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Cyclization of ethyl endo-5-norbornene-2-carboxylate
with hetarene sulfenyl chlorides
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Cyclization of ethyl endo-5-norbornene-2-carboxylate with 1,3-benzothiazole-2-sulfenyl
and 3-methoxycarbonylpyridine-2-sulfenyl chlorides follows two directions, namely, electo-
philic lactonization of unsaturated ester or polar cycloaddition of sulfenylating reagent to the
multiple bond accompanied by ring closure by the nitrogen atom of the thiohetaryl fragment.
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heptanes.

Reactions of endo-5-norbornene-2-carboxylic acid or
its esters with different electrophiles including sulfenyl
chlorides usually give y-lactones, which are the products
of transannular cyclization occurring at the oxygen atom
of the carboxy or alkoxycarbonyl groups of the starting
substrate.1—5

In the present work it was found that in the reac-
tions of ethyl endo-5-norbornene-2-carboxylate (1) with
1,3-benzothiazole-2-sulfenyl chloride (2) or 3-methoxy-
carbonylpyridine-2-sulfenyl chloride (3) the lactonization
is completed by the heterocyclization involving the ring
closure at the nitrogen atom of the hetaryl fragment of the
sulfenylating reagent. The ratio of the competing direc-
tions of cyclization changed depending on the nature of
the reaction medium and the reactant. Thus, the reaction

of unsaturated ester 1 with sulfenyl chloride 2 in dichloro-
methane resulted exclusively in y-lactone 4 in 81% yield.
When the reaction was carried out in a lithium chlo-
ride—nitromethane system, polycyclic product 5 of the
polar cycloaddition of the reactant at the double bond—3
formed in 10% vyield along with the major product,
v-lactone 4 (77%) (Scheme 1).

The reaction of 1 with sulfenyl chloride 3 in dichlo-
romethane furnished predominantly y-lactone 6 (63%),
however, exo-cis-cycloaddition of the reactant occurred
also noticeably giving compound 7a (25%). When the re-
action was carried out in nitromethane, the cycloaddition
of the reactant at the double bond dominants; the yields of
compounds 6 and 7a are 23 and 65%, respectively, where-
as in the lithium perchlorate—nitromethane system,
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the polar cycloaddition product, perchlorate 7b, is exclu-
sively formed in 87% yield (Scheme 2).

The structures of the compounds synthesized were es-
tablished based on the data from 'H and 13C NMR spec-
troscopy and confirmed by elemental analysis. The signals
in the NMR spectra were assigned using the data from
COSY, HSQC, HMBS and NOESY experiments with
compounds 4 and 7a as the examples.

In the NOESY spectrum of compound 4, the shift
correlation for the following pairs of the protons H(7)/
H(6), H3)/H(2), H(3)/H,,(8), HQ2)/H(1), H(2)/H,,(9).
H(6)/H,,,(9), and H(6)/H,,4(9) were observed. These
correlations allow unambiguous assignment of the struc-
ture of compound 4 as y-lactone.

In the NOESY spectrum of compound 7a, the cor-
relations between the protons H(2)/H(4), H(2)/H(1),
H(13)/H,,,(12), H(13)/H,,4,(12), H(11)/H,,(12),
H(11)/H(10) were found. At the same time, no correla-
tion peak of the proton pair H(2)/H(11) was observed in
the NOESY spectrum. The HMBC spectrum of 7a exhib-
ited correlations between the protons and the carbon at-
oms through two and three bonds. In this case, the proton
H(2) at § 5.48 has two correlations with the sp2-hybrid-
ized carbon atoms of the pyridine fragment. The HSQC
spectrum is also in agreement with the mentioned assign-
ment of the signals. Thus, the carbon atom at & 76.12
corresponds to the proton H(2), which indicated direct
bonding of this fragment to the N(3) nitrogen atom.

Experimental

The 'H and 13C NMR spectra were run on a Bruker Avance-
600 instrument in DMSO-dg.

