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ABSTRACT: An improved synthesis of the bis-methylamido Hantzsch dihydropyridine is described. The Hantzsch amide is
demonstrated to be an effective transfer hydrogenation reagent using α,β-unsaturated ketones as the test case. Unreacted
Hantzsch amide and the bis-methylamidopyridine byproduct are effectively removed by extraction in contrast to the commonly
used Hantzsch diethyl ester. Several examples are given with the reaction being more effective for conjugated aromatic substrates
than for aliphatics.

■ INTRODUCTION

Addition of hydrogen to unsaturated compounds is an essential
transformation in synthetic organic chemistry. While this is often
very effectively accomplished through the use of metal catalysts
under an atmosphere of hydrogen gas, it is frequently desirable to
avoid expensive and toxic metal catalysts and the explosive nature
of H2. For these reasons, over the last several decades a significant
quantity of research effort has been expended on the development
of transfer hydrogenation methods that avoid such disadvan-
tages.1−5 Further avoiding metallocatalysts, the organic hydride
donors have captured recent attention including benzothiazolines
and related species6−13 and the Hantzsch dihydropyridines.14 Of
course, biological systems effect transfer hydrogenation trans-
formations via enzymes that utilize the organic hydride-donating
cofactors FADH and NAD(P)H.15 Not surprisingly then, the
Hantzsch dihydropyridines are among the best studied and most
used of the synthetic organic hydride donors stemming from their
initial utility as models for the active dihydropyridine moiety in
NADPH and NADH.14,16 Functionalities reduced early on by
Hantzsch esters (HEH) include α,β-unsaturated aldehydes and
ketones.17−22

Among the Hantzsch dihydropyridines in use for transfer
hydrogenation, the Hantzsch esters (e.g., 1) have garnered the
most favor amongorganic chemists. They are easily synthesized in
good yield and have good stability.14,16,23,24 The discovery by
List,25MacMillan,26 and others that organocatalytic chiral amines
or Bronsted acids could promote the HEH asymmetric transfer
hydrogenation has caused a hearty increase in the study of this
process.4,27−35Most notably, a persistent and often cited problem
with the use of the Hantzsch esters for preparative transfer
hydrogenation is the necessity for chromatographic purification
of the product. Specifically, the pyridine byproducts of the
reaction are difficult to separate.9,34,36,37

Although NADH is an amide and 1-benzyl-1,4-dihydronico-
tinamide has been commonly used as a model,16 the symmetrical
3,5-diamido-1,4-dihydropyridines that are analogous to the

Hantzsch esters have largely been ignored as transfer hyrogena-
tion reagents. Recent reports on the relative hydride-donating
ability of various organic species including dihydropyridines hint
that the diamide should be a slightly more potent hydride donor
than the diester.38−42With this in mind, we have begun exploring
the utility of the Hantzsch bismethylamido dihydropyridine (2,6-
dimethyl-3,5-bis[(methylamino)carbonyl]-1,4-dihydropyridine,
HAH 2) as a reagent for transfer hydrogenation.

■ RESULTS AND DISCUSSION
The Hantzsch bismethylamide 2 was prepared by a modification
of the method of Gelbard et al.43 similar to that of Nomura,44

resulting in a significant improvement in simplicity and yield.
Gelbard’s method stipulates scrupulously deaerated water as
solvent and Schlenk tube filtration yielding 54% of the
bismethylamide (several other Hantzsch amides were also
synthesized with this method). In our improved method done
in a sealed tube (eq 1), ammonium carbonate is substituted for

ammonium acetate, solvent water is deaerated by brief sonication
alone, and the product is isolated open to the atmosphere and
washed with plain deionized water. Yield is improved to 69%,
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making the dimethylamide synthesis competitive with that of the
Hantzsch ester.
The utility of the bis-methylamide has been tested in the

transfer hydrogenation of a series of α,β-unsaturated ketones
according to eq 2 using benzylammonium trifluoroacetate (20

mol %) as the organocatalyst. Yields and conversions for the
reaction using 2 are shown in Table 1 and are favorably
competitive with those found using the HEH (1).45−47 The
process is more effective with conjugated aromatic α,β-
unsaturated ketones than with the aliphatic example (4i). A 50

mol % excess of the dihydropyridine is used, and extension of the
reaction time beyond 16 h does not appear to improve yields or
conversions.
Percent conversion is determined by comparing specifically the

