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Structure of (CO)SCr[l"(Me3SiNH)NSNSNH]: the Chromium Pentacarbonyl
Complex of a P"N;S, Ring

By TrisTRAM CHiVERS, JAMES F. FAIT AND CEES LENSINK
Department of Chemistry, The University of Calgary, Calgary, Alberta, Canada T2N 1N4

(Received 16 May 1989; accepted 14 July 1989)

Abstract.  Pentacarbonyl(5-trimethylsilylamino-4,5-
dihydro-1A*3-dithia-2,4,6-triaza-5-phosphorine)chro-
mium, [Cr(CO)s(C;H, N,PS,Si)], M, =418-38,
monoclinic, P2,/n, a = 6266 (2), b=13-739(4), ¢ =
19959 (5) A, B = 10197 (3)°, V' =1680-9 (9) A3, Z =
4, D,=165gcm™3 A(Mo Ka)=071069 A, u=
10-47 cm ™!, F(000) = 848, T=293 K, R = 0-065 for
1810 unique observed reflections. The molecule is an
octahedral chromium complex in which the Cr(CO);
group occupies the axial position at the P atom of a
six-membered P'™N,S, ligand. The ring adopts a
half-boat conformation with the N(H) nitrogen out
of the plane of the other five ring atoms. The ring
contains two short [1:560 (6) and 1-571 (7) A] and
two long [1:654 (7) and 1-684 (6) A] S—N bonds.
The corresponding bond angles at sulfur are
119-4 (4) (N=S=N) and 107-6 (3)° (N—S—N).

Experimental. The title compound (I) was obtained
from the reaction of Cr(CO)s[P(NSiMe;)N(SiMes),]
with S4N, followed by treatment of the product with
2-propanol (Chivers, Dhathathreyan, Lensink,
Meetsma, van de Grampel & de Boer, 1989). A dark
orange crystal (0-32 x 0-24 x 0-19 mm) obtained
from a pentane solution was mounted on a glass
fiber. Enraf-Nonius CAD-4 diffractometer, Mo
radiation, graphite monochromator, w26 scans.
Unit-cell dimensions from 25 reflections 6 < 6 < 16°.
No indication of any higher metric symmetry or
crystal decomposition. Data collected to (sin8)/A of
0-59A~!, —7<h<7, 0<k<16, 0</<23. 3420
reflections measured, 2952 unique, 1810 reflections

0108-2701/90/010131-02%03.00

with F > 40 (F) considered observed. Two standard
reflections, 3:5% intensity variation.

S
Me;Si =S
5! N S

P
RN

(CO)sCr

\_#

N—3
|
H

M

Solved by a combination of heavy-atom tech-
niques and direct methods to give a partial structure
of the CrPNSNSN system. Remaining non-H atoms
located in difference maps after refining the scale and
thermal parameters. All H atoms bonded to carbon
were located in difference Fourier maps; the hydro-
gens on N(1) and N(4) were not found. Corrected for
absorption using DIFABS (Walker & Stuart, 1983).
All non-H atoms refined anisotropically, with the H
atoms riding on the C atom to which they are
bonded with a common isotropic factor for all H
atoms. Final cycles of least squares were performed
with weights of 1/¢(F)? with a maximum 4/¢0 of
0-003, and (4p)max = 0-534, (4p)min = —0-516e A3,
R =0-065, wR = 0-055, S =2-502.

Neutral-atom scattering factors used with
anomalous-dispersion corrections applied from Inter-
national Tables for X-ray Crystallography (1974). No
extinction corrections. Programs used were XTAL
(Hall & Stewart, 1988) and SHELX (Sheldrick,
1976). Table 1 gives the atom coordinates for non-H
atoms and Table 2 lists bond distances and angles.

© 1990 International Union of Crystallography
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(CO)sCr[P(Me,SINH)NSNSNH]

Table 1. Atomic coordinates and isotropic thermal Table 2. Bond distances (A) and angles (°), with

parameters (A2 x 10%) for non-H atoms

U,, =3 of the trace of the orthogonalized U, matrix.

