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Abstract: The highly efficient hydroacylation reac-
tion of aldehydes with azodicarboxylates has been
carried out in the ionic liquid,1-n-butyl-3-methylimi-
dazolium bis(trifluoromethanesulfonyl)imide,
[BMIM] [NTf2]. The products were readily separated
by extraction from the reaction medium and the
ionic liquid could be recycled up to 8 times and the
yields of the reactions were not affected. Compared

to conventional solvents, high yields were achieved
with aliphatic saturated aldehydes, and the reaction
can be conducted under normal to mild conditions
without the use of a catalyst.
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Introduction

Carbon-nitrogen bond-forming reactions are without
a doubt one of the most important categories of reac-
tions in organic synthesis.[1] Efforts have been made
to construct such bonds by using polar, radical, and
transition metal-catalyzed reactions.[1] Over the last
few decades, a very efficient reaction, which involves
the use of azodicarboxylates as electrophiles, for the
formation of carbon-nitrogen bonds, has been success-
fully used for such bond formation reactions. The effi-
ciency of this reaction is due to the strong electron-
withdrawing azodicarboxylates, which possess a
vacant orbital and also serve as good nucleophilic ac-
ceptors.[1a,b] Although various types of reactions, such
as the zwitterion intermediate reactions,[2] the electro-
philic a-amination of carbonyl compounds,[3] the C�H
activation at the a-position of amines and ethers,[4]

and the ene-type reaction with olefins[5] in the pres-
ence of azodicarboxylates, have been extensively stud-
ied, the hydroacylation reaction with aldehydes has
been exploited far less.[6] From the standpoint of atom
economy, the hydroacylation reaction with direct
functionalization of aldehydic C�H bonds to form a
variety of hydrazine imides is a highly efficient syn-
thetic methodology (Figure 1). To this end, photolytic
conditions (Figure 1, method A) and thermal condi-
tions (Figure 1, method B) have been utilized to
achieve the formation of product 3.[6] However, these

two conditions are limited in that they often result in
low yields and only a narrow scope of the substrates
can be used. Recently, Lee et al. reported that a tran-
sition metal catalyst, rhodium acetate, efficiently cata-
lyzed the hydroacylation between aliphatic saturated
and unsaturated aldehydes with azodicarboxylates
under mild conditions to provide the hydrazine
imides 3 (Figure 1, method C).[7] For this method
however, relatively low yields resulted when aromatic
aldehydes were used as the substrates. As a result, the
development of simple and efficient reaction condi-
tions while concomitantly increasing the scope of the
substrates is desirable.

One aspect of our research involves the use of
room temperature ionic liquids (RTILs) for novel re-
actions, without metal catalysts; and we recently de-
scribed that the aminohalogenation reaction of a,b-
unsaturated ketones proceeded smoothly in modest to
good yields and excellent regio- and stereoselectivity

Figure 1. Hydroacylation strategy for hydrazine imides 3.
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in the ionic liquid [BMIM] [NTf2].[8] During the past
decade, RTILs have received considerable attention
due to their ability to serve as effective reaction
media for a wide variety of organic reactions and also
for their use in other applications in chemistry.[9]

Compared to typical organic solvents, RTILs have
several intriguing properties, including their lack of
measurable vapor pressure, high chemical and ther-
mal stability, non-flammability, and high ionic conduc-
tivity;[10] these properties all serve to facilitate various
chemical transformations when RTILs are used as the
reaction media. Also, the high solubility of many or-
ganic and inorganic compounds in RTILs can in prin-
ciple lead to enhanced rates and improved yields for
reactions.[11] Furthermore, RTILs can be easily recy-
cled, and therefore, they are recognized as potentially
environmentally benign reaction media. In this paper,
we wish to report the hydroacylation reaction of alde-
hydes and azodicarboxylates using the ionic liquid,
[BMIM] [NTf2], as solvent which resulted in high
yields of product 3 (Figure 1, method D). Most impor-
tantly, this transformation is carried out without the
use of a catalyst and is conducted under mild reaction
conditions and the IL is recyclable.

Results and Discussion

The hydroacylation reaction of propionaldehyde and
diisopropyl azodicarboxylate was selected as the
model for subsequent screening. As can be seen from
the results summarized in Table 1, the reaction effi-
ciency was significantly influenced by fine tuning the
anion moiety of the ionic liquids, the ratio of alde-
hyde/azodicarboxylate, and the temperature. Among
the RTILs examined as solvents, 1-n-butyl-3-methyl-ACHTUNGTRENNUNGimidazolium ionic liquid with the bis(trifluorometh-ACHTUNGTRENNUNGanesulfonyl)imide as anion exhibited the highest reac-
tion efficiency, compared to the ionic liquids with
BF4

