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angles are found, for example, in the coordinated phenyl- 
diazonium cation of HB(C3N2H3)3Mo(C0)2N2C6H5 ( ~ 2 0 ’ ) ~ ’  
and trans-azobenzene (- 1 7°).38 The nonbonded contact 
between the hydrogen atom bound to carbon atom 5 and 
the nitrosyl oxygen atom is 2.75 8 in length. Examination 
of molecular models shows that approach of additional 
ligands perpendicular to the coordination plane is effectively 
blocked by the phenyl ring, in particular by the hydrogen 
atom bound to C(6). This hydrogen atom makes an 
estimated 2.69-8 nonbonded contact with the Pd atom. 

The monodentate coordination of the nitrosobenzene 
contrasts with the involvement of both N and 0 atoms in 
metal coordination in bis [tricarbonyl(3-chloro-2-methyl- 
nitrosobenzene)iron] .5 The configuration of the bonded 
RNO group in the iron dimer differs substantially from that 
which we observe. The principal variations are a longer 
N-0 distance of 1.40 (1) 8, a smaller C-N-0 angle of 112.2 
(7)”, and a greater torsional angle (20.2’) about the N-C 
bond. The distinction between N and 0 bonding in metal- 
RNO complexes has in general been difficult to draw. This 
difficulty stems in part from uncertainty as to the assign- 
ment of vibrational spectra of the aromatic nitroso com- 
pounds themselves.39i40 0 bonding has been favored in 
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some 
“hard” metal ions. Authentic examples of 0-bonded aryl- 
nitroso ligands would be useful in formulating spectroscopic 
criteria for distinguishing between the various bonding 
possibilities. 

nitrosobenzene gives rise to the interesting question of 
whether this type of 

and could well prevail in complexes of 

Demonstration of this mode of metal coordination for 

0 
II 

M-N-R 

linkage could be obtained by nucleophilic attack on a coor- 
dinated nitrosyl group or by a nitrosyl insertion reaction, 
analogous to the well-known reactions of metal-coordinated 
carbonyl groups. Nucleophilic attack of h y d r ~ x i d e ” ~  or 
methoxide16 ion on coordinated NO is known, as are a few 
reactions in which NO is inserted into a metal-carbon 

However, to date these reactions have not been 
shown to yield simple metal-arylnitroso complexes of the 
sort found here. 

Registry No. tvan~-(C~H~NO)~PdC12, 37680-1 2-9. 

Acknowledgment. Support of this work by the National 
Science Foundation (Grant GP-20603) is gratefully acknowl- 
edged. 

(41) P. C. Wailes, H. Weigold, and A. P. Bell, J. Organometul. 

(42) S .  R .  Fletcher, A. Shortland, A. C. Skapski, and G. 
Chem., 34, 155 (1972), and references therein. 

Wilkinson, Chem. Commun., 922 (1972). 

Contribution from the Department of Chemistry, University of Arizona, 
Tucson, Arizona 85721 

Addition of Ethanethiol to Coordinated Isocyanides. Structure of 
trans-Bis(me thy1 isocyanide) bis( me t hylamino( t hioe t hox y )carbene)platinum(II) 
Hexafluorophosphate, [Pt(CH 3NC)2 {C(NHCH ,)(SCH,CH,)),][ PF & 
WILLIAM M. BUTLER and JOHN H. ENEMARK* 

Received August 23, 1972 

The structure of trans-bis(methy1 isocyanide)bis(methylamino(thioethoxy)carbene)platinum(II) hexafluorophosphate, 
[Pt(CH,NC), { C(NHCH,)(SCH,CH,)}J [PF,,], , has been determined from three-dimensional X-ray diffraction data col- 
lected by counter methods. The compound crystallizes in the triclinic space group Pi with one molecule in a cell of di- 
mensionsa = 8.913 (6), b = 10.526 (6), and c = 7.750 (5) A with Q = 94.77 (3) ,  p = 88.30 (3). and y = 117.20 (3)” The 
observed and calculated densities are 1.98 (2) and 1.980 (1) g/cm3, respectively. Full-matrix least-squares refinement has 
resulted in R = 0.039 for the 2198 data with Fol 2 30(FOz). The coordination about the Pt atom is square planar and the 
cation is required to  have T-Ci symmetry. The Pt-C(carbene) distance is 2.058 (7) A and the PtCNCH, distance is 1.968 
(9) A. The C-N and C-S distances of the carbene ligand are 1.30 (1) and 1.681 (8) A, respectively. The structural trans 
influence of carbene ligands is shown to be similar to  that of phosphine ligands. 

