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Abstract: Asymmetric dihydroxylation of a,b-unsaturated ketones
provided a,b-dihydroxyketones with up to 100% ee. The Ca–O
bond of these intermediates or their bis-TMS ethers, acetonides,
phenylborates or orthoformiates was cleaved with SmI2, affording
b-hydroxyketones. The latter can be reduced to furnish syn- or anti-
configured 1,3-diols of any desired configuration.

Key words: defunctionalization, 1,3-diol, Horner–Wadsworth–
Emmons olefination, b-hydroxy ketones, samarium iodide, a,b-un-
saturated ketones

1,3,5,…-Polyols without substituents at C2, C4, C6,… are
the core structural feature of the polyol/polyene macrolide
antibiotics 1 (Scheme 1).1 This family of compounds
comprises more than 200 members. Those representatives
of which not only the constitution but also the configura-
tion is known have received considerable attention in the
synthetic community.1,2 This is due to a desire of develop-
ing methodology for making such molecules in a stereo-
controlled manner. In a longer perspective, the synthetic
interest in polyol/polyene antibiotics 1 is motivated by the
wish to understand the correlation (if any) between their
3D structure and their biological activity.

Preferably, extended stretches 2 of 1,3,5,…-polyols
should emerge from a convergent strategy (Scheme 1). In
state-of-the-art syntheses of 2,4,6,…-substituted 1,3,5,…-
polyol building blocks, such convergency is typically due
to the inclusion of b-hydroxyketone intermediates and
their construction through ‘complex aldol additions’.3 b-
Hydroxyketone intermediates 3 have been used en route
to extended polyols 2, too; they arose from the aldol addi-
tion of enolates 5 to aldehydes 42e,g,4 or from a different
approach.5 Here we communicate a novel way of making
polyols 2 via b-hydroxyketones 3: by the a-defunctional-
ization of a,b-dihydroxyketones 6. The latter stem from
the asymmetric dihydroxylation6 (‘AD’) of enones 7,
which, in turn, result from Horner–Wadsworth–Emmons
olefinations of aldehydes 8 or from analogous Wittig
reactions.

We started with the AD of the a,b-unsaturated ketone 9a
(Scheme 2). Trying to accelerate conversion, we utilized
the so-called improved7 rather than standard procedure,8

i. e., employed 1 mol% K2OsO2(OH)4 instead of 0.2 mol%

and 5 mol% (DHQD)2PHAL instead of 1 mol%. Even so
this reaction required 2.5 days at 0 °C to furnish diol
aS,bR-10a9 in 89% yield and with 100% ee10 (after extrac-
tive work up and purification by flash chromatography on
silica gel11). Hence, the reaction rate was somewhat lower
and stereocontrol somewhat better than in the not too
many known ADs of a,b-unsaturated ketones.12–15

Scheme 1 Convergent approaches to ‘skipped polyol’ building
blocks 2 of polyol/polyene macrolide antibiotics 1 via type-3 b-hy-
droxyketone intermediates.
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Scheme 2 SmI2-mediated a-reductions of a model a,b-dihydroxy-
ketone and derivatives thereof. Reagents and conditions: a)
K2OsO2(OH)4 (1 mol%), (DHQD)2PHAL (5 mol%), K3Fe(CN)6 (3.0
equiv), NaHCO3 (3.0 equiv), K2CO3 (3.0 equiv), t-BuOH–H2O 1:1
(v:v), 0 °C, 60 h; b) SmI2 (2.1 equiv), THF, –78 °C, addition of sub-
strate in THF–MeOH 2:1 (v:v), 50 min; –78 °C to r.t., 30 min; c) py-
ridinium p-toluenesulfonate (10 mol%), 2,2-dimethoxypropane, r.t.,
24 h; PTSA (3 mol%), 22 h; d) phenylboronic acid (1.1 equiv),
CH2Cl2, r.t., 24 h; e) SOCl2 (1.1 equiv), DMF (5 mol%), CH2Cl2,
0 °C, 1 h; then r.t., 4 h; f) trimethyl orthoformiate (1.2 equiv), pyridi-
nium p-toluenesulfonate (5 mol%), CH2Cl2, r.t., 3.3 d; g) benzalde-
hyde dimethylacetal (1.1 equiv), PTSA (5 mol%), CH2Cl2, r.t., 22 h;
h) Bu4NF·3H2O (3.6 equiv), THF, r.t., 6 h; i) Et3N (8 equiv), Me3SiCl
(4 equiv), CH2Cl2, 0 °C, 3 h; j) Na2CO3 (0.8 equiv), trifluoroacetic
anhydride (as a solvent), 0 °C, 10 min.

