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compare favourably in the two compounds. The Ni—N
distance for the pyridine ligands varies from 2-09 (2) to
2-16 (2) A against 2.094 (8) and 2-145 (7) A, average
distances for the 5,7-dichloro complex and for the
trans-5-chloro compound (Garcia-Granda & Gomez-
Beltran, 1986), respectively. The Ni—N distances for
the 5,7-dibromo-8-quinolinol ligand are in the range
2-03 (2-2-09 (2) A, Ni—O are between 2-01 (1) and
2.06 (1) A, and the average N—Ni—O quinolinol bite
angle is 80-5 (6)°. Recently a crystallographic study on
a couple of 8-quinolinol derivatives (Banerjee & Saha,
1986) has been reported.
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Orthorhombic Modification of Dichlorobis(triphenylphosphine)mercury(II)
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Abstract. [HgCl,(C,H,,P),], M,=796.0, ortho-
rhombic, Pna2,, a=17-782 (8), b=9-9678 (9), c =
18.283 (1) A, U=13241(4) A3, Z=4, D,, (flotation)
=1-64 (1), D,=1-631 Mgm~3, Mo Ka radiation, 1
=0-7107A, £=4.993mm~!, F(000)= 1560, T=
295 (2) K, R =0-058 for 2541 observed reflections.
The Hg atom in the orthorhombic polymorph of
[HgCl,{P(C¢H,),},] exists in a distorted tetrahedral
arrangement of two Cl atoms [Hg—CI(1) 2-504 (4),
Hg—Cl(2) 2:491(7)A and  CI(1)-Hg—CI(2)
106-6 (2)°], which define an approximate mirror plane,
and two P atoms [Hg—P(1) 2-503 (6), Hg—P(2)
2.532 (4) A and P(1)—Hg—P(2) 1135 (1)°].

Experimental. Well formed crystals were obtained from
the symmetrization (Coates & Lauder, 1965) reaction
of (C¢H;)HgCLP(C¢H,), in acetonitrile solution held at
278-283 K. Enraf-Nonius CAD-4F diffractometer
controlled by a PDP8/A computer, graphite-mono-

0108-2701/88/010179-03$03.00

chromated Mo Ku radiation; w:26 scan technique. Cell
parameters on crystal 0-60 x 0-38 x 0-38 mm from
least-squares procedure on 25 reflections (9 < 8 < 13°).
Analytical absorption correction applied (Sheldrick,
1976); max./min. transmission factors 0-2419 and
0-0588. Space group from analysis. Total of 4286
reflections (1 <@ <27-5°) measured in the range
—23<h<0, —-12<k<0, =23 </<1;in addition a
number of high-angle Friedel pairs were measured. No
significant variation in the net intensities of three
reference reflections (474, 453, 261) measured every
3600s. 3936 unique reflections; 2541 satisfied
I >2-5a0(I). Structure solved from interpretation of
Patterson map; full-matrix least-squares refinement of
118 parameters based on F (Sheldrick, 1976). Aniso-
tropic thermal parameters for Hg, Cl and P; phenyl
rings refined as hexagonal rigid groups (Sheldrick,
1976); H atoms included in the model at their
calculated positions. At convergence R = 0-058, wR
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Table 1. Fractional atomic coordinates and B, values
(A?)
By =8n%U,, + Uy, + Us,)/3.

