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Transacetalization of Acetals with Butane-1,2,4-triol Using Cobalt(II)

Chloride and Chlorotrimethylsilane

Umberto Maria Battisti,* Claudia Sorbi, Silvia Franchini, Annalisa Tait, Livio Brasili

Department of Life Sciences, University of Modena and Reggio Emilia, Via G. Campi 183, 41125 Modena, Italy

Fax +39(059)2055131; E-mail: 38512@studenti.unimore.it
Received: 15.11.2013; Accepted after revision: 20.12.2013

Abstract: Transacetalization of acetals with butane-1,2,4-triol was
carried out using cobalt(Il) chloride and chlorotrimethylsilane as
catalysts. The reaction occurs under mild conditions in acetonitrile
and with a short reaction time. The synergic effect of the two Lewis
acids catalyzes the conversion of butane-1,2,4-triol into (2-alkyl- or
2-aryl-1,3-dioxan-4-yl)methanol derivatives with high regiospeci-
ficity and diasteroselectivity.
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Current endeavors in our group require the synthesis of
1,3-dioxanes as key intermediates for the preparation of
compounds of pharmacological interest such as serotonin-
ergic 5-HT,, and a-adrenergic receptor ligands, nucleo-
side analogues, and others.!® In particular our efforts are
focused on the development of selective and efficient syn-
thesis to obtain (2-alkyl- or 2-aryl-1,3-dioxan-4-yl)meth-
anol derivatives 2.7 The reaction of butane-1,2.4-triol with
dialkyl acetals can potentially provide three different
products: five-membered 1, six-membered 2, and seven-
membered isomer 3 (Figure 1). Generally the 1,3-dioxe-
pane 3 is not isolated due to its instability and only the
more stable 1,3-dioxolane 1 and 1,3-dioxane 2 are recov-

ered.
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Figure 1 The three possible isomers from the cyclization of butane-
1,2,4-triol with dialkyl acetals: 1,3-dioxolan-4-ylethanol 1, 1,3-diox-
an-4-ylmethanol 2, and 1,3-dioxepan-5-o0l 3

Despite the relevance and the utility of methods that can
be selectively used to obtain 1 or 2, few have been report-
ed.®!! We have found that regioselective cyclization of
butane-1,2,4-triol occurs under cobalt(I) chloride and
chlorotrimethylsilane catalysis (Scheme 1).!? Diphenyl-
acetaldehyde dimethyl acetal was reacted with butane-
1,2,4-triol in the presence cobalt(Il) chloride and chlo-
rotrimethylsilane in dry acetonitrile at room temperature
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to give the desired [2-(diphenylmethyl)-1,3-dioxan-4-
yl]methanol (2a) in good yield (Table 1, entry 1).
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Scheme 1 Cobalt(Il) chloride and chlorotrimethylsilane catalyzed
transacetalization of butane-1,2,4-triol in acetonitrile at room temper-
ature

Under these reaction conditions, the different reactivity of
the hydroxy functions of the triol produced mostly the six-
membered ring (1,3-dioxane) product 2a and only traces
of the five-membered isomer 2-[2-(diphenylmethyl)-1,3-
dioxolan-4-yl]ethanol.

The trend of the reaction, which preferentially gives 1,3-
dioxanes, could be related to the mild conditions involved
in this type of transacetalization. Indeed all acid-catalyzed
acetalizations of carbonyl compounds take place by the
same mechanism, but through reversible steps. Therefore
this type of reaction is thermodynamically controlled. In
principle, this means that when different acetals can po-
tentially be produced from these reagents, the most stable
acetal should be produced as the main product. The mild
conditions reported here probably lead to the more ther-
modynamically favored isomer. The use of protic or
stronger Lewis acids generally results in lower regioselec-
tivity since they require harsher reaction conditions. We
observed also that only one of the two possible diastereo-
mers (cis/trans) of the desired product 2a was recovered
and it was assigned the cis configuration. It was possible
to assign the configuration through NMR 2D experiments,
in which a positive NOE effect was detected between H2
and H4 of the 1,3-dioxane ring. In general, under these re-
action conditions, the predominant stereochemistry is the
cis configuration since a strain-free six-membered ring is
obtained in the chair conformation and this accommo-
dates both ring substituents in the energetically more
favorable equatorial orientation resulting in a cis configu-
ration (Scheme 2). The synergic effect of cobalt(Il) chlo-
ride and chlorotrimethylsilane was also investigated. The
use of cobalt(Il) chloride or chlorotrimethylsilane alone
led to partial conversion of the acetals into 1,3-diox-
anes/1,3-dioxolanes.

