM in which there is no solubility problem. The re-
sults are summarized in Table 3. As can be seen in Table 3, the
resulting adducts 3b—3l were obtained in good yields
(77—99%) and moderate to good enantiomeric excesses
(46—85%) in DCE at room temperature. These same adducts
were obtained in good yields (80%—quant) and higher enan-
tioselectivity (61—91%) (Table 3, entries 1—11) in DCM at
0 °C. 0-NO;-benzaldehyde and p-MeO-benzaldehyde derived
N-sulfonated imines 1d and 1f behaved poorly in DCE to
give the lowest enantioselectivity of 46% ee (Table 3, entries

Table 2
Asymmetric aza-MBH reactions of N-sulfonated imine with methyl vinyl
ketone using L1 and LS5 catalysts

L
PPh,
. ey 9
L (10 mol%) ;
Ph

P SNTs + SN

solvent, rt
1a 2a° 3a
Entry Catalyst Solvent Time (h) Yield® (%) ee” (%)
1 L1 DCM 72 99 75
2 L1 PhMe 72 99 51
3 L1 THF 120 49 45
4 L1 CH;CN 74 99 75
5 L1 CHCl, 72 99 82
6 L1 DCM 48 99 61
7¢ L1 DCM 90 96 90
8 L5 DCM 24 99 88
9° L5 DCM 24 99 95
10 L5 PhMe 160 90 27
11 L5 THF 160 91 39
12 L5 DMSO 36 89 52
13 L5 CH;CN 48 94 79
144 L5 DCM 36 99 86
15° L5 DCM 20 95 91
16 L5 DCM 23 89 96

# Isolated yields.

® Determined by HPLC.

¢ MVK of 2.0 equiv was used.

4 Benzoic acid of 0.1 equiv was added to this reaction.
¢ Reaction was carried out at 0 °C.

f Reaction was carried out at —10 °C.
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Table 3

Asymmetric aza-MBH reactions of N-sulfonated imines 1 (0.25 mmol) with
methyl vinyl ketone (0.50 mmol) and ethyl vinyl ketone (0.50 mmol) in the
presence of catalyst LS (10 mol %)

‘ ‘ NHAC
PPh,
O e g
L5 (10 mol%) %
R

T
AN \)kR DCE, rt, or DCM, 0 °C Ar
1 2° 3

Entry Ar R  DCE at rt DCM at 0°C

Time Yield® ee® Time Yield® ee®

(h) (%) (%) (h) (%) (%)
1 p-BrCgH, 1b Me 48 3b,98 82 24 3b, 86 90
2 p-NO,C¢Hy 1¢ Me 24 3¢, 75 80 7 3c,99 90
3 0-NO,CcH; 1d  Me 12 3d,78 46 28 3d,85 61
4 m-NO,C¢Hy 1le Me 12 3e,99 80 8 3e,99 82
5 0-CIC¢H, 1f Me 12 3f, 76 65 48 3f,80 65
6 pCICH,1g  Me 36 32,99 8 24  3g99 90
7 m-ClCgHy 1h Me 12 3h,89 84 24 3h,90 89
8 p-FC¢H, 1i Me 36 3i,99 85 24 3i, 90 91
9 m-FCgH, 1j Me 20 3,77 75 24 3j, 91 80
10 p-MeOCgH, 1k Me 48 3k,99 46 48 3k, 98 82
11 p-MeCeHy 11 Me 60 31,99 84 48 31, 99 90
12 CeHs la Et 60  3m,95 74
13 p-BrCgH, 1b Et 60 3n, 80 65
14  pCICHs1g  Et 60 30,8 51

# Isolated yields.
" Determined by chiral HPLC.
¢ MVK of 2 equiv was used.

3 and 10). However, the enantioselectivity of these two
substrates was improved to 61% ee and 82% ee, respectively,
under the same conditions in DCM. Most of the N-sulfonated
imines performed well in DCM except for three cases, 0-NO,,
p-Br, and p-Cl substituted N-sulfonated imines, that resulted in
poor enantioselectivity of 51—65% ee (3d, 3n, and 3o in
Table 3).

