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Abstract: The 1,3-dithiane group was oxidatively deprotected
under the conditions of sodium chlorite, sodium dihydrogenphos-
phate, and 2-methyl-2-butene in 3:1 methanol–water at room tem-
perature in good yield.
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1,3-Dithiane derivatives are versatile intermediates in or-
ganic synthesis. Since the introduction by Corey and See-
bach in 1965,1 the 2-metallo-1,3-dithiane derivatives have
been used as excellent acyl anion equivalents for carbon-
carbon bond formation.2,3 Moreover, the 1,3-dithiane
group is widely used as an important carbonyl protecting
group because of its stability in both acidic and basic con-
ditions.4 However, it is necessary to use special conditions
for deprotection of the 1,3-dithiane group to generate the
parent carbonyl group.4,5 Therefore, the development of
new deprotection methods is still of continuous concern
by synthetic organic chemists.6 During the course of our
synthetic studies on biscembranoid marine natural prod-
ucts, we found that dithiane aldehyde 17 was converted to
keto carboxylic acid 2 under normal oxidation conditions,
i.e., NaClO2, NaH2PO4, and 2-methyl-2-butene in 3:1 t-
BuOH–H2O at room temperature (Scheme 1).8 We con-
sidered that this oxidation method would be a new, facile,
and mild alternative for the deprotection of the 1,3-
dithiane group. We describe in this letter the results of this
research.

Scheme 1

We selected silyl ether 3a, prepared from 1,3-propanediol
via alcohol 3b as shown in Scheme 2, as the model com-
pound. First, solvent (0.2 M for 3a) optimization was in-
vestigated (Table 1) using 6 molar amounts of NaClO2,

9 2
molar amounts of NaH2PO4,

10 and 10 molar amounts of 2-
methyl-2-butene at room temperature for the indicated re-
action time. As shown in Table 1, alcoholic solvents were
suitable for this reaction (entries 7–10); among them, 3:1
MeOH–H2O was the best choice (entry 10, 84% yield of
4a).

Scheme 2 Preparation of 1,3-dithiane derivatives 3a–e

Next, the substrate concentration was examined in 3:1
MeOH–H2O. Data in Table 2 show that the lower the con-
centration for 3a, the better the isolated yield of 4a. From
a synthetic point of view, the 0.1 M substrate
concentration is suitable; therefore, the following experi-
ments were conducted in the 0.1 M concentration.

Under these optimized conditions, several 1,3-dithiane
derivatives, 3b–e (Scheme 2) and 3f–r (Figure 1; the
preparation of 3f–r is shown in Scheme 3),11 were sub-
jected to the deprotection reactions. These results are
compiled in Table 3.

The 2,2-dialkyl-1,3-dithiane derivatives, 3b–h, afforded
the corresponding parent carbonyl compounds, 4b–h, in
good yields (entries 1–7). No a-epimerization occurred in
the case of 3f (entry 5). 2,2-Diphenyl-1,3-dithiane (3i) and
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the 2-aryl-2-pentyl-1,3-dithiane derivatives, 3j–m, also
gave the corresponding parent carbonyl compounds, 4i–
m, in good yields. The electronic nature of the substituent
on the phenyl ring had only a small influence on the yields
of 4i–m (entries 8–12). In contrast, in the case of the ester-
substituted 1,3-dithiane derivative 3n, ketone 4n was iso-
lated in less than 10% yield (entry 13). Only a complex
mixture was obtained when the aliphatic aldehyde- and
benzaldehyde-derived 1,3-dithiane derivatives, 3o and
3p, were subjected to our conditions (entries 14 and 15).
Interestingly and expected, the aromatic aldehyde-derived
1,3-dithiane derivatives having the methoxy substituent,
3q and 3r, gave a mixture of the carboxylic acids and their
methyl esters in good yields (entries 16 and 17).

A possible rationale for the substituent dependence on the
success of the reaction is as follows (Scheme 4). When the
first mono-oxidized intermediate I is opened to give the
intermediate II (path a),12 deprotection smoothly proceeds
to afford the parent carbonyl compound. However, when
the intermediate I is further oxidized to give the interme-
diate III (path b), deprotection does not proceed under the
given reaction conditions.2b The critical point is the elec-
tronic nature of the substituents at the C2 position of the
1,3-dithiane derivatives. Ketone-derived 1,3-dithiane de-
rivatives prefer the path a route because the two substitu-
ents can stabilize the intermediate II. The electron-
withdrawing ester substituent (3n) would prevent the path
a route and only one alkyl or phenyl substituent (3o or 3p)
would be insufficient for the path a route.

It is noteworthy that the methyl esters were obtained in the
case of 3q and 3r (Table 3, entries 16 and 17). With 3q,
an interesting disulfide 6 (Scheme 5) was also isolated in
12% yield. The structure of 6 was confirmed by 1H NMR,
13C NMR, and MS spectra. In addition, the following re-
sults also support the structure; reduction of 6 with Bu3P
gave thiol 8 (6:1 CH2Cl2–H2O, r.t., 0.5 h, quantitative
yield, Scheme 6) and thiol 8 was oxidized to 6 by treat-
ment with I2 (MeOH, Et3N, r.t., 10 min, 77%). We consid-
ered that this S-alkyl thioate 6 would be the precursor of
methyl ester 5. To rationalize this assumption, we con-
ducted an experiment using a 1 molar amount of 3q and 2
molar amounts of NaClO2, giving a 57:12:19:12 mixture

