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e gy S
}‘1 N
8 9 10

7
3-21G 33.2 0.0 16.7 0.0
6-31G* 39.0 0.0 22.1 0.0
MP2/6-31G* 34.7 0.0 213 0.0

kcal/mol at the highest level. The brldge constrains the
C-N-C angle to be 104° (the value in a typical amine is
around 110°) and prevents enamine conjugation. These
two factors contribute to make the Diels-Alder adduct 6
more unstable than § and are manifested as well in the
higher energy of the TS 4.

In summary, the long-standing problem of the different
reactivity of oxazole and isoxazole in Diels—Alder cyclo-

(11) The total energies (au) are the following: 1-azanorbornene (9)
-285.24269 (RHF/3-21G), -286.83001 (RHF/6-31G*//3-21G),
-287.768 58 (RMP2/6-31G*/ /3-21G); 2-azanorbornene (10) -285.269 26
(RHF/3-21G), 286.865 22 (RHF/6-31G*//3-21G), -287.80250 (RMP2/
6-31G*//8-21G).

additions has been addressed by ab initio calculations, and
the higher activation barrier and endothermicity of the
isoxazole reaction can be seen as the reason for that dif-
ference. This conclusion is generally applicable to hete-
ro-Diels—Alder reactions. There are many five-membered
heterocycles with two heteroatoms. No Diels—Alder re-
actions are known where two heteroatoms are directly
bonded so that one heteroatom appears at a bridgehead
in the cycloadduct.!? The reason is the same as that
identified here for isoxazoles.
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(12) An exception to this assertion is the Diels-Alder reaction of
benzisoxazoles with N-phenylmaleimide; see: Taylor, E. C.; Eckroth, D.
R.; Bartulin, J. J. Org. Chem. 1966, 32, 1899, In this case, aromatization
of the cycloadduct appears to be the driving force of the reaction.
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Summary: Anodic partial fluorination of sulfur-containing
heterocycles has been performed for the first time: 2-
aryl-4-thiazolidinones 1 were monofluorinated highly re-
gioselectively. In addition, thermolysis of the sulfones
derived from fluorinated 1 provided monofluoro 8-lactams
in excellent yields.

Fluoro organic compounds have special chemical and
physical properties. Particularly, partially fluorinated
compounds are useful in the fields of material science and
medicinal chemistry.2 Therefore, selective direct fluori-
nation is becoming increasingly important. Among se-
lective oxidative fluorination,® anodic partial fluorination
is attractive because fluorine atoms can be introduced into
organic molecules in one step under safe conditions.
However, in contrast to well-established anodic per-
ﬂuormatlon, anodic partial fluorination has been unex-
plored owing to low selectmty for the fluorination and low
nucleophilicity of fluoride ions.*® Therefore, the devel-

(1) Part 3: Fuchigami, T.; Hayashi, T.; Konno, A. Tetrahedron Lett.,
in press.

(2) (a) Carbon-Fluorine Compounds; A CIBA Foundation Symposi-
um; Elsevier: Amsterdam, 1972. (b) Schlosser, M. Tetrahedron 1978, 34,
3. (c) Biomedicinal Aspects of Fluorine Chemistry; Filler, R., Kobayashx,
Y., Eds.; Kodansha & Elsevier Biomedical: Tokyo, 1982. (d) Welch, J.
T.; Eswarakrishnan, S. Fluorine in Bicorganic Chemistry; Wiley: New
York, 1991. (e) Selective Fluorination in Organic and Bioorganic
Chemistry; Welch, J. T., Ed.; ACS Books: Washington, D.C., 1991.

(3) Yoneda, N. Tetrahedron 1991, 29, 5358.

(4) (a) Childs, W. V.; Christensen, L.; Klink, F. W.; Kolpin, C. F. In
Organic Electrochemistry, 3rd ed.; Lund, H., Baizer, M. M., Ed.; Marcel
Dekker: New York, 1991; Chapter 24. (b) Laurent, E.; Marquet, B.;
Tardivel, R. Tetrahedron 1991, 47, 3969.

opment of methods for efficient selective anodic partial
fluorination is an important goal of modern organofluorine
research,

Recently, we achieved regioselective anodic mono-
fluorination of sulfides bearing various electron-with-
drawing groups using Et,N-3HF as a supporting electro-
lyte.” Furthermore, we reported the first example of the
successful anodic monofluorination of simple alkyl phenyl
sulfides.®

Partially fluorinated heterocycles are the focus of much
biological interest.>® However, very few examples of
successful anodic partial fluorination of heterocycles have
been reported up to date.’® They are limited to only
nitrogen- and oxygen-containing heterocycles, and the
yields are generally quite low. To the best of our
knowledge, no successful electrochemical fluorination of
sulfur-containing heterocycles has been reported so far.