In conclusion, we have designed and synthesized new axi-
ally chiral phosphine-amide Lewis base catalysts for aza-MBH
reaction. We found these catalysts behaved well under mild
and concise conditions and resulted in the corresponding ad-
ducts in good to excellent yields and up to very good enantio-
selectivity. The adequate acidity of the amide proton of
bifunctional chiral catalysts is found to be crucial to achieve
the present asymmetric process. The new bifunctional chiral
phosphine ligand showed the similar catalytic activity to our
previously reported bifunctional chiral phosphine ligand
[(R)-2'-diphenylphosphanyl-[1,1’|binaphthalenyl-2-ol].*" Ef-
forts are in progress to elucidate the mechanistic details of
this reaction and to study its scope and limitations.

3. Experimental
3.1. General

Melting points were determined on a digital melting point
apparatus and temperatures were uncorrected. Optical rotations

were determined at 589 nm (sodium D line) by using a Perkin—
Elmer-341 MC digital polarimeter; [a]p-values are given in
the unit of 10 deg™' cm”*g~'. "H NMR spectra were recorded
on a Bruker AM-300 spectrometer for solution in CDClj
with tetramethylsilane (TMS) as an internal standard; cou-
pling constants J are given in hertz. '*C NMR spectra were
recorded on a Bruker AM-300 spectrophotometers
(75 MHz) with complete proton decoupling-spectrophotome-
ters (CDCls: 77.0 ppm). Infrared spectra were recorded on
a Perkin—Elmer PE-983 spectrometer with absorption in
cm~'. Flash column chromatography was performed using
300—400 mesh silica gel. For thin-layer chromatography
(TLC), silica gel plates (Huanghai GF254) were used. Chiral
HPLC was performed on a SHIMADZU SPD-10A vp series
with chiral columns (Chiralpak AD-H, AS-H, OD-H, and
OJ-H columns 4.6x250 mm (Daicel Chemical Ind., Ltd.)).
The purity of the products is determined by "H NMR spec-
troscopy and chiral HPLC traces (see Supplementary data).
Elementary analysis was taken on a Carlo-Erba 1106 analyzer.
Mass spectra were recorded by EI, and HRMS was measured
on a HP-5989 instrument. The absolute configuration of aza-
MBH adducts 3 has been determined by X-ray diffraction.**
As for the synthesis of ligands L1—L8, please see the previ-
ous literature.”

3.2. Representative procedure of MBH reaction la

To a solution of 1a (0.25 mmol, 61 mg) and L5 (0.025 mmol,
13 mg) in 1.0 mL of DCE was added MVK (41 pL, 0.50 mmol)
at 0 °C under argon (or 1.0 mL of DCE at room temperature).
The reaction solution was monitored by TLC plates. After com-
pletion, the solvent was removed under reduced pressure and the
residue was purified by a silica gel column chromatography
(EtOAc/PE=1/4) to give the compound 3a in 99% yield.

3.2.1. (S )-4-Methyl-N-(2-methylene-3-oxo-1-phenylbutyl)-
benzenesulfonamide 3a

This is a known compound.**’ [a]& +29 (¢ 1.0, CHCl5);
mp: 120—121°C; 'H NMR (CDCl;, TMS, 300 MHz) 6 2.16
(3H, s, Me), 2.42 (3H, s, Me), 5.26 (1H, d, J=8.6 Hz), 5.61
(1H, d, J=8.6 Hz), 6.10 (1H, s), 6.11 (1H, s), 7.11 (2H, m,
Ar), 7.20—7.27 (SH, m, Ar), 7.66 (2H, d, J=8.1 Hz, Ar);
HPLC: AD column; A=254 nm; eluent: hexane/isopropanol=
80/20; flow rate: 0.7 mL/min; ‘fpajor=19.44 min, fminor=
22.09 min; ee%=95% (93% in DCE).

