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ABSTRACT: C-Sulfonyldithioformates (2) (R!=
ArSO,, R? = ArS) readily add to anthracene and
9-methylanthracene (1) in a Diels—Alder fashion with
formation of 9,10-dilydro-10,9-(epithiomethano)-
anthracenes (3) which in turn may suffer thermally
induced elimination of arenesulfinic acid to vyield
the 9-anthracenedithiocarboxylic esters (4). The
reactions with the unsymmetrical diene 9-methyl-
anthracene take place in a highly stereoselective fash-
ion. © 2003 Wiley Periodicals, Inc. Heteroatom Chem
14:170-174, 2003; Published online in Wiley InterScience
(www.interscience.wiley.com). DOI 10.1002/hc.10119

INTRODUCTION

Anthracene and anthracene derivatives 1 can be
used as diene components of Diels-Alder reactions.
Adducts between 1 and thiocarbonyl compounds 2,
i.e. 9,10-dihydro-10,9-(epithiomethano)anthracenes
(3), play an important role in the trapping of elusive
thiocarbonyl compounds such as thioaldehydes and
thioketenes and can in turn in a retro-Diels-Alder re-
action regenerate the thiocarbonyl compound 2 [1].
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RESULTS AND DISCUSSION

In 1976 Allgeier and Winkler [1b] reported the
facile Diels-Alder addition of thiophosgene 2 (R! =
R?>= Cl) to anthracene 1 (R®*= H) and to 9-
alkylanthracenes 1 (R?® = alkyl), the latter taking
place in a regiospecific fashion, most likely deter-
mined by steric factors (cf. Scheme 1).

Another neat Diels—-Alder reaction was observed
by Maletzko and Sundermeyer [1j] in their study of
the addition of trichlorothioacetyl chloride to 1 (R
= H). However, when an analogous reaction was at-
tempted with trichloromethyl chlorodithioformate 2
(R! = Cl, R? = CCL;S) the Friedel-Crafts substitution
product 4 (R? = CCl;S, R?® = H) was obtained rather
than the Diels—Alder adduct 3 (R! = Cl, R? = CCl;S,
R3 = H) [2]. Conceivably, 3 is the primary product
of the reaction and subsequently forms 4 by ring-
opening fragmentation (cf. Scheme 2 for the conver-
sion of 3b to 4c¢ as an example).

Following earlier studies of Diels-Alder reac-
tions of C-sulfonyldithioformates 2 (R! = ArSO,,
R? = ArS) with aliphatic 1,3-dienes by ourselves
[3] and others [4] (according to their detailed ki-
netic data Sauer et al. found 2 (R! = ArSO,, R? =
ArS) to be “superdienophiles” [4b]) we have now
examined the behavior of C-sulfonyldithioformates
2 (R' = ArSO,, R?> = ArS) towards anthracene 1
(R* = H) and 9-methylanthracene 1 (R®= Me).
4-Chlorophenyl C-(phenylsulfonyl)dithioformate 2
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(R! = PhSO,, R? = 4-CIC,H,S) as well as phenyl
C-(4-methylphenylsulfonyl)dithioformate 2 (R! = 4-
MeC¢H,SO,, R? = PhS) form the corresponding
Diels—Alder adducts 3, while pentachlorophenyl C-
(phenylsulfonyl)dithioformate 2 (R! = PhSO,, R? =
C¢Cl5sS) forms the corresponding Friedel-Crafts
product 4 without any observable Diels-Alder inter-
mediate 3. As a working hypothesis one may assume
that a particularly bulky R? group such as C¢ClsS
destabilizes 3 relative to 4 so that the cycloadduct 3
corresponding to 4b remains unobserved.

Our experimental results show that C-
sulfonyldithioformates 2 readily react with anthra-
cene and with 9-methylanthracene and also support
the hypothesis that all such reactions take place
as Diels-Alder additions. As a consequence of the
presence of a nucleofugal group on C-12 of 3 so
formed this may or may not be subject to a facile
uncatalyzed elimination which regenerates the un-
perturbed anthracene system 4. The only 9-anthra-
cenecarbodithioic acid derivative that was known

4OICHS, o0 o 4.-CICeHsS
®
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Me Me
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SCHEME 2

prior to our investigations is 9,10-anthracene-
dicarbodithioic acid, prepared by treatment of
9,10-bis(chloromethyl)anthracene with sulfur and
sodium methoxide in methanol [5].

