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Abstract

The reaction of 2-alkoxypropenals with organylthiols in the presence of small amounts of a base
afforded 3-organylsulfanyl-2-alkoxypropanals. The regiochemistry follows the 1,4-addition
pattern and contrasts the orientation of the Markovnikov addition, which takes place in the
absence of a base. Microwave irradiation accelerates the 1,4-addition reaction.
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Introduction

The orientation of the addition of thiols, alcohols, amines, CH-acids to an olefinic double bond
activated by geminal substituents of opposite electronic character is a topical problem of the
strategy and tactics of organic synthesis.

The 1,4-addition reaction of mercaptans' and thiophenol® to a.,B-unsaturated aldehydes
proceeds readily in the absence of a catalyst at room temperature and also in the presence of
tertiary amines (triethylamine, piperidine) giving rise to the formation of 1,4-addition products,”
* also at elevated temperatures.’ The addition reaction of alkanethiols to 2-chloro-2-butenal in the
presence of potassium carbonate at 80 °C follows the same 1,4-addition pattern.’

2-Alkoxypropenals combine structural features of acrolein and vinyl ethers. Depending on
reagent and reaction condition, the addition of various reagents to this olefinic system with
geminal capto-dative substituents may follow either of three pathways: 4,3-addition according to
Markovnikov’s rule (H,O, ROH),7’8 Michael-type 1,4-addition (CH-acids),9 and 1.2-addition to
the carbonyl group (amines, hydrazines, Grignard reagents, CH-acids).” !

According to 'H and ">C NMR spectral data, the olefinic bond of 2-alkoxypropenals is
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polarized with the B-carbon atom being partially negatively charged.’ Due to this electron density
distribution the reaction of 2-ethoxypropenal (1m) with thiols 2a,b at 20 °C yielded 2-
organylsulfanyl-substituted 2-ethoxypropanals 5 (Scheme 1) regioselectively following the
Markovnikov addition pattern.'” The initial attack of the thiol group of 2-mercaptoethanol on 2-
alkoxypropenals in neutral or acidic media at room temperature also occurs with this
orientation."

On the other hand, as we have reported previously'* the reaction of butane-1-thiol (2a) with
2-alkoxypropenals 1 in the presence of bases like BuSNa or NaOH in DMSO (so called
“strongly basic” media)"> or potassium carbonate (5-10 mol%) without solvent afforded 1,4-
addition products. The reaction mixture rapidly turned dark (possibly because of polymer
formation), and work-up after 1-2 h afforded 3-butylsulfanyl-2-alkoxypropanals 3 in low yields
(15-40%)."

The goal of the present work was the investigation of the 1,4-addition reaction of alkyl- and
arylthiols 2 to 2-alkoxypropenals 1. This study is of special interest in view of 1,4-addition
reaction of thiol groups of key controlling enzymes and some proteins to o,p-unsaturated
aldehydes being the basis of the biological effect of the latter,'®'®
actions.'” !

in particular, that of antitumor
The addition of methanethiol®* and thiophenol® to acrolein is the starting reaction in
the synthesis of biologically active compounds such as methionine®* and macrolide antibiotics.?

Results and Discussion

When the reaction of butane-1-thiol (2a) with 2-ethoxypropenal (1m) in the presence of small
amounts of potassium carbonate (5—-10 mol%) without solvent was carried out at a prolonged
reaction period (20 °C, 24 h) the yield of the 1,4-adduct 3am increased (70%) (Scheme 1). Using
small amounts of triethylamine (60 °C, 3 h) instead of potassium carbonate also induced
selectively the 1,4-addition of thiols 2 to 2-alkoxypropenals 1 and furnished adducts 3 in up to
82% yield (Scheme 1).

R'S OR no base!? OR base OR
A0 = )\éo voReA - Rs_h 0
512 1 2 3
R.: Et base: R=mEt, nMe
R'=Bu, Ph K,CQ,, 20 °C,; R'= aBu,
or EtyN, 60 °C b Ph,
¢ CH,=CH-CH,,
d PhCH,
Scheme 1

The reaction of 2-ethoxypropenal (1m) with thiophenol (2b) in the presence of small
amounts of potassium carbonate (5 mol%) at 20 °C for 24 h furnished exclusively 2-ethoxy-3-
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phenylsulfanylpropanal (3bm) (Scheme 1). The 'H NMR spectrum of the reaction mixture
revealed the coexistence of monomer (3bm) and polymer forms (ratio 1:1; Scheme 2): The
integration of the aldehyde methine proton signal (R”—CH=0), & 9.59 (d, J = 1.8 Hz) was about
50% with respect to the integration of the R” signals; an additional signal at 6 3.68 (d, /= 8 Hz)
integrating about 50% of the respective R” signals can be attributed to the acetal group [O-
CH(R”)-0] of the aldehyde polymer (trimer” ° or linear polymer) (Scheme 2).

