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Tomate tiempo

Toémate tiempo para pensar, es la fuente de poder.
Tomate tiempo para rezar, es el mayor poder de la tierra.
Tdémate tiempo para reir, es la musica del alma.

Témate tiempo para jugar, es el secreto de la perpetua juventud.
Tomate tiempo para amar y ser amado, es el privilegio que nos da Dios.
Tomate tiempo para dar, el dia es demasiado corto para ser egoista.
Témate tiempo para leer, es la fuente de la sabiduria.

Tomate tiempo para trabajar, es el precio del éxito.

Témate tiempo para hacer caridad, es la llave del Cielo

Madre Teresa de Calcuta
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Abstract. The reaction of a number of aldehydes and ketones with
1,3-propanedithiol has been carried out in the absence of solvent,
using microwave irradiation as the heat source. Under these condi-
tions the corresponding 1,3-dithianes were obtained in short reaction
times (5 min). In addition, a bentonitic clay was evaluated as promot-
er of this reaction.

Key words: Green chemistry; 1,3-dithianes; bentonitic clay;
microwave irradiation.

Resumen. La reaccion entre varios aldehidos y cetonas con 1,3-
propanditiol se llevo a cabo en la ausencia de disolvente, utilizando
irradiacion de microondas como fuente de calor. Bajo estas condi-
ciones se obtuvieron los correspondientes 1,3-ditianos en tiempos
cortos de reaccion (5 min). Complementariamente, se evalu6 la
capacidad de una arcilla bentonitica como promotora de esta reac-
cion.

Palabras clave: Quimica verde; 1,3-ditianos; arcilla bentonitica;
radiacién de microondas.

Introduction

An objective of green chemistry is to carry out reactions under
conditions which are not detrimental to the environment [1],
and the ideal synthesis is that, in which the target molecule is
produced quantitatively in one step, from available and inex-
pensive starting compounds, in an environmentally acceptable
process [2].

The high stability of dithioacetals and consequently the
specific conditions required for their removal from masked
carbonyls have afforded priceless uses of them in synthesis
[3]. In addition, there are several reasons why cyclic dithioac-
etals in general, and 1,3-dithianes in particular, attracted the
attention of synthetic chemists [4]. For example, these com-
pounds are easily metallated with alkyllithium solutions, and
the resulting carbanions can be employed as effective nucle-
ophiles in C-C bond-forming reactions; additionally, they play
an important role in the synthon and umpolung concepts [5,6],
and some 1,3-dithianes have been objects of study for the
anomeric effect [7,8].

After an extensive search of the literature, it was encoun-
tered that, the standard procedures for the preparation of 1,3-
dithianes consists in the Lewis or Bronsted acid-catalyzed
transformation of carbonylic substrates or their corresponding
0,0-acetals with 1,3-propanedithiol [9]. Also, the reaction of
1,3-propanedithiol with gem-diiodo alkanes affords the access
to 1,3-dithiacyclohexanes [10]. The most common catalysts
employed to produce 1,3-dithianes are: HCI, HCI/ZnCl,
[11,12], BF3Et,0 [12-14], p-toluenesulfonic acid [15],
HCOOH [16], UFg[10], SnCl,[17], and bis(diphenylphos-
phine)methane complexes of platinum (I1) [18]. The literature

also informs on the use of undesirable solvents such as CHClj,
CgHg, THF, HCOOH, 1,2-trichlorotrifluorometane (Freon
113), CH,Cl,, C;Hgand Me,CO, (vide supra).

Recently, for the production of a wide number of S,S-
acetals, the employment of two eco friendly-clays KSF [19]
and TAFF [20, 21] has been reported; however, these methods
make use of very toxic solvents such as benzene or toluene.

It is also worth noting that microwave irradiation and sol-
ventless conditions have been employed to produce cyclic S,S-
acetals [22-24], however, these procedures involve exchange
reactions from other masked carbonylic compounds, as well as
the presence of an acid as catalyst.

The aim of this work is to inform on the one-pot produc-
tion of two series of 1,3-dithianes, 3a-i and 5j-m, under sol-
ventless conditions, using microwave irradiation as the heat
source. In addition TAFF, an eco-friendly bentonitic clay [21]
was evaluated as catalyst.

Results and Discussion

The reactions performed in this work are shown in Scheme 1,
and the corresponding results are summarized in Table 1. As it
can be seen, the reaction of aldehydes (1a-i) or ketones (4j-m)
with 1,3-propanedithiol (2), under solventless conditions and
using microwave irradiation as the energy source, gives 1,3-
dithianes 3a-i and 5j-m in good yields, and in very short
times. In addition, the comparative study, in which TAFF, an
eco-friendly bentonitic clay was evaluated as catalyst (Table
1), demonstrated that an acidic promotor [21] is not required
for the production of the target molecules. Moreover, it is
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Table 1. Microwave production of 1,3-dithianes 3a-i and 5j-m

Product With TAFF Without TAFF
Yield? (Formation)® Yield? (Formation)®
3a 92 (100) 89 (97)
3b 89 (97) 81 (90)
3c 80 (99) 78 (91)
3d 88 (95) 89 (91)
3e 86 (96) 60 (91)
3f 89 (99) 84 (99)
39 93 (100) 89 (97)
3h 87 (97) 81 (88)
3i 84 (94) 78 (91)
5] c(38) €32
5k 24 (36) 27 (39)
5 77 (98) 69 (95)
5m c(12) c(12)

a After workup. PDetermined by GCMS. ®Not determinated.

worth noting that the use of microwave irradiation has been
previously evaluated [22-24] for the same purpose, however, a
protected carbonylic moiety and an acid-catalyst were
employed; consequently, this new procedure is a complete
green chemistry protocole.

