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The structure of di-~-bis(diphenylarsino)methane-bis(trans-chlorocarbonylrhodium(I)), Rh(CO)Cl((C6Hj)2AsCHzAs(Cs- 
Hs)2)2Rh(CO)Cl, has been determined from three-dimensional X-ray data collected by counter methods. The final R factor 
obtained from a block-diagonal least-squares refinement for 2544 reflections is 0.068. The material crystallizes in the tri- 
clinic system with space group P i  and a unit cell of dimensions a = 11.371 (2), b = 10.413 (2), c = 12.753 (3) .& and 01 = 
100.35 (3), p = 103.60 ( 2 ) ,  y = 118.42 (2)’. The calculated density for two empirical formula units, Rh(CO)Cl(C6H6)2- 
ASCHZAS(CEH~)Z, is 1.747 g/cm3 which agrees with the experimental value of 1.71 g/cm3 determined by the flotation method. 
The crystal consists of discrete dim+ molecules of The Rh-Rh 
distance within the dimer is 3.396 (1) A and appears to  be more the result of the steric requirements of the diarsine molecules 
than any significant metal-metal interaction. The approach is sufficiently close, however, that  the coordination about each 
rhodium atom is best described as approximately square pyramidal. The centrosymmetrically related rhodium atom oc- 
cupies the apical position while the “basal plane” consists of a terminal chlorine atom, a terminal carbonyl group, and two 
arsenic atoms, one from each of the two bridging diarsine molecules, in a tvans configuration. 

symmetry held together by bridging diarsine molecules. 

Introduction 
Until recently, there have been only scattered reports 

of rhodium(1) complexes of chelating ditertiary phos- 
phines and Our discovery that bis(cis-1,2- 
bis(diphenylarsino)ethylene)rhodium(I) chloride] [Rh- 
(cis- 5 )  2AsCH=CHAs (C6H5)2) 2 ] c1, would revers- 
ibly activate molecular hydrogen and undergo a vari- 
ety of facile oxidative addition reactions4 prompted a 
search for similar Rh(1) complexes which might behave 
in an analogous manner. I n  the course of this work, we 
prepared complexes of bis(dipheny1arsino)methane and 
its phosphorus analog which were found to possess the 
empirical formula Rh(CO)Cl(L-L) (L-L = diphos- 
phine or d ia r~ ine) .~  The two complexes are isomor- 
phous from powder data but molecular weight studies 
produced conflicting results which, although indicating 
a dimer, prevented an unequivocal determination of the 
molecular formula. The similarity of their infrared 
spectra to that of truns-Rh(C0) Cl(P(CEHJ& and re- 
lated complexesG suggested a similar geometry about the 
metal and the likelihood of ligand bridges if the mole- 
cule were indeed dimeric. Such a formulation would be 
similar to the dimeric carboxylate complexes of Rh,’ 
R u , ~  M o , ~  Re,1o and Cull where significant metal-metal 
interaction occurs in that in both cases a three-atom 
moiety links the two metals. 

While this work was in progress, the preparation of a 

(1 )  A. Sacco and R.  Ugo, J .  Chem. Soc., 3274 (1964). 
(2) R. J. Mawby and L. M .  Venanzi, Ezpeuientia, S a p p l . ,  No. 9, 240 

(1964). 
(3) W. Hieber and H. Lagally, Chem. Bev., 100, 148 (1967). 
14) J. ‘r. Maglieand J. 1’. Mitchener, Chrm. COIJZWZ~CJI . ,  911 (1968). 
(t) J .  T. Mague aud J .  P. Mitchenel-, l i zovg .  Chem., 8 ,  I19 (1969). 
(6) J. Chatt  and B. L. Shaw, J .  Chem. Soc., A ,  1437 (1966). 
(7) M. A. Porai-Koshits and A. S. Antsyshkina, Puoc. Acad.  Sci. L‘SSR, 