The Ca–O bond of a,b-dihydroxyketone aS,bR-10a
was cleaved by treatment with SmI2

16 in THF–MeOH at
–78 °C (50 min) to room temperature (30 min) furnishing
b-hydroxyketone 11a in 52% yield (Scheme 2, top row).
It is plausible that this transformation entails the following
steps: electron transfer (giving the ketyl), Ca–O bond rup-
ture, electron transfer (giving the a-desoxygenated eno-

late), and proton transfer from the cosolvent before the
E1cb elimination of b-OH occurs.17 Prior to the present
study, reductive C–O bond cleavages in O=C–C–O-con-
taining compounds have rarely concerned Ca–OH groups:
The only previously described defunctionalization of a
simple a-hydroxyketone with SmI2 in THF–MeOH pro-
ceeded with only 29% yield at –78 °C;18 two related sub-
strates could be defunctionalized by SmI2 only in the
presence of HMPA.19,20 Activated – i. e., b,g-unsaturated
– a-hydroxyketones were defunctionalized by SmI2 in
pure THF21 or in the presence either of HMPA.21 or a pro-
ton source.22 Apart from that, SmI2-mediated C–O bond
cleavage affected a-(sulfonyloxy)ketones,18 a,b-epoxy-
ketones,23 a-(acyloxy)ketones,18,24 a-(trialkylsiloxy)ke-
tones,18,21 and a-methoxyketones.25 Conceptually related
yet mechanistically distinct are the a-desoxygenations of
a,b-epoxyketones and a,b-thiocarbonatoketones with
Na+PhSeB(OEt)3

–26 and Bu3SnH,27 respectively.

In an effort to enhance the efficiency of the defunctional-
ization aS,bR-10a→11a, we protected the OH groups of
dihydroxyketone aS,bR-10a as derivatives aS,bR-12a–17
(Scheme 2). Each of them plus SmI2/THF/MeOH gave
the desired b-hydroxyketone 11a, too. The best-yielding
SmI2-mediated reductions started from bis(trimethylsi-
lylether) 17 (→71% 18), acetonide aS,bR-12a (→65%
11a28), or phenyl boronate 13 (→64%). Orthoformiate 15
provided 46% of 11a, sulfinate 14 22%, and benzylidene
acetal 16 just 12%. While bis(trifluoroacetate) 19 reacted
rapidly with SmI2 it gave none of the desired trifluoroac-
etate 20. A fluorine-free diester analogue of diester 19 was
not investigated. This was because optimally the reduc-
tion of such an ester would furnish a b-(acyloxy)ketone.
The latter, from our experience, would be difficult to hy-
drolyze (→11a) because of competing reversal to com-
pound 9a through b-elimination of HOAc.

Scheme 3 Synthesis of enantiomerically pure 1,3-diols 21.
Reagents and conditions: a) BEt3 (1.1 equiv), THF–MeOH 4:1 (v:v),
r.t., 1 h; then –78 °C, addition of 11a in THF, 2 h; NaBH4 (0.8 equiv),
16 h; 90% of the pure diastereomer; b) Me4NBH(OAc)3 (4.05 equiv),
MeCN–AcOH 1:1 (v:v), r.t., 30 min; then –40 °C, addition of 11a in
MeCN, 1 h; then –20 °C, 14 h; 51% of the pure diastereomer.

We terminated our exploratory sequence by reducing b-
hydroxyketone 11a diastereoselectively (Scheme 3). The
reliability of this step is a pre-requisite for using b-hy-
droxyketones as latent syn- and anti-1,3-diol motifs in
synthesis. Among syn-selective b-hydroxyketone
reductions29–33 the unquestioned favorite is the Narasaka–
Prasad procedure.29 It relies on chelate formation with in
situ formed diethylborinate followed by hydride delivery
from NaBH4 at –78 °C, furnishing diol diastereomer syn-
21 in 90% yield (after purification by flash
chromatography11). From several anti-selective b-hy-
droxyketone reductions34–39 we used Evans’ OH-directed
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hydride delivery34 for accessing diol diastereomer anti-21
(51% yield, again after flash chromatography11).

Scheme 4 and Table 1 show that the AD of enone 9a with
(DHQ)2PHAL instead of (DHQD)2PHAL as the chiral
auxiliary exhibits 99% ee vs. 100% ee in the latter case.
The AD of several other enones 9b–g proceeds with con-
siderable enantiocontrol, too. Acetonide formation from
the dihydroxyketone enantiomers aS,bR-10a–g only – be-
cause of their slightly superior enantiomeric purities –
gave acetonides 12a–f in high yields (94–100%) and
somewhat less of the most volatile acetonide 12g (81%).
Combining these acetonides with 2.1–4.5 equivalents of
SmI2 in THF–MeOH and raising the temperature from
–78 °C to ambient led to the desired defunctionalizations
with the sole exception of compound 12f: b-hydroxy-
ketones 11a–e and g were isolated with an average yield
of 62%.

