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The discovery of reagent systems that allow the selective HO R HO, R
manipulation of functional groups is crucial for advancements in G@ — w mﬂ @\/\L
synthesis. Of particular value are reagent systems that allow 4 o oo OH ~OH
o OH

functional groups with apparently similar reactivities to be distin- R=Me 2a 3a71%

guished by the rerouting of transformations through less- FR‘=‘,3';2: gb;g"f ii(i 90% OH
. . . . = —Pr 2c C 68%
conventional intermediates. Here we report that the reducing system CsHyy=n CsHyy-n

. ) o
Smk!—H,0 not only differentiates between the carbonyl groups Rt RL_~on
of esters and lactones but alsitows complete ring sizelectiity? ] ¢ — R?C\ C(l 2% O\/\L
for sixmembered lactones OH o "o OH “OH
. . . . . . R'=allyl, R%=H R'=allyl, R%= H 87%

During studies on a Smmediated stereoselective spirocycliza- R'-R?-alyl4 R'=R= allyl 5 86%
tion we fOU“O_' that the treatment of methyl kgtoIIWIth Smk in Figure 1. Reduction of six-membered lactones to the corresponding diols/
THF, employing HO as a cosolvent, gave spirocyclic lactaze triols with Smb—H,0. Conditions: Smi(7 equiv), THF, HO (150 equiv),
as a single diastereoisomer in 70% yiéM/hen an excess of Sml room temp, 3-30 h.
was used, trioBa was obtained in 30% yield in addition to the
expected lacton2a (Scheme 1). Although Kamochiand Kudo have = = = = s o e .
described the reduction of carboxylic aditisnd aryl ester§ using o D 5 Sl (7 o o ;oM
Smk-H,0 the reduction of unactivated aliphatic esters or lactones P E@\ ; M‘Q o i/ok

E0” Bn ! o ; Et0” “Bn

51—

Scheme 2. Selective Reductions of Six-Membered Lactones

with Smk has not been reported. THrtF,7+r|]20 :

. . . . . 99% recovered 1% yiel
Scheme 1. Sequential Spirocyclization—Reduction Using ... . ° L Steyeld

Sml,—H,0 HO, Me | HO Me ! HOMe | HO Me 5
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i f— i '
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Sml N 2 ' i ) 12 ! :
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O H,0-THF HO 86% recovered 85% yield
1 0°Ctort 2a O 3a yo o P RREREEEEEEEEEE P e e e ;

: : o : ‘
2.2 equiv. Smly  70% 0% i ! sml, (7 equiv.) ; |
7.0 equiv. Smi,  44% 30% 0 i C(l i = (o, :©\/\L 3
; 070! THF, HO ; OH OH !

Treatment of lacton@a with Smb—H,O at room temperature NP2 4 §oomzh . Np-2 ------- :
gave triol 3a in 71% (Figure 1) thus showin@a to be an S — 90/"(’:”"6'6" ,_,_?f’_/i’_y,'?'_d__,__l
intermediate in the production &a from 1. Spirocyclic lactones o po Sml, (7 equiv.) o OH ;
2b and2c also underwent reduction to give the corresponding triols + cé/v/ > o OHO/\/
in good yield. Importantly, th@-hydroxyl group present in these i) : TF,{':{SHﬁO i) : 5
substrates was found not to be playing a crucial rofe the P e ' o recovered """8;9;/;');{61&""'
activation of the lactone carbonyl group and less-functionalized six-
membered lactones also underwent reduction to the corresponding 0 O smly(7equiv) M 0
diols with yields ranging from 72% to 90% (Figure 1). o Y THZO’ OH

We have carried out a series of experiments to illustrate the 112 h 80% ©

chemoselectivity observed with the SmH,0 reagent system.
Mixtures of esters and lactones were prepared and treated with

Srr;_lz—HZO. In all ‘;as?sﬁ no redbuctl?jnl products arlsmgbfrom ZSterﬁ and has used U¥Vvis spectra of Smlwith H,0 to illustrate that a
orfive, seven, and eight-membered lactones were observed w "Cunique reductant is formed at high concentrations @OFrb

six-membered lactones were reduced smoothly (Scheme 2). Modi-FIOWerS has also shown that the reduction potential of,%m1.3

fied Smk reagent systems employing additives (HMPA, DMPU, \/) i creases to a maximum of1.9 V on the addition of up to
LiBr)Y were also ineffective for the reduction of other lactones. 500 equiv of HO.7

The enhanced reactivity of Spnbbserved in our studies is due
to activation of the reagent by the,® cosolvent. Hasegawa and
Curran first proposed thatJJ@ accelerated reactions using Sml
by increasing the reduction potential of the reagent in addition to
acting as a proton sourée.

