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Abstract: 1-Acetyl-2,3-dimethylimidazolidine was synthesized
and was shown to be able to directly reduce a series of aromatic, al-
iphatic and o,B-unsaturated aldehydes as well as imines in high
yields.
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The investigations on heterocycles having hydrogen-do-
nating ability as practical reductants have attracted atten-
tion in organic chemistry in recent years.'® 14-
Dihydropyridines are known to be the active part of the re-
duced form of the nicotinamide adenine dinucleotide
(NADH; Figure 1), which plays a vital role in many bio-
logical reductions.! 1-Benzyl-1,4-dihydronicotinamide
(BNAH), Hantzsch 1,4-dihydropyridine (HEH), 10-meth-
yl-9,10-dihydroacridine (AcrH,), and many other 1,4-di-
hydropyridine derivatives have been widely used as
models to mimic the function of NADH, and effectively
applied in the reduction of many unsaturated substrates.>™
In addition to 1,4-dihydropyridine derivatives, attentions
have also been paid to five-membered heterocycles such
as 2-phenylbenzimidazoline (PBI; Figure 1) and its deriv-

ative 1,3-dimethyl-2-phenylbenzimidazoline (DMBI;
Figure 1).
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Twenty years ago, Chikashita and co-workers reported
that DMBI and PBI could selectively reduce C—C double
bonds conjugated with strong electron-withdrawing
groups (CN, NO,, COCH,) to the corresponding saturated
compounds.® Thereafter, this group reported that DMBI
could react with a series of a-halocarbonyl compounds to
produce the corresponding aldehydes or ketones without
affecting the carbonyl group.” Moreover, DMBI was also
used as a reductant in photoinduced electron transfer
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(PET) reaction systems for the reduction of a,B-epoxy ke-
tone, aromatic ketones, etc.® Although, subsequent activi-
ties have been carried out to focus on the mechanistic
details of these systems,’ little attention has been paid to
these heterocycles acting as reductant in organic synthe-
sis.

In the present work, we wish to report a novel organic re-
ductant, 1-acetyl-2,3-dimethylimidazolidine (1c¢), and its
successful applications in the reduction of a series of aro-
matic, aliphatic and o,B-unsaturated aldehydes as well as
imines in good yields.

Recently, we reported that under catalysis by n-butyl-
amine, reaction of imidazolidine 1a or 1b (Figure 2) and
aromatic aldehydes in refluxing MeCN provided 2-aryl-
substituted imidazolidines as the sole product through a
simple transfer reaction.'® However, to our surprise, in the
absence of n-butylamine, the reaction of la and 4-ni-
trobenzaldehyde gave 4-nitrobenzyl alcohol in 26% yield.
A similar result was observed for 1b as the substrate, but
with a lower yield (18%). Although the yield of the alco-
hol was not satisfactory in both cases, it nevertheless stim-
ulated our interest to explore more efficient
imidazolidine-type reductants for transfer hydrogenation.
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Figure 2 The organic reductants evaluated in this study

The obvious substituent effect observed with 1a and 1b
aroused our curiosity to examine the reducing activity of
imidazolidine 1e¢.'! In fact, introduction of the electron-
withdrawing acetyl group to the molecule will make 1c
structurally more similar to NADH models, such as
BNAH and HEH; thus, it was envisioned that imidazoli-
dine 1c could show good potential in reducing reactions.

To our delight, when 1¢ was reacted with 4-nitrobenzal-
dehyde (1 equiv) in refluxing MeCN, the desired product
4-nitrobenzyl alcohol was obtained in 65% yield after 12



226 D.Lietal.

LETTER

hours. Importantly, when a small amount of methanol was
added, the reaction was complete within two hours, and 4-
nitrobenzyl alcohol was separated in the yield of 92%. In
fact, in some NADH model-mediated reductions, polar
solvents such as acetonitrile were quite suitable and a
small amount of protic solvent such as methanol was also
required.'? It is generally thought that the proton from a
protic solvent can neutralize the anionic intermediate
formed upon hydride transfer so as to drive the reaction to
completion. The reaction barely occurred at room temper-
ature; however, upon addition of 10 mol% Mg(Cl0,),, the
reaction was complete in four hours even at room temper-
ature.

