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Abstract Substituted 4-arylamino-1,3-dioxanes were synthesized using a new

synthetic protocol of the Prins reaction between aryl amines and acetaldehyde. This

one-pot synthesis occurs under catalyst-free conditions in an aqueous medium. By

employing condensation of excess acetaldehyde with an aromatic amine in water at

0–5 �C, the corresponding N-aryl-2,6-dimethyl-1,3-dioxan-4-amines are obtained in

good yields. Consequently, this is an environmentally benign, simple, efficient,

‘‘green’’ procedure for the preparation of 1,3-dioxanes.

Keywords Prins reaction � 1,3-Dioxanes � Enamine � Aqueous medium �
Green protocol

Introduction

Compounds with 1,3-dioxane units are widely used in organic synthesis both as

intermediates and also as solvents [1]. Various biologically active molecules have

been identified from libraries of natural product-like 1,3-dioxanes [2–4]. Some
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examples of compounds bearing 1,3-dioxane rings as structural moieties include

(?)-dactylolide (a cytotoxic agent) [5] derivatives of 2-substituted-1,3-dioxanes

such as cis-benzhydryl-N,N,N-trimethyl-1,3-dioxan-5-aminium iodide, cis-(2-benz-

hydryl-1,3-dioxan-5-yl)(dimethyl)sulfonium perchlorate (anti-muscarinic agents)

[6] and (?)-SCH 351448 (a novel natural product isolated from Micromonospora

microorganisms that act as an activator of low-density lipoprotein receptor

promoters) [7]. 1,3-Dioxane derivatives [8, 9], especially 2,2-diphenyl-1,3-diox-

anes, have been found to act as effective modulators for multidrug resistance in

selected tumor cell lines [8] and other derivatives such as dexoxadrol and etoxadrol

represent very important drug candidates and originally designed as anesthetics [9].

Over the years, many elegant methodologies have been described for the synthesis

of these types of molecules by several research groups. Amongst such approaches is

the Prins reaction, which is an acid-catalyzed condensation of olefins with aldehydes

[10]. The major products of the Prins reaction are 1,3-dioxanes, tetrahydropyrans,

1,3-glycols, or unsaturated alcohols depending on the reaction conditions employed

[11–15]. Since dioxanes have considerable potential as drug candidates per se,

synthetic protocols for the preparation of this important scaffold are of interest.

Generally, Lewis acids as well as Brønsted acids are used in either catalytic or

stoichiometric amounts to synthesize the target 1,3-dioxanes [1, 16–25]. However,

most acid catalysts described so far are highly corrosive and involve tedious work-

up procedures as well as prolonged reaction times and/or high temperatures. As a

result, the selectivity of products is poor to average, mainly due to polymerization of

starting materials. Therefore, the development of convenient, efficient, inexpensive, and

eco-friendly routes to employ readily with available reagents for the Prins cyclization

reaction would extend the scope of the synthesis of 1,3-dioxanes. In addition, the

excellent biological and pharmacological role of substances with 1,3-dioxanes units

prompted us to develop new methodologies to synthesize this chemo type.

Results and discussion

In our initial experiments, an attempt was made to synthesize an amino-substituted

b-keto ester by using a one-pot multi-component reaction of an aromatic amine

aliphatic aldehyde, and b-keto ester and replacing the ethanol solvent with water

[26, 27]. Unfortunately, this modification provided an epimeric mixture of 1,3-

dioxane 5a (30 %) at the expense of the desired ethyl 2-acetyl-3-(phenylamino)but-

anoate 4 (60 %) (Scheme 1).
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Scheme 1 Synthesis of ethyl 2-acetyl-3-(phenylamino)butanoates and 1,3-dioxanes
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Since the 1,3-dioxane 5a was produced in reasonable yield, attention was focused

on gaining an understanding of how this compound was formed. A proposed

mechanism not involving the b-keto ester for the formation of 2,6-dimethyl-4-

(arylamino)-1,3-dioxane is depicted in Fig. 1.