� and PF6
� as anions; [BMIM] [NTf2] afforded the

corresponding addition product 3a in 90% yield at
room temperature after 23 h, compared to lower
yields and longer reaction times for the other ionic
liquids (Table 1, entries 1–3).[12] These results indicate
that the nature of the anion plays an important role
in reactivity and efficiency; this could be attributed to
the larger anion [NTf2], which would result in a great-
er cation/anion separation, compared to other ILs
with harder anions [BF4] and [PF6].[13] These different
properties allow for a more effective interaction be-
tween the negative charge of the carbonyl oxygen and
the cationic portion of the ionic liquid, compared to
ILs that contain harder anions; such an interaction as-
sists in activating the C�H bond of the aldehyde and
a more effective solvent activation of the carbonyl
oxygen. In order to get further insight into the role of
the anion in promoting the reaction, we conducted

the reaction using ionic liquid [BMIM]
[(CF3CF2SO2)2N] as solvent,[14] which has a similar
molecular composition but a larger anion comparing
to [BMIM] [(CF3SO2)2N] (Table 1, entry 4 vs. 3). As
expected, the reaction proceeded smoothly to afford
the hydroacylation product 3a in 92% yield at room
temperature for 18 h.

Recently, the effects that the cation of [BMIM]-
based ionic liquids have on the electron transfer have
been investigated, and it has been suggested that the
acidity of the C-2 proton of the imidazolium cation
plays an important role to stabilize the oxygen radical
anion.[15] The question of whether the C-2 proton of
the imidazolium cation also affects the hydroacylation
reaction for the possible activation of the carbonyl
group via hydrogen bonding with the C-2 proton of
the imidazolium cation and thus plays a role in the re-
action is a good one; but, we found that when 1-
butyl-2,3-dimethylimidazolium bis(trifluoromethane-
sulfonyl)imide [BDMIM] [NTf2] was used as solvent,
in which the C-2 position of the imidazolium cation
was substituted with a methyl group, the reaction pro-
ceeded smoothly and afforded comparable results as
when [BMIM] [NTf2] was used (Table 1, entry 3 vs.
entry 5). This indicates that the C-2 proton of the imi-
dazolium cation does not affect the reaction rate.
Noteworthy, when the ratio of aldehyde to azodicar-
boxylate (1a/2a) was decreased from 2:1 to 1.5:1 and
1:1, the reaction proceeded slower and resulted in a
lower yield with azodicarboxylate (1a/2a) decreasing
from 2:1 to 1.5:1 and 1:1 (Table 1, entries 3, 6, and 7).

Table 1. Optimization reaction of propionaldehyde 1a with
diisopropyl azodicarboxylate 2a.[a]

Entry Solvent T [8C] t [h] Yield [%][b]

1 ACHTUNGTRENNUNG[BMIM] [BF4] r.t. 124 40
2 ACHTUNGTRENNUNG[BMIM] [PF6] r.t. 124 <10
3 ACHTUNGTRENNUNG[BMIM] [NTf2] r.t. 23 90
4 ACHTUNGTRENNUNG[BMIM] [(C2F5SO2)2N] r.t. 18 92
5[c] ACHTUNGTRENNUNG[BDMIM] [NTf2] r.t. 22 91
6[d] ACHTUNGTRENNUNG[BMIM] [NTf2] r.t. 32 92
7[e] ACHTUNGTRENNUNG[BMIM] [NTf2] r.t. 96 70
8 ACHTUNGTRENNUNG[BMIM] [NTf2] 40 3 95
9 MeOH r.t. 124 <10
10 MeCN r.t. 124 <10
11 EtOAc r.t. 124 <10

[a] Reactions were performed with a 2:1 ratio of 1a and 2a
on a 0.5-mmol scale in 0.5 mL of ionic liquid. [BMIM] =
butylmethylimidazolium.

[b] Isolated yields of pure product.
[c] [BDMIM]= 1-butyl-2,3-dimethylimidazolium.
[d] Ratio of 1a/2a=1.5:1.
[e] The ratio of 1a/2a= 1:1.
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Upon raising the temperature from room temperature
to 40 8C, the reaction rate was dramatically increased
with slightly improved yield, which gave the best opti-
mal performance for the hydroacylation reaction
(Table 1, entry 8). Conventional organic solvents, such
as MeOH, CH3CN, and EtOAc, which do not exhibit
similar properties as IL, resulted in poor yields
(Table 1, entries 9–11).

Encouraged by these results, we next probed the
scope of this hydroacylation reaction with a variety of
aldehydes and azodicarboxylates (Table 2). All reac-
tions were carried out simply by mixing the reactants
in a one-pot operation system in the ionic liquid,
[BMIM] [NTf2] at 40 8C affording the corresponding
hydroacylation products 3b–3r. Typically, different
substituents on the aliphatic aldehydes significantly
influence the reaction rates and chemical yields. For
example, the aliphatic saturated aldehydes 1b–e, with
either linear or branched substituents when used in
the reaction with diisopropyl azodicarboxylate, afford-
ed the desired products 3b–e in excellent chemical
yields (Table 2, etries 1–4). It was also observed that
the substitution pattern of aliphatic saturated alde-
hyde influences the reaction rate. For example, in the
case of 3-phenylpropionaldehyde, when a phenyl
group is present at the g-position of propionaldehyde,
relatively low reaction rate and chemical yield were
observed (Table 2, entry 5). The aliphatic aldehydes
1g and h with unsaturation either at the terminal or
internal position also provided the desired products
3g and 3h, respectively, but in low yields (Table 2, en-

