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The Nozaki—Hiyama—Kishi reaction was used to prepare the 5-(1-hydroxyalkyl)-2,3-dihydro-4-pyridones 3. Reduction, oxidation, and substitution
reactions of 3 were examined.

N-Acyldihydropyridones of typel are versatile synthetic  ing 5-(1-hydroxyalkyl)-2,3-dihydro-4-pyridonéswere sub-
intermediated.They can be readily prepared in racemic or jected to reduction, oxidation, and various substitution
enantiopure form by the addition of organometallics to reactions.

1-acyl-4-methoxypyridinium salts followed by acidic work- ~ Several attempts at preparing alcohdlsom dihydropy-
up23As part of a program directed at expanding the synthetic rldongsl using various maodifications of the Bayimlllman
utility of dihydropyridones as building blocks, we have been reactloﬁiﬁ were unsuccessful. As an alter.nat|ve gpp_roaph,
investigating methods for their regio- and stereoselective we considered ahtwo-step: pﬁoc_edurg mvglvmg CS lodination
substitutiont Reported herein is a regiospecific substitution and subsequent hydroxyalkylation using the Nozkyama--

) , ) : Kishi (NHK) reaction?’ The NHK reaction was an attractive
of 1 at C-5 using a halogenation and Ni(Il)/Cr(ll)-mediated gernative for the preparation of alcohd@secause of its

aldehyde addition reaction sequence (Scheme 1). The resultaycellent chemoselectivity and its proven utility in natural
product synthesis. Although examination of the literature
(1) (@) Comins, D. L.; Joseph, S. P. Advances in Nitrogen Hetero- .revealed no example of a NHK reaction using an
cycles; Moody, C. J., Ed.; JAI Press Inc.: Greenwich, CT, 1996; Vol. 2, iodoenone and an aldehyde, we were encouraged to proceed
E|pt251_2|'94b r(]b) ,Ctomlnzs.dD-d L-:’\AJE_SIféph,AS- EF;- @gmpreheﬂsge by a report of an analogous transformation usingocan
eterocyclic Chemistry, 2nd ed.; McKillop, A., Ed.; Pergamon Press: . . . L -
Oxford, England, 1996; Vol. 5, pp 3789. iodoacrylaté. In this case the vinyl iodide was used in large

(2) (@) Comins, D. L.; Joseph, S. P.; Goehring, RJRAmM. Chem. Soc.
1994,116, 4719. (b) Kuethe, J. T.; Comins, D. Qrg. Lett.2000,2, 855
and references therein.

(3) For the synthesis of related dihydropyridones using the aza-Diels Scheme 1
Alder reaction, see: Kirschbaum, S.; Waldmann,JHOrg. Chem1998, fo} O OH
63, 4936 and references therein. X .

(4) Comins, D. L.J. Heterocycl. Cheml999,36, 1491 and references 5| Cr(IhCl, Ni(IHCl f‘j/LRS
therein. 2

(5) For reviews, see: (a) Ciganek, Brg. React.1997,51, 201. (b) R N RCHO, DMSO RN
Basavaiah, D.; Rao, P. D.; Hyma, R. Betrahedron1996,52, 8001. (c) CO.R? (|302R2
Drewes, S. E.; Roos, G. H. Fetrahedron1988,44, 4653.

(6) Shi, M.; Jiang, J.-K.; Feng, Y.-rg. Lett. 2000, 2, 2397 and 1, X=H 3
references therein. ICI C 2 xo1

(7) For reviews, see: (a) Firstner, @hem. Rev1999,99, 991—-1045.
(b) Wessjohann, L. A.; Scheid, Gynthesis1999, 1-36.
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excess (10 equiv) relative to the aldehyde. Excess halide i

often necessary to obtain good yields due to side reactions Scheme 2
involving reduction and couplingln our case the iodide is _ _
too valuable to be used in excess, so it was hoped that @ OH Q
conditions could be found to allow the NHK reaction to ﬁ/\ﬁ L ZR3
proceed with 1 equiv of halide. 1NN Az Q

: . . - RY NTAL Ny

Previously in our laboratories was developed a C-5 Co,R2 Nu Eo,m2

iodination of dihydropyridones using NIS/catalytic HTIE
This procedure requires a long reaction time (3 d) and uses 3 o or yattack

an expensive iodine source. To circumvent these drawbacks,
ICI (1 M in CH.Cl,)*® was examined as an alternative reagent
for the preparation of iodide®. Treatment of dihydropyri-
donesl with ICI (1.5 equiv) in methylene chloride (CC, 1

h) provided high yields of the desired iodid@svia a
convenient procedure. Initial attempts at coupling dihydro-
pyridones2 with benzaldehyde under standard NHK condi-

a quantitative yield of allylated dihydropyridodgScheme
3). Several other nucleophiles ¢BtH, methanol, thiophenol,

tions resulted in poor results with reduction produdts Scheme 3
predominating. Conditions were eventually found, involving O OH 0 S
DMSO as solvent and adding the iodide last to the reaction Ph BFg e OFt Ph
mixture, which allowed the iododihydropyridon2$o couple | |
with various aldehydes (3 equiv) to give the desired alcohols e ?l:o Bn A~ TMS Me go Bn
3 in moderate to good yields as shown in Table 1. . ? 100% 2

g 4

Table 1. Preparation of Hydroxyalkyldihydropyridon&sfrom . . )
2 and furan) were examined, and the results are depicted in

