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Dehydration of primary alcohols under extraordinarily mild conditions
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Dess–Martin periodinane oxidizes very rapidly 2-pyridylseleno derivatives RR CHCH2SePy in CHCl3 or
CH2Cl2 and more chemoselectively than mCPBA. Tetravalent selenanes, RR0CHCH2Se(OAc)2Py, seem to
be formed. Treatment of these intermediates with aqueous NaHCO3 gives rise to irreversible hydrolysis
and elimination to terminal alkenes. As the OH/SePy exchange can be performed in minutes, the overall
process is an exceptionally efficient procedure for the dehydration of primary alcohols.

� 2010 Elsevier Ltd. All rights reserved.
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In connection with a total synthesis of amphidinolide K,1 the
oxidation of the OH group of fragment C11–C22 (1a, Scheme 1)
was required. Under standard Swern conditions2 2a was obtained.
However, to our initial surprise, the treatment of 1a with Dess–
Martin periodinane (DMP)3 gave almost quantitatively a Se deriv-
ative (1b, the characterization of which will be explained below),
which was not identical to the selenoxide (1c) we obtained as a
major compound, among by-products, from 1a and 3-chloroper-
oxybenzoic acid (mCPBA). A second equivalent of DMP was neces-
sary to form the aldehyde at C11 (conversion of 1b to 2b); 2a and
DMP also gave 2b, which could not be isolated but it gave an elim-
ination product (2d) during the workup.

The equimolar reaction of the 2-pyridylseleno group (2-pyrid-
ylselenenyl, SePy) with DMP can be viewed as a simple redox pro-
cess (IV + SeII?IIII + SeIV). However, a search of the literature
indicated that there is no precedent for the use of hypervalent io-
dine reagents for the oxidation of RSeAr or RSeHet.4 There are, of
course, many important studies on the preparation of SeAr deriva-
tives,5 their oxidation with peroxyacids or peroxides, and their syn-
eliminations.6

From the TBS-monoprotected derivative of hexane-1,6-diol (3)
and PySeSePy in toluene or CH2Cl2, we prepared quickly and quan-
titatively, at rt, 2-pyridylselenide 3a by the addition of a solution of
PMe3 in toluene.7 When the reaction of 3a with DMP (Scheme 2)
was monitored by 1H NMR spectroscopy in CDCl3, upfield and
downfield shifts were noted for the acetoxy groups but neither
Ac2O nor AcOH was formed, as confirmed by the addition of small
amounts into independent NMR tubes. The triplet of the CH2 group
ll rights reserved.
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close to the Se atom and the proton signals of the pyridine ring
underwent downfield shifts, with broadening of some peaks. We
supposed that an unstable species such as selenane 3b had been
formed.8 Attempts to purify or isolate it from the reaction mixture
accelerated its decomposition.

On the other hand, from 3a and mCPBA, 3c was obtained as the
major compound, most NMR signals of which could be easily as-
signed from the final reaction mixture.9 Intermediate 3c gave 3d
on treatment with aq NaHCO3. All these facts, which we hypothe-
sized to occur as shown in Scheme 2, ran in parallel to those men-
tioned for 1a.
TBDPS
2d

Scheme 1. Oxidations of 1a.
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Scheme 2. Conversion, at rt, of 3a–d. Relevant 1H, 13C and 77Se NMR chemical shifts in CDCl3 of model compounds.
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To confirm or discard the initial formation of selenanes, we pre-
pared PySeMe, which could simplify the NMR analysis of the reac-
tion mixtures. Furthermore, its PySe(OAc)2Me and PySe(O)Me
derivatives were expected to be more stable (at least, a b-elimina-
tion is not possible). The 77Se NMR peak of PySeMe (254 ppm
downfield to Me2Se)10 was shifted to 675 ppm when DMP was
added, whereas it was shifted to 834 ppm with mCPBA (Scheme
2, bottom). The corresponding 1H/13C/gCOSY/HSQC/HMBC NMR
spectra were also different (see also Scheme 2). Everything pointed
out that, in the reactions of SePy derivatives with DMP, k4 selen-
anes were the first noticeable intermediates.11 Therefore, in
Scheme 1, we believe that X means two magnetically equivalent
AcO groups.

The trend of Se(IV) to be linked by single bonds to its ligands
(rather than by double bonds) is paradigmatic and understandable
for all elements down within each group of the periodic table.
There seems that the two-electron transfer between I(V) and Se(II)
eventually gives rise to the transfer of two AcO groups.

In this context, we carried out additional experiments to exam-
ine whether (1) the oxidation of SePy by DMP was more rapid or
not than that of alcohols, (2) oxidizing agents other than peroxides
and DMP could carry out the same transformation, (3) the SePy
group is more suitable than SeAr groups, and (4) DMP has advan-
tages or not in relation to peroxides.

With regard to question 1, we treated an equimolar mixture of
alcohol 3 and its SePy derivative 3a with 0.8 equiv of DMP. Only 3a
reacted to give 3b, while the alcohol was recovered unchanged (see
also the conversion of 1a to 1b).

Regarding question 2, standard oxidizing reagents such as 2,3-
dichloro-5,6-dicyanobenzoquinone (DDQ) and ammonium ceriu-
m(IV) nitrate (CAN), in moist or anhydrous CH2Cl2 or CH3CN, did
not affect the SePy group. IBX, a DMP precursor, did not react at
all in CH2Cl2 (where it is insoluble) or in CH3CN; even by heating
3a and IBX (2.0 equiv) in Me2SO-d6 for 5 h at 50 �C, the conversion
was very low (only a trace of 3d was detected by TLC).12 The Swern
reagent (Me2SO, ClCOCOCl), under standard conditions,2 did not re-
act with 3a either.

