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A phosphorus-containing novel heterocyclic compound, trans-3,5-bis(2,4,6-tri-z-
butylphenyl)-1,2,3,5-dithiadiphospholane 3,5-disulfide (trans-1), was isolated in the
reaction of 1,3-bis(2,4,6-tri-t-butylphenyl)-1,3-diphosphaallene with sulfur and the
structure of zrans-1 was confirmed by the X-ray crystallography. Desulfurization of
trans-1 afforded the corresponding trans-1,2,4-thiadiphosphetane 2,4-disulfide.

Phosphorus-containing small ring compounds such as oxaphosphetanes are of current interest in
connection with the study of intermediates in the Wittig type of reactions.l) Such compounds are generally
highly reactive and steric protection with bulky substituents is one of the promising methods for the kinetic
stabilization.2) Recently, we have reported the isolation and characterization of cis-2,4-bis(2,4,6-tri-t-
butylphenyl)-1,2,4-thiadiphosphetane 2,4-disulfide (cis—2)3) which was obtained in the reaction of 1,3-

5) such as

bis(2,4,6-tri-z-butylphenyl)-1,3-diphosphaallene (3)4) with elemental sulfur in the presence of a base
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU). The structure of cis-2 was unambiguously confirmed by means of
the X-ray crystallography. We now report here the isolation and the X-ray analysis of the trans-3,5-bis(2,4,6-
tri-z-butylphenyl)-1,2,3,5-dithiadiphospholane 3,5-disulfide (trans-1) as a novel heterocyclic compound
containing phosphorus and the isolation and characterization of the trans-2,4-bis(2,4,6-tri-z-butylphenyl)-1,2,4-
thiadiphosphetane 2,4-disulfide (trans-2).

In the reaction of the diphosphaallene 3 with sulfur in toluene at room temperature in the presence of
DBU the trans-1 was obtained in only low yield (2.2% yield based on 3). At the same time in this reaction,
trans-2 was also formed as a minor product (0.5%), besides cis-2 (35.0%) as a major product. trans-1: Mp
208 — 210 °C (decomp.); IH NMR (600 MHz, CDCl3) § 7.25 (4H, bs, arom.), 3.96 (2H, t, 2/py = 9.6 Hz,
PCH»P), 1.55 (18H, bs, o-Buf), 1.48 (18H, bs, o'-Bu?), and 1.29 (18H, s, p-Bu?); 31P{1H} NMR (81 MHz,
CDCl3) § 87.6; 13C{1H} NMR (150 MHz, CDCl3) & 160.2 (bs, 0-arom.), 159.5 (bs, o'-arom.), 153.0 (pseudo
t, Jpc = 2.1 Hz, p-arom.), 127.3 (dd, Lpc =90.0 Hz, 3Jpc = 13.0 Hz, ipso-arom.), 124.8 (bs, m-arom.),
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123.8 (bs, m'-arom.), 62.6 (t, L/pc = 53.4 Hz, PCP), 42.4 (bs, 0-CMe3), 41.7 (bs, 0'-CMe3), 34.7 (s, p-
CMe3), 34.6 (bs, 0-CMey), 34.2 (bs, 0'-CMe3), and 30.9 (s, p-CMe3); IR (KBr) 758 and 646 cm-1; MS m/z
(rel intensity) 694 (M*; 5), 637 (M*+—Buf; 38), and 581 (MH*-2Bu¢; 100); Found: m/z 694.3055. Calcd for
C37HgpP2S4: M, 694.3053.  trans-2: Mp 236 — 237.5 °C (decomp.); IH NMR (CDCl3) 8 7.31 (2H, d, 4Jpy =
2.2 Hz, arom.), 7.29 (2H, d, 4/py = 2.9 Hz, arom.), 4.48 (2H, t, 2Jpy = 12.2 Hz, PCH;P), 1.52 (18H, s, o-
Buf), 1.51 (18H, s, o'-Buf), and 1.33 (18H, s, p-Buf); 31P{1H} NMR (CDCI3) & 45.1; 13C{1H} NMR
(CDCl3) 8 157.4 (s, 0-arom.), 154.0 (pseudo t, Jpc = 4.3 Hz, o'-arom.), 152.7 (s, p-arom.), 134.4 (d, Upc =
78.8 Hz, ipso-arom.), 125.2 (t, Jpc = 7.0 Hz, m-arom.), 124.3 (t, Jpc = 7.3 Hz, m'-arom.), 73.4 (1, L/pc =
46.5 Hz, PCP), 41.6 (s, 0-CMe3), 40.5 (s, 0'-CMe3), 34.9 (s, 0-CMe3), 34.7 (s, p-CMe3), 34.6 (s, 0'-CMe3),
and 31.1 (s, p-CMe3); IR (KBr) 785, 758, 642, and 631 cm-1; MS m/z (rel intensity) 662 (M*; 3) and 605 (M+—
Bu!; 100); Found: m/z 662.3339. Calcd for C37HggP2S3: M, 662.3332. The methylene protons of both trans-1
and rrans-2 are magnetically equivalent indicating that the both take trans configurations. Furthermore, hindered
rotation of the 2,4,6-tri-t-butylphenyl group (hereafter abbreviated to Ar group) in H and 13C NMR spectra
were observed in either compound at room temperature as has been observed in 3.6)

The structure of trans-1 was unambiguously established by X-ray crystallographic analysis.7) Figure 1
shows the ORTEP drawing of the molecular structure for trans-1.9  Selected bond lengths and angles, dihedral
angles, and intramolecular short contacts are listed in the caption of Fig. 1. The molecule has an approximate
two-fold axis, which goes through C1 and the middle point of S1-S2 bond, except for p-z-butyl groups. The
central five-membered ring (C1, P1, P2, S1, and S2) takes a half-chair form, where S1 and S2 deviate by
0.524(9) and 0.719(9) A toward the opposite direction, respectively, from the plane defined by C1, P1, and P2.
Two bulky Ar are in trans positions to the central ring, and cover the central ring from both sides. The atoms,
C2, P1, P2, and C20, are coplanar within 0.10(1) A and phenyl rings, (C2—C7) and (C20-C25), make angles of
75.0 and 75.1° with this plane, respectively.

