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Fig. 1. PLUTO diagram (Motherwell & Clegg, 1978) of the unit cell
of Li,NaK(SQ,), viewed along the x crystallographic axis.
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Li,NaK(SO,),

crystallization and Raman scattering studies of this
compound have already been published (Kitahama &
Frech, 1985).

Receipt of the material from Professor Roger Frech
is gratefully acknowledged. Computer time was
donated by the University of Oklahoma.
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Tricarbonyl(#?-cyclenphosphoranido)cobalt(I)

BY PATRICE DE MEESTER, MICHAEL LATTMAN* AND SHIRLEY S. C. CHU

Departments of Chemistry and Engineering, Southern Methodist University, Dallas, Texas 75275, USA

(Received 28 April 1986; accepted 22 July 1986)

Abstract. Tricarbonyl(octahydro-2a,4a,6a,8a-tetraaza-
8b-phosphapentalenol 6, 1-cdlpentalene-N,P)cobalt(I),
[Co(CO),(CgH (N,P)], M,=342.18, orthorhombic,

Pcal,, a=15-599 (4), b=17-445 (2), c=
12.216 3)A, V=14187(A3, Z=4, D, =
1-602 gcm=3, A(Mo Ka)=0-71069 A, u(Mo Ko) =

13-28 cm~!, F(000) = 704, T = 295 K, final R = 0-035
for 927 observed reflections with 7> 3a(l). The cyc-
lenphosphoranido ligand coordinates to the Co atom
through P and one of its N atoms with Co—P and
Co—N bonds of 2-195(2) and 2-043 (6) A, respec-
tively. Three carbonyl groups complete the coordi-
nation at the Co atom with Co—C bonds ranging from
1-763 (9) to 1-801 (8) A.

* To whom correspondence should be addressed.

0108-2701/87/010162-03%01.50

Experimental. Crystals of the title compound are yellow
plates. Unit-cell parameters by least-squares fit of 15
reflections in the range 14 < 26 < 24°. Crystal 0-30 x
0-24 x 0-06 mm, Syntex P2, automatic diffractometer,
graphite-monochromatized Mo Ko radiation, 6/26
scanning mode, 1324 independent reflections in the
range 3 < 26 < 50°, hkl range: h 018, k 0-8,10-14,
927 observed reflections with I > 30(J), o(f) from
counting statistics; three standard reflections (200, 020
and 002) remeasured after every 100 reflections did not
show any significant change in intensity during data
collection. Lorentz—polarization correction, no ab-
sorption or extinction correction. Co position located
by the heavy-atom method; its z coordinate was
arbitrarily fixed at 1 to specify the origin. Remaining
non-H atoms located by difference Fourier methods.
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Full-matrix least-squares refinement using SHELX76
(Sheldrick, 1976), function minimized > w(|F,| —
|F.1)% non-H atoms anisotropic, all H atoms located
and included in refinement as fixed-atom contribution

Table 1. Fractional atomic coordinates and equivalent
isotropic temperature factors for the non-H atoms with
e.s.d.’s in parentheses

Ueq = §(U,, + Uy, + Uyy).

x y z U (A

Co 0-10850 (5) —0-0924 (1) 3 0-0445 (1)

P 0-0669 (1) 0-1878 (2) 0-5171(2) 0-0387 (3)

N(1) 0.1415 (4) 0-1277 (7) 0-4095 (5) 0-0499 (14)
C(1) 0.2275 (4) 0-2080 (10) 0:4268 (7) 0-0634 (22)
C(2) 0-2266 (5) 0-2815(11) 0-5392 (8) 0-0748 (25)
N(2) 0-1414 (4) 0.3214 (8) 0-5705 (6) 0.0542 (14)
Cc(@3) 0-1243 (8) 0-3615(12) 0-6874 (8) 0-0847 (30)
C@4) 0-0290 (7) 0-3604 (14) 0-6985 (9) 0.-0894 (31)
N(3) —0-0049 (7) 0.2393(11) 0-6193 (6) 0-0629 (21)
C(5) —0-0902 (8) 0-2835(19) 0-5764 (10) 0-0848 (34)
C(6) —0-0923 (7) 0-2438 (19) 0-4606 (10) 0-0804 (32)
N@4) —0-0062 (5) 0-2418 (10) 0-4197 (6) 0.0516 (18)
C(7) 0-0097 (6) 0-1555(11) 0-3151(7) 0-0656 (24)
C(8) 0-1042 (6) 0-1476 (11) 0-3012 (7) 0.0702 (25)
C) 0-1668 (5) —0.1071 (10) 0:6233 (9) 0.0594 (24)
0(9) 0-2003 (4) —0-1259 (10) 0-7064 (5) 0-0893 (20)
C(10) 0-1573 (5) —0-2628 (11) 0-4160 (7) 0-0575 (21)
0(10) 0-1865 (5) —0-3674 (8) 0:3598 (6) 0-0934 (20)
C(11) 0-0028 (5) —0-1756 (9) 0-5073 (9) 0-0581 (16)
o(11) —0-0648 (3) —0-2298 (8) 0-5175 (8) 0-0910 (18)