The structure of 3b was determined by a single-
crystal X-ray study (cf. Fig. 1). It should be noted
that the structure of all earlier observed unsym-
metrical adducts 3 was assigned in a reasonable,
but not totally compelling way by circumstantial
spectroscopic evidence [1b]. Our structural data
for 3b confirm these early assignments and put
this chain of reasoning on a firm and unambigu-
ous basis. Considering the near quantitative yield
of 3b and 3c the corresponding unsymmetrical
Diels—-Alder reactions are in all likelihood regiospe-
cific rather than just highly regioselective. As men-
tioned earlier this is most likely determined by steric
effects.

EXPERIMENTAL

All syntheses were carried out under an atmosphere
of dry nitrogen. All NMR experiments (TMS as inter-
nal standard) were carried out with a Varian Unity
400 MHz spectrometer. The mass spectra were ob-
tained in the EI mode (70 eV, direct inlet) with a
Finnigan MAT GCQ PLUS system. The infrared spec-
tra (KBr disks) were run on a Perkin-Elmer FT/IR-
1760 spectrometer. The melting points were taken
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The molecular structure of 3b.
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FIGURE 1
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with an SMP3 apparatus. The elemental analyses
were carried out at the Microanalytical Department,
Department of Chemistry, Copenhagen University,
Copenhagen, Denmark.

The starting compounds 2 with (a) R! = PhSO,,
R? = 4-CIC(H,S, (b) R! = 4-MeC,H,SO,, R? = PhS,
and (c) R! = PhSO,, R? = C,CI;sS were prepared ac-
cording to a literature procedure by tetrabutylam-
monium hydrogen sulfate catalyzed reaction of the
appropriate chlorodithioformates with the appropri-
ate sodium arenesulfinates [3b].

(+)-9,10-Dihydro- 12-(4-methylphenylsulfonyl)-
12-(phenylthio)-10,9-(epithiomethano)anthra-
cene (3a) (3, R! = 4-MeCsH4SO,, R? = PhS,
R’ =H)

A mixture of 2 (R' = 4-MeC¢H,S0,, R? = PhS) (100
mg, 0.32 mmol) and 1 (R* = H) (70 mg, 0.40 mmol)
in CDCIl; (0.8 ml) was left in an NMR tube at room
temperature until the bright red color of 2 had dis-
appeared (2 days). The 'H and *C NMR spectra
of the crude reaction mixture showed that the cy-
cloadduct 3a had formed in quantitative yield. Un-
der TLC conditions 4a was the only observable com-
pound (vide infra). 'TH NMR (400 MHz, CDCl;): § 2.40
(s, 3H), 5.12 (s, 1H), 5.46 (s, 1H), 6.95-7.05 (m, 2H),
7.17-7.30 (m, 10H), 7.45-7.51 (m, 3H), 7.86 (d, 2H,
3J = 8.4 Hz) ppm; *C NMR (100 MHz, CDCl;): §
21.66 (q), 48.41 (d), 53.49 (d), 94.22 (s), 125.22 (d),
125.90 (d), 126.60 (d), 126.73 (d), 127.42 (d), 127.86
(d), 128.01 (d), 128.57 (d), 129.28 (d), 129.87 (s),
130.74 (d), 131.03 (d), 131.79 (d), 133.91 (s), 137.16
(d), 138.48 (s), 140.06 (s), 141.83 (s), 144.24 (s),
145.94 (s) ppm.

