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Fig. 1. Stereopair showing the molecular conformation and the 
atomic numbering of C6Hj4C12N202Pt.H20. The ellipsoids cor- 
respond to 50% probability, except for the H atoms which are 
shown as spheres of arbitrary size. 

lucci, 1987); see also Okude,  Ichida, Miyamoto  & 
Sasaki (1989). 
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Abstract. (I) [C3HI0P][CrC14(C3H9P)2], Mr = 423.05, 
monoclinic, C2/c, a = 15.334 (4), b = 10.202 (2), c = 
13-145 (2) A, /3 = 92.49 (1) °, V =  2054-4 (7) A 3, Z =  
4, Dx = 1.368 g cm -3, A(Mo Ka) = 0-71073 A, /z = 
1 2 . 8 c m - [  F ( 0 0 0 ) = 8 7 6 ,  T = 2 9 2 K ,  R = 0 . 0 4 3  
for 1348 (Fo 2 > 3trFo 2) reflections. (II) 
[CrCI3(CgHllOP)(CsHllP)2], Mr = 588"81, ortho- 
rhombic,  Pnma, a = 23.234 (4), b = 13.677 (2), c = 
9.064 (1) A, V =  2880.3 (7) A 3, Z =  4, Dx = 
1"358 g cm -3 A(Mo Ka) = 0.71073/~, ~ = 
8 .5cm-1 ,  E'(000)= 1220, T = 292 K, R =0 .047  
for 1246 (Fo 2 > 3 o'Fo 2) reflections. (III) 
[MoCI3(C3H9OP)3].CH2C12, Mr = 563.47, ortho- 
rhombic,  P21212~, a = 9.402 (2), b = 12.298 (3), c =  
21.607 (6) A, V =  2498.1 (7) A 3, Z = 4, Ox = 
1.498 g cm -3, A(Mo Ka) = 0.71073/~, /1, = 

* To whom correspondence should be addressed. 

0108-2701/91/051069-04503.00 

12"5 c m -  ], F(000) = 1140, T = 292 K, R = 0.041 for 
2176 (Fo 2 > 3orFo 2) reflections. T symmetry  is imposed 
on the anion in (1). All bond angles at Cr are close to 
90 ° . Twofold symmetry  is imposed on the cation 
[PMe3H] + which leads to disorder between one 
methyl group and the H a tom bonded on P. Cr--C1 
distances are 2-327(1)and 2.353 (1)A;  C r - - P  is 
2-468 (1) A. Mir ror  symmetry  is imposed on (II); the 
Cr atom, three C1 atoms and the phenylphosphine  
oxide groups of  the d imethylphenylphosphine  oxide 
ligand are in the mirror  plane. The C r - - C I  distances 
range from 2.319 (3) to 2.346 ( 3 ) A  and C r - - P  is 
2.489 (2) A. C r ~ O  is 1.962 (6) A. The angles 
between the cis-nonequivalent atoms range from 
85.40(5) ° for CI (3 ) - -Cr - -P (2 )  to 94.56(5) ° for 
P ( 2 ) ~ C r - - O ( 1 ) .  C r - - O ( 1 ) - - P ( 1 )  is 154.6(4) ° and 
O(1)--P(1)  is 1.501 (7)A.  For  (III), the Mo- -C1  
distances range from 2.432(3) to 2.441 (3)/~,  

© 1991 International Onion of Crystallography 
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Mo---O from 2-102(6) to 2.118(6)A. cis angles 
range from 86-9(2) ° for O(2)--Mo--O(3)  to 
93-8(2) ° for Cl(1)--Mo---O(3). The Mo O---P 
angles range from 136.3 (4) to 141-1 (4) ° and O---P 
distances from 1.498 (7) to 1.507 (6)A. 

