ORGANIC
LETTERS

Stereoselective trans- and Vol 2oL,
cis-Dihydroxylations of 2H-Pyranyl and 2141-2144
Dihydropyridinyl Heterocycles

Synthesized from Formal [3 +

3]-Cycloaddition Reactions of

o, f-Unsaturated Iminium lons with

1,3-Dicarbonyl Equivalents®

Luke R. Zehnder, Lin-Li Wei, Richard P. Hsung,*! Kevin P. Cole,
Michael J. McLaughlin, Hong C. Shen, Heather M. Sklenicka, Jiashi Wang, and
Craig A. Zificsak

Department of Chemistry, Usersity of Minnesota, Minneapolis, Minnesota 55455

hsung@chem.umn.edu

Received February 23, 2001

ABSTRACT
(e} OH (e}
H
w |\ (8] W | OH [H] 0 | o
8 8 R Lo <52
- X R2 ~7 X R2 O R
R R’
X =0 or NHR trans or cis diols

W=0orCH, highly diastereoselective

We describe here an inherent problem in direct epoxidation of the endocyclic olefin in 2H-pyrans fused to 2-pyrones. Such difficulties led to
the development of highly stereoselective trans- and cis-dihydroxylations of these olefinic systems in both 2H-pyrans and dihydropyridines
fused to a 2-pyrones or a 2-cyclohexenone. Protocols for the removal of the activated allylic hydroxyl group are also reported.

Reactions ofy,f-unsaturated iminiums with 1,3-dicarbonyl reactions involve a sequence that consists of a Knoevenagel

equivalents constitute a stepwise formal {3 3]-cyclo- condensation followed by anBelectron electrocyclic ring

additior?* useful for the synthesis of compleXi2oyranyl closuré and, thus, can be classified as a sequential anionic
and dihydropyridinyl heterocycles [Figure %] These pericyclic strategy highly useful for natural product synthe-

sis? The net result of this process is formation of tevtoonds
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oxidative transformations involving the endocyclic olefin in
2H-pyrans or dihydropyridines such &shave been much
less explored” We report here our initial success in
stereoselective oxidation of this ubiquitous endocyclic olefin.
The unique position of hydroxyl groups in the C-rings of
arisugacin A f] and H [5] and the B-ring of lepadin Ag]
prompted us to investigate two approaches [Figure 2]. The
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in designing both stereoselect®€ and intramolecular

variants of this formal cycloadditioff. first one involved the epoxidation of thé42pyran8 at C4-
Having demonstrated its synthetic feasibility, we have been C5, followed by a hydride reduction of epoxi@e leading
pursuing applications of this formal [ 3]-cycloaddition  to monohydroxylated compourkD. We had suspected that
in the total syntheses of arisugacin A]fand H [5],***? the hydride would selectively approach toward C4 owing to
lepadin A [6],* and orevactaen& [Figure 1]. However, the activation from the pyranyl oxygen. The second approach
to render this formal cycloaddition approach useful in natural involved dihydroxylation of8 at C4-C5 followed by a
product synthesis, an ensuing key transformation would selective removal of the C4 hydroxyl group 10, which is
involve oxidation of the endocyclic olefin in the heterocycle not well-explored.
3 to provide the desired hydroxyl functionalities presentin a5 shown in Scheme 1 epoxidation dfispyrans12 and

4—7. Despite well-known oxidation chemistry involving 13 using m-CPBA at room temperature in GAI, led to
analogous endocyclic olefinic systems such as chroniéffes,
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Chem.1995 60 1763 it
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131. (b) Tietze, L. FJ. Heterocycl. Chenil99Q 27, 47. 1:1[trans : cis ]
(10) For a leading reference, see: Otoguro, K.; Shiomi, K.; Yamaguchi, Bz* = m-chlorobenzoyl; Ar = 3',4'-dimethoxyphenyl
\z(ooérgé l\éo Sunazuka, T.; Masuma, R.; lwai, Y.,n@ura, S.J. Antibiot. Epoxide and Oxocarbenium Intermediates

(11) Zehnder, L. R.; Hsung, R. P.; Wang, J.-S.; Golding, G Avgew. 5- 1)
Chem., Int. Ed200Q 39, 3876. o 4

(12) For our other approaches related to the synthesis of arisugacin, = o}
see: (@) Zehnder, L. R.; Dahl, J. W.; Hsung, RTBtrahedron Lett200Q I 2
41, 1901. (b) Granum, K. G.; Merkel, G.; Mulder, J. A.; Debbins, S. A.; o CHs;
Hsung, R. PTetrahedron Lett1998 39, 9597. (c) Hsung, R. Rl. Org. o+ 47
Chem 1997, 62, 7904. 820

Z
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S. Tetrahedron Lett200Q 41, 6945.

