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ABSTRACT

Alcohols instead of aldehydes were used in the Passerini three-component reaction under catalytic aerobic conditions. Mixing alcohols,
isocyanides, and carboxylic acids in toluene in the presence of a catalytic amount of cupric chloride, NaNO2, and TEMPO afforded, under an
oxygen atmosphere, the P-3CR adducts in good yields.

Tandem oxidative processes (TOP) in which oxidation of
alcohols are combined with the subsequent elaboration of
the carbonyl intermediates have been developed into power-
ful synthetic tools.1,2 Although great progress has been made
in developing bimolecular TOP processes, studies on com-
bining alcohol oxidation with a multicomponent reaction
(MCR)3 remain scarce. The difficulties associated with the
development of such one-pot oxidation/MCR processes are
self-evident due to the presence of mutli-functionalities/multi-

intermediates and the complexity of the reaction mechanism
intrinsic to MCRs. This is unfortunate since aldehydes are
ubiquitous substrates in many powerful MCRs. Therefore,
the ability to perform domino oxidation/MCR would widen
significantly the versatility and scope of these aldehyde-based
MCRs. In this context, we recently reported a Passerini three-
component reaction (P-3CR)4 of primary alcohols using
O-iodoxybenzoic acid (IBX) as an oxidant.5,6 In addition to
its wide application scope, this protocol proved to be
particularly valuable when the desired aldehydes were
inaccessible as demonstrated in Wessjohann’s elegant syn-
thesis of macrocycles.7 Although both IBX and its reduced
form (IBA) are easily removable by simple filtration, the
need to use an excess amount of IBX was nevertheless a
drawback of this methodology. As a continuation of this
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research program, we report here the realization of Passerini
three-component reaction starting from alcohols under catalytic
conditions using oxygen as terminal oxidant (Scheme 1).

The catalytic aerobic oxidation of alcohols using molecular
O2 as a terminal oxidant has attracted much attention in recent
years.8 Many efficient catalytic systems have been developed
using transition metals alone or in combination with TEMPO
as catalysts.7,9 While a wide range of benzylic alcohols have
been successfully oxidized to aldehydes and ketones, primary
nonactivated alcohols were known to be poor substrates due
to their low reactivities and side reactions such as overoxi-
dation, aldol, or Tishchenko reaction associated with the
resulting aldehydes.8,10-12 In spite of this discouraging
observation, we set out to examine the reaction of 2-phe-
nylethanol (2a), benzyl isocyanide (3a), and benzoic acid
(4a) under catalytic aerobic oxidation conditions, assuming

that in situ trapping of the aldehyde intermediate by
isocyanide could potentially avoid these aforementioned
undesired pathways. Initial experiments using ruthenium13

and copper14 as metal catalysts (entries 1-3, Table 1) and
under metal-free conditions15 (entry 4) were found to be
ineffective, leading only to the complete decomposition of
isocyanide 3a. Gratefully, the Passerini adduct 1a was
isolated in 30% yield using FeCl3-TEMPO-NaNO2 (0.15
equiv each) catalytic system developed by Liang and Hu
(entry 5, Table 1).16 Replacing FeCl3 by CuCl2 gave a cleaner
reaction, although the yield remained moderate (enrty 6).
By using 2.5 equiv of isocyanide 3a, the yield of 1a increased
to 65% (c ) 2.5 M) under otherwise identical conditions
(entry 7, Table 1). On the other hand, replacing oxygen gas
by air atmosphere (entry 9, Table 1) diminished significantly
the reaction efficiency. Another key factor is the concentra-
tion. The reaction had to be performed at high concentration
to guarantee the success of the overall domino process
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(12) Markó’s procedure is an exception; see: Markó, I. E.; Gautier, A.;
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Scheme 1. Passerini Reaction of Alcohols under Catalytic
Oxidative Conditions

Table 1. Optimization of Reaction Parametersa

entry conditions
conversion
of (2a, %)

yield
of 1a,b %

1 A/toluene (0.25 M), O2, 80 °C NR 0
2 B/C6H5F (0.5 M), O2, 80 °C NR 0
3 C/C6H5F (0.5 M), O2, 80 °C NR 0
4 D/DCM (1 M), O2, rt NR 0
5 E/toluene (0.5 M), O2, rt 100 30
6 F/toluene (0.5 M), O2, rt 100 35
7 F/toluene (2.5 M), O2, rt 100 67c

