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Abstract: Various types of carbonyl compounds are efficiently
converted to their 1,3-dioxanes by the use of 1,3-bis(trimethylsi-
loxy)propane (BTSP) and a catalytic amount of iodine (3—7 mol %)
under essentially neutral aprotic condition.
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The protection of carbonyl compounds or diols as acetals
isof paramount importancein organic synthesis, as shown
by a large number of methods that have been developed
for this key transformation.? Moreover, chiral acetals are
particularly important precursor for the preparation of
enantiomerically pure compounds.® An interesting chal-
lenging problem during many syntheses of reasonable
complexity is how to protect a carbonyl group in the pres-
ence of awide variety of sensitive functional groups. Un-
fortunately, despite the importance of this transformation
less attention has been paid to the development of mild
protocols for acetalization of carbonyl compounds con-
taining highly acid sensitive functional groups. Among
the plethora of procedures typically established for prep-
aration of acetals,* afew work under considerable mild re-
action conditions.* It has been shown earlier by Noyori et
al.® that dioxolanation of carbonyl compounds under
aprotic conditions are readily achieved by 1,2-bis(trime-
thylsiloxy)ethane in the presence of catalytic amounts
of super acid trimethylsilyl trifluoromethanesulfonate
(TMSOTT). Recently, a systematic study on this protocol

by Hwu et a.* has revealed that the acid-sensitive groups
such as THP-etherswererelatively resistant toward there-
action condition only at —78 °C accompanied by the con-
siderable formation of 1,2-
bis(tetrahydropyranl oxy)ethane.“c However this protocol
suffered from a drawback which may puts some restric-
tion on its scope. Deprotection of THP-ethers occurred
when the reaction mixture was warmed to room tempera-
ture. Moreover, TMSOTT is rather expensive and also
highly moisture sensitive reagent. Therefore, thereis still
much room for improvement, however, for this acetaliza-
tion reaction. In our development of new methods for
functional group transformation, we are especially inter-
ested in exploring the potential uses of various types of
neutral catalysts.®> During these studieswe have found that
NBS is a chemoselective catalyst for 1,3-dioxanation of
various types of carbonyl compounds in the presence of
some acid-sensitive substrates such as aliphatic THP- and
TBDMS-ethers.*d However, in continuation of this study
we discovered that the NBS protocol was unable to selec-
tively convert more labile acid-sensitive phenolic ethers
such as 1, 2 to the corresponding 1,3-dioxanes, because
the highly acid sensitive phenolic ethersinterfere with the
selective protection of carbonyl function (Scheme 1).

This observation encouraged us to find a milder catalytic
method that would allow survival of more acid-labile phe-
nolic THP- and TBDM S ethers. Very recently, we discov-
ered that iodine effectively catalyzes trimethylsilylation
of highly acid labile diarylalkyl carbinol using hexame-
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thyldisilazane (HMDS).® With this observation in mind,
we hypothesized that iodine might be a suitable and mild
substitute for TMSOTT in Noyori’s protocol. lodine is a
cheap and easy available reagent and its application does
not need special precautions. Along this line, herein, we
wish to describe our last finding on neutral and aprotic ac-
etalization of carbonyl compounds using iodine as cata
lyst. In thisregard, we have observed that 1,3-dioxanes of
simple adehydes as well as o,B-unsaturated aldehydes
could be prepared using 1,3-bistrimethylsiloxy propane
(BTSP) in the presence of catalytic amounts of |, (3
mol%) under neutral and aprotic conditions (Table 1, en-
tries 1-11). Different types of aliphatic and aromatic ke-
tones were also converted to their acetals in satisfactory
yields although after relatively prolonged reaction time
(Tablel, entries 12-18). Interestingly, under the de-
scribed reaction conditions even highly hindered ketones
smoothly furnished the corresponding acetals in good
yields (Table 1, entries 19,20). It isworth mentioning, be-
cause similar transformation using NBS protocol afforded

poor yields of the corresponding acetals.® 2-Furaldehyde
as amodel for highly sensitive pseudo enal substrate was
also converted to corresponding 1,3-dioxane in excellent
yield (Tablel, entry 21). Furthermore, the presented
method even tolerates arange of functional groups such as
phenolic esters, and highly acid sensitive THP and TB-
DMS ethers(Table 1, entries 22—-27). It isworth mention-
ing that in the case of substrates comprising double bonds,
no double bond migration was observed after careful in-
spection of 500 MHz NMR spectra(Table 1, entry 11,27).
Based on reactivity difference between a dehydes and ke-
tones, we have aso monitored chemoselective acetaliza-
tion of aldehydesin the presence of ketones. Interestingly,
benzaldehyde, 4-chlorobenzaldehyde, and valeraldehyde
were converted to their acetals in the presence of ace-
tophenone, 4-chloroacetophenone and benzylacetone, re-
spectively, with high degree of chemoselectivity
(Scheme 2).