tries 6 and 7). In these two examples, the low yields
might be due to an ene-type reaction to generate the
bisazodicarboxylates;[16] the same phenomenon was
also observed by Lee�s research group using the cata-
lyst, rhodium acetate.[7a] Those aromatic aldehydes,
which contain H and Cl were also good substrates for
this reaction and afforded the hydroacylation prod-
ucts in good yield, although the reaction rate was rel-
atively slower (Table 2, entries 8 and 9). On the other
hand, aromatic aldehydes with electron-donoting
OMe and electron-withdrawing NO2 groups gave
poor yields (Table 2, entries 10 and 11). To broaden
the scope of the reaction, a wide range of azodicar-
boxylates 2b–f, including azodicarboxylates containing
phenyl groups substituted with electron-withdrawing
and electron-donating groups were used in the reac-
tion with propionaldehyde (Table 2, entries 12–16). In
general, hydrogen and other substituents on the
phenyl ring influenced the reaction rate and yield. For
example, substrates with the phenyl ring substituted
with H, Cl, and NO2 groups gave the desired products
3n–p in 85–94% yields (Table 2, entries 13–15);
whereas, when the phenyl ring contains the electron-
donating group OMe, a very poor yield with long re-
action time resulted (Table 2, entry 16). In order to
further confirm the structure of the hydroacylation
product, the reaction of cyclopentanecarbaldehyde
1m and 2d was investigated and gave the hydroacyla-
tion product 3r (Table 2, entry 17). The structure of 3r
was unambiguously determined by an X-ray diffrac-
tion study (Figure 2).[17]

Table 2. Hydroacylation reaction of aldehydes with azobicarboxylates.

Entry R1 R2 t [h] Product Yield [%][a]

1 1b n-C4H9 2a i-Pr 6 3b 98
2 1c (CH3)2CHCH2 2a i-Pr 5 3c 98
3 1d (CH3)2CH 2a i-Pr 1 3d 99
4 1e Cyclohexyl 2a i-Pr 9 3e 99
5 1f PhCH2CH2 2a i-Pr 48 3f 88
6 1g (cis) n-C5H11-CH=CHCH2CH2 2a i-Pr 48 3g 43
7 1h CH2=CHCH2ACHTUNGTRENNUNG(CH3)2C 2a i-Pr 48 3h 40
8 1i Ph 2a i-Pr 120 3i 80
9 1j 4-Cl-C6H4 2a i-Pr 168 3j 69
10 1k 4-MeO-C6H4 2a i-Pr 168 3k <10
11 1l 4-NO2-C6H4 2a i-Pr 168 3l <10
12 1a CH3CH2 2b Et 1.5 3m 94
13 1a CH3CH2 2c Bn 20 3n 89
14 1a CH3CH2 2d 4-ClC6H4CH2 20 3o 94
15 1a CH3CH2 2e 4-NO2C6H4CH2 24 3p 85
16 1a CH3CH2 2f 4-MeOC6H4CH2 168 3q <10
17 1m Cyclopentyl 2d 4-ClC6H4CH2 2 3r 98

[a] Isolated yields of pure product after column chromatography.
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We chose the hydroacylation reaction of isobutyral-
dehyde 1d and diisopropyl azodicarboxylate 2a under
optimized reaction conditions to examine the recycla-
bility of ionic liquid [BMIM] [NTf2]. When the first
cycle of the reaction was completed, the reaction mix-
ture was extracted with ether four times. The ether
solution was combined, concentrated, and purified by
flash chromatography to afford the product 3d. The
ether insoluble ionic liquid [BMIM] [NTf2] was recov-
ered and dried under vacuum for 1 h and reused for
the next cycle of the reaction. The ionic liquid can be
recycled for another 7 times without significant loss of
chemical yield and the ionic liquid (Table 3).

It was described in previous studies that the hydro-
acylation of aldehydes with azodicarboxylate consid-
ered to proceed by a radical intermediate mechan-ACHTUNGTRENNUNGism.[6,7a] We assume that the hydroacylation reaction
in an ionic liquid may still proceed via a radical mech-
anism, and that the ionic liquid plays an important
role in stabilizing the radical transition intermediate
through an ionic solvation effect and facilitating the
addition of the acyl radical intermediate to azodicar-
boxylate to form the hydroacylation product.

Conclusions

In conclusion, we have developed an efficient hydroa-
cylation reaction of aldehydes with azodicarboxylates
in the ionic liquid [BMIM] [NTf2], the reaction can
be conducted under convenient and mild conditions
without the special protection of inert gases as well as
in the absence of metal catalysts. The products can be
readily separated by extraction due to the solubility
characteristics of the ionic liquid, and the ionic liquid
can be efficiently recycled 8 times without any signifi-
cant loss of the chemical yield.

Experimental Section

General Remarks

All reactions were performed in oven-dried vials. All com-
mercially available reagents were purchased from Aldrich
and used without further purification. Flash chromatography
was performed using silica gel (Merck 60, 230–400 mesh).

