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Abstract. C,;H,;PS, monoclinic, a = 18-:314 (4), b =
9.640 (2), ¢ = 18-013 (4) A, f = 105-99 (2)°, P2,/c,
Z=28;p,=1279, p, = 1-22 (3) g cm~3. The dimen-
sions of the two molecules in the asymmetric unit are
very similar. The geometry at the P atom is approxi-
mately tetrahedral with an average P=S distance of
1-950 (3) A and an average P—C distance of 1-817 A.
The bond angles around the P atom range from
103.7 (3) to 113-9 (2)° with an average C—P—S angle
of 113-1(6)° and an average C—P—C angle of
105-7 (16)°.

Introduction. This study is part of a structural
investigation of phosphine chalcogenide ligands of the
type R;M=Y, directed at a better understanding of
the factors that influence bonding in these molecules.
The structure of tricyclohexylphosphine sulfide,
TCyPS, has been reported (Kerr, Boorman, Misener &
van Roode, 1977) and structure determinations are in
progress on other members of the isostructural series
(C¢H;);M=Y with M =P or As and Y =S or Se.

Weissenberg and precession photographs exhibited
systematic absences of the type 40/, [ = 2n + 1 and
0k0, k = 2n + 1, thus confirming the space group,
P2,/c. A crystal of dimensions 0-010 x 0-009 x 0-037
cm was used for intensity-data collection on-a Picker
FACS-1 diffractometer with Ni-filtered, Cu Ka
radiation (A = 1.5418 A). The data were collected in
the 6—26 scan mode at a scan rate of 1° min~—! with a
scan width of 4260 = (1-6 + 0-285 tan 8)°. Back-
ground counts were measured for 40s at either end of
the scan. Of the 3987 reflections measured to a maxi-
mum sin /A of 0-53 A-1, 1669 had intensities greater
than 306(J) where 6(J) = [T + B + (0-021)*]"? and T'is
the total peak count and B is the total background
count normalized to the time interval of the scan.

Data were corrected for absorption [¢(Cu Ka) =
26-73 cm™!] by analytical methods. The value of the
correction ranged from 1.22 to 1-49. Structure solution
by MULTAN (Germain, Main & Woolfson, 1971) was
followed by least-squares refinement. Owing to the low
ratio of observations to parameters, positions and
thermal parameters of the heavy atoms were refined in
large blocks (1 block/molecule). Positions of H atoms
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were calculated after isotropic refinement and con-
firmed in a difference Fourier synthesis. Although these
atoms were included in the model, they were not
refined. The final R values are R, = [2w?(/F,| —
| F,1)%/2. w? F,12]¥* = 0.0517 for the 1669 observed
reflections; conventional R = 0-0457 for these 1669
reflections and 0-1433 for all 3987 reflections. The \/;)
= [¢%(F) + 0-0008 F?]2 where ¢(F) was derived from
counting statistics. The standard deviation of an
observation of unit weight is 1.10. The final atomic
coordinates for the non-hydrogen atoms are given in
Table 1 with the atoms labelled according to Fig. 1. The
scattering factors were taken from International Tables
for X-ray Cyrstallography (1974). Computer pro-
grams used include MULTAN (Germain, Main &
Woolfson, 1971), CUDLS (John Stephens), ORTEP
(Johnson, 1965), ANABS (L. Templeton & D. Tem-
pleton), and several programs from the Los Alamos
Scientific Laboratory system of programs (A. C.
Larson).t

¥ Lists of structure factors, anisotropic thermal parameters and
hydrogen positional and isotropic thermal parameters have been
deposited with the British Library Lending Division as Supple-
mentary Publication No. SUP 33748 (30 pp.). Copies may be
obtained through The Executive Secretary. International Union of
Crystallography, 5 Abbey Square, Chester CH1 2HU, England.

Fig. 1. The labelling scheme and average interbond distances (A)
and angles for triphenylphosphine sulfide. The second molecule
in the asymmetric unit has the same numbering scheme and is
differentiated by a prime in the text and tables. The value in
parentheses is the e.s.d. of the mean. There are two significantly
smaller C—P—C angles, one per molecule, due to intramolecular
contacts which have been averaged separately to give the two
values for the C—P—C angle shown here.
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Table 1. Fractional coordinates for the non-hydrogen
atoms of triphenylphosphine sulfide

The estimated standard deviation of the last digit is in parentheses.