Table 1 Solvent Optimization for Deprotection of 3a

Entry Solvent Time (h) Yield (%) of 4aa

1 3:1 EtOAc–H2O 2 29

2 3:1 THF–H2O 2 30

3 3:1 CH2Cl2–H2O 2.5 31

4 3:1 Acetone–H2O 2.5 39

5 3:1 DMF–H2O 2 42

6 3:1 MeCN–H2O 3 55

7 3:1 t-BuOH–H2O 1 54

8 3:1 i-PrOH–H2O 2 67

9 3:1 EtOH–H2O 4 77

10 3:1 MeOH–H2O 2 84

a Isolated yield after silica-gel column chromatography.
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of 3q, 4q, 6, and 7 (Scheme 5).13 A possible mechanism
for the formation of 6 is depicted in Scheme 6. The highly
reactive sulfenic acid II14 is attacked by 3q to give the di-
sulfide intermediate IV that is oxidized with NaClO2,
affording S-alkyl thioate 6 via the intermediate V. The
isolated 6 was subjected to the deprotection conditions,
quantitatively giving a 76:24 mixture of carboxylic acid

Scheme 3 Preparation of 1,3-dithiane derivatives 3f–r

TBDPSO
Me2

3h

3f

SS
3n

SS

Me

TBDMSO

O

OPMB

3g

3l
Me

4 3k

HO

CHO

3m
O2N

Me
4 3j

3i

O

O

CHO

R1

R2

3p: R1 = R2 = H (84%)
3q: R1 = OMe, R2 = H (91%)
3r: R1 = R2 = OMe (99%)

3o

n-BuLi, THF, r.t., 5 min,

then           in THF, r.t., 3 h, 76%

1) PMBCl, NaH, DMF, 0 °C, 2 h
2) SeO2, TBHP, salicylic acid, CH2Cl2, r.t., 48 h
3) PDC, MS4AP, CH2Cl2, r.t., 1 h

4) 1,3-propanedithiol, BF3·OEt2, CH2Cl2, 0 °C, 1.5 h
5) n-BuLi, THF, –30 °C, 5 min, then MeI,
    –30 to 0 °C, 1.5 h, 12% (5 steps)

geraniol

1,3-propanedithiol, 

LiClO4, ether, r.t., 48 h
98%

1,3-propanedithiol, BF3·OEt3,

CH2Cl2, 0 °C to r.t., 24 h, 43%
benzophenone

1,3-propanedithiol, BF3·OEt3,

CH2Cl2, 0 °C to r.t., 21 h, 67%

1,3-propanedithiol, 
BF3·OEt3,

CH2Cl2, 0 °C to r.t., 
19 h, 99%

CH2N2, 
MeOH, 

r.t., 36 h
67%

1) Me(CH2)4MgBr in ether,
ZnCl2 in ether, THF, –30 °C, 1 h
2) PDC, MS4AP, CH2Cl2, r.t., 14 h

3) 1,3-propanedithiol, BF3·OEt3, 
CH2Cl2, 0 °C to r.t., 19 h, 46% (3 steps)

CO2Et

n-BuLi, HMPA, THF, –78 °C, 0.5 h

then hexyl iodide, –78 °C to r.t., 2 h, 78%

1,5-pentanediol

1) TBDPSCl, imidazole, DMF, r.t., 1 h
2) PDC, MS4AP,CH2Cl2, r.t., 12 h

3) 1,3-propanedithiol, BF3·OEt3, 
CH2Cl2, 0 °C to r.t., 3 h, 40% (3 steps)

1,3-propanedithiol, 
BF3·OEt3, CH2Cl2, 

0 °C to r.t., 12 h

O

Table 3 Deprotection of Several 1,3-Dithiane Derivatives 3b–r

Entry Substrate Time (h) Yield (%) of 4a

1 3b 2 61

2 3c 2 80

3 3d 2 85

4 3e 2 88

5 3f 1 87

6 3g 3.5 85b

7 3h 2 75

8 3i 2 96

9 3j 3 94

10 3k 3 93

11 3l 4.5 97

12 3m 4 89

13 3n 3 <10

14 3o 4 –c

15 3p 2 –c

16 3q 2 83d

17 3r 2 94e

a Isolated yield after silica gel column chromatography.
b The reaction temperature was 0 °C.
c Complex mixture was obtained.
d Carboxylic acid (68%) and its methyl ester (15%) were obtained.
e Carboxylic acid (68%) and its methyl ester (26%) were obtained.
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4q and methyl ester 5. The probable intermediate in this
case must be the acyl sulfoxide VI. Moreover, p-methoxy-
benzaldehyde (7) itself afforded carboxylic acid 4q as the
only oxidation product under the deprotection conditions,
while 4q itself did not afford methyl ester 5 under the
deprotection conditions without NaClO2. These facts
indicate that S-alkyl thioate 6 must be the precursor of not
only carboxylic acid 4q but also methyl ester 5 in our
deprotection reaction.

In summary, we developed new, facile, and mild depro-
tection conditions for 1,3-dithiane derivatives using 6 mo-
lar amounts of NaClO2, 2 molar amounts of NaH2PO4, and
10 molar amounts of 2-methyl-2-butene in 3:1 MeOH–
H2O at room temperature. These conditions are suitable
for the ketone-derived 1,3-dithiane derivatives and aro-
matic aldehyde-derived 1,3-dithiane derivatives. In the
latter case, the products are a mixture of carboxylic acids
and their methyl esters.15
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(2 H, t, J = 7.0 Hz). 13C NMR (75 MHz, CDCl3 = 77.16): 
d = –5.35, 14.04, 18.34, 22.59, 23.34, 25.98, 31.52, 43.99, 
45.70, 59.07, 210.42. HRMS (EI): m/z calcd for C10H21O2Si 
[M – t-Bu]+ 201.1311; found: 201.1318.
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