Typical Procedure for the Hydroacylation Reaction in
Ionic Liquid [BMIM] [NTf2]

To a stirred solution of aldehyde 1 (1.0 mmol) in ionic liquid
[BMIM] [NTf2] (0.5 mL) was added azodicarboxylate 2
(0.5 mmol). The reaction was stirred at 40 8C for the time as
indicated in Table 1 and Table 2. The reaction mixture was
extracted with ether for four times (5 mL � 4). The ether so-
lution was combined, concentrated, and purified by flash
chromatography on silica gel (hexane:ethyl acetate= 4:1) to
afford the product diisopropyl 1-acylhydrazine-1,2-dicarbox-
ylate 3. The ether insoluble ionic liquid [BMIM] [NTf2] was
recovered and dried under vacuum for 1 h and reused for
the next cycle of reaction.

Hydroacylation Product 3a:[7a] 1H NMR (400 MHz,
CDCl3): d=6.70 (br, 1 H, NH), 5.10–4.92 [m, 2 H,
(CH3)2CHO], 2.98–2.87 (m, 2 H, CH3CH2), 1.32 [d, J=
7.2 Hz, 6 H, (CH3)2CHO], 1.27 [br, 6 H, (CH3)2CHO], 1.17
(t, J=7.2 Hz, 3 H, CH3CH2); 13C NMR (100 MHz, CDCl3):
d= 174.6, 155.1, 152.6, 72.1, 70.3, 30.5, 21.8, 21.7, 8.8.

Hydroacylation Product 3b: 1H NMR (400 MHz, CDCl3):
d= 6.72 (br, 1 H, NH), 5.10–4.92 [m, 2 H, (CH3)2CH], 2.86–
2.85 (m, 2 H, CH3CH2CH2CH2), 1.65 (m, 2 H,
CH3CH2CH2CH2), 1.43–1.34 (m, 2 H, CH3CH2CH2CH2),
1.32 [d, J=7.2 Hz, 6 H, (CH3)2CH], 1.28 [br, 6 H,
(CH3)2CH], 0.93 (t, J= 7.2 Hz, 3 H, CH3CH2CH2CH2);
13C NMR (100 MHz, CDCl3): d=173.9, 155.1, 152.6, 72.0,
70.3, 36.7, 26.8, 26.7, 22.2, 21.8, 21.6, 13.8, 13.6; HR-MS:
m/z= 289.1769, calcd. for C13H24N2O5 (M +H)+: 289.1763.

Hydroacylation Product 3c: 1H NMR (400 MHz, CDCl3):
d= 6.72 (br, 1 H, NH), 5.09–4.92 [m, 2 H, (CH3)2CHO], 2.80
[br, 2 H, (CH3)2CHCH2], 2.25–2.13 [m, 1 H, (CH3)2CHCH2],
1.32 [d, J=6.0 Hz, 6 H, (CH3)2CHO], 1.28 [br, 6 H,
(CH3)2CHO], 0.98 [d, J=6.8 Hz, 6 H, (CH3)2CHCH2];
13C NMR (100 MHz, CDCl3): d=173.1, 155.1, 152.6, 72.0,
70.3, 45.5, 25.4, 25.2, 22.4, 22.3, 21.8, 21.6; HR-MS: m/z=
311.1590, calcd. for C13H24N2O5 (M+Na)+: 311.1577.

Figure 2. X-ray crystal structure of 3r.

Table 3. Recycling studies of hydroacylation reaction of iso-
butyraldehyde 1d and diisopropyl azodicarboxylate 2a in the
ionic liquid [BMIM] [NTf2].

Cycle Yield [%][a] Cycle Yield [%][a]

1 99 5 98
2 95 6 96
3 97 7 96
4 96 8 97

[a] Isolated yields of pure product after column chromatog-
raphy.
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Hydroacylation Product 3d: 1H NMR (400 MHz, CDCl3):
d= 6.77 (br, 1 H, NH), 5.10–4.92 [m, 2 H, (CH3)2CHO],
3.70–3.57 [m, 1 H, (CH3)2CH], 1.32 [d, J=6.4 Hz, 6 H,
(CH3)2CHO], 1.28 [br, 6 H, (CH3)2CHO], 1.20 [d, J= 6.4 Hz,
6 H, (CH3)2CH]; 13C NMR (100 MHz, CDCl3): d= 178.2,
155.2, 152.5, 72.0, 70.2, 34.2, 21.8, 21.6, 19.2, 18.8; HR-MS:
m/z= 297.1436, calcd. for C13H24N2O5 (M +Na)+: 297.1421.

Hydroacylation Product 3e:[7a] 1H NMR (400 MHz,
CDCl3): d=6.75 (br, 1 H, NH), 5.06–4.86 [m, 2 H,
(CH3)2CHO], 3.37–3.27 (m, 1 H, cyclohexyl-CH), 1.97–1.82
(m, 2 H, cyclohexyl-CH2), 1.80–1.57 (m, 3 H, cyclohexyl-
CH2), 1.48–1.35 (m, 2 H, cyclohexyl-CH2), 1.27 [d, J= 6.4 Hz,
6 H, (CH3)2CHO], 1.25–1.10 [m, 9 H, (CH3)2CHO and cyclo-
hexyl-CH2]; 13C NMR (100 MHz, CDCl3): d=181.1, 152.6,
72.0, 70.2, 44.0, 42.8, 29.4, 28.8, 25.8, 25.7, 25.6, 25.3, 21.8,
21.6.

