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Abstract

The physical and spectroscopic dataRF2-[N-(1-phenylethyl)amino]-1-cyclopentenedithiocarboxylic acid are
reviewed and the synthesis dR)¢di-[2-(N-(1-phenylethyl)amino]-1-cyclopentenedithiocarboxylic acid disulfide
is described. The product resulting from the conjugate addition of the dithioacid td)-Afsanone is also
characterised. © 1999 Published by Elsevier Science Ltd. All rights reserved.

1. Introduction

We have recently reported the preparation 0fR)-2-[N-(1-phenylethyl)amino]-1-
cyclopentenedithiocarboxylic acifl,! that is one of the small number of known enantiopure dithioacids.
This molecule was synthesised for the purpose of using it as a chiral equivalent of hydrogen sulfide
on the conjugate addition ta,B-unsaturated carbonyl compounds. In addition, it could be interesting
to testl as a chiral ligand, sinc&l- and S-bonded main groups and transition metal complexes of
N-alkyl and ester derivatives of 2-amino-1-cyclopentenedithiocarboxylic acid present a remarkable
diversity in their co-ordination behaviour and have important bioorganic implicati®rithioacid 1
was obtained by the well-known amine exchange reattwetween R)-(+)-N-(1-phenylethyl)amine
and 2-amino-1-cyclopentenedithiocarboxylic acid. Flash chromatography of the crude material allowed
the isolation ofl in ca. 50% yield as a thick yellow-orange oil. Although it was quite difficult, we were
able to grow some crystals from this material, but unfortunately, as we can now demonstrate, these
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crystals did not correspond to the adidbut to the disulfide2 instead (Fig. 1). The easy oxidation of
2-amino-1-cyclopentenedithiocarboxylic acids to disulfides has already been deandeatcordingly
2is formed by leaving a sample &fin contact with air for a few days. We report herein irrefutable proof
of the formation ofl along with the corrected physical and spectroscopic data of both compiamadis
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Figure 1.

Purified 1, as an oil, reacted nicely witk,[3-butenolide in methylene chloride solution at room
temperature in the presence of catalytic amounts of triethylamine. Purification of the crude material
by flash chromatography afforded 65% yield of the conjugate addition pr@astan inseparable 1:1
mixture of diastereoisomers that was fully characterised by its spectroscopic data and correct elemental
analysis. The structural identification ®fs mainly based on the following features: (i) the mass spectrum
presents the molecular ion aW/z=347; (ii) its *H NMR spectrum shows two double doubletsdas.03
and 3.02, corresponding to one of the protons H-3 of each diastereocisomer and another double doublet
at & 4.30, assigned to one of the protons H-5 of each stereoisomer; and (iii) the IR spectrum clearly
indicates the presence of a saturated five-membered lactone at 17¥8asmvell as the electron rich
carbon—carbon double bond (1588 énand the thiocarbonyl group (1278 ch. The isolation and
identification of lactone in good yield is chemical proof of the structure of the dithioatid

In addition, the crop of crystals isolated in the attempted crystallisatioh lrdve also been fully
characterised by its spectroscopic data and X-ray analysis as the diulfidble 1 presents selected
bond distances and angles, while the molecular structure with the atom numbering appears in Fig. 2. The
five-membered ring is quite similar to that described for amino-1-cyclopentenedithiocarboxylic acid and
its derivatives’® The molecule presents the expected N—$ hydrogen bonds, and all the distances and
angles agree well with the dimensions reported for related structures.

Table 1
Selected bond distances (A) and angles (°2for

Bond distances Bond angles

C(1)-C(2) 1.412(7) C(1)-C(2)-C(3) 111.0(5)
C(2)-C(3) 1.494(9) C(2)-C(3)-C(4) 105.3(5)
C(3)-C(4) 1.502(10) C(3)-C(4)-C(5) 106.7(7)
C(4)-C(5) 1.514(9) C(4)-C(5)-C(1) 105.2(4)
C(1)-C(5) 1.527(9) C(3)-C(2)-N(1) 123.9(5)
C(2)-N(1) 1.326(7) C(5)-C(1)-C(6) 125.94)
C(6)-S(1) 1.668(6) C(1)-C(6)-S(1)  128.8(4)
C(6)-S(2) 1.817(5) C(1)-C(6)-S(2) 110.94)
S(2)-S(3) 2.009(3) C(6)-S(2)-S(3)  105.4(2)

C(7)-N(1) 1.469(6) C(2)-N(1)-C(7) 122.8(5)
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Figure 2. ORTEP view 02, with the atom numbering scheme

2. Experimental
2.1. Dithioacidl

IR (film) 2966, 2931, 1588, 1489, 1271 chnH NMR (CDCls, 250 MHz)§ 9.10 (br s, mobile signal),
7.30-7.15 (m, 5H), 4.65 (§=7.3 Hz, 1H), 3.90 (br s, mobile signal), 2.71-2.50 (m, 3H), 2.40-2.22 (m,
1H), 1.90-1.55 (m, 2H), 1.57 (d=7.3 Hz, 3H);3C NMR (CDCk, 62.5 MHz)§ 190.1 (CS), 170.5
(C-2), 142.2/128.8/127.5/125.7 (Ph), 118.8 (C-1), 5SE€RINH), 33.8/33.5 (C-3/C-5), 24.3 (Me), 20.0
(C-4); [x]p2° —1371 € 0.35, CHCS).

