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Abstract: Catalytic amounts (10 mol%) of bis-arylureas and -thio-
ureas promote the Friedel—Crafts alkylation with nitrool efins of ar-
omatic and heteroaromatic N-containing derivatives. A sizeable
improvement of theyieldsis noticed on running the reactionsin the
absence of solvent. When applied to indoles this protocol provides
in good to excellent yields and with high selectivity the correspond-
ing Michael adducts. Alkylation at position 2 of the 3-methylindole
can be achieved combining solvent-free reaction conditions with
microwave (MW) irradiation.
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The metal-ion free catalysis of organic reactionsisachal-
lenge that just has been taken up by chemists.! Though
thisfiedis still in itsinfancy some rough guidelines have
already been devised which alow to envisage concepts
for further catalysts devel opments. Chemists have recent-
ly very successfully been using the catalytic antibody ap-
proach.? It is clear that the recognition process in such
system relies on hydrogen bonding and hydrophobic in-
teractions.® Unlike the action of Lewis acids, based on a
strong coordination with a lone pair of the Lewis bases,
the binding energies with hydrogen bonds are expected to
be much smaller.* Name reactions such as the Strecker,®
the aza-Henry,® the Baylis-Hillmann’and the aldol® reac-
tions have been recently reported to benefit by organoca-
talysis.

Whereas various versions of the Michael-type addition of
nucleophiles to electron deficient olefins have been re-
ported so far using metal catalysts, few examples of this
reaction are known regarding the use of organocatalysis.
In particular L-proline,® N-i-Pr-2,2"-bipyrrolidine'® and
(9-(+)-1-(2-pyrrolidinylmethyl)pyrrolidine'* have been
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employed in the Michael addition of unmodified ketones
and aldehydes to nitroolefins. Only recently an important
paper is appeared dealing with the enantioselective
Michael addition of malonates to nitroolefins using thio-
urea derivatives as a Lewis acidic catalyst.'?

The addition of aromatic substrates to alkenes, which in
many respects may be considered a Friedel-Crafts-type
alkylation,’® is an important reaction in synthetic organic
chemistry for the formation of new C-C bonds.'* So far
there are scant reports regarding the reaction between ni-
troolefins and aromatic and heteroaromatic systems and
the reaction appears to be catalysed by Lewis acids like
Y b(OTf)5-3H,0,%® Sc(OTf), or Bi(OTf),." In this paper
we disclose the application of organocatalysis, using neu-
tral hydrogen bond donors, to the reaction between ni-
troolefins and a range of aromatic and heteroaromatic
electron rich nitrogen-containing systems. The choice to-
wards urea- and thiourea-type catalysts| and |1 (Figure 1)
was dictated by the fact that in organocatalysis many in-
teractions are dominated by bidentate hydrogen bonding.

The double hydrogen-bonding motif is becoming a pow-
erful tool in organocatalysis since the first application of
thiourea-type catalysts in Diels-Alder reactions by
Schreiner and Wittkopp.:8 The design of metal-free biden-
tate hydrogen-bonding based catalysts, has been recently
put on arational basis by these and other authorsin several
fundamental papers.**°® To screen the catalyst efficiency
under various conditions, we carried out the reactions in
toluene as well as in the absence of solvent (Scheme 1).
The relevant results® for the alkylation of aromatic and
heteroaromatic systems 1-6 with nitroolefinsa and b are
reported in Table 1.
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Scheme 1

