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3,5-Disubstituted A’-isoxazolines can be prepared using the palladium-mediated nucleometalation /
methoxycarbonylation of f3,y-unsaturated oximes. This novel route to this class of compounds is tolerant of
a wide variety of functionality in the starting material, and provides a rapid route to highly functionalized

isoxazolines.

J. Heterocyclic Chem., 43, 535 (2006).

During our investigation of the palladium-mediated 5-
exo-trig cyclization of f,y-unsaturated carbonyls, we
noted the recent report of an antagonist of macrophage
migration inhibitory factor (MIF)[1]. MIF, a homotrimer
structurally related to the bacterial enzymes 4-oxalo-
crotonate tautomerase and S5-carboxymethyl-2-hydroxy-
muconate isomerase, has been discovered to be an
important regulatory protein in the immune system that
promotes an inflammatory response. Moreover, MIF has
been implicated in the development of Type 1 diabetes.
Antagonists of MIF have been shown to limit and even
prevent the development of diabetes [2].
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Figure 1. 1SO-1 (methyl 3-(p-hydroxyphenyl)-5-A*-isoxazolinyl acetate).

For example, ISO-1, shown in Figure 1, a racemic 3,5-
disubstituted A’-isoxazoline shows remarkable anti-diabeto-
genic activity as a MIF antagonist. Specifically, researchers
have determined that racemic methyl 3-(p-hydroxyphenyl)-
5-A-isoxazolinyl acetate (ISO-1) reduces the production of
MIF protein in pancreatic islets and suppresses the
development of hyperglycemia. Further studies using X-ray
crystallography of an MIF-ISO-1 complex, indicate that only
the R-isomer binds to MIF [1]. This discovery indicates a
potential therapy and / or a pharmacological curative for
persons affected by Type 1 diabetes.

Syntheses of ISO-1 and other A%-isoxazolines have been
previously accomplished via the intermolecular nitrile
oxide cycloaddition of an appropriately substituted alde-
hyde oxime with a f,y-unsaturated ester [3]. The
regiochemistry of the product, while well-defined in the

reaction of monosubstituted o,B-unsaturated esters, can be
more difficult to control in more substituted and
functionalized derivatives [2]. Moreover, there are limits
to the functionality present in both starting materials for
the final cyclization step.

Herein, we wish to report an alternative synthesis of this
class of compounds, including a viable route to ISO-1, via
the palladium(Il)-mediated nucleometalation / methoxy-
carbonylation of substituted f3,y-unsaturated oximes. Since
their initial discovery [4], palladium-mediated reactions
have become prominent in synthetic organic chemistry [5].
These reactions have been instrumental in the facile
preparation of five- and six-membered carbo- and
heterocyclic rings [6]. In fact, synthetic application of this
method has generated rapid routes to a wide variety of
natural products [7]. Many of these reactions involve the
close proximity of a nucleophile to an in-situ generated
electron deficient alkyne, arene, or allene.
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Synthetic Route to 1

The p,y-alkenyl oximes (1) used in this investigation
were prepared using standard organic chemistry reactions
from commercially available starting materials as shown in
Scheme 1. Specific substituents on the aromatic ring were
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chosen so that the electronic effects of the final step (1—2)
could be explored. Specifically, starting with an
appropriately substituted benzaldehyde, a solution of allyl
magnesium bromide in tetrahydrofuran was added at room
temperature to give excellent yield of the corresponding
[3,y-unsaturated carbinols [9]. The alcohol functional group
was then oxidized to the corresponding ketone using
pyridinium chlorochromate (PCC) in dichloromethane.
Magnesium sulfate was added to the reaction mixture to
serve as a support for the reduced chromium salts [10].
Simple filtration through a pad of Florisil provided the
desired ketone. The oximes (1), as a mixture of syn and
anti isomers (>5:1, syn to the allyl group), were prepared
by briefly refluxing the ketone in a mixture of hydroxyl-
amine hydrochloride with sodium acetate in 50% ethanol
[11]. Each of the products in this sequence was isolated by
extractive workup, purified by column chromatography on
silica gel, and their identity confirmed by spectroscopic
methods. Interestingly, under the conditions employed in
this synthetic scheme to prepare 1, no rearrangement of the
alkene to afford the conjugated system was observed.