Downloaded by: Florida State University Libraries. Copyrighted material.



944 U. M. Battisti et al.

PAPER

TMSCI, CoCly
OH RCH(OMe); m/\ OH
Ho/\(\/ —~— T 0__0 o7 R
— - d
OH he i

TMSCI, CoCl,
RCH(OMe),

L OH

&
<.

Scheme 2 Regioselective acetalization of butane-1,2,4-triol

Accordingly the higher efficacy of the transacetalization
reaction, which exploits both the catalysts, could be relat-
ed to the increased electrophilicity of the silicon nucleus
as a consequence of cobalt(I) chloride complexation with
chlorotrimethylsilane.'> Moreover the same protocol was
applied to benzaldehyde and diphenylacetaldehyde and
no significant results were obtained (Table 1, entries 2 and
4). These data suggest that the entropic contribution pro-
vided by the acetals in this type of transacetalization reac-
tion plays a crucial role, since the corresponding
aldehydes do not react under the same reaction conditions.
Some aromatic and aliphatic dialkyl acetals underwent
this cyclization reaction and the corresponding 1,3-diox-
anes were isolated as main products (Table 1, entries 3, 5—
10).

In the case of the aliphatic dialkyl acetals shown in Table
1, reaction times were considerably shorter due to the
higher electrophilic character of the acetalic carbon atom.
In conclusion, the experimental protocol is simple, conve-
nient, and quite fast. It could be applied as a method for
the protection of hydroxyl groups in a large number of
polyols. Moreover we have developed an efficient trans-
acetalization reaction in order to obtain 1,3-dioxane-based
derivatives by reacting butane-1,2,4-triol in the presence
of the catalytic complex originated from cobalt(Il) chlo-
ride and chlorotrimethylsilane. The process occurs with
good diastereoselectivity employing dialkyl acetals as re-
action substrates. The results obtained make this proce-
dure very attractive for the preparation of these useful
synthetic intermediates.'>!4

Reagents, solvents, and other chemicals were used as purchased
without further purification unless otherwise specified. Air- or
moisture-sensitive reactants and solvents were employed in reac-
tions carried out under an N, atmosphere unless otherwise noted.
Flash column chromatography purifications (MPLC) used Merck
silica gel 60 (230—400 mesh, ASTM). The structures of all isolated
compounds were ensured by NMR and elemental analysis (C,H,N).
NMR data (*H and '*C, 1D and 2D experiments) were obtained us-
ing a DPX 400 Avance spectrometer (Bruker). 'H NMR chemical
shifts are relative to TMS (internal standard). *C NMR chemical
shifts are relative to internal TMS at § = 0.0 or to the 1*C signal of
solvent: CDCl; 8 = 77.04, CD;0D 6 =49.8, DMSO-d, 6 = 39.5. El-
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emental analysis was performed on a Carlo Erba 1106 Analyzer in
the Microanalysis Laboratory of the Life Sciences Department of
Universita degli Studi di Modena e Reggio Emilia and the results
here reported are within +£0.4% of the theoretical values.

1,3-Dioxane-4-methanols 2; General Procedure

To a solution of CoCl, (0.6 mmol) in anhyd MeCN (4 mL), the se-
lected dialkyl acetal (1 mmol), TMSCI (1.1 mmol), and butane-
1,2,4-triol (3 mmol) were added, with stirring, at r.t. At the end of
the reaction, the mixture was extracted with EtOAc and the com-
bined extracts were washed with 5% NaHCOj;. The organic layer
was dried (anhyd Na,SO,) and filtered, and the solvent was evapo-
rated under vacuum. The oils obtained were purified by flash chro-
matography to give the desired compounds.

cis-[2-(Diphenylmethyl)-1,3-dioxan-4-yljmethanol (cis-2a)
Yellow oil; yield: 0.222 g (78%).