According to this mechanism, an aryl amine reacts with an aliphatic aldehyde in

two steps to afford an intermediate enamine en route to the 1,3-dioxane. Initially,

the aromatic amine reacts with acetaldehyde to provide an enolizable imine that

undergoes a 1,3-proton shift to an enamine form. In this step, an equilibrium is

established between the enolizable imine and enamine. It is known that the enamine

form is favored due to p-n-p conjugation [28]. Subsequently, the enamine reacts

with two further equivalents of aldehyde and undergoes a cyclization to yield the

desired 1,3-dioxane products. The second step constitutes the Prins reaction [10].

So, the mechanism proposed in this protocol is very much analogous to the Prins

reaction but, proceeds via enamine formation, which is different when compared to

the mechanism of conventional Prins reaction.

Considering the proposed mechanism, the 1,3-dioxanes could, in principle, be

obtained simply by only reacting the amine and acetaldehyde. Consequently, this

was tested by reacting 1 mmol of 1a and 3 mmol of 2. Gratifyingly, the expected

1,3-dioxane (5a) was obtained as the sole product in good yield (Scheme 2).

To optimize the reaction conditions, a mixture of aniline (1a, 1 mmol) and

acetaldehyde (2, 3 mmol) was stirred neat or in various solvents/conditions

(Table 1). When the reaction was carried out at 25 �C (Table 1, entries 2, 4, 6, and

8), irrespective of the solvents and stoichiometry, the desired product was

undetectable, which may be due to the decomposition of imine before rearranging
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Fig. 1 Proposed mechanism for the formation of arylamino-1,3-dioxanes
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Scheme 2 Synthesis of 1,3-dioxanes
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into enamine [29]. When the reaction was carried out at lower temperature (0–5 �C),

the reaction provided a single product in good to average yields (Table 1, entries 1,

3, 5, and 7). In an effort to optimize yields, different solvents were screened under a

variety of conditions. In general, the reactions proceeded smoothly at 0–5 �C in

polar solvent including water, THF, ethanol, and also in solvent-free conditions to

give the desired product (5a) in varying yields (Table 1). Notably, the choice of

water as a solvent provided the desired compounds in excellent yield and proved to

be the solvent of choice. In contrast, ethanol, THF, and solvent-free conditions

proved a poor choice in achieving the desired outcome.

These results prompted us to widen the scope of the reaction by using various

aryl amines (1a–m) with acetaldehyde. We successfully prepared a selection of

substituted 1,3-dioxanes (5a–m) in good to excellent yields (Table 2) irrespective of

the presence of electron-donating or electron-withdrawing groups. Notably, the

presence of electron-donating groups enhances the nucleophilicity of amines, which

favor the attack of amines on carbonyl carbon of acetaldehyde in the first step of the

proposed mechanism. The aldimine formed is rearranged to the corresponding

enamine, which is stabilized by the electron-withdrawing group of the amine.

Consequently, electron-donating groups as well as electron-withdrawing groups

favor the reaction.

All compounds (5a–l) were characterized by a combination of FTIR, 1H NMR,
13C NMR, and the compounds (5b–k) were characterized by either ESI or LC–MS.

The structural elucidation of compound 5j by single-crystal X-ray diffraction

studies (Fig. 2) allows an understanding of the conformational features present in

these molecules, which may also prove useful for projected structure–activity

investigations of these substances. Evidently, the dioxane ring adopts a chair

conformation with the methyl substituents and the C–N bond in equatorial

orientations [30]. According to X-ray diffraction studies of compound 5j, it is clear

that all the compounds (5a–l) in this series are having (2R, 4S, 6S) configurations.

In summary, the protocol reported in this manuscript is a new alternative route

for conventional Prins reaction, which is used for the synthesis of 1,3-dioxnes from

alkenes and aliphatic aldehydes. Whereas, our protocol provides the new route for

the synthesis of 1,3-dioxanes from aromatic amines and aliphatic aldehydes with

good yields under catalyst-free conditions in water at 0–5 �C, via enamine

formation. Consequently, this procedure is an environmentally benign, simple,

Table 1 Synthesis of 1,3-

dioxane (5a) under different

reactions conditions

a After recrystallization

Entry Solvent Temp (�C) Time (h) 5a (%)a

1 Water 0–5 5 85

2 Water 25 8 0

3 Ethanol 0–5 5 40

4 Ethanol 25 8 0

5 THF 0–5 5 45

6 THF 25 8 0

7 Solvent free 0–5 5 30

8 Solvent free 25 8 0
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Fig. 2 ORTEP diagram of N-(4-fluorophenyl)-2,6-dimethyl-1,3-dioxan-4-amine (5j)