In control experiments, al compounds listed in Table 1
failed to react with nitroolefins under the standard
conditions® in the absence of an organocatalyst. The reac-
tivity in the presence of | or |1 (acatalyst loading of 10%
mol was used throughout) strongly depended upon the
structure of the nitrogenated organic substrate. N-Meth-
ylpyrrole reacted smoothly in tolueneto give (entries 1, 3)
the 2-substituted product, but the reaction was dis-
appointing in the case of the N-aryl derivative (entries 7,
9). Aryl alkylation took place leading in low to moderate
yields to the products after prolonged reactions times
(entries 11, 13, 15, 17, 23, 25). Only in the presence of an
electron releasing function in the aryl moiety, as in the
case of mOMe-N,N’-dimethylaniline, the increase of
reactivity wasremarkable, quantitative yields of the alkyl-
ated product being achieved (entry 21) after only one hour
at room temperature using |11 as the catalytic species. In
genera the efficiency of thiourea-based organocatalyst
(1) resulted superior with respect to that of the oxygenat-
ed analogous (I). This trend has been rationalised*'® on
the grounds of the greater hydrogen-bond donor ability of
thiourea derivatives supported by the enhanced differenc-
esin acidities (pK, thiourea= 21.0; pK, urea = 26.9).%
Furthermore, the lower electronegativity of sulfur makes
self-association, the interaction of the N-H group of one
molecule with the carbonyl or thiocarbonyl group of
another, less favourable.??

A working hypothesis regarding the enhancement of elec-
trophilicity of the nitroolefins due to the interaction of the
urea-type derivatives with the nitro group is shown in
Figure 2.

A consistent improvement of the reaction efficiency was
achieved by running the reactions under solvent-free con-
ditions. In highlighting the solventless approach, an im-
portant strategy in the drive towards benign chemical
technologies,® the Friedel—Crafts alkylation was exam-
ined by simply mixing compounds 1-6 with nitrostyrene
in the presence of | and I 1. Adducts 7-12 were formed as
single productswith high degree of conversion after short-

conditions (in Table 1 compare entries 9, 10 or 13, 14 or
17,18 or 19, 20, or 25, 26). Again the catalytic efficiency
of Il prevailed, and the difference resulted particularly re-
markable in the case of 4 (compare entries 16 and 18).
Comparison between B-nitrostyrene and an aliphatic ni-
troolefin, indicated the greater reactivity of the latter
(compareentries 2, 5 and 4, 6) in agreement with literature
data.?

Then we turned our attention to the Friedel—Crafts alkyl-
ation of indoles. The indole framework is present in over
3000 isolated natural products and 40 medicinal agents
with diverse therapeutic action.?> The coupling between
indoles and Michael acceptors, isknown?® but i s subjected
to anumber of serious constraints such as the need of un-
hindered acceptors or the tendency to polymerise under
acid-catalysed conditions. Only recently a practical and
efficient InBr;-catalysed addition of indoles to nitroalk-
enes in agueous media has been proposed.?” On the
grounds of results in Table1l and given the significant
nucleophilic character of the indole molecule, alkylation
with nitroolefins in the presence of organocatalysts | and
Il seemed promising.

Scheme 2 outlines the reaction between indole, and 1- and
2-methylindole and nitroolefins catalysed by | and Il

leading to adducts 1618 precursors of tryptamines of in-
terest for their physiological activity and for being closely
related to the B-carboline nucleus.?® The relevant results
areshownin Table 2.