integration of the terminal methyl groups of the unsaturated vs
saturated ketones as shown in Figure 1 using dehydrorheosmin
(4a) as the example reactant.48,49 Rheosmin (“raspberry ketone”)
is the principle aroma constituent of raspberries and has attracted
attention recently because of its reported antiobesity activ-
ity.50−54 As a test of the utility of 2 in this process, we have found
that scale up of the reaction to 12mmol of the dehydrorheosmine
succeeds in giving >80% yield of the raspberry ketone without
chromatography. Similar scale-up using dehydrozingerone (4b)
has been accomplished in 89% yield.
Of particular importance is the relative ease of isolation of the

products. As noted above, using the Hantzsch ester requires
careful column chromatography for separation of the desired
hydrogenation products from the pyridine byproduct. By
contrast, use of the Hantzsch amide analog allows removal of
the pyridine (3) through acid extraction and a short silica plug.
Figure 2 shows the result of the analogous transfer hydrogenation
reaction between theHantzsch ester and dehydrorheosmin. Even
after repeated aqueous acidic extraction and filtration through a
silica plug, the pyridine product and unreacted dihydropyridine
are not removed from the product mixture. This problem is the
root of the necessity for column chromatography that is avoided
with this process using HAH (2) (Figure 1). The calculated
basicity of the bisamidopyridine (3) is greater than that of the
analogousHantzsch ester pyridine, and thismay contribute to the
observed difference in the extractibility.55

The transfer hydrogenation of 4-[(4′-dimethylamino)phenyl]-
3-buten-2-one (4c) and the isolation of the reduced product
provide an interesting further example of the difference between
the Hantzsch ester and the amide. If the Hantzsch ester is used,
then the product can be isolated in reasonable purity by acid
extraction because theHantzschmaterials are not extracted under
these conditions. Basification of the acidic extract and back
extraction into CH2Cl2 result in removal of most Hantzsch
material.56 Alternatively, reasonable results can be obtained with
the Hantzsch amide by foregoing the extraction process
altogether and filtering a 1:1 CH2Cl2/hexane mixture of the
reaction materials through a 1 cm plug of silica.

■ CONCLUSION
In summary, we have developed an improved synthesis of the
Hantzsch amide (2) that gives higher yields under simpler
conditions. We have demonstrated that this dihydropyridine can
be used much as the Hantzsch ester for transfer hydrogenation
with similar yields and conversions. Importantly, the difficulty of
isolating hydrogenation products from the Hantzsch ester
pyridine byproducts requiring column chromatography is
completely overcome by the use of the Hantzsch amide. The
amide itself and the pyridine byproduct can be removed easily by
aqueous acidic extraction and traces further removed by filtration
through a very short plug of silica. We are currently exploring
additional applications of this methodology employing the
Hantzsch amide.

■ EXPERIMENTAL SECTION
3,4-Dihydrorheosmin and 3,4-dihydrozingerone were prepared accord-
ing to the method of Smith.57 All other enones were commercially
available and used as received or synthesized according to the method of
List and match spectroscopically with literature reports.47

Table 1. Conversion and Yield for Transfer Hydrogenation of
4 (Eq 2)

The Journal of Organic Chemistry Article

DOI: 10.1021/acs.joc.6b00041
J. Org. Chem. XXXX, XXX, XXX−XXX

B

http://dx.doi.org/10.1021/acs.joc.6b00041


Figure 1. Extent of transfer hydrogenation of 4-(4′-hydroxyphenyl)but-3-en-2-one byHantzsch bis-methylamide and the removal of Hantzschmaterials
(2 and 3) after extraction and filtration through a 0.5 cm silica plug.

Figure2.Extent of transfer hydrogenationof 4-(4′-hydroxyphenyl)but-3-en-2-one byHantzsch bis(ethyl ester) and the persistence ofHantzschmaterials
(1 and 6) after extraction and filtration through a 0.5 cm silica plug.
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1,4-Dihydro-2,6-dimethyl-3,5-bis[(methylamino)carbonyl]-
pyridine (2). 70% N-methylacetoacetamide in H2O (16 g; 96 mmol)
was pipetted into a 100 mL pressure tube. To this was added
hexamethylenetetramine (6.40 g; 45.7mmol) and ammonium carbonate
(5.92 g; 61.7mmol).Deaerated (sonication)H2Owas added alongwith a
magnetic stir bar, the tube was sealed, and the mixture stirred at room
temperature until all material had dissolved. The reaction tube was then
placed in an oil bath at 70 °C for 1 h to give a yellow mixture and
substantial precipitate. The reaction tube was removed from the oil bath,
cooled to room temperature, and then cooled in an ice/water bath. Solid
was collected by vacuum filtration and rinsed twice with 10 mL H2O to
give a yellow solid. This was further dried under vacuum to give 7.40 g
(33.2 mmol, 69.1%), mp 216−217 °C (lit 219−221 °C).43 1H NMR
(90.3MHz, DMSO-d6) δ= 7.43 (s, 1H), 6.99 (q, J = 4.3Hz, 2H), 3.08 (s,
2H), 2.62 (d, J=4.5Hz, 6H), 2.02 (s, 6H). 13CNMR(22.7MHz,DMSO-
d6) δ = 169.0, 140.4, 99.6, 26.9, 26.3, 17.7.
General Procedure: 4-(4′-Hydroxyphenyl)butan-2-one