IR: 3397 (br), 2955, 2875, 1100, 1024, 750, 702 cm'.

'H NMR (400 MHz, DMSO-d,): § = 1.38-1.43 (m, 1 H, H5ay,),
1.55-1.67 (m, 1 H, Hby,,), 3.21-3.41 (m, 2 H, CH,OH), 3.76-3.91
(m, 2 H, Hdy,,, H6a,,,), 4.02 (dd, J=5.2, 11.4 Hz, 1 H, Héby,,),
4.22(d,J=6.0 Hz, 1 H, CHPh,), 4.56 (t, J= 5.5 Hz, 1 H, OH), 5.24
(d, J=6.0 Hz, 1 H, H2,,), 7.19-7.31 (m, 4 H, H3py, H5p,, H3pp
H5'p,), 7.30-7.41 (m, 2 H, Hdy,, H4'y,), 7.47-7.53 (m, 4 H, H2,,,
Hbpy, H2'py, HO'py).

13C NMR (100 MHz, DMSO-d,): 8 = 26.9 (C54,,), 46.8 (CHPh,),
65.7 (C64,), 66.9 (Cdyoy), 77.8 (CH,OH), 103.5 (C24,), 1262
(C3pp, CSpnr C3'pns C5'pp), 128.9 (C2pp, Chppy C2'ps CO'py), 129.7
(Cpy, C4'py), 141.6 (Clpy, C1'py).

Anal. Calcd for: C,gH,,0;5: C, 76.03; H, 7.09. Found: C, 76.20; H,
7.15.

cis-(2-Phenyl-1,3-dioxan-4-yl)methanol (cis-2b)
Colorless oil; yield: 0.163 g (84%).

IR: 3425 (br), 3085, 3045, 2943, 2859, 1654, 1462, 1365, 1108
-1

cm .

'H NMR (400 MHz, CDCL,): § = 1.42-1.51 (m, 1 H, H5ay,), 1.87—
2.02 (m, 1 H, H5by,,), 2.41 (brs, 1 H, OH), 3.61-3.74 (m, 2 H,
CH,OH), 3.93-4.08 (m, 2 H, H4;,,, H6a,,,), 4.40 (dd, /= 6.2, 12.5
Hz, 1 H, H6byy,), 5.57 (s, 1 H, H2,,,), 7.32-7.47 (m, 3 H, H2,,,
Hép,, H6py), 7.47-7.57 (m, 2 H, H3p,, HSpp).

13C NMR (100 MHz, CDCly): & = 26.7 (CS40,)s 654 (C6yiey), 66.6
(C4yny), 77.4 (CH,OH), 101.4 (C24.,), 1263 (C3py, CSpy), 128.1
(C2py, C6py), 129.0 (Cdyy), 138.4 (Clyy).

Anal. Calcd for C;;H,,05: C, 68.02; H, 7.27. Found: C, 68.15; H,
7.41.

cis-[4-(Hydroxymethyl)-1,3-dioxan-2-yljmethyl Benzoate (cis-2¢c)
Dark brown oil; yield: 0.200 g (80%).

IR: 3492 (br), 3053, 2982, 2885, 2304, 1720, 1421, 1275, 1114,
1069, 763, 717, 695 cm™.

'H NMR (400 MHz, CDCL,): 8 = 1.43-1.46 (m, 1 H, H5a4,), 1.63
(br's, 1 H, OH), 1.82-1.97 (m, 1 H, H5by,,), 3.63-3.67 (m, 2 H,
CH,OH), 3.83-3.96 (m, 2 H, Hdy,,, H6ay,,), 4.18-4.30 (m, 1 H,
H6by,), 4.34-4.50 (m, 2 H, CH,0CO), 4.82 (t, J=4.6 Hz, 1 H,
H24,,), 748 (dd, J=17.6, 7.8 Hz, 2 H, H3p,, H5p,), 7.61 (8, J=7.6
Hz, 1 H, Hdp,), 8.09 (d,J = 7.8 Hz, 2 H, H2,,, H6p,).