The established reactivity series towards Michael accep-
torsfor theindoles studied is 2-methylindole > indole > 1-
methylindole.?* Accordingly, only 2-methylindole (14)
under solventless conditions proved to be reactive in the
uncatalysed reaction (entries 5 and 10 in Table 2) but still
the yields were substantially increased by the presence of
the organocatalysts (entries 6-9 and 11, 12 in Table 2). A
drastic improvement was noticed on the other hand when
less reactive indoles 13 and 15 were used. Under | and |
catalysis, (entries 1, 13, 14, 19) high yields were obtained
after the suitabl e reaction time (72 hours) in the case of the
reaction of indole in toluene at room temperature and the
addition of 1-methylindole afforded in nearly quantitative
yields the expected adducts 18a and 18b after short reac-
tiontime (4 h). Finally, the reaction at position 2 of 3-me-
thylindole, known to be very difficult, was examined:
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Tablel Friedel-Crafts Alkylation Reactions of Aromatic and Heteroaromatic Systems with Nitroolefins Catalysed by | and |1
Entry Substrate R Catalyst  Solvent Time (h) Product? Yield (%)°
1 —N ~ Ph | Toluene 18 —N = 48
2 = | No solvent 3 — 57
3 1 I Toluene 18 oh 74 (70)°
4 I No solvent 3 59
NO,
7a
5 ~ CsHyy | No solvent 1 ~ 70
6 —Ng 1 No solvent N 86 (86)°
1 CsHay
N02
7b
7 = Ph I Toluene 72 = 5
8 QNG I No solvent QN 17
9 = I Toluene = 12
10 2 I No solvent Ph 39
NO,
8a
11 Ph | Toluene 72 NO, 30
12 QNG I No solvent 49
13 1 Toluene NG 53
14 3 I No solvent PH 80 (75)°
9a
15 Ph | Toluene 72 NO, 25
16 > | No solvent 24 > 26
17 QN I Toluene 72 N 55
18 > I No solvent 24 or > 100 (97)°
4 10a
19 / Ph I Toluene 1 NO, 57
20 N | No solvent / 100
21 \ I Toluene N 100
22 MeO I No solvent PH \ 100 (97)°
5 MeO
11a
23 ~. Ph I Toluene 72 ~yv 11
24 N | No solvent 24
25 I Toluene 27
26 OO I No solvent Oe 55 (49)°
6 O,N
2 Ph
12a
2 All products were characterized by *H NMR, 3C NMR, IR and MS.
b Conversion as determined by 'H NMR.
¢Yield of pure, isolated product after flash chromatography.
NO,
R3
| N\ R2 4 Rs/\/NOZ 10% cat | or Il r.t. | N R?
N toluene or solventless N
\Rl \Rl
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Scheme 2

R® = Ph (a), CsH1; (b)

Synlett 2004, No. 13, 2374-2378 © Thieme Stuttgart - New York

Downloaded by: University of lllinois at Chicago. Copyrighted material.



LETTER

Organocatalysed Friedel—Crafts Alkylation of Aromatic and Heteroaromatic Systems 2377

Table2 Friedel—Crafts AlKylation Reactions of Indoles with Nitroolefins Catalysed by | and 11

Entry Substrate R Catalyst  Solvent Time (h) Product® Yield (%)°
1 | AN Ph - Toluene 72 NO2 12
2 N I Toluene 60 (58)°
3 H I Toluene < Ph 85 (82)°
13 |
N
H
16a
4 Ph - Toluene 1 NO, 8
5 @ - No solvent 45
6 N I Toluene Ph 67
7 H | No solvent R 77 (75)°
|
8 14 I Toluene N 87
9 I No solvent H 87 (83)°
17a
10 CsHyy - No solvent 1 NO, 40
11 w | No solvent 71
12 u I No solvent CeHys 80 (80)°
14 B
N
H
17b
13 Ph - Toluene 4 NO, 3
14 @ - No solvent 4
15 N [ Toluene Ph 7
16 I No solvent Q 82 (80)°
17 15 I Toluene | 93
18 I No solvent N\ 96 (93)°
18a
19 CsHyy - No solvent 4 NO, 19
20 @ I No solvent 100
21 N, I No solvent CeHuy 100 (94)°
15 | N
N
\
18b

2 All products were characterized by *H NMR, 3C NMR, IR and MS.
b Conversion as determined by *H NMR.
¢Yield of pure, isolated product after flash chromatography.

even under the most favourable conditions used in this
work only traces of the expected adduct were observed af -
ter long reaction time. However MW irradiation and the
absence of solvent turned out to envisage the right combi-
nation for a strong increase of reactivity, and in the pres-
enceof |1 asthe catalytic species, 3-methylindoleled after
20 minutesirradiation at 100 W, and after the usual work-
up, to a49% yield of the Michael adduct.

In the indole series, the double hydrogen bonding cataly-
sis, offers severa conspicuous advantages in terms of
much milder reaction conditions and higher yields with
respect to the traditional methods** and appears also to
some extent superior to the recently reported alkylations
of indoles catalysed by Y b(OTf),® or Sc(OTf),.26

In summary, this metal-free catalytic procedure appears
of general applicability to electron rich aromatic and
heteroaromatic systems and of particular value in the
conjugate addition in the indole series. Issues such as

stereochemistry and design of new hydrogen bond donors
based catalysts are ongoing developments of this research
in our laboratory.
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