Table 2 Synthesis of substituted 1,3-dioxanes (5a–m)

Entry 1 R Time (h) 5 Yield (%)a

1 1a H 5.0 5a 85

2 1b 2-CH3 4.0 5b 89

3 1c 3-CF3 4.0 5c 90

4 1d 2,4-Difluoro 3.5 5d 91

5 1e 2-F 4.0 5e 89

6 1f 4-CH3 4.0 5f 87

7 1g 3-NO2 3.5 5g 90

8 1h 4-Br 4.5 5h 90

9 1i 4-Cl 4.5 5i 88

10 1j 4-F 4.0 5j 91

11 1k 4-NO2 3.0 5k 91

12 1l 4-OCH3 5.0 5l 82

13 1m 4-OH 8.0 5m NR

NR no reaction
a After recrystallization
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efficient, green procedure for the synthesis of 1,3-dioxanes. Further investigations

are underway to explore the scope of this procedure by using substituted aliphatic

aldehydes. Further, there is considerable scope to obtain 1,3-diols upon cleavage of

these 1,3-dioxanes and these 1,3-diols could be used as convenient synthons [31] for

phosphorylation en route to bio-active molecules.

Experimental

All reagents and solvents were prepared following the procedure already reported in

the literature [32] or were purchased from commercially available suppliers and used

without further purification. Melting points were obtained from Elchem Micropro-

cessor-based DT apparatus in open capillary tubes and are corrected relative to

benzoic acid. Analytical thin-layer chromatography analysis was conducted on pre-

coated silica gel plates (Merck, India). All compounds were characterized by IR,

ESI, and LC–MS, 1H NMR, 13CNMR spectroscopy. The IR spectra were recorded

on a Bruker Alpha-Eco ATR–FTIR (Attenuated total reflection–Fourier transform

infrared) interferometer with single reflection sampling module equipped with ZnSe

crystal. Mass spectra were recorded on a Shimadzu LCMS-8040 instrument by direct

insertion, using EI mode (70 eV). The 1H NMR and 13C NMR spectra were recorded

on a Bruker Avance 400-MHz spectrometer at 400 and 100 MHz, respectively, using

CDCl3 as solvent and TMS as internal reference.

General procedure for the synthesis of the compounds 5a–l

In a 50-ml round-bottom flask charged with aryl amine (1 mmol) in water (5 ml)

and kept at 0–5 �C was added acetaldehyde (3 mmol, 35 % in water). The resultant

mixture was stirred until TLC analyses revealed the consumption of all starting

materials. The reaction mixture was then washed with petroleum ether and extracted

with diethyl ether (3 9 15 ml). The combined organic extracts were dried over

magnesium sulfate and the solvent was evaporated under reduced pressure. The

solid product was recrystallized using diethyl ether.

2,6-dimethyl-N-phenyl-1,3-dioxan-4-amine (5a)

Mp 65–67 �C. IR (cm-1): 1,122, 1,163, 1,289, 1,355,1,495, 1,596, 2,972, 3,320. 1H-

NMR (400 MHz, CDCl3):d = 1.29 (d, J = 6.0 Hz, 3H), 1.38 (d, J = 4.8 Hz, 3H),

1.45–1.55 (m, 1H), 1.82 (d, J = 12.4 Hz, 1H), 3.84–3.88 (m, 1H), 4.33 (bs, 1NH),

4.87 (q, J = 4.8 Hz, 1H), 4.97 (t, J = 10.0 Hz, 1H), 6.73 (d, J = 8.0 Hz, 2H), 6.80

(t, J = 7.6 Hz, 1H), 7.2 (t, J = 7.6 Hz, 2H). 13C-NMR (100 MHz, CDCl3):-

d = 21.16, 21.96, 37.90, 72.06, 81.59, 96.67, 114.04, 118.92, 129.37, 145.07.