Table 1

Palladium-mediated cyclization of 1.

o PdCl, (5%), N-O O
| CuCl, (300%) W
—_—
Ar)\/\ CO (1 am) Ar OCHs
1 CH3OH 2
Compound Ar Yield (%)
2a Ph 78
2b p-CHzPh 62
2c p-CH30Ph 99
2d p-BrPh nd
2e p-FPh 60
2f m-FPh 15
29 2,5-(CHsO)Ph 102
2h p-tBDPSIOPh 83
2i p-HOPh 21

a. yield not optimized nd = not detected
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Cyclization of 1 using catalytic palladium(II) chloride
under a carbon monoxide atmosphere (5 mol% PdCl,,
300 mol% CuCl,, carbon monoxide, methanol) gave a
racemic mixture of the desired acetate substituted
isoxazolines (2) in variable yields as shown in Table 1.
Copper(Il) chloride was added to the reaction to
reoxidize the palladium(0) generated in the preparation
of the isoxazoline ring system. The product isoxazolines
were readily identifiable by both proton and carbon nmr
spectroscopy. Specifically, the hydrogen atoms at C-4 of
the A’-isoxazoline ring exist as a doublet of doublets
coupled to the hydrogen atom at C-5. The alpha
hydrogen atoms on the acetyl substituent are also clearly
observable as doublets of doublets coupled to the
hydrogen at C-5. Modeling of the spin system using
Bruker's NMRSIM software package confirmed the
assigned coupling constants.

A vinylogue of 2 was prepared by the method outlined
in Scheme 2. The lithium salt of THP-protected propargyl
alcohol was added to an solution of styrene oxide to give
the alkynyl alcohol. Treatment of this compound with
lithium aluminum hydride in warm ether produced the
allene in approximately 50% yield [12]. The oxime was
then prepared using the same method outlined in
Scheme 1. The palladium(II) catalyzed nucleometalation /
methoxycarbonylation of the mixture of syn and anti
oximes produced in the oximation reaction provided
racemic 3 in moderate yield.

Some obvious limitations are to be noted in the
palladium-mediated cyclization of f,y-unsaturated
oximes. For example, compound 1d did not produce the
desired product 2d to any measurable extent as evidenced
by proton nmr of the reaction mixture, most likely due to
the presence of the aryl halide. Such functionality has
been shown to undergo oxidative addition to palladium
metal, an intermediate in the proposed mechanism of the
reaction [13]. In contrast, compounds le and 1f did not
suffer from this oxidative addition to palladium, since the
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carbon-fluorine bond is considerably stronger than other
carbon-halogen bonds. Further observations of the yield
of the reaction with respect to the electronic character of
the phenyl substituent indicate a strong correlation.
Oximes containing electron donating substitutents, 1¢ and
1h, provided very high yields of the corresponding
isoxazolines 2¢ and 2h.

The known compound, ISO-1 (2i) was also prepared
using this method. Initially, the commercially available
starting material, p-hydroxybenzaldehyde, was protected as
the fert-butyldiphenylsilyl ether [14] then converted to the
oxime by the procedure described in Scheme 1.
Cyclization of the resulting compound 1h gave the desired
isoxazoline 2h in good yield. The protecting group was
then easily removed with potassium fluoride and 18-crown-
6 in a mixture of water and dichloromethane [15] to give 2i
(>98% yield after column chromatography). Alternatively,
deprotection of 1h using the potassium fluoride / 18-crown-
6 method, followed by the palladium(Il) catalyzed
cyclization provided the expected isoxazoline, 2i, albeit in
significantly lower yield. The acidic nature of the p-
hydroxyphenyl derivative 1h could explain the repeated
low yields for this reaction.

The results of this work stand in contrast to the work of
Murahashi [16], who prepared pyridines and isoxazoles via
the palladium(II) mediated cyclization of {,y-unsaturated
oximes in the presence of a base. The differences in the
outcome of the Murahashi method and our method are
based solely on the conditions of the palladium(II)
cyclization. While the mechanism of the Murahashi cycli-
zation is essentially identical to that in our preparation of
A’-isoxazolines, the Murahashi method utilizes stoichio-
metric quantities of palladium(II), an inert atmosphere, and
a base. The lack of carbon monoxide in a protic solvent
gives rise to the reductive elimination of the intermediate
sigma-palladium complex and produces an aromatic
heterocycle.

Conclusion.

