2476 J. Org. Chem. 1989, 54, 2476-2478

Table I1. Reaction of Alkoxide Ions Generated Cathodically and Chemically with Alkyl Halides in the Presence of a
Catalytic Amount of Iron(0) Pentacarbonyl under Carbon Monoxide Atmosphere

product yields, %

cathodic method

chemical method?

RX R'OH QY- RCOOR/ ROR/ RCOOR'’ ROR’
CsH&CHzBr ) MeOH Me4N+Cl- 96 tr 66 4
C¢H;CH,Br MeOH Bu,N*CIO, 80 b
C.H,CH,Br EtOH Me,N*CI- 67 b 45 b
C¢H;CH,Br PrOH Et,N*CI- 28 -5 tr -b
p-CH,;-C¢H,CH,Br MeOH Me N*CI- 62 7 47 20
p-Br-C¢H,CH,Br MeOH MeN*CI- 49 15 46 16
CsHsCH=CHCH2Bl‘ MeOH Me4N+Cl' 49 b
CgH;CH=CHCH,Br MeOH Bu,N*ClO 50 =
Mel MeOH MeN*Cl- 100 0 82 -t

4 Using NaH. ®Not analyzed quantitatively.

alkali metal salts is often troublesome and not practical,
since the use of expensive crown ethers or onium fluorides
is required. While phase-transfer catalysts enhance the
nucleophilicity of the anionic moiety, they are not always
applicable, owing to their instability under heating® and
the impossibility of realizing anhydrous conditions. On
the other hand, cathodic reduction of organic compounds
easily generates anionic species with onium counterions
when onium salts are used as supporting electrolytes.
Previously,’ it was confirmed that cathodically generated
anionic species from alcohols, carboxylic acids, amides, and
carbon acids in nonaqueous cathodic solutions containing
quaternary ammonium salts as the supporting electrolytes
are much more reactive bases than those generated with
alkali metal salt electrolytes.

In this work, the reaction of electrogenerated methoxide
ion with benzyl bromide was first examined in the presence
of various amounts of iron(0) pentacarbonyl under a ni-
trogen atmosphere. After the electrolysis of a methanol
solution of tetramethylammonium chloride, benzyl brom-
ide and iron(0) pentacarbonyl! were added to the catholyte,
and the resulting reaction mixture was stirred at room
temperature overnight. Two faradays per mole of benzyl
bromide were consumed. The relationship between the
yield of methyl phenylacetate formed and the amount of
iron(0) pentacarbonyl used is shown in Table I and indi-
cates that three of the five carbon monoxide ligands may
be stoichiometrically incorporated into the reaction.

A satisfactory yield of methyl phenylacetate could be
obtained by using 0.1 equiv of iron(0) pentacarbonyl per
equiv of benzyl bromide. As shown in Table II, the re-
action could be performed with a variety of alcohols
(R’OH), alkyl halides (RX), and quaternary ammonium
salt supporting electrolytes (Q*Y"). The desired and by-
products were the corresponding esters (RCOOR’) and
ethers (ROR), respectively. The latter seems to be formed
by the reaction of the alkoxides with the alkyl halides. For
comparison, sodium hydride was used to generate alkoxide
ions under otherwise similar conditions. As expected,
yields of the esters in the cathodic method were higher
than those in the chemical one.® Furthermore it is notable
that the formation of the byproducts (ethers) was some-
what suppressed in the cathodic method. Methyl iodide
gave methyl acetate in high yield, while less reactive alkyl
iodides such as butyl and octy! iodides did not give the
corresponding methyl esters at all,

(8) Brunelle, D. J.; Singleton, D. A. Tetrahedron Lett. 1984, 3383.

(7) (a) Fuchigami, T.; Awata, T.; Nonaka, T.; Baizer, M. M. Bull.
Chem. Soc. Jpn. 19886, 59, 2873. (b) Minato, M.; Nonaka, T.; Fuchigami,
T. Chem. Lett. 1986, 1071. (c) Komori, T.; Nonaka, T.; Fuchigami, T.;
Zhang, K. Bull. Chem. Soc. Jpn. 1987, 60, 2315.

