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Synthesis of Thiol Esters by Carboxylic Trichlorobenzoic Anhydrides
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Synopsis. Thiocarboxylic S-esters were obtained
rapidly and in high yields by treating the mixed anhydrides
prepared from 2,4,6-trichlorobenzoyl chloride and carboxylic
acid, with various types of thiols in the presence of 4-dimethyl-
aminopyridine.

Because of the distinctive properties of thiocarboxylic
S-esters as activated esters in synthetic as well as bio-
logical reactions, considerable attention has recently
been called to the mild and facile preparation of
these compounds.)) Recently we have shown that
the combination of carboxylic 2,4,6-trichlorobenzoic
anhydrides (2) and 4-dimethylaminopyridine® are very
useful for the preparation of esters from alcohols as
well as for macrocyclic lactonizations.®) Now we wish
to describe the synthesis of thiol esters using the same
mixed anhydrides.

When the solutions prepared by mixing 2,4,6-tri-
chlorobenzoyl chloride (1), carboxylic acid and tri-
ethylamine in dichloromethane, were treated with thiols
under the presence of 4-dimethylaminopyridine, the
corresponding thiol esters were obtained in good yields.
The reaction proceeded rapidly, and was usually com-
pleted within 30 min at room temperature. The re-
sults are summarized in Table 1.
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As can be seen from these results, aliphatic, aromatic
or heterocyclic thiol esters could be smoothly prepared.
The sterically crowded thiol esters such as S-t-butyl
2,2-dimethylpropancthioate (entry 3, Table 1) were
also prepared in good yields. Methyl hydrogen meso-
2,4-dimethylglutarate was converted into the corre-
sponding 2-methyl-2-propanethiol ester without any
detectable epimerization (GLPC, entry 7).

When dimethylaminopyridine was replaced by pyri-
dine or triethylamine, the reaction became very slow
and, for example, only 3—49, of S-i-butyl 2-methyl-
pentanethioate was formed after 1h (¢f. entry 2).
Though the aromatic hydrocarbons such as benzene
or toluene, were the best solvent for the esterification
by the same reagents,® dichloromethane was the most
effective solvent in the present thiol esterification.
Acetonitrile or DMF was much less satisfactory.

The possibility of nucleophilic attack on the un-
desired carboxyl site is inherent to the mixed anhydride
method. For example, when carboxylic pivalic an-
hydrides which have been sometimes used in peptide?)
or ketone synthesis,®) were treated with 2-methyl-2-
propanethiol or benzenethiol in the presence of 4-
dimethylaminopyridine under the similar conditions,

both the carboxyl sites were attacked as shown in
Egs. 1, 2, and 3. In the present method, however,
thiol attacked exclusively on the desired carboxyl
carbon except for one case where sterically crowded
pivalic acid was converted into its benzenethiol ester
(entry 5, Table 1).7
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The use of symmetrical anhydrides® or mixed an-
hydrides with phosphoric acid derivatives? has been
reported for the synthesis of thiol esters. The main
advantage of the present method is the rapidness
and the mildness of the reaction, high yields, and
the wide applicability.

Experimental

The preparation of S-t-butyl 2-methylpentanethioate (entry
2, Table 1) is described below as a typical example of the
present thiol esterifications.

2,4,6-Trichlorobenzoyl chloride (80 pl, 0.5 mmol) was add-
ed to a stirred mixture of 2-methylpentanoic acid (63 yl,
0.5 mmol), triethylamine (70 pl, 0.5 mmol), and dichloro-
methane (0.8 ml). After 1h, the reaction mixture was
filtered through a dry celite column. To the filtrate were
added 2-methyl-2-propanethiol (56.4 wl, 0.5 mmol) and 4-
dimethylaminopyridine (61 mg, 0.5 mmol) and the mixture
was stirred at room temperature. GLPC analysis showed
the quantitative formation of the thiol ester after 30 min.
The reaction mixture was diluted with ether, washed suc-
cessively with 59, aqueous phosphoric acid, a saturated
sodium hydrogencarbonate solution, and brine, dried with
sodium sulfate, and distilled at 80 °C/15 mmHg'® (bath
temperature) giving S-i-butyl 2-methylpentanethioate in
86.3%, yield.
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TABLE 1. REACTION CONDITIONS AND YIELDS OF THIOL ESTERS®)
Acid (0.5 mmol) Thiol (0.5 mmol) DMAP® Time Yield(9%)®
R! in R1COOH R? in R2SH (mmol) (min) RICOSR?
1 CH,(CH,), C,H; 0.5 4 96 (82)9
2 CH,CH,CH,CHCH, (CH,),C 0.5 30 98 (86)°
1
3 (CH,),C (CH,),C 0.5 120 96
4 (CH,),CH CeH; 0.5 4 87 (78)D
5 (CH,),C CeH; 0.5 5 608
6 CgH,, (cyclohexyl) C,H,NM 0.5 10 (84)
7 CH,0,CCH(CH,)CH,CHCH,b (CH,),C 0.5 10 96 (80)9
]
8 C¢H; (CH,),C 0.5 3 93 (81)
9 C.H,CH=-CH (CH,),CH 0.5 3 93 (81)®

a) All reactions were carried out in dichloromethane at room temperature.

yields were determined by GLPC.
(bath temp). Found: C, 54.32; H, 9.17%.
(t, 3H, J=7.0Hz), 2.53(t, 2H, J=7.4Hz).
10.569.

mmHg, bath temp). Found: C, 66.34; H, 6.689%,.