(Rheosmin) (5a). 1,4-Dihydro-2,6-dimethyl-3,5-bis[(methylamino)-
carbonyl]pyridine (2) (168 mg; 0.757 mmol), 4-(4′-hydroxyphenyl)-
3-buten-2-one (3,4-dehydrorheosmin) (81 mg; 0.50 mmol), and
benzylammonium trifluoroacetate (22 mg; 0.10 mmol) were placed in
a 15 mL reaction tube. To this was added a magnetic stir bar and 10 mL
dry THF. The tube was sealed and heated at 70 °C for 16 h. The mixture
was cooled to room temperature, and 25mLCH2Cl2was added. Thiswas
washedwith 3MHCl (aq) (3× 25mL). All aqueous phases were pooled
and extracted with CH2Cl2 (3 × 10 mL). All CH2Cl2 was pooled and
dried over Na2SO4. The liquid was decanted off the Na2SO4, and the
drying agent was rinsed with CH2Cl2 (2 × 10 mL). All CH2Cl2 was
pooled, and the solvent removed by rotary evaporation to give a straw
colored oil. This was dissolved in 3mLCH2Cl2/hexane (1:1) and filtered
through a 0.5 cm plug of silica. The silica was rinsed further with 40 mL
CH2Cl2/hexane (1:1). All of the filtrate was pooled and evaporated to a
slightly straw colored oil (79 mg; 0.48 mmol; 96%). NMR spectroscopy
consistent with literature.58 1HNMR (500MHz, CDCl3) 7.00 (d, J = 8.5
Hz, 3H), 6.76 (d, J = 8.5 Hz, 2H), 2.81 (t, J = 7.0 Hz, 2H), 2.73 (t, J = 7.0
Hz, 2H), 2.13 (s, 3H). 13C NMR (125 MHz, CDCl3) δ = 210.1, 154.3,
132.3, 129.3, 115.5, 45.5, 30.1, 29.0.
4-(4′-Hydroxyphenyl)butan-2-one (Rheosmin) (5a, Large

Scale). 1,4-Dihydro-2,6-dimethyl-3,5-bis[(methylamino)carbonyl]-
pyridine (2) (3.01 g; 12.7 mmol), 4-(4′-hydroxyphenyl)-3-buten-2-
one (3,4-dehydrorheosmin) (1.38 g; 8.52mmol), and benzylammonium
trifluoroacetate (0.47 g; 2.1 mmol) were placed in a 300 mL reaction
tube. To this was added a magnetic stir bar and 125 mL dry THF. The
tube was sealed and heated at 70 °C for 16 h. The mixture was cooled to
room temperature and 160mLCH2Cl2 was added. This waswashedwith
3 M HCl (aq) (3 × 100 mL). All aqueous phases were pooled and
extracted with CH2Cl2 (3 × 25 mL). All CH2Cl2 was pooled and dried
over Na2SO4. The liquid was decanted off the Na2SO4, and the drying
agent was rinsed with CH2Cl2 (2 × 10 mL). All CH2Cl2 was pooled, and
the solvent removed by rotary evaporation to give a straw colored oil (1.2
g; 7.2 mmol; 84%).
4-(4′-Hydroxy-3′-methoxyphenyl)butan-2-one (zingerone)

(5b). Following the general procedure using 4-(4′-hydroxy-3′-
methoxyphenyl)but-3-en-2-one (96 mg; 0.50 mmol) provided a pale
yellow oil (90 mg; 46 mmol; 93%). NMR spectroscopy consistent with
literature.58 1HNMR(500MHz,CDCl3):δ= 82 (d, J= 8.0Hz, 1H), 6.70
(d, J = 2.0 Hz, 1H), 6.66 (dd, J = 8.0, 2.0 Hz, 1H), 5.60 (s, 1H), 3.86 (s,
3H), 2.82 (t, J = 7.4 Hz, 2H), 2.73 (t, J = 7.4 Hz, 2H), 2.13 (s, 1H). 13C
NMR (125 MHz, CDCl3) δ = 208.2, 146.4, 143.9, 132.9, 120.7, 114.4,
111.1, 55.9, 45.5, 30.1, 29.5.
4-(4′-Hydroxy-3′-methoxyphenyl)butan-2-one (Zingerone)

