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Abstract: (3R,3°R)-Zeaxanthin was reacted with thioacetic acid or with thiocyano acid in a
Mitsunobu reaction to provide the corresponding thioacetates and thiocyanates with inverted
configuration. Reduction or hydrolysis of these intermediates provided (3R,3°5)-3"-mercapto-
B.p-caroten-3-ol and (35)-2°,3°-didehydro-B,p-carotene-3-thiol whose CD spectra are
discussed.

Introduction

Phototropic sulfur bacteria biosynthesize carotenoids!, but no naturally occuring carotenoids with sulfur
directly bound to the carbon skeleton have been encounterd2. Also in sulfur rich fossil fuels where
hydrogenated carotenoids are assumed to be connected to each other and to steroids and hopanoids by
(poly)sulfide linkages, only sulfur-free perhydrocarotenes have been detected3.

The first synthesis of a sulfur containing carotenoid was described in 1959 by Martin and Karrerd,
followed by other examples in 1981 by Yamaguchi and co-workers> and in 1988 by Lehn and co-workersS.
Today, sulfur carotenoids may be prepared on an industrial scale as intermediates for the commercial
synthesis of sulfur-free carotenoids”-3, However, in these carotenoid derivatives the sulfur atom is connected
to an aromatic ring#9, a structural feature not expected to be encountered in natural carotenoids. On the other
hand, the thiol group is a biologically important moiety.

There has been an increasing interest in carotenoids as potential nonlinear optical materials1®.11 and
organic conductors!2-15, Carotenoid thiols may facilitate the preparation of monolayers on metal surfaces of
Au, Ag, or Cu etc. for investigation of the optical and electrical properties of carotenoids!6-18. Thiols are
known to be radioprotectives19.20 and chemotherapeutic agents2l. Carotenoids also exhibit radioprotective22
and other medicinal?3 effects. The individual prophylactic functions might possibly increase in carotenoid
thiols.

1) Part I: Ref. 29
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Thiols and carotenoids24 are both known to participate in the biological antioxidant defense system?25.26.

Carotenoid thiols might therefore function as combined antioxidants27.

363

The first racemic carotenoid thiol was synthesized a few years ago in our laboratory28.29, In view of the

potential physical and biological properties, the synthesis of optically active carotenoid thiols was of interest.
Optically active carotenoids substituted with functional groups other than -OR (R = H, CH3, Ac, Glyc. etc.)

have not been synthesized before.

Results and Discussion

The first unsuccesful attempts to prepare optically active carotenoid thiols were based on mesylate
intermediates. However, reaction with both thiourea30 and cesium thioacetate3! did not provide the desired
products from the dimesylate of (3R,3°R)-zeaxanthin (1).

The Mitsunobu reaction32, successfully applied for the preparation of lutein diastereoisomers and
zeaxanthin enantiomers33, were found to be an effective route also for the synthesis of carotenoid thiols,
see Scheme 1. (3R,3°R)-Zeaxanthin (1) gave in reaction with thioacetic acid, triphenylphosphine and
azodicarboxylate34.35 considerable amounts of the elimination products 230 and, to a lesser extent, the con-
figurationally unchanged (R)-hydroxy mono elimination product 3. The (S)-monothicacetate 4 was
obtained as the main sulfur containing product, accompanied in much lower quantities by the (R,S)-
hydroxythioacetate 6 and the (S,5)-dithioacetate 5. The yield of sulfur containing carotenoids comprised
39% of the total recovered carotenoid.

Hydrolysis or reduction of the thioacetates 4 and 5 both provided the (§)-monothiol 7, whereas the
expected dithiol 8 was not formed. Similary, the thioacetate 6 afforded the (R,S)-mercaptoaicohol 9.
CD-spectroscopy confirmed the stereospecific formation of the thiol products. The Cotton effect shown in
Fig. 2 demonstrated the inverted configuration of the thiol 7 compared to that of carotenol 3, the signs of
the CD bands of 3 being identical to that of (3R,3’R)-zeaxanthin (1) (Fig. 1) and (3R)-B,B-caroten-3-0l
(cryptoxanthin)36,

