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gave two porphyrin bis(methyl esters) after chromatography on
silica gel (activity IV, chloroform-acetone, 20:1 v/v). The more
mobile porphyrin proved to be a di-p-cresol adduct (vide supra).
The less mobile porphyrin was chromatographed three times and
still streaked ahead of and behind the main band after the third
column. As a consequence, the yield was only 6 mg. The ace-
tylated derivative again ran as a single compact spot, but it was
necessary to chromatograph this compound on silica gel thin-layer
plates (chloroform—acetone, 40:1) to remove a small amount of
contaminating material. The mass spectra of the less mobile
porphyrin dimethy! ester from hemin band III and its acetylated
derivative again indicated C-alkylation of p-cresol by a single vinyl
group of protoporphyrin had occurred; the other vinyl group had
been lost: mass spectrum, m/e 672 (100), 599 (41), 538 (96), 465
(90); Amax (CHCly) (¢ mM) 402 nm (163), 498.5 (11.2), 533.5 (7.66),
568 (5.70), 621.5 (3.36). The acetylated derivative was prepared
as above:” mass spectrum, m/e 714 (100), 672 (20), 538 (29). Anal.
Caled for C;sHgN,Og: C, 72.25; H, 6.49; N, 7.84. Found: C, 71.87;
H, 6.59; N, 7.99.
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From the 3,4-dibromotetrahydrothiophene 1,1-dioxide under basic conditions and in the presence of 1,3 dipoles
such as N,a-diphenylnitrone and/or mesitonitrile oxide are obtained isoxazoline and isoxazolidine derivatives
of the transient thiophene sulfone as mono- or diadducts. Kinetic studies of the nitrone cycloaddition show a
consecutive kinetic scheme of the addition and show that the monoadduct formation is 10° faster than that of
the diadduct. NMR analysis (*H and 1*C) and crystallographic studies show the formation of the adduct where
the regioselectivity corresponds to the oxygen atom of the dipoles bonded to the carbon atom 3 to the sulfone
group, the “endo” nature of the addition, and the anti situation of the two rings in the diadduct.

Substituted thiophene sulfones are reasonably well-
characterized substances,? but the parent thiophene
1,1-dioxide is highly reactive and hence cannot be isolated.?
In fact, the oxidations of thiophene by any reagents do not
lead to specific products unless it is possible to form a
dimer* or the sesquioxide.’

In continuation of our studies on oxidation® and 1,3-
cycloaddition reactions’ in the benzo[b]thiophene series,

(1) W. L. Mock, J. Am. Chem. Soc., 92, 7610 (1970).

(2) D. N. Reinhoudt, P. Smael, W. J. M. Tilborg, and J. P. Visser,
Tetrahedron Lett., 3755 (1973).

(3) W. J. Bailey and E. W. Cummins, J. Am. Chem. Soc., 76, 1932
(1954).

(4) W. J. Bailey and E. W. Cummins, J. Am. Chem. Soc., 76, 1940
(1954).

(5) W. Davies, N. W. Gamble, and W. E. Savige, J. Chem. Soc., 4678
(1952).

(8) P. Geneste, J. Grimaud, J. L. Olivé, and S. N. Ung, Tetrahedron
Lett. 2345 (1975); Bull. Soc. Chim. Fr., 271 (1977); P. Geneste, J. L. Olivé,
and S. N. Ung, J. Heterocycl. Chem., 14, 449, 953 (1977).

(7) P. Geneste, R. Durand, and D. Pioch, Tetrahedron Lett., 4845
(1979).
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we now report the intermediate formation of the transient
sulfone of the thiophene by using different 1,3-dipoles
under conditions that prevent the formation of other
compounds. Oxidation of the thiophene molecule in the
presence of a diene such as a quinone may lead to a
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Dipolar Cycloaddition on Thiophene Sulfone

Table I. *C Chemical Shifts of the
Tertiary Carbons Located on the Thiophen
(Cq and Cg according to the SO, Group)

Co Cs Cy’ Cp-Co
3a 71.88 79.96 69.45 8.08
4a 76.92 78.70 70.68 2.78
3b 70.41 82.42  151.38 1201

4b 74.37  85.52 15279  11.15
4ab 7410 84.56  152.93  10.46¢
76.14  79.83 70.23 3.69°
O~n
B
’,
~2,.. 7323 8131 15176  8.08
%
5 /°~N—Ph
A 75.00  78.24 70.41 3.24
%
6

@ According to the isoxazoline ring. ® According to the
isoxazolidine ring.