Introduction 
A number of metal “carbene”’ ,’ complexes resulting from 

addition reactions of coordinated isocyanide ligands have 
been structurally characterized by single-crystal X-ray diffrac- 

(1) “Carbene” nomenclature has become generally used for 
C(R)R’ ligands derived from reactions of coordinated carbonyls and 
isocyanides. Since extensive electron delocalization is possible in 
these ligands, they are not simple carbenes but fall into the category 
of resonance-stabilized carbenes.’ 
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plexes such as 1." There is e ~ i d e n c e ~ > ~ " - "  that carbene l ig  
ands exhibit a trans influence similar to phosphines in four- 
coordinate complexes of Pt(I1). To our knowledge, however, 
the structure of a trans dicarbene complex has not been re- 
ported. In order to better assess the trans influence of car- 
bene ligands and to compare cis and trans dicarbene complex- 
es, we have determined the structure of the trans complex re- 
sulting from the addition of 2 mol of ethanethiol to tetrakis- 
(methyl isocyanide)platinum(II).12 This complex was of fur- 
ther interest because at the time that this work was begun no 
structural results were available for thiocarbenes. Subse- 
quently the structure o i  the methyl(pheny1thio)carbene com- 
plex, Cr(CO)5 { C(CH3)(SC6H,)}, has been r e p ~ r t e d . ' ~  
Experimental Section 

kindly supplied by Drs. A. L. Balch and J. S. Miller. Crystals suitable 
for X-ray analysis were obtained from the sample as received and re- 
crystallization was not necessary. Preliminary precession photo- 
graphs (Mo Ka) suggested that the crystals were triclinic. Neither a 
Delaunay reduction nor a systematic search of reciprocal space by 
precession photography revealed any additional symmetry elements. 
Successful solution and refinement of the structure confirmed the 
choice of space group as Pi. 

widths at half-heights at a takeoff angle of 0.7'). The crystal had di- 
mensions 0.42 X 0.16 X 0.15 mm. Eleven reflections with 28 in the 
range 15-27' were manually centered on the Mo KZ peak ( h  0.71069 
A). A least-squares refinement of the setting angles for the eleven re- 
flections gave unit cell parameters at 23 f 2' of a = 8.913 (6), b = 
10.526 (6), and c = 7.750 (5) A with a = 94.77 (3), p = 88.30 (3), and 
7 = 117.20 (3)". All results and discussion are based on this triclinic 
cell. The reduced right-handed triclinic cell has parameters a = 8.91, 
b = 7 . 7 5 , a n d c =  1 2 . 5 4 A ; a =  123.2,p=111.5,andr=91.7 ' .  The 
reduced cell is related to the working cell by a, = a, b, = -c ,  c, = b + 
c. The density of the compound was measured by the gradient col- 
umn technique using CH,I and CC1, solutions and found to be 1.98 
(2) g/cm3. The calculated density assuming one molecule per cell is 
1.980 (1) g/cm3. 

An incident beam monochromator equipped with a graphite crys- 
tal was used to obtain Mo Ka radiation. The 6-28 axis of the mono- 
chromator was perpendicular to the 8-28 axis of the diffractometer. 
Data were collected using the 8-20 scan technique and a scan range 
from 28MoKa, -0.7" to 28MoKa, +0.7' at a takeoff angle of 1.7'. 
The scan rate was 2'/min and background measurements of 10 sec 
were taken at each end of the scan. The pulse height analyzer was 
set to admit -90% of the Mo Ka peak and the scintillation counter 
was 24 cm from the crystal. During data collection the intensities of 
three reflections were monitored every 100 reflections. There was no 
systematic change in the intensity of the three standards. A total of 
2413 reflections were collected with 28 < 50". The data were re- 
duced to F' and u ( F z )  by procedures similar to  those previously de- 
scribed.14 -16 +17 The polarization correction used was P = 0.5(cos2 
28, + COS' 28) where 8, is the Bragg angle of the monochromator 
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A sample of [Pt(CH,NC), { C(NHCH,)(SCH,CH,)}J [PF,], was 