2,6-dimethyl-N-(o-tolyl)-1,3-dioxan-4-amine (5b)

Mp 95–97 �C. IR (cm-1): 1,092, 1,155, 1,261, 1,389, 1,448, 1,512, 1,590, 2,857,

2,978, 3,351.1H-NMR (400 MHz, CDCl3):d = 1.31 (d, J = 6.0 Hz, 3H), 1.40 (d,
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J = 4.8 Hz, 3H), 1.49–1.54 (m, 1H), 1.87 (d, J = 12.0 Hz, 1H), 2.15 (s, 3H),

3.85–3.92 (m, 1H), 4.15 (bs, 1NH), 4.90 (q, J = 5.2 Hz, 1H), 4.99 (d, J = 10.0 Hz,

1H), 6.75 (t, J = 7.4 Hz, 1H), 6.84 (d, J = 8.0 Hz, 1H), 7.06 (d, J = 7.6 Hz, 1H),

7.12 (t, J = 7.8 Hz, 1H). 13C-NMR (100 MHz, CDCl3):d = 17.54, 21.17, 21.59,

38.91, 72.10, 81.50, 96.66, 112.13, 118.99, 122.72, 127.15, 130.47, 143.14. EIMS:

m/z = 221.60 (M?), 203.7 (M-H2O)?.

2,6-dimethyl-N-(3-(trifluoromethyl)phenyl)-1,3-dioxan-4-amine (5c)

Mp 99–101 �C. IR (cm-1): 1,072, 1,125, 1,271, 1,364, 1,424, 1,525, 1,584, 2,862,

3,372. 1H-NMR (400 MHz, CDCl3):d = 1.30 (d, J = 6.0 Hz, 3H), 1.39 (d,

J = 4.8 Hz, 3H), 1.46 (q, J = 11.6 Hz, 1H), 1.84 (d, J = 12.8 Hz, 1H), 3.85-

3.89 (m, 1H), 4.53 (s, NH), 4.89 (q, J = 4.4 Hz, 1H), 4.98 (t, J = 9.8 Hz, 1H), 6.86

(d, J = 8.0 Hz, 1H), 6.92 (s, 1H), 7.03 (d, J = 7.2 Hz, 2H), 7.25-7.29 (m, 1H).13C-

NMR (100 MHz, CDCl3):d = 21.09, 21.56, 38.54, 72.02, 81.15, 96.77, 110.67,

115.82, 117.37, 122.97, 125.68, 131.62, 145.39. LCMS: m/z = 258.16 (M-H2O)?.

N-(2,4-difluorophenyl)-2,6-dimethyl-1,3-dioxan-4-amine (5d)

Mp 88–90 �C. IR (cm-1): 848, 945, 1,092, 1,148, 1,335, 1,426, 1,515, 1,605,

2,876,2,983, 3,075, 3,344. 1H-NMR (400 MHz, CDCl3):d = 1.28 (d, J = 6.0 Hz,

3H), 1.36 (d, J = 5.2 Hz, 3H), 1.47 (q, J = 11.2 Hz, 1H), 1.84 (d, J = 12.8 Hz,

1H), 3.82–3.84 (m, 1H), 4.38 (s, NH), 4.84–4.90 (m, 2H), 6.73–6.83 (m, 3H).13C-

NMR (100 MHz, CDCl3):d = 21.07, 21.51, 38.53, 72.02, 81.52, 96.69, 103.75,

110.87, 114.56, 130.02, 151.14.00, 155.16.LCMS: m/z = 244.14 (M ? 1)?, 226.12

(M ? 1-H2O)?.