3.2.2. (S )-N-(1-(4-Bromophenyl)-2-methylene-3-oxobutyl)-
4-methylbenzenesulfonamide 3b

This is a known compound.‘“"f Yield: 86%; ee%: 82%;
[]® 429 (¢ 0.3, CHCl3); mp: 97—99 °C; 'H NMR (CDCl;,
TMS, 300 MHz) 6 2.15 (3H, s, Me), 2.41 (3H, s, Me), 5.19
(1H, d, J=9.1 Hz), 5.71 (1H, d, J=9.1 Hz), 6.06 (1H, s),
6.09 (1H, s), 698 (2H, d, J=7.8Hz), 7.26 (2H, d, J=
8.0Hz), 7.31 (2H, dd, J,=7.8 Hz, J,=1.2Hz), 7.62 (2H,
J=8.0 Hz); HPLC: AD column; A=254 nm; eluent: hexane/
isopropanol=80/20; flow rate: 0.7 mL/min; fy,jor=18.96 min,
tminor=22.09 min; ee%=90% (82% in DCE).
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3.2.3. (S )-4-Methyl-N-(2-methylene-1-(4-nitrophenyl)-
3-oxobutyl)benzenesulfonamide 3¢

This is a known compound.‘k"f Yield: 99%; [ot]]zjo —2.6
(¢ 0.5, CHCl3); mp: 121—122°C; 'H NMR (CDCl;, TMS,
300 MHz) 6 2.15 (3H, s, Me), 2.44 (3H, s, Me), 5.32 (1H, d,
J=9.4 Hz), 5.94 (1H, d, /=9.4 Hz), 6.08 (1H, s), 6.14 (1H,
s), 7.25 (2H, d, J=8.3 Hz, Ar), 7.34 (2H, d, J=8.7 Hz, Ar),
7.65 (2H, d, J=8.3 Hz, Ar), 8.07 (2H, d, J=8.7 Hz); HPLC:
AD column; A=254 nm; eluent: hexane/isopropanol=80/20;
flow rate: 0.7 mL/min; #,o,=42.89 min, fpin,=55.79 min;
ee%=90% (80% in DCE).

3.2.4. 4-Methyl-N-(2-methylene-1-(2-nitrophenyl)-
3-oxobutyl)benzenesulfonamide 3d

This is a known compound.‘“”f Yield: 85%; [a]® +39
(c 1.0, CHCl3); mp: 120—121 °C; '"H NMR (CDCl;, TMS,
300 MHz) 6 2.17 (3H, s, Me), 2.40 (3H, s, Me), 591 (1H, d,
J=9.0 Hz), 5.96 (1H, s), 5.97 (1H, d, /=9.0 Hz), 6.08 (1H, s),
7.23 (2H, d, J=8.1 Hz, Ar), 7.36 (1H, ddd, J,=7.8 Hz, J,=
7.5Hz, J3=1.5Hz, Ar), 7.50 (1H, ddd, J,=7.8 Hz, J,=
75Hz, J;=12Hz, Ar), 7.64 (1H, dd, J,=7.8Hz,
Jo=1.2Hz, Ar), 7.68 (2H, d, J=8.1 Hz, Ar), 7.75 (1H, dd,
J1=7.8 Hz, J,=1.2 Hz, Ar); HPLC: OD column; A=230 nm;
eluent: hexane/isopropanol=60/40; flow rate: 0.5 mL/min;
tmajor=20.16 Min, fyine=16.72 min; ee%=61% (56% in DCE).

3.2.5. 4-Methyl-N-(2-methylene-1-(3-nitrophenyl)-
3-oxobutyl)benzenesulfonamide 3e

This is a known compound.“a’f Yield: 99%; [ot]%)o +4.0
(¢ 1.0, CHCl3); mp: 130—132 °C; '"H NMR (CDCl;, TMS,
300 MHz) ¢ 2.18 (3H, s, Me), 2.41 (3H, s, Me), 5.32 (1H, d,
J=9.4 Hz), 5.89 (1H, d, J=9.4 Hz), 6.12 (1H, s), 6.18 (1H, s),
7.25 (2H, d, J=8.6Hz), 7.44 (1H, dd, J,=8.2Hz, J,=
7.8 Hz), 7.61 (1H, d, J/=7.8 Hz), 7.65 (2H, d, /=8.6 Hz), 7.89
(IH, s), 8.05 (1H, d, J=8.2Hz); HPLC: AD column;
A=254 nm; eluent: hexane/isopropanol=80/20; flow rate:
0.7 mL/min; #y,,jor=25.61 min, #inor=34.57 min; ee%=82%
(80% in DCE).