(8) A similar result was reported in another chemical method* using
potassium carbonate instead of sodium hydride.
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Experimental Section

A typical procedure is as follows: The catholyte and anolyte
were 10-mL methanol solutions containing tetramethylammonium
chloride (0.4 M). Platinum plates (6 cm?) were used as the cathode
and anode. The electrolysis was carried out galvanostatically (1
A dm™) by passing 2 mF of electricity at room temperature under
a nitrogen atmosphere. After the electrolysis, 0.015 mL (0.1 mmol)
of iron(0) pentacarbonyl was added to the catholyte. The resulting
mixture was stirred for 15 min, and then 0.12 mL (1 mmol) of
benzyl bromide was added, and the reaction mixture was stirred
vigorously overnight under atmospheric carbon monoxide. The
reaction mixture was poured into a solution of 1% hydrochloric
acid and extracted three times with ether. The combined extract
was washed with a solution (20 mL) of 1% sodium hydrogen
carbonate and water, dried over anhydrous sodium sulfate, and
concentrated under reduced pressure. Yields were determined
by GLC (polyethylene glycol 20 M, 140 °C). Methyl phenylacetate
and methy! benzyl ether were isolated by TLC (silica gel, hex-
ane—ethyl acetate, 8:1) and analyzed qualitatively by 'H NMR
spectroscopy.

In the chemical method, a sodium methoxide solution was
prepared by stirring a mixture of 0.08 g (1 mmol) of sodium
hydride and 10 mL of methanol under a nitrogen atmosphere until
hydrogen evolution ceased. Successive procedures for the reaction
of benzyl bromide with carbon monoxide in the presence of iron(0)
pentacarbonyl were similar to those in the cathodic method de-
scribed above.
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Over the years, a-nicotyrine (1) and its positional isomer

B-nicotyrine (2) have been studied extensively for their
insecticidal properties.’® -Nicotyrine, an alkaloid com-

(1) (a) La Forge, F. B. J. Am. Chem. Soc. 1928, 50, 2477. (b) Rich-
ardson, C. H.; Shepard, H. H. J. Agric. Res. 1930, 40, 1007.
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monly found in Nicotiana sp.,* when applied to human
skin or fabric, exerted potent activity against Aedes ae-
gypti and Anopheles quadrimaculatus.®

CHg

Presently available procedures®™® for the preparation
of S-nicotyrine utilize only nicotine as starting material and
are handicapped by either low yields or the necessity of
using harsh experimental conditions (temperatures of over
300 °C in sealed or electrically heated reaction vessels).
Such conditions would undoubtedly limit the scale of the
synthesis. Therefore, new methods for the preparation of
B-nicotyrine continue to be of interest, especially in con-
nection with the synthesis of other biologically active
ring-substituted analogues of 2.14 One attractive option
in this direction is to pursue the Aisoxazoline — pyrrole
rearangement. This rearrangement (Scheme I) is reported
to proceed readily and under comparatively mild reaction
conditions.!®

(2) Frank, R. L.; Holley, R. W.; Wikholm, D. M. J. Am. Chem. Soc.
1942, 64, 2835.

(3) Gates, M. US Patent 2,555,330, 1951; Chem. Abstr. 1951, 45, 7753c.

(4) (a) Saint-Jalm, Y.; Moree-Testa, P. J. Chromatogr. 1980, 198, 188.
(b) Matsushima, S.; Ohsumi, T.; Sugawara, S. Agric. Biol. Chem. 1983,
47, 507. (c) Sakuma, H.; Kusama, M.; Yamaguchi, K.; Matsuki, T.;
Sugawara, S. Beitr. Tabakforsch. 1984, 22, 199. (d) Sakuma, H.; Kusama,
M.; Yamaguchi, K.; Sugawara, S. Beitr. Tabakforsch. 1984, 22, 251. (e)
Sakaki, T.; Kusama, M.; Niino, K.; Sakuma, H.; Sugawara, S. Agric. Biol.
Chem. 1985, 49, 1321, (f) Sarychev, Yu. F.; Sherstyanykh, N. A. Tabak
(Moscow) 1985, 6.