We have shown that f3,y-unsaturated oximes undergo
palladium-mediated cyclization to A*-isoxazolines. This
method provides an alternate route to derivatives of
ISO-1. B-Allenyl oximes have been shown to give
vinylogous compounds. We have also demonstrated
that the cyclization of f,y-unsaturated oximes provides
a convenient and synthetically useful route to 3,5-
disubstituted A*-isoxazolines.
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EXPERIMENTAL

Exact masses were determined by high-resolution fast atom
bombardment mass spectrometry at the Nebraska Center for
Mass Spectrometry, in Lincoln, Nebraska. The oximes 1 were
prepared using standard methods indicated in the text. Nmr
spectra (‘"H and "*C) were obtained on a Britker Avance 300
multinuclear FT-NMR (300 MHz for 'H). Combustion analyses
were performed by Desert Analytics Laboratory, PO Box 41838,
Tucson, AZ 85717. All reactions were performed under an inert
atmosphere of nitrogen or argon, unless otherwise noted.
Anhydrous methanol was prepared by distillation under an inert
atmosphere from a slurry of magnesium methoxide in methanol.
Flash chromatography was performed on silica gel (70-230
mesh) with freshly distilled solvents by the method of Still [17].
Palladium and copper chlorides were purchased from Aldrich
Chemical Company and maintained under an inert atmosphere
before use.

Compound 1a has been prepared previously [1,18].
Compounds 1b-1i were prepared using the method outlined in
Scheme 1 and used after purification by flash chromatography
(hexane:ethyl acetate 9:1).

General Procedure for the Palladium-mediated Cyclization.

To a dry roundbottom flask containing 5.0 mL anhydrous
methanol was added palladium(II) chloride (0.050 mol equiv),
anhydrous copper(Il) chloride (3.0 mol equiv), and a 500 mL
balloon of carbon monoxide. The appropriate oxime 1 (1.00 mol
equiv) in 1.0 mL anhydrous methanol was added to the
vigorously stirred solution. After 12-18 h, the solution had
darkened and a palladium mirror had formed on the inside of the
flask. The solvents were removed by rotary evaporation and the
residue extracted with ethyl acetate (3 x 15 mL). The ethyl
acetate was then washed with water (3 x 20 mL), brine (1 x 20
mL), dried over anhydrous magnesium sulfate, filtered, and
evaporated to give the desired product as a crude yellow oil.

Methyl 3-phenyl-5-isoxazolinylacetate (2a).

Flash chromatography (hexane:ethyl acetate 9:1) gave 78%
yield of the desired product as an off-white solid that agreed
with the literature data [1,18] for this compound. 'H nmr
(deuterochloroform): & 7.85 (m, 2H), 7.53 (m, 3H), 5.05 (dddd,
J=10.2,7.2,6.0Hz, 1H), 3.73 (s, 3H), 3.56 (dd, J = 16.8, 6.0Hz,
1H), 3.13 (dd, J = 16.8, 7.2Hz, 1H),; 2.89 (dd, J = 15.9, 6.0Hz,
1H), 2.66 (dd, J = 15.9, 7.2Hz, 1H). *C nmr (deuterochloro-
form): § 170.6, 156.6, 130.2, 129.3, 128.7, 126.7, 77.3, 52.8,
40.2,39.8.

Methyl 3-(p-toluyl)-5-isoxazolinylacetate (2b).

Flash chromatography (hexane:ethyl acetate 9:1) gave 62%
yield of the desired product as an off-white solid. mp 58-61°C.
'H nmr (deuterochloroform): & 7.57 (m, 2H), 7.22 (m, 2H), 5.11
(dddd, J=10.2, 7.5, 7.2, 6.0Hz, 1H), 3.75 (s, 3H), 3.55 (dd,
J=16.8, 10.2Hz, 1H), 3.13 (dd, J = 16.8, 7.2Hz, 1H), 2.89 (dd, J
=15.9, 6.0Hz, 1H), 2.63 (dd, J = 15.9, 7.5Hz, 1H), 2.39 (s, 3H).
BC nmr (deuterochloroform): § 170.6, 156.5, 140.4, 1294,
126.7, 126.6, 76.8, 51.9, 40.4, 39.6, 21.4. hrms (FAB) Calcd. for
C,;H,(NO;: 234.11302; Found: 234.11399

Anal. Caled. for C;H ;NO;: C, 66.94; H, 6.48; N, 6.00.
Found: C, 67.15; H, 6.71; N, 6.06.
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Methyl 3-(p-methoxyphenyl)-5-isoxazolinylacetate (2c).