9-Anthracenecarbodithioic Acid Phenyl Ester
(4a) (4, R? = PhS, R? = H)

Upon attempted isolation of the above cycloadduct
3a by evaporation of the solvent under reduced pres-
sure and washing with ether, p-toluenesulfinic acid
was eliminated with formation of 4a as red crystals.
Yield 76 mg (72%), m.p. 130-131°C. IR (KBr): v 3051,
1622, 1339, 1141, 995, 870, 743, 692, 608 cm™!; 'H
NMR (400 MHz, CDCl;): 6 7.11-7.57 (m, 11H), 7.90-
8.12 (m, 2H), 8.44 (s, 1H) ppm; *C NMR (100 MHz,
CDCl;): 6 125.23 (d), 125.94 (d), 126.73 (d), 127.32
(d), 127.43 (d), 128.28 (d), 129.30 (d), 130.20 (d),
130.65 (s), 131.10 (s), 135.44 (s), 136.41 (s), 224.75
(s, C=S) ppm; MS: ny/z 330 (M, C,;H,4S,, 18%), 221
(Ci5sH,S, 100%), 176 (C14Hg, 13%), 153 (C;H;S,, 2%),
109 (C¢H;S, 2%). Calc. for C, H,,S,: C, 76.82; H, 4.12;
S, 19.56. Found: C, 76.36; H, 4.24; S, 19.40%.

9-Anthracenecarbodithioic Acid Pentachloro-
phenyl Ester (4b) (4, R?> = CsClsS, R? = H)

A mixture of 2 (R! = PhSO,, R? = C.Cl;S) (300 mg,
0.64 mmol) and 1 (R* = H) (115 mg, 0.64 mmol), dis-
solved in dry trichloromethane (2 ml), was heated
in a sealed tube at 70°C until the purple color
of 2 had changed to red (30 h). After removal of
the solvent under reduced pressure the red residue
was crystallized from trichloromethane/ether (1:3)
to give red crystals. Yield 270 mg (84%), m.p. 148-
149°C. IR (KBr): v 3055, 1623, 1474, 1445, 1306,
1144, 996, 743, 687, 590, 547 cm™'; 'H NMR (400
MHz, CDCL): § 7.54-7.57 (m, 4H), 8.04 (d, 2H,
3] = 6.0 Hz), 8.27 (d, 2H, 3J = 7.6 Hz), 8.55 (s,
1H) ppm; C NMR (100 MHz, CDCl;): § 124.76
(d), 125.58 (d), 127.07 (d), 127.63 (s), 128.51 (d),
129.30 (d), 131.01 (s), 131.09 (s), 133.11 (s), 137.13
(s), 138.14 (s), 138.63 (s), 225.50 (s, C=S) ppm; MS:
mlz 465 (CoiHoCLS,, 1%), 279 (C.CLsS, 1%), 247
(CCls, 6%), 221 (CisH,S, 100%), 177 (C4H,, 5%),
176 (Ci4Hg, 10%). Calc. for C, HyClsS,: C, 50.15;
H, 1.79; S, 12.73. Found: C, 50.07; H, 1.54; S,
13.10%.

(+)-12-(4-Chlorophenylthio)-9, 10-dihydro-10-
methyl-12-(phenylsulfonyl)-10,9-(epithio-
methano)anthracene (3b) (3, R! = PhSO,
R? = 4-CICsH4S, R = Me)

