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Atypical Oxidation Reaction by Thionyl
Chloride: Easy Two-Step Synthesis of

N-Alkyl-1,4-dithiines

Alain Valla, Dominique Cartier, Frédéric Zentz, and

Roger Labia

Chimie et Biologie des Substances Naturelles CNRS, Quimper, France

Abstract: Easy two-step synthesis of a series of dithiines was performed from succinic

anhydride via cyclization of the corresponding 4-(alkylamino)-4-oxobutanoic acids

(succinamic acids). The reaction, carried out in polar aprotic solvents, gave 4,8-

dithiine-indacene-1,3,5,7-tetraones (diimides 3) via 3,7-bis-4,8-dithia-indacene-1,5-

diones (diisoimides 2), which could be isolated. Surprisingly, in this reaction,

thionyl chloride appeared as an oxidant, and this process seemed to be useful for the

syntheses of S-containing heterocyclic compounds such as 1,4-dithiins. A mechanistic

pathway was considered.

Keywords: Dithiine, imide, isoimide, thionyl chloride

In previous works,[1 – 3] we have reported on the syntheses and the biological

properties of a series of maleimides and succinimides. To obtain other

derivates possessing higher biological activities, we have studied the cycliza-

tion of 4-(alkylamino)-4-oxobutanoic acids 1 (acyl chlorides), easily obtained

from aliphatic amines and succinic anhydride. Surprisingly, the cyclization of

these via the acyl chlorides, generated by thionyl chloride, did not lead to the

corresponding succinimides (Fig. 1).

Received in the U.K. January 17, 2006

Address correspondence to Alain Valla, Chimie et Biologie des Substances

Naturelles FRE 2125 CNRS 6, rue de l’Université 29000, Quimper, France. E-mail:

alain.valla@cegetel.net

Synthetic Communicationsw, 36: 3591–3597, 2006

Copyright # Taylor & Francis Group, LLC

ISSN 0039-7911 print/1532-2432 online

DOI: 10.1080/00397910600943600

3591

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
M

is
so

ur
i C

ol
um

bi
a]

 a
t 0

5:
22

 2
5 

N
ov

em
be

r 
20

13
 



The reaction, carried out in polar aprotic solvents such as dioxane, gave

4,8-dithiine-indacene-1,3,5,7-tetraones (diimides 3) via 3,7-bis-4,8-dithia-

indacene-1,5-diones (diisoimides 2). The diisoimides 2 could be considered

as the kinetically controlled compounds and may be isolated (as rose

crystals) only when they had a low solubility in the reaction medium.

Otherwise, a rapid isomerization occurred and led to the (green) diimides 3,

which were always insoluble (Fig. 2).

Several publications have been devoted to the ring conformation and

electronic properties of 1,4-diithins, and it was also reported that 1,4-dithiins

could be used as synthons (dienophiles) in cycloaddition reactions.[4]

In the literature, only a few articles referred to the syntheses of

1,4-dithiines,[5–12] and we chose an easy two-step process, depicted by Michaı̈lidis

et al.[13]

This methodology, which was reported without experimental details, has

also been used for the preparation of the ethyl, propyl, and t-butyl derivatives

by Hayakawa et al.[14] and Kim et al.[15]

In these reports, no mechanistic pathway was suggested. Only one patent

described a biological use of some 1,4-dithiin-2,3,5,6-tetracarboxydiimides as

anthelmintics.[16]

This situation prompted us to investigate the mechanistic pathway of this

reaction.

CHEMISTRY

Taking in account our experimental data, we proposed a mechanistic pathway

involving the conversion of the succinamic acids 1 into isosuccinimides 4,

Figure 2. a) R ¼ benzyl, b) R ¼ cyclohexyl, c) R ¼ isopropyl, d) R ¼ propyl, and

e) R ¼ butyl.

Figure 1.
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which reacted with thionyl chloride to provide sulfochlorides 5. Two linked

molecules of these furnish the disulfoxides 6. Two concomitant attacks of

the Cl anion (liberated in the mixture in the precedent stage) led to the disulf-

oxides 7, which, via a Pummerer-like reaction and simultaneous elimination

of HCl, led to the diisomaleimide-dithiines 2 (Fig. 3). These isomerize to

the more stable dithiines 3.