Hydroacylation Product 3f:[7a] 1H NMR (400 MHz,
CDCl3): d=7.30–7.13 (m, 5 H, ArH), 6.71 (br, 1 H, NH),
5.06–4.88 [m, 2 H, (CH3)2CHO], 3.21 (t, J=8.0 Hz, 2 H,
PhCH2CH2), 2.97 (t, J= 8.0 Hz, 2 H, PhCH2CH2), 1.28 [d,
J=6.0 Hz, 6 H, (CH3)2CHO], 1.25 [br, 6 H, (CH3)2CHO];
13C NMR (100 MHz, CDCl3): d=172.9, 155.0, 152.5, 140.6,
128.4, 126.1, 72.1, 70.3, 38.6, 30.6, 21.8, 21.6.

Hydroacylation Product 3g:[7a] 1H NMR (400 MHz,
CDCl3): d= 6.68 (br, 1 H, NH), 5.44–5.27 (m, 2 H, CH2CH=
CHCH2), 5.06–4.87 [m, 2 H, (CH3)2CHO], 2.90 (br, 2 H,
CHCH2CH2CO), 2.35 (q, J=7.2 Hz, 2 H, CHCH2CH2CO),
2.00 (q, J=6.8 Hz, 2 H, n-C4H9CH2CH), 1.36–1.10 [m, 18 H,
(CH3)2CHO and CH3ACHTUNGTRENNUNG(CH2)3CH2], 0.84 [t, J=6.4 Hz, 3 H,
CH3 ACHTUNGTRENNUNG(CH2)2CH2]; 13C NMR (100 MHz, CDCl3): d= 173.2,
155.0, 152.6, 131.4, 127.4, 72.0, 70.3, 37.0, 31.4, 29.2, 27.1,
22.5, 22.4, 21.8, 21.6, 14.0.

Hydroacylation Product 3h:[7a] 1H NMR (400 MHz,
CDCl3): d= 6.58 (br, 1 H, NH), 5.80–5.66 (m, 1 H, CH2 =
CH), 5.08–4.90 [m, 4 H, CH2 =CH and (CH3)2CHO], 2.42
(d, J=7.2 Hz, 2 H, CH2 =CHCH2), 1.32–1.16 8 [m, 18 H,
(CH3)2C and (CH3)2CHO]; 13C NMR (100 MHz, CDCl3):
d= 178.6, 155.6, 153.2, 134.2, 117.9, 72.2, 70.6, 45.5, 44.7,
25.2, 22.0, 21.9, 21.8, 21.7.

Hydroacylation Product 3i:[7a] 1H NMR (400 MHz,
CDCl3): d=7.65 (br, 2 H, ArH), 7.48 (t, J=7.2 Hz, 1 H,
ArH), 7.38 (t, J=7.6 Hz, 2 H, ArH), 7.03 (br, 1 H, NH),
5.04–4.93 [m, 1 H, (CH3)2CHO], 4.90–4.80 [m, 1 H,
(CH3)2CHO], 1.26 [t, J= 6.4 Hz, 6 H, (CH3)2CHO], 1.03 [t,
J=6.4 Hz, 6 H, (CH3)2CHO]; 13C NMR (100 MHz, CDCl3):
d= 171.2, 155.2, 152.8, 135.2, 131.8, 128.0, 72.4, 70.8, 70.6,
70.4, 22.0, 21.8, 21.6, 21.2.

Hydroacylation Product 3j:[7a] 1H NMR (400 MHz,
CDCl3): d= 7.65 (d, J= 7.2 Hz, 2 H, ArH), 7.39 (d, J=
8.4 Hz, 2 H, ArH), 7.25 (br, 1 H, NH), 5.10–4.85 [m, 2 H,
(CH3)2CHO], 1.28 [d, J= 6.0 Hz, 6 H, (CH3)2CHO], 1.12 [d,
J=6.0 Hz, 6 H, (CH3)2CHO]; 13C NMR (100 MHz, CDCl3):
d= 170.2, 155.3, 152.8, 138.3, 133.6, 129.8, 128.6, 72.8, 70.8,
22.0, 21.4.

Hydroacylation Product 3m: 1H NMR (400 MHz, CDCl3):
d= 6.89 (br, 1 H, NH), 4.25 (q, J=7.2 Hz, 2 H, CH3CH2O),
4.17 (q, J=7.2 Hz, 2 H, CH3CH2O), 2.87 (q, J= 6.8 Hz, 2 H,
CH3CH2), 1.29 (t, J=6.8 Hz, 3 H, CH3CH2O), 1.24 (br, 3 H,
CH3CH2O), 1.12 (t, J=7.2 Hz, 3 H, CH3CH2); 13C NMR
(100 MHz, CDCl3): d= 174.6, 155.6, 153.1, 63.8, 62.4, 30.4,
14.3, 14.0, 8.8, 8.7; HR-MS: m/z =255.0962, calcd. for
C13H24N2O5 (M +Na)+: 255.0951.