Flash chromatography (hexane:ethyl acetate 9:1) gave 99%
yield of the desired product as an off-white solid that agreed
with the literature data [1] for this compound. 'H nmr
(deuterochloroform): d 7.65 (m, 2H), 6.93 (m, 2H), 5.10 (dddd,
J=10.2, 7.8, 7.2, 6.0, 1H), 3.86 (s, 3H), 3.74 (s, 3H), 3.54 (dd,
J=16.8, 10.2Hz, 1H), 3.11 (dd, J=16.8, 7.2Hz, 1H), 2.89 (dd,
J=16.0, 6.0Hz, 1H), 2.66 (dd, J=16.0, 7.8Hz, 1H). *C nmr
(deuterochloroform): & 170.8, 156.8, 144.5, 139.8, 129.5, 126.7,
77.1,60.4,52.5,40.4,39.1.

Anal. Caled. for C;H;NO,: C, 62.64; H, 6.07; N, 5.62.
Found: C, 62.90; H, 6.41; N, 5.73.

Methyl 3-(p-fluorophenyl)-5-isoxazolinylacetate (2e).

Flash chromatography (hexane:ethyl acetate 9:1) gave 60%
yield of the desired product as an off-white solid. mp 67-69°C.
'H nmr (deuterochloroform): & 7.53 (m, 2H), 6.95 (m, 2H), 4.98
(dddd, J=10.5, 7.5, 7.2, 6.3Hz, 1H), 3.59 (s, 3H), 3.40 (dd,
J=16.8, 10.5Hz, 1H), 2.99 (dd, J=16.8, 7.5Hz, 1H), 2.74 (dd,
J=15.9, 6.3Hz, 1H), 2.55 (dd, J=15.9, 7.2Hz, 1H). “C nmr
(deuterochloroform): 8 170.5, 163.5 (d, J;5c.,47=250Hz), 155.5,
128.6 (d, J5c.10=8Hz), 125.7 (d, Ji5c.10p=4Hz), 115.7 (d, J 3¢
wr=22Hz), 77.1, 51.7, 40.1, 39.4. hrms (FAB) Calcd. for
C,H,;NO;F: 238.08795; Found: 238.08746.

Anal. Calcd. for C,H,FNO;: C, 60.76; H, 5.10; N, 5.90.
Found: C, 61.08; H, 4.69; N, 5.51.

Methyl 3-(m-fluorophenyl)-5-isoxazolinylacetate (2f).

Flash chromatography (hexane:ethyl acetate 9:1) gave 15%
yield of the desired product as an off-white waxy solid. mp 44-
46°C. 'H nmr (deuterochloroform): & 7.30 (m, 3H), 7.01 (m,
1H), 5.04 (dddd, J=10.2, 7.5, 7.4, 6.0Hz, 1H), 3.64 (s, 3H), 3.44
(dd, J=16.5, 10.2Hz, 1H), 3.02 (dd, J=16.5, 7.5Hz, 1H), 2.79
(dd, J=15.9, 6.0Hz, 1H), 2.58 (dd, J=15.9, 7.4Hz, 1H). “C nmr
(deuterochloroform): 8 170.1, 169.5, 161.8 (d, J,3c.,p=247Hz),
154.7 (d, Ji3c.0p=3Hz), 129.3 (d, J;c.1op=8Hz), 121.5 (d, J ;..
wr=3Hz), 116.1 (d, J ;3¢ 1o/=21Hz), 112.5 (d, J,5c.10p=23Hz), 77.3,
50.8, 39.0, 38.5. hrms (FAB) Caled. for C,,H;NO;F:
238.08795; Found: 238.08905.

Anal. Calcd. for C,H,FNO;: C, 60.76; H, 5.10; N, 5.90.
Found: C, 61.04; H, 5.10; N, 5.90.

Methyl 3-(2',5'-dimethoxyphenyl)-5-isoxazolinylacetate (2g).

