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FORMATION OF NOVEL ISOXAZOLINE SPIRO COMPOUNDS
BY A REACTION OF ARYL SUBSTITUTED o-NITROACRYLATES
WITH TITANIUM TETRACHLORIDE AND TOLUENE!?

Sciko Hirotani™ and Shonosuke Zen

School of Pharmaceutical Sciences, Kitasato University, Shirokane, Minato-

ku, Tekyo 108, Japan

Abstract New spiroisoxazoline derivatives were synthesized via novel cycli-
zation of arylsubstituted a—nitroacrylates (naphthyl and phenanthryl analogues)
with TiCl, and toluenc. The structural determination by single crystal X-tay

analysis is reported,

This communication is dealing with a novel one-step synthesis of new spiroisoxazoline derivatives by a
reaction of aryl(fused ring type)substituted a-nitroacrylates® with TiCl, in toluene . Ethyl 3-substituted
naphthyl or phenanthryl-2-nitroacrylates (1)* reacted with toluene in the presence of TiCl 4 10 give novel
products, tolylated spiroisoxazolines (2) unexpectedly (Scheme 1).

Typical procedure is as follow. TiCly( 0.22 ml, 2 mmol } was added to a solution of ethyl Z-mnitro-3—(4'-
methyl-1'—naphthyl) acrylate(1b, 285 mg, 1 mmol) in toluene(10 ml) at 0°C. The reaction mixture was
stirred during two hours, followed by addition of water and extraction with dichloromethane. Purification by
column chromatography on silica gel (hexane:ethyl acetate=10:1) gave product (2b) as colorless prisms in
9(1.1% yield,

By similar procedure, the correspending products (2)7 were given from 1 respectively. The results are
summarized in Scheme 1.

The structure of 2a was confirmed as follows: 2a: mp 79.0-82.0°C (recrystallized from CH;OH ). The Iy

nmr spectrum of 2a showed signals assignable to a singlet proton of CHCl;4—position of isoxazoline ring
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(0=5.19 ppm)}, and naphthalene ring (0=4.53 ppm, d, J=6.5 Hz, 0=6.24 ppm, dd, /=9.0 and 6.5 Hz, d= 6.74
ppm, d, /=6.5 Hz). The carbon signals of isoxazoline moiety were assigned from long-range selective
proton decoupling (L.SPD)method. *C Nmr spectrum showed isoxazoline ring moiety at 6=67.9 (C-4), 94.9
(C-5) and 151.5 ppm (C-3}, and naphthalene ring moiety at §=44.9 (C-2"), 128.1 (C-4", 131.2 ppm (C-3").
When the H-4 methine of isoxazoline ring was irradiated, NOE enhancements(0.5 % and 1.1%) were

observed in 'H resonance of H-2' and H-8' methine (6=6.84 ppm) of naphthalene ring.

Schemel  Formation of Spiroisoxazolines(2)
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* determined by 'Hnmr in the crude product. &

Table 1 Selected Torsional Angles(¢(®)) and Bond Lengths(A) of 2a. " &
(%)) (VA)
CU(1)-C(4)-C(S)~(C2) —25.6(3) O(1)-N(1) 1.385(3)
C1"-C(2)-C(5)-C@) 157.93) N(1)-C(3) 1.276(3)
C(1")-C2)-C(3)-C(@) 99.5(4) C(1)-C(4) 1.796(3)
N(1)-C3)-C(4)-C(5)  17.1(3) C@)-C(5) 1.536(3)
O(1)-C(5)-C2)-C(3) 168.9(3) C(5)-C(8a)) 1.519(4)
C(5)-C(2)-C(3)-C(4) -27.7(5) C(5)-C(2'y 1.521(4) Figure 1 FS erspcctive Drawing of 2a
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The structure of 2a, in particular, the stereochemistry of 4—and 2'—positions was determined by single crys-
tal X-ray a.naly51s Thus, the refative structure of 2a was determined to (R }-4~chloro~3—-ethoxycarbonyl-
2'-tolylspiro [isoxazole—5(4#),1'(2'H)naphthalene], illustrated in Figure 1. The selected dihedral angles and
the bond lengths are listed in Table 1.

On the other hand, 2¢’ reacted with toluene in the presence of TiCl, to give 2e also in reasonable yield.
Therefore it seems reasonable to assume that the formation of 2¢ may proceed via 2¢' from le. Reactivity
of arylation was examined in above reaction with 1a for aromatic solvents. When using benzene, both 2'-
phenylated spiroisoxazoline (X=phenyl)!? and 2'~chlorinated spiroisoxazoline (X=Cl, 2a")!! were given in
9.9 and 2.7 % yields respectively. And however with chlorobenzene, the corresponding chlorophenylated
spiroisoxazoline was not detected but 2a’ was given in 1.2% yield. Thus, benzene of slightly lower nucleo-
philicity failed to give 2 in synthetically useful yield. As a result, toluene seems to be favorable as a react-
ant.

A plausible reaction pathway to form 2 with TiCl, from 1 is shown in Scheme 2. 1a proceeds via mitial
electrophilic attack of TiCl L 10 intermediate A, which converts to B followed by cyclization. Next, chlori-
nation of b carbon and cleavage of the N-O bond cause the formation of intermediate C with an elimination
of TiOCl,. Subsequently, afier chlorination to 2'-position of naphthalene ring, 2a'(X=Cl) converts to 2a by
Friedel-Crafts reaction. The predominant formation of 2a’ is rationalized in terms of steric control of
approach of chloride as shown in structure C. Another stereoisomers were not isolated.

Analogues 2 in Scheme 1 were given by similar process.

Scheme 2 A Proposed Reactin Mechanism for formatiorn: of 2 from 1
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In the reaction of 1a with TiCl,, the products were of two types; spiroisoxazoline compounds(2a) and ethyl
3—cthI0—3—(4'—Ch10r0—1'—naphtyl)—Z—hydroxyiminOpropionate(Sa).6 But 1b gave sole product 2b. The
product may be controlled by aryl groups of 1.

Applications of this synthetic reaction are currently under investigation.
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