Hydroacylation Product 3n: White solid, mp 110–112 8C
(ethyl acetate-hexane); 1H NMR (400 MHz, CDCl3): d=
7.34 (br, 10 H, ArH), 6.86 (br, 1 H, NH), 5.23 (s, 2 H,
PhCH2), 5.17 (s, 2 H, PhCH2), 2.29 (br, 2 H, CH3CH2), 1.16
(t, J=7.2 Hz, 3 H, CH3CH2); 13C NMR (100 MHz, CDCl3):
d= 174.4, 155.4, 153.0, 135.4, 134.7, 128.8, 128.6, 128.4, 128.1,
69.1, 68.1, 30.5, 8.7; anal. calcd. for C19H20N2O5: C 64.04, H
5.66, N 7.86; found: C 64.22, H 5.68, N 7.72.

Hydroacylation Product 3o: White solid, mp 100–101 8C
(ethyl acetate-hexane); 1H NMR (400 MHz, CDCl3): d=
7.20–7.05 (m, 8 H, ArH), 6.91 (br, 1 H, NH), 5.16 (s, 2 H, 4-
ClPhCH2), 5.10 (s, 2 H, 4-ClPhCH2), 2.89 (br, 2 H, CH3CH2),
1.13 (t, J=7.2 Hz, 3 H, CH3CH2); 13C NMR (100 MHz,
CDCl3): d=174.3, 155.2, 152.9, 134.6, 134.4, 133.8, 133.1,
129.5, 128.4, 128.8, 128.6, 68.3, 67.2, 30.5, 8.7; anal. calcd. for
C19H18Cl2N2O5: C 53.66, H 4.27, N 6.59; found: C 53.74, H
4.25, N 6.57.

Hydroacylation Product 3q: 1H NMR (400 MHz, CDCl3):
d= 8.21 (d, J=8.4 Hz, 4 H, ArH), 7.51 (d, J=8.4 Hz, 4 H,
ArH), 7.02 (br, 1 H, NH), 5.35 (s, 2 H, 4-NO2PhCH2), 5.31 (s,
2 H, 4-NO2PhCH2), 2.94 (br, 2 H, CH3CH2), 1.18 (t, J=
7.2 Hz, 3 H, CH3CH2); 13C NMR (100 MHz, CDCl3): d=
174.2, 155.2, 152.8, 147.9, 147.8, 142.5, 141.9, 128.2, 128.1,
127.0, 123.9, 123.8, 123.7, 67.5, 66.6, 30.5, 8.7; anal. calcd. for
C19H18N4O9: C 51.12, H 4.06, N 12.55; found: C 51.34, H
4.14, N 12.34.

Hydroacylation Product 3r: White solid, mp 97–98 8C
(ethyl acetate-hexane); 1H NMR (400 MHz, CDCl3): d=
7.40–7.18 (m, 8 H, ArH), 6.83 (br, 1 H, NH), 5.17 (s, 2 H, 4-
ClPhCH2), 5.11 (s, 2 H, 4-ClPhCH2), 3.76–3.60 (m, 1 H, cy-
clopentyl-CH), 2.00–1.50 (m, 8 H, cyclopentyl-CH2);
13C NMR (100 MHz, CDCl3): d=176.9, 155.3, 152.8, 134.6,
134.4, 133.8, 133.2, 129.5, 128.9, 128.8, 68.3, 67.2, 44.6, 30.2,
25.9; anal. calcd. for C22H22Cl2N2O5: C 56.78, H 4.77, N 6.02;
found: C 56.85, H 4.75, N 5.99.

Acknowledgements

We are grateful to the Robert A. Welch Foundation (T-1460)
for financial support of this research.

References

[1] For selected reviews, see: a) L. S. Hegedus, Angew.
Chem. 1988, 100, 1147; Angew. Chem. Int. Ed. Engl.
1988, 27, 1113; b) V. Nair, R. S. Menon, A. R. Sree-
kanth, N. Abhilash, A. T. Biju, Acc. Chem. Res. 2006,
39, 520; c) K. P. C. Vollhardt, M. J. Eichberg, in: Strat-
egies and Tactics in Organic Synthesis, Academic Press,
New York, 2004, Vol. 4, p 365; d) M. Beller, T. H. Rier-
meier, Transition Met. Org. Synth. 1998, 1, 184; e) M.
Beller, J. Seayad, A. Tillack, H. Jiao, Angew. Chem.
2004, 116, 3448; Angew. Chem. Int. Ed. 2004, 43, 3368;
f) J. F. Hartwig, Science 2002, 297, 1653; g) P. Knochel,
I. Sapountzis, N. Gommermann, in: Metal-Catalyzed
Cross-Coupling Reactions, 2nd edn., (Eds.: A. de Mei-
jere, F. Diederich, Wiley-VCH, Weinheim, 2004, Vol. 2,
p 671; h) R. Matsubara, S. Kobayashi, Acc. Chem. Res.
2008, 41, 292.