A crystal was chosen which had w scan widths of <0.10" (peak 
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crystal and 8 is the Bragg angle of the observed reflection. Standard 
deviations were assigned to the intensities by the formula 

o(I) = [CT + 0.25(tc/t,J2(BI + B2) +   PI)^]"^ 
where CT is the total integrated peak count obtained in time tc and 
B ,  and B ,  are the background counts each obtained in time tb; I is 
the intensity and p was taken as 0.04. 

is 60.49 cq- ' .  The faces of the crystal were identified as {OOl}, 
{OlO}, {430}, and (012) and the crystal was carefully measured. 
Sample calculations showed that the absorption correction ranged 
from 2.15 to 2.61 and the data were corrected for a b s ~ r p t i o n . ' ~ ~ ' '  

Solution and Refinement 
With one molecule in the cell, space group PT requires that the Pt 

atom be located on an inversion center. An electron density map 
phased by the structure factors calculated for Pt at the origin revealed 
all of the structure except the ethyl group. One cycle of least-squares 
refinement assuming isotropic thermal parameters resulted in R , = 
EllFol - IFcll/ZIFol = 0.187 andR,  = (Zw(lFol - IFcl)'/ 
E W F ~ ~ ) " ~  = 0.230. A difference electron density map located the C 
atoms of the ethyl group. 

Refinement of the structure was based upon Fo, with Zw(  IFo I - 
l<cl)z being minimized. Weights were evaluated by w = 4F0'/ 
u (Fez). The atomic scattering factors for Pt were from Cromer and 
Waber;" the factors for S, P, C, N, and F were from the usual tabula- 
tion.'' The effects of anomalous dispersion for Pt, P, and S were in- 
cluded in Fez' using Cromer's'' values for Af'  and Af". Four cycles 
of least-squares refinement assigning the ethyl group isotropic thermal 
parameters and the other atoms anisotropic thermal parameters and 
treating the hexafluorophosphate anion as a rigid group gave R ,  = 
0.063 and R, = 0.087. A difference map revealed large residual elec- 
tron density in the hexafluorophosphate anion and the ethyl group. 
Attempts to  fit the density near the PF,- group to  a twofold disorder 
were not successful. A difference electron density map based upon a 
structure factor calculation from which the ethyl group had been 
omitted revealed a region of high electron density -1 A from C,, the 
methylene C atom of the ethyl group. A disordered C, atom was as- 
sumed, and an occupancy factor was included as one of the least- 
squares variables. Five additional cycles of refinement in space group 
PT with all atoms assigned individual positional parameters and aniso- 
tropic thermal parameters resulted in convergence with R ,  = 0.039 
and R,  = 0.048 for the 2198 data with Fo2 > 3u(FO2). The occu- 
pancy factor for C,, was 0.33 (3). The standard deviation of an ob- 
servation of unit weight was 1.81. 

The implied disorder of the methylene group over two conforma- 
tions raised the possibility that the true space group was P1 rather 
than Pi. Structure factor calculations in space group P1 suggested 
several reflections for which intensity differences between Friedel 
pairs could be as large as 10%. The intensities of these Friedel pairs 
were measured but no significant differences could be observed. It 
was concluded that PT is the preferred space group. 