(5) Landini, D.; Angelmaria, M.; Rampoldi, A. J. Org. Chem. 1989, 54,
328,

(6) Meurs, J. H. H.; Eilenberg, W. Tetrahedron 1991, 47, 705.

(7) Fuchigami, T.; Shimojo, M.; Konno, A.; Nakagawa, K. J. Org.
Chem. 1990, 55, 6074.

(8) Konno, A.; Nakagawa, K.; Fuchigami, T. J. Chem. Soc., Chem.
Commun. 1991, 1027,

) (a) Fluorocarbon and Related Chemistry; Banks, R. E., Barlow,
M. G., Eds.; Chemical Society: London, 1971, 1974, 1976 Vols. 1-3 (b)
Tanaka K. J Synth. Org. Chem. Jpn. 1990, 48, 16 (c) Sllvester, M. Jd.
Aldnchtm Acta 1991, 24, 31.

(10) (a) Gnmharetto, G. P.; Napoli, M.; Franccaro, C.; Conte, L. J.
Fluorine Chem. 1982, 19, 427. (b) Ballinger, J. R.; Teare, F. W. Elec-
trochim. Acta 1985, 30, 1075. (c) Makino, K.; Yoshioka, H. J. Fluorine
Chem. 1988, 39, 435. (d) Meurs, J. H. H.; Eilenberg, W. Tetrahedron
1991, 47, 705.
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Table I. Anodic Monofluorination of 4-Thiazolidinones 1 and Oxidation of 2

O\ ’Io
-] 29 H MCPBA F
S_T Et,N-SHF \5_7/ Y
o r ” 3" o n
( as/ trans) (cis/ trans)
1 3
product

run substrate Ar R electricity (F/mol) yield (%) cis:trans?

1 1a 1-naphthyl Me 3.8 (2a) 79 29:71

2 1b Ph H 7.0 (2b) 14 35:66

3 | Ph Me 4.5 (3c) 42 36:65

4 1d Ph i-Pr 3.9 (3d) 59 45:566

5 le Ph Ph 6.1 (2e) 84 43:57

6 1f Ph CH.Ph 4.5 (3f) 65 46:54

*Determined by *F NMR spectra.
Table I1. Formation of Monofluoro §-Lactams 4 by stereoehemietry of the products was not changed after the
Pyrolysis of 3 oxidation.

0.0 Asg shown in Table I, the anodic fluorination smoothly
F.. SS{_Ph proceeded to provide the corresponding monofluorinated
2/ ] ' products in good yields except for one case owing to in-
o’ R 200°C 5 min. stability of fluorinated product (run 2).3 Such high yields
3 are unusual in the anodic partial fluorination of hetero-
( as ) { trans) cycles. In our reactions, fluorine was exclusively introduced
betrate e R teld (% io-trans® at the position a to both_ the sulfur atom and the carbonyl
= % 2 (c(l;5_ :51;5) M y::c) (86 ) cmoil;:: group. Although benzylic anodic substitution is known to
3d (45:55) i-;r (4d) 80 39:61 easily take place, benzylic fluorination did not occur at all.
3f (46:54) CH,Ph  (4f) 84 19:81 In addition, no aromatic fluorination was observed either.
. ) ) Therefore, this fluorination is highly regioselective. It was
Determined by '’F NMR spectra. also found that the stereochemistry was affected by both

In this paper, we report the first successful regioselective
anodic monofluorination of sulfur-containing heterocycles
such as 4-thiazolidinones and novel transformation of the
fluorinated 4-thiazolidinones into biologically interesting
monofluorinated §-lactams.

The anodic monofluorination of 4-thiazolidinones 1,
which are easily prepared from thioglycolic acid and
imines,!! was carried out at constant current in an undi-
vided cell.’? In order to avoid deposition of polymerized
products on the anode, the polarity of electrodes was al-
ternated every 10 s, When the fluorinated products 2 were
unstable, they were converted into the corresponding
sulfone derivatives 3 by oxidation with m-chloroperbenzoic
acid (MCPBA) to establish their molecular structures (runs
3,4, and 6 in Table I). In this case, it was found that the

(11) (a) Troutman, H. D.; Long, L. M. J. Am. Chem. Soc. 1948, 70,
8436. (b) Surrey, A. R.; Culter, R. A. J. Am. Chem. Soc. 1954, 76, 578.