3.2.6. N-(1-(2-Chlorophenyl)-2-methylene-3-oxobutyl)-
4-methylbenzenesulfonamide 3f

This is a known compound.**' Yield: 80%; [a]h +15
(c 1.0, CHCl3); mp: 158—160 °C; '"H NMR (CDCl;, TMS,
300 MHz) é 2.21 (3H, s, Me), 2.37 (3H, s, Me), 5.68 (1H, d,
J=8.6 Hz), 5.78 (1H, d, J=8.6 Hz), 6.16 (1H, s), 6.17 (1H, s),
7.06—7.15 (2H, m, Ar), 7.20 (2H, d, /=8.4 Hz, Ar), 7.21-7.24
(1H, m, Ar), 7.30—7.33 (1H, m, Ar), 7.63 (2H, d, J=8.4 Hz,
Ar); HPLC: AD column; A=254 nm; eluent: hexane/iso-
propanol=80/20; flow rate: 0.7 mL/min; Imajor=
18.39 min, tine=21.63 min; ee%=65% (65% in DCE).

3.2.7. N-(1-(4-Chlorophenyl)-2-methylene-3-oxobutyl)-
4-methylbenzenesulfonamide 3g

This is a known compound.‘m’f Yield: 99%; [a]3 +28
(c 0.8, CHCl3); mp: 103—105°C; 'H NMR (CDCl;, TMS,
300 MHz) 6 2.11 (3H, s, Me), 2.38 (3H, s, Me), 5.24 (1H, d,
J=9.1 Hz, NH), 5.99 (1H, d, J=9.1 Hz, CH), 6.03 (1H, s),

6.06 (1H, s), 7.01 (2H, d, J=8.6 Hz, Ar), 7.12 (2H, d,
J=8.6 Hz, Ar), 7.19 (2H, d, J=8.1 Hz, Ar), 7.59 (2H, d,
J=8.1 Hz, Ar); HPLC: AS column; A=254 nm; eluent: hex-
ane/isopropanol=65/35; flow rate: 0.7 mL/min; tyajor=
32.92 min, tyinee=43.85 min; ee%=90% (82% in DCE).

3.2.8. N-(1-(3-Chlorophenyl)-2-methylene-3-oxobutyl)-
4-methylbenzenesulfonamide 3h

This is a known compound.‘la’f Yield: 90%; [OL]2D0 +18
(c 0.9, CHCl3); mp: 85—86 °C; '"H NMR (CDCl;, TMS,
300 MHz) 6 2.16 (3H, s, Me), 2.41 (3H, s, Me), 5.20 (1H, d,
J=9.0 Hz), 5.69 (1H, d, /=9.0 Hz), 6.08 (1H, s), 6.12 (1H, s),
7.00—7.03 (2H, m), 7.13—7.15 (2H, m), 7.24 (2H, d,
J=82Hz), 7.63 (2H, J=8.2Hz); HPLC: AD column;
A=254 nm; eluent: hexane/isopropanol=70/30; flow rate:
0.7 mL/min; fyajor=14.68 min, fpin,,=18.65 min; ee%=89%
(84% in DCE).

3.2.9. N-(1-(4-Fluorophenyl)-2-methylene-3-oxobutyl)-
4-methylbenzenesulfonamide 3i

This is a known compound.** Yield: 90%; [a]® +24
(c 0.4, CHCl3); mp: 106—108 °C; 'H NMR (CDCl;, TMS,
300 MHz) 6 2.15 (3H, s, Me), 2.41 (3H, s, Me), 5.24 (1H, d,
J=8.7Hz), 5.75 (1H, d, J=8.7 Hz), 6.07 (1H, s), 6.09 (1H, s),
6.87 (2H, dd, J,=9.0 Hz, J,=8.6 Hz), 7.04—7.09 (2H, dd,
J1=8.6 Hz, Jou—r=5.2Hz), 7.23 (2H, d, J=8.1 Hz), 7.63
(2H, d, J=8.1 Hz); HPLC: AD column; A=230 nm; eluent:
hexane/isopropanol=70/30; flow rate: 0.7 mL/min; fy,jor=
10.75 min, fyiner=11.80 min; ee%=91% (85% in DCE).

