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Abstract

Carbonyl compounds have been successfully converted into their corresponding dithioacetals, dithiolanes and dithianes derivatives in
excellent yields with thiol (ethanethiol and thiophenol), 1,2-ethanedithiol and 1,3-propanedithiol using a catalytic amount of iodine supported
on natural phosphate. In addition, by employing this catalyst, high chemoselective thioacetalization of carbonyl compounds have been achieved.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction employing acid catalysts such as Zp(2], BF3-Et2O [3],
ZrClo/SiO, [4], titanium tetrachloridg5], magnesium or
The protection of carbonyl groups as acetals or thioacetalszinc triflate[6], SOCb/SIO, [7], Zeolite[8], WCI, [9], 5M
is an integral part of organic manipulations such as the LiClO4/EtpO(LPDE) [10], TaCk/SiO, [11], MoO,(acac)
preparation of monomer building blocks, fine chemicals, [12] and Yttrium triflate[13]. Most of these methods require
precursors for pharmaceuticals, and natural products andlong reaction times and reflux temperatures and result in un-
these reactions often involve the use of acidic, basic or wanted side reactions whilst offering poor selectivity when
hazardous and corrosive reagents and toxic metal salts. applied to mixtures of aldehydes and ketones. Although
Heterogeneous organic reactions have proven useful tosome recent methods employing LiR4], InCls [15], and
chemists in the laboratory as well as in industry. These LiBF4 [16] have been reported to show chemoselectivity,
reactions are effected by the reagents immobilized on thethese Lewis acids are destroyed in the work-up procedure and
porous solid support§l] and have advantages over the cannot be recovered and reused. However, the developments
conventional solution phase reactions because of the goodn this area demand further searches for better catalysts
dispersion of active reagent sites, enhanced reaction rates|16] that could be superior to the existing ones with regard
cleaner product, and easier work-up. to toxicity, handling, selectivity and recyclability. During
In the literature there are numerous methods reportedthe past seven years we have studied the use of natural
for the preparation of thioacetals from carbonyl compounds phosphate (NP[L7] to promote organic transformati¢hd]
and have shown that its mild basic and acidic proprieties can
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] 2.2. General procedure for the thioacetalization of
S><S 2 carbonyl compounds
SH SH Ry "R
= mz To a freshly prepared catalyst (0.3 g, 0.2 mmol of iodine)
o NP (\I 3 under stirring, a mixture of carbonyl compound 1 (2 mmol)
)L SH SH S>< S and monothiol or dithiol (4.2 or 2.1 mmol, respectively) was
Ry Ry Solvent-free R} R, added and the mixture was stirred at room temperature until
1 R—S—H Rs sR completion of the reaction, as monitored by thin layer chro-
— e 4 matography (TLC). The reaction mixture was filtered and the
Ry R catalyst washed with dichloromethane. After concentration
of the filtrate under reduced pressure the residue was sub-
Scheme 1. jected to chromatography leading to the respective thioacetal

(2, 30r4, Scheme L The product structure was analysed by
it is cheap, readily available, stable in water, non-toxic, 1H, 13C NMR, IR spectrometry and melting points. When
and not a pollutant. Recyclization of the NP renders the NP and b are mixed one pot in the reaction mixture without
relatively environmental procedure by utilizing these previous absorption the thioaceta) 8 or 4) was obtained in

properties. slightly lower yields.
In this paper we report an efficient method for the thioac-

etalization of carbonyl compounds in good to high yields,
as well as the chemoselective protection of various carbonyl 3  Results and discussion
compounds by employing iodine supported on natural phos-

phate Gcheme L p-chlorobenzaldehyde, thiophenol and iodiBeljeme 1
were chosen as model substrates to determine suitable con-
ditions. The optimum weight of NP is 300 mgi@. 1). In a
2. Experimental blank reaction (4 min), NP alone without iodine was found
to give no product. However, in the presence of 0.2 mmol of
2.1. Preparation of the catalyst and structural iodine alone without NP the thioace#d was obtained with
characteristics low yields (37%, 20 min). The NP was the preferred choice as

a support to keep the reaction medium under mild and neutral
Natural phosphate (NP) used in this work was obtained in conditions.