Reaction of unsaturated ester 1 with reactants 2 and 3 in
dichloromethane and nitromethane (general procedure). To a so-
Iution of unsaturated compound 1 (1.66 g, 10 mmol) in 20 mL of
the solvent, a solution of sulfenyl chloride 2 or 3 (10 mmol) in
20 mL of the solvent was added at 20 °C. After 30 min, the
solvent was removed in vacuo. The residue was extracted with
boiling diethyl ether (50 mL), the solvent from the extract was
evaporated, and the resulting residue recrystallized from hexane

to give y-lactones 4 and 6. Compound 7a, which is insoluble in
diethyl ether, was recrystallized from methanol.

2-(1,3-Benzothiazol-2-ylsulfanyl)-4-oxatricyclo[4.2.1.037]-
nonan-5-one (4). White crystals, m.p. 111—112 °C. Found (%):
C, 59.47; H, 4.25. C5sH3NO,S,. Calculated (%): C, 59.38;
H, 4.32. '"H NMR, &: 1.60 (d, 1 H, H,,,(8), J = 11.7 Hz); 1.86
(d,1H,H,,4,(9),/=13.4Hz); 1.94(d, 1 H, H,,,(8), /= 11.7 Hz);
2.14 (td, 1 H, H,,,(9), /= 13.4 Hz, J = 3.5 Hz); 2.59 (br.s, | H,
H(1)); 2.62 (d, 1 H, H(6), J = 3.5 Hz); 3.32 (br.s, 1 H, H(7));
3.88 (d, 1 H, H(2), /= 2.5 Hz); 4.80 (d, 1 H, H(3), /= 4.8 Hz);
7.40 (t, 1H, H(6"), /J=8.0 Hz); 7.48 (t, 1 H, H(5"), /= 8.0 Hz);
7.89(d, 1 H, H(4"),/=8.0Hz);8.06 (d, 1 H, H(7"), /= 8.0 Hz).
13C NMR, &: 33.80 (C(9)); 35.61 (C(8)); 37.43 (C(6)); 41.83
(C(1));45.95 (C(7)); 53.77 (C(2)); 85.72 (C(3)); 121.32 (C(4"));
121.81 (C(77)); 124.61 (C(67)); 126.43 (C(57)), 134.73 (C(7a"));
152.74 (C(3a")); 164.21 (C(27)); 179.43 (C(5)).

Methyl 2-(5-ox0-4-oxatricyclo[4.2.1.03"non-2-ylsulfanyl)-
3-pyridinecarboxylate (6). White crystals, m.p. 136—137 °C.
Found (%): C, 49.89; H, 4.83. C;sH5NO,S. Calculated (%):
C,59.00; H,4.95. 'THNMR, 5:1.62(d, 1 H, H,,,(8),/=11.0 Hz);
1.78 (d, 1 H, H,,;,(9), J/ = 12.2 Hz); 1.95 (d, 1 H, H,,«8),
J=11.0 Hz); 2.14 (td, 1 H, H,,,(9), J = 12.2 Hz, J = 4.8 Hz);
2.45 (br.s, 1 H, H(1));2.62 (dd, 1 H, H(6),/=11.0 Hz, /=4.8 Hz);
3.24 (br.s, 1 H, H(7)); 3.78 (d, 1 H, H(2), J = 2.3 Hz); 3.88
(s, 3 H, OMe); 4.56 (d, 1 H, H(3), /= 4.8 Hz); 7.28 (dd, 1 H,
H(7),/=8.5Hz,/J=4.8 Hz); 8.24 (d, 1 H, H(4"), /= 8.5 Hz);
8.65(d, 1 H, H(6"), /= 4.8 Hz).