X v z
P 0-9397 (1) 0-1588 (2) 0.8228 (1)
S 0-8989 (1) 0.0018 (2) 0-8670 (1)
C( 1-0423 (3) 0-1628 (7) 0-8523 (4)
C(2) 1-0787 (4) 0-1486 (7) 0:9304 (4)
CQ) 1-1569 (4) 0-1470 (7) 0-9568 (4)
C4) 1-2004 (4) 0-1590 (8) 0-9049 (4)
C(5) 1-1653 (4) 01716 (7) 0-8280 (4)
C(6) 1-0865 (4) 0:1736 (7) 0-8011 (4)
C( 0-9091 (3) 0-3250 (6) 08499 (3)
C(8) 0.9583 (4) 0-4298 (7) 0-8844 (4)
C(9) 0:9296 (4) 0-5537(8) 0-9007 (4)
C(10) 0-8539 (4) 0.5776 (7) 0-8860 (4)
C(11) 0-8036 (4) 0-4741 (8) 0-8514 (4)
C(12) 0-8302 (3) 0-3487(8) 0-8339 (4)
C(13) 0-9093 (3) 0-1617 (7) 0-7174 (3)
C(14) 0-9220(4) 0-2765 (7) 0-6767 (4)
C(15) 0-8972 (5) 0-2796 (8) 0:5969 (5)
C(16) 0-8595 (5) 0-1647 (10)  0-5583(4)
camn 0-8477 (4) 0-0499 (9) 0-5983 (5)
C(18) 0-8714 (4) 0-0469 (7) 0-6779 (4)
P’ 0-5578 (1) 0-5768 (2) 0.6688 (1)
S’ 0-5955 (1) 0.7280 (2) 0-6177 (1)
C(11) 0-4545 (3) 0:5743 (7) 06450 (4)
C(29 0-4138 (4) 0-5848 (8) 0-5683 (4)
C@3" 0-3363 (4) 0-5891 (8) 0-5465 (4)
C(4") 0-2969 (4) 0-5877 (8) 0-6023 (4)
C(5") 0-3372 (4) 0-5753 (8) 0:6780 (4)
C(6") 0-4152 (4) 0-5696 (7) 0-7007 (4)
C(7") 0-5873 (4) 0-4059 (7) 0-6445 (3)
C(8") 0-5385 (4) 0-3020 (8) 0-6133 (4)
C(9") 0-5666 (5) 0-1743 (8) 0-5965 (4)
C(10") 0-6422 (5) 0-1525 (9) 0-6125 (4)
can 0-6926 (4) 0-2571(10)  0-6444 (4)
C(12") 0-6655 (4) 0-3842 (8) 0-6603 (4)
C(13") 0-5916 (3) 0-5823(7) 0-7733 (4)
C(14") 0-5832 (4) 0-4692 (7) 0-8170 (4)
C(15") 0-6085 (4) 0-4733(8) 0-8975 (4)
C(16") 0-6440 (5) 0-5923 (10)  0-9335(4)
C(17) 0-6545 (4) 0-70314(9) 0-8907 (5)
C(18) 0-6286 (4) 0-6989 (7) 0-8106 (4)

Fig. 2. A stereodrawing of the two molecules in the asymmetric
unit of triphenylphosphine sulfide. The drawing was made with
the computer program ORTEP. The boundary ellipse is drawn
at the 50% probability level.

TRIPHENYLPHOSPHINE SULFIDE

Average values of interatomic distances and angles
are given in Fig. 1. Fig. 2 is a stereodrawing of the two
molecules in the asymmetric unit. Both the dimensions
and the conformation of the two molecules are very
similar, The numbering scheme is such that equivalent
atoms in the two molecules have the same number but
they are primed in one molecule. In each molecule, one
phenyl ring (ring 3) is nearly parallel with the
corresponding S—P—C(13) plane. This conformation
produces short intramolecular contacts from ring (1) to
each of the other two rings: C(1)---H(8) 2-66,
H(6)---C(14) 2-67, C(1")---H(8) 2-70, H(6')--- C(14)
2.64 A. These short contacts are probably responsible
for the observed variation in the C—P—C angles in
TPPS. The C—P—C angles involving rings (2) and (3)
are 103-8 (3) and 103-7 (3)°; significantly smaller than
106-7°, the average value of the C(1)—P—C angles.

Table 2 compares the dimensions of TPPS with
similar molecules in the literature.