13C NMR (100 MHz, CDCL): & = 26.1 (C54y), 65.0 (CH,0CO),
65.2 (Chyny), 65.8 (Cdyoy), 76.7 (CH,OH), 98.2 (C24.,), 128.1
(C3p CSpy)s 129.5 (C2py, C6ypy), 132.9 (Clypy, Cpy), 165.9 (CO).

Anal. Calcd for C3H,405: C, 61.90; H, 6.39. Found: C, 62.00; H,
6.45.

cis-[2-(Chloromethyl)-1,3-dioxan-4-yljmethanol (cis-2d)
Yellow oil; yield: 0.132 g (79%).
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Table 1 Cobalt(Il) Chloride and Chlorotrimethylsilane Catalyzed Cyclization of Butane-1,2,4-triol at Room Temperature

Entry Reagent Main product® Time (h) Yield® (%)  Ratio® 1/2 Ratio® cis/trans

= OMe Q
| % O o
OMe
l 0.2 78 88:12 cis only

cis-2a
(e}
|
O/j\/
OMe
OH
O

[

3 OMe 12 84 88:12 cis only
cis-2b
(0]
[
4 _d 20 _d _d _d
O
\)Ol/le O\)\/Oj\/OH
5 © OMe 0.1 80 89:11 95:5
O
(0]
cis-2¢
o 8¢
Et
O\)\O OH . .
6 OFt 0.1 82 87:13 93:7
O
O
cis-2¢
O
OMe
Cl OH
7 cl \)\/j\/ 0.1 79 83:17 92:8
\)\ OMe ©
cis-2d
O
OMe
Br: OH
8 B \)\/j\/ 0.1 78 81:19 92:8
I'\)\OMe ©
cis-2e
[e)
OEt
9 Br\/k Br\)\/ojvo** 0.1 85 90:10 95:5
OEt
cis-2e
O
OEt
10 /\)\/j\/"” 0.1 89 95:5 cis onl
cis-2f

2 Yields refer to the isolated pure main product.

® The isomeric ratio were determined by '"H NMR analysis of the crude reaction mixture.

¢ The diastereomeric ratio were determined by "H NMR analysis of the crude reaction mixture.
4 Only starting material was isolated.
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IR: 3512 (br), 3054, 2984, 2305, 1422, 1270, 1140, 1022, 895, 763,
714, 694 cm™.

'H NMR (400 MHz, CDCl,): = 1.38-1.50 (m, 1 H, H5ay,,), 1.70
(br's, 1 H, OH), 1.81-2.00 (m, 1 H, H5by,), 3.49-3.56 (m, 2 H,
CH,CI), 3.59-3.77 (m, 2 H, CH,0H), 3.79-3.95 (m, 2 H, Hd,,,
H6ay,,), 4.19-4.30 (m, 1 H, H6by,,), 4.76-4.85 (m, 1 H, H2,,,).

13C NMR (100 MHz, CDCL): 8 = 26.5 (C5,4,,), 48.5 (CH,CI), 65.0
(CH,0H), 66.2 (C6gi6x), 76.3 (Cioy)s 99.1 (C24i6x)-

Anal. Caled for C4H;,05ClL: C, 43.26; H, 6.65. Found: C, 43.40; H,
6.70.

cis-[2-(Bromomethyl)-1,3-dioxan-4-ylmethanol (cis-2e)

Brown oil; yield: 0.165 g (78%).

IR: 3492 (br), 3051, 2982, 2865, 1422, 1271, 1142, 1021, 895, 763,
697 cm!.

'H NMR (400 MHz, CDCl,): & = 1.35-1.49 (m, 1 H, H5ay,,), 1.67
(brs, 1 H, OH), 1.78-2.00 (m, 1 H, H5by,,), 3.45-3.53 (m, 2 H,
CH,Br), 3.56-3.77 (m, 2 H, CH,0H), 3.79-3.93 (m, 2 H, Hd,,,
H6ay,,), 4.24 (dd, J= 5.1, 10.3 Hz, 1 H, H6by,,), 4.74-4.86 (m, 1
Ha sziox)'

13C NMR (100 MHz, CDCLy): 8 = 26.2 (C54.,), 31.6 (CH,Br), 64.9
(CHZOH)s 66.0 (C6diox)7 76.6 (C4diox)> 99.0 (Czdiox)'

Anal. Caled for C¢H,,0,Br: C, 34.14; H, 5.25. Found: C, 34.50; H,
5.47.

cis-[2-(2-Chloroethyl)-1,3-dioxan-4-yljmethanol (cis-2f)
Yellow oil; yield: 0.160 g (89%).