qll
A v
R"-CH=0 j‘\ i andlor  HO-[CH-0],-H
3bm "R ') R" R" = CHIOEtICH2SPh
Scheme 2

In these reactions, triethylamine (0.6-10 mol%) can replace potash as base. When the
reaction was carried out in the presence of catalytic amounts of triethylamine without a solvent
in a commercial microwave oven the reaction time was reduced to several minutes affording 3 in
higher yields (up to 70%).

These experiments suggest that in the presence of a base that renders the thiol reactant 2
more nucleophilic the reaction with 2-alkoxypropenals 1 afforded 1,4-adducts 3 in good yields
following the typical orientation of 1,4-addition reactions of nucleophilic reactants with enone
systems.

In summary, the reaction of thiols 2 with 2-alkoxypropenals 1 shows the ambident nature of
the latter;'>"” the presence of a base gave rise to the regioselective formation of 1,4-adducts 3,
variation of reaction conditions (solvent, reaction temperature, reaction time) affected the
reaction rate and the yield of these products.

Experimental Section

General Procedures. '"H NMR spectra were recorded on a Bruker DPX 400 spectrometer at 25
°C; the signals are referenced to CHCl; (6H 7.25) in the solvent CDCl;3. Mass spectra (EI, 70 eV)
were recorded on a chromato-mass spectrometer Hewlett-Packard HP5971A chromatograph HP-
5890 (column Ultra-1, 25 m, with SE-30 phase, evaporator temperature 250 °C, temperature
gradient 20 °C min ' in the range of 70 to 250 °C). A microwave oven LG Electronics Inc MS-
1904H (560 W) was used.

3-Butylsulfanyl-2-ethoxypropanal (3am). Typical procedure. A solution of K,CO; (35 mg,
0.25 mmol) in 2a (0.52 mL, 438 mg, 4.85 mmol) was combined with 1m (485 mg, 4.85 mmol).
The reaction mixture was allowed to stand at 20 °C for 24 h. Vacuum distillation gave a
colourless oil 3am (645 mg, 70%), bp 93 °C (3 mm Hg); n 1.4625. "H NMR (400 MHz, CDCl;):
0 9.66 (1H, d, J =2 Hz, 1-HC=0), 3.8 (1H, m, 2-HCO), 3.65 (2H, m, CH,0), 2.82 (1H, dd, J =
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13.82, 5.38 Hz, 3-CHAS), 2.77 (1H, dd, J = 13.82, 6.73 Hz, 3-CHpS), 2.56 (2H, t, SCH,[Bu]),
1.57 (2H, m, CH,[Bu]), 1.39 (2H, m, CHa[Bu]), 1.19 (3H, t, J = 7 Hz, CH3), 0.90 3H, t, J = 7
Hz, CH;[Bu]); MS: m/z (%) 190 [M++],(1), 161 [M —~CHO]" (7), 145 [M —OEt]" (1), 133 [M —
Bu]" (3), 105 (6), 61 (39), 29 (100). Anal. Caled. for CoH;505S (190.15): C, 56.80; H, 9.53; S,
16.85. Found: C, 56.88; H, 9.40; S, 16.68.

3-Phenylsulfanyl-2-ethoxypropanal (3bm). Typical procedure. A solution of Et;N (24 mg,
0.27 mmol) in 2b (0.52 mL, 533 mg, 4.85 mmol) was combined with 1m (485 mg, 4.85 mmol).
The reaction mixture was heated at 60 °C for 3 h. Thereafter, the liquid was distilled to give a
colourless oil 3bm (437 mg, 82%), bp 106 °C (3 mm Hg); n 1.5535. '"H NMR (400 MHz,
CDCl3): 6 9.59 (1 H, d, J= 1.8 Hz, 1-HC=0), 7.29 (5H, m, Ph), 3.78 (1H, ddd, /= 1.8, 5.3, 7.1
Hz, 2-HCO), 3.61 (1H, dq, J=9.3 Hz, J = 6.9 Hz, OCHp), 3.56 (1H, dq, /= 9.3 Hz, /= 6.9 Hz,
OCHa,), 3.24 (1H, dd, J = 13.9, 5.1 Hz, 3-CHAS), 3.12 (1H, dd, J = 13.9, 7.2 Hz, 3-CHgS), 1.26
(3H, t, J= 6.9 Hz, CH3); MS: m/z (%): 210 [M]+ (11), 181 [M —CHO]" (11), 152 (4), 135 [M —
OEt]" (100), 123 [PhSCH,]" (35), 109 [PhS]" (34), 65 (21); 45 [EtO]" (28), 29 (100). Anal.
Calcd. for C;;H40,S (210.17): C, 62.83; H, 6.71; S, 15.25. Found: C, 63.02; H, 6.08; S, 15.25.