Table Acetdization of Carbonyl Compounds under Neutral Aprotic Conditions using BT SP in the Presence of lodine

o)
)J\ Mso” N oTMs @Sequv) &

RY R? I (3-7 Mol%), CH,Cl, 1t, R1><R2
Entry R! R? Subst./BTSPII, Time (h) Yield (%)
1 Ph H 1:2:0.03 17 90
2 Ph H 1:1.5:0.03 11 Q5P
3 4-CICgH, H 1:2:0.03 20 97
4 4-BrCeH, H 1:2:0.03 23 89
5 4-MeCgH, H 1: 2:0.03 18 093
6 4-MeOCgH, H 1: 2:0.03 15.5 93
7 3-NO,CeH, H 1: 2:0.03 275 91
8 3-MeCH, H 1: 2:0.03 18 85
9 PhCH=CH H 1:2:0.03 19 95
10 Bu H 1: 2:0.03 18 91
11 Citra (cis+ trans) 1:2:0.03 22 89°
12 Ph CH, 1:2:0.04 66 94
13 4-NO,CeH, CH, 1:2:0.04 72 95
14 4-PhCH, CH, 1:2:0.04 71 75
15 4-MeOCH, CHs 1:2:0.04 9% 92
16 PhCH,CH, CHs 1:3:0.03 72 80
1:2:0.03 65 92

17 D o
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Table Acetalization of Carbonyl Compounds under Neutral Aprotic Conditions using BTSP in the Presence of |odine (continued)

o (\l
)J\ so” >""NoTMs (2-5equiv.)

o.__0O

RY R? I (3-7 Mol%), CH,Cl, 1t, RY R2

Entry R? R? Subst./BTSPII, Time (h) Yield (%)?

18 1:2:0.03 49 91
n—_ )=o

19 Ph Ph 1:5:0.07 168 83

20 (-)-camphor 1:5:0.07 168 70°

21 Furyl H 1:2:0.03 20 80

22 4-(PhCO,)CeH, H 1:2:0.03 185 96

23 2-(PhCO,)CeH, H 1:2:0.03 25 97

24 4-(THPO)CeH, H 1:3.5:0.03 59 75°

25 3-(THPO)C¢H, H 1:2:0.03 16 91

26 3-(TBDMSO)CeH, H 1:2:0.03 16 87

27 o 1:5:0.07 196 20 d
TBDMSO

2Yieldsrefer to isolated pure product unless otherwise stated.

b Bis(trimethylsiloxy)ethane (BT SE) was used.

¢Yields based on NMR of the crude products.

4 No deprotection of silyl group was observed and the residue of starting substrate was recovered intact.

The actual mechanism for thisiodine-catalyzed acetaliza-  fore, a plausible mechanism isthat |, catalyzes a set of si-
tion is unclear. However, as we have mentioned in our Iyl exchange reactions between BTSP and carbonyl
previous paper, iodine might act as a Lewis acid. There-  oxygen to produce the key intermediate 4. Irreversible cy-
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clization of this intermediate then lead to cyclic acetal,
hexamethyldisiloxane (HMDS) and concomitant release
of I, that reenter the catalytic cycle (Scheme 3). The for-
mation of stable HMDS could be considered as the driv-
ing force for the reactions. Nevertheless, the actual
mechanism of thistransformation should be studied in de-
tail.
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Scheme 3

In conclusion, we have developed a remarkably mild and
catalytic protocol for the acetalization of arelatively wide
range of carbonyl compounds. To the best of our knowl-
edge thisisthe first example of such atransformation un-
der neutral aprotic conditions. Further investigations on
the development of organic transformations under neutral
aprotic conditions using iodine and other neutral catalyst
are ongoing in our laboratories.