Chem. Sect., 146, 902 (1962). 
(8) M. J, Bennett, K. G.  Caulton, and F. A. Cotton, Inoug. Chem., 8 ,  1 

( I  WJ). 
(9) U. Lawton and 11. Mason, J .  A m .  Chem. Soc., 87, 921 (1965). 
(IO) M. J. Bennett, W. K. Bratton, F. A. Cotton, and W. R. Robinson, 

(11) J. N. van Niekerk and F. R. L. Schoenig, Acta Cvyst. ,  6, 227 (1953). 
I?zoi,g. Chem., 1, 1570 (1968). 

complex, also of empirical formula Rh(C0) Cl(C6H&- 
PCHzP(C6H5)s, was reported with a polymeric formula- 
tion being postulated.a We have shown this product to 
be identical with the phosphine complex which we have 
prepared and for which we had data indicating a di- 
meric form~la t ion .~  We therefore felt it necessary to 
know the exact structure of the complexes in order to 
determine unequivocally the molecular formula and to 
investigate the possibility of metal-metal interaction. 
We report here the results of that study of the diarsine 
complex. 

Experimental Section12 
Unit Cell Data and Collection of Intensities.-Bright orange 

crystals of R~(CO)C~((C~H~)ZASCHZAS(C~H~)Z)ZR~(CO)C~~ were 
grown by slow diffusion of diethyl ether into a dichloromethane 
solution of the complex. Equiinclination Weissenberg photo- 
graphs taken with hTi-filtered, Cu K a  radiation indicated that the 
crystal belonged to  the triclinic system and inspection of the 
Okl-2kZ and hkO-hk2 zones did not reveal any systematic absences. 
A least-squares refinement of the setting angles of 34 high-order 
reflections which had been carefully centered on a Picker four- 
circle diffractometer (Zr-filtered, Mo Kcu radiation (A 0.7107 A)) 
gave the following unit cell parameters: 
10.413 ( 2 ) ,  c = 12.753 (2) and 01 = 100.35 (3), p = 103.60 
(2), y = 118.42 (2)”. The experimental density of 1.71 g/cma 
as measured by flotation in aqueous zinc chloride is in agreement 
with the value of 1.747 g/cm3 calculated on the basis of two ern- 
pirical formula units (Rh(CO)C1(CeH6)2AsCHzAs(CeH5)2) per 
unit cell. With Z = 2 and an indication from the molecular 
weight measurements that the molecule was probably dimeric6 the 
most likely space group was P i  (Cil, no. 213). The subsequent 
successful refinement of the structure confirms this choice. 

a = 11.371 (2), b = 

(12) All computations were pelformed o n  an IBM 7044 computer a t  the 
Tulane University Computer Laboratory. Local programs were used ex- 
cept for those noted here:  SET-^, C. T. Prewitt (diffractometer settings); 
LPIN (Lorentz and polarization corrections), FOUR (Fourier synthesis), 
BLSA (modification of the Gantzel-Sparks-Trueblood UCLALS-1, ACA Pro- 
gram No. 317 for block-diagonal least-squares refinement and distance-angle 
calculation), LsPr. (least-squares planes), all by C. J. Fritchie, Jr.; ORABS, 
W. L. Busing (absorption corrections); ORTEP, C. K. Johnson (graphical 
illustrations); CELL, B. L. Trus (refinement of unit cell dimensions). 