Isolated yields were given in parentheses.
Caled for C;H,,0S: G, 54.50; H, 9.15%.

e) Bp 100°C (10 mmHg, bath temp).
Calcd for G H,,0S: C, 63.71; H, 10.709%,.
Calcd for C,,H,,;0S: C, 66.63; H, 6.719%.

b) 4-Dimethylaminopyridine. c¢) The
d) A new compound: Bp 150°C
1H-NMR (d); 1.25
Found: C, 63.48; H,
1H-NMR; 1.46(s, 9H), 2.50(m, 1H). f) Bp 140°C (9
TH-NMR;

1.26 (d, 6H, J=6.8Hz), 7.38 (s, 5H). g) S-Phenyl 2,4,6-trichlorothiobenzoate [mp 119 °C, Found: C, 49.05;

H, 2.299%.
formed in 189, yield. h) 2-Pyridinethiol.
H, 8.929%,.
(11 mmHg, bath temp).

Caled for C,H,CLOS: C, 49.16; H, 2.22%.

IH-NMR; 7.33(m, 2H), 7.49(m, 5H)] was also

i) Methyl hydrogen meso-2,4-dimethylglutarate. j) Found: C, 58.21;
Calcd for G,3H,,0,S: G, 58.50; H, 9.009%,.
Found: C, 69.66; H, 6.86%,.

IH-NMR; 1.46 (s, 9H), 3.68(s, 3H).
Caled for Cp,H,,0S: C, 69.86; H, 6.849%.

k) Bp 180°C
1H-NMR;

1.85(d, 6H, J=6.7 Hz), 6.67(d, 1H, J=16.1Hz), 7.61(d, 1H, J=16.1 Hz).

and K. Atsumi, Chem. Lett., 1974, 187; S. Masamune, S.
Kamata, and W. Schilling, J. Am. Chem. Soc., 97, 3515 (1975);
F. Souto-Bachiller, G. S. Bates, and S. Masamune, J. Chem.
Soc., Chem. Commun., 1976, 719; Y. Watanabe, S. Shoda,
and T. Mukaiyama, Chem. Lett., 1976, 741; R. P. Hatch
and S. M. Weinreb, J. Org. Chem., 42, 3960 (1977); A.
Pelter, T. E. Levitt, K. Smith, and A. Jones, J. Chem. Soc.,
Perkin Trans. 1, 1977, 1672; H. -J. Gais, Angew. Chem., Int.
Ed. Engl., 16, 244 (1977); K. Horiki, Synth. Commun., 7,
251 (1977); P. A. Grieco, Y. Yokoyama, and E. Williams,
J. Org. Chem., 43, 1283 (1978); and Refs. 7 and 8.

2) G. Héfle and W. Steglich, Synthesis, 1972, 619; H.
Vorbriiggen, ibid., 1973, 301; G. Hofle, W. Steglich, and
H. Vorbriiggen, Angew. Chem., Int. Ed. Engl., 17, 569 (1978).

3) J. Inanaga, K. Hirata, H. Saeki, T. Katsuki, and M.
Yamaguchi, Bull. Chem. Soc. jJpn., 52, 1989 (1979).

4y R. C. Fuson, J. W. Bertetti, and Wm. E. Ross, J.
Am. Chem. Soc., 54, 4380 (1932).

5) M. Zaoral, Coll. Czech. Chem. Commun., 27, 1273 (1962).

6) M. Araki and T. Mukaiyama, Chem. Leit., 1974, 663.

7) The thiol esterification of pivalic acid with benzene-
thiol by the present method is peculiar in that the reaction
with triethylamine or morphorine in place of dimethyl-
aminopyridine gives a quite similar result as that with di-
methylaminopyridine in rate, yield, and product distribu-
tion. This indicates that the reaction presumably involves
the direct attack of thiolate ion formed by the bases, on
the mixed anhydride. Benzenethiol is much more acidic
than the aliphatic thiols.

8) A. A. Schleppnik and F. B. Zienty, J. Org. Chem.,
29, 1910 (1964).

9) S. Yamada, Y. Yokoyama, and T. Shioiri, J. Org.
Chem., 39, 3302 (1974); S. Masamune, S. Kamata, J. Diakur,
Y. Sugihara, and G. S. Bates, Can. J. Chem., 53, 3693 (1975);
Y. Yokoyama, T. Shioiri, and S. Yamada, Chem. Pharm.
Bull., 25, 2423 (1977).

10) 1 mmHg=133.322 Pa.




