ORGANIC
LETTERS

) . . 2005
Samarium Barbier Reactions of Vol. 7. No. 19

o-lodomethyloxazoles and Thiazoles 40994102
with Aliphatic Aldehydes

David R. Williams,* Martin A. Berliner, Bryan W. Stroup, Partha P. Nag, and
Michael P. Clark

Department of Chemistry, Indiana University, 800 East Kirkwood Avenue,
Bloomington, Indiana 47404-7102

williamd@indiana.edu

Received June 8, 2005
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The reductive coupling of substituted  a-iodomethyloxazoles and thiazoles with aliphatic aldehydes under Barbier conditions provides an
effective method for the direct incorporation of intact heterocyclic systems.

The use of samarium diiodide (Sghin synthetic organic  of the 2,4-disubstituted oxazalewith the -alkoxy aldehyde
chemistry was first introduced by Henri KaghRractitioners 2 for overall conversion to the &£-C,;; component3. In
have demonstrated the scope of important processes carried981, Meyers first reported that 2-methyloxazole-4-carboxy-
out by this versatile electron-transfer reductant, and severallates unexpectedly undergo C-5 ring metalation upon treat-
timely reviews have charted the reactivity characteristics of ment with n-butyllithium” No evidence for deprotonation
this unique reagenit.> Samarium Barbier reactions of alkyl  of the C2 methyl group was observed, presumably owing to
bromides and iodides in the presence of carbonyl compoundsthe directive effect of the C4 carbonyl unit. More recent
have proven to be especially valuable as intramolecular

transformations. Often, intermolecular Barbier conditions of _

simple alkyl halides provide little advantage compared to

traditional Grignard reactions, where the use of Smhy R

lead to competing dimerization of reactive allylic or benzylic 1) o)
halides and reduction or pinacol coupling of the aldehyde o><o X\/Qz \45 1
substrate. However, in cases in which the preparation and : CHO o)

handling of the Grighard species proves difficult or the Pi"ow X = metal cation
reagent displays basic rather than nucleophilic properties, OLBDPS 2) Oxidation/deprotection

the analogous samarium-induced reaction can be particularly
beneficial. In the course of our studies toward phorboxazole
A8 we sought a reliable method that would permit coupling

PivO

(1) For an overview, see: Kagan, H. Betrahedron2003,59, 10351.
(2) (@) Molander, G. A.; Harris, C. RChem. Rev1996, 96, 307. (b)

Molander, G. A.; Harris, C. RTetrahedron1998,54, 3321. 3
(3) Krief, A.; Laval, A.-M. Chem. Rev1999,99, 745. . . .
(4) Steel, P. GJ. Chem. Soc., Perkin Trans.2D01, 2727. Figure 1. Formation of componer8 for studies toward phorbox-
(5) Berndt, M.; Gross, S.; Hélemann, A.; Reissig, H.$¥nlett2004, azole A.
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studies utilizing lithium diethylamide as a base circumvent ||| NN

this problen? On the other hand, Helquistnd Uguetf have Scheme 2. Barbier Coupling of4 with Aldehyde6
described the conversion of methyb2halomethyloxazole- TBSO O

4-carboxylates to the corresponding nonbasic organozinc and 1) Smlz(égr)l):, rt, 1 min
organochromium derivatives for subsequent addition to H o+ 4 i
aldehydes. Unfortunately, our efforts to prepare the analogous ~ Ph™"~0TBs 2) TFA(A;B’ 412/'\;‘301 EtsN
organozinc derivative df (X = ZnBr or Znl) led to sluggish 6 §
reactions and low product yields. Herein, we communicate TBsSo X OXC%MG MeOH, CSA

the deployment of samarium Barbier conditions leading to =N (86%)

the successful coupling of a variety of substituted five- N 7 X=H,OH

membered heterocycles with aliphatic aldehydes. The in- Ph OTBS 8 X=0

tact incorporation of substituted oxazoles or thiazoles HO

provides encouragement for applications of complex mo- /\/{j\/o(»_cone

lecular constructions as an alternative to de novo heterocyclic ph NG SN

synthesis. H = OMe 9

Initial investigations explored reactions of theiodo-2-
methyloxazole4 as a prelude to our phorboxazole studies.
Multigram quantities of4 were readily prepared from the
condensation of ethyl dichloroacetimidate (Scheme 1) wit

The requisitea-iodomethylene functionality was routinely
h introduced by treatment of the precursor alcohol withFPh

and iodine (Imid, CHCI,, 0 °C) or via radical bromination

with NBS (CHCE) followed by Nal exchange in acetone.