Concerning question 3, in competition experiments between
PhCH2CH2CH2SePy (see 4a, in Table 1) and its SePh analogue
(PhCH2CH2CH2SePh) with a defect of DMP, only 4a was oxidized.
Its o-nitro derivative, PhCH2CH2CH2SeC6H4(o-NO2), 5 hardly re-
acted.13 Thus, DMP reacts very selectively with SePy.

As far as question 4 is concerned, the reaction of SePy groups
with H2O2 is not recommendable in general, since secondary reac-
tions may occur.14 Moreover, the reaction of 4a with commercial
mCPBA was slower than with DMP, under identical conditions.
However, when mCPBA was previously purified (removing 3-chlo-
robenzoic acid), the reaction was completed as quickly as with
DMP (ca. 30 min in CDCl3). Thus, both the reagents are similarly
useful for the oxidation of SePy. Nevertheless, a key point was to
examine whether these oxidants are compatible or not with other
sensitive groups, especially with double bonds prone to epoxida-
tion.15 When we treated a mixture of 0.10 mmol of 4a and
0.10 mmol of cyclohexene with 0.10 mmol of pure mCPBA in a
NMR tube in CDCl3, at rt for a few minutes, 40% of 4a was oxidized
to 4b while 50% of cyclohexene was converted to its epoxide.16

Therefore, mCPBA does not distinguish between a cis-disubstituted
double bond and the SePy group. In the cases of 1a and 5a we
noted partial epoxidations of the double bonds with mCPBA. In
sharp contrast, DMP reacts very selectively with the SePy group.

Not all the solvents were appropriate. At 0.1–0.2 M concentra-
tions, with 3a and 1.2 equiv of DMP, the reaction was completed
in CHCl3 in around 30 min and in CH2Cl2 within 50 min; in 9:1
CH2Cl2–toluene the reaction was slower, but still efficient. On the
other hand, the oxidation process did not progress in THF, in
CH3CN, or in 1:1 CH2Cl2–pyridine, as if coordinating solvents inter-
acted with the iodine atom of DMP, disturbing the approach of the
SePy group.

Treatment of 3b with aqueous NaHCO3 or Na2CO3, or with
methanolic NEt3, at rt, quickly gave the elimination product (3d).
Most likely, 3b is hydrolyzed to 3c, which undergoes the known
spontaneous syn-elimination to give 3d, as indicated in Scheme 2.

With the optimum conditions in hand, we investigated sub-
strates 4a–8a. Table 1 shows the results for SePy derivatives arising
from primary alcohols, prepared by means of a simple reaction
with PySeSePy and PMe3 (which gives O@PMe3 and PySeH as co-
products). In practice, 1.10 equiv of DMP was enough for a full con-
version, but 1.20 equiv was added if the commercial sample had a
purity <97% when checked by 1H NMR. Without isolation, they
were shaken with a slightly alkaline aqueous solution, as men-
tioned above. The organic layer contained only the alkene or unsat-
urated compound.

This very mild procedure can be applied to molecules contain-
ing C–C double bonds (entries 2 and 5), without precautions. As ex-
pected, the procedure was compatible with common protecting
groups (see entries 3 and 5, as well as 1b). Double bond isomeriza-
tion was not observed in the case of entries 4 and 5.

In summary, after the conversion of primary alcohols to SePy
derivatives with PySeSePy/PMe3 in 90–98% yields, oxidation with
DMP affords k4 selenanes. With a basic workup, they are hydro-
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a Alcohols 4–8 (1.0 mmol) in toluene or CH2Cl2 (ca. 5 mL), a commercially available toluene solution of Me3P (1.0 M, 1.2 mL), and a solution of PySeSePy in toluene or CH2Cl2

(1.1 mmol in 2.0 mL) were mixed at 0 �C or at rt. Stirring the mixture under Ar for 10 min, washing with water, and filtering through a small pad of silica gel, gave 4a–8a.
b DMP (1.1–1.2 equiv) was added to the SePy derivative (0.20 mmol of 4a–8a) in CH2Cl2 (1–2 mL). After stirring for 30–60 min at rt (or 1–2 h if the reaction was carried out in
9:1 CH2Cl2–toluene), TLC indicated that the substrate had been consumed. A vigorous stirring of the final solutions with aq NaHCO3 for 10–60 min or shaking them strongly
for a few minutes with aq Na2CO3 left pure organic solutions of 4d–8d.

c Conversion percentage as observed by 1H NMR (the product is too volatile to be isolated operating at 0.1–1.0 mmol scales).
d 2.0 equiv of DMP was used (step B) in this case.
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lyzed and converted spontaneously in situ to olefins in 90–99%
yields. The full process can be carried out at rt within 1 h (for the
most simple cases) or 2 h. DMP can be considered an alternative
to mCPBA (and to peroxides in general) that can be used in the
presence of double bonds prone to epoxidation. Thus, a new appli-
cation of DMP (not shared by DDQ, CAN or IBX) has been disclosed:
it oxidizes SePy groups in the presence of alcohols and double
bonds.

The overall process seems an academic exercise on red-ox reac-
tions involving trivalent and pentavalent P, divalent and tetrava-
lent Se, and pentavalent and trivalent iodine (three elements in a
diagonal that is parallel to that of the borderline metals or semi-
metallic elements). In practice, we have discovered by accident
the mildest procedure for the dehydration of primary alcohols re-
ported to date, to the best of our knowledge.
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