(5b, Large Scale). Following the large scale procedure above using 4-
(4′-hydroxy-3′-methoxyphenyl)but-3-en-2-one (1.73g; 9.01 mmol),
1,4-dihydro-2,6-dimethyl-3,5-bis[(methylamino)carbonyl]pyridine (2)
(3.01 g; 13.5 mmol), and benzylammonium trifluoroacetate (0.41 g; 1.9
mmol) provided an amber oil. This was dissolved in 10 mL CH2Cl2/
hexane (1:1) and filtered through a 1 cm plug of silica in a 5 cm Buchner
funnel. The silica was rinsed further with 200 mL CH2Cl2/hexane (1:1).
All of the filtrate was pooled and evaporated to a straw colored oil (1.55 g;
7.99 mmol; 88.7%).

4-(4′-N,N-Dimethylaminophenyl)butan-2-one (5c). 1,4-Dihy-
dro-2,6-dimethyl-3,5-bis[(methylamino)carbonyl]pyridine (2) (170
mg; 0.75 mmol), 4-(4′-N,N-dimethylaminophenyl)-3-buten-2-one (95
mg; 0.50 mmol), and benzylammonium trifluoroacetate (22 mg; 0.10
mmol) were placed in a 15 mL reaction tube. To this was added a
magnetic stir bar and 10mL dry THF. The tube was sealed and heated at
70 °C for 16 h. Themixture was cooled to room temperature, and solvent
was removed by rotary evaporation to give an orange oil. This was
dissolved in 40 mL CH2Cl2/hexane (1:1) and filtered through a 1.5 cm
plug of silica. The silica plug was rinsed with 15 mL CH2Cl2/hexane
(1:2). All solvent was pooled and evaporated to a pale yellow oil (80 mg;
0.42 mmol; 84%). NMR spectroscopy consistent with literature.59 1H
NMR(500MHz,CDCl3) δ= 7.06 (d, J= 8.7Hz, 2H), 6.69 (d, J= 8.7Hz,
2H), 2.91 (s, 6H), 2.80 (t, J= 7.3Hz, 2H), 2.71 (t, J= 7.3Hz, 2H), 2.13 (s,
3H). 13C NMR (125 MHz, CDCl3) δ = 208.5, 149.2, 128.9, 113.0, 45.6,
40.9, 30.1, 28.9.

4-Phenylbutan-2-one (5d). Following the general procedure using
4-phenyl-3-buten-2-one (73mg; 50mmol) provided a pale yellowoil (63
mg; 43 mmol; 86%). NMR spectroscopy consistent with literature.60 1H
NMR (500MHz, CDCl3) δ = 7.27 (t, 2H), 7.18 (m, 3H), 2.89 (t, J = 7.6
Hz, 2H), 2.75 (t, J = 7.6 Hz, 2H), 2.13 (s, 3H). 13C NMR (125 MHz,
CDCl3) δ = 207.8, 141.0, 128.5, 128.3, 126.1, 45.2, 30.0, 29.8.

4-(4′-Bromophenyl)butan-2-one (5e). Following the general
procedure using 4-(4′-bromophenyl)-3-buten-2-one (110 mg; 50
mmol) provided a nearly colorless oil (110 mg; 49 mmol; 97%). NMR
spectroscopy consistent with literature.61 1HNMR(500MHz,CDCl3) δ
=7.38 (d, J=8.2Hz, 2H), 7.05 (d, J=8.2Hz, 2H), 2.84 (t, J=7.4Hz, 2H),
2.73 (t, J = 7.4 Hz, 2H), 2.13 (s, 3H). 13C NMR (125 MHz, CDCl3) δ =
207.4, 140.0, 131.5, 130.1, 119.8, 44.8, 30.1, 29.0.

4-(2′,4′-Dichlorophenyl)butan-2-one (5f). Following the general
procedure using 4-(2′,4′-dichlorophenyl)-3-buten-2-one (110 mg; 50
mmol) provided an amber oil (110 mg; 50 mmol; 100%). NMR
spectroscopy consistent with literature.61 1HNMR(500MHz,CDCl3) δ
= 7.34 (d, J = 2.0 Hz, 1H), 7.18 (d, J = 8.2 Hz, 1H), 7.15 (dd, J = 8.2, 2.0
Hz, 1H), 2.96 (t, J=7.5Hz, 2H), 2.75 (t, J=7.5Hz, 2H), 2.15 (s, 3H). 13C
NMR (125 MHz, CDCl3) δ = 207.1, 137.2, 134.4, 132.6, 131.5, 129.2,
127.1, 42.9, 29.9, 27.1.