(13) “International Tables for X-Ray Crystallography,” Vol. I, The 
Kynoch Press, Birmingham, England, 1962. 
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The crystal used for the collection of the intensity data was a 
plate with parallelogram faces measuring 0.1 X 0.3 X 0.5 mm, 
the largest face being identified as ( O O l }  . It was mounted on 
one end such that  the crystallographic a axis was coincident with 
the 4 axis of the goniostat. The latter was in turn approximately 
parallel to the minor diagonal of the (001) face. The data were 
collected at room temperature on a card-controlled, Picker four- 
circle diffractometer using Zr-filtered, Ma Kor radiation (A 0.7107 
A) and a takeoff angle of 5.3'. The integrated intensities were 
measured with a scintillation counter employing a pulse-height 
analyzer set to admit about 9070 of the Mo Ka pulse distribution. 
Preliminary inspection of the stronger reflections showed notice- 
able tailing to higher 28. As this continued essentially undimin- 
ished for at least 3" in 28 beyond the peak maximum, i t  did not 
appear feasible to employ an asymmetric scan range, particularly 
since the tailing did not produce more than a 27c error in the 
measured intensities. The moving-crystal, moving-counter 
scan technique'* was employed in which the 28 scan was from 
28ealod - 1.25' to  200s10d + 1.25". The scan rate was 1°/min 
and background counts were made for 20 sec at each scan limit. 
Two standard reflections were monitored approximately every 4 
hr throughout the course of the data collection and no significant 
variation in their intensities was noted. Coincidence losses 
were found to affect only the most intense reflections. Reflec- 
tions for which the counting rate exceeded 10,000 cps were re- 
measured a t  reduced power and were scaled to the remaining data 
using the same standard reflections. 

The unique hemisphere having h 2 0 and (sin B)/X 5 0.55 was 
scanned to yield 3589 independent reflections. Raw intensities, 
I ,  were obtained from the diffractometer output according to the 
formula I = CT - O.Z(t,/tb)(& + Bt )  where CT is the total 
integrated count obtained in time t ,  and B1 and B, are the back- 
ground counts, each obtained in time tb. The standard devia- 
tion of the raw intensity, u(I), was estimated as u(1) = (CT + 
0.25(to/tb)2(B~ + Bz) 4- (pI)')''' with taken as 0.02. Using 
the criterion I < 2 u ( I ) ,  602 reflections were rejected as statis- 
tically insignificant and were treated as unobserved. Each of 
these reflections was assigned a threshold value given by I t h  = 
2 u ( I ) .  Owing to program limitations and the fact that many of 
these unobserved reflections occurred at high values of (sin 8) /A,  
a smaller data set was chosen having (sin 8)/A _< 0.525. The 
resulting 2941 reflections of which 419 were unobserved were 
then corrected for Lorentz, polarization, and absorption effects. 
The linear absorption coefficient for the compound is 37.9 cm-I 
for Mo K a  radiation. 

Solution and Refinement of the Structure.-The structure 
was refined by a block-diagonal least-squares process. Scatter- 
ing factors for neutral Kh, As, C1, 0, and C were obtained from 
ref 16, and those for Rh,  As, and C1 included both the real and 
imaginary parts of the correction for the effects of anomalous dis- 
persion." The function minimized was Zw(KIF,I - GIF,I)Z 
where F, and F, are, respectively, the observed and calculated 
structure factors, K and G are scale factors (G = 1.0), and w 
is l / u z  (F,,). The standard deviation in F,, u ( F o ) ,  was taken 
as a(F,2)/2F0. Unobserved reflections were included in the re- 
finement if I Fcl exceeded F t h  where Fti, is the threshold value for 
F,, obtained by correcting I t h  for Lorentz, polarization, and ab- 
sorption effects. In  the final stages of refinement only 49 of the 
unobserved reflections met this criterion. The conventional 
residual, R, isdefinedasR = 2(l lFol  - lFoli)/2iFol. 

A three-dimensional, unsharpeued Patterson fuiiction which 
clearly showed the heavy-atom vectors was readily interpretable 
in terms of a centrosymmetric dimer thus further indicating P i  
as the correct space group. The remaining nonhydrogen atoms 
were found from successive cycles of least-squares refinement 
followed by a difference Fourier synthesis. After all 31 nonhy- 

(14) T. C. Furnas, "Single Crystal Orienter Instruction Manual," General 

(15) W. I<, Busing and H. A. Levy, J .  Chem. Phys . ,  26, 563 (1957). 
(16) "International Tables for X-Ray Crystallography," Vol. 111, The 

(17) Reference 16, Table 3.3 .20 .  

