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A general synthesis of aliphatic o-hydroxyamides with total regioselectivity by a reductive cleaveage of the Cs-O bond of aliphatic o8-
epoxyamides, promoted by samarium diiodide and MeOH, is described. The treatment of enantiopure aliphatic a,f-epoxyamides afforded
enantiomerically enriched aliphatic a-hydroxyamides. A radical mechanism has been proposed to explain this reaction.

o-Hydroxy acid derivatives are frequently encountered as transformation of aliphatie.,5-epoxycarbonyl compounds
parts of natural productsSome of these products (or their into a-hydroxycarbonyl compounds has been decribed.
derivatives) possess anticancer properiesijle also being Recently, we have reported the transformation, with total
versatile building blocks in organic synthegis. regioselectivity, of aromatiar,-epoxyamides intax-hy-
Despite this, the synthesis athydroxy acid derivatives ~ droxycarboxamide op3-deuterio-o-hydroxycarboxamides,
has been scarcely reported@aking into account the easy ~Promoted by Smilin the presence of #0 or DO, respec-
preparation On,ﬂ-epoxy acid deriva’[ives] their transforma- tiVG'y. However, this transformation was limited to aromatic
tion into a-hydroxy acid derivatives would be synthetically amides, and when aliphatic epoxyamides were used as
very attractive. In this sense, only a paper showing the trans-starting compoundgi-hydroxycarboxamides ar-deuterio-

formation of aromatico.,8-epoxyamides intau-hydroxy-  A-hydroxycarboxamides were isolated by usingdtor DO,
amides has been describeth relation to the synthetic ap-  espectively. In the previous pagean anionic mechanism
plication of samarium diiodide, transformation@f3-epoxy IS proposed to explain these transformations.

carbonyl compounds intB-hydroxyketone&or -hydroxy- Herein, we report a general synthesis of aliphatiby-

ester$ by using Smd in the presence of a proton source has droxycarboxamide® with total regioselectivity by reductive

been described. To the best of our knowledge, no generalcleavage of the &O bond of aliphatioo,S-epoxycarboxa-
midesl, promoted by Sml The reaction conditions to obtain
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er: 1988; Vol.2, p 680. ously described to prepare aromatitydroxyamides, using

(2) Markaverich, B. M.; Gregory, R. R.; Alejandro, M. A; Kittrell, K. ; ; ; olHo
S.; Medina, D.; Clark, J. H.; Varma, M.; Varma, R. Gancer Res1990, methanol as the protic medium instead r 0. A
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Scheme 1. Synthesis of Aliphatiax-Hydroxyamides2

Scheme 2. Mechanistic Proposal for the Synthesis of
Aliphatic o-Hydroxyamides2
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Treatment of different aliphatia,3-epoxyamided with Smiy/MeOH

a mixture of a solution of 4 equivof Smk, in THF'° and

methanol over 3 h atoom temperature afforded-hy- o oS
. . . .. THF -* 2
droxyamides with total regioselectivity (Scheme 1 and Table R1/\2<)tNR3R4 L R1/\2(CONR3R4

1).11 R R
2

Table 1. Synthesis of Aliphatiax-Hydroxyamides2.

of the product obtained from the condensation of cyclohex-

entry 22 R! RZ  R3  yield anecarboxaldehyde and the lithium enolate of acetamide were
1 2a  C/His H Me 71% different, confirming the proposed structure €. This
2 2b  C;His H Et 70% described method complements the previously described
3 2c  cyclohexyl H i-Pr  80% reduction of aliphatiax,-epoxyamides by using Spénd
4 2d  Me,C=CH(CHz):CHMeCH, H  Et 68% H,O2 Thus, using MeOH or kD as the protic medium
5 2 IBu Me Et  68% allows aliphatica- or S-hydroxyamides to be isolated.
6 2f C7H15 Me Et 72% . .
7 29 cyclohexyl Me Et 63% Taking into account the usefulness of deuterated com-

13 i i

8 2h  cyclohexyl Bu Et 70% pounds} the same reaction was performed by. using MeOD
9 2i  Me;C=CH(CH.),CHMeCH, Me Et 62% or CD;0D instead of MeOH. However, deuterium incorpo-

ration, determined by mass afi€ NMR spectroscopy, was
not observed. This suggests a radical rather than an anionic
mechanism. Additional support for a radical mechanism was
provided by the detection of dimerization products when THF
was substituted by THFgd* In contrast to the reaction in
THF, when the THFds is used as a solvent, dimerization of
radical species should be faster than deuterium abstraction
from THF-¢ (isotope effect}?