X y z Uy
Cr 00229 (2) 0-35625 (9) 0-12221 (6) 26
S(1) 0-1315 (4) 0-6444 (2) 0-2066 (1) 40
S(2) —0-3091 (4) 0-6008 (2) 0-1465 (1) 43
P(1) —00234 (3) 0-4491 (1) 0-2148 (1) 27
Si 0-1480 (4) 0-4293 (2) 0-3731 (1) 30
N(1) —0-002 (1) 0-3961 (4) 0-2907 (3) 32
NQ) 0165 (1) 0-5385 (4) 0-2351 (3) 29
NQ@3) —0-096 (1) 0-6748 (5) 0-1622 (3) 44
N@) —-0-267 (1) 0-5132 (4) 0-2068 (3) 34
o(1) —0-4454 (9) 0-3859 (4) 0-0442 (3) 4
O2) 0-4857 (9) 0-3144 (4) 0-1975 (3) 46
0Q3) 0-118 (1) 0-2412 (4) 0-0031 (3) 55
0(4) 0-1798 (9) 0-5413 (4) 0-0642 (3) 42
o(5) —0-1193 (9) 0-1771 (4) 0-1901 (3) 46
(1) —0-269 (1) 0-3764 (6) 0-0740 (4) 33
C(2) 0313 (2) 0-3320 (5) 0-1701 (4) 33
C(3) 0-081 (1) 0-2843 (6) 0-0483 (4) 33
C@4) 0-118 (1) 0-4711 (6) 0-0848 (4) 29
C(5) —0-069 (1) 0-2461 (6) 0-1632 (4) 33
C(6) 0-085 (1) 0-3309 (5) 0-4287 (4) 41
(7 0052 (2) 0-5480 (6) 0-3991 (4) 52
C(8) 0-443 (1) 0-4342 (6) 0-3748 (4) 46

Cr(CO)s €;51
were not found.

]. H atoms on N(1) and N(4)

Fig. 1 displays an ORTEP drawing (Johnson, 1976)
with the atomic numbering scheme.* The hydrogens
on N(1) and N(4) have been unambiguously charac-
terized by '"H NMR and IR spectroscopy (Chivers,
Dhathathreyan, Lensink, Meetsma, van de Grampel
& de Boer, 1989).

Related literature. The structural parameters and
half-boat conformation of the P™N;,S, ring are simi-
lar to those of Cr(CO)s[P("Bu)NSNSNH] (Gieren,

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
52129 (32 pp.). Copies may be obtained through The Executive
Secretary, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.

e.s.d.’s in parentheses

P(1)—Cr 2313 (2) C(1)y—Cr—P(1) 933 (2)
C(1)—Cr 1:903 (9) C)y—Cr—P(1) 877 (2)
c@—Cr 1-899 (9) C)y—Cr—C(1) 1782 3)
CG)—Cr 1-873 (8) C3—Cr—P(1) 176:0 (2)
C@)—Cr 1-893 (8) CE)—Cr—C() 90-1 (3)
C(5)—Cr 1-866 (8) C(3)—Cr—C(Q2) 89-0 (3)
N@)—S(1) 1:560 (6) C@)—Cr—P(1) 875 (2)
NG)—S(1) 1-571 (7) C@—Cr—C() 916 (3)
NG3)—S(2) 1-654 (7) C(4)—Cr—C(2) 89-9 (3)
N@)—S(2) 1-684 (6) C(4)—Cr—C(3) 90-1 (3)
N(1)—P(1) 1:661 (6) C(5)—Cr—P(1) 89-8 (2)
N@)—P(1) 1-693 (6) C(5)—Cr—C(1) 89-4 (3)
N@)—P(1) 1-738 (6) C(5)—Cr—C(2) 89-2 (3)
N()—Si 1777 (6) C(5—Cr—C(3) 926 (3)
C(6)—Si 1-842 (7) C(5)—Cr—C(4) 1772 (3)
C(N—Si 1:849 (8) NG)—S(1)—N(2) 119-4 (4)
C(3)—Si 1-846 (8) N(@)—S(2)—N(3) 107-6 (3)
Cc(1)—o(1) 1-147 (8) N(1)—P(1)—Cr 1191 (2)
C2)—0(2) 1-134 (9) NQ)—P(1)—Cr 1133 (2)
C(3)—003) 1-143 (8) N@—P()—N(1) 1004 (3)
C(4)—0(4) 1-147 (8) N@)—P(1)—Cr 1173 2)
C(5)—0(5) 1-166 (8) N@—P()—N(1) 1020 (3)
N@—P()—N@2) 1021 (3)
C(6)—Si—N(1) 1033 (3)
C(T)—Si—N(1) 1102 (3)
C(1—Si—C(6) 1109 (4)
C(8)—Si—N(1) 111-2 (4)
C(8)—Si—C(6) 1108 (4)
C®)—Si—C(7) 110-2 (4)
Si—N(1)—P(1) 131-2 (4)
P()—N(Q2)—S(1) 123-7 (4)
S(2)—N(3)—S(1) 1231 (4)
P(1)—N(4)—S(2) 1157 (4)
O(1)—C(1)—Cr 178:0 (7)
0(2—C(2—Cr 1776 (7)
03)—C(3)—Cr 1790 (7)
O(4y—C(4)—Cr 1777 (7)
O(5)—C(5—Cr 1779 (7)
Ruiz-Peréz, Hibner, Herberhold, Schamel &