For the identification of compounds 3a-i and 5j-m, first-
ly, we envisaged by mass spectrometry [20] the presence of
the molecular radical ions in agreement with the correspond-
ing molecular weights, this in addition to analogous fragments
that follow a typical fragmentation pattern for a 1,3-dithiane:

[M-43]*, [M-65]*, [M-74] * and [M-75]*. In general, the cor-
responding proton nuclear magnetic resonance data of the
molecules gave evidence for the presence of the 1,3-dithiane
moieties, since the S,S-cyclic acetals showed analogous chem-
ical shifts and coupling patterns: dtt 1.81-1.98 ppm H,-5, dtt
2.10-2.21 ppm H,-5, ddd 2.85-2.97 H,-4,6, and ddd 2.90-3.18
He-4,6 with coupling constants of Jguse ~ Jsase ~ 13-14 Hz;
Jaaisa = 10-12 HZ; Jaaise ~ Jgessa = 2.6-3.4 HZ; Jye 5e=4-6 HZ;
this in addition to the corresponding shifts and patterns of the
protons in the substituents at C-2.

Finally, it is important to note that the dithianes 5j and
5m were produced in low quantities due to steric factors; con-
sequently they were only identified by GCMS.

Experimental

General features: All aldehydes and ketones are commercially
available (Aldrich Chemical Co.) and were employed without
further purification. Camphorquinone was prepared by a pre-
viously reported procedure [25]. The TAFF, a bentonitic clay,
was obtained from Tonsil Mexicana S.A de C.V., Insurgentes
Sur, C.P. 01020 Mexico-City [26]. The reactions were moni-
tored by TLC (n-hexane/AcOEt, 4:1) on precoated (0.25 mm)
Merk silica-gel 60-F,5, aluminum sheets; the visualization of
the products was done using a 254 nm UV lamp (UVP Mod
UVLS-24); for the corresponding column chromatographies
(flash) silica gel Merck 230-400 mesh was employed. The
melting points were determined in a Fisher Scientific appara-
tus, and are uncorrected. The refraction index was determined

. 3 Z?\\” Solventless B R
SH MW, with or without TAFF 5
t=5min
la-i 2 Ja-i R
R

R R

a=H f= p-F

b = m-Br g=3,4-CH202

¢ =0-Cl h= p-OH

d=p-CN i= p-OMe

e =p-CHO

Solventless

+l>\.~,1[

SH

4j-m
j= Camphor

k = Camphorquinone

Scheme 1

= S
MW, with or without TAFF Q S

1= 35 min

Sj-m

1 = Cyclohexanone
m = Menthone
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in an Abbe Refractometer Bausch & lamb serial No.
U321141R, boiling points were determined by the Siwoloff
method. The products were identified by mass spectrometry;
EIMS (70 ev) spectra by direct introduction (pure compounds)
were obtained using a Finnigan Mat-GCQ. The corresponding
conversion percentages, were determined by GC-MS employ-
ing a Varian Saturn 4D under El mode, equipped with a capil-
lary column 30 m length by 0.25 mm diameter, packed with
5% phenyl and 96% dimethylpolysiloxane. The complement
identification of the products was performed by 'H NRM in a
Varian Mercury XR-300 Spectrometer using CDCI; or
DMSO-dg as the solvent and tetramethylsilane as internal ref-
erence.

General procedure.- A mixture of aldehyde la-i or
ketone 4j-m (2 mmol) and 1,3-propanedithiol 2 (2 mmol) was
placed in a reactor with a diameter of 4.4 cm, where upon it
was treated during 5 min with microwave irradiation (600W)
in a conventional microwave oven (Samsung, Mod.
MW1040WA). Analogous experiments were performed, for
comparison, in the presence of TAFF as catalytic promoter
(250 mg).

2-Phenyl-1,3-dithiane (3a). White solid: mp 68-69 °C; H
NMR (CDCl;, 300 MHz) & 1.95 (1H, dtt, H-5,), 2.20 (1H, dtt,
H-5¢), 2.90 (2H, ddd, H-4,,6,), 3.06 (2H, ddd, H-4,,6.), 5.17
(1H, s, H-2), 7.35 (5H, m, H-Ar); 13C NMR (CDCls, 75 MHz)
§ 25.05 (C-5), 32.05 (C-4,6), 51.42 (C-2), 127.69 (C-2, 6'),
128.39 (C-3',57), 128.67 (C-4"), 139.02 (C-1"); EIMS m/z (rel.
int.): 196 [M](100), 153 (7.5), 149 (3.4), 135 (7.5), 131 (21.2),
122 (21),121 (55), 117 (5), 105 (12.8), 74 (7). Yield: 89%.

2-(3-Bromophenyl)-1,3-dithiane (3b).Yellow oil: bp 132 °C,
np2® 1.560; 'H NMR (CDClIg, 300 MHz) & 1.91 (1H, dtt, H-
54), 2.19 (1H, dtt, H-5;), 2.93 (2H, ddd, H-4,,6,), 3.05 (2H,
ddd, H-4,, 6,), 5.11 (1H, s, H-2), 7.20 (2H, m, H-5'6"), 7.41
(2H, m, H-2"4"); 13C NMR (CDClg, 75 MHz) § 24.89 (C-5),
31.87 (C-4,6), 50.53 (C-2), 126.73 (C-5"), 130.52 (C-6"),
131.20 (C-47), 131.80 (C-27), 141.45 (C-1"), 142.67 (C-3');
EIMS m/z (rel. int.): 276 (97.4), 274 (100) [M], 226 (1.5), 200
(37), 199 (9.5), 105 (47), 74 (33.5). Yield: 81%.