A final difference density map had a maximum residual density 
of 1.0 e/As near the disordered ethyl group. All other peaks were 
less than 0.75 e/A'. Hydrogen atoms could not be located in this 
map. An analysis of the weighting scheme as a function of IFo 1, 
(sin e ) / &  and the indices showed that w(AF)' decreased with increas- 
ing (sin 8)/h.  This is not surprising considering the disorder of the 
ethy! group and the inadequacy of individual anisotropic thermal pa- 
rameters for describing the motion of the PF, - ion. All correlation 
coefficients between parameters of the ethyl group or the PF,- ion 
and other variables in the least-squares refinement had absolute values 

The absorption coefficient for the compound for Mo Ka radiation 

(16) The program used for data reduction was Raymond's 
UCFACS, itself a modification of Doedens and Ibers' PIKOUT. 
Other computer programs used included Zalkin's FORDAP Fourier 
summation program, Ibers' NUCLS group least-squares refinement 
program based on Busing and Levy's ORFLS, Busing and Levy's 
ORFFE, Johnson's ORTEP plotting program, Corfield's RANGER 
weighting analysis programs, and the general absorption program 
AGNOST." 
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Table I. Final Atomic Parameters for trans- [Pt(CNCH,),{C(CHNH,)(SCzH5)}z] [PF,] 

William M. Butler and John H. Enemark 

Atom Xa Y Z 1 0 4 ~ l l b  1 0 4 ~ , ,  104p,, 104P1, 104Pi3 104p23 

Pt 0 0 0 190 (1) 143 (1) 201 (1) 85 (1) 79 (1) 45 (1) 
S 0.1500 (5) 0.1880 (5) -0.3418 (6) 455 (8) 549 (10) 626 (11) 378 (8) 353 (9) 457 (10) 
P 0.3595 (4) -0.2804 (3) -0.1781 (3) 316 (5) 201 (4) 273 (5) 107 (4) 19 (4) 1 ( 3 )  

0.1774 (10) 0.2973 (9) 0.2007 (10) 322 (16) 165 (11) 254 (14) 115 (11) 77 (12) 39 (10) 
0.3010 (8) 0.0650 (8) -0.2087 (8) 195 (11) 208 (10) 221 (12) 103 (9) 76 (9) 36 (9) 

Nl 
N, 
Cl 0.1105 (10) 0.1870 (9) 0.1340 (10) 253 (15) 154 (11) 208 (14) 104 (11) 85 (12) 33 (10) 

C3 0.1680 (9) 0.0857 (8) -0.1965 (IO) 211 (13) 162 (10) 217 (14) 92 (IO) 66 (11) 46 (9) 
c4 0.4372 (11) 0.1261 (12) -0.3355 (13) 221 (15) 267 (17) 310 (20) 107 (13) 138 (14) 57 (14) 
C,C -0.0842 (32) 0.1507 (37) -0.3465 (72) 131 (43) 174 (49) 189 (89) 46 (35) -23 (38) 73 (42) 

C, 0.2697 (20) 0.4425 (11) 0.2777 (17) 542 (38) 153 (13) 368 (28) 90 (18) 66 (26) -15 (15) 

C,bC -0.0307 (44) 0.2186 (51) -0.2513 (47) 355 (53) 482 (69) 277 (59) 282 (57) 62 6 2 )  133 (62) 
‘6 -0.0742 (19) 0.2906 (19) -0.3420 (33) 303 (28) 300 (28) 1051 (90) 142 (24) 38 (41) 110 (40) 
F, 0.1860 (15) -0.3877 (15) -0.1365 (23) 465 (27) 477 (26) 1157 (67) -111 (21) 297 (34) -211 (34) 

F3 0.5467 (12) -0.1627 (11) -0.2173 (14) 434 (21) 386 (18) 605 (28) 104 (16) 127 (19) 129 (18) 
F4 0.3054 (19) -0.2112 (14) -0.3180 (13) 998 (49) 571 (29) 468 (24) 533 (34) -218 (29) -62 (21) 
F, 0.3510 (12) -0.1645 (9) -0.0371 (IO) 599 (24) 318 (13) 368 (16) 250 (15) 53 (16) -20 (12) 
F6 0.3694 (16) -0.3855 (11) -0.3243 (12) 898 (42) 420 (20) 453 (23) 374 (25) -54 (25) -177 (18) 

F, 0.4435 (17) -0.3310 (11) -0.0450 (12) 917 (42) 401 (19) 426 (21) 391 (25) -7 (23) 94 (16) 

a x, y ,  and z are fractional triclinic coordinates. The standard deviation of the least significant figure is given in parentheses. Anisotropic 
thermal parameters are in the form: exp[-(h2p,, + k’p,, + 1’p3, t 2hkp,, + 2hlp,, + 2klp,,)]. 
independent positions for the disordered methylene carbon atom. The occupancy factor of the C,, position is 0.33 (3). 