These results prompted us to re-examine the reactivity of
1a and 1b in the presence of Mg(ClO,), with methanol as
an additive at room temperature. For comparison, PBI,
DMBI and 1,2,3-trimethylbenzimidazoline (1d) were also
examined (Table 1). As can be seen, imidazolidine 1¢ was
a much better hydrogen donor than 1a and 1b. The reac-
tion became very sluggish when PBI, DMBI and 1,2,3-tri-
methylbenzimidazoline (1d) were used, affording only
trace amount of the reduction product.

Table 1 Organic Reducing Agents Evaluated at Room Tempera-

ture®
OZN@CHO OZNQCHZOH

reducing agent

Entry Reducing agent Time (h) Yield (%)°
1 la 12 75

2 1b 12 56

3 1c 5 94

4 1d 12 trace

5 PBI (in situ) 12 trace

6 DMBI 12 trace

* Reaction conditions: reducing agent (1.0 mmol), 4-nitrobenzalde-
hyde (1.0 mmol), Mg(ClO,), (0.1 mmol), MeCN-MeOH (1:1,4 mL),
r.t.

® Refers to isolated yields after chromatography.

Application scope of the reducing system with 1c as the
hydrogen donor was then examined. After some trials,
two sets of conditions were identified under which 1c
could effectively reduce a range of aldehydes and one ke-
tone (9-fluorenone; Table 2). Electron-deficient aromatic
aldehydes such as 4-nitrobenzaldehyde and 4-pyridine-
carboxaldehyde (Table 2, entries 1 and 2) could be effi-
ciently reduced by 1c in refluxing acetonitrile-methanol
(condition A) in good yields. However, under the same
conditions, nonactivated substrates, such as 4-chlorobenz-
aldehyde, benzaldehyde, etc., failed to give any product.
However, upon addition of 10 mol% Mg(CIlO,),, these
nonactivated aromatic aldehydes could be smoothly re-
duced to the corresponding alcohols in good yields at
room temperature (condition B; Table 2, entries 3-60).
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Condition B also worked well when aliphatic aldehydes
were used as substrates (Table 2, entries 7 and 8). In the
case of 9-fluorenone, the corresponding product could be
obtained in 95% yield, although refluxing conditions were
required (Table 2, entry 9). However, for nonactivated
acetophenone, the reaction did not work under either set
of conditions (Table 2, entry 10).

Table 2 Transfer Hydrogenation of Imidazolidine 1¢ with Various
Aldehydes'"

Conditions® Time  Yield
(h) (%)

1 OQN@CHZOH A 2 %2
2 N//\:\>—CH20H A 38
3 CI@CHZOH B 5 84
4 QCHZOH B 4 93
5 MeO@CHZOH B 4 87

Entry Product

6 @CHZOH B 4 o4
o
OH

7 @N B 3 9
8 MeOOC@(CHQ@H B 392
o T s n s

OH

OH
10 @)\ AorB 24 n.d.¢

?Reaction conditions: A =imidazolidine 1¢ (1.0 mmol), substrate (1.0
mmol), MeCN-MeOH (1:1, 4 mL), reflux; B = imidazolidine 1c¢ (1.0
mmol), substrate (1.0 mmol), Mg(Cl0,), (0.1 mmol), MeCN-MeOH
(1:1,4 mL), r.t.

® Refers to isolated yields after chromatography.

¢ The reaction was carried out at reflux temperature.