Electric Co., Milwaukee, Wis., 19.57. 

Kynoch Press, Birmingham, England, 1962, p 200 f f .  

drogen atoms had been located and their positional and isotropic 
thermal parameters refined, a difference Fourier map was cal- 
culated which indicated anisotropic thermal motion about the 
heavy atoms. Refinement was therefore continued with aniso- 
tropic temperature factors of the form exp[ - (Bllh2 + Bztkz + 
BaaP + Blthk + BY& + Btakl)] for these atoms, leading to an 
R of 0.071 and to an improvement in the appearance of the dif- 
ference map in the immediate vicinity of these atoms. (However, 
see below.) Inspection of the list of observed and calculated 
structure factors showed some rather large discrepancies between 
1 Fo/ and 1 F,l among the strongest and the weakest reflections. 
Since the latter receive relatively large weights but make only 
small contributions to the total electron density, it was thought 
that the large errors here might be impeding the refinement and 
146 were omitted. Also omitted were the strong reflections 001 
and 002 which appeared to be sevcrely affected by either extinc- 
tion or by overlap with the "tail" of the direct beam. Other than 
this, the effects of extinction were neglected. Three inore cycles 
reduced R to 0.063 and improved the agreement among the strong 
reflections. The agreement among the weaker reflections was not 
noticeably affected so the 146 omitted data were returned and 
three more cycles of refinement were performed leading to a final 
R of 0.068. At this point no parameter was shifted by more than 
0.1 of its estimated standard deviation and there were no signif- 
icant changes in the molecular dimensions from those determined 
prior to the temporary removal of the 146 reflections. The final 
difference map indicated reasonable positions for most of t h e  
phenyl hydrogens but the peaks were very diffuse (<0.5 e-/AS). 
In addition each heavy atom was surrounded by a pair of peaks 
(-1.6 e-.k3) and a pair of holes (-y-2.0 e-/B3) which resembled 
uncorrected anisotropic thermal motion but which occurred about 
1.1 .& from the atoms. These anomalies were smaller here than 
on a map calculated after convergence had been reached on the 
data set which included no absorption corrections. The direc- 
tions of the peaks and holes were, respectively, in the approximate 
directions of the minimum and maximum dimensions of the crys- 
tal. These observations, together with the fact that  similar 
anomalies in another case1* could not be removed by manual 
changes in the size and orientation of the thermal ellipsoid of the 
atom with which they were associated, suggest that they may be 
connected in some way with the absorption correction. Al- 
though there may be a somewhat larger uncertainty than desir- 
able in the angular dimensions of the crystal since good reflec- 
tions from the faces could not be obtained on an optical goniom- 
eter, all linear dimensions were accurately measured on a micro- 
scope fitted with a micrometer eyepiece. Thus it does not ap- 
pear that any serious error has been made in applying the absorp- 
tion correction. Another contributing factor may be the white 
radiation problem inherent with Ma Ka radiationl9 although, as 
mentioned earlier, this did not appear to be an appreciable effect 
either. The final standard deviation of an observation of unit 
weight is 2.98. This high value probably results from the anotn- 
alies noted above and to the neglect of the contributions of the 
hydrogen atoms to the scattering. It may possibly also indicate 
an underestimation of the value of p .  Despite this, the molec- 
ular features of chemical interest are quite adequately established 
and further refinements in the treatment of the data such as in- 
clusion of the hydrogens and a detailed analysis of the noise fea- 
tures in the final map do not appear to be econoniically feasible. 

The 
positioual and thermal parameters obtaiued from the last cycle 
of least-squares refinement are listed in Table I1 together wit11 
the associated standard deviations as estimated from the inversc 
least-squares matrix. 

The final values of lFol and F, are presented in Table I. 

