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lodine is found to be an effective reagent for the cross-coupling of olefins with aldehydes under mild
conditions to produce 4-substituted 1,3-dioxane derivatives in excellent yields and in short reaction
times with high selectivity. The use of iodine makes this procedure simple, convenient, cost-effective
and practical. This method works not only with formaldehyde but also with acetaldehyde, propion-
aldehyde and cyclohexanecarboxaldehyde.

© 2008 Elsevier Ltd. All rights reserved.

The dioxane moiety is a common structural motif in several bio-
active molecules such as (+)-dactylolide (a cytotoxic agent), deriv-
atives of 2-substituted-1,3-dioxanes (antimuscarinic agents) and
(+)-SCH 351448 (a novel activator of the lipoprotein receptor).!3
Recently, 1,3-dioxanes have also been evaluated as effective mod-
ulators for multi-drug resistance.* The acid-catalyzed condensa-
tion of olefins with aldehydes, the Prins reaction, is generally
used for the preparation of 1,3-dioxanes.® The major products of
the classical Prins reaction are normally 1,3-glycols, 1,3-dioxanes
or unsaturated alcohols depending on the reaction conditions.®
Generally, Lewis acids as well as Brgnsted acids are employed in
both catalytic and stoichiometric amounts to promote this trans-
formation.” '® However, many of these acids are highly corrosive
and involve tedious separation procedures and also require pro-
longed reaction times and high temperatures resulting in low to
moderate selectivity of products due to the polymerization of the
starting materials. Therefore, the development of a simple, conve-
nient and efficient protocol using inexpensive and readily available
reagents would extend the scope of the Prins reaction in natural
product synthesis. Recently, molecular iodine has received consid-
erable attention as an inexpensive, non-toxic, readily available
catalyst for various organic transformations; affording the
corresponding products with high selectivity in excellent yields.!
The mild Lewis acidity associated with iodine has enhanced its use
in organic synthesis for several organic transformations using stoi-
chiometric to catalytic amounts. Owing to advantages associated
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with this eco-friendly catalyst, molecular iodine has been explored
as a powerful reagent for various organic transformations.'?

In continuation of our interest on the use of molecular iodine for
various transformations,'> we herein report the first direct and
metal catalyst-free Prins reaction for the synthesis of 4-substituted
1,3-dioxane derivatives from olefins and aldehydes using mole-
cular iodine under neutral conditions. Accordingly, treatment of
styrene (1) with paraformaldehyde (2) in the presence of mole-
cular iodine at ambient temperature for 45 min gave the corres-
ponding 4-phenyl-1,3-dioxane 3a in 92% yield (Scheme 1).

Similarly, 1-[(E)-1-propenyl]benzene, 1-isopropenyl-benzene,
1,2-dihydronaphthalene, indene, 2-vinylnaphthalene, trans-stil-
bene and 1-dodecene underwent smooth coupling with parafor-
maldehyde under the influence of molecular iodine to give the
respective 1,3-dioxanes in excellent yields (Table 1, entries b-h).
Since there have been no reports on the use of aliphatic aldehydes,
except formaldehyde, we attempted the coupling of alkenes
with aliphatic aldehydes such as acetaldehyde, propionaldehyde
and cyclohexanecarboxaldehyde. Interestingly, these substrates
reacted well with alkenes to produce the corresponding 2,4,6-tri-

substituted 1,3-dioxane derivatives under similar reaction
conditions (Table 1, entries i-0, Scheme 2).
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Scheme 1. Preparation of 4-phenyl-1,3-dioxane 3a.
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Table 1
lodine promoted Prins reaction of olefins with aldehydes
Entry  Olefin Aldehyde Product? Time  Yield®
(min) (%)
N 070
a ©/\ (CH,0), @/\/ 45 92
« 070
b ©/\/ (CH0), m 0 9
| 070
¢ @/\ (CH,0), W 50 89
0" 0
d (CH0), @@/ 45 86
O~
e (CH,0), mo 45 85
~ 0" 0
£ OO (CH,0), 55 82
s
g N (CH0), ©/\/ 60 92
® 5
(o)ie]
o NS (@0 L 90 84
6
i ©/\ CH5;CHO ©/O\/O\ 50 92
| oj‘o
j @/\ CH5CHO W 40 90
X [0)EN0)
k CH5CHO 55 388
Cl
Cl
1 S~~~ CHs;CHO oj\ 90 82
m ©/\ CH5CH,CHO e 70 84

CH,CHO

Table 1 (continued)

Entry  Olefin Aldehyde Product? Time Yield®

(min) (%)
oL

X
n ©/\/ CH5CH,CHO W 75 88

N CHO @
S S @ w
- U0

3 All the products were characterized by 'H NMR, '>C NMR, IR and mass
spectroscopy.
" Yield refers to pure products after chromatography.