'H NMR and 3C NMR spectra were recorded on a Bruker 250 or
500 MHz spectrometer in CDCl; asthe solvent and TMSasinternal
standard at 25 °C. The majority of the products are known and all of
theisolated products gave satisfactory IR spectra.

lodine-Catalyzed Acetalization of Carbonyl Compounds; Gen-
eral Procedure

To asolution of carbonyl compound (2 mmol), BTSP (4-6 mmol)
in anhyd CH,CI, (20 mL) was added |, (0.06-0.14 mmol), and the
resulting solution was stirred at r.t. After completion of the reaction
(TLC or GC), acold 10% aq solution of NaOH (25 mL) was added
and the mixture was extracted with CH,Cl, (3 x 15 mL). The organ-
ic extractswere washed successively with Na,S,0; solution (5%, 15
mL), H,O (2 x 15 mL) and dried (N&,SO,). Evaporation of the sol-
vent under reduced pressure gave amost pure product(s). Further
purification was proceeded by vacuum distillation or recrystalliza-
tion in appropriate solvent to afford pure acetals (Table).

Some representative spectral dataare as follows:

2-(4-Chlorophenyl)-1,3-dioxane (Entry 3)

H NMR (250 MHz, CDCl,, TMS):3 = 7.40-7.49 (d, J= 8.0 Hz, 2
H), 7.30-7.34 (d, J= 8.0 Hz, 2 H), 5.44 (s, 1 H), 4.20-4.26 (dd,
J=50, 113 Hz, 2 H), 3.88-3.98 (pseudo-t, J=11.3 Hz, 2
H), 2.14-2.23 (tg, J = 5, 13.2 Hz, 1 H), 1.37-1.43 (quintet, J = 1.2,
13.2 Hz 1 H).

13C NMR (63 MHz, CDCl;, TMS): § = 137.70, 134.95, 128.81,
127.91, 101.19, 67.78, 26.00.

2-(3-Nitrophenyl)-1,3-dioxane (Entry 7)

!H NMR (250 MHz, CDCl;, TMS): 5 = 7.98-8.28 (d, J= 9.0Hz, 2
H), 7.62—7.73(d, J = 9.0 Hz, 2 H), 5.54 (s, 1 H), 4.24-4.51 (dd, J =
5, 13.8 Hz, 2 H), 3.94-4.05 (pseudo-t, J = 13.8 Hz, 2 H), 2.13-2.25
(tg, 3= 5 Hz, =133 Hz, 1 H), 1.43-1.50 (quintet, J= 1.1, 13.3
Hz, 1 H).

13C NMR (63 MHz, CDCl;, TMS): & = 154.5, 147.05, 132.33,
127.50, 102.52, 67.80, 34.5.

2-Methyl-2-phenyl-1,3-dioxane (Entry 12)

!H NMR (250 MHz, CDCl;, TMS): § = 7.16-7.37 (m, 5 H), 3.66—
3.78 (m, 4 H), 1.94-2.08 (tq, J=5.4, 129 Hz 1 H), 1.44 (s, 3
H), 1.11-1.19 (quintet, J = 1.2, 12.9 Hz, 1 H).

13C NMR (63 MHz, CDCl;, TMS): & = 141.63, 129.10, 128.99,
128.24, 100.92, 61.62, 32.84, 25.89.

2-Methyl-2-(2-phenylethyl)-1,3-dioxane (Entry 16)

H NMR (250 MHz, CDCl,, TMS): § = 6.91-7.38 (m, 5 H), 3.79—
3.89 (m, 4 H), 2.73-2.79 (m, 2 H), 1.98-2.05 (m, 2 H), 1.97-1.73
(m, 1H), 1.48-1.68 (m, 1 H), 1.44 (s, 3 H).

13C NMR (63 MHz, CDCl;, TMS): § =139.01, 129.63, 129.65,
126.02, 100.85, 58.09, 41.50, 34.13, 23.67 18.27

1,5-Dioxaspir o[5.11]heptadecane (Entry 17)
!H NMR (250 MHz, CDCl;, TMS): § = 3.57-3.79 (m, 4 H), 1.59—
1.66 (m, 6 H), 1.16-1.26 (br m, 18 H).

13C NMR (63 MHz, CDCl;, TMS): § = 100.77, 60.28, 60.03, 40.30
(two peaks), 36.50, 30.29 (7 peaks), 19.25 (two peaks).