(12) The electrolysis was performed at a platinum anode and cathode
(3 X 4 cm) in 0.37 M Et;N.3HF /MeCN (50 mL) containing 5§ mmol of
1 at ambient temperature. After the starting 1 was completely consumed
(TLC monitoring), the electrolysis solution was neutralized with 5 mL
of 29% aqueous ammonia. The acetonitrile was removed by evaporation
and 100 mL of water was added and then extracted with CH,Cl; (40 mL
X 3). The extracts were dried (MgS0O,) and the residue was passed
through short column chromatography (silica gel, CH;Cly) to provide
crude product 2. The cis/trans ratios (de) of 2 were determmed by the
measurement of °F NMR of the crude 2. The trans isomer was estab-
lished on the basis of a large long-range coupling between the fluorine
and the hydrogen at the 2-position: Jackson, L. M.; Sternhell, S. Ap-
plications of Nuclear Magnetic Resonance Spectroscopy in Organic
Chemistry, 2nd ed.; Pergamon Press: Oxford, 1968; p 334. Stereoisomers,
2a (cis), 2a (trans), 2¢ (cis), 2¢ (trans), and 2e (trans) were separated by
silica gel TLC (hexane:AcOEt = 7:3-1:1). The products 2¢, 2d, and 2f
were treated with 3.5 equiv of m-CPBA in CHCl, at rt for 3 days, and the
resulti.ng sulfone derivatives 3¢, 3d, and 3f were isolated as stereoisomeric
mixtures by silica gel TLC (hexane AcOEt = 7:3~1:1). However, 2b was
so unstable, its oxidative conversion into sulfone failed. In this case, only
15F NMR and MS and HRMS spectra could be obtained.

substituents Ar and R.

Hitherto known methods for the preparation of a-fluoro
sulfides required expensive, unstable, or troublesome
reagents, such as xenon difluoride'* and (dimethyl-
amino)sulfur trifluoride (DAST).!* Recently, N-fluoro-
2,4,6-trimethylpyridinium triflate has also been shown to
be a useful fluorinating reagent.'®* However, fluorination
of 1, for example, with the latter reagent resulted in no
formation of 2. Fluorination by DAST was also attempted
using the sulfoxide derived from l¢ as a model compound;
however, no desired fluorinated product 2¢ was formed.
Therefore, this electrochemical fluorination is much su-
perior to the conventional chemical methods.

Finally, we attempted transformation of fluorinated
sulfones 3 into biologically interesting monofluoro §-lac-
tams 4. Thermolysis of 3 at 200 °C for just 5 min gave the
desired products 4 in almost pure state without purification
in excellent yields. The products 4 are richer in the trans
form than are the starting 3. Thermodynamic stability
probably accounts for the predominant or preferential
formation of trans derivatives during thermolysis. Mo-
nofluoro 8-lactams may be used not only as synthetic in-
termediates for the preparation of fluorinated 8-lactam
antibiotics but also as building blocks for carbohydrates
and amino acids. However, only limited reports have been
made of the synthesis of such compounds.!” Very recently,

(18) Purrington, S. T.; Pittman, J. H. Tetrahedron Lett. 1987, 28,
390

(14) (a) Zupan, M. J. Fluorine Chem. 1978, 8, 305. (b) Marat, R. K.;
Janzen, A. F. Can. J. Chem. 1977, 55, 3031. (c) Janzen,A F; Wang,P
M. C,; Lemire, A. E. J. Fluorine Chem. 1983, 22, 557.

(15) (a) McCarthy, J. R.; Peet, N. P.; le Toumeau, M. E,; Inbasekaran,
M. J. Am. Chem. Soc. 1985 107, 735. (b) Robins, M. J.; Wnuk, S. F.
Tetrahedron Lett. 1988, 29, 3674

(16) Umemoto, T.; Tomlzawa,G Bull. Chem. Soc. Jpn. 19886, 59, 3625,

(17) Araki, K,; chhtowsln J. A.; Welch, J. T. Tetrahedron Lett. 1991,
32, 5461 and references c)ted therem
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Welch et al. have reported stereoselective formation of
3-fluoro-8-lactams via ketene-imine condensation.'”
However, their stereochemistry is completely reversed to
ours since they observed that the cis form was solely or
predominantly formed.!®

In conclusion, we have succeeded in anodic mono-
fluorination of sulfur-containing heterocycles for the first
time and developed a convenient preparation of mono-
fluoro B-lactams.
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Summary: +-Nitroalkanols are converted to a-nitro-
cyclopropanes with inversion of configuration in good to
excellent yields using diethyl azodicarboxylate and Ph;P.

Three-membered carbocycles are present in a wide range
of terrestrial and marine natural products, inter alia, in-
secticides,! pheromones,? fatty acids,? terpenoids/steroids,*
and antibiotics.® They are also intermediates in primary
and secondary metabolism and show promise as mimetics
of biolabile groups.® As a consequence of their inherent
strain energy, functionalized members of this class have
proven to be exceedingly versatile synthetic reagents.’
Cyclopropanes are most often prepared by intra- and in-
termolecular addition of sulfur ylides, diazoalkanes, or
carbenoids to unsaturated systems, and considerable at-
tention has been devoted to the development of stereo-
controlled modifications of these approaches.”® In con-

(1) Elliott, M. Synthetic Pyrethroids; ACS Symposium Series 87;
American Chemical Society: Washington, D.C., 1977.