IR: 3471 (br), 3054, 2982, 2303, 1422, 1272, 1143, 1026, 895, 766,
692 cm™.

'H NMR (400 MHz, CDCL,): § = 1.37-1.46 (m, 1 H, H5a,,), 1.68
(br's, 1 H, OH), 1.74-1.90 (m, 1 H, H5bg,), 2.10-2.18 (m, 2 H,
CH,CH,CI), 3.56-3.74 (m, 4 H, CH,CI, CH,OH), 3.76-3.90 (m, 2
H, Hdy,.,, H6ay,,), 4.16 (dd, J=5.2, 10.1 Hz, 1 H, H6by,), 4.74—
4.86 (t,J=5.1 Hz, | H, H2,)).
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13C NMR (100 MHz, CDCl;): § = 26.6 (C54,,), 37.5 (CH,CI), 39.5
(CH,CH,CI), 65.3 (CH,OH), 65.9 (C640y), 76.7 (C4yion), 90.7
(Czdiox)'

Anal. Caled for C;H;0,5Cl: C, 46.55; H, 7.25. Found: C, 46.80; H,
7.36.

References

(1) Ma, X.; Saksena, R.; Chernyak, A.; Kovac, P. Org. Biomol.
Chem. 2003, 1, 775.

(2) Shakya, N.; Vedi, S.; Liang, C.; Agrawal, B.; Lorne, T. D.;
Kumar, R. Bioorg. Med. Chem. Lett. 2012, 22, 6475.

(3) Prandi, A.; Franchini, S.; Manasieva, L. I.; Fossa, P.;
Cichero, E.; Marucci, G.; Buccioni, M.; Cilia, A.; Pirona, L.;
Brasili, L. J. Med. Chem. 2012, 55, 23.

(4) Franchini, S.; Tait, A.; Sorbi, C.; Brasili, L. Med. Chem.
2012, 8, 769.

(5) Franchini, S.; Prandi, A.; Baraldi, A.; Sorbi, C.; Tait, A.;
Buccioni, M.; Marucci, G.; Cilia, A.; Pirona, L.; Fossa, P.;
Cichero, E.; Brasili, L. Eur. J. Med. Chem. 2010, 45, 37.

(6) Franchini, S.; Tait, A.; Prandi, A.; Sorbi, C.; Gallesi, R.;
Buccioni, M.; Marucci, G.; De Stefani, C.; Cilia, A.; Brasili,
L. ChemMedChem 2009, 4, 196.

(7) Meyers, A. 1.; Lawson, J. P.; Walker, D. G.; Linderman, R.
J.J. Org. Chem. 1986, 51, 5111.

(8) De S, K. Tetrahedron Lett. 1987, 28, 6601.

(9) Marton, D.; Tagliavini, G. Main Group Met. Chem. 1990,
13, 363.

(10) Meyers, A. 1.; Lawson, J. P. Tetrahedron Lett. 1982, 23,
4883.

(11) Aepkers, M.; Wunsch, B. Synthesis 2004, 1033.

(12) Bellesia, F.; Boni, M.; Ghelfi, F.; Pagnoni, U. M.
Tetrahedron 1993, 49, 199.

(13) Aepkers, M.; Wiinsch, B. Arch. Pharm. (Weinheim, Ger.)
2004, 337, 67.

(14) Fujiwara, K.; Suzuki, Y.; Koseki, N.; Murata, S.; Murai, A.;
Kawai, H.; Suzuki, T. Tetrahedron Lett. 2011, 52, 5589.

© Georg Thieme Verlag Stuttgart - New York

Downloaded by: Florida State University Libraries. Copyrighted material.