A comparable reaction has been depicted by Higa and Krubsack[17] (Fig. 4).

Thionyl chloride, in this reaction, appeared as an oxidant, and this process

seemed to be useful for the syntheses of S-containing heterocyclic compounds

such as 1,4-dithiins. Furthermore, the products were easily isolated and

directly recrystallized.

Figure 3.

Figure 4.
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EXPERIMENTAL

Melting points were taken on a Leitz 350 heated-stage microscope and are not

corrected. 1H NMR spectra were recorded at 400 MHz on Bruker Avance

DPX 400 and Bruker WP80 DS instruments. Chemical shifts were reported

in parts per million (ppm) (d) relative to TMS. IR spectra were run on a

Bruker IF 55 spectrometer.

General Procedure for the Preparation of Compounds 1

Succinic anhydride (15 mmol) was dissolved into 10 mL of dioxane, and

15 mmol of the correspondent amine in 10 mL of dioxane were slowly

added. The solution was warmed at 808C for 30 min, and the succinamic

acid 1 crystallized by cooling. The white crystals were filtered off, dried,

and recrystallized from dioxane.

Data

la: mp 1448C (lit.: 137.5–138.2[18]) (85%). IR (KBr): nCO 1691; 1642 cm21.
1H NMR. (DMSO d-6): 4.27 (m, 2H, CH2); 2.46 (m, 2H, CH2); 2.38 (m, 2H,

CH2); 7.30 (m, 5H, Ar). Anal. calc. for C11H13NO3: C, 63.76; H, 6.32; N, 6.76;

O, 23.16; found: C, 63.51; H, 6.41; N, 6.68; O, 23.4.

1b: mp 1718C (lit.: 166.5–167[18]) (90%). IR (KBr): nCO 1697; 1642 cm21.
1H NMR (CD3COCD3): 2.56 (t, J ¼ 7 Hz, 2H, CH2); 2.44 (t, J ¼ 7 Hz, 2H,

CH2); 1.89 (m, 3H, CH2þ CH cyclohexane); 1.72 (m, 2H, CH2 cyclohexane);

1.59 (m, 2H, CH2 cyclohexane); 1.33 (m, 2H, CH2 cyclohexane); 1.19 (m, 4H,

2 � CH2cyclohexane). Anal. calc. for C10H17NO3: C, 60.28; H, 8.60; N, 7.03;

O, 24.09; found: C, 60.01; H, 8.80; N, 6.88; O, 24.31.

1c: mp 1088C (lit.: 105–107[18,19]) (90%). IR (KBr): nCO 1731; 1641 cm21.
1H NMR (DMSO d-6): 3.80 (m, 1H, CH); 2.40 (t, J ¼ 7 Hz, 1H, CH2); 2.26

(t, 2H, J ¼ 7 Hz, CH2); 1.02 (d, 6H, CH3). Anal. calc. for C7H13NO3: C,

52.82; H, 8.23; N, 8.80; O, 30.15; found: C, 52.69; H, 8.44; N, 8.69; O, 30.18.

1d: mp 1018C[14] (85%). IR (KBr): nCO 1714; 1642 cm21. 1H NMR (DMSO

d-6): 2.98 (m, 2H, CH2); 2.41 (t, J ¼ 7 Hz, 2H, CH2); 2.29 (t, 2H, J ¼ 7.2 Hz,

CH2); 1.39 (m, 2H, CH2); 0.83 (t, 6H, J ¼ 7.2 Hz, CH3). Anal. calc. for

C7H13NO3: C, 52.82; H, 8.23; N, 8.80; O, 30.15; found: C, 52.72; H, 8.42;

N, 8.65; O, 30.21.

1e: mp 968C[20] (85%). IR (KBr): nCO 1695; 1650 cm21 1H NMR (DMSO

d-6): 3.02 (m, 2H, CH2); 2.40 (t, J ¼ 7.2 Hz, 2H, CH2); 2.28 (t, 2H,

A. Valla et al.3594
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J ¼ 7.2 Hz, CH2); 1.35 (m, 2H, CH2); 1.26 (m, 2H, CH2); 0.86 (t, 6H,

J ¼ 7.2 Hz, CH3). Anal. calc for C8H15NO3: C, 55.47; H, 8.73; N, 8.09; O,

27.71; found: C, 55.22; H, 8.99; N, 7.82; O,27.97.