Flowers has since shown that®l produces larger rate enhance-
ments than alcohols in the reduction of acetophenone with,8ml

We have carried our preliminary studies to elucidate the
mechanism of the reduction and to understand the ring size-
selectivity observed. The reduction & and 4 with SmhL—D,0
gave3a-D,D and5-D,D, respectively, suggesting that anions are
generated and protonated by®during a series of single electron
t University of Manchester. transfers. A possible mechanism for the transformation is given in
* Osaka Prefecture University. Scheme 3.
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Scheme 3. Mechanism for the Reduction of Lactones Using

Sml,—H,0
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Activation of the lactone by coordination to Sm(lIl) and electron-
transfer generates radical aniéthat is then protonatetiA second
electron transfer generates carbarfigdhat is quenched by the, B
cosolvent. LactoB is in equilibrium with hydroxy aldehydd&0
and is reduced by a third electron-transfer from Sm(ll) to give a
ketyl radical aniornl1. A final electron-transfer from Sm(ll) gives
an organosamarium that is protonated B¥HThe amount of Sral
(approximately 7 equiv) required experimentally is consistent with

about 25-26 kJ mot?! lower than those involving five and seven-
membered rings (Scheme¥4)The second electron transfer is lower
in energy and similar for all systems, suggesting the first electron-
transfer is the rate-determining step.

In summary, the first reduction of lactones to diols using Sml
H,O has been carried out. The reagent system is selective for the
reduction of lactones over esters, furthermore, it displays complete
ring size-selectivity in that only six-membered lactones are
converted to the corresponding diols. Experimental and computa-
tional studies suggest the selectivity originates from the initial
electron-transfer to the lactone carbonyl. In addition to the selectivity
of the reagent system, Spiis commercially available, or convenient
to preparé,easy to handle, and does not require any toxic cosolvents
or additives, making the transformation an attractive addition to
the portfolio of reductions. We are currently harnessing the
intermediate radicals formed during the reduction and exploiting
the ring size-selective transformation in new strategies for synthesis;
for example, selective lactonization will be exploited to “switch
on” the reactivity of one ester group in the presence of others.

the amount predicted by the proposed mechanism (4 equiv). The Acknowledgment. We thank the EPSRC for the award of a

complete selectivity of the reducing system for six-membered

lactones over five, seven, and eight-membered lactones appears to

have its origin in the rate of the initial electron-transfer to the lactone
carbonyl. This is illustrated by the observation that lacidsnd

13, intermediates in the reductions, are both rapidly reduced, in
high yield, by Sm}—H,O (Scheme 4).

Scheme 4. Investigating the Origin of the Selectivity
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For six-membered lactones, we believe that reduction generates

a radical anion intermediatthat is stabilized by interaction with
the lone-pairs on both the endocyclic and exocyclic oxydeisch
interactions are known to be more pronounced in six-membered
rings than in other, conformationally more labile, ring systems. It
appears that the greater stability of the radical afipoompared

to analogous radicals formed from the reduction of five, seven,
and eight-membered lactones, promotes the initial reductionstep.
This hypothesis is supported by the observation that 2-oxabicyclo-
[2.2.2]octan-3-one, where an intermediate radical-anion would be
unable to adopt the chair conformation necessary for stabilization,

is not reduced. Calculations lend further support and suggest the

first electron-transfer to the lactone carbonyl is endothermitD0
kJ mol?) in all cases. The reaction energy of this step for six-
membered lactones, however, is calculated to be 116 k3'mol

project studentship (L.A.D.).

Supporting Information Available: Additional experiments, ex-
perimental conditions, characterization data, and details of calculations.
This material is available free of charge via the Internet at http://
pubs.acs.org.
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