Experimental. Green crystals of complex (I) were 
obtained after a reaction mixture of Cr2(acetate)4, 
PMe3 and Me3SiC1 in THF (Kranzl & Witkowska, 
1960) was layered with hexanes. Crystals of complex 
(II) were obtained from layering a reaction mixture 
of MoCr(acetate)4, PMe2Ph and Me3SiC1 in CH2C12 
(Garner, Senior & King, 1976) with hexanes, and 
those of complex (III) were obtained by a reaction 
similar to that for (II) except PMe3 was employed. 
The purpose of these reactions was to form the 
unbridged homonuclear CraCla(PMe3)4 and hetero- 
nuc lea r  CrMoC14(PR3)4 (PR3 = P M e z P h  a n d  P~'Ie3) 
complexes. A similar preparative route had been 
used to produce Mo2C]4(PR3) 4 complexes (Agaskar, 
Cotton, Dunbar, Falvello & O'Connor, 1987). We 
cannot rationalize the formation of (I), (II) and (III) 
except to say that in the case of (II) and (iII) there is 
solution evidence (31p N1V[R) for the formation of 
the expected heteronuclear dimers which suggests 
that the present products may result from the 
decomposition of the desired products. The approxi- 
mate crystal dimensions were 0-20 × 0-10 x 0-30 (I), 
0.10 x 0-20 x 0-30 (II), 0"30 x 0.50 x 0.40 mm (III), 
all crystals mounted on glass fibers with epoxy resin; 
Rigaku AFC5R for (I), Enraf-Nonius CAD-4 for 
(II) and (III), cell constants derived from least- 
squares refinement based on 25 setting-angle reflec- 
tions [39 _< 20 _ 44 (I), 20 _ 20 _< 30 (II), 18 _< 20 _< 
32-50 °(III)]. Intensity data for (I) were collected with 
to-20 scans at a constant scan rate of 8 ° min-  ~ in 20 
but with a variable number of scans (maximum of 
three), determined from counting statistics with 4 < 
2 0 < 5 0  ° ( h = 0  to 18, k = 0  to 12, l = - 1 6  to 16) 
using graphite-monochromated Mo Ka radiation. 
For (II) and (III), w scans, scan width (0.82 + 
0.35tan0) ° (II), (0-87 + 0.35tan0) °(III)  in the range 2 
_ 20 _< 45 (II) and 4 _< 20 _< 50 °( I I I )  [h = 0 to 14, k 
= 0 to 25, l = 0  to 9 (iI); h = 0 to 11, k =  0 to 14, l =  
0 to 25 (III)], using graphite-monochromated Mo Ka 
radiation. Three standard reflections (116, 243, 514; 
(802, 543, 5,10,2; 266, 533, 413) measured every 100 
reflections, 60 and 80 min for (I), (II) and (III), 
respectively, exhibited small (<  0.2%) random varia- 
tions. 

1933, 2184, 2524 data were corrected for Lorentz 
and polarization effects, and for absorption effects 
based on $ scans using the empirical method of 
North, Phillips & Mathews (1968); Tmin=0"956, 
0"926, 0"870, Tm~, = 1-000, respectively, yielded 1348, 
1246, 2176 unique observed data [Fo2> 3o-(Fo2)]; 
Rme~,(Fo) = 0-025 for (I). Scattering factors, includ- 
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Fig. 1. An ORTEP drawing (Johnson, 1965) of [CrCL(PMe3)z]-, 
the anion in (I), showing the atomic numbering scheme. Ther- 
mal ellipsoids have been drawn at the 50% probability level. 

~C(115) 

f ~ l ~  c(116) 

~;~ (113) 
C(21,)' ~'~I~C( 111 ) C(214) 

I 
C12131 

C(23)' 

Fig. 2. An OR TEP drawing (Johnson, 1965) of 
[CrCI3(PMe2Ph)2(OPMe2Ph)], (II), showing the atomic 
numbering scheme. Thermal ellipsoids have been drawn at the 
50% probability level. 
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Fig. 3. An ORTEP drawing (Johnson, 1965) of [MoC13(OPMe3)3], 
(III), showing the atomic numbering scheme. Thermal ellipsoids 
have been drawn at the 50% probability level. 
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Table 1. Positional and equivalent isotropic thermal 
parameters and their e.s.d. 's for 

[PMe3H][CrC14(PMe3)2], (I) 

Beq = ( l /3)Z,  Y.j B~ aft aj* a, .aj. 
x y z Bcq(A 2) 

