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B-Hydroxy acids were readily converted into p-tosyloxy acids
(hydroxyl group activation) in moderate to excellent yields via
the O,0O-dianions generated by treatment with methyllithium
and thus make it possible to prepare anti o,f-disubstituted
B-lactones directly from the syn aldols.

Activation of hydroxyl groups by converting them into good
leaving groups such as tosylate is a very common practice in
organic synthesis. However, even such simple transformations can
be extremely difficult if other functionalities are present in the
molecule. For instance, direct tosylation of the alcoholic OH of
unprotected p-hydroxy carboxylic acids has been generally'
impossible (although it is known that the thermodecomposition
of the cyclic ortho ester derived from a f-monosubstituted -OH
acid and triethyl orthoacetate, led'” to the corresponding B-lactone
with inversion at the -carbon, as the minor product in 33% yield
along with 42% of an acyclic ester with retained configuration).
This is because, under conventional conditions (e.g., TsCl/py/0 °C),
tosylation occurs preferentially at the carboxylic OH, with the
configuration of the B-carbon (where the hydroxyl group is
attached) retained. Although this preference for carboxyl group
activation” is very useful (it, for instance, underlies the Adams
lactonization,’ essentially the only feasible method for the synthesis
of a,B-disubstituted B-lactones from free B-hydroxy acids since the
1970s%, it entirely excludes the possibility of all potential
transformations based on direct hydroxyl group activation' of
these acids. Thus, synthesis of anti-o,p-disubstituted B-lactones’
from the corresponding hydroxy acids, for example, must utilize
anti precursors.

In order to use syn aldol products (which are readily accessible
through, for example, an Evans/Crimmins aldol reaction,’ as
demonstrated by the enormous number of literature examples,
displaying a variety of different substituents at both the o and f
positions), a feasible and reliable’ hydroxyl group activation
protocol must be developed first. Herein we wish to show that, by
converting the B-hydroxy acids into their O,0O-dianions, selectivity
of the activation can be totally reversed. A variety of o,f-disub-
stituted B-hydroxy acids were selectively activated at the hydroxyl
group, illustrating a direct approach to the anti-o,B-disubstituted
B-lactones.

Although 0O,C-dianions® are well-studied, O,0-dianions’ are
only rarely mentioned in the literature. To gain a profile of the
deprotonation process, we carried out four parallel experiments,
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physical/spectroscopic data and "H NMR spectra of all new compounds.
See http://www.rsc.org/suppdata/cc/bd/b416383d/
*yikangwu@mail.sioc.ac.cn

with la as the substrate and 2.5 equiv. of MeLi as the base, at
—40 °C in THF for 15, 30, 45, and 120 min respectively, before
“quenching” with TsCl. The results showed that 2 h was required
for complete dianion formation. At higher temperatures, the
deprotonation appeared to be faster (Table 1, entry 1).

The reaction of the O,0-dianions with TsCl, in most cases, was
performed at the same temperature as for the deprotonation. To
ensure a complete conversion of the dianions into the mono-
tosylates at low temperatures, several-fold excess of TsCl was
utilized. The chemoselectivity was excellent (no acyl tosylation
product was observed at temperatures up to 5 °C, entry 2).

The length of the chain at the a-carbon did not seem to have
much influence on the yields (entries 4 and 7). Introduction of a
double bond in the B-chain lowered the yield (entry 8). Presence of
an alkoxy group in the o- or [-chain appeared to be
beneficial (entries 2, 15, 16). Perhaps a properly located ethereal
oxygen somehow stabilized the intermediate dianion through
coordination.

An acid without the B-chain was also tosylated in 85% yield
(entry 10). However, a substrate without the o-chain failed to
afford any expected tosylate under the same conditions (entry 11).
Direct attachment of an alkenyl group to the -carbon also led to
full resistance to the tosylation (entry 12). The phenomenon is not
understood yet, but the inertness of 1j is likely to be a consequence
of the excessive steric crowding around the hydroxyl group
(entry 13).

It is interesting to note that, although with a good leaving group
at a liable position, the B-tosyloxy carboxylic acids are reasonably
stable after the isolation/purification. Most of them can be stored
in a refrigerator for several months without any discernible
deterioration (2a, however, became 3 after one year).

