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a b s t r a c t

A 1,4 O?O silyl migration followed by nucleophilic substitution with phthalimide was observed under
Mitsunobu reaction conditions. This one step secondary alcohol protection and primary alcohol substitu-
tion with N-nucleophiles was extended to a variety of 2-hydroxyethyl trialkylsilylether derivatives. A
possible mechanism has been postulated based on the pKa values of the alcohol and nucleophile. The
present one-pot silyl migration and substitution reaction might find application in the stereoselective
synthesis of novel iminosugar derived anti diabetic agents.

� 2011 Elsevier Ltd. All rights reserved.
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Scheme 1. Preparation of key intermediates 4a or 4b.
Mitsunobu reaction has been widely used in organic synthesis
for the stereochemical inversion of a hydroxyl carbon with several
nucleophiles.1 A number of protective groups are found to be stable
under this reaction conditions. Eventhough several reports were
published for the hydroxyl group inversion with different carbox-
ylic acids,2 comparatively, fewer methods were discussed with
nitrogen based nucleophiles.1d Trialkylsilyl group (R3Si-) serves as
an excellent protective group for alcohol function in total synthesis
of natural products.3 It is well documented that silyl protective
groups are stable under a variety of reaction conditions.4 However,
a few unexpected deprotection of trialkylsilyl groups were ob-
served in rare cases.5 It has been shown that these silyl protective
groups migrate to different nucleophilic centers in a molecule un-
der anionic conditions.6 These migrations are assumed to involve
nucleophilic attack at Si generating a pentaco-ordinate Si interme-
diate or transition state.7 Migrations involving 1,2-diol-1-trialkylsi-
lyl ether?1,2-diol-2-trialkylsilyl ether (1,4 O?O migration) are
very common under strong basic conditions8 with retention of con-
figuration at both the alcoholic carbon centers. However, in this
Letter we report an unexpected 1,4 O?O silyl migration, for the first
time under Mitsunobu reaction conditions.

In our investigations for the synthesis of phytosphingosines9

from commercially inexpensive carbohydrate raw materials, we
planned to synthesize D-ribo-phytosphingosine10 from D-fructose
1. Towards this, 1 was converted to the known 1,2:3,4-di-O-isopro-
pylidene-D-psicofuranose 2 in an overall yield of 39% after four
steps.11 Substitution of the resulting primary hydroxyl group in 2
ll rights reserved.
with iodine using I2/Ph3P/imidazole under reflux in toluene pro-
vided 6-deoxy-6-iodo-1,2:3,4-di-O-isopropylidene-D-psicofura-
nose 3 in 95% yield. Zinc mediated fragmentation of 3 gave a-
hydroxy ketone in which the hydroxyl function was protected with
TBS (tert-butyldimethylsilyl) or TBDPS (tert-butyldiphenylsilyl)
without isolation to produce compound 4a or 4b, respectively, in
good yield (85% after two steps) (Scheme 1).

Reduction of ketone 4a with NaBH4 at �78 �C in ethanol12 pro-
vided 2,3-syn alcohol 5a13 and 2,3-anti alcohol 6a14 in a ratio of
1:24, respectively. When LAH was used as a reducing agent the ra-
tio of 5a and 6a was found to be 1:1. Interestingly, when LiAlH(O-t-

Bu)3
12 was employed for the reduction the ratio of 5a and 6a was

7:3, respectively, with 78% combined yield. Both the diastereomers
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Scheme 3. Mitsunobu reaction on alcohol 5a.

Figure 1. ORTEP diagram of compound 8.17
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can be isolated in pure form by conventional silica–gel column
chromatography. No major difference in diastereomeric ratio was
observed when the reduction was performed on TBDPS protected
ketone 4b to produce the corresponding 2,3-syn alcohol 5b and
2,3-anti alcohol15 6b (Scheme 2).

Having good amount of alcohol 5a in hand we planned to intro-
duce a protected amino group at C-2 position with inversion of
configuration, to resemble the stereochemisry present in D-ribo-
phytosphingosine, using Mitsunobu reaction. For the convenience
we chose to use phthalimide as nucleophile. Accordingly, treat-
ment of alcohol 5a with Ph3P/DIAD/phthalimide in dry THF at
0 �C followed by allowing it to 25 �C, surprisingly, we obtained ole-
fin 8 as the sole product, instead of expected Mitsunobu substi-
tuted product 7. The formation of compound 8 can be envisaged
through a 1,4 O?O silyl migration followed by substitution at C-
1 with phthalimide. (Scheme 3).