Scheme 4. In all casesattack occurred exclusively to afford

entry2 R! R? R® product vyield?%  (dr) the observed products.
1 Ph Bn PhCH:CH; 3a 64 (1/2.5) Using this procedure, the hydroxyl group 8fcan be
2 Ph  Bn n-CsHu 3b 57 (1/1.7)
3 Ph  Bn Ph 3c 80 ar7)
4 Ph  Bn 3-furanyl 3d 68 (1/2.6)
5 Ph  Bn CgHn 3e 64 d Scheme 4
6 Me Bn n-CsHu 3f 64 (1/2.6) o
7 Me Bn Ph 3g 57 (1/3.5) o
aThe reactions were generally performed on aL® mmol scale in 6 |
mL of DMSO using 3 equiv of aldehyde $RHO)." Yield of products Ph™ "N 0  OMe
obtained from radial preparative-layer chromatogragtihe ratio of OH OH CO,Bn
diastereomers (dr) was determinedsyNMR. 9 The dr was not determined. /(E/\Ph 5 |
Ve N T ] Ph™ N Ph
Interestingly, some aldehyde facial selectivity was ob- ¢0zBn \ o o 7 COgBn
served due to chirality transfer from the C-2 center of the 10 f . b8
dihydropyridone. The selectivity was low in most cases with | R
the exception of entry 3, where the combination of the RN o sph
2-phenyl derivative2c and benzaldehyde resulted in a 7/1 0 0 / COoR? c\\
mixture of diastereomer3c. Except for alcohol8e (entry R? e 3 |
5), all diastereomers could be separated by chromatogfaphy. | l d Me” "N
Since the hydroxyl group d@ is y to the nitrogen, it was Ph™ N o CO2Bn
.. . . . CO,Bn o =
anticipated that the addition of a Lewis acid would effect o 7
N-acyliminium ion formationt? In the presence of a nucleo- |
phile, o- or y-attack could proceed to give substitution PN
products (Scheme 2). In this vein, exploratory reactions were COsBn

carried out with3g, allyltrimethylsilane, and a Lewis acid
(SnCl, or BRs-Et,0) in methylene chloride.
To our satisfaction, the use of 1.5 equiv of BFt,0 and aReagents and conditions: (a):&iH, TFA, CHCl,, —20 °C,

1.2 equiv of allyltrimethylsilane-£30 °C, 30 min) afforded ~ R® = Ph (77%), R = PhCHCH, (72%); (b) MeOH, catalytic
PPTS, rt (100%); (c) PhSH, GBI, catalytic TMSOTT, rt (73%);
(d) toluene BE-OEtb, furan,—78 °C (80%); (e) MnQ, CHCly, rt,

8

(8) McCauley, J. A.; Nagasawa, K.; Lander, P. A.; Mischke, S. G.;

Semones, M. A.: Kishi, YJ. Am. Chem. S0d.998,120, 7647. R3 = Ph (62%), R = cyclohexyl (50%), R = 3-furanyl (50%);
(9) Comins, D. L.; Joseph, S. P.; Chen, Retrahedron Lett1995,36, (f) NaBH,, CeCk, MeOH, —40 °C (77%).
9141.
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replaced with allyl, hydrogen, alkoxy, alkylsulfanyl, and was developed to prepare 5-iododihydropyridogeghich
furanyl groups. It is likely other common nucleophiles that were subjected to the NozakHiyama—Kishi reaction to
have been found to add to various acyliminium ions will afford N-acyl-5-(1-hydroxyalkyl)-2,3-dihydro-4-pyridon&s

also be effective in this system. AlcohoBscan also be  These heterocycles proved to be useful intermediates for the

oxidized with MnQ to provide the corresponding keto  synthesis of various C-5 substituted 2,3-dihydro-4-pyri-
derivatives9 in good yield, or reduced with NaB#CeC} donest4

to afford diol 1013

In summary, a new and convenient procedure using ICI I
y P 9 Acknowledgment. We express appreciation to the Na-

(10) (a) ICl was purchased from Aldrich Chemical Cs.2a1 M solution tional Institutes of Health (Grant GM 34442) for financial

in CHyCl,. (b) For the synthesis af-iodo enones from the corresponding  support of this research. NMR and mass spectra were
o-silyl precursors using ICI, see: Alimardanov, A.; NegishiTEtrahedron . . . . .
Lett. 1999, 40, 3839. obtained at NCSU instrumentation laboratories, which were

(11) The relative stereochemistry of the diastereom@rsvas not established by grants from the North Carolina Biotechnology
determined. . . .
(12) For examples of-hydroxyenecarbamates as unsaturatextylimin- Center and the National Science Foundation (Grants CHE-
ium ion precursors, see: (a) Kozikowski, A. P.; Park, PJuOrg. Chem. 9121380 and CH#-9509532).
1984 49, 1674. (b) Comins, D. L.; Abdullah, A. Hletrahedron Lett1985
26, 43. (c) Comins, D. L.; Stroud, E. Detrahedron Lett1986,27, 1869.
(d) Kozikowski, A. P.; Park, P.-U. Org. Chem199Q 55, 4668. (e) Comins, ; ; ; . i At
D. L.: Killpack. M. O. J. Am. Chem. S0d 992,114, 10972, Supporting Information Available: Characterization
(13) Luche reduction of dihydropyridones of tydegenerally gives data for compound2a, 3a—g, and4—10.'H and*3C NMR
equatorial alcohols, see: Comins, D. L.; Chung, G.; Foley, M. A. _ _ ; ial i i
Heterocyclesl004,37, 1121, spectra oRa, 3f g 4,5, and6—10. This material is available
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