Diels-Alder-type cycloadduct,® but under the same con-
ditions and in the presence of 1,3-dipole there was no
reaction. It was therefore necessary to start with a stable
precursor of this sulfone in order to perform the cyclo-
addition in a nonoxidative reaction. The best precursor
is the 3,4-dibromotetrahydrothiophene 1,1-dioxide, as
previously used.® The transient sulfone 2 was obtained
in basic medium, according to Scheme I and then reacted
with two 1,3-dipoles [N,a-diphenylnitrone (a) and mesi-
tonitrile oxide (b)]. The reaction leads to the corre-
sponding mono- or diisoxazolidine and -isoxazoline ad-
ducts.
Results and Discussion

The possible reaction pathways outlined in Scheme I
involve all the allowed cycloadducts and include the di-
merization of the thiophene sulfone.

Cycloaddition Reactions of 2 with a (Isoxazolidine
Derivatives). Heating a mixture of 1 and a in the pres-
ence of pyridine or triethylamine in refluxing benzene (or
chloroform) for 48 h resulted in the formation of only two
crystalline products. The cycloadduct 3a (mp 148 °C; yield
70%) was assigned the formula C;;H;;NO;S. The diadduct
4a (mp 193 °C; yield 70%), which was assigned the formula
C40Ho6N,O,S, was obtained only with a large excess (5
equiv) of nitrone.

The 'H NMR spectra of 3a exhibited complex absorp-
tion bands for the aromatic and ethylenic protons in the
range of ¢ 6.65-7.5. The high-field quartet at 6 4.13 cor-
responds to Hs, in an a-position with respect to the SO,
group.l® Hg, gives a signal at § 5.43 and is coupled with
H,, (Jyu, = 5 Hz); H; gives a doublet at 6 5.65 (Jyu, =
2 Hz). ‘f‘i}‘i'e results are consistent with a cis addition re-
action where Hg, and H,, are cis and correspond to the
regioisomer where O, is bonded to Cg,.!!

The 13C NMR results confirm this structure. From (i)
chemical shift values of the thiophenic tertiary carbon
atoms (Table I),'0 (ii) the structure of the corresponding
benzo[b]thiophene adduct 5, which has been established
by the ring opening of the isoxazoline,” and (iii) the X-ray

(8) K. Torssell, Acta Chem. Scand., 4, 353 (1976).
(19(’;)))W. J. Bailey and E. W. Cummins, J. Am. Chem. Soc., 76, 1936
4).
(10) P. Geneste, J. L. Olivé, S. N. Ung, M. El Amoudi El Faghi, J. W.
Easton, H. Beierbeck, and J. K. Saunders, J. Org. Chem., 44, 2887 (1979).
(11) R. Huisgen, Proc. Chem. Soc., London, 357 (1961); Angew. Chem.,
f?;76E)d Engl., 2, 565, 633 (1963); J. Org. Chem., 33, 2291 (1968); 41, 403
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stereostructure of the benzo[b]thiophene adduct 6, it is
evident that in this series the carbon atom signal at higher
fields is due to the one located at the position « to the SO,
group. This signal at higher fields is due to the effect of
the heterocyclic oxygen atom as shown from the results
of the substituent increments observed in the tetra-
hydrothiophene series.!* However, none of these NMR
results give any information about the stereochemical
position of the protons Hz, and Hj, i.e., whether the attack
of the 1,3-dipole was “endo” or “exo”.