4-(4′-Nitrophenyl)butan-2-one (5g). Following the general
procedure using 4-(4′-nitrophenyl)-3-buten-2-one (96 mg; 50 mmol)
provided a light red oil (70 mg; 36 mmol; 73%). NMR spectroscopy
consistent with literature.61 1HNMR (500MHz, CDCl3) δ = 8.13 (d, J =
8.8 Hz, 2H), 7.35 (d, J = 8.8 Hz, 2H), 3.00 (t, J = 7.4 Hz, 2H), 2.82 (t, J =
7.4Hz, 2H), 2.16 (s, 3H). 13CNMR(125MHz,CDCl3) δ= 206.5, 148.9,
146.5, 129.2, 123.7, 44.1, 30.0, 29.3.

4-(1′-Naphthyl)butan-2-one (5h). Following the general proce-
dure using 4-(1′-naphthyl)-3-buten-2-one (98 mg; 50 mmol) provided
an amber oil (85mg; 43mmol; 87%).NMRspectroscopy consistentwith
literature.60 1H NMR (500 MHz, CDCl3) δ = 7.97 (d, J = 8.3 Hz, 1H),
7.84 (d, J= 7.8Hz, 1H), 7.70 (d, J= 8.1Hz, 1H), 7.48 (m, 2H), 7.37 (t, J=
7.6 Hz, 1H), 7.31 (d, J = 6.9 Hz, 1H), 3.34 (t, J = 7.8 Hz, 2H), 2.85 (t, J =
7.8Hz, 2H), 2.13 (s, 3H). 13CNMR(125MHz,CDCl3) δ= 207.9, 137.0,
133.9, 131.6, 128.9, 127.0, 126.03, 125.97, 125.59, 125.58, 123.4, 44.4,
30.1, 26.7.

2-Decanone (5i). Following the general procedure using 3-decen-2-
one (77mg; 0.50mmol) provided a colorless oil (65mg; 0.42mmol; 85%
yield + recovery).NMRspectroscopy consistentwith literature62 as a 20/
80mixture of 2-decenone and 2-decanone. 1HNMR (500MHz, CDCl3)
δ = 2.41 (t, J = 7.5 Hz, 2H), 2.13 (s, 3H), 1.57 (quintet, J = 7.3 Hz, 2H),
1.28 (m, 10H), 0.88 (t, J= 6.5Hz, 3H). 13CNMR(125MHz,CDCl3) δ=
209.3, 43.8, 31.8, 29.8, 29.33, 29.17, 29.10, 23.9, 22.6, 14.0.

4-(4′-Acetamidophenyl)butan-2-one (5j). 1,4-Dihydro-2,6-di-
methyl-3,5-bis[(methylamino)carbonyl]pyridine (2) (168 mg; 0.757
mmol), 4-(4′-acetamidophenyl)-3-buten-2-one (100 mg; 0.50 mmol),
and benzylammonium trifluoroacetate (22 mg; 0.10 mmol) were placed
in a 15mL reaction tube. To this was added amagnetic stir bar and 10mL
dry THF. The tube was sealed and heated at 70 °C for 16 h. The mixture
was cooled to room temperature, and 25mLCH2Cl2was added. Thiswas
washed with 3MHCl (aq) (3× 25mL). All aqueous phases were pooled
and extracted with CH2Cl2 (3 × 10 mL). All CH2Cl2 was pooled and
dried over Na2SO4. The liquid was decanted off the Na2SO4, and the
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drying agent was rinsed with CH2Cl2 (2 × 10 mL). All CH2Cl2 was
pooled, and the solvent removed by rotary evaporation to give an off-
white solid (0.10 g; 100%, mp =113−116 °C). NMR spectroscopy
consistent with literature.63 1H NMR (500 MHz, CDCl3) δ = 8.23 (s,
1H), 7.41 (d, J = 8.4 Hz, 1H), 7.09 (d, J = 8.4 Hz, 1H), 2.84 (t, J = 7.5 Hz,
1H), 2.73 (t, J= 7.5Hz, 1H), 2.130 (s, 1H), 2.126 (s, 1H). 13CNMR(125
MHz, CDCl3) δ = 208.2, 168.8, 136.7, 136.1, 128.5, 120.2, 45.0, 30.0,
29.0, 24.2.
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