3.2.10. N-(1-(3-Fluorophenyl)-2-methylene-3-oxobutyl)-
4-methylbenzenesulfonamide 3j

This is a known compound.**' Yield: 91%; [a]3 +8.0
(¢ 0.3, CHCl3); mp: 108—110°C; 'H NMR (CDCl;, TMS,
300 MHz) 6 2.16 (3H, s, Me), 2.41 (3H, s, Me), 5.24 (1H, d,
J=9.2 Hz, NH), 5.78 (1H, d, /=9.2 Hz), 6.06 (1H, s), 6.11
(1H, s), 6.79—6.92 (3H, m, Ar), 7.14—7.23 (3H, m, Ar),
7.65 (2H, d, J=8.6 Hz, Ar); HPLC: AD column; A=254 nm;
eluent: hexane/isopropanol=80/20; flow rate: 0.7 mL/min;
tmajor=16.00 min, fyiner=19.10 min; ee%=80% (75% in DCE).

3.2.11. N-(1-(4-Methoxyphenyl)-2-methylene-3-oxobutyl)-4-
methylbenzenesulfonamide 3k

This is a known compound.** Yield: 98%; [a]h +37
(¢ 0.5, CHCl3); mp: 103—105°C; 'H NMR (CDCl;, TMS,
300 MHz) 6 2.17 (3H, s, Me), 2.41 (3H, s, Me), 3.74 (3H, s,
Me), 5.21 (1H, d, J=8.3 Hz, NH), 5.49 (1H, d, J=8.3 Hz,
CH), 6.10 (2H, s), 6.73 (2H, d, J=6.8 Hz, Ar), 6.99 (2H, d,
J=6.8 Hz, Ar), 7.25 (2H, d, J/=9.3 Hz, Ar), 7.65 (2H, d,
J=93Hz, Ar); HPLC: AS column; A=230nm; eluent:
hexane/isopropanol=60/40; flow rate: 0.5 mL/min; fpaor=
46.17 min, f;,o,—=60.72 min; ee%=82% (46% in DCE).

3.2.12. N-(1-(4-Methyl)-2-methylene-3-oxobutyl)-
4-methylbenzenesulfonamide 31

This is a known compound.**" Yield: 99%; [a]h +53
(¢ 1.0, CHCl3); mp: 112—114°C; '"H NMR (CDCls, TMS,
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300 MHz) 6 2.16 (3H, s, Me), 2.27 (3H, s, Me), 2.42 (3H, s,
Me), 5.23 (1H, d, J=8.4 Hz), 5.56 (1H, d, J=8.4 Hz), 6.10
(2H, s), 6.95 (2H, d, /=8.2 Hz, Ar), 7.00 (2H, d, /=8.2 Hz,
Ar), 7.24 (2H, d, J=8.2 Hz, Ar), 7.65 (2H, d, J=8.2 Hz, Ar);
HPLC: AD column; A=254nm; eluent: hexane/iso-
propanol=80/20; flow rate: 0.7 mL/min; fp,jor=16.34 min,
tminor=18.52 min; ee%=90% (84% in DCE).

3.2.13. 4-Methyl-N-(1-phenyl-2-methylene-3-oxo-
pentyl)benzenesulfonamide 3m

This is a known compound.*™! Yield: 95%; [a]X +12
(c 0.5, CHCl3); mp: 90—92°C; 'H NMR (CDCls, TMS,
300 MHz) 6 0.93 (3H, t, J=7.4 Hz, Me), 2.41 (3H, s, Me),
2.46—2.55 (2H, m, CH,), 5.32 (1H, d, J/=8.0 Hz), 5.89 (1H,
d, /=8.0 Hz), 6.05 (1H, s), 6.09 (1H, s), 7.10—7.14 (2H, m,
Ar), 7.18—=7.20 (3H, m, Ar), 7.23 (2H, d, J=8.4 Hz, Ar),
7.66 (2H, d, J=8.4 Hz, Ar); HPLC: OJ column; A=254 nm;
eluent: hexane/isopropanol=80/20; flow rate: 0.7 mL/min;
tmajor=86.75 min, fmine=13.35 min; ee%=74% in DCM.