+ -
Phee Nz— © O\t
Sc—en Ph—c > NPh
H H
Y ow /4 Yo
0, 0,
endo exo

In the same way, the !H NMR spectrum for the diad-
duct 4a shows a multiplet at § 6.65-7.62 corresponding to
the aromatic protons and three signals at ¢ 4.12 (quartet),
5.20 (doublet), and 5.27 (doublet). The last three signals
correspond to the proton pairs H,, and Hy,, H; and H;, and
H,, and Hy, respectively. These results in conjunction
with the coupling constant values Jy,.u, = szu-I = 5.7THz
and Jyzans = Jraans = 3 Hz suggest a symmetrlcaT structure
for the diadduct 4a.

The 3C NMR (Table I) results confirm that the re-
gioselectivities of the two consecutive cycloadditions
leading to the compound 4a are identical; i.e., the oxygen
atom is in the position 8 to the SO, group. Again neither
the exo or the endo approach of the 1,3-dipole nor the
stereoselectivity (syn or anti) could be determined from

on No_ oM
Voo S s %
v 8 S
CN o, o,
anti syn

the NMR results. For the elucidation of the complete
stereostructure of these adducts, the crystal structure
analysis has been carried out; the results are reported in
a later section.

Cycloaddition Reactions of 2 with b (Isoxazoline
Derivatives). Heating a mixture of 1 and b in the
presence of pyridine or triethylamine in refluxing benzene
(or chloroform) for 48 h resulted in the formation of two
crystalline products, 3b and 4b. The cycloadduct 3b (mp
170-171 °C, yield 65%) was assigned the formula C,,-
H;;NO;S. The diadduct 4b (mp 229-230 °C, yield 75%),
which was assigned the formula Co,HysN;0,S, was obtained
only with an excess (5 equiv) of mesitonitrile oxide.

The 'H NMR spectra of 3b exhibited a multiplet at &
6.25-6.90 for the aromatic and ethylenic protons, a signal
at 6 2.3 for the CH; group and two signals at § 6.08 and
4 5.0 for the protons Hg, and Hg,, respectively, with a
coupling constant Jy, y,, = 9 Hz. In the same way for the
diadduct, the 'H NMR revealed two signals at 6 4.95 and
5.7 for the proton pairs H;,, Hy, and Hg,, Hy, with a sym-
metrical structure. By analogy with the preceding reac-
tions and according to the 13C NMR results (Table I), the
oxygen atom is bonded to carbon 6a, and the two protons
H,, and Hy, are cis to each other with a dihedral angle very
near to 0°. Here again no answer could be given to the

(12) R. Durand, P. Geneste, D. Pioch, J. Rambaud, R. Roques, J. P.
Declercq, and G. Germain, unpublished results.

(13) J. M. MclIntosh, Can. J. Chem., 57, 131 (1979); G. C. Levy and
G. L. Nelson, “Carbon-13 Nuclear Magnetic Resonance for Organic
Chemists”; Wiley-Interscience, New York, 1972,
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Figure 1. Perspective drawing and numbering scheme of 4a.

question of the stereoselectivity of the reaction from the
NMR results.

Cycloaddition Reactions of 3a with b and 3b with
a. Heating a mixture of 3a or 3b with b and a under the
same experimental conditions as previously described led
only to one compound, 4ab (Scheme II); (mp 205-206 °C;
yield 80%; Co;H5N,0,S). 'H NMR results give H; at &
5.20, Hy, at 6 4.06 and Hyg, at 6 5.4 for the isoxazolidine part
of the structure with Jy . = 2.4 Hz and Jy 4, = 6.3 Hz.
For the isoxazoline part, T?Iaa presents a doublet at é 5.0
and Hg, at 6 5.6 with Jy_ ., = 9 Hz as in the case of 4b.

13C NMR (Table I) confirms the cis nature of the cy-
cloaddition reaction and also its regioselectivity (oxygen
atoms bonded to the carbons 7a and 7b).

Crystallographic Study. As described above, the 'H
NMR and *C NMR spectra do not give any precise in-
formation about the stereoselectivity (syn or anti) of the
reaction. In order to elucidate the complete stereostructure
of the cycloadducts and to account for the spectroscopic
data, we carried out the crystallographic analysis of the
cycloadduct 4a.