C,, and C5b are the two crystallographically 

Figure 1. Perspective view of the [Pt(CNCH,),{ C(NHCH,)- 
(SC,H,)},]’’ cation. For clarity, only C,! has been shown in posi- 
tion C,. Primed atoms are related to  unprimed atoms by  a center of 
inversion at the Pt atom. Atoms are drawn to enclose 30% of the 
probability distribution. 

less than 0.5. Since neither the PF,- ion nor the ethyl group were 
the principal points of interest, the refinement was terminated at this 
point. A final structure factor calculation on all 2271 unique data 
gave R ,  = 0.041 and R, = 0.050. 

10IFc I is available.*’ 

Description and Discussion 

are shown in Figure 1, and a stereoview of the unit cell is 
shown in Figure 2. The sizes and shapes of the atoms are 
determined by the vibrational ellipsoids associated with the 
final anisotropic thermal parameters and by the perspective 
view. Interatomic distances and angles computed from the 

Final atomic parameters appear in Table I .  A list of 10IFo 1 and 

The numbering scheme and a perspective view of the cation 

(22)  A listing of structure factor amplitudes will appear following 
these pages in the microfilm edition of this volume of the journal. 
Single copies may be obtained from the Business Operations Office, 
Books and Journals Division, American Chemical Society, 1 1  5 5 
Sixteenth St., N.W., Washington, D. C. 20036. Remit check or 
money order for $3.00 for photocopy or $2.00 for microfiche, re- 
ferring to  code number INORG-73-540. 

Table 11. Interatomic Distances (A) and Angles (deg) 

Atoms Distance Atoms Angle 

Pt-C, 1.968 (9) C,-PtC,’ 88.8 (3) 
Pt-C, 2.058 (7) PtC,-N, 175.6 (7) 
C,-N, 1.120 (10) C,-N,-C, 176.6 (9) 
N,-C, 1.448 (14) Pt-C,-N, 119.2 (5) 
C,-N, 1.300 (10) Pt-C,-S 124.4 (4) 
C,-S 1.681 (8) N,-C,-S 116.4 (5) 
N,-C, 1.474 (10) C,-N,-C, 125.5 (7) 

P-F; 1.55 (1) 
P-F, 1.60 (1) 

P-F, 1.60 (1) 
P-F6 1.55 (1) 1 
tions of the disordered methylene carbon atom. b For the averages 
of chemically equivalent distances and angles e(?) = (Zi(xi -,)z/n)”2, 
where xi is the value of an individual determination, 2 is the arith- 
metic mean, and n is the number of observations. See W. C. Hamilton, 
“Statistics in Physical Science,” Ronald Press, New York, N. Y., 1964, 

a C,, and c,b are the two crystallographically independent posi- 

p 43. 

final atomic parameters of Table I appear in Figure 1 and 
Table 11. The estimated standard deviations for the distances 
and angles were derived from the inverse least-squares matrix 
for the final refinement. 

From Figure 1 it is apparent that the cation results from 
the addition of two molecules of ethanethiol to two trans 
isocyanide ligands of a Pt(CNCH3)42+ ion to produce a trans 
dicarbene complex. The space group imposes i symmetry 
on the cation and the coordination about the Pt atom is near- 
ly square planar. The Pt-C, distance of 1.968 (9) a is simi- 
lar to the average Pt-CNCH3 distance of 1.96 (2) a found in 
(C5H11N4)Pt(CNCH3)2+ 
1.83 (4) and 1.90 (2) a found in cis-PtC12(CNC2HS)[P- 
(C2H5)2(c6H5)] and c ~ s - P ~ C ~ ~ ( C N C ~ H ~ ) ~ ,  r e~pec t ive ly .~~  
The Pt-C, distance of 2.058 (7) A compares with values of 
1.95 to 2.06 a found for other Pt-C(sp2)  distance^.^'^"^ 

