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Guigen Li,* Han-Xun Wei, Sun Hee Kim, and
Michael D. Carducci

Electrophilic addition reactions of olefins have been of
fundamental importance in organic chemistry[1] because these
reactions can convert inexpensive petroleum alkenes into
chemically and biologically useful compounds. At present,
olefinic additions involving three or more components in a
single operation are rare,[2, 3] which is probably because of the
fact that only a few electrophilic addition intermediates
enable multistep transformations.[4, 5] Recently, we developed

several new eletrophilic addition reactions, aminohalogena-
tion, and a,b-differentiated diamination reactions by using N-
halogenosulfonamides as the electrophiles.[6, 7] The regio- and
stereochemical features of the resulting haloamine and
diamine products have unambiguously proven the formation
of N-(p-tosyl),N-haloaziridinium or N-(o-nosyl),N-haloaziri-
dinium species during the reaction processes. In our continu-
ing research on this topic we have now discovered a novel
three-component reaction (Scheme 1) which provides access
to imidazolines[8] and a,b-diamino derivatives.[9, 10]

Scheme 1. Chalcone-based electrophilic diamination reaction.

The current study was initiated by attempts to render the
parent version of the aminohalogenation reaction asymmetric
and catalytic.[6] Unfortunately, the success of this effort has
been seriously limited thus far. For most of the cases we
examined the reaction was either significantly deactivated or
poor enantiomeric excesses resulted when chiral amine
ligands were employed together with copper or zinc ions.
Therefore, the search for other metal alternatives or metal ±
ligand complexes became necessary. When rhodium com-
pounds were examined[11] (for example, rhodium(ii) acetate
dimer, rhodium(ii) trifluoroacetate dimer, and rhodium(ii)
heptafluorobutyrate dimer) the reaction of methyl cinnamate
with TsNCl2 (Ts� tosyl� toluene-4-sulfonyl) led to the for-
mation of complexes and a major side product. This side
product was isolated in a yield varying between 18 ± 25 %
when the above catalysts were employed, although the
haloamine product was generated predominantly. The sub-
sequent X-ray structural analysis revealed that this new side
product is essentially a multifuctionalized imidazoline deriv-
ative (Figure 1).

Figure 1. X-ray structure of 1-p-toluenesulfonyl-2-dichloromethyl-4-phe-
nyl-5-methyloxycarbonylimidazoline.
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Encouraged by the importance of imidazolines and their
imidazole derivatives, as well as diamino acids, for biomedical
research,[8±10] we sought to make this side reaction the main
reaciton. Of the above rhodium compounds the rhodium(ii)
heptafluorobutyrate dimer proved to be the catalyst which
best favored formation of the imidazoline, and was thus
chosen as the lead candidate for examining the effects of the
reaction conditions. The model reaction was again based on
the use of methyl cinnamate as the substrate (entry 5 of
Table 1). Molecular sieves (4 �) were initially found to
increase the formation of imidazolines, as revealed by crude
1H NMR spectroscopic analysis or thin-layer chromatography.
In fact, the yield of the imidazoline product increased to
nearly 35 % in the presence of 4-� molecular sieves. Next, our
attention was turned to employing ligands that would
coordinate with the rhodium(ii) center so as to change the
catalytic reactivity of the rhodium(ii) heptafluorobutyrate
dimer. It was found that the Ph3P ± rhodium(ii) complex
generated by treating 2.0 mol % of the rhodium(ii) hepta-
fluorobutyrate dimer with 4.0 mol % of triphenylphosphane
can completely inhibit the formation of haloamines. Con-

currently, the yield of the imidazoline product rose to
45 %, and then to 51 % when the N,N-dichloro-p-toluene-
sulfonamide was added to the reaction system in two
portions.[12]

Similar to our previous aminohalogenation systems, this
reaction is also very easy to perform. Essentially, it can be
conducted at room temperature in any convenient vessel of
appropriate size, without the need of inert atmosphere
protection. Although a,b-unsaturated esters were initially
utilized and resulted in successful examples, most of these
substrates did not perform as well as the a,b-unsaturated
ketones in this system as shown by the low yields (45 % ±
51 %) realized (entries 5 ± 7). Only in the aliphatic ester case
(entry 8) was a good yield (69%) obtained. However, the
yields and selectivities were improved when a,b-unsaturated
ketones were used as the substrates. Both aromatic and
aliphatic ketones worked well (66 ± 82 % for entries 1 ± 4).
Interestingly, the terminal disubstituted substrates (entries 4
and 8) resulted in the highest yields (82 and 69 %, respec-
tively) for both ketone and ester substrate categories. No
minor regioisomers were observed in the eight cases exam-

Table 1. PPh3-[{(C3F7CO2)2Rh}2]-catalyzed cyclic diamination.