As shown in the computer generated drawing (Figure
1), the molecular structure of 4a was confirmed as an anti
diadduct with the oxygen atoms bonded to the carbon
atoms C;, and Cyy,, in positions 8 to the SO, group. The
dihedral angles are H;C;C3,Hg, = 104.8°, i.e., H; and Hg,
trans to each other (Jyu, = 3 Hz), H3,C3,CrpHyp = 28.1°,
i.e., Hga and H7b cis (JH3.H = 5-6 HZ), and H7aC7&C7bH7b
= 82.5° (Jy, 11, = O Hz). The last value indicates that the
two isoxazofi’[gine rings are anti to each other.

The fact that the protons Hy and Hg, are trans to each
other proves the “endo” nature of the addition as is il-

Bened et al.

lustrated in the endo and exo structures; i.e., the nitrogen
atom is above the thiophene ring during the approach.141?

Kinetic Studies. The kinetic studies of the nitrone
cycloaddition, by HPLC analysis, show the rapid first-order
disappearance of the dibromo precursor 1 before the cy-
cloaddition starts from sulfone 2. Then, the kinetic scheme
is consecutive (Scheme III), and the dimer formation is not
observed. The formation of the first cycloadduct is 3
orders of magnitude faster than that of the diadduct
probably due to some steric factor: k; = 102 L mol™ s7};
ky =105 L mol' 5L,

Experimental Section

General Methods. All melting points are uncorrected. NMR
spectra were recorded in CDCl; on a Varian EM 390 for 'H and
on a Bruker WP 80 for 1°C. The spectra are given as § values in
parts per million from Me,Si. Mass spectra were determined on
a CEC 21-110 C.

Starting Materials. 3,4-Dibromotetrahydrothiophene 1,1-
dioxide (1), N,a-diphenylnitrone (a),'® and mesitonitrile oxide
(b)!7 were prepared according to standard procedures.

Preparation of 4,4-Dioxo-2,3-diphenyl-3a,6a-dihydro-
thieno[2,3-d]isoxazolidine (3a). A solution of compound 1 (0.5
g, 1.79 mmol), pyridine (0.425 g, 5.79 mmol), and N,a-di-
phenylnitrone a (0.390 g, 2.0 mmol) was refluxed in chloroform
(15 mL) for 4 h. After removing the solid salt (pyridine bro-
mohydrate) by filtration, the solution was evaporated. Compound
3a was separated by chromatography on a silica column eluted
with 90% petroleum ether and 10% methylene chloride: yield
70%; mp 147-148 °C; mass spectrum, m/e 313; 'H NMR (CDCly)
6.65-7.50 (m, 12 H), 5.65 (dd, 1 H, J = 5 Hz (HgHj,), J = 0.7
Hz (HgHg)), 5.43 (d, 1 H, J = 2 Hz (H;H3,)), 4.13 (dd, 1 H, J =
5 Hz (H3Hg,), J = 2 Hz (H3,Hj)). Anal. Caled for C;;H;sNO5S:
C, 65.17; H, 4.82; N, 4.47. Found: C, 64.82; H, 4.71; N, 4.46.

Preparation of 4,4-Dioxo-2,3,5,6-tetraphenyl-3a,4a,7a,7b-
tetrahydrothieno[2,3-d:5,4-d]diisoxazolidine (4a). A solution
of compound 3a (0.44 g, 1.4 mmol) and N,a-diphenylnitrone was
refluxed in chloroform (15 mL). Compound 4a was obtained in
a 70% yield by chromatography on a silica column with 90%
petroleum ether and 10% methylene chloride as eluent: mp
192-193 °C; mass spectrum, m/e 510; 'H NMR (CDCly) 6.65-7.62
(m, 10 H), 5.27 (d, 1 H, J = 5.7 Hz (Hg,H3,)), 520 (d, 1 H, J =
3 Hz (H3Ha,)), 4.12 (dd, 1 H, J = 5.7 Hz (Hs,Hj)). Anal. Caled
for C3,HysN,0,8: C, 70.58; H, 5.13; N, 5.49. Found: C, 70.44;
H, 5.11; N, 5.41. Compound 4a can also be synthesized by re-
fluxing for 2 days a mixture of 1 (0.5 g, 1.79 mmol) and N,a-
diphenylnitrone (2 g, 10 mmol) with pyridine (0.425 g, 5.80 mmol)
in chloroform (20 mL). By use of the procedure described above,
the yield was found to be 33%.