2-(2-Chlorophenyl)-1,3-dithiane (3c). White solid: mp 90-92
°C; 'H NMR (CDCls, 300 MHz) & 1.91 (1H, dtt, H-5,), 2.20
(1H, dtt, H-5;), 2.89 (2H, ddd, H-4,,6,), 3.11 (2H, ddd, H-
46166)1 5.64 (1H, S, H-2), 7.21 (1H, ddd, \]5"3': 18, ‘]5',4':‘]5',6'
7.2 Hz, H-57), 7.30 (1H, ddd, Jy = 1.5, Jy 3=J4 5 7.2 Hz, H-
47), 7.36 (1H, dd, Jgy 4= 1.5, Jg 5= 7.2 Hz, H-6), 7.68 (1H,
ddd, Jy 4= 7.2, J3 5= 1.8 Hz, H-3"); 13C NMR (CDCls, 75
MHz) 6 25.10 (C-5), 32.23 (C-4,6), 47.56 (C-2), 127.44 (C-5),
129.44 (C-67), 129.59 (C-4"), 129.62 (C-37), 132.40 (C-2),
136.50 (C-17); EIMS m/z (rel. int.): 232 (32), 230 (100) [M],
165 (2.5), 156 (5.5), 155 (17), 105 (5.5), 74 (3). Yield: 78%.

2-(4-Cyanophenyl)-1,3-dithiane (3d). White solid: mp 108-
110 °C; 'H NMR (CDCl;, 300 MHz) & 1.98 (1H, dtt, H-5,),
2.20 (1H, dtt, H-5;), 2.92 (2H, ddd, H-4,,6,), 3.05 (2H, ddd,

Lidia Ballesteros, et al.

H-4,,6.), 5.18 (1H, s, H-2), 7.61 (4H, AA'BB’, J= 6.6 Hz, H-
2°,3°,5°,6); 13C NMR (CDCls, 75 MHz) § 24.75 (C-5), 31.69
(C-4,6), 50.62 (C-2), 112.11 (C-1"), 118.41 (C-2",6"), 128.63
(C-35"), 132.49 (C-4"), 144.13 (C-7"); EIMS m/z (rel. int.):
221 (100) [M], 178 (12.5), 160 (6.5), 156 (8.6),147 (20.1),
146 (60.5), 142 (1.5), 105 (21.2), 74 (52.1). Yield: 89%.

2-(4-Formylphenyl)-1,3-dithiane (3e). White solid: mp 86-
88 °C; 'H NMR (Me,CO-dg, 300 MHz) & 1.85 (1H, dtt, H-5,),
2.21 (1H, dtt, H-5;), 2.97 (2H, ddd, H-4,,6,), 3.18 (2H, ddd,
H-4,,6.), 5.47 (1H, s, H-2), 7.81 (4H, AA'BB’, J= 8.4 Hz, H-
2°,3°,5°,67), 10.04 (1H, s, H-7"); 13C NMR (Me,CO-dg, 75
MHz) 6 25.92 (C-5), 32.19 (C-4,6), 51.29 (C-2), 129.42 (C-
2°,67), 130.67 (C-3',57), 130.80 (C-47), 141.20 (C-1"), 192.38
(C-7"); EIMS m/z (rel. int.): 224 (100) [M], 181 (3.1), 177 (1),
159 (31.7), 150 (13.6), 149 (51), 105 (26), 74 (21). Yield:
60%.

2-(4-Fluorophenyl)-1,3-dithiane (3f). White solid: mp 96-98
°C; 'H NMR (CDCl3, 300 MHz) & 1.94 (1H, dtt, H-5,), 2.15
(1H, dtt, H-5;), 2.93 (2H, ddd, H-4,,6,), 3.05 (2H, ddd, H-
4.,60), 5.15 (1H, s, H-2), 7.45 (4H, AA'BB’, J = 5.1 Hz, H-
2°,3°,5",67); 3C NMR (CDCl3, 75 MHz) & 24.94 (C-5), 32.10
(C-4,6), 50.47 (C-2), 115.60 (C-2",6"), 129.50 (C-3",5"),
135.00 (C-17), 160.90 (C-4"); EIMS m/z (rel. int.): 214 (100)
[M], 171 (5), 153 (4), 149 (10), 140 (4), 139 (15.7), 105 (13),
74 (4). Yield: 84%.

5-{(1,3-Dithian-2-yl)benzo[d]-1,3}dioxole (3g). White solid:
mp 85-87 °C; 'H NMR (CDCls, 300 MHz) & 1.98 (1H, dtt, H-
574), 2.18 (1H, dtt, H-57,), 2.85 (2H, ddd, H-4",,6",), 3.05 (2H,
ddd, H-4".,6",), 5.09 (1H, s, H-2"), 5.95 (2H, s, H-2), 6.74
(1H, d, J;6 = 8.5 Hz, H-7), 6.90 (1H, d, J46 = 1.5 Hz, H-4),
6.98 (1H, dd, Js 7= 8.1, Js 4 1.5 Hz, H-6); 13C NMR (CDCl3, 75
MHz) & 24.94 (C-57), 32.10 (C-4,6"), 51.10 (C-27), 101.16
(C-2), 108.30 (C-4,7), 121.21 (C-6), 132.84 (C-1a,3a), 147.60
(C-5); EIMS m/z (rel. int.): 240 (62.1) [M], 197 (3.4), 193 (1),
179 (2.5), 175 (6.7), 166 (17.5), 165 (21), 161 (3.1), 105 (5),
74 (13.1). Yield: 89%.