Description of the Structure 
The structure consists of discrete dimeric molecules 

having 7 symmetry with the centers located a t  ( l / 2 ,  0, 
1 / 2 ) .  A perspective view of the dimer in given in Figure 

(18) C. J. Fritchie, Jr. and J. L. Wells, private communication 
(19) R. Eisenberg and J. A. Ibers, Inorg. Chem., 4, 773 (lQ65).  
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Iiigure 1.-A perspective view of the centrosymmetric dimeric molecule with pertinent dimensions. Additional angles which could 
C1-Rh-Asi, 93.73 (7)'; C1-Rh-Clo, 171.4 (3)'; Rh-Go-0, 177.1 (9)'; Ast-Rh-Cio, not conveniently be included in the figure are: 

88.3 (3)'; C1-Rh-Asz', 87.22 (7)'; Asz'-Rh-Clo, 91.2 (3) ' ;  CB'-ASI-C.,', 99.4 (4)"; Cs'-Asl'-Rh', 119.3 (2)"; Cs'-Asz'-Rh, 120.8 (2)". 

1, together with selected interatomic distances and 
angles, while the molecular packing is depicted in 
Figure 2. The halves of the molecule are held together 
by bridging diarsine molecules. The coordination 
about each rhodium atom is effectively that of a square 
pyramid with the basal atoms consisting of an arsenic 
atom from each of the diarsine molecules, a terminal 
chlorine atom, and the carbon atom of a terminal car- 
bonyl group. The arrangement of these four atoms is 
trans, and in this respect each half of the molecule is 
analogous to the known complexes trans-Rh(CO)ClLz 
(L = monotertiary phosphine or arsine) ,20 The coor- 

dination about the rhodium is completed by the second 
rhodium which occupies the apical position at  a distance 
of 3.396 (1) .&. This distance is significantly greater 
than the intramolecular Rh-Rh distances found in [Rh- 
(CH&00)2(Hz0)]z (2.45 8)' and [Rh(C0)&1]2 (3.21 
A) 21 where metal-metal bonding has been postulated 
(in rhodium metal theRh -Rh distance is 2.690 (12) Az2). 
On the other hand it has been suggested that weak 

(20) L. Vallarino, J. Chem. Soc., 2473 (1957). 
(21) L. F. Dahl, C. Martell, and D. S. Wampler, J. Am.  Chew. Soc., 

(22) L. Pauling, "The Nature of the Chemical Bond," 3rd ed, Cornell Unl- 
83, 1761 (1961). 

versity Press, Ithaca, N. Y., 1960, Table 11-2. 
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TABLE I 
O B S E R V E D  A X D  CALCULATED STRUCTURE -4MPLITUDES ( x 10, I X  ELECTROSS)  FOR 

Rh(CO)Cl( (CsHj)&CH?il~(C6H:)g)gRh(C0)Cl~ 
P O  

a ,  

. I .  
- 5 2  L 0 

1 - 2  

, - 1 0  

6 - e  

, - 1  
1 0 1  
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TABLE I (Contirtued) 

a The data are separated into groups having the common values of It and k listed above each one. 
Unobserved reflections are indicated by a negative F,. 

Within each group the three col- 
umns list 1,  1 F,/ ,  and F,. 

TABLE I1 
FINAL POSITIONAL AND THERMAL PARA METERS^ FOR Rh(CO)Cl( (C,H,)ZASCHZAS(C,H,),)~R~(CO)CI 

Atomb X Y z BiiC Bzz B33 B I Z  B13 
I< h 0.52789 (7) 0.86905 (8) 0.54428 (6) 5.85  (7) 5.64(8) 4.32 (5) 5 .0  (1) 3 . 8  (1) 
As, 0,31977 (9) 0.66271 (9) 0.38024 (8) 4.89 (9) 3.96 (9) 3 .93  (7) 4 . 1  (1) 3 . 4  (1) 
Asn 0 . 2 i i i 8 ( 9 )  0.91780(9) 0.29176(8) 4.97(9) 4.69(9)  3 .38(7)  4 . 5 ( 1 )  2 . 4 ( 1 )  
C1 0,6722 (3) 0.9569 (3) 0.4340 (2) 9.8 (2) 9 . 6  (3) 7 . 6  (2) 9 . 7  (4) 8 . 5  (4) 