Cr 0.250 0.250 0.000 2.80 (2) 
CI(I) 0.2670 (1) 0.2245 (1) 0-17567 (9) 5'35 (3) 
C1(2) 0.10653 (8) 0.3247 (2) 0.0196 (1) 5'63 (3) 
P 0-31182 (9) 0.4720 (1) 0.02244 (9) 4.08 (2) 
C(1) 0-2385 (4) 0-5913 (6) 0.0740 (4) 6.3 (I) 
C(2) 0-4076 (4) 0-4808 (6) 0.1066 (4) 6.7 (I) 
C(3) 0.3470 (4) 0-5505 (6) -0-0922 (4) 5.7 (1) 
P' 0.000 0-5009 (3) 0-250 8.73 (7) 
C/H -0"0260 (8) 0-640 (1) 0-295 (1) 8'4 (3) 
C" 0.0833 (4) 0.4082 (7) 0-3069 (5) 6.5 (1) 

Table 2. Positional and equivalent isotropic thermal 
parameters and their e.s.d. 's for 

[CrC13(PMe3Ph)z(OPMe2Ph)], (IX) 

Beq = (1/3)Z; Y~j B o ai* aj* ai.aj. 
x y z Bcq(A 2) 

Cr 0.41512 (5) 0.250 0.2585 (2) 2-96 (3) 
CI(I) 0.3340 (1) 0.250 0.4127 (3) 4-19 (6) 
C1(2) 0-4900 (1) 0.250 0-0893 (3) 5.67 (8) 
C1(3) 0-4773 (1) 0.250 0.4602 (3) 5.37 (8) 
P(I) 0.3438 (I) 0.250 -0.0665 (3) 3.85 (6) 
P(2) 0.41899 (7) 0.0687 (1) 0.2787 (2) 3.68 (4) 
O(I) 0.3605 (3) 0-250 0.0935 (7) 4.1 (2) 
C(12) 0.3694 (4) 0-3542 (5) -0-1697 (8) 5.4 (2) 
C(22) 0.4922 (3) 0.0178 (6) 0.2599 (9) 5.8 (2) 
C(23) 0.3949 (4) 0.0246 (6) 0-4589 (8) 5.6 (2) 
C(I I 1) 0.2671 (4) 0.250 - 0-070 (1) 3.4 (2) 
C(112) 0.2376 (5) 0.250 0-063 (I) 4.6 (3) 
C(113) 0.1761 (5) 0.250 0-062 (1) 5-6 (3) 
C(114) 0.1460 (5) 0.250 -0.070 (1) 5.4 (3) 
C(115) 0.1774 (6) 0.250 -0.205 (1) 6.4 (4) 
C(116) 0.2375 (5) 0.250 -0.206 (1) 5.6 (3) 
C(211) 0.3752 (2) -0.0016 (4) 0.1529 (5) 3.7 (2) 
C(212) 0.3160 (2) 0.0157 (4) 0.1529 (5) 5.1 (2) 
C(213) 0-2805 (2) -0.0336 (4) 0.0533 (5) 7.1 (3) 
C(214) 0-3043 (2) -0.1001 (4) -0.0462 (5) 6-8 (3) 
C(215) 0.3635 (2) -0-1173 (4) -0.0462 (5) 6.8 (3) 
C(216) 0.3989 (2) -0-0681 (4) 0.0534 (5) 4.9 (2) 

Table 3. Positional and equivalent isotropic thermal 
parameters and their e.s.d. 's for 
[MoCI3(OPMe3)3].CH2C12, (III) 

Beq = (1/3)Y'.~ Y.j Bejaff aj* a,.aj. 
x y z Beq(A 2) 