2-(4-Hydroxyphenyl)-1,3-dithiane (3h). Brown solid: mp
146-148 °C; 'H NMR (Me,CO-dg, 300 MHz) & 1.81 (1H, dtt,
H-5,), 2.13 (1H, dit, H-5;), 2.86 (2H, ddd, H-4,,6,), 3.10 (2H,
ddd, H-4.,6.), 5.24 (1H, s, H-2), 7.05 (4H, AA'BB’, J= 8.7
Hz, H-2",3",5",6"); 3C NMR (Me,CO-dg, 75 MHz) & 26.00
(C-5), 32.54 (C-4,6), 51.17 (C-2), 116.50 (C-3',57), 129.82
(C-2°6"), 131.71 (C-1"),158.21 (C-4"); EIMS m/z (rel. int.):
212 (78) [M], 169 (5.2), 165 (2), 151 (5.5), 147 (2), 137 (81),
105 (7.5), 74 (3). Yield: 81%.

2-(4-Methoxyphenyl)-1,3-dithiane (3i). Pink solid: mp 109-
111 °C; 'H NMR (Me,CO-dg, 300 MHz) & 1.81 (1H, dtt, H-
5., 2.16 (1H, dtt, H-5;), 2.85 (2H, ddd, H-4,,6,), 3.11 (2H,
ddd, H-4,, 6;), 3.79 (1H, s, H-7"), 5.28 (1H, s, H-2), 7.14 (4H,
AA'BB’, J = 8.7 Hz, H-2",3",5",6"); 13C NMR (MgCO-dg, 75
MHz) & 25.96 (C-5), 32.45 (C-4,6), 51.01 (C-7"), 55.53 (C-2),
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114.71 (C-3',57), 129.73 (C-2",67), 132.80 (C-1"), 160.46 (C-
47); EIMS m/z (rel. int.): 226 (100) [M]; 183 (3), 179 (2), 165
(4.1), 161 (10.1),152 (29.9), 151 (63.4), 105 (17.5), 74 (18).
Yield: 78%.

Spiro [1,7,7-trimethyl- bicyclo[2.2.1]-heptan-3.2°-1",3"-
dithiane] (5j). EIMS m/z (rel. int.): 242 (88) [M], 199 (27),
195 (3), 181 (14), 168 (27), 167 (10), 163 (3), 105 (27), 74
(35). Formation (GC-EIMS): 3.2%.

Spiro [1,7,7-trimethyl-2-o0xo0- bicyclo[2.2.1]heptan-3.2"-
1”,3-dithiane] (5k). Colorless oil: bp 108 °C, np® 1.537; 1H
NMR (CDCl;, 300 MHz) & 0.92 (3H, s, Me-8), 0.94 (3H, s,
Me-10), 1.0 (3H, s, Me-9), 1.25 (2H, m, H-5,,5.), 1.90 (2H, m,
H-6,,6.), 1.91 (1H, dtt, H-57,), 2.21 (1H, dtt, H-5";), 2.28 (1H,
m, H-4), 2.90 (2H, ddd, H-4",,6",), 3.05 (2H, ddd, H-4"¢, 67,);
13C NMR (CDCls, 75 MHz) § 9.50 (C-10), 18.80 (C-8), 19.47
(C-9), 20.64 (C-5), 24.19 (C-57), 30.97 (C-6), 33.45 (C-4",6"),
45.01 (C-7), 48.80 (C-4), 51.90 (C-3), 59.70 (C-1), 217.07 (C-
2); EIMS m/z (rel. int.): 256 (10) [M], 213 (1.5), 195 (17), 182
(3), 181 (19.5), 105 (8), 74 (1). Yield: 27%

Spiro [cyclohexan-1.2"-1",3"-dithiane] (5l). Colorless oil: bp
68 °C, np®® 1.486; 'H NMR (Me,CO-dg, 300 MHz) § 1.50
(6H, m, H-3",4",5"), 1.84 (1H, dtt, H-5,), 1.91 (4H, m, H-
2°,67), 2.10 (1H, dtt, H-5;), 2.68 (2H, ddd, H-4,,6,), 2.90 (2H,
ddd, H-4,6.); 13C NMR (Me,CO -dg, 75 MHz) & 21.54 (C-
3,57, 25,5 (C-5), 25.7 (C-4"), 32.90 (C-4,6), 37.42 (C-2°,6),
49.82 (C-27); EIMS m/z (rel. int.): 188 (100) [M], 145 (19),
127 (3.5), 114 (9.5), 113 (7.5), 105 (5), 74 (2). Yield: 69%.

Spiro [5-methyl-2-isopropyl- cyclohexan-1.2"-1",3"-dithi-
ane] (5m). EIMS m/z (rel. int.): 244 (100) [M], 201 (10.5),
183 (2), 170 (5.5), 169 (33.5), 165 (9), 105 (7), 74 (6.5).
Formation (GC-EIMS): 12%.

Conclusion

One of Fischer’s contributions to the progress of organic syn-
thesis was the notion that a functional group could be tem-
porarily masked by means of a suitable protecting group,
which could then be later specifically removed. However,
even after more than a century the masking of functional
groups still remains an important challenge in organic synthe-
sis; for example, the protection of an aldehyde or a ketone is
frequently a necessary step in synthetic chemistry. In this
sense, the dithiane system is a common way for the protection
of carbonylic moieties; however, the published procedures for
this purpose usually require conditions that are hazardous to
the environment, such as toxic solvents and acids. In this
paper we described a solventless procedure for the one-pot

protection of carbonylic compounds, giving 1,3-dithianes, also
we found that the presence of an acidic medium is irrelevant
in this conditions. In addition no exchange of protecting group
is occurred [23,24].
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Resumen

La reaccion entre varios aldehidos y cetonas con 1,3-propanditiol se llevo a cabo en ausencia de
disolvente, utilizando irradiacion de microondas como fuente de calor. Bajo estas condiciones, se
obtuvieron los correspondientes 1,3-ditianos, en tiempos cortos de reaccion (5 min).
Complementariamente, se evaluo la capacidad de una arcilla bentonitica como promotora de esta

reaccion.