3.2.14. 4-Methyl-N-[1-(4-bromophenyl)-2-methylene-
3-oxo-pentyl]benzenesulfonamide 3n

This is a known cornpound.‘la"f Yield: 80%; [ot]]230 +9.0
(¢ 0.5, CHCl3); mp: 133—135°C; 'H NMR (CDCl;, TMS,
300 MHz) 6 0.93 (3H, t, J=7.3 Hz, Me), 2.41 (3H, s, Me),
2.46—2.61 (2H, m, CH,), 5.20 (1H, d, J=8.9 Hz), 5.73 (1H,
d, J/=8.9 Hz), 6.00 (1H, s), 6.08 (1H, s), 6.99 (2H, d, J=
8.3 Hz, Ar), 7.22 (2H, d, J=8.0 Hz, Ar), 7.32 (2H, d, J=
8.3 Hz, Ar), 7.63 (2H, d, /=8.0 Hz, Ar); HPLC: OD column;
A=230 nm; eluent: hexane/isopropanol=70/30; flow rate:
0.7 mL/min;  fp,jor=10.55 min, #jne=9.41 min; ee%=65%
in DCM.

3.2.15. N-(1-(4-Chlorophenyl)-2-methylene-3-oxopentyl)-
4-methylbenzenesulfonamide 30

This is a known compound.“a’f Yield: 86%; [a]2D0 +7.0
(¢ 0.75, CHCl3); mp: 131—132°C; '"H NMR (CDCl;, TMS,
300 MHz) 6 0.95 (3H, t, J=7.2 Hz, Me), 2.41 (3H, s, Me),
2.43-2.61 (2H, m, CH,), 5.23 (1H, d, /=9.0 Hz), 5.75 (1H,
d, /=9.0 Hz), 6.03 (1H, s), 6.10 (1H, s), 7.07 2H, d, J=
8.4 Hz, Ar), 7.18 (2H, d, J=8.4 Hz, Ar), 7.26 (2H, d, J=
8.1 Hz, Ar), 7.65 (2H, d, J=8.1 Hz, Ar); HPLC: OD column;
A=254 nm; eluent: hexane/isopropanol=90/10; flow rate:
0.7 mL/min; fyaj0r=75.23 min, fpine,=24.78 min; ee%=51%
in DCM.

Acknowledgements

We thank the Robert Welch Foundation (to G.L., D-1361,
USA), the Shanghai Municipal Committee of Science and
Technology (to M.S., 04JC14083, 06XD14005, PR China),
Chinese Academy of Sciences (to M.S., KGCX2-210-01),
and the National Natural Science Foundation of China for
financial support (M.S., 20472096, 203900502, 20672127,
and 20732008).

Supplementary data

Supplementary data associated with this article can be
found in the online version, at doi:10.1016/j.tet.2007.11.039.

References and notes

1. For reviews on Morita—Baylis—Hillman reaction, see: (a) Basavaiah, D.;
Rao, P. D.; Hyma, R. S. Tetrahedron 1996, 52, 8001—8062; (b) Drewes,
S. E.; Roos, G. H. P. Tetrahedron 1988, 44, 4653—4670; (c) Ciganek, E.
Org. React. 1997, 51, 201-350; (d) Basavaiah, D.; Rao, A. J;
Satyanarayana, T. Chem. Rev. 2003, 103, 811—892; (e) Langer, P. Angew.
Chem., Int. Ed. 2000, 39, 3049—3051.

