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Dilithium phenylphosphide reacts with 1,3-dichloropropane or 1,2-dichloroethane to give 1-phenylphosphetane or
1-phenylphosphirane, respectively; the free phosphines have been used to prepare the cyclotrimerisation precursor

complexes fac—[Mo(CO)3(Ph§CH2CH222H2)3] and fac—[Mo(CO)3(IShPCHzale)al.

Strained three- and four-membered phosphorus heterocycles
are potential building blocks for macrocyclic poly(tertiary
phosphines) by cyclooligomerisation on metal templates. For
such syntheses, which are known for the conversion of oxirane
into crown ethers,! P-substituted phosphiranes and phos-
phetanes are required with minimal substitution in the rings to
facilitate oligomerisation and to reduce the number of product
diastereoisomers. Two ideal molecules for attempted cyclo-
oligomerisation under metal template conditions are 1-
phenylphosphetane 1 and 1-phenylphosphirane 2. Hitherto,
however, there is no reported synthesis of free 1 and the
literature synthesis of 2 produces 1 equiv. of phenylphosphine
as byproduct,? which is difficult to remove without decomposi-
tion of the otherwise stable heterocycle. Previously,3 we
reported the synthesis of 1 in the complex (R* R*)-(+)-[n5-
C5H5){1,2-C6H4(PMePh)2}Fe(Phl£ CHZCHgE&Hz)]PFGO.S
CH,Cl,, 3; we are not aware of the synthesis of a coordination
complex of 2. A number of di- to penta-methyl-substituted
1-phenylphosphetanes have been isolated following reduction
of the corresponding highly substituted phosphine oxides,*
and 3-tert-butyl-1-phenylphosphetane has been prepared by
heteroatom transfer between a 3-tert-butyltitanacyclobutane
and dichlorophenylphosphine.5 2-Methyl-1-tert-butylphosphi-
rane was prepared in low yield by a direct synthesis involving
dilithium rerz-butylphosphide and 1,2-dichloropropane.6 We
now report that both 1 and 2 can be prepared by direct
syntheses between dilithium phenylphosphide and the respec-
tive dichloroalkane, and that the distilled products can be used
to prepare potential cyclotrimerisation precursor complexes.
Thus, treatment of a suspension of dilithium phenylphos-
phide, which was prepared from phenylphosphine (97 mmol)
and 2.2 equiv. n-butyllithium in THF, with 1,3-dichloropro-
pane (89 mmol) at —78 °C, followed by stirring of the reaction
mixture at room temp. for 18 h, gave a ca. 1: 3 mixture of 1 and
poly(phenylphosphino)propane 4.7 (It had been noted previ-
ously that this reaction gave 4 only, the 3P NMR spectrum
showing a resonance at & —27.5) Removal of solvent, followed
by extraction of the residue with light petroleum (bp 40-60°C)
and subsequent distillation, gave 1 as a colourless oil, bp 63 °C
(0.05 mmHg). The yield based on 1,3-dichloropropane was
13%.t Pure 1 rearranges rapidly to 4, but the rate of
polymerisation is reduced substantially by quickly diluting the
distillate with benzene, whereupon a solutionof 1:4 ca. 4: 1 of
considerable stability is obtained. The 3P NMR spectrum of
the mixture in C¢Dg contains a sharp singlet at & 13.9 for the
phosphetane and a singlet at & —27.2 for the poly-
(phenylphosphino)propane. A similar reaction between di-
lithium phenylphosphide and 1,2-dichloroethane afforded 2 in
21% yield after distillation, bp 48 °C (1 mmHg), 6p —236 [Lit.2
bp 44-48°C (1.5 mmHg), 8p —234] and some higher boiling
1,4-diphenyl-1,4-diphosphiranes and 1,2,3-triphenyl-1,2,3-tri-
phospholane.”? 1-Phenylphosphorinane can be stored at 0°C
for 1 month without signs of polymerisation. [t is noteworthy
that the chemical shift values for the phosphorus nuclei in the

heterocycles Ph15~(z "H,), (rel. to 85% aq. H;PO,) are
maximum for the phosphetane (n = 3), viz. & =236 (n = 2),
13.9(n = 3), —~15.3 (n = 4),10 and —34.3 (n = 5).10

Benzene solutions of 1 and 2 react with tricarbonyl(n-
mesitylene)molybdenum(0) to give high yields of fac-

[Mo(CO)3(Ph}5CH2CH222H2)3] 5§ and fac-[Mo(CO);.

(thEﬁEHz)ﬂ 6 respectively,f both of which were isolated
as colourless crystals suitable for X-ray crystallography.§
Complex 6 is the first coordination complex of 2 to be isolated
to our knowledge. The molecular structure of 5 and 6, are
shown in Figs. 1 and 2, respectively. Both molecules have C;
symmetry in the solid state. The thermal elipsoid for the
central carbon C(3) of each phosphetane ring in S is elongated
perpendicular to the C(2)-P-C(4) plane, consistent with
conformational disorder over two sites. Calculations on

phosphetane (HﬁCHzCHZEZHz) indicated a similarity in
energies between two conformers of C; symmetry, with a
pucker angle of 155.63° and a barrier to ring flipping of 5.81
kJ mol-1.11 The precision of the data for the phosphetane
ligands in § is greater than those obtained for corresponding
ligand in 3.3 X-Ray crystal structure determinations have also
been performed on the complexes cis-dichlorobis(3-tert-butyl-
1-phenylphosphetane)platinum(i)® and tricarbonylbis(trans-
2,2,3,4,4-pentamethyl-1-phenylphosphetane)iron(0).12  An
interesting feature of the structures of 5 and 6 is that the
phenyl groups in § are arranged anti to the carbonyl ligands,
whereas in 6 the pheny! groups form a belt around the middle
of the molecule syn to the carbonyls. The reason for the
disparity is unclear, but it emphasises the effect small
differences in ligand constitution can have on the structure of a