Palabras clave: Quimica verde; 1,3-ditianos; arcilla bentonitica; radiacion de microondas.

Introduccién

Un objetivo de la quimica verde es realizar reacciones bajo condiciones que no sean perjudiciales al
ambiente [1], una sintesis ideal es en la cual una molécula se produce cuantitativamente en un solo
paso a partir de compuestos de bajo costo econdmico y que ademas sea un proceso conveniente al
entorno [2]. Por otro lado, debido a la gran estabilidad de los ditioacetales asi como a las condiciones
especificas requeridas para removerlos en los respectivos carbonilos protegidos, ha sido factible
darles usos apreciables en sintesis organica [3]. En consecuencia, existen razones importantes que
justifican el por qué los ditioacetales ciclicos en general, y los 1,3-ditianos en particular, actualmente
son de uso relevante para los quimicos sintéticos [4]. Asi por ejemplo, éstos son facilmente
metalados por disoluciones de alquil-litio y los carbaniones resultantes son empleados como
nucleofilos eficaces para llevar a cabo la formacion de enlaces C-C; ademas de estar involucrados en
el protocolo de los sintones y del efecto “umpolung” [5,6]. Todo lo anterior, en complemento con el
efecto anomérico que se presenta para algunos 1,3-ditianos [7.8 ].

Después de una busqueda exhaustiva en la literatura, se encontré que los procedimientos clasicos
para preparar 1,3-ditianos implican acidos de Lewis o Bronsted como catalizadores, substratos
carbonilicos o su correspondiente O,O-acetales con 1,3-propanditiol [9]; también, la reaccion de 1,3-
propanditiol como especie nucleofilica con gem-diyodo alcanos da acceso al sistema de 1,3-
ditiociclohexano [10]. En relacién a lo mencionado anteriormente, los catalizadores comunmente
empleados para producir 1,3-ditianos son: HCl, HCI/ZnCl, [11-12], BF;.Et,O [12-14], PTSA [15],
HCOOH [16], UF¢ [10], SnCl, [17], y complejos del bis(difenilfosfino)metano de platino (II) [18].



Asimismo es necesario resaltar que en la literatura también se informa sobre el uso de disolventes
indeseables, desde el punto de vista ecologico, tales como CHCl;, C¢Hs, THF, HCOOH, 1,2-
triclorotrifluorometano (Freén 113), CH,Cl,, C;Hg y Me,CO (vide supra).

En complemento de lo antes mencionado, es apropiado hacer de conocimiento que, recientemente se
dio a conocer el empleo de dos arcillas, KSF [19] y TAFF [20-21], para la produccion de un nimero
amplio de S.S-acetales, sin embargo es importante notar que estos métodos implican el uso de
disolventes muy toxicos, como benceno y tolueno.

Ademas, es necesario comentar que esta clase de moléculas se han obtenido mediante irradiacién con
microondas y en ausencia de disolvente [22-24], sin embargo, estos procedimientos de acuerdo a lo
informado implican reacciones de intercambio de compuestos carbonilicos enmascarados ademas de
la presencia de un acido como catalizador.

En relacion a todo lo antes mencionado, el objetivo de este trabajo es informar sobre la produccion
de una seric de 1,3-ditianos 3a-i y 5j-m en ausencia de disolvente, usando irradiacion de
microondas como fuente de energia, ademas de evaluar el TAFF, una arcilla bentonitica, como

posible catalizador [21].

Resultados y Discusion

En el Esquema 1, se muestra la seric de reacciones realizada en este trabajo; al respecto, los
resultados se resumen en la Tabla 1. Como se puede observar, la reaccion entre los aldehidos (1a-i)
o cetonas (4j-m) con 1,3-propanditiol (2) origina los correspondientes 1,3-ditianos (3a-i y 5j-m)
con buenos rendimientos, sin emplear disolvente, en tiempos cortos de reaccion y usando irradiacion
de microondas como fuente de energia. Ademas, es importante comentar que después de un estudio
comparativo con presencia y ausencia de TAFF, una arcilla bentonitica, los respectivos resultados
(Tablal) son indicativos de que €ste no es un medio acido adecuado [21] para la produccion de las
moléculas esperadas [22-24]. Como complemento, es importante mencionar del uso de la irradiacion
de microondas para el mismo proposito; sin embargo, como sustratos se han empleado compuestos
carbonilicos protegidos en su forma de O,O-acetalica, ademas de que también fue utilizado un acido
de Lewis como catalizador. Por lo tanto el procedimiento aqui propuesto esta dentro del protocolo de
la Quimica Verde.

Para la identificacion ®” de los productos 3a-i y 5j-m, en primer lugar, se consideré a la
espectrometria de masas, correlacionando los iones moleculares con los respectivos pesos

moleculares, ademas de detectarse fragmentos comunes que permitieron detectar un patron de

fragmentacion tipico para los 1,3-ditianos: [M-43]", [M-65]", [M-74] " y [M-75]". En forma
complementaria, se recurrid6 a la resonancia magnética nuclear protonica, mediante la cual se
analizaron las moléculas obtenidas haciéndose evidentes las estructuras; al respecto. Estos S.S-

acetales ciclicos presentaron patrones de acoplamiento y desplazamientos quimicos consistentes: ddt

1.81-1.98 ppm H,-5, dtt 2.10-2.21 ppm H.-5, ddd 2.85-2.97 H,-4,6, y ddd 2.90-3.18 H.-4,6 con



valores de constantes de acoplamiento de Jy,ue ~ Jsase ~ 13-14 Hz; Jyysa = 10-12 Hz; Jyuse ~ Jaessa =
2.6-3.4 Hz; Jy45.=4-6 Hz; ademas de los respectivos datos para los protones de los sustituyentes en
C-2.