2. For recent reviews on Morita—Baylis—Hillman reaction, see: (a)
Basavaiah, D.; Rao, K. V.; Reddy, R. J. Chem. Soc. Rev. 2007, 36,
1581; (b) Menozzi, C.; Dalko, P. 1. Organocatalytic Enantioselective
Morita—Baylis—Hillman Reactions. In Enantioselective Organocatalysis,
Reactions and Experimental Procedures; Dalko, P. 1., Ed.; Wiley-VCH:
Weinheim, 2007.

3. (a) Trost, B. M.; Oslob, J. D. J. Am. Chem. Soc. 1999, 121, 3057—3064;
(b) Nemoto, T.; Fukuyama, T.; Yamamoto, E.; Tamura, S.; Fukuda, T
Matsumoto, T.; Akimoto, Y.; Hamada, Y. Org. Lett. 2007, 9, 927—930;
(c) Yamaguchi, A.; Aoyama, N.; Matsunaga, S.; Shibasaki, M.
Org. Lett. 2007, 9, 3387—3390.

4. (a) Shi, M.; Xu, Y.-M. Angew. Chem., Int. Ed. 2002, 41, 4507—4510;
(b) Shi, M.; Chen, L. H. Chem. Commun. 2003, 1310—1311; (c)
Kawahara, S.; Nakano, A.; Esumi, T.; Iwabuchi, Y.; Hatakeyama, S.
Org. Lett. 2003, 5, 3103—3105; (d) Balan, D.; Adolfsson, H. Tetrahe-
dron Lett. 2003, 44, 2521—2524; (e) Matsui, K.; Takizawa, S.; Sasai,
H. J. Am. Chem. Soc. 2005, 127, 3680—3681; (f) Shi, M.; Chen,
L.-H.; Li, C.-Q. J. Am. Chem. Soc. 2005, 127, 3790—3800 and
references cited therein; (g) Shi, M.; Xu, Y.-M.; Shi, Y.-L.
Chem.—Eur. J. 2005, 11, 1794—1802; (h) Raheem, I. T.; Jacobsen,
E. N. Adv. Synth. Catal. 2005, 347, 1701—1705; (i) Masson, G.;
Housseman, C.; Zhu, J. P. Angew. Chem., Int. Ed. 2007, 46, 4614—
4628; (j) Vesely, J.; Dziedzic, P; Cordova, A. Tetrahedron Lett.
2007, 48, 6900—6904.

5. (a) Wang, J.; Li, H.; Yu, X.-H.; Zu, L.-S.; Wang, W. Org. Lett. 2005, 7,
4293—4296; (b) Aggarwal, V. K.; Dean, D. K.; Mereu, A.; Williams, R.
J. Org. Chem. 2002, 67, 510—514; (c) Aggarwal, V. K.; Emme, L;
Fulford, S. Y. J. Org. Chem. 2003, 68, 692—700; (d) Aggarwal, V. K;
Fulford, S. Y.; Lloyd-Jones, G. C. Angew. Chem., Int. Ed. 2005, 44,
1706—1708.

6. Selected papers on the asymmetric Baylis—Hillman reactions, see: (a)
Barrett, A. G. M.; Cook, A. S.; Kamimura, A. Chem. Commun. 1998,
2533—2534; (b) Iwabuchi, Y.; Nakatani, M.; Yokoyama, N.; Hatakeyama,
S. J. Am. Chem. Soc. 1999, 121, 10219—10220; (c¢) Yang, K.-S.;
Lee, W.-D.; Pan, J.-E; Chen, K.-M. J. Org. Chem. 2003, 68, 915—919;
(d) Matsui, K.; Tanaka, K.; Horii, A.; Takizawa, S.; Sasai, H. Tetrahedron:
Asymmetry 2006, 17, 578—583; (e) Matsui, K.; Takizawa, S.; Sasai, H.
Synlett 2006, 761—765; (f) Liu, Y.-H.; Chen, L.-H.; Shi, M. Adv. Synth.
Catal. 2006, 348, 973—979.