2142 Org. Lett., Vol. 3, No. 14, 2001



exclusive formation of hydroxyestedst and 158 in 50% On the other handis-dihydroxylation of these endocyclic
and 71% vyields, respectively, as a 1:1 mixturdrahs and olefins was quite successful. As shown in Table 1, a range
cis isomers. A variety of other conditions [buffered or
biphasic conditions] were explored but failed to diminish
the addition of the Bz*Orr-chlorobenzoyloxy] aniontothe  1p1e 1
initially formed epoxidel6 and/or oxocarbenium intermedi-

atel7 [Scheme 1]. In our hands, epoxidé is unstable and ! /4 i o _ O0sKFeCNs ! oty | o Rl oif” o
undergoes rapid ring opening, especially under acidic condi- m kaCOg oBuoH 8 M L7 Zm
tions, leading to oxocarbenium specitg Oxocarbenium — © #° R nzo2on T RC RO R
speciesl 7 presents minimum stereochemical discrimination C5-Cé-anti C5-Cé-syn
toward the incoming Bz*O anion, and thus, both thens enty R'  R? R® R statmat cispoductt  yield® [antisynl®
andcisisomers ofl4 or 15 were isolated. It should be noted OH ©
that the addition of Bz*O anion did occur regioselectively 1 H - GHyCHssCHp- Me 18 O [0 s4% N
at C4 and not C2. The hydroxyestet was unambiguously 07 “Me
assigned via a HETCOR experiment where the C4 protons 20-cis
of transandcisisomers correlate t6C chemical shifts with HO.5 I
0 values of 65.3 and 68.4 ppm. 2 H Me H Me 21 )\/ﬁok 78 89:11

Subsequent attempts using reagents such as dimethyl- Me"e 026 Me
dioxirane, in situ reductive trapping df6 or 17 using
NaCNBH;, or attempts to reduce the Bz*O groupid or Ho. g
15 using hydrides such as NaBtind NaCNBH in the 8 Ho P HoMe 22 DR
presence of Ceglor AcOH were unsuccessftf?° The mRrT 0L, Me
earlier assertion regarding the activation of CALéhdue to oH ©
the pyranyl oxygen allto.m appears to pe very real as vyell as, ., o W Me 23 MO o 730 o3.7
extremely problematic in the epoxidation of these particular |

. ) . . Ph O Me

endocyclic olefins, thereby rendering them very different 28

from those that have been explored in epoxidation stu#iés.
We then turned to dihydroxylation protocols to construct s .cu,cH,l,cH,- H  Me 24

295:5
the monohydroxylated produdd. As shown in Scheme 2,
6 -CHolCHsloCHa- H | 25 ' 85"  295:5
Scheme 2 elCHACH =
. 9 HO O OMe e
MMPP HO. M
15 = o : 7o OMe OMe
R _ Ho0,/i-PrOH R P
RZO CH, Rzo CHy aCisortransis designated for the CACS5 relative stereochemistrjnti
50 °C, 8h or synis designated for C5C6 relative stereochemistry. Ni@ans products
12: R, R?= Me 19: [50%]; 90 : 10 [trans : cis ] were observed in these reactions due to epimerizatfoAl.yields are
18: R", R?= - (CHy)s - 20: [61%]; 91 : 9 [trans : ¢is] isolated yields¢ All ratios were determined b+ NMR and/or'3C NMR.
0°C Relative stereochemistry was assigned by NOE experiméNsIO was
MMPP: magnesium monoperoxyphthalate used and the reaction was carried out in acteos@/FIK3FeCN; gave a

74% yield withananti:synratio of 92:8.

MMPP [magnesium monoperoxyphthalate] epoxidation of of different substratesip, 21—25] could becis-dihydroxy-

12 and 18, a more basic protocol, did lead to didl9 and lated in high yields using OsOand KsFeCNs or NMO

20 in 50% and 61% yields, respectively. The relative [entries 4 and 62 and more significantly, diastereoselec-

stereochemistry favored thiensisomers with ratios of 90:  tjyities were very high for reactions @fl—25 [entries 2-6].

10 and 91:9 forl9 and 20, respectively, andrans andcis Given the relatively flat nature of these ring systems [tRe R

isomers are readily separable. The improved stereoselectivitysypstituent actually assumes the pseudoequatorial position

favoring thetransisomer may be due to the large excess of for the starting Bi-pyrans 21—25], the observed high

H20 [as a cosolvent] that could efficiently trap out epoxide djastereoselectivity was quite remarkable. The assigned

intermediatel6. relative stereochemistry afs-diols 20 and26—30 indicates
Attempts to generate an epoxide frdmans diol 19 via that the approach of OsGstill preferred the slightly less

mesylation of either the C4 or C5 hydroxyl group led to hindered face of the olefin.