Entry Substrates Product (�) m.p. [8C] Stereoselectivty
(anti :syn)[a] yield [%][b]

1 130 ± 131 26:1 66

2 58 ± 59 40:1 68

3 oil 50:1 66

4 oil ± 82

5 126 ± 127 20:1 51

6 102 ± 104 25:1 49

7 oil 25:1 45

8 134 ± 136 ± 69

[a] Estimated by crude 1H NMR determination. [b] Yields after purification by column chromatography.
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ined. The diastereoselectivity is good to excellent (syn :anti�
20:1 ± 50:1).

Scheme 2 outlines the mechanistic proposal for the reac-
tion. The first step is the electrophilic addition to form the N-
(p-tosyl),N-chloroaziridinium intermediate (A).[13, 14] Rhodi-
um, as well as zinc and copper, can catalyze this trans-
formation. The Ritter-type nucleophilic attack by MeCN that

Scheme 2. Possible mechanism of diamination.

effects ring opening gives nitrilium intermediate (B). Since
the anti configuration of methyl cinnamate is retained in the
product, the opening of the aziridinium ring by acetonitrile
clearly proceeds in a syn manner. It seems that the coordi-
nation of MeCN to the rhodium center occurs prior to the
aziridinium ring opening. The Lewis basic moieties used in
this coordination could be either the N-chlorine atom or the
sulfonyl oxygen atom of the Ts group. The cyclization of
intermediate B gives rise to the 1N-(p-tosyl),1N-chloroimi-
dazolinium C, which then undergoes a 1,3-displacement of the
1N-chlorine atom to give 1N-(p-tosyl),3N-chloroimidazolini-
um D. Deprotonation of the 2-methyl group of D gives the
methylene scaffold E, which enables the second SN2'-type
displacement to afford F. Chlorination of the 3N site of
intermediate F, which gives rise to G, is followed by the second
deprotonation of the 2-methyl group to yield H. At the final
step, the third 1,3-displacement of chlorine results in 1-p-
toluenesulfonyl-2-dichloromethyl-4-phenyl-5-methyloxycar-
bonylimidazoline.

The above mechanistic hypothesis can also account for the
fact that at least two equivalents of TsNCl2 are needed for the
complete conversion. To further confirm the nucleophilic
mechanism of forming the 2-dichloromethyl group on the
imidazoline ring, the reaction (entry 1 of Table 1) was carried
out in carefully degassed acetonitrile in the absence of light.

The reaction rate, the yield, and stereochemical outcomes are
almost the same as those obtained under normal conditions.
The careful analysis of the resulting products also revealed
that no chlorination occurs at the 4- and/or 5-positions of the
imidazoline ring, hence a possible radical pathway can be
ruled out.

Our current investigation has been extended to examine the
hydrolysis of 1-p-toluenesulfonyl-2-dichloromethyl-4-phenyl-
5-methyloxycarbonylimidazoline by treating it with a 6n HCl
solution in THF to give the a,b-differentiated diamino ester
syn-methyl Na-(4-Ts),Nb-dichloroacetyl diaminophenylpropi-
onate (Scheme 3). Other synthetic properties, such as the
functionalization of the CHCl2 group and olefination to give
4,5-multifunctionalized imidazoles, will be studied in the
future.

Scheme 3. Transformation of imidazoline to a,b-differentiated diamine.