(2) Sirenin: Corey, E. J.; Achiwa, K.; Katzenellenbogen, J. A. J. Am.
Chem. Soc. 1969, 91, 4318.

(3) Hybridalactone: Higgs, M. D.; Mulheirn, L. J. Tetrahedron 1981,
37, 4259. Halicholactone/neohalicholactone: Niwa, H.; Wakamatsu, K.;
Yamada, K. Tetrahedron Lett. 1989, 30, 4543.

(4) Halimedatrial: Paul, V. J.; Fenical, W. Science 1983, 221, 747.
Marine sterols: Kerr, R. G.; Baker, B. J. Nat. Prod. Rep. 1991, 465.

(6) Cyclopropylamino acids: Williams, R. M.; Fegley, G. J. J. Am.
Chem. Soc. 1991, 113, 8796 and references cited therein. FR-900848:
Yoshida, M.; Ezaki, M.; Hashimoto, M.; Yamashita, M.; Shigematsu, N.;
Okuhara, M.; Kohsaka, M.; Horikoshi, K. J. Antibiotics 1990, 43, 748.

(6) Martin, S. F.; Austin, R. E.; Oalmann, C. J. Tetrahedron Lett.
1990, 31, 4731. Walsh, C. Tetrahedron 1982, 38, 871. Norbeck, D. W.;

ham, H. L.; Herrin, T.; Rosenbrook, W.; Plattner, J. J. J. Chem. Soc.,
Chem. Commun. 1992, 128.
(7) Salaun, J. Chem. Rev. 1989, 89, 1247.

trast, comparatively few chiral cyclopropanes have been
made via nucleophilic displacement.’

We report herein that treatment of a wide variety of
v-nitroalkanols with a preformed complex of diethyl azo-
dicarboxylate (DEAD) and triphenylphosphine affords
a-nitrocyclopropanes!? in good to excellent yields. The
reaction proceeds rapidly at ambient tempertaure under
essentially neutral conditions in benzene or THF. This
represents a highly efficient intramolecular variant!! of the
Mitsunobu!? displacement procedure in which a nitronate
anion acts as a carbon nucleophile resulting in a new
carbon-carbon bond. Competitive alkylation of the oxy-
gens in the ambident nitronate anion is not observed.

Some representative annulations are summarized in
Table I. Acyclic primary (entry 1) and secondary (entry
2) nitro alcohols react smoothly as do related carbocycles

(8) Recent examples: Romo, D.; Romine, J. L.; Midura, W.; Meyers,
A. L Tetrahedron 1990, 46, 4951. Mori, A.; Arai, 1; Yamamoto, H.; Nakai,
H.; Arai, Y. Ibid. 1986, 42, 6447. Molander, G. A.; Harring, L. S. J. Org.
Chem. 1989, 54, 3525. Lautens, M.; Delanghe, P. H. M. Ibid. 1992, 57,
798. Charette, A. B.; Cote, B.; Marcoux, J.-F. J. Am. Chem. Soc. 1991,
113, 8166. Fontani, P.; Carboni, B.; Vaultier, M.; Maas, G. Synthesis
1991, 605. Casey, C. P.; Vosejpka, L. J. S. Organometallics 1992, 11, 738.
Mazxwell, J. L.; O'Malley, S.; Brown, K. C.; Kodadek, T. Ibid. 1992, 11,
645. Rodriques, K. E. Tetrahedron Lett, 1991, 32, 1275. Lowenthal, R.
E.; Masamune, S. Ibid. 1991, 32, 7373.

(9) Krohn, K.; Borner, G. J. Org. Chem. 1991, 56, 6038. Tanaka, K.;
Matsuura, H.; Funaki, I.; Suzuki, H. J. Chem. Soc., Chem. Commun.
1991, 1145.

(10) For alternative preparations of a-nitrocyclopropanes see: (a)
(O’Bannon, P. E.; Dailey, W. P. Tetrahedron 1990, 46, 7341. (b) Kai, Y.;
Knochel, P.; Kwiatkowski, S.; Dunitz, J. D.; Oth, J. F. M.,; Seebach, D.;
Kalinowski, H.-O. Helv. Chim. Acta 1982, 65, 137.

(11) There is precedent for cyclopropanation under these conditions:
Magnus, P.; Gallagher, T.; Schultz, J.; Or, Y.-S.; Ananthanarayan, T. P.
J. Am. Chem. Soc. 1987, 109, 2706.

(12) Review: Mitsunobu, O. Synthesis 1981, 1.
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