21n all cases, R= R? except compounga, wherein R = Me and R
= H. P|solated yield after column chromatography based on compaund

Starting compound& were easily obtained by treatment
of potassium enolates derived framchloroamides (gener-
ated by treatment ofi-chloroamides with potassium hexa-
methyldisilazide at—78 °C) with different aldehydes at It is noteworthy that this C-3 ring-opening reactionogf-
temperatures ranging from78 to 25°C.*? epoxyamides promoted by Synhas not been previously

This transformatlon seems to be general and can begpserved (o,-epoxy esters affofdhydroxy esters). The
performed starting from aliphatic amides bearing bulky opposite regiochemistry of the opening of the oxirane ring
groups Ron the nitrogen (Table 1, entry 3), with the oxirane iy amides with respect to esters may be explained (Scheme
ring di- or trisubstituted, and with Rinear, branched, or  2) py assuming the initial double coordination of samarium
cyclic. _ _ with both oxygen atoms, the carbonyl of the amide group,

Analysis of *C NMR spectra and DEPT experiments of an the oxirane ring. This initial chelation of Smib the
these compounds was performed to establish the StrUCture%,ﬁ-epoxyamides is stronger than chelation ta,A-epoxy
of compounds2e—i, and consequently the regiochemistry esters since the resonance structiirés more favored in
of the ring opening of the oxirane, showing that the hydroxy amides than in esters due to the electron-donating capacity
group is bonded to a tertiary carbon atom. The structures of 5f the nitrogen. The coordination of samarium with the
2a—d were established on the basis of analysis of their mass yirane ring produces an effect similar to that of a Lewis
spectra. In addition, NMR spectra 8t and NMR spectra  4cid. Under the reaction conditions used, reduction of the

Cs-O bond takes place, affording the more stable radical

(9) When minor amounts of Smiwere used, thex-hydroxyamides
obtained were contaminated with other products of radical coupling.

(10) A solution of Smd in THF was rapidly obtained by reaction of (12) Disubstituted epoxyamide compoundla—c were prepared by
diiodomethane with samarium powder in the presence of sonic waves: reaction of the lithium enolate of chloroacetamide with the correspondig
Concellon, J. M.; Rodriguez-Solla, H.; Bardales, E.; Huerta,Bvr. J. aldehyde and further treatment with sodium hydride. See Supporting
Org. Chem 2003, 1775—1778. Information.

(11) Representative Procedure for the Synthesis of 2A solution of (13) Isotope-labeled compounds are very useful for establishing the
Smb (1.6 mmol) and MeOH (0.5 mL) in THF (19 mL) was added, under mechanism of organic reactions and the biosynthesis of many natural
a nitrogen atmosphere, to a stirred solution of aliphafje-epoxyamidel compounds: Mann, JSecondary Metabolism; Oxford University Press:
(0.4 mmol) in THF (2 mL) at 25C. The mixture was stirred f&3 h atthis Oxford, 1986; p 23.
temperature and then quenched with aqueous HCI (0.1 M, 15 mL). Usual  (14) Results of the synthesis of dimerization products are being studied.

workup afforded crude 2-hydroxyamid@s which were purified by flash
column chromatography on silica gel (hexane/AcOEt).
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(15) Molander, L.; Saunders, W. Reaction Rates of Isotopic Molecules
Wiley: New York, 1980.

Org. Lett., Vol. 5, No. 25, 2003



Scheme 3. Synthesis of Enantiomerically Enriched
o-Hydroxyamide2a
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(Scheme 3}% This radical abstracts one H from THF to
afford a-hydroxyamides2.

Enantiomerically enriched-hydroxyamides can also be
prepared. Thus, optically puteS-epoxyamidela (obtained
from Sharpless epoxidation of the corresponding allyl
alcohol!” further oxidationt® and conversion into the amitfe
was transformed into the enantiopurehydroxyamide2a,

(16) Similar radical mechanism is proposed for the opening of epoxides
promoted by titanium Ill: RajanBabu, T. B.; Nugent, W. AAm. Chem.
So0c.1994,116, 986—997.

(17) Gaw, Y.; Hanson, R. M.; Klunder, J. M.; Ko, S. Y.; Masamune, H.;
Sharpless, K. BJ. Am. Chem. S0d.987,65, 5765—5779.

(18) Huang, D. F.; Huang, LTetrahedron1990,46, 3135—3142.

(19) Estiarte, M. A.; Rubiralta, M.; Diez, Al. Org. Chem2002,67,
6992—-6999.

Org. Lett., Vol. 5, No. 25, 2003

with complete retention of configuration at thecarbon atom
(Scheme 3). Thus, the combination of the present method
with the Sharpless process is considered to provide an
efficient route to optically activer-hydroxy amides.

In conclusion, we have described the first method for
synthesizing aliphatio-hydroxyamides with total regiose-
lectivity from the easily availablex,5-epoxyamides, the
reaction being promoted by samarium diiodide. A radical
mechanism has been proposed to explain this reaction.
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