Adv. Synth. Catal. 2009, 351, 875 – 880 � 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim asc.wiley-vch.de 879

FULL PAPERSIonic Liquid (IL) as an Effective Medium for the Highly Efficient Hydroacylation

http://asc.wiley-vch.de


[2] a) E. Brunn, R. Huisgen, Angew. Chem. 1969, 81, 534;
Angew. Chem. Int. Ed. Engl. 1969, 8, 513; b) V. Nair,
A. T. Biju, K. Mohanan, E. Suresh, Org. Lett. 2006, 8,
2213; c) R. D. Otte, T. Sakata, I. A. Guzei, D. Lee, Org.
Lett. 2005, 7, 495; d) V. Nair, A. T. Biju, K. G. Abhi-
lash, R. S. Menon, E. Suresh, Org. Lett. 2005, 7, 2121;
e) V. Nair, A. T. Biju, A. U. Vinod, E. Suresh, Org.
Lett. 2005, 7, 5139.

[3] For selected a-amination of carbonyl compounds, see:
a) R. Zhu, D. Zhang, J. Wu, C. Liu, Tetrahedron:
Asymmetry 2007, 18, 1655; b) T. Mashiko, K. Hara, D.
Tanaka, Y. Fujiwara, N. Kumagai, M. Shibasaki, J. Am.
Chem. Soc. 2007, 129, 11342; c) K. MuÇiz, A. Iglesias,
Angew. Chem. 2007, 119, 6466; Angew. Chem. Int. Ed.
2007, 46, 6350; d) C. Thomassigny, D. Prim, C. Greck,
Tetrahedron Lett. 2006, 47, 1117; e) X. Liu, H. Li, L.
Deng, Org. Lett. 2005, 7, 167; f) S. Ma, N. Jiao, Z.
Zheng, Z. Ma, Z. Lu, L. Ye, Y. Deng, G. Chen, Org.
Lett. 2004, 6, 2193; g) M. Marigo, K. Juhl, K. A. Jørgen-
sen, Angew. Chem. 2003, 115, 1405; Angew. Chem. Int.
Ed. 2003, 42, 1367.

[4] a) O. Diels, E. Fisher, Ber. Dtsch. Chem. Ges. 1914, 47,
2043; b) R. Huisgen, W. Rapp, I. Ugi, H. Walz, I. Glog-
ger, Justus Liebigs Ann. Chem. 1954, 586, 52; c) R.
Askani, Chem. Ber. 1965, 98, 2551; d) P. W. Jeffs, H. F.
Campbell, R. L. Hawks, J. Chem. Soc. Chem. Commun.
1971, 1338; e) E. E. Smissman, A. Makriyannis, J. Org.
Chem. 1973, 38, 1652; f) G. Doleschall, Tetrahedron
Lett. 1978, 19, 2131; g) B. Abarca, R. Ballesteros, E.
Gonzalez, P. Sancho, J. Sepulveda, C. Soriano, Hetero-
cycles 1990, 31, 1811; h) A. Reliquet, R. Besbes, F. Re-
liquet, J. C. Meslin, Phosphorus Sulfur Silicon Relat.
Elem. 1992, 70, 211; i) A. Denis, C. Renou, Tetrahedron
Lett. 2002, 43, 4171.

[5] a) H. M. R. Hoffmann, Angew. Chem. 1969, 81, 597;
Angew. Chem. Int. Ed. Engl. 1969, 8, 556; b) L. M. Ste-
phenson, D. Mattern, J. Org. Chem. 1976, 41, 3614;
c) R. Grigg, J. Kemp, J. Chem. Soc. Chem. Commun.
1977, 125; d) H. S. Dang, A. G. Davies, J. Chem. Soc.
Perkin Trans. 2 1991, 721; e) Y. Leblanc, R. Zamboni,
M. A. Bernstein, J. Org. Chem. 1991, 56, 1971; f) M. A.
Brimble, C. H. Heathcock, J. Org. Chem. 1993, 58,
5261; g) W. J. Kinart, J. Chem. Res. (S) 1994, 486;
h) T. K. Sarkar, B. K. Ghorai, S. Das, P. Grangopad-
hyay, S. Rao, Tetrahedron Lett. 1996, 37, 6607; i) A. A.
Aly, S. Ehrhardt, H. Hopf, I. Dix, P. G. Jones, Eur. J.
Org. Chem. 2006, 335; j) A. Biswas, B. K. Sharma, J. L.
Willett, S. Z. Erhan, H. N. Cheng, Green Chem. 2008,
10, 298.

[6] a) G. O. Schenck, H. Formaneck, Angew. Chem. 1958,
70, 505; b) K. Alder, T. Noble, Ber. dtsch. chem. Ges.
1943, 54; c) R. Huisgen, F. Jakob, Justus Liebigs Ann.
Chem. 1954, 590, 37; d) M. E. Gonz�lez-Rosende, O.
Lozano-Lucia, E. Zaballos-Garcia, J. Sepffllveda-
Arques, J. Chem. Res. (S) 1995, 260; e) E. Zaballos-
Garc�a, M. E. Gonz�lez-Rosende, J. M. Jorda-Gregori,
J. Sepffllveda-Arques, W. B. Jennings, D. O�Leary, S.
Twomey, Tetrahedron 1997, 53, 9313.