The geometry about atom C3 is essentially planar, as has 
been found in other metal-carbene ~ o r n p l e x e s . ~ - ~ ~ ’ ~ ~ ’ ~ ~ ~ ~  
Atoms C3, Cq, N2, and S describe the weighted least-squares 

but longer than the distances of 

(23) B. Javanovic, Lj. Manojlovic-Muir, and K. W. Muir, J 
Organometal. Chem., 33, C75 (1971). 
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Figure 2. Stereopair showing the crystal structure of [Pt(CNCH,),{C(NHCH,)(SC,H,)),] [PF,] ,. The PF,- ions are represented by large 
spheres and the Pt atoms occur a t  the corners of the cell. The view is normal to the ac plane with the origin in the lower left corner; a is hori- 
zontal, b goes obliquely into the page, and c is nearly vertical. 

plane 1 . 3 2  + 6 . 4 4 ~  + 4.432 - 0.10 = 0 (triclinic coordi- 
nates), and all four atoms are within 0.01 A of this plane. 
Atoms Pt, Csa, C%, and c6 are, respectively, 0.10, -0.78, 
0.15, and 0.16 A from this plane. 

Figures 1 and 2 show that the plane of the carbene ligand 
is nearly perpendicular t o  the coordination plane of the plati- 
num defined by C1, Pt, and C3. The dihedral angle between 
these planes is 81.5". The C3-S distance of 1.681 (8) A 
agrees with the C-S distance of 1.690 (3) A found in coordi- 
nated methyl(pheny1thio)~arbene.l~ Both of these distances 
are considerably shorter than the single-bond value of 1.801 
A found in dimethyl sulfide25 but agree well with the C-S 
double-bond distances observed in 1 -thiocarbamoylimidazoli- 
dine-2-thi0ne~~ and tetraethylthi~ram.~' The C3-N2 dis- 
tance of 1.30 (1) A is indicative of multiple-bond character 
and is similar to the C-N distances found in a variety of amin- 
ocarbene complexes.3-8~10~24a~C 

It has been pointed out previouslys7l2 that diaminocarbene 
complexes can also be viewed as metalated amidinium ions. 
This interpretation is particularly useful for understanding 
the conformations of the ligands because the complexes ex- 
hibit the amphi configuration characteristic of amidinium 
ions.28 If this analogy is applied to complexes of methyl- 
amino(thioethoxy)carbene, then two structures (2) are pos- 

C2H5 
\ 

I h  
S 

-Pt-c ' 
- y, . .  ' /N-cH3 

H CH3 

2a 2b 

sible. Figure 1 shows that 2a is the correct structure in the 
solid state. This conformation has also been observed in a 
phenylamino(ethoxy)carbene ~ o m p l e x . ~  

The finer details of the thioethoxy group are obscured by 
the torsional disorder of the methylene group about the C3-S 
bond as shown schematically in 3, a projection along the C3- 

(24) (a) P. E. Baikie, E. 0. Fischer, and 0. S. Mills, Chem. 
Commun., 1199 (1967); (b) 0. S. Mills and A. D. Redhouse, J. 
Chem. SOC. A ,  642 (1968); (c) J. A. Connor and 0. S. Mills, ibid., 
334 (1969); (d) 0. S. Mills and A. D. Redhouse, ibid., 1274 (1969). 

(25) W. Maier, Arzgew. Chem., 73, 120 (1961). 
(26) G. Valle, G. Cojazzi, V. Busetti, and M. Mammi, Acta 

(27) I. L. Karle and J. A. Estlin, Acta Crystallogr., Sect. B, 22, 

(28) G. S. Hammond and R. C. Neuman, Jr., J. Phys. Chem., 67, 

Crystallogr., Sect. B ,  26, 468 (1970). 

273 (1967). 

1655 (1963). 
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S bond. The torsional angle between CSa and CSb is 29"; the 
torsional angles between the Pt-C, bond and the C5a-S and 
C%-S bonds are 19 and lo", respectively. In the final re- 
fined model CSa and (2% are separated by 0.95 (3) A with 
occupancies of 0.33 and 0.67, respectively. The shapes of 
the thermal ellipsoids for s, cg ,  and c6 are not unusual 
(Figure l), but the principal root-mean-square amplitudes of 
vibration for S and c6 are as large as 0.6 8. In addition the 
average C5-C6 single bond distance of 1.34 (8) 8 is abnormal- 
ly short and poorly defined, suggesting that the description 
of the thioethoxy group is overly simple. 