epimerization, even in the presence of reducing agents such Given the above success in this-dihydroxylation, we

as NaCNBH/Znl,?* and NaBH.?° However, the ability to examined Sharpless’ asymmetric dihydroxylatfoof 2H-

stereoselectively construgansdiol 19 solidifies an attrac-  pyran12using [DHQDLPYR [two dihydroquinidine ligands

tive entry for synthesis of orevactaer¥ via the formal [3 linked with pyrimidine] and obtained didl9-cisin 66% yield

+ 3]-cycloaddition approach [see Figure 1]. (Scheme 3). Formation of the bis-J-MTPA ester indicated
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Scheme 3 Scheme 4
[DHQD].PYR OH 0 on 9
OH' o/ i
0s04, KsFe(CN)g T4 o a. 74% yield 7 o
KoCOg, HoO/+BUOH 1 P oR | P
MeSO,NH o AT b 77% yield o Ar
St 30 33
0°C, 15 h;1t, 12-24 h .
19-cis g; OMe
Yield: 66%; 64% ee: [0f¥p=- 4.11° Are \C[ c. 78% yield
Using [DHQI,PHAL — ent-19-cis: 54% ee: [0]Pp = + 3.48° OMe s
o} O OH S
4
o on o e Ao o
@5 0304, KsFe(CN)s % OHT . imd” imd g6 ]
N'g 'Me  K,COs, HyO/t-BUOH N7g Me | P toluene, 80 °C, 4h | P
Ph. %\ph reflux, 24 h Ph. W)\Ph ) Ar 73% o Ar
OTBS 50% OTBS 30 34
3 nle diast R _3216200 a(a) 5% Pd-C, H,, Ac,0 [as solvent], rt, 4 h; (b) GFEOOH,
asingle diastereomer: []"'p = + 162. Et;SiH, CH,CIy, rt, 2 h; (c) AIBN [cat.],n-BusSnH [as solvent],

130°C, sealed tube.

64% ee, which is quite comparable to those reported by hydroxylated compound33 in 74% vyield by using a
Sharpless for asymmetrats-dihydroxylation of chromene8.  pyqrogenation protocol in which A@ is used as solvest.
Likewise, the use of [DHQPHAL [two dihydroquinine  The yse of alcohol solvents such as MeOH led to isolation
ligands linked with phthalazine] led tent19-cis in 50% of products with the MeO group substituted at C4. While
yield with 54% ee. In addition, we found that optically pure  TnSH reduction in TEAA was also feasibt the most
dihydropyridine31 could also undergois-dihydroxylation,  ygjiaple protocol that provide83in 78% yield has been the
although slower, using Os@nd KsFeCN?** to providecis- two-step sequence consisting of the formation of thiolcar-
diol 32 as a_single diastereomer in 50% yield. The r_elative bonate34 followed by a Barton-type deoxygenation of the
stereochemistry between C4, C5, and C6 was unambiguouslyyore activated allylic hydroxyl group at C4 [Scheme?4].
assigned using NOE experiments. This stereoselects/e We have described here highly stereoseledtiaas- and
dihydroxylation protoc_ol provides ocataquinok_anone System cisdihydroxylations of these olefinic systems in botH-2
3land offers a potential approach to the AB-ring system of yrans and dihydropyridines. This methodology represents
lepadin Af]. o . a key transformation in constructing various natural products
With thesecis-diols in hand, the remaining challenging using the formal [3+ 3]-cycloaddition approach. Efforts

issue is the ability to selectively remove the C4 hydroxyl rejated to these natural product syntheses are currently
group which is not very well-known. This stands as a key underway.

transformation for potential total synthesis of relevant natural

products 4—-6 using the formal [3+ 3]-cycloaddition Acknowledgment. R.P.H. thanks the National Institutes

approach. of Health [NS38049] and the donors of the Petroleum
As shown in Scheme 4, after exploring a variety of Research Fund [Type-GJ.

different conditiong? the C4 hydroxyl group irtis-diol 30

was successfully removed to provide the desired mono- Supporting Information Available: Experimental pro-

cedures as well a8H NMR spectral and characterization
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K. Takai, T. Yamada, T.. Mukaiyama, Bull. Chem. Soc. Jpri994 67, of charge via the Internet at http://pubs.acs.org.
gégg (c) Vander Velde, S. L.; Jacobsen, EJ.JOrg. Chem.1995 60, OL010034R
(16) (a) Costes, N.; Michel, S.; Tillequin, F.; Koch, M.; Pierte; Atassi,
G. J. Nat. Prod.1999 62, 490. (b) David, M.; Boustie, J.; Peilloux, A.; (23) The absolute stereochemistryl®&cis andent19-cis were assigned
Poupon, E.; Amoros, M.; Sauleau, Rharm. Sci.1997, 5, 305. on the basis of Sharpless’ mnemonics, see: Wang, Z.-M.; Kakiuchi, K.;
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