3-Phenylsulfanyl-2-ethoxypropanal (3bm). Prepared as described for 3am. A solution of
K,CO; (35 mg, 0.25 mmol) in 2b (0.5 mL, 534 mg, 4.85 mmol) was combined with 1m (485
mg, 4.85 mmol) and Cu(OAc), (15 mg, 0.25 mmol). After 2 d, the 1H NMR spectrum of the
reaction mixture revealed 3bm as the sole product formed but with an admixture (ratio 1:1) of a
polymer form (trimer or linear polymer). '"H NMR: § 9.59 (1H, d, J = 1.8 Hz, 1-HC=0 3bm),
3.68 (1H, d J = 8 Hz, 1-OCHO of trimer or polymer); ratio 1:1 of both signals, each integrating
approximately 50% of the respective signals of the remaining groups.
3-Phenylsulfanyl-2-methoxypropanal (3bn). Prepared as described for 3bm, Et;N (0.033 mL),
2b (656 mg, 5.96 mmol) and 1n (543 mg, 6.31 mmol) gave colourless liquid 3bn (759 mg,
65%), bp 92 °C (7 mm Hg); n 1.5750. "H NMR (400 MHz, CDCls): 9.67 (1 H, d, J = 1.7 Hz, 1-
HC=0), 3.70 (1H, m, 2-HCO), 3.45 (3H, s, OCH3), 3.24 (1H, dd, J = 13.8, 5.3 Hz, 3-CHA\Y),
3.13 (1H, dd, J = 13.8, 6.9 Hz, 3-CHgS). MS: m/z (%) 167 [M —CHO]" (15), 135 (100), 123 (81),
110 [PhSH]" (87), 109 [PhS]" (67); 77 [Ph]" (19), 65 (30), 45 (50). Anal. Calcd. for C;oH 20,8
(196,16): C, 61.22; H, 6.12; S, 16.32. . Found: C, 61.25; H, 6.12; S, 16.05.
3-Butylsulfanyl-2-methoxypropanal (3an). Prepared as described for 3bm, Et;N (0.033 mL),
2a (0.54 mL, 454 mg, 5.03mmol) and 1n (0.4 mL, 434 mg, 4.81 mmol) afforded 3an as a
colourless liquid (339 mg, 40%), bp 60 °C (3 mm Hg); n 1.4675. "H NMR (400 MHz, CDCl3): &
9.68 (1H, d, J = 1.8 Hz, 1-HC=0), 3.74 (1H, m, 2-HCO), 3.50 (3H, s, OCH3), 2.83 (1H, dd, J =
13.9, 5.3 Hz 3-CHAaS), 2.77 (1H, dd, J = 13.9, 6.6 Hz 3-CHgS), 2.57 (2H, t, J = 7.4 Hz,
CH,S[Bu]), 1.40 (2H, m, CH,[Bu]), 1.55 (2H, m, CH,[Bu]), 0.91 (3H, t, J = 7.3 Hz, CH3). Anal.
Calcd. for CsH;60,S (176,14 ): C, 54.51; H, 9.15; S, 18.15. Found: C, 56.47; H, 9.63 S, 19.55.
3-Allylsulfanyl-2-ethoxypropanal (3cm). Prepared as described for 3bm, Et;N (0.033 mL), 2¢c
(358 mg, 4.85 mmol) and 1m (485 mg, 4.85 mmol) yielded a colourless liquid 3cm (310 mg,
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36%), bp 82 °C (3 mm Hg); n 1.4900. "H NMR (400 MHz, CDCl;): § 9.64 (1 H, d, J=2.0 Hz, 1-
HC=0), 5.75 (1H, m, =CH), 5.12 (1H, m, =CH; ),5.10 (1H, m, =CH, )3.75 (1H, m, 2-HCO),
3.64 (2H, m, OCH,), 3.18 (2H, d, J = 7.22 Hz, SCH>), 2.75 (1H, dd, J = 13.9, 5.2 Hz, 3-CHAS),
2.69 (1H, dd, J = 13.9, 6.7 Hz, 3-CHgS), 1.27 (3H, t, J = 6.99 Hz, CH3). MS: m/z (%) 145 [M —
CHO]" (25), 113 (32), 103 (42), 87 [M —EtOCHCHO]" (35), 73 [M —CH,=CHCH,S]" (41), 72
(63), 41 (100). Anal. Calcd. for CsH;40,S (174,14): C, 55.14; H, 8.85; S, 18.40. Found: C, 53.14;
H, 8.10; S, 18.27.