the Khouribga region (Morocc¢}) 7]. Prior to use this mate- Interestingly, the experimental procedure for thioacetal-
rial requires initial treatments such as crushing and washing.jzation is remarkably simple and does not require the use
For use in organic synthesis, the NP is treated by techniquesof solvents or inert atmospheres. A catalytic quantity of
involving attrition, sifting, calcinations (900C), washing, |, supported on natural phosphate was added to the car-
and recalcination. These treatments lead to a fraction betweerhonyl compound, to this was added the required monothiols
100 and 40@um that is rich in phosphate and has following o dithiols (2.1 or 1.1 equiv., respectively) and the mixture
chemical composition: 05 (34.24%), CaO (54.12%),F  was stirred at room temperature. The generality of this pro-
(3.37%), SIQ (2.42%), SQ (2.21%), CQ (1.13%), NaO cess has been proved in a wide range of aromatic, aliphatic
(0.92%), MgO (0.68%), AlO3 (0.46%), FeO3 (0.36%),  and o, B-unsaturated carbonyl compounds. Accordingly,
K20 (0.04%) and several metals (Zn, Cu, Cd, V, U, Cr) in djthioacetals, 1,3-dithiolanes and 1,3-dithianes have been ob-
the range of ppm. The structure of the material is similar tained by the reaction of thiol (ethanethiol and thiophenol),

to that of fluoroapatite (Ga(PQs)éF2). In sedimentary 1 2.ethanedithiol and 1,3-propanedithiol, respectively, in the
rocks, phosphates are formed from compounds derived from

apatite by partial isomorphic substitution: of: NaMg?*,

Co?*, Fe¥, or AR for C&* ions, VOu3~, SQy?~, COz2~ 100

or MnO*for POy3~ ions, and OH or CI~ for F~. These

different substitutions cause distortions of the structure

which depends on the nature and the radii of the ions in-

volved. This solid presented a very low surface area (BET) at

ca.lnfg L. 40
The catalyst was prepared by treating natural phosphate

(300 mg) with a solution of 51 mg (0.20 mmol) of iodine in 20 5 3 o5 0o s

2mL of dichloromethane. The slurry was stirred magneti- ' NP'(Q) ' '

cally at room temperature for 15 min and the excess solvent

was removed by evaporation under reduced pressure and loWig_ 1. Influence of NP weight in the protection pihloro benzaldehyde

temperature. by thiophenol.
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Table 1
12/NP catalysed protection of carbonyl compounds as dithioacetals, 1,3-dithiolanes and 1,3-dithianes
Entry Products Substrate Reagent Yie(eb) (time/min)

1 2a Benzaldehyde HS(CH>SH 90 (3)

2 2b p-Methoxybenzaldehyde HS(GhpSH 96 (2)

3 2c p-Methylbenzaldehyde HS(ChhSH 94 (3)

4 2d p-Chlorobenzaldehyde HS(GhpSH 91 (3)

5 2e p-Nitrobenzaldehyde HS(ChhSH 93 (4)

6 2f Acetophenone HS(ChHSH 91 (25)

7 29 Cyclohexanone HS(CH,>SH 93 (15)

8 2h Cinnamaldehyde HS(ChkSH 95 (3)

9 3a Benzaldehyde HS(CHisSH 93 (4)
10 3b p-Methoxybenzaldehyde HS(GhSH 94 (3)
11 3c p-Methylbenzaldehyde HS(GhsSH 91 (4)
12 3d p-Chlorobenzaldehyde HS(GhSH 92 (4)
13 3e p-Nitrobenzaldehyde HS(ChkSH 92 (5)
14 3f Acetophenone HS(CHsSH 92 (35)
15 3g Cyclohexanone HS(CHisSH 87 (20)
16 4a Benzaldehyde PhSH 93 (20)
17 4b p-Methoxybenzaldehyde PhSH 91 (15)
18 4c p-Methylbenzaldehyde PhSH 90 (15)
19 4d p-Chlorobenzaldehyde PhSH 94 (20)
20 4e p-Nitrobenzaldehyde PhSH 95 (25)
21 Af Acetophenone PhSH 87 (70)
22 49 Cyclohexanone PhSH 90 (50)
23 4h Benzaldehyde EtSH 91 (4)
24 4 p-Methoxybenzaldehyde EtSH 93 (3)
25 4 p-Methylbenzaldehyde EtSH 90 (4)
26 4k p-Chlorobenzaldehyde EtSH 90 (4)
27 4m p-Nitrobenzaldehyde EtSH 92 (6)
28 4n Cyclohexanone EtSH 90 (30)