(5) Tschischibabin, A. E.; Bylinkin, A. E. Ber. Dtsch. Chem. Ges. 1923,
56, 1748.

(6) Wibaut, J. P.; Dingemanse, E. Recl. Trav. Chim. Pays-Bas 1923,
42, 1033.
(7) Wibaut, J. P.; Coppens, A. Recl. Trav. Chim. Pays-Bas 1924, 43,
6

(8) Blau, F. Ber. Dtsch. Chem. Ges. 1984, 27, 2535.

(9) Cahours; Etard Bu!l. Soc. Chim. Fr. 1880, 34, 449.

(10) Tafel, J. Ber. Dtsch. Chem. Ges. 1982, 25, 1619.

(11) Wibaut, J. P.; Overhoff, J. Recl. Trav. Chim. Pays-Bas 1928, 47,
936.

(12) Woodward, C. F.; Badgett, C. O.; Haines, P. G. US Patent
2,432,642, 1946; Chem. Abstr. 1948, 42, 2624d.

(13) Swain, M. L.; Esner, A.; Woodward, C. F.; Brice, B. A. J. Am.
Chem. Soc. 1949, 71, 1341.

(14) Ryang and Sakurai (J. Chem. Soc., Chem. Commun. 1972, 594)
have described the synthesis of a number of 3-heteroarylpyridines by
photolysis of 3-iodopyridine in the presence of five-membered aromatic
heterocycles with yields varying between 12% and 72%.
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In previous studies,'® we have described the synthesis
of a number of biologically active isoxazolidine derivatives
via a 1,3-dipolar cycloaddition reaction of a-substituted
ketonitrones with various dienophiles. When acetylene
precursors are used as dipolarophiles in place of alkenes,
the corresponding A‘isoxazolines are obtained.l” Our
continuing interest in 1,3-dipolar cycloaddition reactions
prompted us to explore the possibility to synthesize a- and
B-nicotyrines via A*-isoxazoline — pyrrole rearrangement.
The results of our efforts are presented in this paper.

The synthesis of 8-nicotyrine (2) is depicted in Scheme
II. Commercially available 3-acetylpyridine (3) is treated
with N-methylhydroxylamine hydrochloride to give nitrone
4. In order to obtain the corresponding A‘-isoxazoline
intermediate 7 we decided to use phenyl vinyl sulfoxide
(5) as a masked equivalent for an acetylene dipolarophile
in the 1,3-dipolar cycloaddition reaction with 4. It was
anticipated that by being an efficient leaving group, the
phenylsulfinyl function of 6 would undergo cis elimina-
tion'® to form the A*-isoxazoline compound 7, which in turn
will rearrange to generate SB-nicotyrine (2) through the
intermediacy of the aziridine species 8. Indeed, when
phenyl vinyl sulfoxide was heated with nitrone 4 in toluene
solution, B-nicotyrine was obtained in one step in what
amounts to an overall two-step synthesis of 2.

a-Nicotyrine (1) was synthesized in a similar manner
with 2-acetylpyridine as starting material. The preparation
of the corresponding nitrone, the N-methyl-1-(2-

(15) (a) Van der Plas, H. C. Ring Transformations of Heterocycles;
Academic Press: New York, 1973; Vol.1, pp 290-293 and references
therein. (b) Grigg, R. J. Chem. Soc. Chem. Commun. 1966, 807. (c)
Winterfeldt, E.; Krohn, W.; Stracke, H.-U., Chem. Ber. 1969, 102, 2346.
(d) Adachi, I.; Harada, K.; Kano, H. Tetrahedron Lett. 1969, 4875. (e)
Schmidt, G.; Stracke, H.-U.; Winterfeldt, E. Chem. Ber. 1970, 103, 3196.
(f) Padwa, A.; Wong, G. S. J. Org. Chem. 1986, 51, 3125.