To a stirred solution of 2 (R!' = 4-CIC,H,S, R? =
PhSO0,) (0.40 g, 1.22 mmol) in dry trichloromethane
(15 ml) was added 1 (R3 = Me) (235 mg, 1.22 mmol).
The mixture was stirred at room temperature until
the bright red color of 2 had disappeared (2 h). After
removal of the solvent under reduced pressure the
colorless residue was washed with ether and recrys-
tallized from trichloromethane/ether (1:3) to afford
the cycloadduct 3b as colorless needles. Yield 0.59
g (93%), m.p. 113-114°C. IR (KBr): v 3065, 2972,
1626, 1572, 1474, 1306, 1145, 1080, 750, 688, 590,
569, 545 cm~!; '"H NMR (400 MHz, CDCl;): 6§ 2.15 (s,
3H), 5.40 (s, 1H), 6.80-6.90 (m, 2H), 7.17-7.28 (m,
8H), 7.40-7.45 (m, 2H), 7.54-7.60 (m, 3H), 7.90 (d,
2H, *J = 8.4 Hz) ppm; *C NMR (100 MHz, CDCL):
5 16.34 (q), 52.34 (s), 53.66 (d), 95.42 (s), 125.84
(d), 126.52 (d), 126.85 (d), 126.99 (d), 127.43 (d),
127.98 (d), 128.07 (d), 128.48 (d), 129.18 (d), 129.80
(d), 130.60 (d), 131.82 (d), 133.23 (s), 135.97 (s),
138.10 (s), 138.34 (d), 138.61 (s), 140.30 (s), 144.26
(s), 145.14 (s); MS: m/z 379 (C,,H4CIS,, 10%), 235
(C1¢H S, 3%), 192 (CisHy,, 100%), 187 (C,H,CIS,,
7%), 111 (C¢H,4Cl, 2%). Calc. for C,3H,,ClO,S;: C,
64.55; H, 4.03; S, 18.44. Found: C, 64.39; H, 3.94; S,
17.99%.
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(+)-9, 10-Dihydro- 10-methyl-12-(4-methyl-
phenylsulfonyl)-12-(phenylthio)-10,9-(epithio-
methano)anthracene (3¢) (3, R =
4-M€C6H4SOZ, R2 = PhS, R3 = Me)

To a stirred solution of 2 (R! = 4-MeC,H,SO,, R? =
PhS) (0.50 g, 1.62 mmol) in dry trichloromethane
(15 ml) was added 1 (R3> = Me) (312 mg, 1.62 mmol).
The mixture was stirred at room temperature until
the bright red color of 2 had disappeared (4 h). Af-
ter removal of the solvent under reduced pressure
the colorless residue was washed with ether and re-
crystallized from trichloromethane/ether (1:3) to af-
ford the cycloadduct 3¢ as colorless needles. Yield
0.76 g (94%). IR (KBr): v 3053, 2927, 1622, 1594,
1440, 1328, 1144, 811, 733, 654, 584 cm™'; 'H NMR
(400 MHz, CDCl,): 6 2.13 (s, 3H), 2.42 (s, 3H), 5.40
(s, 1H), 6.90-6.04 (m, 2H), 7.13-7.27 (m, 10H), 7.53-
7.58 (m, 3H), 7.81 (d, 2H, *J = 8.4 Hz); >*C NMR
(100 MHz, CDCly): 6 16.37 (q), 21.63 (q), 52.13 (s),
53.60(d), 95.58 (s), 125.73 (d), 126.40 (d), 126.75 (d),
126.78 (d), 127.79 (d), 128.57 (d), 129.30 (d), 129.90
(d), 130.16 (d), 130.89 (d), 131.85 (d), 134.03 (s),
135.20 (s), 137.05 (d), 138.93 (s), 140.45 (s), 144.18
(s), 144.38(s), 145.11 (s) ppm; MS: ni/z 345 (C,H14S,,
3%), 192 (CysHy,, 100%), 153 (C;H;sS,, 4%) 77 (C¢Hs,
2%). Calc. for C,0H,,0,S;: C, 69.60; H, 4.80; S, 19.29.
Found: C, 68.90; H, 4.89; S, 19.70%.

10-Methylanthracene-9-carbodithioic Acid
4-Chlorophenyl Ester (4c) (4, R?> = 4-CICsH S,
R3 = Me)