X Y z B
Hg —0-11014 (3)  —0-06395 (5) 0-0 298
Ccun 0-0081 (2) 0-0722 (4) —0-0043 (5) 3.87
i) ~0-1051(3) *  ~0-1976 () 0-1150(4)  3.93
P(1) —0-1284 (3) —0-2060 (5) -0-1115(3) 2:43
P(2) —-0-2145(2) 0-1050 (4) 0-0199 (2) 2:70
cm —-0-0792 (5) —0-3638 (9) —0-1133 (5) 2:48
C(2) —0-0623 (5) —0.4238 (9) —0-1803 (5) 3.81
cE) ~0-0305(5)  —0-5517(9)  -0-1822(5) 467
c ~0-0155(5)  —06196(%)  —0-1171(5)  3.80
C(5) —0-0324 (5) —0-5596 (9) —0-0501 (5) 4.15
C(6) —0-0642 (5) —0.4318 (9) —0-0482 (5) 3-14
c() ~0-1038(5)  —0-1125(9)  ~0-1927(6) 287
(o) ~0-1445 (5) —0:1233 (9) —0:2577 (6) 3.72
C(9) —~0-1196 (5) —0-0574 (9) —0-3205 (6) 4.52
c(10) ~0.0540 () 00194 (9)  —0:3183(6)  4.17
c(n -0-0133 (5) 0-0301 (9) —0-2534 (6) 4.15
C(12) —-0-0382 (5) —0-0358 (9) —0-1906 (6) 3-50
C(13) -0:2277 (5) —0-2422 (8) —0-1154 (6) 3.30
C(14) —0-2784 (5) —0-1384 (8) —0-1291 (6) 3.82
C(15) ~0-3553 (5) —0-1593 (8) —0:1192 (6) 4.33
C(16) —0-3815 (5) —0-2839 (8) —0-0956 (6) 5-67
can ~0-3308(5)  —0.3877(8)  —0-0819(6)  4.98
c(18) ~0-2539(5)  —0-3668(8)  —0-0918(6)  4.12
c(19) ~0-2989 (6) 0-0380 (9) 00593 (7  3-78
€0 ~0-3559 (6) 0-1211 (9) 00859 (1) 465
c@n —0-4215 (6) 0-0651 (9) 0-1144 (7) 6-09
C(22) —0-4303 (6) —0-0739 (9) 0-1163 (7) 6-21
C(23) ~0-3733 (6) —0-1570 (9) 0-0898 (7) 6-51
C(24) ~0-3077 (6) —0.1010(9) 00613 (7) 4-63
c@s) ~0-1846 (6) 02385 (10)  0-0804(7)  3.09
C(26) ~0-2045 (6) 0-3719 (10) 0-0678 (7) 4.95
c@n —0-1816 (6) 04717 (10) 0-1163 (7) 6-27
c(28) ~0-1386 (6) 04382(10)  0-1775(7) 658
C(29) —0-1187 (6) 0-3049 (10) 01901 (7) 767
C(30) ~0-1416 (6) 0:2050 (10) 0-1416 (7) 4-90
c@an ~0-2396 (5) 0-1802 (10)  —0-0671 (6) 2.73
C(32) —0-3138 (5) 0-2083 (10)  —0-0866 (6) 4.84
C(33) ~0-3302 (5) 0-2568 (10)  —0-1563 (6) 572
C(34) ~0-2723 (5) 02773 (10)  —0-2067 (6) 6-06
C(35) —0-1981 (5) 0-2492 (10)  -0-1873 (6) 4-89
C(36) ~0-1817(5) 0-2007 (10)  —0-1175 (6) 3.66

=0-063, w = [6%(F) + 0-0085F2]~!, S = 0-80, (4/0) 1ax
<0:001, (4P)max=2-60 (near Hg), (4P)min=
—3-21e A3; no extinction correction. Scattering fac-
tors for H, C, Cl and P given in SHELX76 (Sheldrick,
1976) and those for neutral Hg corrected for /' and f*’
(Hamilton & Ibers, 1974). Absolute structure deter-
mined from differences in Friedel pairs. All calcula-
tions on a VAX 11/785 computer system. Atomic
parameters are given in Table 1, bond distances and
angles in Table 2.* The numbering scheme used is
shown in Fig. 1.

Related literature. There are significant differences in
the Hg-atom environments found in the orthorhombic
and monoclinic, P2 /c (Bell, Dee, Goldstein, McKenna
& Nowell, 1983), polymorphs of [HgCl,{P(C,H,),},].
In the monoclinic form, which was recrystallized from
ethanol, the Hg—Cl [2-559 (2) and 2-545 (3) A] and
Hg—P [2-462 (2) and 2-478 (2) A] bond distances are

* Lists of structure factors, thermal parameters and H-atom
parameters have been deposited with the British Library Document
Supply Centre as Supplementary Publication No. SUP 44352 (15
pp.). Copies may be obtained through The Executive Secretary,
International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.

DICHLOROBIS(TRIPHENYLPHOSPHINE)MERCURY (II)

Table 2. Interatomic distances (A) and bond angles (°)

Heg—Ci(1) 2.504 (4) Hg—CI(2) 2.491 (1)
Hg—P(1) 2-503 (6) Hg—P(2) 2.532 (4)
P()-C(1) 1.80 (1) P(2)-C(19) 1-79 (1)
P(1)-C(7) 1-81 (1) P(2)-C(25) 1-81 (1)
P(1)-C(13) 1-80 (1) P(2)-C(31) 1-82 (1)
CI(1)-Hg-CI(2) 106-6 (2) CI(1)~Hg—P(1) 112:9 (2)
CI(1)-Hg—P(2) 105-1 (1) CI(2)-Hg—P(1) 112:9 (1)
Cl(2)-Hg—P(2) 105-1 (2) P(1)-Hg—P(2) 113:5(1)
Hg—P(1)—C(1) 116:5 (4) Hg—P(2)—C(19) 115-1 (4)
Hg—P(1)-C(7) 110-3 (4) Hg—P(2)-C(25) 1112 (4)
Hg—P(1)-C(13) 105-8 (4) Hg—P(2)-C(31) 109-2 (4)
c(H—P(-C(D 108-5 (5) C(19)-P(2)-C(25) 105-9 (5)
C()-P(1)-C(13) 107-5 (5) C(19)-P(2)-C(31) 107-5 (5)
C(D—P(1}-C(13) 107:9 (5) C25)-P(2)-C31) 1077 (5)

Fig. 1. Molecular structure and numbering scheme for [Hg-
CL{P(C4H,),},]. Atoms otherwise not indicated are C atoms
(Johnson, 1971).