Guldner, 1989) and PNP*S;N;0; (Chivers, Cordes,
Oakley & Pennington, 1983).

We thank the Natural Sciences and Engineering
Research Council of Canada for financial support.
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Structure of [1,2-Bis(diphenylphosphino)ethane](»>-cyclopentadienyl)(iodo)iron

By DALE H. HiLL, MASOOD PARVEZ AND AY JSMAN SEN*
Department of Chemistry, The Pennsylvania State University, University Park, PA 16802, USA

(Received 28 April 1988; accepted 11 July 1989)

Abstract. [Fel(CsHs)(CysH4P2)l, M, = 646-28, tri-
clinicc P1, a=12607(2), b=13218(1), c=
9-253(2) A, «=10580(2), B=10148(1), y=
67-55(1)°, V=13634 A% Z=2, D,=1-574gcm 3,
A(Mo Ka) =0-71073 A, u =18-:06cm™", F(000) =
648, T =293 (1) K, R = 0-024 for 3837 observed data
with 7> 30(I). (The standard reduced cell obtained
by the transformation matrix [001/100/010] is a =
9253, b=12:607, c=13218A, a=6755 B=
74-20, y = 78-:52°.) The Fe atom is coordinated to an
iodine [Fe—I 2-643 (1) A], two P atoms of the ligand
(Ph,PCH,), [Fe—P 2:188 (1) and 2:189 (1) A], and a
cyclopentadiene ring [Fe—C in the range 2:054 (3)-
2:106 (3) A] with important angles: I—Fe—P
93-12 (2) and 89-61 (2)° and P—Fe—P 86-22 (3)°.

Experimental. Crystals were obtained by slowly
evaporating solvent from a solution of [Fe(Cp)-
(dppe)]] (Cp=CsHs, dppe=Ph,PCH,CH,PPh,)
(Treichel & Molzahn, 1979; Green & Whitely, 1971)
in benzene. A dark-red crystal of approximate size
0-:35 x 0-31 x 0-27 mm was mounted on a glass fiber
for data collection. Unit-cell dimensions were
determined from a least-squares fit of the setting
angles of 25 reflections with 10 <8< 15° on an
Enraf-Nonius CAD-4 diffractometer equipped with
a graphite monochromator. Intensity data were col-
lected by a conventional /28 scan method using
variable scan speed (1-2-3-3° min™') in the range 2 <
0 < 25° with h—14—14, k 4—14, and / 0—10. The
intensities of 4443 unique reflections were measured
of which 3837 had I>30(l) and were used for
structure solution and refinement. The intensities of
three reflections chosen as standard and measured at
2 h exposure-time intervals did not show significant
variation. Data were corrected for Lorentz and
polarization factors and for empirical absorption
(North, Phillips & Mathews, 1968); maximum and
minimum correction factors were 0-9994 and 0-9476,
respectively.