7. Selected papers on the asymmetric Baylis—Hillman reactions, see: (a)
Utsumi, N.; Zhang, H.; Tanaka, F.; Barbas, C. F, IIl. Angew. Chem.,
Int. Ed. 2007, 46, 1878—1880; (b) Gausepohl, R.; Buskens, P.; Kleinen,
J.; Bruckmann, A.; Lehmann, C. W.; Klankermayer, J.; Leitner, W. An-
gew. Chem., Int. Ed. 2006, 45, 3689—3692; (c) Nakano, A.; Takahashi,
K.; Ishihara, J.; Hatakeyama, S. Org. Lett. 2006, 8, 5357—5360.

8. (a) Bordwell, F. G.; Ji, G.-Z. J. Am. Chem. Soc. 1991, 113, 8398—8401;
(b) Bordwell, F. G.; Algrim, D. I.; Harrelson, J. A., Jr. J. Am. Chem.
Soc. 1988, 110, 5903—5906.

9. (a) Sumi, K.; Ikariya, T.; Noyori, R. Can. J. Chem. 2000, 78, 697—703; (b)
Botman, P. N. M.; David, O.; Amore, A.; Dinkelaar, J.; Vlaar, M. T.;
Goubitz, K.; Fraanje, J.; Schenk, H.; Hiemstra, H.; van Maarseveen,
J. H. Angew. Chem., Int. Ed. 2004, 43, 3471—3473.


http://dx.doi.org/doi:10.1016/j.tet.2007.11.039

1186 M.-J. Qi et al. | Tetrahedron 64 (2008) 1181—1186

10. (a) Yang, J. W.; Hechavarria Fonseca, M. T.; List, B. J. Am. Chem. Soc. Zu, L.-S.; Jiang, W.; Duesler, E. N.; Wang, W. Org. Lett. 2007, 9, 965—
2005, /27, 15036—15037; (b) Ramachary, D. B.; Chowdari, N. S.; Barbas, 968.
C. F, IIl. Angew. Chem., Int. Ed. 2003, 42, 4233—4237. 12. (a) Dudding, T.; Hafez, A. M.; Taggi, A. E.; Wagerle, T. R.; Lectka, T.
11. (a) Zu, L.-S.; Wang, J.; Li, H.; Xie, H.-X.; Jiang, W.; Wang, W. J. Am. Org. Lett. 2002, 4, 387—390; (b) Yamamoto, Y.; Momiyama, N.;

Chem. Soc. 2007, 129, 1036—1037; (b) Li, H.; Wang, J.; Xie, H.-X; Yamamoto, H. J. Am. Chem. Soc. 2004, 126, 5962—5963.



	Asymmetric catalytic aza-Morita-Baylis-Hillman reaction using chiral bifunctional phosphine amides as catalysts
	Introduction
	Results and discussion
	Experimental
	General
	Representative procedure of MBH reaction 1a
	(S)-4-Methyl-N-(2-methylene-3-oxo-1-phenylbutyl)benzenesulfonamide 3a
	(S)-N-(1-(4-Bromophenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 3b
	(S)-4-Methyl-N-(2-methylene-1-(4-nitrophenyl)-3-oxobutyl)benzenesulfonamide 3c
	4-Methyl-N-(2-methylene-1-(2-nitrophenyl)-3-oxobutyl)benzenesulfonamide 3d
	4-Methyl-N-(2-methylene-1-(3-nitrophenyl)-3-oxobutyl)benzenesulfonamide 3e
	N-(1-(2-Chlorophenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 3f
	N-(1-(4-Chlorophenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 3g
	N-(1-(3-Chlorophenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 3h
	N-(1-(4-Fluorophenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 3i
	N-(1-(3-Fluorophenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 3j
	N-(1-(4-Methoxyphenyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 3k
	N-(1-(4-Methyl)-2-methylene-3-oxobutyl)-4-methylbenzenesulfonamide 3l
	4-Methyl-N-(1-phenyl-2-methylene-3-oxo-pentyl)benzenesulfonamide 3m
	4-Methyl-N-[1-(4-bromophenyl)-2-methylene-3-oxo-pentyl]benzenesulfonamide 3n
	N-(1-(4-Chlorophenyl)-2-methylene-3-oxopentyl)-4-methylbenzenesulfonamide 3o


	Acknowledgements
	Supplementary data
	References and notes