4 Not determined.

The scope of this new reduction was further extended to a
variety of imines. As shown in Table 3, for N-tosyl imi-
nes, the reductions worked very well in refluxing acetoni-
trile—methanol (condition A), and the yields exceeded
90% in all cases (entries 1-6). For N-phenyl imines, sim-
ilar to nonactivated aromatic aldehydes, condition B
proved to be appropriate and the yields of these reactions
varied from 46% to 87% depending on substrates (entries
7-11). The low yield for N-phenyl-4-nitrobenzaldimine
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Table 3 Transfer Hydrogenation of Imidazolidine 1¢ with Various
Imines

Table 4 Transfer Hydrogenation of Imidazolidine 1¢ with Several
o,B-Unsaturated Aldehydes

Entry Product Conditions* Time ~ Yield Entry Product Conditions* Time  Yield
(h) (%) (h) (%)
X
1 /©/\ NHTs A 3 99 1 @A/\OH B 3 94
02N
X
cl 0N
3 @/\NHTS A 5 92 3 mOH B 3 97
MeO
4 NHTs A 3 96 X
/©/\ * /O/\/\ o B 5 95
MeO
¢ MeoN
5 NHTSs A 3 91 . o R
? Conditions: B = imidazolidine 1¢ (1.0 mmol), substrate (1.0 mmol),
MeoN Mg(ClO,), (0.1 mmol), MeCN-MeOH (1:1, 4 mL), r.t.
NHTs b Refers to isolated yields after chromatography.
6 @_/ A 3 92
0
1c as a hydride, as in PBI and DMBL.® This could be con-
7 /@ANHPh B 5 46 firmed through the following experiments. When the reac-
0N tion of 1c and 4-nitrobenzaldehyde was performed in
deuterated acetonitrile and methanol, 4-nitrobenzyl alco-
8 /©/\NHF’“ B 3 78 hol was obtained as the only product (Figure 3a). When
ol the reaction of deuterated 1c¢ (C-2 position)'' and 4-ni-
trobenzaldehyde was performed in acetonitrile and meth-
9 ©/\NHP" B 2 81 anol, only the deuterated 4-nitrobenzyl alcohol
(Figure 3b) was obtained. In addition, the free-radical
NP chain mechanism appeared to be impossible in the current
10 /©/\ B 2 85 case because dinitrobenzene, a free-radical inhibitor,
MeO could not inhibit the reaction under the reaction condi-
" NHPh . tion.'* Unfortunately, the oxidized form of 1c is not clear

—
Q
—
o
[\

?Reaction conditions: A =imidazolidine 1¢ (1.0 mmol), substrate (1.0
mmol), MeCN-MeOH (1:1, 4 mL), reflux; B = imidazolidine 1c (1.0
mmol), substrate (1.0 mmol), Mg(ClO,), (0.1 mmol), MeCN-MeOH
(1:1,4mL), r.t.

b Refers to isolated yields after chromatography.

(entry 7) was mainly due to its quick decomposition under
the reaction conditions.

Recently, it was reported that Hantzsch ester could effi-
ciently and chemoselectively reduce enals to the corre-
sponding saturated aldehydes under the catalysis of
ammonium salts of some secondary amines.? In contrast,
under our reaction conditions, all enals examined could be
reduced to the corresponding unsaturated alcohols in high
yields at room temperature without any effect on the car-
bon—carbon double bonds (Table 4). The desired unsatur-
ated alcohols were obtained as the sole products in all the
cases tested.

The fate of 1c in the reducing reactions is not very clear
currently. However, it is a fact that the reduction involved
the transfer of a hydrogen atom from the C-2 position of

at present due to the complexity of the 'H NMR spectrum
of this reaction product.
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Figure 3 The 'H NMR spectra (CDCl;) of (a) 4-nitrobenzyl alcohol
and (b) deuterated 4-nitrobenzyl alcohol.
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In summary, we have developed a mild, efficient, and se-
lective organic reductant, 1-acetyl-2,3-dimethylimidazo-
lidine (1c¢), for the reduction of aromatic, aliphatic and
o,B-unsaturated aldehydes as well as imines in good
yields. Investigations to understand the reducing mecha-
nism and to evaluate the process with a boarder scope of
substrates are in progress in our laboratory.
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13)

14)

NaHCO; (40 mL). After stirring for 0.5 h, the mixture was
extracted with CH,Cl,, and the organic layers were washed
with brine, and dried over anhyd Na,SO,. Evaporation of
CH,Cl, in vacuo gave 1-acetyl-2-methylimidazoline (5.46 g)
as an oil (yield: 85%). This product was sufficiently pure for
the next step.