The structure of compound 8 was confirmed by an upfield shift
of C-1 carbon and a down field shift of C-2 carbon in 13C NMR spec-
tra. It was also observed that the migration was occurred with
retention of configuration at C-2 position. The structure of com-
pound 8 was also confirmed by single crystal X-ray diffraction
(Fig. 1).16

The probable reason for the formation of 8 could be explained
based on the initial formation of ionpair (9 and 10) due to the low-
er pKa value of the alcohol 5 compared to the nucleophile, phthal-
imide. As illustrated in the proposed mechanism (Scheme 4)
oxyanion 10 could form the oxyphosphonium ion 1118 that could
undergo an SN2 substitution at C-2 to give the expected Mitsunobu
product 7. On the otherhand 10 may undergo a 1,4 O?O silyl
migration giving oxyanion 1219 which will produce oxyphosphoni-
um ion 13 followed by nucleophilic substitution at C-1 to produce
the observed product 8. As can be seen in the mechanism, the ap-
proach of the oxyanion 10 towards the phosphonium ion 9 to form
the oxyphosphonium ion 11 is inhibited by more steric hindrance
owing to the adjacent acetonide. Due to this reason, the facile for-
mation of oxyphosphonium ion 13 leads to the formation of prod-
uct 8.

A similar kind of reaction was observed even with alcohol 6a
producing compound 14 and in both cases no trace amount of
the expected Mitsunobu product was observed (Table 1, entry 1).
We further investigated the migratory aptitude of more stable
and bulky O-protective group TBDPS. Towards this, reaction of 5b
and 6b with phthalimide under Mitsunobu reaction conditions
again produced 15 and 16, respectively, similar to what we ob-
served for TBS derivatives (Table 1, entries 2 and 3). Similarly, reac-
tion of sugar derived alcohol 1720 with phthalimide under
Mitsunobu reaction conditions produced compound 18 as a single
product (entry 4).

However, Mitsunobu reaction on simple TBS protected hydrox-
yacetonide 1921 gave a mixture of products 20 and 21 in a ratio of
4:6 which are derived from a 1,4 O?O silyl migration with reten-
R = TBS (5a, 6a) 
R = TBDPS (5b, 6b) 

If (i) = NaBH4, -78 oC, EtOH, yield 85%. 5a:6a (1:24), 5b:6b (0:100) 
    (i) = LiAlH4, -78 oC, THF, yield 75%. 5a:6a (1:1) 
     (i) = LiAlH(O-tBu)3, -78 oC, EtOH, yield 78%. 5a or 5b: 6a or 6b (7:3)
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Scheme 2. Reduction of ketones 4a and 4b.
tion of configuration and usual Mitsunobu inversion product,
respectively (entry 5). The formation of 21 may be due to the pres-
ence of less hindered terminal acetonide in 19. Finally, 1-(tert-
butyldimethylsilyloxy)propan-2-ol 22,22 in which no steric hin-
drance is present adjacent to the secondary alcohol, upon reaction
with Ph3P/DIAD/phthalimide in dry THF at 0–25 �C produced a
completely substituted product 23 without any migration of TBS
(entry 6).

In conclusion, an interesting one-pot 1,4 O?O silyl migration
followed by nucleophilic substitution with phthalimide was dis-
cussed. The probability of the reaction has been evaluated by
applying the methodology to a number of substituted 2-hydroxy-
ethyl trialkylsilyl ethers. A tentative mechanism is proposed. The
application of this methodology towards the synthesis of 6-mem-
bered iminosugars23 as anti diabetic agents is under progress.
The present observation needs to be taken into account during
the planning of any synthesis involving Mitsunobu reaction24 at a



Table 1
Mitsunobu reaction products of differentially protected 2-hydroxyethyl trialkylsilyl
ether derivatives

Entry Alcohola Product after Mitsunobu reactionb (%)
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a No silyl-tropism was observed by stirring the alcohols in dry THF for 72 h at
25 �C.

b Yield represents to pure and isolated products.
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sterically hindered secondary alcohol that is spatially oriented to a
nearby silylether.
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