8 F/toluene (0.1 M), O2, rt 75 ND
9 F/toluene (2.5 M), air, rt 50 NDc

10 F/toluene (0.5 M), O2, rt 15 NDd

a General conditions: 2a/3a/4a )1:1:1, 24 h under conditions specified
as follows. Method A: TPAP (15 mol %), 4 Å molecular sieves. Method
B: CuCl (10 mol %), 1,10-phenantroline (10 mol %), DBAD (10 mol %),
tBuOK (10 mol %), NMI (15 mol %). Method C: CuBr·DMS (5 mol %),
4,4′-dinonyl-2,2′-bipyridine (5 mol %), TEMPO (10 mol %). Method D:
PyHBr3 (20 mol %), TEMPO (5 mol %), NaNO2 (20 mol %). Method E:
FeCl3·5H2O (15 mol %), TEMPO (15 mol %), NaNO2 (15 mol %). Method
F: CuCl2·2H2O (15 mol %), TEMPO (15 mol %), NaNO2 (15 mol %).
b Yield of isolated product. c 2.5 equiv of isonitrile. d In the absence of
NaNO2. Abbreviations: TEMPO ) 2,2,6,6-tetramethylpiperidine 1-oxyl;
TPAP, tetra-n-propylammonium perruthenate; DBAB ) dibenzyl azodi-
carboxylate, NMI ) N-methylimidazole; NR ) no reaction; ND ) not
determined.
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(entries 7 vs 8, Table 1). Other copper sources [Cu(SO4)2,
CuBr2, Cu(NO3)2, CuF2, CuI, CuBr], solvents (MeCN,
dichloroethane, and trifluorobenzene), and co-oxidants
(KNO2, Bu4NNO2, AgNO2, tBuONO) were also examined
(data not shown). However, none of them afforded results
superior to those using the conditions shown in entry 7 (Table
1). Control experiments indicated that the use of a ternary
system (CuCl2-TEMPO-NaNO2, as well as their ratio (1/
1/1, 0.15 equiv each)) was important for the production of
3a. In the absence of one of them, the domino process
became less efficient. For example, in the absence of NaNO2

only a conversion equal to the catalysts loading was observed
(entry 10, Table 1). Its role seems to be important in the
turnover of the catalytic oxidation. It is worth noting that
the Passerini product resulting from over oxidation of alcohol
to the corresponding carboxylic acid and its subsequent
reaction with aldehyde and isocyanide was formed only in
a trace amount (<5%).17

Using optimized conditions [CuCl2 (0.15 equiv), TEMPO
(0.15 equiv), NaNO2 (0.15 equiv), O2, 2/3/4 ) 1/2.5/1, in
toluene (C 2.5 M), room temperature], the scope of the
oxidative Passerini reaction was examined with representative
primary alcohols, isonitriles, and carboxylic acids (Table 2).
Functional groups such as ester (entry 12), benzyl ether (entry
13), silyl ether (entry 17), acetal (entry 16), and double bond
(entry 14) were tolerated. The alcohol 2j afforded the low
yield of the P-3CR adduct presumably due to the coordina-
tion of alkyne unit to the copper species, consequently
blocking the catalytic cycle. Cyclopropylmethanol (2d) also
participated in the reaction to afford the corresponding adduct
in moderate yield (entry 7, Table 2). Finally, �-substituted
enantioenriched alcohols such as (R)-1,2-O-isopropylidene-
glycerol (2k, entry 16) and (S)-3-(tert-butyldiphenylsilyloxy)-
2-methylpropan-1-ol (2l, entry 17, Table 2), whose corre-
sponding aldehydes are known to be sensitive toward
racemization,18 were successfully engaged in this oxidative
P-3CR reaction. In both cases, the Passerini adducts were
obtained as a mixture (1:1) of two diastereomers in 75%
and 60% yields, respectively. The lack of diastereoselectivity
in P-3CR is not unexpected.3,19 To our delight, the chiral
HPLC analysis of 1q and 1r indicated that no racemization
of the transient aldehydes occurred under these conditions.
In the case of 2l, R-hydroxyamide derived from a nucleo-
philic addition of water to nitrilium intermediate20 was
isolated in about 10% yield together with 1r. Aromatic and
aliphatic isocyanides with different steric properties such as

benzyl isocyanide (3a), cyclohexyl isocyanide (3b), 2,6-
dimethylphenyl isocyanide (3c), and tert-butyl isocyanide
(3d) participated in the reaction. The domino oxidation/P-
3CR process has also been applied to representative car-
boxylic acids including (R)-O-methyl mandelic acid (4c),
cyclopropyl carboxylic acid (4d), and R,�-unsaturated car-
boxylic acid (4g), etc. However, N-protected amino acids
failed to participate in this reaction (data not shown).