3-Benzylsulfanyl-2-ethoxypropanal (3dm). Prepared as described for 3bm, Et;N (0.033 mL),
2d (601 mg, 4.85 mmol) and 1m (485 mg, 4.85 mmol) gave a colourless liquid 3dm (550 mg,
51%), bp 146 °C (3 mm Hg); n 1.546. '"H NMR (400 MHz, CDCl;):  9.59 (1 H, d, J=1.92 Hz,
1-HC=0), 7.29 (5H, m, Ph), 3.76 (2H, s, Ph-CH,S), 3.69 (1H, m, 2-HCO), 3.58 (2H, m, OCH,),
2.67 (1H, dd, J=13.9, 5.1 Hz, 3-CH\S), 2.62 (1H, dd, /= 13.9, 6.8 Hz, 3-CHgS), 1.26 3 H, t,J
= 6.95 Hz, CH3). MS: m/z (%) 224 [M]" (1), 195 [M —CHO]" (9), 150 [M —CHO —OEt]" (9), 137
[M —EtOCHCHO]" (11), 123 [M —PhCH,S]+ (9), 91 (100). Anal. Caled. for Ci,H;60,S (
224.18): C, 64.25; H, 7.19; S, 14.29. Found: C, 64.15;H, 7.10; S 14.05.

Reaction of 2-ethoxypropenal (1m) with thiols 2c,d under microwave irradiation. To a
solution of Et3N (4.9 mg, 0.05 mmol) in 1m (0.1 ml, 97mg, 0.97 mmol) was added thiol 2¢ (71.8
mg, 0.97mmol) or 2d (120 mg. 0.97 mmol). The reaction mixture was exposed to microwave
irradiation for 2 min. "H NMR evaluation of the reaction mixture indicated the formation of the
main products 3cm (45%) and 3dm (70%), respectively.

Acknowledgements

We thank the Russian Foundation for Basic Research for financial support (Grant RFBR No. 99-
03-33057 and 01-03-33034).

References

1. Narimanbekov, O. A.; Ismailov, P. Kh.; Mekhtiev, S. D. Dokl. Akad. Nauk SSSR 1967, 23,
15; Chem. Abstr. 1968, 68, 68178.

2. Boustany, K.S. J. Chem. U. A. R. 1966, 9, 317; Chem. Abstr. 1967, 67, 63677.

3. Aurich, H. G.; Boutahar, M.; Koester, H.; Moebus, K. D.; Ruiz, L. Chem. Ber. 1990, 123,
1999.

4. (a) Batty, D.; Crich, D.; Fortt, S. M. J. Chem. Soc. Perkin Trans. 1 1990, 2875. (b) Arai, K_;
Hirata, N.; Morita, K.; Mito, N. JP 01157947, 1989; (c) Chem. Abstr. 1990 112, 35439. (d)
Trost, B. M.; Keeley, D. E.; Arndt, H. C.; Rigby, J.H.; Bogdanowicz, M. J. J. Am. Chem.
Soc. 1977, 99, 3080. (e) Griffith, O. W.; Meister, A. J. Biol. Chem. 1979, 254, 7558.

5. Vedejs, E.; Buchanan, R. A.; Courad, P. C.; Meier, G. P.; Mullins, M. J.; Schaffthausen, J.
G.; Schwartz, C. E. J. Am. Chem. Soc. 1989, 111, 8421.