Discussion. The behavior of phosphorus ligands de-
pends greatly on the characteristics of the substituents
on the P atom. Bulky substituents on the P atom should
expand the C—P—C angles closer to tetrahedral values
and lengthen the P—S bond (Tolman, 1977). Increasing
the electronegativity of the substituents in R,P=S
enhances dn— pn back donation from the filled orbitals
of S and shortens the P=S bond. Thus it is not
unexpected that the P=S bond in TPPS is shorter than
that found in TCyPS and the average C—P—C angle is
smaller.

The similarity in the dimensions of the three sub-
stituted-phenyl-ring compounds in Table 2 is striking.
The P=S bonds and the C—P—C angles are the same
within the error of the determination for all four struc-
tures. This suggests that electronic effects are less
important than steric effects for these compounds and
that the difference in steric requirements for phenyl and
o-tolyl groups is small enough to be masked by such
crystal effects as packing and thermal motion.

Table 2. Average dimensions of R;P =S structures

Molecule ~ P=S (A) P-C(A) C—-P-C(°) S-P-C(°)
TPPS¢ 1-950(3) 1-817 (8) 105-7 (16) 113-1(6)
Br-TPPS?  1-950(2) 1-816 (3) 105-7 (1) 113-1(1)
CI-TPPS®  1-949 (2) 1-807 (2) 105-9 (1) 112-9 (1)
ToTPS? 1-947 (4) 1-818 (7) 106-3 (5) 112-5(3)
TCyPS¢ 1-966 (2) 1.839 (3) 108* 111-2 (1)
References: (a) Triphenylphosphine sulfide, this work. (b) p-

Bromophenyldiphenylphosphine sulfide (Dreissig, Plieth & Ziske,
1972). (¢) p-Chlorophenyldiphenylphosphine sulfide (Dreissig &
Plieth, 1972). (d) Tri-o-tolylphosphine sulfide (Cameron. Howlett,
Shaw & Woods, 1973). (e) Tricyclohexylphosphine sulfide (Kerr,
Boorman, Misener & van Roode, 1977).

* TCyPS has mirror symmetry. The C—P—C angle bisected by
the mirror is 113-2 (1)°, the other angles are 105-4 (1)°.
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Table 3. Inter-plane angles

The angles refer to the angle between the normals of the respective planes. The P—S—C plane includes the lead C atom of the corresponding

phenyl ring.
Angleto  Angle to
Plane o(plane) Atoms in plane P—S—C hub*
Phenyl 1 0-003A  C(1),C(2),C(3),C(5),C(6) 50.3° 43.9°
Phenyl 2 0-006 C(7),C(8),C(9),C(10),C(11),C(12) 55-2 42.1
Phenyl 3 0-005 C(13),C(14),C(15),C(16),C(17),C(18) 10-6 79-4
Phenyl 1’ 0-009 C(1"),C(2"),C(3"),C(4"),C(5"),C(6") 50-0 434
Phenyl 2’ 0-005 C(7"),C(8"),C(9"),C(10"),C(11"),C(12") 57-5 40-0
Phenyl 3’ 0-010 C(13"),C(14"),C(15"),C(16"),C(17"),C(18") 12:2 78-1

* The hub is the plane through the three C atoms bonded to the P atom.

The conformational angles listed in Table 3 indicate
a distinct departure from the C, symmetry normally
assumed to be the ground-state conformation of
molecules of this type. However, calculations per-
formed by Andose & Mislow (1974) in their investi-
gation of the ‘two-ring flip’ mechanism for stereoisom-
erization of trimesitylmethane suggest that the
observed conformation is easily accessible from the
ground state. It is interesting to note that their cal-
culations show large variations in the central C(phenyl)-
—C—C(phenyl) bond angles in the transition con-
formations although the average angle is the same as in
the ground-state conformation. These results are
consistent with the idea that the average value of the
C—P—C angle in phosphine sulfides is characteristic of
the bulk of the substituents on the central atom, while
the variation in C—P—C angles is a function of the con-
formation of the molecule.
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Abstract. C,,H;CI,N,O, monoclinic, P2,/n, a =
11-713(3), b = 25-499 (7), ¢ = 9-391(5) A, B =
92-13 (4)°, ¥V = 2802-87 A% Z = 8 (there are two
molecules in the asymmetric unit), D, = 1-66 g cm™.

The structure consists of discrete molecules, linked
together by hydrogen bonds and stacked in columns
along the ¢ axis. The columns are connected by van der
Waals forces.