1-Acetyl-2-methylimidazoline (5.8 g, 46 mmol) and Mel
(8.6 mL, 138 mmol) were refluxed in Et,O (30 mL) for 10 h.
After cooling to r.t., acetone (15 mL) was added to the
mixture. The mixture was stirred for several hours, and the
solid obtained was collected by vacuum filtration to give 1-
acetyl-2,3-dimethylimidazolinium iodide (8.5 g) as a white
solid (yield: 69%). '"H NMR (300 MHz, CDCI,): & =2.39 (s,
3 H), 2.79 (s, 3 H), 3.41 (s, 3 H), 4.29 (m, 2 H), 4.46 (m, 2
H). BC NMR (75 MHz, CDCl,): § =172.1,171.2,55.5,49.3,
38.5,28.1, 19.2. IR (KBr): 2941, 1728, 1654, 1446, 1388,
1298, 1174, 1037 cm™.
1-Acetyl-2,3-dimethylimidazolinium iodide (0.80 g, 3
mmol) was dissolved in MeCN (10 mL) at 0 °C, followed by
the addition of NaBH, (0.125 g, 3.3 mmol). After the
addition, the reaction mixture was stirred at r.t. for an
additional 5 h. The reaction was quenched with H,O (50
mL). The mixture was extracted with CH,Cl,, and the
organic layers were washed with brine, and dried over anhyd
Na,SO,. Evaporation of CH,Cl, in vacuo gave 1-acetyl-2,3-
dimethylimidazolidine (1c; 0.42 g) as a clear oil (yield:
97%). "H NMR (300 MHz, D,0): § = 1.33-1.50 3 x d, J =
6.3 Hz, 3 H), 2.05-2.11 (3 x5, 3 H), 2.63-2.69 (3 x s, 3 H),
3.27-3.88 (3xm, 4 H), 4.76-4.90 (m, 1 H). IR (film): 2956,
2381, 1718, 1652, 1419, 1265, 1182 cm™!. MS: m/z = 142
[M*], 127 [M —15], 99 [M —43]. Anal. Calcd for C;H ,N,O:
C, 59.12; H, 9.92; N, 19.70. Found: C, 59.24; H, 9.89; N,
19.75.

The deuterated 1c¢ (C-2 position) was synthesized by the
same procedures except that NaBD, was used. "H NMR (300
MHz, D,0): § = 1.22-1.36 (3 x5, 3 H), 1.93-1.99 3 x5, 3
H), 2.51-2.56 (3 x s, 3 H), 3.15-3.73 (3 X m, 4 H).

Zhang, B.;Zhu, X.-Q.; Lu,J.-Y.; He, J.; Wang, P. G.; Cheng,
J.-P. J. Org. Chem. 2001, 68, 3295.

General Procedure for the Transfer Hydrogenation
Reaction with Imidazolidine 1c¢ as Reductant
Procedure Using Condition A: To a solution of substrate (1
mmol) in MeOH (2 mL) was added a solution of
imidazolidine 1¢ (0.142 g, 1 mmol) in anhyd MeCN (2 mL).
The reaction mixture was stirred under reflux and monitored
by TLC. Upon completion, the solvent was removed in
vacuo and the residue was chromatographed on silica gel to
give the desired products.

Procedure Using Condition B: To a solution of substrate (1
mmol) and Mg(ClO,), (22.3 mg, 0.1 mmol) in MeOH (2
mL) was added a solution of imidazolidine 1c (0.142 g, 1
mmol) in anhyd MeCN (2 mL). The reaction mixture was
stirred at r.t. and monitored by TLC. Upon completion, the
solvent was removed in vacuo and the residue was
chromatographed on silica gel to give the desired products.
Tanner, D. D.; Chen, J. J. J. Org. Chem. 1989, 54, 3842.
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