Preparation of 4,4-Dioxo-3-(2,4,6-trimethylphenyl)-3a,6a-
dihydrothieno[2,3-d Jisoxazoline (3b). Compound 1 (0.5¢g, 1.79
mmol), pyridine (0.425 g, 5.79 mmol), and mesitonitrile oxide b
(0.40 g, 2.5 mmol) were refluxed in chloroform (15 mL) for 3 h.
The solid salt and the furazan N-oxide (dipole dimer) were re-
moved by filtration. The filtered solution was evaporated, and
compound 3b was obtained by column chromatography in the
same way as described above: yield 67%; mp 170-171 °C; mass
spectrum, m/e 277; 'H NMR (CDCl,) 6.75-6.90 (m, 4 H), 6.0 (dd,
1 H, J = 0.4 Hz (Hg,Hg)), 5.02 (d, 1 H, J = 9 Hz (H;,He)), 2.3
(s, 9 H). Anal. Caled for C;;H,;:NOsS: C, 60.64; H, 5.45; N, 5.05.
Found: C, 60.40; H, 5.25; N, 5.01.

Preparation of 4,4-Dioxo-3,5-bis(2,4,6-trimethylphenyl)-
3a,4a,7a,7b-tetrahydrothieno[2,3-d:4,5-d"]diisoxazoline (4b).
Compound 3a (0.41 g, 1.48 mmol) and mesitonitrile oxide (0.35
g, 2.2 mmol) were refluxed in chloroform (15 mL) for 2 days. After
the furazan N-oxide was removed by filtration, the solution was

(14) M. Joucla, F. Tonnard, D. Gree, and J. Hamelin, J. Chem. Res.,
Synop., 240 (1978).

(15) R. Gree, F. Tonnard, and R. Carrie, Tetrahedron, 32, 675 (1976);
R. Gree and R. Carrie, ibid., 32, 683 (1976).

(16) C. Grundmann and J. M. Dean, Angew. Chem., Int. Ed. Engl. 3,
585 (1964).

(17) O. H. Wheeler and D. H. Gore, J. Am. Chem. Soc., 78, 3363
(1956).
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concentrated, and a chromatographic separation under the same
conditions as above gave 4b: 75% yield; mp 229-230 °C; mass
spectrum, m/e 438; 'H NMR (CDCl) 6.67-6.92 (s, 4 H), 5.7 (d,
1H,J =8 Hz (HyHy,)), 4.95 (d, 1 H, J = 8 Hz (H3,Hy)), 2.33
(s, 6 H), 2.25 (s, 3 H). Anal. Caled for CyHyN,0,S: C, 65.74;
H, 5.98; N, 6.39. Found: C, 65.91; H, 5.89; N, 6.28. This compound
can be also prepared by refluxing (3 days) a mixture of 1 (0.5 g,
1.79 mmol), pyridine (0.425 g, 5.80 mmol), and mesonitrile oxide
(3 g, 18 mmol) in chloroform and separated by column chroma-
tography in 60% yield.

Preparation of 4,4-Dioxo-3-(2,4,6-trimethylphenyl)-5,6-
diphenyl-3a,4a,7a,7b-tetrahydroisoxazolidino[2,3- d ]Jthieno-
[5,6-dJisoxazoline (4ab). This compound can be prepared in
the following two ways.

(A) A solution of 3a (0.5 g, 1.59 mmol) and mesonitrile oxide
(0.805 g, 5 mmol) was refluxed in chloroform (20 mL) for 3 days.
The solid material (furazan N-oxide) was eliminated by filtration,
and the filtered solution was concentrated. The residue was
chromatographed by the standard procedure to give 4ab: 0.50
g (80% yield); mp 205-206 °C; mass spectrum, m/e 474; 'H NMR
(CDCly) 6.77, 8.30 (m, 12 H), 5.56 (d, 1 H, J = 6.3 Hz (Hq,H,,)),
5.20(d,1H,J=24Hz (HH,)),50(d,1H,J =9 Hz, (Hs,Hpn)),
4.06 (dd, 1 H, J = 6.3 Hz (H H7,), J = 2.4 Hz (H,H;)). Anal.
Caled for Co;HyN,0,S: C, 68.24; H, 5.52; N, 5.90. Found: C,
68.50; H, 5.62; N, 5.98.