N-(2-fluorophenyl)-2,6-dimethyl-1,3-dioxan-4-amine (5e)

Mp 71–73 �C. IR (cm-1): 851, 945, 1,095, 1,157, 1,328, 1,391, 1,454, 1,615, 2,865,

2,982, 3,044, 3,369. 1H-NMR (400 MHz, CDCl3):d = 1.30 (d, J = 6.4 Hz, 3H),

1.38 (d, J = 5.2 Hz, 3H), 1.50 (q, J = 11.6 Hz, 1H), 1.86 (d, J = 12.8 Hz, 1H),

3.83–3.90 (m, 1H), 4.58 (bs, 1NH), 4.87 (q, J = 4.8 Hz, 1H), 4.95 (d, J = 9.6 Hz,

1H), 6.72 (q, J = 6.6 Hz, 1H), 6.89 (t, J = 8.4 Hz, 1H), 6.95–7.01 (m, 2H).13C-

NMR (100 MHz, CDCl3):d = 21.11, 21.55, 38.54, 72.04, 81.10, 96.69, 114.16,

114.97, 118.86, 124.61, 133.53, 151.66. EIMS: m/z = 207.6 (M-H2O)?.

2,6-dimethyl-N-(p-tolyl)-1,3-dioxan-4-amine (5f)

Mp 91–93 �C. IR (cm-1): 1,092, 1,155, 1,261, 1,389, 1,448, 1,512, 1,590, 2,857,

2,978, 3,351. 1H-NMR (400 MHz, CDCl3):d = 1.287 (d, J = 5.6 Hz, 3H), 1.37 (d,

J = 4.4 Hz, 3H), 1.42 (q, J = 11.2 Hz, 1H), 1.82 (d, J = 12.4 Hz, 1H), 2.24 (s,

3H), 3.80–3.88 (m, 1H), 4.2 (s, NH), 4.86 (q, J = 4.8 Hz, 1H), 4.94 (t, J = 9.8 Hz,

1H), 6.65 (d, J = 7.6 Hz, 2H), 7.00 (d, J = 8.0 Hz, 2H). 13C-NMR (100 MHz,

CDCl3):d = 20.60, 21.1, 21.79, 38.82, 72.08, 81.96, 96.69, 114.56, 128.56, 129.86,

142.72. LCMS: m/z = 222.14 (M ? 1)?, 204.16 (M ? 1-H2O)?.
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2,6-dimethyl-N-(3-nitrophenyl)-1,3-dioxan-4-amine (5g)

Mp 122–124 �C. IR (cm-1): 1,093, 1,152, 1,332, 1,520, 1,618, 2,868, 2,980, 3,093,

3,398. 1H-NMR (400 MHz, CDCl3):d = 1.27 (d, J = 6.0 Hz, 3H), 1.37 (d,

J = 5.2 Hz, 3H), 1.46–1.56 (m, 1H), 1.83 (d, J = 12.8 Hz, 1H), 3.82–3.90 (m,

1H), 4.04-4.1 (bs, 1NH), 4.90 (q, J = 5.2 Hz, 1H), 5.00 (d, J = 4.8 Hz, 1H), 6.94

(d, J = 8.4 Hz, 1H), 7.21 (t, J = 8.2 Hz, 1H), 7.46 (s, 1H), 7.52 (d, J = 8.8 Hz,

1H).13C-NMR (100 MHz, CDCl3):d = 20.97, 21.43, 38.13, 71.96, 80.94, 96.75,

108.27, 113.65, 120.15, 129.77, 146.13, 149.11. EIMS: m/z = 234.60 (M-H2O)?.

N-(4-bromophenyl)-2,6-dimethyl-1,3-dioxan-4-amine (5h)

Mp 124–126 �C. IR (cm-1): 587, 836, 1,089, 1,160, 1,380, 1,497, 1,589, 2,868,

2,979, 3,068, 3,357. 1H-NMR (400 MHz, CDCl3):d = 1.21 (d, J = 6.0 Hz, 3H),

1.30 (d, J = 5.2 Hz, 3H), 1.37 (q, J = 10.9 Hz, 1H), 1.75 (d, J = 12.8 Hz, 1H),

3.73–3.81 (m, 1H), 4.37 (s, NH), 4.79 (q, J = 5.0 Hz, 1H), 4.90 (dd, J1 = 2.0 Hz,

J2 = 2.0 Hz, 1H), 6.65 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.4 Hz, 2H). 13C-NMR

(100 MHz, CDCl3):d = 21.09, 21.47, 38.62, 71.19, 81.64, 96.73, 111.20, 116.03,

132.15, 144.20. EIMS: m/z = 267.50 (M-H2O)?.