The structure of 2,4-dimethyl-6-phenyl-1,3-dioxane 3i, shown
in Figure 1, was deduced from the NMR studies. The proton H4
has a large (J = 11.2 Hz) and a small (J = 2.9 Hz) coupling. The pres-
ence of the large coupling allows us to place H4 in an axial position,
with large diaxial coupling with H3a. This implies that the aro-
matic group at C4 takes an equatorial orientation. Similarly H2
has a large diaxial coupling with H3a with J = 12.6 Hz, suggesting
that it is also axial disposed. The equatorial orientation of the
methyl substituent at C2 and C5 and the axial orientation of H2,
H4 and H5 in the chair form of the six-membered ring are addition-
ally supported by H2/H5, H4/H5 and H2/H4 correlations in the
NOESY spectrum. This structure with three substituents placed in
cis position to each other was further supported by NOE cross
peaks, Ar/H3a, Ar/H3e, Me-1/ H3a and Me-1/H3e.

The structure of 2,4-diethyl-5-methyl-6-phenyl-1,3-dioxane
3n, shown in Figure 2, was assigned from NOE experiments. The
presence of correlations between H3, H5 and H7 in the NOESY
experiments provides emphatic support for their diaxial orienta-
tion. This also implies that the bulky substituents at C3, C5 and
C7 are equatorially placed. Small couplings of H4 with H5 and
H3 (J = 2.3 Hz) support an equatorial disposition for H4. Equatorial
position of the aromatic group was additionally confirmed from
cross peak H-ortho/H4e in the NOESY spectrum. The structure
was further confirmed by NOESY cross peaks for H2'/H4e. All the
above observations, including cross NOE peak H2'/H4e, are consis-
tent with the structure proposed in Figure 2, with the six-mem-
bered ring taking a chair conformation.

Though the reaction was successful with aliphatic aldehydes, no
coupling of aromatic aldehydes with styrene was observed even
under drastic conditions (in refluxing dichloroethane). Further-
more, the reaction did not proceed in the absence of iodine even
after a long reaction time (12 h). As solvent, dichloromethane gave
the best results. In all cases, the reactions proceeded rapidly at
room temperature under mild conditions. The reactions were clean
and no side products were detected under these conditions as
determined from the NMR spectra of the crude products. The struc-
tures of the products were established from spectral data and also
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Scheme 2. Preparation of 3l.
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Figure 1. Characteristic NOE'’s of 3i.
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Scheme 3. A plausible reaction mechanism.

by comparison with authentic samples.” A plausible reaction
mechanism is depicted in Scheme 3.

It should be noted that the reactions were faster with parafor-
maldehyde compared to aliphatic aldehydes. In addition, styrene
derivatives gave higher yields of products when compared to ali-
phatic olefins. The reaction was sluggish when a catalytic amount
of iodine was used and thus a stoichiometric amount of iodine to
achieve high conversions. The scope and generality of this process
is illustrated with respect to various aldehydes and alkenes, and
the results are presented in Table 1.'*