Mo 0-93272 (8) 0.96408 (5) 0.10415 (3) 2.64 (I) 
C1(I) 1.1680 (3) 0.8902 (2) 0.1249 (1) 4.59 (5) 
Cl(2) 1.0390 (3) 1.1332 (2) 0.0673 (1) 4-98 (6) 
C1(3) 0.8201 (3) 0-7969 (2) 0.1390 (I) 4-01 (5) 
O(I) 0.9159 (7) 1-0236 (5) 0.1951 (3) 4.7 (1) 
0(2) 0.7255 (6) 1.0254 (5) 0.0881 (3) 3.8 (1) 
0(3) 0.9274 (7) 0.9053 (5) 0.0126 (2) 3.7 (1) 
P(I) 0.9839 (3) 1.1036 (2) 0.2382 (1) 4.15 (5) 
P(2) 0.6553 (3) 1.1119 (2) 0-0492 (1) 4.21 (5) 
P(3) 1.0289 (2) 0.8476 (2) -0-0302 (1) 3-26 (4) 
C(I 1 ) I. 173 (1) 1.096 (I) 0-2350 (7) 11.2 (4) 
C(12) 0-926 (2) 1.2402 (9) 0-2251 (6) 7-6 (3) 
C(13) 0-930 (2) 1.067 (I) 0.3163 (6) 8.1 (4) 
C(21) 0-465 (1) 1.096 (I) 0.0480 (9) 8.6 (4) 
C(22) 0.686 (1) 1.2470 (8) 0.0780 (5) 5.5 (3) 
C(23) 0.714 (2) 1-1070 (9) -0.0288 (5) 6-9 (3) 
C(31) 1.075 (1) 0.7141 (7) -0.0028 (5) 4.9 (2) 
C(32) 0.950 (1) 0.831 (1) -0.1045 (5) 5.6 (2) 
C(33) 1.186 (1) 0.9237 (9) -0.0429 (6) 5.5 (2) 
C(I) 0.445 (2) 0.450 (1) 0-2826 (8) 10.2 (5) 
CI(I 1) 0-4584 (5) 0-5919 (3) 0-2696 (2) 8.8 (1) 
C1(12) 0.461 (1) 0.3809 (5) 0-2163 (3) 19.4 (3) 

Table 4. Bond distances (A) and angles (o) with e.s.d. 's 
for [PMe3H][CrC14(PMe3)2], (I) 

Cr---CI(I ) 2.327 (1) P---C(2) 1.803 (6) 
Cr--Cl(2) 2.353 (1) P--C(3) 1.810 (6) 
Cr--P 2.468 (1) P'---C/H 1.593 (13) 
P--C(I) 1.808 (6) P'--C'  1.733 (6) 

CI(I)----Cr-----CI(2) 89.57 (5) C(I)---P---C(2) 103.9 (3) 
CI(I)---Cr--P 87.59 (4) C(I)--P---C(3) 103.1 (3) 
CI(2)---Cr--P 92.63 (5) C(2)--P--C(3) 103.0 (3) 
Cr--P----C(I) 114.9 (2) C/H--P'---C" 121.2 (5) 
Cr--P--C(2) 114.7 (2) C'--P'---C" 113.8 (3) 
Cr--P-----C(3) 115.7 (2) 

Table 5. Bond distances (•) and angles (°) with e.s.d. 's 
for [CrCI3(PMe2Ph)2(OPMe2Ph)], (II) 

Cr---CI(I) 2.346 (3) Cr---O(I) 1-962 (6) 
Cr---CI(2) 2-319 (3) P(l)---O(I) 1-501 (7) 
Cr---CI(3) 2"330 (3) P(I)--C(12) 1"805 (8) 
Cr--P(2) 2-489 (2) P(I)----C(II1) 1.784 (9) 

P(2)--C(22) 1.845 (7) 
P(2)---C(23) 1.829 (7) 
P(2)----C(211) 1-806 (5) 

CI(I)---Cr--CI(2) 175-2 ( I ) Cl(3)---Cr--P(2) 85.40 (5) 
CI(I )---Cr---CI(3) 91.7 ( I ) CI(3)--Cr---O(1) 178.0 (2) 
CI(I)---Cr--P(2) 89.15 (5) P(2)---Cr-----O(I) 94.56 (5) 
CI(I)---Cr----O(I) 86.2 (2) O(1)--P(1)---C(12) 114-6 (3) 
CI(2)--Cr--CI(3) 93.1 (1) O(1)--P(1)--C(111) 105.9 (4) 
CI(2)----Cr--P(2) 91.24 (5) C(12)--P(I)---C(I I 1) 108-7 (3) 
CI(2)----Cr--O(1) 88.9 (2) Cr--P(2)---C(22) I 13.7 (3) 
Cr--P(2)---C(23) 112.5 (3) C(22)--P(2)---C(211) 105.1 (3) 
Cr--P(2)---C(211) 117.6 (2) C(23)--P(2)---C(211) 102.5 (3) 
C(22)--P(2)--C(23) 103-9 (4) Cr---O(I )----P(1) 154.6 (4) 