N-(4-chlorophenyl)-2,6-dimethyl-1,3-dioxan-4-amine (5i)

Mp 119–121 �C. IR (cm-1): 595, 833, 1,088, 1,150, 1,380, 1,430, 1,498, 1,595,

2,868, 2,980, 3,356. 1H-NMR (400 MHz, CDCl3):d = 1.30 (d, J = 6.0 Hz, 3H),

1.29 (d, J = 5.2 Hz, 3H), 1.43 (q, J = 10.8 Hz, 1H), 1.82 (d, J = 12.4 1H),

3.80–3.87 (m, 1H), 4.37 (s, NH), 4.78 (q, J = 5.2 Hz, 1H), 4.90 (dd, J1 = 2.4 Hz,

J2 = 2.4 Hz, 1H), 6.55 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.4 Hz, 2H). 13C-NMR

(100 MHz, CDCl3):d = 21.11, 21.57, 40.51, 72.05, 81.64, 96.75, 115.58, 124.05,

129.24, 143.75. EIMS: m/z = 223.60 (M-H2O)?.

N-(4-fluorophenyl)-2,6-dimethyl-1,3-dioxan-4-amine (5j)

Mp 102–104 �C. IR (cm-1): 816, 917, 1,095, 1,150, 1,421, 1,508, 1,610, 2,866,

2,976, 3,060, 3,400. 1H-NMR (400 MHz, CDCl3):d = 1.27 (d, J = 5.6 Hz, 3H),

1.37 (d, J = 5.2 Hz, 3H), 1.41–1.47 (m, 1H), 1.80 (d, J = 12.8 Hz, 1H), 3.79–3.85

(m, 1H), 4.33 (bs, 1NH), 4.82–4.89 (m, 2H), 6.64–6.66 (m, 2H), 6.85–6.89 (m,

2H).13C-NMR (100 MHz, CDCl3):d = 21.05, 21.48, 38.56, 72.03, 82.13, 96.62,

115.32, 115.70, 141.33, 156.76. EIMS: m/z = 207.6 (M-H2O)?.

2,6-dimethyl-N-(4-nitrophenyl)-1,3-dioxan-4-amine (5k)

Mp 116–118 �C. IR (cm-1): 1,093, 1,152, 1,332, 1,520, 1,618, 2,868, 2,980, 3,093,

3,398. 1H-NMR (400 MHz, CDCl3):d = 1.30 (d, J = 6.4 Hz, 3H), 1.38 (d,

J = 4.8 Hz, 3H), 1.42–1.50 (m, 1H), 1.86–1.9 (m, 1H), 3.79–3.92 (m, 1H), 4.46

(bs, 1NH), 4.88–4.92 (m, 1H), 5.01–5.08 (m, 1H), 6.61 (d, J = 8.8 Hz, 2H), 8.05 (d,
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J = 9.2 Hz, 2H).13C-NMR (100 MHz, CDCl3): d = 21.00, 21.48, 38.15, 71.88,

80.49, 96.86, 113.47,126.48, 139.13, 152.71. EIMS: m/z = 234.60 (M-H2O)?.

N-(4-methoxyphenyl)-2,6-dimethyl-1,3-dioxan-4-amine (5l)

Mp 105–107 �C. IR (cm-1): 1,092, 1,155, 1,261, 1,389, 1,448, 1,512, 1,590, 2,857,

2,978, 3,351. 1H-NMR (400 MHz, CDCl3):d = 1.21 (d, J = 6.0 Hz, 3H), 1.30 (d,

J = 4.8 Hz, 3H), 1.42 (q, J = 11.2 Hz, 1H), 1.82 (d, J = 12.4 Hz, 1H), 3.632 (s,

3H), 3.67-3.69 (m, 1H), 4.1 (s, NH), 4.75–4.82 (m,2H), 6.63 (d, J = 9.2 Hz, 2H),

6.71 (d, J = 8.8 Hz, 2H).13C-NMR (100 MHz, CDCl3):d = 21.0, 21.39, 38.80,

55.78, 71.99, 82.54, 96.59, 114.85, 115.43, 138.94, 153.27.
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