Finalmente, es importante mencionar que los ditianos 5j y Sm se obtuvieron en cantidades minimas

posiblemente debido a factores estéricos, por consiguiente solamente se identificaron por CGEM.

Parte Experimental

Generalidades.- Todos los aldehidos y cetonas, comercialmente disponibles (Aldrich), se emplearon
sin tratamiento previo. La alcanforquinona fue preparada empleando un procedimiento previamente
publicado [25]. El TAFF, se obtuvo de Tonsil Mexicana S.A de C.V. Insurgentes Sur, C.P. 01020
Ciudad de México [26]. El desarrollo de las reacciones fue controlada por ccf (n-hexano/AcOEt, 4:1)
mediante placas cromatograficas de gel de silice (0.25 mm) Merk 60-F254; para la visualizacion de
los productos se utilizé una ldmpara de UV (UVP Mod UVLS-24) a una longitud de onda de 254
nm; para la cromatografia de columna (flash) se usé gel de silice Merck malla 230-400. Los puntos
de fusion fueron determinados en un aparato Fisher-Scientific, los cuales no fueron corregidos. Los
indices de refraccion fueron medidos en un Refractometro de Abbe Bausch No. de serie U321141R.
A su vez, los puntos de ebullicion se determinaron por el método de Siwoloff. Los productos se
identificaron por espectrometria de masas; IEEM (70 ev) por introduccion directa (compuestos
puros) usando un espectrometro Finnigan Mat-GCQ. Los porcentajes de la conversion
correspondientes, fueron determinados por GC-EM empleando un equipo Varian Saturno 4D bajo el
modo de IE, provisto con una columna capilar de 30m longitud y 0.25mm de diametro, siendo la
fase estacionaria 5% fenil y 96% dimetilpolisiloxano. De forma complementaria se llevo a cabo la
identificacion de los productos por RMN 'H haciendo uso de un espectréometro Varian Mercury XR-

300 utilizando CDCl; 6 DMSO-d¢ como disolventes y tetrametilsilano como referencia interna.

Procedimiento general. — Una mezcla de aldehido (la-i) o cetona (4j-m) (2 mmol) y 1,3-
propanditiol 2 (2 mmol) se puso en un reactor con diametro 4.4 centimetros, tratandose bajo
irradiacién de microondas en un horno convencional Samsung, Mod. MW 1040WA, durante 5 min a
600 W. Analogo ha este experimento se realizaron reacciones en presencia de catalizador, 250 mg de

TAFF, para llevar a cabo una comparacion.
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Table 1. Produccion mediante irradiacion de microondas de 1,3-ditianos 3a-i y 5j-m

Con TAFF Sin TAFF

Producto Rendimiento® Rendimiento®

(Formacion)® (Formacion)®
3a 92 (100) 89 (97)
3b 89 (97) 81 (90)
3¢ 80 (99) 78 (91)
3d 88 (95) 89 (91)
3e 86 (96) 60 (91)
3f 89 (99) 84 (99)
3g 93 (100) 89 (97)
3h 87 (97) 81 (88)
3i 84 (94) 78 (91)
5i c(3.8) c(3.2)
5Kk 24 (36) 27 (39)
51 77 (98) 69 (95)
Sm c (12) c (12)

*Después del trabajo. "Determinado by GC. “Not determinado.



2-Fenil-1,3-ditiano (3a). Solido blanco: mp 68-69 °C; 'H NMR (CDCls, 300 MHz) & 1.95 (1H, dtt,
H-5,), 2.20 (1H, dtt, H-5.), 2.90 (2H, ddd, H-4,,6.), 3.06 (2H, ddd, H-4.,6.), 5.17 (1H, s, H-2), 7.35
(5H, m, H-Ar); *C NMR (CDCl;, 75 MHz) & 25.05 (C-5), 32.05 (C-4,6), 51.42 (C-2), 127.69 (C-2’,

6"), 128.39 (C-3",5"), 128.67 (C-4"), 139.02 (C-1"); EIMS m/z (ar%): 196 [M]* " (100), 153 (7.5),
149 (3.4), 135 (7.5), 131 (21.2), 122 (21), 121 (55), 117 (5), 105 (12.8), 74 (7). Rendimiento: 89%.

2-(3-Bromofenil)-1,3-ditiano (3b). Aceite amarillo: bp 132 °C, np> 1.560; '"H NMR (CDCl;, 300
MHz) & 1.91 (1H, dtt, H-5,), 2.19 (1H, dtt, H-5.), 2.93 (2H, ddd, H-4,,6,), 3.05 (2H, ddd, H-4, 6.),
5.11 (1H, s, H-2), 7.20 (2H, m, H-5°6"), 7.41 (2H, m, H-2'4"); *C NMR (CDCl;, 75 MHz) & 24.89
(C-5), 31.87 (C-4,6), 50.53 (C-2), 126.73 (C-5"), 130.52 (C-6"), 131.20 (C-4"), 131.80 (C-2"), 141.45

(C-17), 142.67 (C-3"); EIMS m/z (ar%.): 276 (97.4), 274 (100) [M]* ", 226 (1.5), 200 (37), 199 (9.5),
105 (47), 74 (33.5). Rendimiento: 81%.