The PF6- ion has the expected octahedral geometry. The 
average P-F distance of 1.56 (4) A agrees with values ob- 
served previously .29 

bene complexes of Pt(I1) and Pd(I1) has been to assess the 
structural trans influence of the -C(sp2) group. Recent pro- 
ton magnetic resonance (pmr) studies" of a series of truns- 
[PtCH3(L){ P(CH3)2(C6Hs))] + complexes have shown that 
the coupling constants J(Pt-C-H) and J(Pt-P_C-H) are rather 
similar when L is a tertiary phosphine and when L is the car- 

bene ligand CH2CH20CCH2. These results have been inter- 
preted as indicating that phosphines and carbenes have a simi- 
lar trans influence in complexes of Pt(I1). 

Table I11 summarizes the structural data for several square- 
planar complexes of Pt(I1) and Pd(I1). In this table the struc- 
tural trans influence of C1 is arbitrarily defined as zero. Thus, 
A(M-L) is the difference between an M-L distance with L' 
trans to L and the distance with C1 trans to L. The upper sec- 
tion of the table examines the structural trans influence of 
various ligands upon M-C1 distances. I t  can be seen that both 
phosphines and carbenes lead to A(M-L) FZ 0.06 A, i e . ,  M-C1 
distances -100 longer than observed in truns-MLzC12 com- 
pounds. In marked contrast isocyanide ligands have no influ- 
ence on the trans M-C1 distance. The middle section of the 
table presents similar results for M-P distances. Thus, the 
trans influence of -C(sp2) on M-C1 and M-P distances sup"prt 
the hypothesis that carbenes are strongly a-bonding ligands 

(29) H. Bode and H. Clausen, Z .  Anorg. Allg. Chem., 265, 229 
(1951); H. Bode and G. Teufer, Acta Crystallogr., 9, 824 (1956). 

One of the objectives of our structural investigations of car- 

- 
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Table 111. Structural Trans Influence in Pt(I1) and Pd(I1) Complexes 

D. Grdenic and M. Sikirica 

L'-M-L 
1 

Compound L' L M-L, A A(M-L) ,a A Ref 

PtCl, ,- c1 c1 2.308 (2) b 
PdC1, 2- c1 c1 2.313 (2) b 

trans-Pt(P(C, H5),(C,H5)),HC1 H c1 2.422 (9) 0.11 d 
cis-Pt(P(CH,),),Cl, P c1 2.376 (8) 0.07 e 

trans-Pt(P(C,H,) ,){ C(NC, H ,CH,), x l ,  c1 c1 2.31 (1) C 

cis-Pt(P(C,H, )3){ C(NHC6 H,)(OCz H5 P c1 2.368 (7) 0.06 f 
cis-Pt(CNCzH5)[P(C,H5),(C6H5)] C1, P c1 2.390 (8) 0.08 g 

CNR c1 2.314 (10) 0.00 g 
cis-Pt(CNC,H,),Cl, CNR c1 2.309 (5) 0.00 f" cis-Pt(P(C,H,),){C(NHC, H,)(OC,H,))Cl, C(SPZ) c1 2.365 (5) 0.06 
Pd(CzN4 H4 (CH,) 2 IC12 C(SP2) c1 2.387 (1) 0.08 h 
cis-Pt(P(CH,),),Cl, c1 P 2.247 (7) e 
cis-Pt(CNC,H,)[P(C,H,),(C,H,)] C1, c1 P 2.244 (8) g 
trans-Pt(P(C,H,),),Br, P P 2.315 (4) 0.07 i 
Pd(Cz N, H4 (CH,),)C1, c1 C(SP9 1.948 (5) h 