The hypothesis was first advanced by Snatzke and co-workers37 that the signs of the CD bands of
carotenoids with B-rings are determined solely by the helicity created by the cyciohexene ring and the C7-
C8 double bond, regardiess of the type of substituent attached to the ring. The nearly mirror like Cotton
effects of the (R)-carotenol 3 and the (S)-thiol 7 seem to confirm this hypothesis (Fig. 2). On the other
hand it is well established that chiral perturbed sulfides exhibit weak Cotton effects (Ae: 0.3 - 2.5) between
235 nm and 255 nm38-40, The hardly detectable inflection at 240 nm and the shift of the minimum from 250
t0 255 nm in the CD spectram of the thiol 7 may possibly originate from a contribution of the C-S n-—> o*
transition to the Cotton effect. The CD spectrum of the pseudo meso (R,S)-mercaptoalcohol 9 (Fig. 3) did
not exhibit distinct Cotton effects in the range 210 nm to 450 nm, confirming the predominant influence of
the cyclohexene ring conformation on the electronic optical activity. However, a weak plateau, again at 240
nm, may arise from the (§)-configurated thiol group.

Thiocyanates represent other potential substrates for thiol synthesis. Changing thioacetic acid with
thiocyano acid4! (for a modified synthesis see Ref. 42), the Mitsunobu reaction gave the elimination
product 3 and the thiocyanates 10 and 11, albeit in much lower yields than for the corresponding
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thioacetates. Reduction of the thiocyanate 11 with LAH provided again the carotenol 3 and the
mercaptoalcohol (R,S)-9, identical with the compounds obtained above.

The sec. C3-hydroxy group of zeaxanthin (1), prone to substitution and to elimination, decreased
considerably the yield of thiols obtained by the described, though not optimized, reactions: thiol 7 (2.4%
yield), mercaptoalcohol 9 (0.2%), dithiol 8 (0%). However, the ease of the experiment, based on the
availability of preformed optically active zeaxanthin (1), offers, as a partial synthesis, advantages until a
total synthesis is available for carotenoid thiols.
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CD spectra of (3R,3°R)-zeaxanthin (1) @
and (3R)-2",3"-didehydro-B,B-caroten-3-
ol (3) ®in EPA

CD spectra of (3R)-2",3°-didehydro-B.B-
caroten-3-ol (3) ® and (35)-2°-3"-dide-
hydro-8,8-carotene-3-thiol (7) @ in EPA
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CD spectra of (3R, 3°5)-3"-mercapto-B,p-
caroten-3-ol (9) in EPA
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Experimental

General methods. General precautions for work with carotenoids were taken43. After reaction the
products were adsorbed on silicagel, dried in vacuo and separated by flash chromatography (silicagel 60,
Merck), followed by further purification on preparative TLC plates (silicagel 60 G, Merck) with heptane-
acetone mixtures. Rp-values were determined on TLC aluminium sheets (silicagel 60, Merck). For the mass
spectra (IP 70 eV, 2109), only prominent or diagnostically useful peaks are reported. The VIS spectra
refers to Amax (nm) in CH2Cly, the CD spectra were measured in EPA (ethanol/isopentane/ether 2:5:5)36,
1H-(400 MHz) and 13C-(100 MHz) NMR spectra were recorded in CDCl3. The NMR spectra were
interpretated by comparison with data of similar products#45,

Reaction of hin (1) with thi ic acid
Triphenylphosphine (369 mg, 1.4 mmol) was dissolved in dry THF (2.5 ml). At 0° diisopropylazo-
dicarboxylate (277 ul, 1.4 mmo}) was added with a syringe. After formation of a white precipitate, the
solution was stirred for 30 min. Zeaxanthin (1) (200 mg, 0.35 mmol) dissolved in THF (10 ml) was added
with a syringe followed after cooling to -20° by thioacetic acid (100 pl, 1.4 mmol), ¢f. Ref. 34. Stirring
was continued at -20° until most of 1 had reacted (45 min). Higher temperatures (0°) decreased
considerably the yield of sulfur containing carotenoids. Chromatographic work-up gave:
Tetradehydro-B,f—carotene (2)30

Yield 32.6 mg; Rg = 0.74 (1 Rp = 0.17, 30% v/v acetone-heptane); VIS: 465 nm (round), (1: 458, 486
nm); MS (m/z): 532,

(3R)-27,3’-Didehydro-§,B-caroten-3-0l (3)

Yield 17 mg; Rp = 0.28; VIS: 458, 483 nm; MS (m/z): 550 (M), 532 (M-H20); CD: see Fig. 1; NMR: see
Scheme 2: A,B and D,E.