General Procedure for the Preparation of Compounds 2

Succinamic acid (1 g) was dissolved into 10 mL of ether, and 13 mL of thionyl

chloride was slowly added. The solution was allowed to sit at rt for 6 h, and the

diisoimide was filtered off, washed with 2 � 5 mL of ether, and recrystallized.

Data

2a: Rose crystal, mp: 2108C. IR: nCO 1791, 1696 cm21. 1H NMR (CDCl3):

4.78 (s, 4H, CH2); 7.31–7.38 (m, 10H, Ar). 13C NMR (DMSO d6): CO:

163.1; CN: 162.5; Cq: 134.3, 129.2, 127.3; CH: 129.0, 128.6, 127.7; CH2:

43.0. Anal. calc. for C22H14N2O4S2: C, 60.82; H, 3.25; N, 6.45; O, 14.73;

S, 14.76; found: C, 60.60; H 3.3; N, 6.42; O, 15.03; S, 14.64.

2b: Rose crystals, mp: 2288C. IR: nCO 1789, 1774, 1701 cm21. 1H NMR

(CDCl3): 1.23–2.13 (m, 20H, CH2); 3.75–3.82 (m, 2H, CH). 13C NMR

(DMSO d6): CO: 160.5; CN: 130.2; Cq: 127.5, 126.5; CH: 49.7; CH2: 32.5,

25.0, 24.9. Anal. calc. for C20H22N2O4S2: C, 57.39; H, 5.30; N, 6.69;

O,15.28; S, 15.32; found: C, 57.21; H, 5.53; N, 6.42; O, 15.73; S, 15.11.

General Procedure for the Preparation of Compounds 3

Succinamic acid (1g) was dissolved into 10 mL of dioxane, and 13 mL of

thionyl chloride was slowly added. The solution was allowed to sit at rt for

6 h, and the diisoimide was filtered off, washed with 2 � 5 mL of ether, and

recrystallized.

Data

3a: Green pellets, mp: 2248C. IR: nCO 1712. 1697 cm21. 1H NMR (CDCl3):

4.64 (s, 4H, CH2); 7.31–7.35 (m, 10H, Ar). 13C NMR (DMSO d6): CH2:

41.95; Cq: 135.9, 134.2; CH: 132.1, 128.8, 127.8; CO: 164.3. Anal. calc.

for C22H14N2O4S2: C, 60.82; H, 3.25; N, 6.45; O, 14.73; S, 14.76; found:

C, 60.60; H, 3.52; N, 6.43; O, 14.91; S, 14.54.

3c: Green pellets, mp: 2208C. IR: nCO 1713, 1696 cm21. 1H NMR (DMSO

d-6): 1.35 (d, 12H, CH3, J ¼ 6.9 Hz); 4.23–4.30 (m, 2H, CH) 13C NMR

Atypical Oxidation Reaction by Thionyl Chloride 3595
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(DMSO d6) CO: 164.0; Cq: 130.3; CH: 43.6; CH3: 19.6. Anal. calc. for

C14H14N2S2: C, 49.69; H, 4.17; N, 8.28; O, 18.99; S, 18.99; S, 18.95;

found: C, 49.54; H, 4.28; N, 8.00; O, 19.03; S, 19.15.

3d: Green pellets, mp: 2228C. IR: nCO 1714, 1693 cm21. 1H NMR (DMSO

d-6): 0.88 (t 6H, CH3, J ¼ 7.09 Hz). 13C NMR (DMSO d6): CO: 164.3; Cq:

130.4; CH2: 21.0, 40.4; CH3: 11.1. Anal. calc. for C14H14N2O4S2: C, 49.69;

H, 4.17; N, 8.28; O, 18.99; S, 18.95; found: C, 49.30; H, 4.27; N, 8.12; O,

19.34; S, 18.97

3e: Green pellets, mp: 2888C. IR: nCO 1713, 1693 cm21 1H NMR (DMSO

d-6): 0.91 (t 6H, CH3, J ¼ 7.35 Hz); 1.26–1.35 (m, 4H, CH2); 1.51–1.58

(m, 4H, CH2); 3.49 (t, 4H, CH2, J ¼ 7.05 Hz). 13C NMR (DMSO d6): CO:

164.3; Cq: 130.4; CH2: 19.3, 29.6, 40.4; CH3: 13.4. Anal. calc. for

C16H18N2O4S2: C, 52.44; H, 4.95; N, 7.64; O, 17.46; S, 17.50; found: C,

52.22; H, 5.15; N, 7.51; O, 17.75; S, 17.37.
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Moléculaire et Thio-organique, Caen, France) for helpful discussions about

the mechanistic pathway.