Table 2. Bond lengths (A) and bond angles (°)

Co—P 2-195 (2) C(2)-N(2) 1.414 (11)
Co—N(l) 2-043 (6) N(@2)-C(3) 1.483 (12)
Co—C(9) 1.763 (9) C(3)-C(4) 1493 (15)
Co—C(10) 1-801 (8) C(4)-N(@3) 1-424 (14)
Co—C(11) 1-764 (9) N@3)—C(5) 1-467 (16)
P—N(1) 1-812 (6) C(5)—C(6) 1-446 (18)
P-N(2) 1663 (7) C(6)-N(4) 1433 (15)
P—N(3) 1-720 (9) N(@)—C(7) 1-452 (12)
P—N(4) 1696 (8) C(7)—C(8) 1-485 (12)
N(1)—C(1) 1.484 (10) C(9)—0(9) 1.150 (11)
N(1)—C(8) 1.453 (1) C(10)-0(10) 1-134(11)
c(1)-C(2) 1-478 (11) Cc(11)-0(11) 1-136 (11)
P—Co—N(1) 50-5(2) P—N(1)—C(1) 112:2 (5)
P—Co—C(9) 97.5(3) P—N(1)—C(8) 112-2 (5)
P—Co—C(10) 148-1 (3) C(1)=N(1)~C(8) 116-8 (6)
P—Co—C(11) 93.0 (3) N(1)~C(1)-C(2) 105-8 (6)
N(1)=Co—C(9) 112:5(3) C(1)—-C(2}-N(2) 109-7 (7)
N(1)=Co—C(10) 98.6 (3) P—N(2)—C(2) 115-1 (5)
N(1)~Co—C(11) 123-0 (3) P-N(2)-C(3) 111-9 (6)
C(9)~Co—C(10) 103-0 (4) C(2)-N(2)~C(3) 118-1 (7)
C(9)—Co—C(11) 114.7 (4) N(2)—-C(3)-C(4) 105-4 (8)
C(10)—Co—C(11)  100-2 (4) C(3)-C(4)-N(3) 108-2 (9)
Co—P—N(1) 60-4 (2) P—N(3)-C(4) 113-1 (7)
Co—P-N(2) 113-5(2) P—N(3)-C(5) 112:4 (7)
Co—P-N(3) 118-3 (3) C(4)-N(@3)—C(5) 115-9 (9)
Co—P—N(4) 110-9 (3) N@3)—C(5)—-C(6) 108-9 (10)
N(1)-P—N(2) 89.1 (3) C(5)—C(6)-N(4) 1088 (10)
N(1)-P—N(3) 178-5 (4) P—N(4)—C(6) 1128 (7)
N(1)-P—N(4) 88.9 (3) P—N(4)—C(7) 1134 (6)
N(2)-P-N(3) 92.1(4) C(6)=N(4)—C(7) 118-1 (8)
N(2)-P—N(4) 127-1(4) N{4)—C(7)—-C(8) 106-7 (7)
N(3)-P—N(4) 91.1(4) N(1)—C(8)—C(7) 107-3 (7)
Co—N(1)—P 69-1(2) Co—C(9)—0(9) 174-8 (8)
Co—-N(1)—C(1) 118-3 (4) Co—C(10)—0(10)  177-4 (8)
Co—N(1)-C(8) 118:3 (5) Co—C(11)-0(11)  176-6 (8)
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with U’s set at 0-08 A%, w=1/(c* + 0-0007F?), R
=0-035, wR =0-036 for the 927 observed reflec-
tions, S =1.06. (4/0)pax =009, Apray.min=0-34,
—0-27 e A-3. Atomic scattering factors for C, H, O, N
and P, and the effects of the anomalous-dispersion
correction for P, were those stored in SHELX76. For
Co these values were taken from International
Tables for X-ray Crystallography (1974). The final
atomic parameters are given in Table 1. Bond lengths
and bond angles are listed in Table 2*. Fig. 1 shows the
molecule and the numbering scheme adopted, and Fig.
2 the packing of the molecules in the cell.