In summary, molecular iodine has proved to be a useful and
novel reagent for the Prins reaction to produce 4-substituted
1,3-dioxanes in excellent yields and in short reaction times. The
experimental procedure is simple, convenient and the reaction
conditions are amenable to scale-up. This method provides an easy
access to a wide range of 1,3-dioxanes with diverse chemical
structures.
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General procedure: A mixture of olefin (1 mmol), aldehyde (2 mmol) and iodine
(1 mmol) in dichloromethane (5 mL) was stirred at 23 °C for the specified
amount of time (Table 1). After completion of the reaction as indicated by TLC,
the reaction mixture was quenched with water and extracted with ether
(2 x 10 mL). The combined organic layers were washed with aqueous sodium
thiosulfate, brine and dried over anhydrous Na,SO4. Removal of the solvent
followed by purification on silica gel (Merck, 100-200 mesh, ethyl acetate-
hexane, 0.5-9.5) gave the pure 4-iodotetrahydropyran. The products thus
obtained were characterized by IR, NMR and mass spectroscopy. The spectral
data were found to be consistent with authentic samples.®'® Compound 3d:
4a,5,6,10b-tetrahydro-4H-naphtho[1,2-d][1,3]dioxane: Liquid, IR (KBr): v
3434, 3320, 2926, 2860, 1645, 1543, 1446, 1375, 1078, 971, 759, 701 cm™".
TH NMR (300 MHz, CDCl3): § 1.66-1.78 (m, 2 H), 2.43 (m, 1H), 2.94 (ddd, 1H,
J=3.0, 6.0, 16.6 Hz), 3.90-4.04 (m, 2H), 4.61 (d, 1H, J=3.0 Hz), 4.86 (d, 1H,
J=6.0Hz), 499 (d, 1H, J=6.0Hz), 7.06-7.26 (m, 5H). >*C NMR (75 MHz,
CDCls): o 28.1, 35.1, 40.9, 77.2, 80.7, 99.7, 132.2, 134.4, 134.9, 136.5, 140.7,
143.4. LCMS: m/z (%): (M*+Na) 213. HRMS calcd for C;,H;40,Na: 213.0891.
Found: 213.0897. Compound 3g: 4,5-diphenyl-1,3-dioxane: Solid, mp 70-
72 °C. IR (KBr): v 3434, 3320, 2926, 2860, 1645, 1543, 1446, 1375, 1078, 971,
759, 701 cm~'. "TH NMR (300 MHz, CDCl5): 6 3.11 (dt, 1H, J = 4.5, 11.3 Hz), 3.90
(t,1H,J=11.3 Hz),4.18 (dd, 1H,J = 4.5, 11.3 Hz), 4.64 (d, 1H,J = 9.8 Hz), 4.95 (d,
1H, J = 6.0 Hz), 5.26 (d, 1H, J = 6.0 Hz), 6.92-6.98 (m, 2H), 7.02-7.08 (m, 2H),
7.10-7.21 (m, 6H). '3C NMR (75 MHz, CDCl5): 5 49.1, 71.8, 84.1, 94.0, 126.9,
127.1, 127.7, 127.9, 128.3, 128.4, 137.1, 139.0. LCMS: m/z (%): (M*+Na) 263.
HRMS calcd for C;gH;60-Na: 263.1047. Found: 263.1054. Compound 3i: 'H
NMR (500 MHz, CDCl3): § 7.37(m, 2H, Ar), 7.34 (m, 2H, Ar), 7.27 (tt, J=1.9,
6.3 Hz, 1H, para), 4.91 (q, J = 5.2 Hz, 1H, H5), 4.65 (dd, ] = 2.6, 11.2 Hz, 1H, H4),
3.89 (ddq,J=2.6, 12.6, 6.3 Hz, 1H, H2), 1.75 (dt, J = 13.3, 2.6 Hz, 1H, H3e), 1.57
(qJ ~ 12.4 Hz, 1H, H3a), 1.43 (d, J = 5.2 Hz, 1H, Me-6), 1.27 (d, J = 6.3 Hz, 1H,
Me-1). Compound 3k: 4-(4-chlorophenyl)-2,6-dimethyl-1,3-dioxane: Solid,
mp 77-79 °C. IR (KBr): v 3434, 3320, 2926, 2860, 1645, 1543, 1446, 1375,
1078, 971, 759, 701 cm™'. '"H NMR (300 MHz, CDCls): § 1.24 (d, 3H, J = 6.0 Hz),
1.38 (d, 3H, J=5.2 Hz), 1.43-1.48 (m, 1H), 1.69 (td, 1H, J= 2.2, 13.6 Hz), 3.82
(m, 1H), 4.57 (dd, 1H, J=3.0, 11.3 Hz), 4.83 (q, 1H, J=5.3 Hz), 7.22-7.32 (m,
4H). 3C NMR (75 MHz, CDCl5): 6 21.1, 21.4, 40.3, 72.3, 77.5, 98.7, 127.1, 128 4,
133.2, 140.2. LCMS: m/z (%): (M"+Na) 249. HRMS calcd for Cy,H;5ClO;Na:
249.0658. Found: 249.0653. Compound 3e0: 2,4-dicyclohexyl-6-phenyl-1,3-
dioxane: Solid, mp 94-96 °C. IR (KBr): v 3434, 3320, 2926, 2860, 1645, 1543,
1446, 1375, 1078, 971, 759, 701 cm~'. "H NMR (300 MHz, CDCl5): & 0.82-2.02
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(m, 24H), 3.36 (m, 1H), 4.35 (d, 1H, J = 5.3 Hz), 4.53 (dd, 1H, J=3.0, 11.3 Hz), J=7.1,1.9 Hz, 1H, para), 4.82 (d, ] = 2.3 Hz, 1H, H5), 4.69 (t, ] = 5.0 Hz, 1H, H7),
7.15-7.24 (m, 5H). '3C NMR (75 MHz, CDCl,): § 25.8, 26.6, 27.5, 27.8, 28.2, 28.8, 3.73 (ddd, J = 8.0, 6.0, 2.3 Hz, 1H, H3), 1.77 (m, 2H, H8), 1.75 (m, 1H, H4), 1.67
36.7, 42.5, 42.7, 78.1, 80.7, 104.8, 125.7, 127.3, 128.3, 142.6. LCMS: m/z (%): (ddq,J = 14.0, 8.0, 7.5 Hz, 1H, H2), 1.46 (ddq, J = 14.0, 6.0, 7.5 Hz, 1H, H2'), 1.02
(M*+Na) 351. HRMS calcd for C,,H3;0,Na: 351.2299. Found: 351.2293. (t, J=7.5Hz, 1H, Me-9), 0.96 (t, J = 7.5 Hz, 1H, Me-1), 0.64 (d, = 6.9 Hz, 1H,
Compound 3n: 'H NMR (500 MHz, CDCl;): § 7.37-7.22 (m, 4H, Ar), 7.22 (tt, Me-6).
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