13-Ethoxycarbonyl-7-methoxycarbonyl-9-thia-3-azoniatetra-
cyclo[9.2.1.02:10,03-8]tetradeca-3(8),4,6-triene chloride (7a).
Light brown crystals, m.p. 132—133 °C. Found (%): C, 55.11;
H, 5.43. C7H,,CINO,S. Calculated (%): C, 55.21; H, 5.45.
"H NMR, 3: 1.24 (t, 3 H, CH,CH;, J = 7.1 Hz); 1.59 (d, 1 H,
Hy),(14), J = 11.7 Hz); 1.61 (m, 1 H, H,,;(12)); 1.68 (d, 1 H,
H,..(14), J = 11.7 Hz); 1.97 (td, 1 H, H,,(12), J =12.7 Hz,
J =4.1 Hz); 2.64 (d, 1 H, H(11), J = 4.0 Hz); 3.09 (dt, 1 H,
H(13),/=11.6 Hz, /J=4.7 Hz); 3.17 (d, 1 H, H(1), /= 4.5 Hz);
3.93 (s, 3H, OMe);4.15(q,2 H, OCH,, /J=14.2 Hz, /J=7.1 Hz);
4.17 (d, 1 H, H(10), J=8.5Hz); 5.48 (d, 1 H, H(2), /= 8.5 Hz);
7.83 (dd, 1 H, H(5), / = 7.8 Hz, J = 6.3 Hz); 8.81 (d, 1 H,
H(6), J = 7.8 Hz); 8.89 (d, 1 H, H(4), J = 6.3 Hz). 13C NMR,
3: 14.54 (CH,CH;); 30.62 (C(12)); 33.45 (C(14)); 42.53
(C(13)); 45.15 (C(11)); 48.45 (C(1)); 50.92 (C(10)); 54.12
(COMe); 61.45 (OCH,); 76.12 (C(2)); 123.27 (C(5)); 124.31
(C(7)); 145.62 (C(4)); 146.12 (C(6)); 163.02 (CO,Et); 173.43
(CO,Me).
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Reaction of unsaturated ester 1 with reactants 2 and 3 in
a lithium perchlorate—nitromethane system (general procedure).
To a solution of LiClO, (1.06 g, 10 mmol) in nitromethane
(30 mL), a solutions of sulfenyl chloride 2 or 3 (10 mmol) in
nitromethane (20 mL) and of compound 1 (1.66 g, 10 mmol) in
nitromethane (30 mL) were added at 20 °C. After 10 min, the
precipitate of LiCl was filtered off and the solvent from filtrate
was removed in vacuo. The reaction product of sulfenyl chloride
3, compound 7b, was recrystallized from methanol. The reac-
tion products of sulfenyl chloride 2 were treated with boiling
diethyl ether (50 mL). Removal of the solvent from the resulting
extract afforded y-lactone 4. Heterocyclic product 5, which is
insoluble in diethyl ether, was recrystallized from methanol.

16-Ethoxycarbonyl-10,12-dithia-3-azoniapentacyclo-
[12.2.1.0%-13,03:11 04.9Theptadeca-3(11),4(9),5,7-tetraene per-
chlorate (5). Light brown crystals, m.p. 204—205 °C. Found (%):
C, 47.14; H, 4.15. C|;HgCINOgS,. Calculated (%): C, 47.28;
H, 4.20. '"H NMR, 8: 1.33 (t, 3 H, CH,CHj;, /= 7.1 Hz); 1.62
(m, 1 H, H,4,(15)); 1.65 (d, 1 H, Hg,,(17), J = 11.2 Hz); 1.90
(d,1H,H,,;(17),/=11.2Hz); 2.07 (td, | H, H,,,(15), /=12.8 Hz,
J =48 Hz); 2.74 (d, 1 H, H(14), J/ = 4.8 Hz); 3.22 (dt, 1 H,
H(16),/=11.9Hz,/=5.0 Hz); 3.29 (d, 1 H, H(1), /J=4.8 Hz);
4.26 (m, 2 H, OCH,); 4.79 (d, 1 H, H(13), J = 8.5 Hz); 5.36
(d, 1 H, H(2), /=8.5Hz); 7.68 (t, 1 H, H(7), /= 7.8 Hz); 7.73
(d, 1 H, H(8), /=28.0 Hz); 7.84 (t, 1 H, H(6), /= 7.8 Hz); 8.31
(d, 1 H, H(5), /= 8.0 Hz).

13-Ethoxycarbonyl-7-methoxycarbonyl-9-thia-3-azoniatetra-
cyclo[9.2.1.02:10,03-3]tetradeca-3(8),4,6-triene perchlorate (7b).
Light brown crystals, m.p. 179—180 °C. Found (%): C, 47.11;
H, 4.57. C;;H,,CINOsS. Calculated (%): C, 47.06; H, 4.65.
The '"H NMR spectrum is identical to that of compound 7a.
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