The structure was solved by the heavy-atom
method and refined by full-matrix least-squares cal-
culations on F’s. Anisotropic temperature factors
were allowed for non-H atoms. A difference map

* To whom all correspondence should be addressed.
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revealed all the H atoms which were included in the
subsequent refinements and allowed to refine with an
overall isotropic temperature factor, B = 4-0 A% The
refinement converged with R=0-024 and wR=
0-033, where w = [0*(F,) + (0-050 F,)?]"'. At the con-
clusion of the refinement, maximum shift/e.s.d was
<0-02 for the non-H atoms, the final difference map
showed peaks between —0-30 and 0-23e¢ A3, and S
= 1-040. Atomic scattering factors for non-H atoms
were taken from Cromer & Mann (1968) and for H
from Stewart, Davidson & Simpson (1965); allow-
ance was made for anomalous dispersion (Cromer &
Liberman, 1970). The computer programs used in
this study were from the Enraf-Nonius Structure
Determination Package (B.A. Frenz & Associates
Inc., 1985) and ORTEP (Johnson, 1976).

Table 1. Final fractional coordinates and equivalent
isotropic thermal parameters (A%), with e.s.d.’s in
parentheses

By = §@a**B,, + b*b*2By, + c*c*?By, + ab(cosy)a*b* B,
+ ac(cosB)a*c* B, + be(cosa)b*c* By,).

x ¥y z B,

I 0-75669 (2) 0-12565 (2) 0-51181 (2) 3950 (4)
Fe 0-76118 (3) 0:13433 (3) 0-23121 (4) 2-728 (8)
Pl 0-57825 (5) 0-23764 (5) 0-20719 (7) 291 (D)
P2 0-79394 (5) 0-29247 (5 0-31546 (7) 279 (1)
Cl 07899 (3) —0-0359 (2) 0-1373 (4) 409 (7)
C2 0-8965 (2) -0-0218 (2) 0-2014 (3) 387 (1)
C3 09142 (2) 0-0483 (3) 0-1305 (4) 435(7)
Cc4 0-8201 (3) 00811 (3) 00222 (3) 4-86 (8)
Cs 0-7448 (3) 00272 (3) 0-0261 (4) 494 (9)
C6 0-5552 (2) 0-3865 (2) 0-3067 (3) 3-66 (7)
c7 0-6653 (2) 0-3986 (2) 0-4010 (3) 3-36 (6)
Cl1 0-5190 (2) 0-2501 (2) 00117 (3) 3-15 (6)
Cl12 0-5629 (2) 0-3011 (2) —0-0616 (3) 3-99(7)
Cl3 0-5283 (3) 0-3044 (3) -0-2119 (3) 4-44 (8)
Cl4 0-4508 (3) 0-2547 (3) —0-2927 (3) 4-55(8)
Cl5 0-4075 (3) 0-2028 (3) —0-2225 (4) 4-48 (8)
Cl6 0-4408 (2) 0-1990 (2) -0-0716 (3) 373D
C21 0-4644 (2) 0-2075 (2) 0-2661 (3) 3-34 (6)
C22 0-4864 (2) 0-1040 (2) 0-2933 (3) 3-83(7)
C23 0-3992 (2) 00772 (3) 0-3280 (4) 4-51 (7)
C24 0-2907 (3) 01527 (3) 0-3332 (4) 517 (8)
C25 0-2662 (3) 0-2577 (3) 0-3066 (4) 5-29 (9)
C26 0-3527 (2) 0-2853 (3) 0-2729 (3) 428(7)
C3l1 0-8211 (2) 0-3559 (2) 0-1787 (3) 330 (6)
C32 0-7449 (3) 0-4531 (2) 0-1381 (4) 411 (7)
C33 0-7659 (3) 04939 (3) 0-0295 (4) 5-59 (9)
C34 0-8640 (4) 04386 (3) - 00411 (4) 67 (1)
C35 0-9429 (3) 0-3440 (3) 0-0002 (4) 67(1)
C36 09222 (3) 0-3025 (3) 0-1090 (4) 5-10 (8)
Cal 09115 (2) 0-3067 (2) 0-4617 (3) 318 (6)
C42 09167 (2) 0-4118 (2) 0-5339 (3) 407 (7)
C43 1-0088 (3) 0-4223 (3) 0-6392 (4) 479 (8)
C44 1-0963 (2) 0-3291 (3) 0-6707 (4) 473 (8)
C45 1-0930 (2) 0-2256 (3) 0-5993 (4) 443 (7)
C46 1:0012 (2) 0-2131 (2) 0-4957 (3) 3-56 (6)
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