Experimental Section

Triphenylphosphane (5.60 mg, 0.021 mmol), rhodium(ii) heptafluorobuty-
rate dimer (10.9 mg, 0.010 mmol), and freshly distilled acetonitrile
(2.50 mL) were added into a dry vial. The mixture was stirred at room
temperature for 40 min before 4-� molecular sieves (200 mg, predried in
the oven at 200 8C overnight) were added. The resulting mixture was stirred
for 10 min and loaded with chalcone (106 mg, 0.50 mmol; entry 1 of
Table 1) and the first portion of N,N-dichloro-p-tolunesulfonamide (60 mg,
0.25 mmol). Stirring was continued for 4 h at RT and followed by the
addition of the second portion of N,N-dichloro-p-toluenesulfonamide
(240 mg, 1.0 mmol). The resulting light yellow slurry was stirred at RT for
40 h in the capped vial without argon protection. The 4-� molecular sieves
and other solid precipitates were filtered off and washed with EtOAc (3�
5 mL). The organic solution was directly concentrated without quenching,
purified by flash chromatography (with hexane and EtOAc (v/v� 5/1) as
the eluent) to give 1 (0.162 g, 66%) as a colorless solid. m.p. 130 ± 131 8C.
1H NMR (300 MHZ, CDCl3): d� 7.80 ± 7.74 (m, 4H), 7.64 ± 7.61 (m, 1H),
7.49 ± 7.44 (m, 2H), 7.32 ± 7.23 (m, 6H), 6.90 (dd, J� 1.4, 8.0 Hz, 2 H), 5.56
(d, J� 4.9 Hz, 1 H), 5.01 (d, J� 4.9 Hz, 1H), 2.45 (s, 3 H); 13C NMR
(75 MHz, CDCl3): d� 193.3, 156.7, 145.7, 138.7, 134.4, 134.3, 133.5, 130.1,
129.0(2), 128.8, 128.7, 128.0, 126.6, 72.3, 71.9, 61.4, 21.7; HR-MS (matrix-
assisted laser desorption/ionization (MALDI) FT-MS): m/z [M��1] found:
487.0644, calcd for C24H20O3N2SCl2: 487.0644.

2 : 1H NMR (300 MHz, CDCl3): d� 7.78 (d, J� 8.6 Hz, 2 H), 7.74 (d, J�
8.8 Hz, 2 H), 7.22 (s, 1H), 6.92 (dd, J� 2.0, 6.8 Hz, 4H), 5.53 (d, J� 5.0 Hz,
1H), 5.01 (d, J� 5.0 Hz, 1H), 3.88 (s, 3H), 2.45 (s, 3 H); 13C NMR (75 MHz,
CDCl3): d� 191.7, 164.5, 156.7, 145.6, 138.8, 134.5, 131.2, 130.0, 129.0, 128.6,
128.0, 126.6, 126.4, 114.2, 72.6, 71.5, 61.5, 55.6, 21.7; HR-MS (MALDI-
FTMS): m/z [M��1] found: 517.0768, calcd for C25H22O4N2SCl2: 517.0750.

3 : 1H NMR (300 MHz, CDCl3): d� 7.55 (d, J� 8.4 Hz, 2 H), 7.32 (s, 1H),
7.18 ± 7.14 (m, 3 H), 7.10 ± 7.08 (m, 2 H), 6.69 (d, J� 8.4 Hz, 2 H), 5.14 (d, J�
4.3 Hz, 1H), 4.28 (d, J� 4.3 Hz, 1 H), 2.40 (s, 3 H), 2.39 (s, 3H); 13C NMR
(75 MHz, CDCl3) d 206.0, 156.8, 146.0, 139.6, 132.6, 130.3, 128.6, 127.5,
127.4, 125.6, 75.5, 71.5, 61.8, 26.6, 21.6; HR-MS (MALDI-FTMS): m/z
[M��1] found: 425.0500, calcd for C19H18O3N2SCl2: 425.0488.

4 : 1H NMR (300 MHz, CDCl3): d� 7.75 (d, J� 8.5 Hz, 2 H), 7.41 (d, J�
8.5 Hz, 2 H), 7.21 (s, 1 H), 3.99 (s, 1H), 2.47 (s, 3 H), 2.23 (s, 3H), 1.21 (s,
3H), 0.89 (s, 3H); 13C NMR (75 MHz, CDCl3): d� 205.5, 153.5, 146.1,



COMMUNICATIONS

4280 � WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2001 1433-7851/01/4022-4280 $ 17.50+.50/0 Angew. Chem. Int. Ed. 2001, 40, No. 22

Efficient, Catalytic, Aerobic Oxidation of
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The oxidation of alcohols to carbonyl compounds is of great
interest to the fine chemicals industry and academia. Re-
cently, catalytic oxidations of alcohols in which oxygen is the
secondary oxidant have been the focus in many laborato-
ries.[1±6] Alcohol oxidations using Ru,[2] Co,[3] Cu,[4] Pd,[5] and
Pt[6] metal catalysts with additives, such as potassium carbo-
nate, sodium bicarbonate, pyridine, molecular sieves, and
phenanthroline, have been reported.