The bulky o-t-butyl groups in the Ar moieties have unusually short intramolecular contacts with the
central part of the molecule (see the caption of Fig. 1). These short contacts cause the large deformation of Ar
groups to the boat forms, which is commonly observed for the Ar-P containing compounds.g) The atoms, C3,
C4, C6, and C7 are coplanar within 0.004(6) A, with P1, C2, and C5 deviating by 1.29(1), 0.21(1), and
0.10(1) A, respectively. This plane makes angles of 17.0 and 8.1° with the plane [C3, C2, and C7] and the
plane [C4, C5, and C6], respectively. Similarly, the atoms, C21, C22, C24, and C25, are coplanar within
0.001 A, with P2, C20, and C23 deviating by 1.37(1), 0.23(1), and 0.11(1) A, respectively. The bow and the
stern of this boat-shaped benzene ring bend up by 18.8 and 8.7° from the bottom. These deformation angles of
the phenyl rings to the boat forms are comparable to the average values of 18.5 and 10.3° for bis(2,4,6-tri-t-
butylphenyl)phosphinic chloride,'? where large deformation is found for non-bridged benzene derivatives.

The endocyclic P-C bonds [1.844(6) and 1.830(6) A] are significantly shorter than 1.872(8) and
1.867(7) A for cis-23) and the P-C distances, 1.872(3), 1.873(3), 1.881(3), and 1.914(3) A in 24-
bis(dimethylamino)—1,3-dipheny1—1,3—diphosphetane.l1) The P-S bond lengths [2.116(3) and 2.112(3) A]
within the central ring are comparable to 2.101(2) A for 3-diphenylmethylene-2-(2,4,6-tri-z-butylphenyl)-1,2-
thiaphosphirane 2-sulfide (5),12) 2.103(3) A for trans-2,3-bis(2,4,6-tri-t-butylphenyl)-1,2,3-thiadiphos-
phirane,’® and 2.120(3) and 2.127(3) A for cis-2,) but considerably longer than 2.049(3) A for 2-mesityl-3,3-
bis(trimethylsilyl)-1,2-thiaphosphirane 2-sulfide.!® The exocyclic P=S bonds {1.939(2) and 1.936(3) Al are
slightly longer than 1.923(3) and 1.926(3) & for cis-2> and 1.923(2) A for 5.12
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Fig. 1. Molecular structure of the 1,2,3,5-dithiadiphospholane 3,5-disulfide (frans-1). Bond length / A:P1-
S1, 2.116(3); P1-S3, 1.939(2); P1-C1, 1.844(6); P1-C2, 1.852(4); P2-S2, 2.112(3); P2-S4, 1.936(3); P2-
C1, 1.830(6); P2—-C20, 1.850(4); S1-S2, 2.044(2). Bond angle / °: P1-C1-P2, 119.6(4); S1-P1-C1, 97.3(2);
S2-P2-C1, 97.1(2); P1-S1-52, 96.7(1); P2-S2-S1, 96.2(1); S1-P1-S3, 107.8(1); S1-P1-C2, 106.1(2); S3-
P1-C1, 113.6(2); S3-P1-C2, 125.5(2); C1-P1-C2, 102.9(2); S2-P2-S4, 107.8(1); S2-P2—C20, 105.3(2);
S4-P2-C1, 112.5(2); S4-P2-C20, 126.6(2); C1-P2-C20, 103.5(2). Dihedral angle /°: S1-P1-C1-P2,
14.5(3); P1-C1-P2-82, 20.1(3); C1-P2-S2-S1, —46.2(2); P2-S2-S1-P1, 54.8(1); S2-S1-P1-C1, -43.3(2);
C2-P1--P2-C20, -167.9(3); P1-C2-C3-C8, 48.5(7); P1-C2-C7-C16, —49.8(7); P2—C20-C21-C26, 51.2(8);
P2-C20-C25-C34, -53.6(7). Short contact / A: P1-C9, 3.223(8); P1--C19, 3.222(8); P2--C27, 3.241(8);
P2--C35, 3.223(8); S1--C9, 3.421(7); S2--C27, 3.465(7); S3--C9, 3.435(7); S4--C27, 3.465(9); C1--C16,
3.336(8); C1--C19, 3.226(9); C1--C34, 3.360(7); C1--C35, 3.27(1).

The trans-thiadiphosphetane disulfide trans-2 was also formed by base induced desulfurization reaction
of trans-1 with DBU in toluene at room temperature for 24 h in 55% yield after silica-gel column
chromatography, indicating that the configuration around the phosphorus atoms was retained during this
desulfurization procedure.ls) On the other hand, attempted sulfurization of trans-2 with excess amount of sulfur
in the presence of DBU at room temperature for 20 h or in the absence of DBU in refluxing benzene for 2 h
resulted in the almost quantitative recovery of trans-2.
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