(3°S)-3’-Methylthiocarboxyl-2,3-didehydro-p,B-carotene (4)

Yield 71 mg, 33%; Rp = 0.48; VIS: 460, 480 nm; MS (m/z): 608 (M), 532 (M- CH3COSH), 516 (M-
toluene), cf. Ref. 29.

(35,3°S)-3,3"-Di(methylthiocarbonyl)-p,B-carotene (5)

Yield 5.3 mg, 2%; Ry = 0.44; VIS: 458, 483 nm; MS (m/z): 684 (M), 608 (M-CH3COSH), 592 (M-
toluene), 532 (M-CH3COSH), 516 (608-toluene).
(3R,3°S)-3"-Methylthiocarbonyl-,B-caroten-3-0l (6)

Yield 8.7 mg, 4%; R = 0.26; VIS: 456, 484 nm; MS (m/z): 626 (M), 608 (M-H20), 532 (608-
CH3COSH).

E ion of thicl
The methylthiocarboxylates 4, §, and 6, dissolved in THF-MeOH, were hydrolyzed with KOH (10% in
MeOH) and stirred overnight at 409, or reduced with LAH in dry THF at 40° (cf. Ref. 29) with usually
lower yields. Chromatographic work-up gave:

(35)-27,3"-Didehydro-B,B-carotene-3-thiol (7)

Obtained from 4: yield 4.8 mg, 7%; R = 0.39 (3 Rr= 0.28, 1 Rp = 0.17, 30% v/v acetone-heptane); VIS:
460, 480 nm (1: 458, 486 nm); MS (m/z): 566 (M), 532 (M-H3S); CD: see Fig. 2; NMR: see Scheme 2:
A,C and D,F. Another product from the hydrolysis of 4 was identified as the elimination product 2.
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(3R,3°S)-3"-Mercapto-p,p-caroten-3-0l (9)

Obtained from 6: yield 0.4 mg, 5%; Ry = 0.25; VIS: 456, 482 nm; MS (m/z): 584 (M), 566 (M-Hy0), 550
{M-H28), 532 (550-H0}, 458 (550-toluene); NMR: see Scheme 2; B,C.

Hydrolysis of the dithioacetate 5 gave four products in amounts too low for identification. By MS and co-
chromatography two of the products appeared to be identical with 4 and 7.

Reaction of hip.(1) with thi id
Zeaxanthin (1) (113.6.mg, 0.2 mmol) and triphenylphosphine (115.3 mg, 0.44 mmol) were dissolved in
benzene. A HSCN-solution (ca. 10% in benzene, 1.5 ml) and diethyl azodicarboxylate (69.3 pl, 0.4 mmol)
were added, cf. Ref. 41. After stirring overnight at 359, chromatographic work-up gave five products in
low amounts of which three were identified as:

27,3"°-Didehydro-f,p-caroten-3-0l (3)

Identical by MS and co-chromatography with the product described above.
B.p-Carotene-3,3"+di(thiocyanate) (10)

Rf =0.48 (1 Rg= 0.17, 30% v/v acetone-heptane); MS (m/z); 650 (M), 591 (M-HSCN), 558 (M-
toluene), 532 (591-HSCN).

3“-Thiocyano-§,B-caroten-3-o0l (11)

Main product; Ry = 0.32; MS (m/z): 609 (M), 550 (M-HSCN), 517 (M-toluene), 503 (M-xylene), 541
(M-158).

E . f thiol
Thiocyanate 11 was dissolved in dry ether and stirred with LAH for 5 h, ¢f Ref. 46. After usual work-up,
two products were isolated by prep. TL.C and identified by MS and co-chromatography as the alcohol 3
and mercaptoaicohol 9.