* Lists of structure factors, anisotropic thermal parameters and
fractional coordinates of the H atoms have been deposited with the
British Library Document Supply Centre as Supplementary
Publication No. SUP 43273 (11 pp.). Copies may be obtained
through The Executive Secretary, International Union of Crystal-
lography, 5 Abbey Square, Chester CH1 2HU, England.

010!
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Fig. 1. ORTEPII (Johnson, 1976) view of the molecule. Thermal
ellipsoids scaled at the 25% probability level. H atoms omitted
for clarity.
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Fig. 2. Stereoscopic view of packing of the molecules in the cell.

[




164

Related literature. Previous syntheses and structural
studies of transition-metal complexes with tetraaza
n*-phosphoranido ligands include (#3-cyclenphosphor-
anido)Mo(n*-C;H,)(CO), (Lattman, Chopra, Cowley
& Arif, 1986) and (72-cyclamphosphoranido)Mo(7’-
C,H)(CO), (Dupart, Grand, Pace & Riess, 1982).
Other examples of #n’-coordination of phosphoranido
ligands have also been reported (Wachter, Mentzen &
Riess, 1981; Jeanneaux, Grand & Riess, 1981).

This work was supported by the Robert A. Welch
Foundation (ML and SSCC) and the Research Cor-
poration (ML).
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Structure of Triphenyl(4,4,5,5-tetramethyl-2-thioxo-1,3,2-dioxaphospholane-
2-thiolato)tin

By H. PreuT, V.-D. NGO AND F. HUBER
Fachbereich Chemie, Universitdt Dortmund, D-4600 Dortmund 50, Federal Republic of Germany

(Received 31 January 1986; accepted 28 July 1986)

Abstract.  {Sn(C¢H,0,PS,))(C;H,),l, M,=561.3,
monoclinic, P2,/n, a=14-511(6), b=11-536 (7),
c=15-435(14) A, B=94-32 (6)°, U=12576-5A3, Z
=4, D,=1-44TMgm, A(AgKa)=0-56083 A, u
=0-64mm~!, F(000)= 1136, T=292 (1)K. Final
R =0-041 for 1796 unique observed X-ray diffrac-
tometer data and 273 variables. Besides four atoms
directly bound to Sn — three Sn—C(phenyl) bonds
[mean bond distance 2-118 (9) A] and one Sn—S bond
[2:436 (3) Al - there is a weak chelating interaction
between the second S atom and Sn [Sn-.-S(2)
3-411 3) Al and the coordination around Sn is
intermediate between a tetrahedral and a trigonal-
bipyramidal arrangement, with C(21) and S(2) [C(21)—
Sn---S(2) 164-9 (3)°} in the apical positions. Inter-
molecular distances exceed van der Waals distances.

Experimental. The compound was prepared from
(C¢H,);SnOH and HSP(S)(C,H,,0,) in ethanol. The
precipitate was dried over P,0,,. Colorless crystals
from ethanol. M.p. 390-393 K. Crystal size: 0-16 x
0-22 x 0-13 mm. /26 scan. Scan speed: 5° min~! in
6. Nonius CAD-4 diffractometer, graphite-mono-
chromated Ag Ka radiation. Lattice parameters from
least-squares fit with 25 reflexions up to 26 = 28.0°;
four standard reflexions recorded every 2-5h, only
random deviations; 4441 reflexions, 1 <8< 18°,
—16<h<16, -1 <k<12, 0<I<17, [(sinf)/A],,,

0108-2701/87/010164-02$01.50

=0-55 A-1; after averaging 3795 (R, = 0-024) unique
reflexions, 1796 with I < 36(I), Lorentz—polarization
correction and absorption correction via y scans;
max./min. transmission 1.00/0-92; systematic ab-
sences conform to space group P2,/n (No. 14),
structure solution via direct methods, AF syntheses and
full-matrix least squares on F with 1796 reflexions; 273
refined parameters, anisotropic temperature factors for
all non-H atoms, two common isotropic temperature

Fig. 1. General view of the molecule, showing atom numbering.
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