(16) (a) Mullen, G. B.; Swift, P. A,; Georgiev, V. St. J. Pharm. Sci.
1987, 76, 930. (b) Mullen, G. B.; Swift, P. A.; Maryniak, D. M.; Allen, S.
D.; Mitchell, J. T.; Kinsolving, C. R.; Georgiev, V. St. Helv. Chim. Acta
1988, 71, 718. (c¢) Mullen, G. B.; DeCory, T. R.; Mitchell, J. T.; Allen, S.
D.; Kinsolving, C. R.; Georgiev, V. St. J. Med. Chem. 1988, 31, 2008. (d)
Bennett, G. A.; Swift, P. A.; Mullen, G. B.; Mitchell, J. T.; Allen, S. D,;
Jones, W. E.; Kinsolving, C. R.; Georgiev, V. St. Helv. Chim. Acta 1988,
71,1622. (e) Mullen, G. B.; Mitchell, J. T.; Allen, S. D.;-Georgiev, V. St.
J. Pharm. Sci. 1988, 77, 1050. (f) Mullen, G. B.; Swift, P. A.; Bennett,
G. A,; DeCory, T. R.; Maryniak, D. M.; Dormer, P. G.; Georgiev, V. St.
Ann. N. Y. Acad. Sci. 1988, 544, 32.

(17) Twufariello, J. J. In 1,3-Dipolar Cycloaddition Chemistry; Padwa,
A., Ed.; Wiley-Interscience: New York, 1984; Vol. 2, pp 83-168.

(18) The position of the phenylsulfinyl group iri 6 may be at either C-4
or C-5, or both. Previous studies by Houk and co-workers!®%® have in-
dicated that when phenyl vinyl sulfories were used as dipolarophiles in
1,3-dipolar cycloaddition reactions with aldonitrones, the resulting isox-
azolidines represented mixtures of the corresponding 4- and 5-phenyl-
sulfonyl regioisomers.

(19) Sims, J.; Houk, K. N. J. Am. Chem. Soc. 1973, 95, 5798.
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pyridyl)ethanimine N-oxide (first step) and its reaction
with phenyl vinyl sulfoxide followed by rearrangement to
1 (second step) were carried out in 80 and 29% yields,
respectively.

In summary, we have demonstrated that phenyl vinyl
sulfoxide may be used successfully as a masked equivalent
of acetylene dipolarophile in 1,3-dipolar cycloaddition
reactions. As an example, the synthesis of @- and §-ni-
cotyrines was accomplished in only two steps by using a
A%-isoxazoline — pyrrole rearrangement. This new syn-
thetic approach should allow for the convenient prepara-
tion of other biologically active ring-substituted congeners
of the insecticidal S-nicotyrine. Previous synthetic ap-
proaches toward S-nicotyrine were limited to the use of
nicotine only as starting material.

Experimental Section

Melting points were determined on a Thomas-Hoover melting
point apparatus and are uncorrected. The infrared (IR) spectra
were obtained on a Nicolet MX-1 F'T spectrometer as KBr disks.
The proton nuclear magnetic resonance (‘{H NMR) spectra were
taken on a Varian EM-360A (60 MHz) spectrometer with tetra-
methylsilane as an internal standard; the 200-MHz 'H NMR
spectra were recorded on a Bruker-IBM 200 SY Fourier transform
spectrometer with the same internal standard. All spectra were
consistent with the assigned structures. Elemental analyses were
within the acceptable limits of 0.4% of theory.