1.98 (2) f 
? i 

cis-Pt(P(C,H,),){C(NHC, H,)(OC,H,))Cl, c1 C(SP2) 
pt  (CNCH 3 ) 2 (C 5 H 1 N, I+ 
trans-Pt(CNCH,),~C(NHCH,)(S~~H~))zz+ C(SPZ) C(SP2) 2.058 (7) -0.10 k 
trans-Pt(P(C,H,),){C(NC,H,CH,),}Cl, P C(SP2) 2.00 (3) ? C 

a The structural trans effect of C1 is arbitrarily defined as zero; A(M-L) is the difference between the M-L distance with L' trans to  L and the 

CNCH, C(SP2) 1.95 (2), 2.06 (3) 

distance with C1 trans to  L. 
Eisenberg and J. A. Ibers,Znorg. Chem., 4 ,  773 (1965). e G. G. Messmer, E. L. Amma, and J.  A.  Ibers, ibid., 6, 725 (1967). f See ref 3. g See 
ref 23. 

with a trans influence similar to phosphines. The bottom 
section of Table I11 considers the susceptibility of M-C(sp2) 
distances to the trans influence of other ligands. Here the 
results are less definitive because the errors on the Pt-C dis- 
tances are rather large for three of the examples, but the two 

(CzN4H4(CH3)2)C12 (1) and trans- [Pt(CNCH3)2{ C(NHCH3)- 
(SC2H5)2}2]2+, do give A(M-L) = 0.10 A ( 1 4 ~ ) .  Some cau- 
tion is required in ascribing this difference solely to the sus- 
ceptibility of M-C(spZ) distances to trans influence because 
the carbene ligands in these two complexes are not identical. 
It has been shown that in the series of compounds (CO)&r- 

R. H. B. Mais, P. G. Owston, and A. M. Wood, Acta Crystullogr., Sect. B ,  28, 393 (1972). C See ref 10. d R. 

See ref 4.  i G. G. Messmer and E. L. Amma, Znorg. Chem., 5 ,  1775 (1966). j See ref 8. k This work. 

{ CR(R')} (where R = OMe, R' = Ph; R = "Me, R' = Me; 
R = NEt2, R' = Me)24 the metal-carbene bond length ranges 
from 2.04 to 2.16 A. 

Registry NO. [Pt(CH,NC), { C(NHCH3)(SCH2-CH3))2] - 
compounds whose M-C distances are well defined, Pd- (PF6)2, 37668-70-5. 
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Mercury(I1) hydroxide fluoride, Hg(OH)F, crystallizes in the orthorhombic system, space group P2,2,2,, with four formula 
units per unit cell. The unit cell dimensions area = 4.963 i 0.005 A,  b = 5.920 k 0.005 A, and c = 6.857 * 0.005 A; the 
measured and calculated densities are 7.77 and 7.80 g/cm3, respectively. The structure was solved from Patterson and 
electron density maps and refined by least-squares methods to a conventional R index of 0.091 for 222 independent, non- 
zero reflections collected by the use of equiinclination Weissenberg photographs. The mercury atom is surrounded by 
three fluorine and three oxygen atoms in an irregular octahedral coordination. By sharing two opposite edges the octahe- 
dra form infinite columns along the c axis. These columns are linked by shared corners and by 0-H. + *F hydrogen bonds 
of length 2.76 i 0.10 A. The closest Hg-0 distances of 2.06 i 0.06 and 2.1 1 i 0.06 A occur within a column in the pla- 
nar zigzag -0-Hg-0-Hg- chain. The compound may be conveniently described as polymeric mercurioxonium fluoride, 
[Hg(OH)] ,n+,nF-. 

Introduction 
Mercury(I1) hydroxide fluoride, Hg(OH)F, described for 

the first time by Djordjevic,' is the only known basic fluo- 

(1 )  C. Djordjevic, Ark. Kemi, 27 ,  137 (1955); Chem. Abstr., 50,  

ride of this metal. At the same time all other basic mercu- 
ry(I1) halides are oxide halides defined by the general for- 
mula Hg,X20n-1, with n = 1.5 ,3 ,4 ,  and 5 ,  but with oxy- 
gen functioning differently in the various  structure^.^'^ In 

( 2 )  D. Grdenic, Quart. Rev. ,  Chem. SOC., 19, 303 (1965)  
(3) K. Aurivillius, Ark. Kemi, 24, 1 5 1  (1965). 6 2 37f ( 19 5 6). 