2-(2-Clorofenil)-1,3-ditiano (3c). Solido blanco: mp 90-92 °C; 'H NMR (CDCls, 300 MHz) & 1.91
(1H, dtt, H-5,), 2.20 (1H, dtt, H-5.), 2.89 (2H, ddd, H-4,,6,), 3.11 (2H, ddd, H-4.,6.), 5.64 (1H, s, H-
2),7.21 (1H, ddd, Js. 3= 1.8, Js:4=J5s s 7.2 Hz, H-5"), 7.30 (1H, ddd, J4 = 1.5, J4-3=Js 5 7.2 Hz, H-
4),7.36 (1H, dd, Jg 4= 1.5, J¢-5= 7.2 Hz, H-6"), 7.68 (1H, ddd, J5 4= 7.2, J-s= 1.8 Hz, H-3"); °C
NMR (CDCl;, 75 MHz) & 25.10 (C-5), 32.23 (C-4,6), 47.56 (C-2), 127.44 (C-5"), 129.44 (C-6"),
129.59 (C-4"), 129.62 (C-3"), 132.40 (C-2"), 136.50 (C-1"); EIMS m/z (ar%): 232 (32), 230 (100)

IM]* ", 165 (2.5), 156 (5.5), 155 (17), 105 (5.5), 74 (3). Rendimiento: 78%.

2-(4-Cianofenil)-1,3-ditiano (3d). Solido blanco: mp 108-110 °C; 'H NMR (CDCls, 300 MHz) &
1.98 (1H, dtt, H-5,), 2.20 (1H, dtt, H-5.), 2.92 (2H, ddd, H-4,,6,), 3.05 (2H, ddd, H-4.,6.), 5.18 (1H,
s, H-2), 7.61 (4H, AA'BB’, J= 6.6 Hz, H-2",3",5",6"); "°C NMR (CDCls, 75 MHz) & 24.75 (C-5),
31.69 (C-4,6), 50.62 (C-2), 112.11 (C-17), 118.41 (C-2',6), 128.63 (C-3",5"), 132.49 (C-4"), 144.13

(C-7"): EIMS m/z (ar%): 221 (100) [M]* ", 178 (12.5), 160 (6.5), 156 (8.6),147 (20.1), 146 (60.5),
142 (1.5), 105 (21.2), 74 (52.1). Rendimiento: 89%.

2-(4-Formilfenil)-1,3-ditiano (3e). Solido blanco: mp 86-88 °C; 'H NMR (Me,CO-ds, 300 MHz) &
1.85 (1H, dtt, H-5,), 2.21 (1H, dtt, H-5,), 2.97 (2H, ddd, H-4,,6,), 3.18 (2H, ddd, H-4.,6,), 5.47 (1H,
s, H-2), 7.81 (4H, AA'BB’, J= 8.4 Hz, H-2",3",5",6"), 10.04 (1H, s, H-7"); °C NMR (Me,CO-d,, 75
MHz) § 25.92 (C-5), 32.19 (C-4,6), 51.29 (C-2), 129.42 (C-2",6"), 130.67 (C-3",5"), 130.80 (C-4"),

141.20 (C-17), 192.38 (C-7"); EIMS m/z (ar%): 224 (100) [M]* ", 181 (3.1), 177 (1), 159 (31.7), 150
(13.6), 149 (51), 105 (26), 74 (21). Rendimiento: 60%.



2-(4-Fluorofenil)-1,3-ditiano (3f). Solido blanco: mp 96-98 °C; '"H NMR (CDCls, 300 MHz) & 1.94
(1H, dtt, H-5,), 2.15 (1H, dtt, H-5.), 2.93 (2H, ddd, H-4,,6,), 3.05 (2H, ddd, H-4.,6.), 5.15 (1H, s, H-
2), 7.45 (4H, AA'BB’, J= 5.1 Hz, H-2",3",5",6"); °C NMR (CDCl;, 75 MHz) & 24.94 (C-5), 32.10
(C-4,6), 50.47 (C-2), 115.60 (C-2",6"), 129.50 (C-3",5"), 135.00 (C-1"), 160.90 (C-4"); EIMS m/z

(ar%): 214 (100) [M]+', 171 (5), 153 (4), 149 (10), 140 (4), 139 (15.7), 105 (13), 74 (4).
Rendimiento: 84%.

5-[(1,3-Ditian-2-il)benzo[d]-1,3]dioxole. (3g). Solido blanco: mp 85-87 °C; 'H NMR (CDCl;, 300
MHz) 6 1.98 (1H, dtt, H-5",), 2.18 (1H, dtt, H-5";), 2.85 (2H, ddd, H-4',,6",), 3.05 (2H, ddd, H-
4’.,6".), 5.09 (1H, s, H-2"), 5.95 (2H, s, H-2), 6.74 (1H, d, J;s= 8.5 Hz, H-7), 6.90 (1H, d, J4s= 1.5
Hz, H-4), 6.98 (1H, dd, Jo= 8.1, J¢4 1.5 Hz, H-6); °C NMR (CDCl;, 75 MHz) & 24.94 (C-5"),
32.10 (C-4",6"), 51.10 (C-2"), 101.16 (C-2), 108.30 (C-4,7), 121.21 (C-6), 132.84 (C-1a,3a), 147.60

(C-5); EIMS m/z (ar%): 240 (62.1) [M]* ", 197 (3.4), 193 (1), 179 (2.5), 175 (6.7), 166 (17.5), 165
(21), 161 (3.1), 105 (5), 74 (13.1). Rendimiento: 89%.