Flash chromatography (hexane:ethyl acetate 9:1) gave 10%
yield of the desired product as an off-white solid. 'H nmr
(deuterochloroform): 8 7.30 (m, 1H), 6.92 (m, 2H), 5.09 (dddd,
J=10.2,7.5, 7.2, 6.5Hz, 1H), 3.82 (s, 3H), 3.80 (s, 3H), 3.74 (s,
3H), 3.66 (dd, J=17.4, 10.2Hz, 1H), 3.22 (dd, J=17.4, 7.2Hz,
1H), 2.86 (dd, J=15.9, 6.3Hz, 1H), 2.64 (dd, J=15.9, 7.5Hz, 1H).
BC nmr (deuterochloroform): § 170.8, 156.1, 153.5, 151.9,
119.0, 117.7, 113.3, 112.9, 77.1, 56.1, 55.8, 51.8, 42.7, 39.6.
hrms (FAB). Caled. for C,,H;{NO;: 280.11850; Found:
280.11920.

Anal. Caled. for C,,H,NO;: C, 60.21; H, 6.14; N, 5.01. Found
C,60.42; H, 6.38; N, 5.27.

Methyl 3-(p-t-butyldiphenylsilyloxyphenyl)-5-isoxazolinyl-
acetate (2h).

Flash chromatography (hexane:ethyl acetate 9:1) gave 83%
yield of the desired product as an off-white solid. mp 52-60°C.

Vol 43

'H nmr (deuterochloroform): 8 7.73 (m, 4H), 7.4 (m, 8H), 6.70
(m, 2H), 5.05 (dddd, J=10.2, 7.8, 7.2, 6.0Hz, 1H), 3.73 (s, 3H),
3.46 (dd, J=16.8, 10.2Hz, 1H), 3.04 (dd, J=16.8, 7.2Hz, 1H),
2.85 (dd, J=15.9, 6.0Hz, 1H), 2.62 (dd, J=15.9, 7.8Hz, 1H), 1.13
(s, 9H). "*C nmr (deuterochloroform): § 170.6, 157.4, 156.1,
1354, 132.4,130.1, 128.0, 127.9, 122.3, 120.0, 76.7, 51.9, 40.4,
39.6,26.5, 19.5.

Anal. Caled. for C,4H,; NO,Si: C, 71.00; H, 6.60; N, 2.96.
Found: C, 71.12; H, 6.48; N, 2.70.

Methyl 2-(3'-phenyl-5'-isoxazolinyl)acrylate (3).

Flash chromatography (hexane:ethyl acetate 9:1) gave 62%
yield of the desired product as a slightly yellow solid. 'H nmr
(deuterochloroform): & 7.69 (m, 2H), 7.42 (m, 3H), 6.37 (m,
1H), 6.09 (m, 1H), 5.54 (dddd, J=11.0, 7.2, 0.9, 0.6Hz, 1H), 3.83
(s, 3H), 3.74 (dd, J=17, 11Hz, 1H), 3.20 (dd, J=17, 7.2Hz). “C
nmr (deuterochloroform): & 165.8, 156.3, 138.8, 130.3, 129.3,
128.7,126.7,125.7,78.6,52.1,41.9.

Anal. Caled. for C;H;;NO;: C, 67.52; H, 5.66; N, 6.05.
Found: C, 67.68; H,5.91; N, 6.17.

REFERENCES AND NOTES

[1]J. B. Lubetsky, A. Dios, J. Han, B. Aljabari, B. Ruzsicska, R.
Mitchell, E. Lolis and Y. Al-Abed, J. Biological Chem., 277(28), 24976
(2002).

[2] Y. Al-Abed, I. Cvetkovic, D. Miljkovic, F. Nicoletti and S.
Stosic-Grujicic, Abstract MEDI 184 — 227" ACS National Meeting,
Anaheim, CA, 2004.

[3a] C.B. Xue, J. Wityak, T. M. Sielecki, D. J. Pinto, D. G. Batt,
G. A. Cain, M. Sworin, A. L. Rockwell, J. J. Roderick, S. Wang, M. J.
Orwat, W. E. Frietze, L. L. Bostrom, J. Liu, C. A. Higley, F. W. Rankin,
A. E. Tobin, G. Emmett, G. K. Lalka, J. Y. Sze, S. V. DiMeo, S. A.
Mousa, M. J. Thoolen, A. L. Racanelli, E. A. Hausner, T. M. Reilly, W.
F. DeGrado, R. R. Wexler and R. E. Olson, J. Med. Chem., 40, 2064
(1997); and [3b] J. Wityak, T. M. Sielecki, D. J. Pinto, G. Emmett, J. Y.
Sze, J. Liu, A. E. Tobin, S. Wang, B. Jiang, P. Ma, S. A. Mousa, R. R.
Wexler and R. E. Olson, J. Med. Chem., 40, 50 (1997).