2.2. Disulfide2

Mp 165-167°C (ethyl acetate—hexane); IR (film) 2966, 2931, 1588, 1489, 127% ém NMR
(CDCl3, 250 MHz) 6 7.30-7.15 (m, 5H), 4.70 (ql=7.3 Hz, 1H), 3.15-2.95 (m, 2H), 2.80-2.60 (m,
1H), 2.45-2.30 (m, 1H), 1.95-1.50 (m, 2H), 1.45 J&7.3 Hz, 3H);13C NMR (CDCk, 62.5 MHz)§
170.2 (C-2), 142.6/128.9/127.6/125.8 (Ph), 118.4 (C-1), 536HNH), 33.2/32.3 (C-3/C-5), 24.5 (Me),
21.1 (C-4); FAB-MS (n/2: 524 (M, 9), 523 (7), 262 (25), 230 (100), 105 (38%]p%° -2102 ¢ 0.37,
CHCI3). Anal. calcd for GgH32N2S,: C, 64.08; H, 6.15; N, 5.34; S, 24.44. Found: C, 63.71; H, 6.49; N,
5.27; S, 24.30.

2.3. Reaction between dithioacldand 2(8)-furanone

To a magnetically stirred solution of Z@-furanone (100 mL, 1.5 mmol) in methylene chloride (4
mL) at room temperature, dithioacid(440 mg, 1.7 mmol) and a catalytic amount of triethylamine were
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added. The mixture was maintained at the same temperature for 24 h, washed with water (4 mL), dried
over anhydrous magnesium sulfate, filtered, and the solvent was removed under vacuum to yield 580 mg
of an oil. Purification of this crude material by flash chromatography on silica gel (230-400 mesh) using
hexane:ethyl acetate (3:1) as eluent afforded a 1:1 mixtureR)f éhd (4£)-4,5-dihydro-4-{[2 -((R)-N-
x-methylbenzylamino)-tcyclopenten-1-yl](thiocarbonyl)thio}-2(3H)-furanone 3 (342 mg, 1.0 mmol,

65% vyield), as an oil: IR (film) 2966, 2946, 2818, 1778, 1588, 1489, 1278, 1166, 1018, 758%Mm

NMR (CDCls, 400 MHz) § 7.35-7.15 (m, 5H), 4.79 (m, 1H, H-5), 4.71 (m, 2H, H-4®IH), 4.30
(dd,J55=9.8 Hz,J5 4=4.9 Hz, 1H, H-5), 3.03 (dd]3 3=18.3 Hz,J3 4,=8.8 Hz) and 3.02 (dd]3 3=18.3 Hz,
J3.4=8.8 Hz) (1H, H-3), 2.75-2.62 (m, 3H), 2.59 (di},5=18.3 Hz,J3 4=5.8 Hz, 1H, H-3), 2.40-2.25 (m,

1H), 1.90-1.60 (m, 2H, H-3, 1.54 (d,J=7.3 Hz, 3H);'*C NMR (CDCk, 62.5 MHz)& 192.3 (CS), 175.4

(CO), 170.1 (C-2), 142.4/130.0/127.7/125.7 (Ph), 118.6 (§;¥3.5 and 73.4 (C-5), 55.€HNH), 39.6

(C-4), 33.4/32.4 (C-3/C-3C-5), 24.2 (CH), 20.4 (C-4); MS (m/2: 347 (M*, 2), 261 (8), 230 (8), 126

(13), 105 (100), 79 (23), 77 (25). Anal. calcd foidE>1NO,S,: C, 62.21; H, 6.09; N, 4.03; S, 18.45.
Found: C, 62.37; H, 6.20; N, 4.04; S, 18.18.

2.4. X-Ray determination

Suitable crystals for X-ray single crystal structural determination of disulideere obtained by
layering a solution of the compound in GEl, with hexane at room temperature. Data collections
were carried out on a Siemens-P4 diffractometer at room temperature, with graphite-monochromated
Cu-Ka radiation 7=1.54178). Crystal cell parameters were obtained from 33 reflections in the range
20.03<26<36.28. Data were corrected for background and Lorentz-polarisation effects, and a semi-
empirical absorption correction was applied (min/max transmission factors 0.3392/0.7791). The
structures were solved by direct methods and refined by full-matrix least-squares calculation using
SHELXL-97”. All non-hydrogen atoms were refined anisotropically, while hydrogen atoms were
calculated in idealised positions, except for the hydrogen atom bonded to nitrogen. Final difference
Fourier map was 0.235 and -0.3 €A
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