N-Methyl-1-(3-pyridyl)ethanimine N-Oxide (4). A sus-
pension of 16.20 g (0.134 mol) of 3-acetylpyridine (3), 13.0 g (0.156
mol) of N-methylhydroxylamine hydrochloride, and 25.61 g (0.312
mol) of sodium acetate in 80 mL of ethanol was stirred at ambient
temperature for 24 h under a nitrogen atmosphere. The sus-
pension was diluted with 500 mL of water, basified with potassium
carbonate, and extracted with chloroform (4 X 150 mL). The
combined organic extract was dried (MgSO,) and concentrated.
The residual oil crystallized from ethyl acetate-hexane (1:1),
yielding 16.83 g (84%) of nitrone 4, mp 77-80 °C. IR (KBr, cm™):
3032 (m), 1578 (m), 1417 (m), 1254 (s), 1128 (m), 1084 (m), 1059
(m), 1025 (m), 894 (m), 826 (m), 719 (m). 'H NMR (200 MHz,
CDClg): 2.45(d,3H,J = 1.3 Hz, CCH,), 369(d,3H,J =13
Hz, NCHjy), 7.37-7.483 (m, 1 H), 7.58-7.64 (m, 1 H), 8.56-8.58 (m,
1 H), 8.64-8.67 (1, 1 H) ppm. Anal. Caled for CgH,;N,O: C, 63.98;
H, 6.71; N, 18.65. Found: C, 63.85; H, 6.67; N, 18.57.

N-Methyl-1-(2-pyridyl)ethanimine N-oxide was prepared
from 2-acetylpyridine by a procedure similar to that described
for 4. Yield 80%, mp 61-64 °C (ether). IR (KBr, cm™): 1584
(s), 1565 (m), 1473 (m), 1436 (m), 1290 (m), 1255 (s), 1237 (s), 1100
(m), 1084 (m), 989 (m), 788 (m). 'H NMR (200 MHz, CDCly):
247 (d,3H, J = 1.3 Hz, CCHjy), 3.83 (d, 3 H, J = 1.3 Hz, NCHy),
6.71-6.82 (m, 2 H), 7.73-7.82 (m, 1 H), 8.66-8.69 (m, 1 H) ppm.
Anal. Calcd for CgH;(N,0: C, 63.98; H, 6.71; N, 18.65. Found:
C, 63.48; H, 6.73; N, 18.49.

3-(1-Methylpyrrol-2-yl)pyridine (3-Nicotyrine) (2). Under
a nitrogen atmosphere, a solution of 4.59 g (30.6 mmol) of N-
methyl-1-(3-pyridyl)ethanimine N-oxide (4) and 5.25 g (34.6 mmol)
of phenyl vinyl sulfoxide in 50 mL of toluene was heated to reflux
and stirred for 6 h. Upon cooling to ambient temperature, the
reaction mixture was filtered through a short column of neutral
silica gel with ethyl acetate as eluent. The filtrate was concen-
trated, and the residual oil was flash chromatographed on neutral
silica gel with a 2:3 mixture of ethyl acetate—hexane as eluent;
0.66 g (14%) of 2 was obtained after bulb-to-bulb distillation, bp
78-80 °C (0.15 mm).

The tartrate dihydrate salt of 2 was also prepared, mp 101-104
°C (water) (lit® mp 105-106 °C). IR (KBr, cm™): 3320 (s), 3270
(8), 28002560 (br, m), 1736 (m), 1563 (s), 1415 (m), 1306 (s), 1263
(s), 1215 (m), 1136 (m), 1076 (m), 1068 (m), 738 (m), 682 (s). ‘H
NMR (200 MHz, DMSO-d,): 3.22-3.59 (m, 4 H, 2 H,0), 3.68 (s,
3 H, NCHjy), 4.32 (s, 2 H, 2 CH), 4.84-5.47 (m, 2 H, 2 OH),
6.12-6.30 (m, 2 H), 6.91-6.95 (m, 1 H), 7.44-7.51 (m, 1 H), 7.85-7.93
(m, 1 H), 8.49-8.68 (m, 2 H), 12.31-13.33 (m, 2 H, 2 CO,H) ppm.

(21) Merck Index, 10th ed.; Merck & Co., Inc.: Rahway, NJ, 1983, p
936.

Anal. Caled for C; H,0N,Og: C, 48.84; H, 5.85; N, 8.14. Found:
C, 48.81; H, 5.79; N, 8.12.