A solution of 3b (200 mg, 0.38 mmol) in dry
trichloromethane (1 ml) was heated overnight in a
sealed tube at 80°C, the resulting mixture evapo-
rated, and the red residue crystallized from ether
to afford 4c¢ as red crystals. Yield 118 mg (82%),
m.p. 139-142°C. IR (KBr): v 3065, 2927, 1620, 1333,
1152, 979, 798, 742, 687 cm™'; 'H NMR (400 MHz,
CDCls): 6 3.12 (s, 3H), 7.42-7.56 (m, 8H), 8.15 (d,
2H, *J = 8.4 Hz), 8.30 (d, 2H, *J = 8.4 Hz) ppm;
3C NMR (100 MHz, CDCly): § 14.47 (q), 124.82
(d), 125.26 (d), 125.49 (d), 126.17 (d), 126.22 (d),
129.46 (s), 129.68 (d), 129.80 (s), 132.76 (s), 135.78
(s), 136.85 (s), 138.39 (s), 226.19 (s, C=S) ppm; MS:
mlz 378 (M, C,,H;5CIS,, 2%), 235 (CixH;; S, 100%),
187 (C,H,4CIS,, 3%), 143 (C,H,CIS, 4%), 108 (C,H,S,
7%). Calc. for C,,H5CIS;: C, 69.75; H, 3.96; S, 16.90.
Found: C, 69.86; H, 3.79; S, 17.23%.

10-Methylanthracene-9-carbodithioic Acid
Pentachlorophenyl Ester (4d) (4, R? = CsClsS,
R3 = Me)

A mixture of 2 (R! = PhSO,, R? = C(Cl;S) (200 mg,
0.42 mmol) and 1 (R* = Me) (81 mg, 0.42 mmol),

dissolved in dry trichloromethane (2 ml), was stirred
at room temperature until the purple color of 2 had
changed to red (7 days). After removal of the solvent
under reduced pressure the red residue was crys-
tallized from trichloromethane/ether (1:3) to give
red crystals of 4d. Yield 180 mg (83%), m.p. 150-
151°C. IR (KBr): v 3085, 2930, 1622, 1338, 1155, 989,
802, 745, 691 cm™!; '"H NMR (400 MHz, CDCl;): §
3.17 (s, 3H), 7.54-7.59 (m, 4H), 8.30-8.36 (m, 4H)
ppm; *C NMR (100 MHz, CDCl;): § 14.58 (q), 124.85
(d), 125.40 (d), 125.52 (d), 126.38 (d), 128.98 (s),
129.56 (d), 133.01 (s), 133.55 (s), 136.84 (s), 136.99
(s), 138.58 (s), 139.10 (s), 226.24 (s, C=S) ppm; MS:
mlz 482 (C,H,,CLsS, 0.5%), 379 (C»HcCIS;, 10%),
323 (C;CLsS,, 0.5%), 247 (C4Cls, 4%), 235 (CicH S,
100%), 191 (C;sHyy, 14%). Calc. for Cy,H;ClsS,: C,
51.11; H, 2.13; S, 12.39. Found: C, 50.86; H, 1.79; S,
12.58%.

Structure Determination of 3b

Diffraction data were collected using a Bruker-
Nonius KappaCCD diffractometer. The compound
crystallizes monoclinic, space group C2/c, a =
3747.6(2) pm, b = 682.95(4) pm, ¢ = 1957.7(1) pm,
(3=101.939(3)°. R-factors: R, = 0.0611 (I > 20(1)),
wR2 = 0.126, GooF = 1.054 for 4127 unique reflec-
tions and 307 parameters.

Crystallographic data excluding structure fac-
tors have been deposited with the Cambridge Crys-
tallographic Data Centre as supplementary publi-
cation number CCDC 191484. Copies of the data
can be obtained, free of charge, on application to
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK
[fax: +44(0)-1223-336033 or e-mail: deposit@ccdc.
cam.ac.uk].

