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The radical tandem reaction of simple alkyl derivatives of
aniline to a chiral furanone can be carried out stereo-
selectively in high yields; the furanone is also involved as
oxidant in a rearomatisation process (formation of by-
products) where it can be replaced efficiently by acetone.

Radical reactions have become a valuable tool in preparative
organic chemistry,1 even if control of the stereochemistry
involved in these processes is still a challenge in organic
synthesis.2 Radical induced cyclisations and radical-tandem
processes are particularly interesting due to the large variety of
complex organic molecules available using these methods.3

Among radicals having a nucleophilic character which can be
considered for addition reactions with electron deficient
alkenes, a-aminoalkyl radicals4 seem very attractive. When
prepared directly from tertiary amines, these radicals were
reported to add with moderate yields.5 Similar results were
described on the tandem addition of PhNMe2.6 These reactions
become efficient only with functionalised amines especially
with a-silylated tertiary amines.4,7 However, we recently
described a very efficient addition of tertiary amines to electron
deficient alkenes, using 4,4A-dimethoxybenzophenone or Mich-
ler’s ketone as sensitizers to produce a-aminoalkyl radicals via
a photoinduced electron transfer process (PET).8,9

We envisaged that an easy and general access to 1,2,3,4-tetra-
hydroquinoline derivatives might include a multistep process
induced by PET. We now report an efficient and stereoselective
tandem reaction of N,N-dialkylanilines with (5R)-5-menthy-
loxy-2,5-dihydrofuran-2-one 110 and the origin of the rear-
omatisation step involved during the reaction. Owing to their
biological activity, these compounds are of great interest.11

When a solution of 1 and N,N-dimethylaniline 2a in MeCN
was irradiated in the presence of 4,4A-bis(N,N-dimethylamino)-
benzophenone 3, four products were isolated from the reaction
mixture (Scheme 1, Table 1, entry 1).† The diastereomers 4a

and 5a were the expected products from a radical tandem
addition of the tertiary aromatic amine to 1. The configuration
of the main product 4a was also determined by X-ray analysis
(Fig. 1).‡ From the structure of 4a, it could be deduced that the
attack of the a-aminoalkyl radical A on 1 proceeded mainly anti
with respect to the menthyloxy substituent. 

The large amount of byproducts 7 and 8 limited the
transformation of 1 into the tricyclic adducts 4a and 5a. When
the concentration of 1 was diminished (5 3 1023 mol l21), the
reduction product 7 could be isolated in higher yield (23%),
while the formation of 8 could be suppressed. The observation
that the reduction products 7 and 8 and products 4a and 5a were
isolated with similar yields might indicate a coupling of the
processes responsible of their formation. Further, formation of
4a and 5a needs an oxidation step for rearomatisation. Little
information is available on this oxidising step in the absence of
oxygen for similar reactions.12 In order to decrease the amount
of reduction products of 1 and to get more information on the
formation of the byproducts 7 and 8, we carried out the reaction
with 2a labeled by deuterium either at the 2, 4 or 6 position of
the aromatic ring (2aA) or on the methyl groups (2aB). From 2aA,
we found that 7A had incorporated deuterium exclusively in the
a-position (degree of deuterium incorporation: 45%). From
2aB, the deuterium was transferred to the b-position of 7B
(degree of deuterium incorporation: 55%). In both cases
deuterium was found in one of the a-positions of 8. Therefore,
the mechanism of the reaction of 1 can be summarised as in
Scheme 2. Formation of the a-aminoalkyl radical A involves a
PET process induced by excited Michler’s ketone 3.9,13

Addition of A to 1 leads to the oxoallyl radical B which yields
C after an intramolecular addition process on the electron rich
aromatic ring. The rearomatisation occurs by transfer of a
hydrogen atom to 1. This transfer proceeds in two steps

Table 1 Reaction of different aniline derivatives 2a–f with 1 in the presence
of acetone except when indicated

Yield(%)

Entry 2 R1 R2 R3 R4 R5 R6 4 5b 6 7 8

1a a H H H H H H 38 2 — 18 7
2 a H H H H H H 74 3 — — —
3 b H H Me H H H 60 2 — — —
4c c H H H Me,H H H,Me 21,49 1,3 — — —
5 d H H H H Me H 78 3 — — —
6 e H H Me Me H H 64 3 — — —
7 f H H –(CH2)2– H H 53 3 — — —
8 g Me Me H H H H 36 — 29 — —
9 h –(CH2)2– H H H H 39 — 32 — —

10 i –(CH2)3– H H H H 48 — 26 — —
a The reaction was been carried out in the absence of acetone. b 5 was
isolated in the same fraction as 4. c Two regioisomers were formed.