'H.-NMR
1.97 197 197
1.10 1907 1.07 6.12
520 148 s 139
5.50 177 1.32
5.56 "
267 178 HO" 353 ~1m HS" S S am
A 237 B 1.68 c
BC.NMR
128 128 12.8
287, 1374 287 303 /37.5 29.6 303 137.6
1336 / U Ny 48.4 g, Ny 3.1
65‘1\ 33.6‘ 6.1
1203 |@| 130.1 Ho 26.1 s 2
268 23.0 42.5 216 18.7 21.6
D E F
Scheme 2

H- (400 MHz) and 13C- (100 MHz) NMR (CDCl5) data of carotenoid thiols (tentative assignments)
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esylate with cesium thigacetate

The dimesylate of 130 (64 mg) was reacted with cesium thioacetate during 20 h at 229, cf. Refs. 31, 47.
Chromatographic separation of the intermediates and subsequent reduction with LAH gave products in
insufficient quantities for further caracterization.

Acknowledgements

We thank Dr. H. Mayer (Hoffmann-La Roche, Basel) for a sample of synthetic (R,R)-zeaxanthin and B.
Olsrgd for the mass spectra. H.-R. S was partly supported by a research grant from Hoffmann-La Roche,
to S.L.-J.

References

1 Liaaen-Jensen, S. Pure Appl. Chem. 20 (1969) 421

2  Liaaen-Jensen, S. In: Carotenoid Chemistry and Biology, Krinsky, N.I., Matthews-Roth, M.M. and
Taylor, R.F., Eds. Plenum, New York 1989, p. 149

3  Sinninghe Damsté, J.S., Eglinton, T.L, Rijpstra, W.L.C. and De Leeuw, J.W. Geochemistry of sulfur
in fossil fuels, Amer. Chem. Soc. 1990. Chap. 26, pp. 519, 524

4  Martin, C. and Karrer, P. Helv. Chim. Acta 46 (1959) 464

5  Brahmana, H.R., Katsuyama, K., Inaga, J, Katsuki, T. and Yamaguchi, M. Tetrahedron Lett. 22
(1981) 1695

6  Blanchard-Desce, M., Ledoux, 1., Lehn, J.-M., Malthéte, J. and Zyss, J. J. Chem. Soc., Chem.
Commun. 1988, 737

7  Bernhard, K. and Mayer. H. Pure Appl. Chem. 63 (1991) 35

8  Fujii, H., Onishi, T., and Yamamoto, K., Kuraray Co., Ltd. Europ. Pat. Appl. 461653 Al,
18.12.1991

9  Inaga, J. and Yamaguchi, M. Mem. Fac. Science Kyushu Univ. Ser. C. 17 (1989) 109

10 Hermann, J.P. and Ducuing, J. J. Appl. Phys. 45 (1974) 5100

11 Bunning, T.J., Natarajan, L.V., Schmitt, M.G., Epling, B.L. and Crane, R.L. Appl. Optics 30 (1991)
4341

12 Yamamoto, N., Ohnishi, T., Hatakeyama, M. and Tsubomura, H. Bull. Chem. Soc. Jpn. 51 (1978)
3462

13 Lehn, J.-L. Angew. Chem. Int. Ed. 29 (1990) 1304

14 Lehn, J.-L. and Vigneron, J.-P. Helv. Chim. Acta 75 (1992) 1069

15 Ikeda, H., Sakai, T. and Kawabe, Y., Idemitsu Kosan Co., Ltd. Jap Pat. 2-2534 (1990)

16  Ulman, A. An introduction to ultrathin films, Academic Press, San Diego 1991

17 Hagen, S., Schier, H., Roth, S. and Hanack, M. In: Lower dimensional systems and molecular
electronics, Metzger, R.M., Ed., Plenum, New York 1991, p. 531

18 Dentan, V., Blanchard-Desce, M., Palacin, S., Ledoux, L, Barraud, A., Lehn, J.-M. and Zyss, J. Thin
Solid Films 210/211 (1992) 221