(B) A solution of 3b (0.5 g, 1.80 mmol) and N,e-diphenylnitrone
(0.79 g, 4 mmol) was refluxed under in the same condition as in
part A. The solution was evaporated and the residue chroma-
tographed to give the diadduct 4ab, 0.56 g, (75% yield).

Kinetic Conditions, Under batch conditions, in refluxing
chloroform, solutions of dipole (0.3 M), triethylamine, the pre-
cursor of the dipolarophile, i.e., 3,4-dibromotetrahydrothiophene
1,1-dioxide (2 X 102 M), and an internal standard, i.e., phenol
(2 X 102 M), were prepared.

The reaction kinetics are carried out by analyzing aliquots by
HPLC, with a UV detector at 260 nm.

The pseudo-first-order kinetic constants were determined by
least-squares analysis, and the given values are the means of at

CGH; CeH, 82 CgHs
4a

least three runs with a precision of about 5%. For the monoadduct
formation the column we used was a Porasil Waters type with
a dichloromethane/cyclohexane mixture (75/25 v/v) as eluent.
For the diadduct formation, the column was a Bondapak CN
Waters type, and the eluent was a cyclohexane/ethylacetate
mixture (97.5/2.5 v/v).

X-ray Analysis and Structure Determination of 3a. The
following crystal data were obtained: CaHgNoSO,, orthorhombic,
a =33.834 (20) A, b = 13.457 (5) A, ¢ = 11.307 (4) A, space group,
Pcen, Z = 8.

The crystal was mounted on a Syntex P2; diffractometer which
used Cu Ka radiation (A = 1.54179 A) to a maximum 24 value
of 114°; 3477 reflections were measured, and only 2153 of them
have I > 2.5¢(I). The intensities were corrected for Lorentz and
polarization factors but not for absorption.

The structure was solved with the MULTAN 78 program.!®* Then
the structure was refined with the SHELX 76 program.’® After
three cycles of isotropic full-matrix least-squares refinement, R
fell to 11%, and after two cycles of anisotropic refinement R was
8%. The H atom positions were assumed, and their corresponding
parameters were inserted but not allowed to vary in the last cycle
of anisotropic refinement (final R = 5.8%).

Registry No, 1, 15091-30-2; 3a, 77965-73-2; 3b, 77965-74-3; 4a,
77965-75-4; 4b, 77965-76-5; 4ab, 77965-77-6; 2, 1137-96-8; b, 2904-
57-6.

Supplementary Material Available: Tables of atomic co-
ordinates and thermal parameters and a figure showing the
structure of the crystal of 4a (4 pages). Ordering information is
given on any current masthead page.
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M. Woolfson, “MULTAN 78 (1978): A System of Computer Programs
for the Automatic Solution of Crystal Structure from X-ray Diffraction
Data”, University of York, York, England, and University of Louvain,
Louvain, Belgium, 1978.

(19) G. M. Sheldrick, “SHELX-76: Program for Crystal Structure
Determination”, University of Cambridge, Cambridge, England, 1976.

Gas-Phase Thermal Isomerization of Some Aminomethylisoxazoles
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The kinetic results from the gas-phase thermal isomerization of 5-amino-3,4-dimethylisoxazole (1), 3,5-di-
methylisoxazole (2), and 3-amino-5-methylisoxazole (3) are reported. Compound 1 afforded quantitatively
3-carbamoyl-2,3-dimethyl-1-azirine (4). On the other hand, 2 and 3 gave the isomeric oxazoles 5 and 7, respectively.
Different reaction pathways are discussed according to the activation parameters.

Thermal and photochemical isomerization of isoxazole
derivatives to give 1-azirines and oxazoles has been largely
studied during the last decade.? Most of the reactions

(1) Grateful recipient of a fellowship from the Consejo Nacional de
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have been carried out in solution, focussing on product
composition as a major criterion of mechanism.
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