9-Phenyl-1,5-dioxaspir o[5.5]undecane (Entry 18)

H NMR (500 MHz, CDCl,, TMS): & = 7.29-7.32 (m, 2 H), 7.24—
7.26 (M, 2 H), 7.18-7,22 (tt, J= 1.4, 7.2 Hz, 5 H), 3.97-4.00 (t,
J=5.7 Hz, 2 H), 3.93-3.95 (t, J=5.7 Hz, 2 H), 2.56-2.60 (tt,
J=4.4,117 Hz, 1 H), 2.40-2.45 (m, 2 H), 1.74-1.80 (m, 6 H),
1.47-1.54 (m, 2 H).

13C NMR (125 MHz, CDCl,, TMS): § = 154.93, 128.23, 126.57,
98.36, 55.01, 66.81, 33.73, 29.76, 28.36, 28.35.

2-(4-Benzoyloxyphenyl)-1,3-dioxane (Entry 22)

!H NMR (500 MHz, CDCl;, TMS): § =8.20-8.22 (dd, J=8.4, 1.4
Hz, 2 H), 7.61-7.65 (tt, J= 7.4, 1.4 Hz, 1 H), 7.56-7.59 (d, J = 8.4
Hz,2H),7.49-7.53(t,J= 7.4Hz,2H),7.23-7.26 (dd, J =84, 1.4
Hz,2H),5.54 (s, 1H), 4.27-4.30 (dd, J = 11.0, 3.6 Hz, 2 H), 3.98-
4.03 (pseudo-t, J = 11.0Hz, 2 H), 2.20-2.27 (t9, J = 5.0, 13.3Hz, 1
H), 1.44-1.48 (quintet, J = 1.3, 13.3 Hz, 1 H).

13C NMR (125 MHz, CDCl;, TMS): 5 = 165.08, 151.29, 136.58,
133.68, 130.25, 129.62, 128.65, 127.38, 121.55, 101.05, 67.45,
25.82.

2-[3-(Tetrahydropyran-2-yloxy)phenyl]-1,3-dioxane (Entry 24)
H NMR (500 MHz, CDCl;, TMS): 6 =7.15-7.17 (t, J= 7.9 Hz, 1
H), 7.01-7.04 (d, J= 7.9 Hz, 1 H), 6.88-6.89 (t, J = 2.2 Hz, 1 H),
6.69-6.71 (dd, J= 7.9, 2.2 Hz, 1 H), 5.38 (s, 1 H), 4.52-4.53 (m, 1
H), 4.15-4.18 (dd, J = 11.0, 5.0 Hz, 2 H), 4.00-4.03 (m, 2 H), 3.86—
3.91 (pseudo-t, J = 11.0 Hz, 2 H), 2.10-2.15 (tq, J = 5.0, 12.7 Hz, 1
H), 1.96-2.02 (m, 1 H), 1.81-1.85 (m, 1 H), 1.47-1.50 (m, 3 H),
1.34-1.37 (m, 1 H), 1.23-1.27 (m, 1 H).

13C NMR (125 MHz, CDCl,;, TMS): § = 156.58, 140.11, 129.28,
119.13, 117.50, 115.83, 102.29, 98.79, 67.27, 66.81, 30.68, 30.67,
25.44,19.51.

tert-Butyl-[3-(1,3-dioxane-2-yl)phenoxy]dimethylsilane (Entry
26)

H NMR (500 MHz, CDCl;, TMS): 6 =7.22-7.25(t,J=7.9Hz, 1
H), 7.02-7.11 (d, J = 7.9 Hz, 1 H), 7.01 (t, J = 2.0 Hz, 1 H), 6.82—
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6.84 (dd, J= 7.9, 2.0 Hz, 2 H), 546 (s, 1 H), 4.24-4.28 (dd,
J=110, 5.0 Hz, 2 H), 3.93-3.99 (pseudo-t, J=11.0 Hz, 2 H),
2.17-2.26 (tq, J = 5, 12.4 Hz), 1.39-1.44 (quint, J = 2.4, 12.4 Hz, 1
H), 1.02 (s, 9 H), 0.23 (s, 6 H).

13C NMR (125 MHz, CDCl,;, TMS): 5 = 155.62, 140.40, 129.21,
120.22, 119.02, 117.94, 101.38, 67.35, 25.82, 25.76, 18.20, 4.35.
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