Table 6. Bond distances (A) and angles (°) with e.s.d. 's 
for [MoCI3(OPMe3)3].CH2C12, (III) 

Mo---CI(I) 2.433 (3) O(2)---P(2) 1-507 (6) P(2)--C(23) 1-78 (1) 
Mo--CI(2) 2.441 (3) O(3)---P(3) 1-505 (6) P(3)--C(31) 1.799 (9) 
Mo--CI(3) 2.432 (2) P(I)--C(II) 1-78 (1) P(3)---C(32) 1.78 (1) 
Mo---O(1) 2.102 (6) P(I)---C(12) 1-79 (1) P(3)--C(33) 1.77 (1) 
Mo-----O(2) 2.118 (6) P(1)---C(13) 1.82 (1) C(I)--CI(I I) 1.77 (2) 
Mo---O(3) 2.108 (5) P(2)---C(21) 1.80 (1) C(I)----CI(12) 1.67 (2) 
O(I)--P(1) 1-498 (7) P(2)---C(22) 1.80 (I) 

CI(I)--Mo---CI(2) 90.33 (9) O(l)---Mo---O(3) 174.3 (3) 
CI(1)--Mo--CI(3) 91-34 (9) O(2)---Mo--O(3) 86.9 (2) 
CI(I)--Mo--O(I) 91-5 (2) Mo---O(I)----P(I) 141.0 (4) 
CI(1)--Mo--O(2) 178-4 (2) Mo---O(2)----P(2) 138.2 (4) 
CI(I)--Mo--O(3) 93-8 (2) Mo--O(3)--P(3) 136.3 (4) 
CI(2)--Mo---CI(3) 178.20 (9) O(I)--P(I)---C(I I) 111.7 (6) 
C1(2)---Mo--O(I) 92.2 (2) O( I )--P( I )---C(12) 113.0 (6) 
C1(2)--Mo---O(2) 91.1 (2) O(I)--P(I)---C(13) 107.3 (6) 
C1(2)---Mo---O(3) 89.8 (2) C(ll)--P(1)---C(12) 110.1 (8) 
Cl(3)--Mo--O(l) 88.4 (2) C(1 I)--P(1)--C(13) 107-4 (8) 
Cl(3)--Mo--O(2) 87.2 (2) C(12)--P(1)--C(13) 107.1 (7) 
C1(3)--Mo--O(3) 89.5 (2) O(2)--P(2)--C(2 I) 111-6 (6) 
O(1)--Mo---O(2) 87.7 (2) O(2)--P(2)--C(22) 112-9 (5) 
O(2)--P(2)--C(23) 111.7 (5) O(3)--P(3)--C(33) 112.0 (4) 
C(21)--P(2)----C(22) 105.4 (7) C(31)--P(3)--C(32) 107.2 (5) 
C(21)--P(2)--C(23) 106.9 (8) C(31)--P(3)--C(33) 109.5 (5) 
C(22)----P(2)----C(23) 108.0 (5) C(32)---P(3)--C(33) 105.4 (6) 
O(3)--P(3)----C(31) 112.3 (4) CI(ll)---C(I)--CI(12) 111 (1) 
O(3)--P(3)----C(32) 110-1 (5) 

ing anomalous dispersion, were taken from Interna- 
tional Tables for X-ray Crystallography (1974, Vol. 
IV). All computations were carried out using the 
SDP/V package of  programs (B. A. Frenz & Associ- 
ates, Inc., 1985). For (I) and (II) the centrosymmetric 
space group consistent with the systematic absences 
[hkl: h + k ~ 2n; hOl: h,l ~ 2n; Okl: k ~ 2n; hkO: h + k 