368 H.-R. Suiwka and S. LIAAEN-JENSEN

19  Kiayman, D.L. and Copeland, E.S. In: Kirk-Othmer, Enzyclop. Chem. Technology, 3 ed. 19 (1982)
801

20  Yashunskii, V.G. and Kovtun, V. Yu. Russ. Chem. Rev. 54 (1985) 76

21  Damani, L.A. Sulphur containing drugs and related organic compounds, chemistry, biochemistry and
toxicology, Vol.1, Part A, Metabolism of sulphur functional drugs, Ellis Horwood, London 1989,
Chaps. 1,6, 7

22  Seifter, E., Guiseppe, R., Padawer, J., Stratford, F., Weinzweig, J., Demetriou, A.A. and Levenson,
S.M. J. Natl. Cancer Inst. 73 (1984) 1167

23 Krinsky, N.I In: Carotenoid chemistry and biology, Krinsky, N.I., Matthews-Roth, M.M. and Taylor,
R.F., Eds., Plenum, New York 1989, p. 279

24 Demming-Adams, B. Biochem. Biophys. Acta 1020 (1990) 1

25 DiMascio, P,. Kaiser, S.P., Devasagayam, T.P.A. and Sies, H. In; Biological reactive intermediates
IV. Witmer, C. M., Snyder, R.R., Jollow, D.J., Kalf, G.F., Koksis, J.I. and Sipes, 1.G. Eds.,
Plenum, New York 1991, p. 7126

26 Di Mascio, P., Murphy, M.E. and Sies, H. Am. J. Clin. Nutr. 53 (1991} 194S

27 Oliveiros, E., Aminian-Saghafi, T., Sliwka, H.-R. and Braun, A M. 4th Symp. on Kinetics in
analytical Chemistry, Erlangen (Germany) Sept. 1992

28 Sliwka, H.-R. and Liaaen-Jensen, S. 8th Internat. Symp. on Carotenoids, Boston 1987, Book of
Abstr. P 24

29 Sliwka, H.-R. and Liaaen-Jensen, S. Acta Chem. Scand 44 (1990) 61

30 Sliwka, H.-R., Ngkleby, O.W. and Liaaen-Jensen, S. Acta Chem. Scand. B41 (1987) 245

31 Strijtveen, B. and Kellog, R. M. J. Org. Chem. 51 (1986) 3664

32 Camp, D. and Jenkins, LD. J. Org. Chem. 54 (1989) 3045

33 Sliwka, H.-R. and Liaaen-Jensen, S. Acta Chem. Scand. B41 (1987) 518

34 Volante, R.P. Tetrahedron Lett. 22 (1981) 3119

35 Yoneda, F., Suzuki, K. and Nitta, Y. J. Am. Chem. Soc. 88 (1966) 2328

36 Noack, K. and Thomson, A.J. Helv. Chim. Acta 62 (1979) 1902

37 Andrewes, A.G., Borch, G., Liaaen-Jensen, S. and Snatzke, G. Acta Scand. Chem. B28 (1974) 730

38 Salvadori, P. J. Chem. Soc., Chem. Commun. 1968, 1203

39 Laur, P., Hiuser, H., Gurst, J.E. and Mislow, K. J. Org. Chem. 32 (1967) 498

40 Gottarelli, G., Mariani, P., Spada, G.P., Palmieri, P. and Samori, B. J. Chem. Soc., Perkin II 1981
1529

41 Loibner, M. and Zbiral, H. Helv. Chim. Acta 59 (1976) 2100.

42 Tamura, Y., Kawasaki, T., Adachi, M., Tanio, M. and Kita, Y. Tetrahedron Lett. 50 (1977) 4417,

43  Schiedt, K. and Liaaen-Jensen, S. In: Carotenoids, Vol. 1A, Britton, G., Liaaen-Jensen, S. and
Pfander, H., Eds., Birkhiuser, Basel, in press

44 Englert, G. In: Carotenoid Chemistry and Biochemistry, Britton. G. and Goodwin, T.W., Eds.,
Pergamon, Oxford 1982, p. 107

45 Englert, G. Pure Appl. Chem. 57 (1985) 801

46 Stratin, J. and Baeker, H.J. Rec. Trav. Chim. Pays-Bas 69 (1950) 638

47 Hoffman, J.W. and Desai, R. C. Synth. Commun. 13 (1983) 553