REFERENCES

[1] (a) Kitazume, T.; Ishikawa, N. Chem Lett 1973, 267—
268; (b) Allgeier, H.; Winkler, T. Tetrahedron Lett 1976,
215-218; (¢) Raasch, S. M. J Org Chem 1978, 43,
2500-2508; (d) Baldwin, J. E.; Lopez, R. C. G. J Chem
Soc, Chem Commun 1982, 1029-1030; (e¢) Lown, J.
W,; Koganty, R. R. J Am Chem Soc 1986, 108, 3811-
1818; (f) Postovoi, S. A.; Vol'pil, I. M.; Delyagina, N.
1.; Galakhov, M. V.; Zeifman, Yu. V.; German, L. S. Izv
Akad Nauk SSR, Ser Khim 1989, 1380-1383; Chem Ab-
str 1990, 112, 76334; (g) Glass, R.; Farooqui, F.; Sabahi,
M.; Ehler, K. W.; J Org Chem 1989, 54, 1092-1097; (h)
Markovskii, L. N.; Slyusarenko, E. I.; Shermolovich,
Yu. G. Zh Org Khim 1990, 26, 912-914; Chem Ab-
str 1990, 113, 151782; (i) Schuler, B.; Sundermeyer,
W. Chem Ber 1990, 123, 177-184; (j) Maletzo, C,;
Sundermeyer, W. Chem Ber 1991, 124, 1311-1312; (k)
Hasserodt, J.; Pritzkow, H.; Sundermeyer, W. Liebigs
Ann 1995, 95-104; (1) Arnaud, R.; Pelloux-Leon, N.;
Ripoll, J.-L.; Vallée, Y. J Chem Soc, Perkin Trans 2
1995, 1077-1086; (m) Kirby, G. W.; Lochead, A. W,;



174 El-Sayed et al.

Williamson, S. J Chem Soc, Perkin Trans 1 1996,
977-984; (n) Capozzi, G.; Fratini, P.; Menichetti, S.;
Nativi, C. Tetrahedron 1996, 52, 12233-12246; (o)
Shermolovich, Yu. G.; Kornuta, P. P.; Slyusarenko,
E. I.; Markovskii, L. N.; Russ J Org Chem 1997, 33,
86-90; (p) Pelloux-Leon, N.; Minassian, F.; Levillain,
J.; Ripoll, J.-L.; Vallée, Y. Tetrahedron Lett 1998, 39,
4813-4816; (q) Capozzi, G.; Menichetti, S.; Nativi, C.;
Vergamini, C. Synthesis 1998, 915-918; (r) Minassian,
F.; Pelloux-Leon, N.; Averbuch-Pouchot, M.-T.; Vallée,
Y. J Chem Res (S) 1999, 166-167; (s) Takeda, M.;
Hashimoto, T.; Fujii, T.; Ono, S.; Yoshimura, T;
Shimasaki, C.; Morita, H. Heteroat Chem 1999, 10,
363-367; (t) Pelloux-Leon, N.; Levillain, J.; Atello,
S.; Ripoll, J.-L.; Vallée, Y.; Eur J Org Chem 1999,
3041-3045; (u) Markovskii, L. N.; Kornuta, P. P;
Shermolovich, Yu. G. Russ J Org Chem 1999, 35,
1143-1145; (v) Prabhakaran, J.; Lhermitte, H.; Das, J.;

(2]
(3]

(4]

(5]

Sasi-Kumar, T. K.; Grierson, D. S. Synlett 2000, 658-
670; (w) Capozzi, G.; Giacomelli, S.; Menichetti, S.;
Nativi, C. Synthesis 2001, 409-412; (x) Brown, G. A,;
Anderson, K. M.; Large, J. M.; Planchenault, D.; Urban,
D.; Hales, N. J.; Gallagher, T. J Chem Soc, Perkin Trans
12001, 1897-1900.

Moltzen, E. K.; Senning, A.; Kramer, M. P.; Klabunde,
K.J.J Org Chem 1984, 49, 3854-3856.

(a) Boerma, J. A.; Nilsson, N. H.; Senning, A. Tetra-
hedron 1974, 30, 2735-2740; (b) El-Sayed, 1.; Abdel-
Megeed, M. F,; Yassin, S. M.; Senning, A. Sulfur Lett
1995, 18, 215-224; (¢) cf. Yassin, S. M. Sulfur Rep 1995,
16, 343-360.

(a) Breu, J.; Hocht, P.; Rohr, U.; Schatz, J.; Sauer, J. Eur
J Org Chem 1998, 2861-2873; (b) Rohr, U.; Schatz, J,;
Sauer, J. Eur J Org Chem 1998, 2875-2883.

Moore, A. J.; Bryce, M. R. J Chem Soc, Perkin Trans 1
1991, 157-160.