[4] H. Zhang, W. H.Chan, A. W. M. Lee, P. F. Xia, W. Y.
Wong, Lett. Org. Chem., 1, 66 (2004).

[5] H. Alper, F. W. Hartstock and B. Despeyroux, Chem.
Commun., 905 (1984).

[6] G. Zeni and R. C. Larock, Chem. Rev., 104, 2285 (2004); J.-
L. Malleron, J.-C. Fiaud and J.-Y. Legros, Handbook of Palladium-
Catalyzed Organic Reactions, Academic Press, New York, NY, 2000; J.
Tsuji, Palladium Reagents and Catalysts, John Wiley and Sons, New
York, NY, 1995.

[71 For leading references, see: [a] R. C. Larock and E. K. Yum, J.
Am. Chem. Soc., 113, 6689 (1991); [b] R. C. Larock, E. K. Yum, M. J.
Doty, and K. K. C. Sham, J. Org. Chem., 60, 3270 (1995); [c] T. Pei, and
R. A. Widenhoefer, J. Am. Chem. Soc. 123, 11290 (2001); [d] T. Pei, and
R. A. Widenhoefer, Chem. Commun., 650 (2002); [e] R. D. Walkup, and
M. D. Mosher, Tetrahedron 41, 9285 (1993); [f] R. D. Walkup, and M. D.
Mosher, Tetrahedron Lett., 35, 8545 (1994); [g] E. J. Stoner, B. A. Roden,
and S. Chembrukar, Tetrahedron Lett., 38,4981 (1997); [h] Y. Tamaru, M.
Hojo, and Z. Yoshida, J. Org. Chem., 56, 1099 (1991); [i] S. Cacchi, G.
Fabrizi, and L. Moro, Tetrahedron Lett., 39, 5101 (1998) and references
therein; [j] R. D. Walkup, L. Guan, M. D. Mosher, S. W. Kim, and Y. S.
Kim, Synlett, 88 (1993); [k] W. F. J. Karstens, F. P. J. T. Rutjes, and H.
Hiemstra, Tetrahedron Lett., 38, 6275 (1997).

[8a] R. D. Walkup and G. Park, Tetrahedron Lett., 29, 5505
(1988); [b] R. D. Walkup and G. Park, J. Am. Chem. Soc., 112, 1597
(1990); [c] T. Gallagher, I. W. Davies, S. W. Jones, D. Lathbury, M. F.
Mahon, K. C. Molloy, R. W. Shaw and P. Vernon, J. Chem. Soc., Perkin



May-Jun 2006

1,433 (1992); [d] S. D. Burke and L. Jiang, Org. Lett., 3, 1953 (2001);
[e] P. S. Baran and E. J. Corey, J. Am. Chem. Soc., 124, 7904 (2002).
[9]1 S. Eicher, The Chemistry of the Carbonyl Group, S. Patai,

ed., John Wiley and Sons, New York, NY, 1970, pp 621-693.

[10] R. M. Coates, P. D. Senter and W. R. Baker, J. Org. Chem.,
47,3597 (1982).

[11] M. D. Mosher and S. Meisenbach, The Chem. Educ., 7(6),
356 (2002).

[12] 1. S. Cowie, P. D. Landor and S. D. Landor, J. Chem. Soc.,
Perkin 1,720 (1973).

[13] T. Satoh, T. Itaya, K. Okuro, M. Miura and M. Nomura, J.
Org. Chem., 60,7267 (1995).

A’-Tsoxazolines from B,y-Unsaturated Oximes 539

[14] S. Hanessian and P. Lavallee, Can. J. Chem., 53, 2975
(1975).

[15a] G. Stork and P. F. Hudrlik, J. Am. Chem. Soc., 60, 4462
(1968); [b] C. L. Liotta and H. P. Harris, J. Am. Chem. Soc., 96, 2250
(1974).

[16a] K. Maeda, T. Hosokawa, S.-I. Murahashi and I. Moritani,
Tetrahedron Lett., 14, 5075 (1973); [b] T. Hosokawa, N. Shimo, K.
Maeda, A. Sonoda, and S.-I. Murahashi, Tetrahedron Lett., 17,383 (1976).

[17]  W. C. Still, M. Kahn and A. Mitra, J. Org. Chem., 43, 2923
(1978).

[18] H. Grund and V. Jaeger, J. Chem. Res., Synopses, 2, 54
(1979).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