respectively longer and shorter than the corresponding
bonds in the orthorhombic phase. Further, the Cl—
Hg—Cl1 [110.7 (1)°] and P—Hg—P [134-1 (1)°] angles
are ca 4 and 20° greater, respectively, than the
equivalent bonds in the orthorhombic polymorph. The
polymorphs probably arise as a result of two competing
factors: (i) the requirement to minimize steric repulsion
between the phosphine groups and (ii) to attain regular
tetrahedral geometry about the Hg atom. The mono-
clinic polymorph of [HgCl,{P(C(H,),},] is a mani-
festation of the domination of criterion (i) over (ii) and
in the orthorhombic phase criterion (ii) dominates over
(). In this context it is noteworthy that the [Hg-
Br,{P(C¢H,),},] structure, for which preliminary details
are available (Bell, Dee, Goldstein, McKenna &
Nowell, 1983), is isomorphous with the orthorhombic
Cl analogue and, further, the I derivative (Filth, 1976)
adopts a stereochemistry similar to those observed for
the orthorhombic polymorphs.

The Australian Research Grants Scheme is thanked
for support.
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Structure of (10,38,50)-5-Chloro- 1,3-diphenyl-5-bis(trimethylsilyl)methy]-
115,34¢,2,4,6,5A°-dithiatriazaphosphorine 1,3-Dioxide
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Abstract. C,H,,CIN,0,PS,Si,, M,=518-17, mono-
clinic, P2,/n, a=10-751(3), b=22.48(1), c=
10-942 3) A, f=108-58 (2)°, V' =2507(2)A3, Z=
4, D,=1.373gcm™}, MoKa, 1=0-71073A, u=
4.9 cm™!, F(000)= 1088, T=130K, R =0-069 for
2831 observed reflections with I > 2-5¢(f). The in-
organic ring skeleton has an envelope conformation.
The S—N and P—N bond lengths (mean values) are
1-562 (6) and 1:590 (8) A, respectively. One of the
phenyl rings exhibits a disordered behaviour.

Experimental. Colourless crystals obtained by re-
crystallization from diethyl ether/pentane (1:1). Crystal
(0-13 x 0-20 x 0-35 mm) was glued on top of a glass
fibre and transferred into the cold nitrogen stream of the
low-temperature unit on an Enraf-Nonius CAD-4F
diffractometer interfaced to a PDP-11/23. Graphite-
monochromated Mo Ka radiation. Cell dimensions
from setting angles of 22 reflections (7-02 <8<
13-94°). Intensity data of 4390 reflections were
collected; h—13-11, k0-24, [0-13; [(sinf)/A],.4
=0-6379 A-!; /260 scan mode with Aw = (0-90 +
0-35tané)°. Three reference reflections measured every
167 min (436: r.m.s.d. 2:9%; 436: r.m.s.d. 2-4%; 454:
r.m.s.d. 1-7%) showed no indication of crystal decom-
position during the 160h of X-ray exposure time.
Intensities corrected for scale variation and for Lorentz
and polarization effects. No absorption correction
applied. Variance o¢*(I) calculated on the basis of
counting statistics plus the term (PI)?, where P
(= 0-040) is the instability constant as derived from the

* Author to whom correspondence should be addressed.

0108-2701/88/010181-03803.00

excess variance in the reference reflections (McCandl-
ish, Stout & Andrews, 1975). Data set averaged in a set
of 4046 unique reflections (R;, = 0-070). Structure
solved by direct methods using SHELXS (Sheldrick,
1986) and refined on F by block-diagonal least-squares
techniques with anisotropic thermal parameters for
non-hydrogen atoms (R =0-079, wR = 0-092). The
parameters of one of the phenyl rings [C(7)—C(12)]
show unrealistic values; bond lengths (varying from
1-24 to 1-54 A), bond angles (varying from 114 to
124°) and high temperature factors suggest some
degree of disorder. Constrained group refinement
introduced for [C(7)—C(12)] (C—C =1.38, C—H =
1.0A and C—C—C = 120°). H atoms located on a
difference Fourier map and included in the final
refinement with one overall isotropic temperature
factor. Convergence with 332 parameters was reached
at R =0.069, wR=0-076, w=1, S=3-163; 2831
observed reflections with I > 2.50(I); average Ad/o
= 0-028, maximum 4/¢ = 0-197. Minimum and maxi-
mum residual densities in final Fourier map —0-63 and
0-79 e A-3. In the vicinity of the disordered phenyl ring
the densities are —1-35 and 1-75 e A3, respectively.
The observed conformation of the PNS ring approaches
that of an envelope (Boeyens, 1978) with torsion angles
ranging from —27-3(6) to 29-4(6)° and lowest
asymmetry parameter value AC[P(1)]=3-1(5)°
(Duax, Weeks & Rohrer, 1976). Puckering parameters
are Q=0-243(5)A, 0=128(1)°, ¢=309(2)°
[(Cremer & Pople, 1975) e.s.d. following Norrestam
(1981)]. Scattering factors from Cromer & Mann
(1968). Anomalous-dispersion factors were taken from
Cromer & Liberman (1970). All calculations carried
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