2n; 0k0: k ~ 2n; h00: h ~ 2n; 00l: l # 2n (I); Okl: k 
+ l ~ 2n; hkO: h ~ 2n; h00: h ~ 2n; 0k0: k # 2n; 00l: l 

2n (II); h00: h ~ 2n; 0k0: k # 2n; 00l: l ~ 2n (III)] 
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was tried first and confirmed by successful 
refinement. The structures were solved by direct 
methods and refined by full-matrix least-squares 
methods. All non-H atoms were refined with aniso- 
tropic temperature factors. In (I) the H atoms on the 
anion were found in difference maps and refined 
freely. In (II), all H atoms except those bonded to 
the C6 ring located on the mirror plane were inserted 
at calculated positions. The thermal parameters of  
the H atoms bonded to the methyl C atoms were 
constrained to one value which was refined. The 
thermal parameters of the H atoms on the phenyl 
group situated off the mirror plane were constrained 
to one value which was refined. N o  attempt was 
made to refine H atoms in (III). A AF map revealed 
a CH2C12 molecule which was refined with aniso- 
tropic thermal parameters for the C and two C1 
atoms, w R  = {[Zw(lFol - IF~I)Z]/[Zw(Fo)2]}I/2 was 
minimized, where w=trZ(IFol2) - I  and tr is the 
standard deviation in a single measurement; the final 
R values were 0-043, 0-047 and 0-041, wR = 0-068, 
0"065 and 0-062, S = 1-585, 1.490 and 1.892 for 132, 
162 and 199 variables for (I), (II) and (III), respec- 
tively. The largest shift/e.s.d, in the final least- 
squares cycle was 0-16, 0-028 and 0.08, respectively; 
the maximum and minimum residual electron densi- 
ties in the ,:IF maps were 0-73 and -0-56,  0.30 and 
-0-23,  and 0-60 and -0 .41  e A -3, respectively.* 

* Lists of structure factors, positional parameters [and H-bond 
distances and angles for (I)] for H atoms, stereoviews of the 
unit-cell packing, anisotropic thermal parameters, and intra- 
molecular bond lengths and angles have been deposited with the 
British Library Document Supply Centre as Supplementary Publi- 
cation No. SUP 53676 (40 pp.). Copies may be obtained through 
The Technical Editor, International Union of Crystallography, 5 
Abbey Square, Chester CH1 2HU, England. 

The molecules and the atomic labeling schemes are 
shown in Figs. 1, 2 and 3 for complexes (I), (II) and 
(III), respectively. Final positional a n d  equivalent 
isotropic thermal parameters are listed in Tables 1, 2 
and 3 [for complexes (I), (II) and (Ill), respectively]; 
important bond distances and angles are listed in 
Tables 4, 5 and 6. 

Related literature. The IR and electronic spectra of 
[Ph4P][CrC14(PR3)z], the crystal structures of 
[N"Pr4][Cr(cis-Ph2PCHCHPPh2)C14] and mer- 
[Cr{P(CH2CH2PPh2)3}C13] have been reported 
(Bennett, Clark & Goodwin, 1970; Gray, Hale, 
Levason, McCullough & Webster, 1983, 1984). 

These studies were supported by the National 
Science Foundation. 
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Structure of Chloro(dicyclohexylphenylphosphine)gold(I) 
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Abstract. [AuCI{P(C6Hs)(C6HII)2}], Mr = 506-8, 
orthorhombic, P21212~, a = 8.476 (5), b = 13.747 (2), 
c=15 .951 (3 )  A, V=1858-8 (3),/k 3, Z = 4 ,  D x =  
1.81 g cm -3, a(]V[o Ka)  = 0"71073 A, /z = 
81-24 cm-~, F(000) = 984, T = 296 K, final R = 0"031 

for 1860 unique observed reflections. The complex 
Cy2PhPAuC1 adopts the two-coordinate linear 
geometry typical of Au I complexes. The P--Au---C1 
angle is 178-3(1) ° while A u - - P  and Au---C1 
distances are 2.234 (2) and 2.281 (3)A, respectively. 
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