REFERENCES

1. Zentz, F.; Le Guillou, R.; Labia, R.; Sirot, D.; Linard, B.; Valla, A. Il Framaco
2004, 59, 879–886.

2. Zentz, F.; Hellio, C.; Valla, A.; De Labroise, D. Y.; Labia, R. Mar. Biotechnol.
2002, 4, 431–440.

3. Zentz, F.; Valla, A.; Le Guillou, R.; Labia, R.; Mathot, A.-G.; Sirot, D. Il Framaco
2002, 57, 421–426.

4. (a) Loudon, J. D.; Young, L. B.; Robertson, A. A. J. Chem. Soc. 1964, 591–593;
(b) Brisse, F.; Atfani, M.; Bergeron, J.-Y.; Belanger-Gariepy, F.; Armand, M. Acta
Crystallogr., Sec. C 2000, C56, 190–192; (c) Yamaguchi, Y.; Ueda, I. Acta
Crystallogr., Sec. C 1984, C40, 113–115.

5. Moriarty, R. M.; Chien, C. C.; Jefford, C. W. Tetrahedron Lett. 1973, 4429–4431.
6. Buess, C. M.; Bradt, V. O.; Srivastava, R. C.; Carper, W. R. J. Heterocycl. Chem.

1972, 9, 887–889.
7. Simmons, H. E.; Vest, R. D.; Blomstrom, D. C.; Roland, J. R.; Cairns, T. L. J. Am.

Chem. Soc. 1962, 84, 4746–4756.
8. Ried, W.; Ochs, W. Chem. Ber. 1972, 105, 1093–1096.
9. Draber, W. Chem. Ber. 1967, 100, 1559–1570.

10. Krantz, A.; Lauren, J. J. Am. Chem. Soc. 1981, 103, 486–496.
11. Zilverschoon, A.; Meijer, J.; Vermeer, P.; Brandsma, L. Recl. Trav. Chim.

Pays-Bas. 1974, 94, 163–165.

A. Valla et al.3596

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
M

is
so

ur
i C

ol
um

bi
a]

 a
t 0

5:
22

 2
5 

N
ov

em
be

r 
20

13
 



12. Meijer, J.; Vermeer, P.; Verkruijsse, H. D.; Brandsma, L. Recl. Trav. Chim.
Pays-Bas. 1973, 92, 1326–1330.

13. Michaı̈lidis, A.; Giraud, M.; Molho, D. Organic Sulfur Chemistry; In Stirling,
C. J. M., (Ed.); Butterworths: London, 1975; p. 466.

14. Hayakawa, K.; Mibu, N.; Osawa, E.; Kanematsu, K. J. Am. Chem. Soc. 1982, 104,
7136–7142.

15. Kim, J. H.; Hubig, S. M.; Lindeman, S. V.; Kochi, J. K. J. Am. Chem. Soc. 2001,
123, 87–95.

16. Draber, W.; Korte, F. U.S Patent 3364229, 1968.
17. Higa, T.; Krubsack, A. J. J. Org. Chem. 1975, 40, 3037–3045.
18. Pressman, D.; Bryden, J. H.; Pauling, L. J. Am. Chem. Soc. 1948, 70, 1352–1358.
19. Schreiber, K. C.; Fernandez, V. P. J. Org. Chem. 1961, 26, 1744–1747.
20. Zentz, F.; Labia, R.; Sirot, D.; Faure, O.; Grillot, R.; Valla, A. Il Farmaco 2005, 60,

944–947.

Atypical Oxidation Reaction by Thionyl Chloride 3597

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
M

is
so

ur
i C

ol
um

bi
a]

 a
t 0

5:
22

 2
5 

N
ov

em
be

r 
20

13
 