Scheme 1
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(Scheme 3). First an electron transfer from C to 1 takes place to
yield the cationic species F. In the second step, a proton is
transferred to the radical anion.

When starting from 2aA deuterated on the aromatic ring,
deuterium was transferred to the carbonyl function of 1. The
resulting radical D can produce 7A deuterated at the a-position
by tautomerisation and preferred abstraction of hydrogen from
an N-methyl group of 2aA.4 Alternatively, D can add to 1 which
leads to 8 after hydrogen abstraction from 2aA. This mechanism
also explains the deuteration in the b-position of 7B and the a-
position of 8 when started with 2aB.

In order to avoid the hydrogen transfer to the substrate 1, we
added a mild oxidant to the reaction mixture (Scheme 2). By
addition of acetone in excess, the formation of byproducts 5 and
6 could be completely suppressed and the yield of 4a and 5a was
doubled (Table 1, entry 2).

Under these optimised reaction conditions, a variety of N,N-
dialkylamino benzenes 2 similarly yielded the corresponding
1,2,3,4-tetrahydroquinolines 4, 5 and 6 (Scheme 1, Table 1). In
the case of the N,N-dimethylaminobenzenes 2a–f, the facial
diastereoselectivity was about 90% (Table 1, entries 1–7). In the
reaction of 1 with 2g–i, a total facial selectivity with anti
approach vs. the menthyloxy substituent was observed. How-
ever, the configuration of the second chiral center, in the
position a to the nitrogen atom, was not efficiently controlled
and the products 6g–i were isolated in similar yields (Table 1,
entries 8–10). 

In conclusion, we have described an efficient and stereo-
selective addition of tertiary aromatic amines to (5R)-
(2)-5-menthyloxy-2,5-dihydrofuran-2-one 1 through a radical-
tandem process. The reaction, leading to
1,2,3,4-tetrahydroquinoline derivatives 4 involves an oxidative
addition on the aromatic ring. When carried out in the presence
of acetone, the competitive reduction of 1 was suppressed.

Notes and references
† A Rayonet Photochemical Chamber Reactor equipped with lamps
emitting at l = 350 nm was used as light source. Solutions were degassed
with argon prior to the irradiation.

Irradiation of derivatives 2 under optimised conditions (Table 1): A
solution of 1 (240 mg, 1 mmol), 2 (20 mmol), 3 (30 mg, 0.1 mmol) and 1
ml acetone in 15 ml MeCN was irradiated for 6 to 7 h. The solvent was
evaporated and the residue was subjected to flash chromatography.
‡ Crystal data for 4a: C22H31NO3 , M = 357.50, orthorhombic, space group
P212121, a = 8.4839(3), b = 13.709(1), c = 17.887(1) Å, V = 2080.5(4)
Å3, Z = 4, rcalc = 1.14 g cm23, m(Mo-Ka) = 0.075 mm21. Data were
collected on a Nonius CAD4-MACH3 diffractometer using Mo-Ka
graphite monochromated radiation (l = 0.71073 Å) at room temperature.
Colorless crystal, 0.30 3 0.30 3 0.20 mm3, 2428 reflections collected, 2.5
< q < 26.3°. 1459 reflections having I > 3s(I) were used for structure
determination and refinement. The structure was solved using direct
methods and refined against |F|. Hydrogen atoms were introduced as fixed
contributors. Absorption corrections from the psi curves of 7 reflections,
transmission factors: 0.92/1.00. For all computations the Nonius Open-
MoleN package (OpenMoleN, Interactive Structure Solution, Nonius B.V.,
Delft, The Netherlands 1997) was used. The known configuration of the
menthol fragment was therefore used to assign the correct configuration.
Final results: R(F) = 0.039, Rw(F) = 0.051, GOF = 1.046, maximum
residual electronic density = 0.15 e Å23. CCDC 182/1432. See http:/
/www.rsc.org/suppdata/cc/1999/2291/ for crystallographic data in .cif
format.
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Fig. 1 ORTEP plot of 4a. Ellipsoids are scaled to enclose 50% of the
electronic density. Hydrogen atoms have arbitrary radii.
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