_ Experimentation has been focused on model studies to guide

Scheme 1. Preparation ofr-Halo-2-methyl-oxazoles our efforts for total synthesis. Thus, the iodomethylene
OFt substituent is generally positioned at C2 of the parent
. 0 1)0'\(§NHZC[— o] heterocycle. Entries-13 demonstrate the incorporation of
Hij)LOMe c N %ow@ ester functionality at C4 of the oxazole. Preparatively useful
o 2 5&?‘;?2?3'2 X\/QO\ addition reactiqns occur (557_% yields) vyith aliphatic
CHaCly; 0 °C 5 X<Cl Nal aldehydes, which include typical protecting groups for
(72%) ax=i < g pB-hydroxyl substituents. To gain a better understanding of

this reaction, we examined the 2-iodomethyl benzoxazole
(23) and analogous benzothiazoR6) examples of entries
6—9. Aromatic aldehydes were not useful and gave rise to
competing pinacol coupling. However, aliphatic aldehydes
displayed a range of reactivity exemplified by isobutyral-
dehyde 19) anda-benzyloxyacetaldehyd@1). In the former
case, reductive alkylations routinely exceeded 80% yields.
Several side reactions were observed wittalkoxyalde-

serine methyl ester followed by brief exposure to DBU and
halogen exchange d with sodium iodide. Preliminary
experiments of Scheme 2 established the Snediated
coupling betweert and model aldehyd6'* under Barbier
conditions in fewer than 5 min at temperatures ranging from
—78 to 22°C and provided thg-hydroxyoxazole7 as an ) | ’ )
inseparable mixture of diastereomers (68% yield). Stoichio- NYdes, including carbonyl reduction to the corresponding
metric quantities of aldehyde and iodidewere premixed alcohols, as well as reductive elimination to produce benzyl

in degassed THF and added via cannula to a freshly prepared!conol as observed in the case2dt These processes limited
solution of excess (2.5 equiv) SmBtructural verification e desired Barbier coupling to 35—45% yields. No signifi-

of 7 was provided by oxidation under modified Swern cant improvements in yields were observed when reactions
conditiond? and subsequent deprotection of ketdheith were conducted in tetrahydropyr&hwith the addition of

methanol in the presence of catalytic camphorsulfonic acid catalytic Ni(ll) saltsi* or in the presence of Lewis aciéfs.
to yield the desired cyclic ketd. In the case of Zx-iodomethyloxazoles and thiazoles, it is

General characteristics of the samarium diiodide coupling teMPtng to postulate a net wo-electron reduction producing

are summarized in Table 1. Several representative oxazolgin® N-metallo-enamin@7 for precomplexation in the s_ix-
and thiazole derivatives have been examined, although Ourmembered array3s8 by analogy to carbonyl coupling

survey made no attempt to optimize results for each case.Processes (F'@!“fe 2). i ) )
Although this hypothesis may warrant consideration,

(6) Williams, D. R.; Kiryanov, A. A.; Emde, U.; Clark, M. P.; Berliner, limited studies with 4eL-iodomethyI examples (Table 1,
M. A. Angew. Chem., Int. E®003,42, 1258. entries 10—14) suggest more broadly defined applications

(7) Meyers, A. |.; Lawson, J. Pletrahedron Lett1981,22, 3163. ; ; ; _ ;
(8) Evans, D. A Cee, V. J.- Smith, T. E. Santiago, KQlg. Lett. for this Barbier coupling. The C-4 substituted heterocycles