[7] a) D. Lee, R. D. Otte, J. Org. Chem. 2004, 69, 3569;
b) Y. J. Kim, D. Lee, Org. Lett. 2004, 6, 4351.

[8] Y-N. Wang, B. Ni, A. D. Headley, G. Li, Adv. Synth.
Catal. 2007, 349, 319.

[9] For selected reviews, see: a) T. Welton, Chem. Rev.
1999,99, 2071; b) J. Dupont, R. F. de Souza, P. A. Z.
Suarez, Chem. Rev. 2002, 102, 3667; c) P. Wasserscheid,
T. Welton, Ionic Liquids in Synthesis, Wiley-VCH,
Weinheim, Germany, 2003 ; d) R. Sheldon, Chem.
Commun. 2001, 2399; e) C. Baudequin, J. Baudoux, J.
Levillain, D. Cahard, A.-C. Gaumont, J.-C. Plaquevent,
Tetrahedron: Asymmetry 2003, 14, 3081; f) J. Ding,
D. W. Armstrong, Chirality 2005, 17, 281; g) C. Baude-
quin, D. Br�geon, J. Levillain, F. Guillen, J-C. Plaque-
vent, A-C. Gaumont, Tetrahedron: Asymmetry 2005,
16, 3921; h) W. Miao, T. H. Chan, Acc. Chem. Res.
2006, 39, 897; i) A. D. Headley, B. Ni, Aldrichimica
Acta 2007, 40, 107.

[10] a) R. A. Sheldon, R. M. Lau, M. J. Sorgedrager, F. V.
Rantwijk, K. R. Seddon, Green Chem. 2002, 4, 147;
b) K. Fukumoto, M. Yoshizawa, H. Ohno, J. Am.
Chem. Soc. 2005, 127, 2398; c) S. T. Handy, Curr. Org.
Chem. 2005, 9, 959.

[11] a) C. Rebecca, E. F. Daniel, J. Am. Chem. Soc. 2008,
130, 1552; b) R. Sugimura, K. Qiao, D. Tomida, Y.
Kume, C. Yokoyama, Chem. Lett. 2007, 36, 874; c) X.-
F. Li, W.-Y. Lou, T. J. Smith, M.-H. Zong, H. Wu, J-F.
Wang, Green Chem. 2006, 8, 538; d) S. Wallert, K.
Drauz, I. Grayson, H. Groeger, P. D. D. Maria, C.
Bolm, Green Chem. 2005, 7, 602; e) J. Fraga-Dubreuil,
J. P. Bazureau, Tetrahedron Lett. 2000, 41, 7351.

[12] The reaction of hexanal and diisopropyl azodicarboxy-
late without catalyst under neat conditions was de-
scribed by Lee et al.[7a] and afforded the addition prod-
uct after 14 days at room temperature.

[13] For a study of physical properties of ionic liquids, see:
a) H. Jin, B. O�Hare, J. Dong, S. Arzhantsev, G. A.
Baker, J. F. Wishart, A. J. Benesi, M. Maroncelli, J.
Phys. Chem. B 2008, 112, 81; b) H. Tokuda, K. Hayami-
zu, K. Ishii, M. A. B. H. Susan, M. Watanabe, J. Phys.
Chem. B 2004, 108, 16593; c) A. D. Headley, N. M.
Jackson, J. Phys. Org. Chem. 2002, 15, 52; d) J. G. Hud-
dleston, A. E. Visser, W. M. Reichert, H. D. Willauer,
G. A. Broker, R. D. Rogers, Green Chem. 2001, 3, 156.
For the effects of anions of ionic liquids on the reac-
tion, see: e) N. L. Lancaster, T. Welton, J. Org. Chem.
2004, 69, 5986.

[14] This supplementary experiment using similar molecular
compositions but different properties with [BMIM]
[NTf2] was suggested by a reviewer in order to further
address the role of the anion.

[15] D. S. Choi, D. H. Kim, U. S. Shin, R. R. Deshmukh, S.-
G. Lee, C. E. Song, Chem. Commun. 2007, 3467.

[16] Due to the many by-products observed in the reaction
mixture, the bisazodicarboxylates could not be iso-ACHTUNGTRENNUNGlated.[7a]

[17] Crystal data for 3r : C22H22Cl2N2O5, M=465.32, triclinic,
a=5.9282(3), b=13.3115(8), c= 15.2091(9) 	, a =1088,
b= 938, g= 1028, V=1103.87(11) 	3, T=227(2) K,
space group P-1, Z=2, reflections collected/independ-
ent reflections: 30718/8315 (Rint =0.0225), final R indi-
ces [I>2 sigma(I)] R1 =0.0502, wR2=0.1332. CCDC
681474 contains the supplementary crystallographic
data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data
Centre via www.ccdc.cam.ac.uk/data_request/cif.

880 asc.wiley-vch.de � 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Adv. Synth. Catal. 2009, 351, 875 – 880

FULL PAPERS Bukuo Ni et al.

http://asc.wiley-vch.de