As demonstrated in Scheme 5, our sequence (1) enone
formation, (2) AD, (3) Ca–O bond cleavage, (4) hydride
addition strategy is applicable in a structurally more com-
plex environment without difficulty. Enone 22 was dihy-
droxylated by a modified AD mix-b™ in 90% yield and
with complete diastereoselectivity. Transformation of the

Scheme 4 Asymmetric dihydroxylations of a,b-unsaturated ke-
tones; reductive cleavage of the derived a,b-dihydroxyketone aceto-
nides. Reagents and conditions: a) K2OsO2(OH)4 (1 mol%),
(DHQ)2PHAL (5 mol%), K3Fe(CN)6 (3.0 equiv), NaHCO3 (3.0
equiv), K2CO3 (3.0 equiv), MeSO2NH2 (0.0 or 1.0 equiv*), t-BuOH–
H2O 1:1 (v:v), 0 °C; b) same* as (a) but using (DHQD)2PHAL (5
mol%); c) PTSA (3 mol%), 2,2-dimethoxypropane (as a solvent), r.t.;
d) SmI2 (2.1–4.5 equiv), THF, –78 °C; addition of 12a–g in THF–
MeOH 2:1 (v:v) during 20 min; another 15 min at –78 °C; –78 °C to
r.t. within 30 min; *MeSO2NH2 was only employed in the prepara-
tions of dihydroxyketones aR,bS-10a, aS,bR-10a, aR,bS-10c, aS,bR-
10c, and aR,bS-10d. For details, see Table 1.
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Table 1

Compd 9–12 R1 R2 Yield of
aR,bS-10 (%)

ee of
aR,bS-10 (%)a

Yield of
aS,bR-10 (%)

ee of
aR,bS-10 (%)a

Yield of
11 (%)

Yield of
aS,bR-12 (%)

a Bu Me 100 99 89 100 65 94

b Ph Me 72 97 77 98 44 100

c i-Pr Me 87 98 91 99 68 93

d Pr Me 100 98 95 99 59 94

e Pr Bu 93 – 82 – 71 95

f Pr Ph 93 91 89 87 6 95

g Pr i-Pr 83 94 60 98 66 81

a The ee values of compounds 10a,c,d,g were determined by GLC, the ee of 10b by GLC of the corresponding bis(trifluoroacetate), and the ee 
of 10f by HPLC. No enantiomer separation was accomplished in the case of compound 10e.

Scheme 5 Synthesis of protected, enantiomerically pure 1,3,5-triols
25. Reagents and conditions: a) K2OsO2(OH)4 (1 mol%),
(DHQD)2PHAL (5 mol%), K3Fe(CN)6 (3.0 equiv), NaHCO3 (3.0
equiv), K2CO3 (3.0 equiv), MeSO2NH2 (1.0 equiv), t-BuOH–H2O 1:1
(v:v), 0 °C, 24 h; 90% [in a 74:26 mixture (w:w) with MeSO2NH2

which co-chromatographed with 23; an analytically pure sample of 23
was obtained following the same procedure but in the absence of
MeSO2NH2; however, the yield there was only 60%]; b) pyridinium
p-toluenesulfonate (10 mol%), 2,2-dimethoxypropane (36 equiv), no
additional solvent, r.t., 12 h; 82%; c) SmI2 (3.0 equiv, prepared in si-
tu), THF–MeOH 9:1 (v:v), –78 °C to r.t., 40 min; 90%; d) (i) BEt3
(1.1 equiv), NaBH4 (0.8 equiv), THF–MeOH 4:1 (v:v), –78 °C, 12 h;
(ii) camphor sulfonic acid (10 mol%), CH2Cl2, r.t., 12 h; 91% over
the 2 steps; e) (i) Me4NBH(OAc)3 (4.1 equiv), MeCN–AcOH 1:1
(v:v), –40 °C to –20 °C, 14 h; (ii) camphor sulfonic acid (10 mol%),
CH2Cl2, r.t., 12 h; 94% over the 2 steps.
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resulting dihydroxyketone 23 into acetonide 25 (82%) set
the stage for reductive cleavage by SmI2–THF–MeOH.
This afforded the ester-containing b-hydroxyketone 2440

in 90% yield. Narasaka–Prasad reduction29 provided a
syn-diol. Its acid-catalyzed lactonization led to the pro-
tected 1,3,5-triol1,3anti,3,5syn-26 (91% yield, 100% ste-
reocontrol). The triacetoxyborohydride reduction34 of b-
hydroxyketone 24 proceeded with complementary stereo-
control. After treatment of the resulting dihydroxyester
with camphor sulfonic acid the 1,3anti,3,5anti isomer of the
protected 1,3,5-triol 26 was isolated (94% yield, 91:9
mixture with diastereomer1,3anti,3,5syn-26).

In conclusion we have established a straightforward
synthesis of 1,3-diols with completely controlled stereo-
structure. The b-hydroxyketones obtained from the a,b-
dihydroxyketone intermediates and stoichiometric to
overstoichiometric amounts of SmI2 (Scheme 2,
Scheme 3, Scheme 4) should be susceptible to over-re-
duction by an excess of this reductant. Since such an over-
reduction is conceivably diastereoselective,38 it appears as
if one might realize a one-pot synthesis of stereopure 1,3-
diols from enantiomerically pure a,b-dihydroxyketones,
≥4 equivalents of SmI2, THF, and a proton source like
methanol or water. Studies towards this end are underway
in our laboratory.
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small to be identified (so that JAB cannot be extracted) so that 
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8.08. Found: C, 57.12; H, 7.99.
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