1999,1, 87.
(9) Helquist, P.; Gangloff, A. R.; Akermark, B. Org. Chem1992,57, (13) Haumann-Gaudinet, B.; Namy, J.-L.; Kagan, HTBtrahedron Lett.
4797. 1997,38, 6585.
(10) Uguen, D.; Breuilles, PTetrahedron Lett1998,39, 3149. (14) Machrouhi, F.; Harmann, B.; Namy, J.-L.; Kagan, H. Bnlett
(11) Nonracemid was prepared according to the method of Carreira: 1996, 633.
Carreira, E. M.; Singer, R. AJ. Am. Chem. S0d.995,117, 12360. (15) Aoyagi, Y.; Yoshimura, M.; Tsuda, M.; Tsuchibuchi, T.; Kawamata,
(12) (a) Tidwell, T. T.Synthesid990, 857. (b) Mancuso, A. J.; Huang, S.; Tateno, H.; Asano, K.; Nakamura, H.; Obokata, M.; Ophta, A.; Kodama,
S.-L.; Swern, DJ. Org. Chem1978,43, 2480. Y. J. Chem. Soc., Perkin Trans.1D95, 689.
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Table 1. Samarium Barbier Reactions of Substituted Oxazoles and Thiazoles with Aldéhydes

entry heterocycle aldehyde product yield ¢
TBSO OPiv
o CHO TBSO  OH N—(
1 N— OPV d 76%
NS RONA NOTBS
10 Piv oivaloate OTBDPS RO < NoTBS
iv = piv: 11 R = TBMPS OTBDPS 12 R=TBMPS
. o - COOCH,
2 I \ /§ 60%
\/@,:)\coocm H °
13 14 15
COOCH3
3 /\)?\ é 7} %
13 55%
PhCHO H PhCH20
| o) HO
N
4 TBDPso/\[O\>_/ YJ\H TBDPSO/\[(I;I\>_}_< 98%
18 19 20
l/CHO \ HQ
5 18 ©\/0 TBDPSO/\[ \>—-}/\o/\Ph 10%
0
21 )2
N I HO N
6 3 19 | 87%
QR N1
23 24 (R = CHMey)
7 23 21 25 (R = CH0CH2Ph) 40%
I 19
s O 5 S
S R S
26 27 (R = CHMey)
9 26 21 28 (R = CH20CH2Ph) 38%
N ( R
10 I/\[ N\ 19 Y\[ \>_< 80%
S HO g
29 30 (R=CHMey)
11 29 2 31 (R = CHzOCH2Ph) 35%
R
12 NN N 1’ \ ﬁ)\ 75%
| o N\
s \s S
32 33 (R=CHMey)
13 32 21 34 (R = CH20CH2Ph) 55%
HO | (6] OPMB
N PMB ’\/?—/
14 l/\[ NP 19 N 70%
o}

35 (PMB = CHz_Q‘OCHs)

36(PM8 = crz—{_)-ocHy)

aReactions were conducted in THF at 22 and quenched (ag 30% sodium potassium tartra@nk (2.5—3 equiv) was freshly prepared in THF by
addition of a solution of 1,2-diiodoethane to Spowder under argon (stirring in the dark over 5hProducts were purified by flash silica gel chromatography

and were fully characterized.

29, 32, and35 displayed similar reaction characteristics as
their C-2 counterparts with model aldehyd&8 and 21.
Oxazole35 led to 70% yield of adducB86 despite small

In summary, a survey of reductive Barbier coupling
reactions of substituted-iodomethyloxazoles and thiazoles
with aliphatic aldehydes has been conducted using samarium

amounts of reductive degradation stemming from the pres- diiodide. This method conveniently permits direct incorpora-

ence of the C-P-methoxybenzyl ether.
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tion of the intact heterocyclic system. The iodomethylene
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presence of esters and common ether protecting groups,
including allylic ethers. Howeveny-alkoxyaldehydes have
shown diminished yields owing to competing side reactions.
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SN R cedures and complete characterization data for the com-
OH pounds of Schemes 1 and 2; general procedures for prepa-
ration of Smj and for the Barbier reactions of Table 1;

X=0Qors spectral data for the products of Table 1 including the ketone

Figure 2. Mechanistic considerations for samarium Barbier of 12,15,17,20,22,24,25,27,28, 30, 31, 33, 34, and36.
coupling of aldehydes and @iodomethyloxazoles and thiazoles.  This material is available free of charge via the Internet at
http://pubs.acs.org.

appendage may be positioned at C-2 or at C-4 of the
heterocyclic nucleus. Reactions are compatible with the OL051345V
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