Preparation of B-lactones appears to be a potential use of 2 with
evident significance. Although there were several elegant literature
(B-monosubstituted) precedents for forming B-lactones by treating
B-mesyloxy acids (not prepared via a dianion approach) with a
base (such as those reported by Lenz ez al.,'™ De Angelis et al.,'”
Bernabei er al.,'® and Fujisawa et al.,'* respectively), we suspect
that the presence of an additional substituent at the o position, as
in our substrates, might cause unexpected difficulty in the
lactonization. To exclude this possibility, we also briefly tested
conversion of 2 into the corresponding lactones. To our delight,
under conditions similar to those reported in the literature,'® the
expected lactones were indeed readily formed in good yields
(exemplified in Scheme 2) as reported!” for the less hindered/less
substituted precursors. Besides, the tosylation and the lactonization
could also be realized in a one-pot manner{ in comparable
2-step yields.
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Table 1 Direct hydroxyl group tosylation of 1 (see. Scheme 1 for the general structures and configurations)”

Time T2° Time Product Recovered
Entry Substrate R R’ MeLi® T1¢(¢°C) 19%h) TsClI® (°C) 2/ (h) (yield/%) substrate (%)
1 1a Me (CH,);0Bn 22 -10 15 40 -10 5.0 2a (90) 9
2 1b n-Hexyl (CH,),OCH,CH=CH, 2.5 —40 3.0 4.0 0-5 20 2b (93) 4
3 1c Me n-Pentyl 25 -30 20 3.0 -30 2.0° 2(57) 30
4 1c Me n-Pentyl 3.5 -10 1.5 40 -10 1.0 2c(78) 20
st 1d n-Hexyl n-Pentyl 2.5 —40 2.0 3.0 —-40 2.0 2d (64) 33
6" 1d n-Hexyl n-Pentyl 25 -30 20 3.0 -30 3.0 2d (68) 25
7" 1d n-Hexyl n-Pentyl 3.5 -10 1.5 40 -10 1.0 24 (81) 14
8 le Me (CH,),CH=CH, 2.5 -30 25 30 -30 1.0 2¢(52) 30
9h 1f (CH,),0Bn  CH,CHMe, 3.0 -30 20 5.0 =30 3.0 2f (87) 8
10 1g n-Hexyl H 2.5 -30 20 3.0 -30 1.8 2g(85 11
11" 1h H (CH>),Ph 3.0 -30 30 5.0 -20 20 2h (0) -
12! 1i Me (E)-CH=CHPh 2.5 -30 3.0 4.0 =30 1.5 2i (0) -
134 1 CHMe, CHMe, 3.0 -30 2.0 5.0 -30 1.5 2j (0) —n
14" 1k CH,CH=CH, (CH,),OCH,CH=CH, 2.5 -30 2.0 3.0 -30 1.6F 2k(66) 29
15 1 n-Hexyl X? 2.5 -30 20 3.0 -30 2.0 2086) 12
16 1m n-Hexyl Y? 25 -30 20 3.0 -30 2.0 2m (91) 5

“ For general procedure see the footnote. General procedure for the selective tosylation: to a solution of 1 (1.0 mmol) in THF (2.0 mL) stirred
at —78 °C under argon, was added MeLi (2.1 M, 1.05-1.19 mL). The mixture was then stirred at —30 to —40 °C for 2-3 h before a solution
of TsCl (34 equiv.) in THF (1.0 mL) was added. The stirring was continued at —30 to —40 °C for 2 h. The cooling bath was allowed to
warm to 0 °C. 2N HCI (3 mL) was added. The mixture was diluted with EtOAc, washed with water and brine, and dried over Na,SOj.
Removal of the solvent and chromatography on silica gel (EtOAc-hexanes) gave the pure 2. * Molar equivalents with respect to the substrate.
¢ The temperature before introducing TsCl. ¢ The reaction time before introducing TsCl. ¢ The temperature after introducing TsCl. / The
reaction time after introducing TsCl. ¢ Then stored at —20 °C (freezer) for 8 days. " The actual configurations were opposite to those depicted
in Scheme 1 (¢f. 2f in Scheme 2). ‘ Then stored at —20 °C (freezer) overnight. / Then at —10 °C for 3 h and at —20 °C (freezer) for 3 days.
K Then at —20 °C (freezer) for 3 days. ' Only the starting hydroxy acid was observed on TLC. ”" Racemic 1h was utilized. " Not calculated.
? X = (S)-(CH,)CH(OBn)(CH,)4Me. ” Y = (S)-(CH,)CH(OBn)(CH,);oMe.
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In brief, we have conducted a (to our knowledge, the only)
systematic study of O,0-dianions and thus added a useful piece to
the existing knowledge of dianion chemistry (note that the
selectivity observed here may be also applicable to other
electrophiles than TsCl). The results disclosed here also illustrate
the first feasible general approach to direct hydroxyl group
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activation of o,B-disubstituted B-hydroxy acids and make it
possible for the first time to synthesize anti o,p-disubstituted
f-lactones directly from the readily available f-hydroxy acids. As
depicted in Scheme 3, now, just by choosing different reaction
conditions (ie., the conventional TsCl/py or the dianion
conditions developed in this work, in combination with the
literature'® lactonization conditions), one can readily realize either
inversion or retention at the B position. The methodology
developed here should complement existing methods for preparing

B-lactones.*!!
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