2-(1-Methylpyrrol-2-yl)pyridine (a-nicotyrine) (1) was
obtained from N-methyl-1-(2-pyridyl)ethanimine N-oxide and
phenyl vinyl sulfoxide. Yield 29%, bp 106-110 °C (1.1 mm) [lit.*
bp 150 °C (22 mm)]. IR (NaCl plate, cm™): 1589 (s), 1560 {(m),
1542 (m), 1490 (s), 1455 (s,) 1437 (m), 1318 (m), 773 (m), 720 (m).
'H NMR (200 MHz, CDCly): 3.98 (s, 3 H, NCHj), 6.15-6.18 (m,
1 H), 6.54-6.57 (m, 1 H), 6.70-6.72 (m, 1 H), 7.00-7.07 (m, 1 H),
7.48-7.65 (m, 2 H), 8.53 (d, 1 H, J = 4.4 Hz) ppm. Anal. Caled
for C,oH(Ny: C, 75.92; H, 6.37; N, 17.71. Found: C, 75.98; H,
6.43; N, 17.71.

Registry No. 1, 525-75-7; 2, 487-19-4; 2-tartrate, 4315-37-1;
3, 350-03-8; 4, 119908-57-5; 5, 20451-53-0; 2-acetylpyridine,
1122-62-9; N-methyl-1-(2-pyridyl)ethanimine N-oxide, 119908-
58-6.
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The ability of cytochrome P-450 type enzymes to achieve
selective hydroxylation of nonactivated carbon atoms is
one of the most fascinating aspects of enzymatic reactions
that the organic chemist can use to perform chemical
synthesis. These reactions are, up to now, almost im-
possible to achieve with acceptable selectivities and yields
by using chemical methods.! However, the mechanism
involved in these reactions is still not unambiguously es-
tablished. In particular, a widespread belief exists that
the cytochrome P-450 enzymes perform their hydroxyla-
tion reactions with retention of configuration at the hy-
droxylated carbon, perhaps by way of a direct insertion
into a C-H bond achieved hy a so-called “oxenoid” species.
However, some apparently puzzling results have been ob-
tained recently as far as the stereochemical outcome of
these processes is concerned. Starting from prochiral or
enantiomerically pure compounds, four possibilities can
be selected out of these results: (a) The observed reactions
are highly stereoselective, as far as the abstracted hydrogen
is concerned, and lead to one single stereoisomeric alcohol
with retention of configuration. (b) The hydrogen ab-
straction is stereoselective, but the reaction leads to a
mixture of stereoisomeric alcohols. (c¢) The reaction in-
volves nonstereoselective hydrogen abstraction but leads
to one single stereoisomeric alcohol. (d) No stereoselec-
tivity is observed in either the hydrogen abstraction or the
formation of the resulting alcohols. Case a has been ob-
served in numerous studies?® as, for instance, by Corey et

(1) See, for instance: (a) Barton, D. H. R.; Beloeil, J. C.; Billion, A.;
Boivin, J.; Lallemand, J. Y.; Lelandais, P.; Mergui, S. Helv. Chim. Acta
1987, 70, 2187 and references cited. (b) Jones, W. D.; Forster, G. P,;
Putinas, J. M. J. Am. Chem. Soc. 1987, 109, 5047. (c) Tori, M.; Matsuda,
R.; Asakawa, Y. Tetrahedron 1986, 42, 1275. (d) Suggs, J. W.; Ytuarte,
L. Tetrahedron Lett. 1986, 27, 437. (e) Tabushi, I.; Nakajima, T.; Seto,
K. Tetrahedron Lett. 1980, 21, 2665. (f) Felkin, H.; Fillebeen-Khan, T';
Holmes-Smith, R.; Yingrui, L. Tetrahedron Lett. 1985, 26, 1999. (g)
Battioni, P.; Renaud, J. P.; Bartoli, J. F.; Mansuy, D. J. Chem. Soc.,
Chem. Commun. 1986, 341. (h) Schneider, H. J.; Muller, N. J. Org. Chem.
1985, 50, 4609. (i) Cohen, Z.; Keinan, E.; Mazur, Y.; Varkony, T. H. J.
Org. Chem. 1975, 40, 2141.
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