6. Riihlmann, K.; Schrépler, U.; Gramer, D. J. Prakt. Chem. 1960, 10, 325.

ISSN 1424-6376 Page 71 ®ARKAT USA. Inc



Issue in Honor of Academician Michael G. Voronkov ARKIVOC 2001 (ix) 67-72

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

Mamashvili, T. N.; Keiko, N. A.; Sarapulova, G. I.; Voronkov, M. G. Izv. Akad. Nauk, Ser.
Khim. 1998, 2547 (Russ. Chem. Bull. 1998, 47, 2465); Chem. Abstr. 1999, 131, 5038.
Keiko, N.A.; Chuvashev, Yu. A.; Stepanova, L.G.; Voronkov M.G. Izv. Akad. Nauk, Ser.
Khim. 1998, 2504 (Russ. Chem. Bull. 1998, 47, 2422); Chem. Abstr. 1999, 131, 5035.
Keiko, N. A.; Chuvashev, Yu. A.; Kuznetsova, T. A.; Sherstyanikova, L. V.; Voronkov M.
G. Izv. Akad. Nauk, Ser. Khim. 1998, 2508 (Russ. Chem. Bull. 1998, 47, 2426); Chem. Abstr.
1999, /31, 5039.

Keiko, N. A.; Chichkarev, A. P.; Voronkov M. G. Izv. Akad. Nauk SSSR, Ser. Khim. 1973,
579; Chem. Abstr. 1973, 79, 4930.

Wang, Y. W.; Fang, J. M.; Wang, Y. K.; Wang, M. H.;Ko, T. Y.; Cheng, Y.-J. J. Chem. Soc.
Perkin Trans. 1 1992, 1209.

Keiko, N. A.; Funtikova, E. A.; Stepanova, L. G.; Chuvashev, Yu. A.; Larina, L. 1;
Voronkov M. G. Mendeleev Commun. 2001; p. 110.

Keiko, N. A.; Funtikova, E. A.; Stepanova, L. G.; Chuvashev, Yu. A.; Mishin, A. Yu,;
Voronkov M. G. Theses of the first Russian conference on the chemistry of heterocycles
devoted to the memory of A. N. Kost, Suzdal, 2000, 208.

Keiko, N. A.; Stepanova, L. G.; Kalikhman, I. D.; Voronkov, M. G. Izv. Akad. Nauk, SSSR,
Ser. Khim. 1986, 722 (Russ. Chem. Bull. 1986, 35); Chem. Abstr. 1987, 106, 101713.

(a) Trofimov, B. A.; Vasil’tsov, A. M.; Amosova, S. V. Izv. Akad. Nauk. SSSR Ser. Khim.
1986, 751; Chem. Abstr. 1986, 104, 214113; (b) Dolman, D.; Sterwart, R. Can. J. Chem.
1967, 45,911. (c) Bowden, K. Chem. Rev. 1966, 66, 4795.

Fry, J. R.; Fentem, J. H.; Salim, A.; Tang, S. P. A.; Garle, M. J.; Whiting, D. A. J. Pharm.
Pharmacol. 1993, 45, 166.

(a) Horvath, J. J.; Witmer, C. M.; Witz, G. Toxicology and Applied Pharmacology, 1992,
117, 200. (b) Esterbauer, H.; Zollner, H.; Scholz, N. Z. Naturforsch, Sect. C BioSci. 1975,
30, 466.

Haenen, G. R. M. M.; Vermeulen, N. P. E.; Tai Tin Tsoi, J. N.; Ragetli, H. M. N.;
Timmerman, H.; Bast, A. Biochem. Pharmacol. 1988, 37, 1933. Esterbauer, H.; Ertl, A.;
Scholz, N. Tetrahedron 1976, 32, 285.

Tjalkens, R. B.; Luckey, S. W.; Kroll, D. J.; Petersen, D. R. Arch. Biochem. Biophys. 1998,
358, 42.

(a) Fujita, E.; Nagao, Y. Bioorg. Chem., 1977, 6, 287. (b) Hall, I. H.; Lee, K. H.; Mar, E. C.;
Starness, C. O. J. Med. Chem. 1977, 20, 333.

Schauenstein, E.; Esterbauer, H. Ciba Foundation Symposium 1979, 67 (Submol. Biol.
Cancer), 225-244; Chem. Abstr. 1981, 95, 416.

Hsu, Y. C. PCT Int. Appl. 1997 WO 9700858; Chem. Abstr. 1997, 126, 157183.

Paterson, 1.; Laffan, D. D. P.; Pawson, D. J. Tetrahedron Lett. 1988, 29, 1461.

Catch, J. R.; Cook, A. H.; Gracham, A. R.; Heilbron, S. I. J. Chem. Soc., 1947, 1609.
Furukawa, J.; Saegusa, T. Polymer Reviews, vol 3, Polymerization of Aldehydes and Oxides,
Interscience: New York, 1963, pp 62—-65.

ISSN 1424-6376 Page 72 ®ARKAT USA. Inc