(17) Shapiro, N.; Vigalok, A. Angew. Chem., Int. Ed. 2008, 47, 2849–
2852.

(18) (a) Bisseret, P.; Rohmer, M. J. Org. Chem. 1989, 54, 2958–2964.
(b) Roush, W. R.; Palkowitz, A. D.; Ando, K. J. Am. Chem. Soc. 1990,
112, 6348–6359.

(19) For recent development on enantioselective P-3CRs, see: (a)
Denmark, S.; Fan, Y. J. Am. Chem. Soc. 2003, 125, 7824–7825. (b)
Denmark, S.; Fan, Y. J. Org. Chem. 2005, 70, 9667–9676. (c) Kusebauch,
U.; Beck, B.; Messer, K.; Herdtweck, E.; Dömling, A. Org. Lett. 2003, 5,
4021–4024. (d) Andreana, P. R.; Liu, C. C.; Schreiber, S. L. Org. Lett.
2004, 6, 4231–4234. (e) Wang, S.-X.; Wang, M.-X.; Wang, D.-X.; Zhu, J.
Eur. J. Org. Chem. 2007, 407, 6–4080. (f) Wang, S.-X.; Wang, M.-X.;
Wang, D.-X.; Zhu, J. Org. Lett. 2007, 9, 3615–3618. (g) Wang, S.-X.; Wang,
M.-X.; Wang, D.-X.; Zhu, J. Angew. Chem., Int. Ed. 2008, 47, 388–391.
(h) Yue, T.; Wang, M.-X.; Wang, D.-X.; Zhu, J. Angew. Chem. Int. Ed
2008, 47, 9454–9457.

(20) See, for example: Grassot, J.-M.; Masson, G.; Zhu, J. Angew. Chem.,
Int. Ed. 2008, 47, 947–950.

Table 2. Scope and Limitation of the Reaction Conditionsa

a General conditions: 2/3/4 ) 1/2.5/1, O2 balloon, in toluene (c ) 2.5
M), 24 h. The oxidation of alcohol was performed in the presence of other
reactants (cf. Supporting Information). b Yield of isolated product. c dr )
1: 1. d dr determined by 1H NMR spectroscopy of the crude reaction mixture.
e 0.3 equiv each of CuCl2·2H2O, NaNO2, TEMPO was used instead.
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A possible reaction sequence for this aerobic oxidative
P-3CR reaction is shown in Scheme 2. Formation of
CuCl2-TEMPO complex 521 followed by ligand exchange
with alcohol would lead to a ternary complex 6. An
intramolecular hydrogen abstraction followed by fragmenta-
tion would then give the copper(I)-TEMPOH complex and
aldehyde 8. Subsequent reaction of 8 with isocyanide 3 and
carboxylic acid 4 afforded the Passerini three-component
adduct.22 On the other hand, oxidation of the copper(I)-

TEMPOH species 7 by NO2, produced from NaNO2 and
carboxylic acid,23 would regenerate the copper(II)-TEMPO
complex 5. Finally, NO2 is regenerated by oxidation of NO
with molecular oxygen, thus completing the dual catalytic
cycle. The observation that both CuCl2 and NaNO2 were
important for the reaction was in accord with the proposed
catalytic cycle. Nevertheless, at the present stage of the
development, we cannot exclude the pathway involving
oxoammonium intermediate.14b,24 The fact that cyclopropy-
lmethanol (2d) and hex-5-en-1-ol (2i) can be converted into
their corresponding P-3CR adducts, inferring that the ionic
mechanism may also be operating.25 However, it has to be
noted that substrates prone to radical cyclization have been
successfully oxidized to aldehydes under metal-catalyzed
aerobic conditions that are known to involve a radical
mechanism.26

In conclusion, we documented the first examples of an
efficient Passerini reaction of alcohols under aerobic condi-
tions in the presence of a catalytic amount of a ternary
system, CuCl2-NaNO2-TEMPO, using molecular oxygen as
a terminal oxidant. We believe that such a process could
find useful applications in view of the power of the Passerini
reaction and that the concept could be extended to other
MCRs involving aldehyde substrates.27
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