Stoichiometric metal oxidants such as chromates and active
manganese dioxide have also been widely used.[7] In fact,
conventional active manganese oxide has been most com-
monly used for allylic and benzylic oxidations. The reactivity
of active manganese oxide is dependent on preparation
methods, compositions, and structure.[7b, 8] Complicated prep-
aration methods are often necessary, and the use of freshly
made active manganese oxide is required. Moreover, five to
fifty equivalents of this reagent are required to obtain
oxidation products, which results in large amounts of non-
reusable, toxic waste.

The problems associated with active manganese oxides
prompted us to examine octahedral molecular sieves (OMS)
as potential catalysts for alcohol oxidations. OMS materials

133.2, 130.4, 127.6, 70.4, 61.7, 30.7, 27.8, 23.2, 21.7; HR-MS (MALDI-FTMS):
m/z [M��1] found: 337.0484, calcd for C15H18O3N2SCl2: 337.0488.

5 : 1H NMR (300 MHz, CDCl3): d� 7.69 (d, J� 8.4 Hz, 2 H), 7.26 ± 7.18 (m,
6H), 6.88 (d, J� 8.4 Hz, 2 H), 5.21 (d, J� 4.4 Hz, 1 H), 4.56 (d, J� 4.4 Hz,
1H), 3.81 (s, 3H), 2.42 (s, 3 H); 13C NMR (75 MHz, CDCl3): d� 169.7,
156.6, 145.7, 139.2, 133.8, 130.1, 128.8, 128.0, 127.7, 125.8, 72.0, 69.2, 61.4,
53.1, 21.6; HR-MS (MALDI-FTMS): m/z [M��1] found: 441.0446, calcd
for C19H18O4N2SCl2: 441.0437.

6 : 1H NMR (300 MHz, CDCl3): d� 7.70 (d, J� 8.4 Hz, 2 H), 7.26 ± 7.19 (m,
6H), 6.90 (d, J� 8.4 Hz, 2 H), 5.20 (d, J� 4.3 Hz, 1 H), 4.55 (d, J� 4.3 Hz,
1H), 4.23 (q, J� 7.1 Hz, 2H), 2.42 (s, 3H), 1.29 (t, J� 7.1 Hz, 3 H); 13C NMR
(75 MHz, CDCl3): d� 169.3, 156.6, 145.7, 139.3, 133.9, 130.0, 128.8, 128.0,
127.7, 125.8, 72.1, 69.3, 62.3, 61.5, 21.6, 14.0; HR-MS (MALDI-FTMS): m/z
[M��1] found: 455.0587, calcd for C20H20O4N2SCl2: 455.0594.

7: 1H NMR (300 MHz, CDCl3): d� 7.70 (dd, J� 1.8, 6.6 Hz, 2H), 7.27 ± 7.24
(m, 2 H), 7.18 (s, 1 H), 6.90 (d, J� 8.2 Hz, 2H), 6.77 (d, J� 8.0 Hz, 2H), 5.17
(d, J� 4.4 Hz, 1H), 4.54 (d, J� 4.4 Hz, 1 H), 3.79 (s, 3H), 2.43 (s, 3H), 2.30
(s, 3H); 13C NMR (75 MHz, CDCl3): d� 169.8, 156.4, 145.7, 137.9, 136.3,
133.9, 130.0, 129.4, 127.7, 125.7, 71.9, 69.2, 61.4, 53.1, 21.6, 21.1; HR-MS
(MALDI-FTMS): m/z [M��1] found: 455.0597, calcd for C20H20O4N2SCl2:
455.0594.

8 : 1H NMR (300 MHz, CDCl3): d� 7.83 (dd, J� 1.9, 6.6 Hz, 2H), 7.38 (dd,
J� 1.9, 6.6 Hz, 2 H), 7.05 (s, 1 H), 4.33 (s, 1H), 3.68 (s, 3 H), 2.46 (s, 3H), 1.26
(s, 3 H), 1.12 (s, 3 H); 13C NMR (75 MHz, CDCl3): d� 168. 5, 153.3, 145.6,
134.3, 130.0, 127.8, 70.9, 69.5, 61.4, 52.3, 29.3, 23.1, 21.7; HR-MS (MALDI-
FTMS): m/z [M��1] found: 393.0437, calcd for C15H18O4N2SCl2: 393.0449.
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