2-(4-Hidroxifenil)-1,3-ditiano (3h). Solido café: mp 146-148 °C; "H NMR (Me,CO-ds, 300 MHz) §
1.81 (1H, dtt, H-5,), 2.13 (1H, dtt, H-5.), 2.86 (2H, ddd, H-4,,6,), 3.10 (2H, ddd, H-4.,6.), 5.24 (1H,
s, H-2), 7.05 (4H, AA'BB’, J=8.7 Hz, H-2',3",5",6"); °C NMR (Me,CO-ds, 75 MHz) & 26.00 (C-5),
32.54 (C-4,6), 51.17 (C-2), 116.50 (C-3",5"), 129.82 (C-26"), 131.71 (C-1"),158.21 (C-4"); EIMS

miz (ar%): 212 (78) [M]* ", 169 (5.2), 165 (2), 151 (5.5), 147 (2), 137 (81), 105 (7.5), 74 (3).

Rendimiento: 81%.

2-(4-Metoxifenil)-1,3-ditiano (3i). Solido rosa: mp 109-111 °C; 'H NMR (Me,CO-ds, 300 MHz) &
1.81 (1H, dtt, H-5,), 2.16 (1H, dtt, H-5,), 2.85 (2H, ddd, H-4,,6,), 3.11 (2H, ddd, H-4,, 6,), 3.79 (1H,
s, H-7"), 5.28 (1H, s, H-2), 7.14 (4H, AA'BB’, J= 8.7 Hz, H-2",3",5",6"); *C NMR (Me,CO-dg, 75
MHz) § 25.96 (C-5), 32.45 (C-4,6), 51.01 (C-7°), 55.53 (C-2), 114.71 (C-3",5"), 129.73 (C-2",6"),

132.80 (C-17), 160.46 (C-4"); EIMS m/z (ar%): 226 (100) [M]* " ; 183 (3), 179 (2), 165 (4.1), 161
(10.1),152 (29.9), 151 (63.4), 105 (17.5), 74 (18). Rendimiento: 78%.

Spiro [1,7,7-trimetil- biciclo[2.2.1]heptan-3.2"-1",3-ditiano] (5j). EIMS m/z (ar%): 242 (88)

IM]* ", 199 (27), 195 (3), 181 (14), 168 (27), 167 (10), 163 (3), 105 (27), 74 (35). Formacion (CG-
EMIE): 3.2%.

Spiro [1,7,7-trimetil-2-ox0- biciclo[2.2.1]heptan-3.2"-1",3-ditiano] (5k). Aceite incoloro: bp 108
°C, np” 1.537; "H NMR (CDCls, 300 MHz) & 0.92 (3H, s, Me-8), 0.94 (3H, s, Me-10), 1.0 (3H, s,



Me-9), 1.25 (2H, m, H-5,,5.), 1.90 (2H, m, H-6,,6.), 1.91 (1H, dtt, H-5",), 2.21 (1H, dtt, H-5",), 2.28
(1H, m, H-4), 2.90 (2H, ddd, H-4",,6",), 3.05 (2H, ddd, H-4",, 6".); °C NMR (CDCls, 75 MHz) &
9.50 (C-10), 18.80 (C-8), 19.47 (C-9), 20.64 (C-5), 24.19 (C-5"), 30.97 (C-6), 33.45 (C-4",6"), 45.01

(C-7), 48.80 (C-4), 51.90 (C-3), 59.70 (C-1), 217.07 (C-2); EIMS m/z (ar%): 256 (10) [M]* ", 213
(1.5), 195 (17), 182 (3), 181 (19.5), 105 (8), 74 (1). Rendimiento: 27%

Spiro [5-metil-2-isopropil- ciclohexan-1.2°-1",3"-ditiano] (5I). Aceite amarillo: bp 121 °C, np>
1.486; "H NMR (Me,CO-ds, 300 MHz) & 1.50 (6H, m, H-3",4",5"), 1.84 (1H, dtt, H-5,), 1.91 (4H, m,
H-2",6"), 2.10 (1H, dtt, H-5.), 2.68 (2H, ddd, H-4,,6,), 2.90 (2H, ddd, H-4.,6.); °C NMR (Me,CO -
ds, 75 MHz) 6 21.54 (C-3",5"), 25.5 (C-5), 25.7 (C-4"), 32.90 (C-4,6), 37.42 (C-2",6"), 49.82 (C-2");

EIMS m/z (ar%): 188 (100) [M]+' , 145 (19), 127 (3.5), 114 (9.5), 113 (7.5), 105 (5), 74 (2).
Rendimiento: 69%.

Spiro [ciclohexan-1.2"-1",3"-ditiano] (5d). EIMS m/z (ar%): 244 (100) [M]* ", 201 (10.5), 183 (2),
170 (5.5), 169 (33.5), 165 (9), 105 (7), 74 (6.5). Formaciéon (CG-EMIE): 12%.

Conclusiones

Una de las contribuciones de Fischer al progreso de sintesis organica, es el conocimiento de que un
grupo funcional puede ser enmascarados temporalmente por medio de un grupo protector que
después es removido de una forma especifica. Sin embargo, incluso después de mas de un siglo, los
grupos funcionales protegidos todavia son un desafio importante en la sintesis organica; por ejemplo,
la proteccion de un aldehido o una cetona frecuentemente es necesario. En este sentido, el sistema de
1,3-ditianos es una manera comun para la proteccion de especies carbonilicas; en general los
procedimientos publicados para este proposito, requieren de condiciones ambientales inadecuadas, de

disolventes tdxicos asi como de diversos catalizadores acidos dafiinos al medio ambiente [23-24].
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APENDICE

A continuacion se presentaran solo dos series representativas de los experimentos realizados, ya que
se ha considerado que no es conveniente, por el volumen incluir la totalidad de los cromatogramas de

gases, los espectros de masas y los espectros de resonancia magnética nuclear.

La primera es 2-(4-Metoxifenil)-1,3-ditiano y la segunda es 5-[(1,3-Ditian-2-il)benzo[d]-1,3]dioxol.
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