2 Yields refer to isolated in pure products.

presence of catalytic amounts ofNP (Scheme }; the re- in this mixture, the corresponding aldehyde formed the 1,3-

sults are illustrated iffable 1 dithiolane whilst the ketone was almost completely recov-
We observed that the reaction of aldehydes takes placeered.

rapidly in the presence ob/NP when compared to that of This method has also been extended to the intramolecu-

ketones (se&able J. This method is suitable for aldehydes lar chemoselectivity between keto and ester functionalities
and ketones both aromatic and aliphatic (cyclohexanone) as(Scheme R Only keto functionality was thioacetalized by
well asa, B-unsaturated carbonyl compounds. Itis free from this method in a short period (30 min) with a high yield (92%).
the problem of Michael addition encountered in some case When compared with the existing method, the present method
of a, B-unsaturated carbonyl systenmi@ble 1, entry 8) with was found to be superior in many respects.
some reagentR0]. The activity of b/NP seems to be higher than other known
The difference in reactivity of the NP catalyst towards  catalysts {able 2.
aldehydes and ketones gave us impetus to study chemoselec- We next investigated the stability of the catalyst in order
tive reactions. With this objective, as arepresentative exampleto recycle it. The used and recovered NP has been shown to
we carried out some experiments with equimolar mixtures of be reusable after drying at 153G in vacuum, and more effi-
an aldehyde and a keton8gheme P It was observed that  ciently after washing with acetone followed by calcinations
at 900°C (Fig. 2. In the last case, the catalyst can be recov-
ered and reused at least five times without appreciable loss
of activity.
sf/\s
CHO HC_ o HC.__o

+ I,/NP, HS(CH,),SH

il bl el +
Solvent-free (@] O m 0O
X /U\)L I,/NP, HS(CH,),SH s XS)-L
B e
Me OMe

X =H, MeO, Me, Cl and NO, 90-96% 98% Solvent-free Me OMe

Scheme 2. Scheme 3.
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Table 2
Comparison of /NP with several heterogeneous catalysts in the synthesis of pr&y&gand2b
Entry Solid catalyst Yields(time) [(%) (time/min)]
Product3a Product3g Product2b
1 12/NP 93 (4) 87 (20) 96 (2)
2 12/Al1,03 [21] - - 94 (10)
3 I2 37 (209, 99 (30)[22] 97 (240)[22] -
4 NP 44 (1440 - -
5 Y(OTf)3 [13] 89 (45) 87 (360) 93 (45)
6 Zeolite-HY[8] 96 (60) 87 (60) -
7 Zeolite-CaY[8] 91 (60) 89 (60) -
8 Zeolite-MgY [8] 86 (60) 80 (60) -
9 Li(OTf) [23] 99 (5f 96 (35f -
10 InCk [15] - - 92 (15)
11 In(OTf) [24] - - 95 (6)
12 ZrCh/Sip0 [4] - - 96 (5)

2 Yields refer to isolated and chromatographically pure compounds.
b Reaction carried out solvent-free conditions.
¢ Reaction carried at 90-12C.

M(b) M(a)

100 4

90 4
80 4
70 4
60 4
50 1
40
30 4
20 4
10
04 T T T
1 2 3 4 5

Run

Yields (%)

Fig. 2. Recycling of the NP catalyst in the synthesis 3d: (a) catalyst recoverable dried & 0L h; (b) catalyst recoverable, washed with acetone, dried
and calcined at 900C for 15-30 min.
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