Fig. 1 An ORTEP plot of complex 5 with key atoms numbered.
Hydrogen atoms have been omitted for clarity. Selected interatomic
distances (A) and angles (°), and torsion angles (°), are as follows:
Mo-P 2.502(1), P-C(2) 1.850(6), P-C(4) 1.861(6), P-C(5) 1.830(4),
C(2)-C(3) 1.481(10), C(3)-C(4) 1.528(10); Mo—P-C(2) 120.84(17),
Mo-P-C(4) 118.36(18), Mo-P-C(5) 123.83(14), C(2)-P-C(4)
77.2(2), C(2)-C(3)—C(4) 100.6(6), P-C(4)-C(3) 89.1(4). P-C(2)-C(3)
90.9(4); C(4)-P-C(2)-C(3) —10.4(4), P-C(2)-C(3)-C(4) 12.6(5),
C(2)-C(3)-C(4)-P —12.5(5), C(2)~P-C(4)-C(3) 10.1(4).
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Fig. 2 An ORTEP plot of complex 6 with key atoms numbered.
Hydrogen atoms have been omitted for clarity. Selected interatomic
distances (A) and angles (°) are as follows: Mo—P 2.4945(6), P-C(2)
1.826(3), P-C(3) 1.820(2), P-C(4) 1.818(2), C(2)-C(3) 1.509(5); Mo—
P-C(2) 130.36(9). Mo-P-C(3) 132.95(12), Mo-P-C(4) 117.22(7).
C(2)-P-C(3) 48.88(16), P-C(2)-C(3) 65.36(18), P-C(3)-C(2)
65.75(15).

complex. It is evident from the structural data for 5 and 6 that
the three small heterocycles in each case are arranged
correctly for cyclotrimerisation into highly desirable face-
capping tridentates under suitable conditions.
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Footnotes

1 Selected spectroscopic data for 1: 'H NMR (200.04 MHz, CD,Cl,)
5 1.8-2.8 (m, 6 H, CH,CH,CH,), 7.15-7.60 (m, 5 H, Ph); B3C{'H}
NMR (50.31 MHz, CD,Cl,) & 22.41 (d, Ycp 7.04 Hz, «-CHy,), 24.75
(d. 2Jcp 3.02 Hz. B-CHy): 3'P{'H} NMR (80.98 MHz, C¢Ds, ref.
H;PO,) & 13.9.

§ Selected spectroscopic data for 5: 'H NMR (299.95 MHz, CD,Cl,)
S 1.89-2.50 (m, 18 H, CH,CH,CH,), 7.23-7.42 (m, 15 H, Ph);
BC{'H} NMR (125.70 MHz, CD,Cl,) & 24.46 (m, CH,CH,CH,),
28.52 (m, CH,CH,CH,); 3'P{'H} NMR (121.42 MHz, CD,Cl,, ref.
H3PO,) 8 64.25; IR veo/fcm—! (CH,Cly: 1848, 19415 FAB MS m/z 630
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(C30H33%M0oO;P;, M:+). Satisfactory elemental analyses were
obtained.

For 6: 'H NMR (200.04 MHz, CD,Cl,) & 0.89-1.48 (m, 12 H,

CH,CH;) 7.15-7.50 (m, 15 H, Ph); 13C{tH} NMR (125.70 MHz
CD,Cl,) 8 10.31 (m, CH,CH,); 3'P{!H} NMR (80.98 MHz, CD,Cl,,
ref. H3PO,4) 8 —163.60; IR vco/em—! (CH,Cl,) 1856, 1950; FAB MS
miz 588 (C;H;%°MoO;P5, M- +). Satisfactory elemental analyses
were obtained.
§ Crystal data for 5: C30H33M004P3, M, = 630.46 g mol~!; colourless,
nearly spherical crystals from THF-diethyl ether; space group /43d;
a=722.966(2) A: U= 12113(2) A% Z = 16; D, = 1.382 gcm=3; u(Mo-
Ka) = 6.2 cm~!; Phillips PW 1100/20 diffractometer; w—26 scan
method. A total of 1377 unique data were collected in the range 4 < 26
< 57° of which 1075 [/ > 30(/)] were refined. The structure was solved
by the heavy-atom method and refined anisotropically by a full-matrix
procedure; R = 0.028.

For 6: C;;H»;M0OsP;, M, = 588.37 g mol-!; colourless rhom-
bohedral crystals from THF-diethyl ether; space group P3; a =
14.321(1), ¢ = 7.506(1) A; U = 1333.2(2) A3; Z = 2; D, = 1.456
g cm~3; w(Mo-Ka) = 7.0 cm~!; Phillips PW 1100/20 diffractometer;
w-26 scan method. A total of 2242 unique data were collected in the
range 4 < 20 < 57° of which 1831 [/ > 30({)] were refined. The
structure was solved by the heavy-atom method and refined aniso-
tropically by a full-matrix procedure; R = 0.024.

Atomic coordinates, bond lengths and angles, and thermal para-
meters for both structures have been deposited at the Cambridge
Crystallographic Data Centre. See Information for Authors, Issue
No. 1.
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