Atom 
C6 

CS 
Cl 
Cs 
CB 
ClO 
0 
CIP 
Cia 
Cld 
Cl5 

CI7 

Cis 

CIS 

z 

0.3467 (9) 
0.2942 (9) 
0.1952 (8) 
0.1089 (9) 
0,1818 (9) 
0.4335 (10) 
0 ,3741 (8) 
0.4679 (11) 
0.4845 (13) 
0.3789 (13) 
0.2532 (12) 
0.2362 (11) 
0.4254 (10) 
0.4396 (12) 

Y 
0.5667 (10) 
0,8577 (10) 
0.4781 (9) 
0,9376 (10) 
0.7205 (10) 
0.7896 (12) 
0,7352 (9) 
0.5627 (12) 
0.4779 (15) 
0.4037 (14) 
0.4093 (13) 
0.4886 (12) 
0.8815 (11) 
0.8301 (13) 

z 

0.2502 (8) 
0.1488 (8) 
0.4098 (8) 
0.2425 (8) 
0.3188 (8) 
0.6343 (9) 
0.6867 (7) 

0.1786 (12) 
0.0717 (11) 
0.0483 (11) 
0.1394 (9) 
0.1508 (9) 
0.0469 (11) 

0.2708 (10) 

B,  
2.4 (2) 
2 . 1  (2) 
2 , 0  (2) 

2.2 (2) 
3 . 5  (2) 
4 . 9  (2) 
3 . 9  (3) 
5 . 4 ( 3 )  
5 . 2  (3) 
4 . 8  (3) 
3 .6  (2) 
3 . 4  (2) 
4 .6  (3) 

2 . 3  (2) 

Atom 
CIS 

czo 
CZl 
c 2 2  

Cia 

CZS 
c24 

c26 

c 2 7  

Cza 
c z s  
cso 
CSI 

X 

0.3263 (12) 
0.1877 (IO) 
0.1756 (10) 
0.2586 (11) 
0.1736 (lo) 
0.0310 (10) 

- 0.0330 (9) 
0.0523 (9) 
0.1221 (10) 
0.0128 (12) 

-0.1171 (12) 
-0.1308 (11) 
-0.0186 (10) 

Y 
0.7599 (14) 
0.7315 (13) 
0.7841 (11) 
0.3999 (11) 
0,2664 (12) 
0.2134 (11) 
0.2891 (11) 
0.4240 (10) 
1.0469 (11) 
1,0711 (14) 
0.9821 (13) 
0.8758 (12) 
0.8513 (11) 

z 
-0.0535 (11) 
-0,0587 (11) 

0.0443 (9) 
0.4492 (9) 
0.4761 (10) 
0.4601 (9) 
0,4187 (9) 
0.3942 (8) 

0.1517 (11) 
0.1758 (11) 
0.2317 (10) 
0.2651 (9) 

0,1880 (9) 

Bz3 
5 . 1  (1) 
4 . 3  (1) 
4 . 6  (1) 
9 . 2  (4) 

B, 
5 .  l ( 3 )  
4 . 9  (3) 
3 . 2  (2) 
3 . 2  (2) 
3 . 8  (3) 
3 . 4 ( 2 )  
3 , 3  (2) 

3 . 4 ( 2 )  
5 . 0  (3) 
4.8 (3) 
3 . 9  (3) 
3 . 2  (2) 

2 . 5  (2) 

a The standard deviations of the least significant figure(s) are given in parentheses here, in other tables and figures, and in the text. 
The form of the ellipsoid is that  * The atom labeling conforms to that shown in Figure 1. 

given in the text. 
Anisotropic thermal parameters ( X  los).  

intermolecular metal-metal interactions occur in [Rh- 
(CO)2Cl]z (Rh-Rh = 3.31 A)," Rh(CO)z(CH&O)z- 
CH (Rh-Rh = 3.27 ( I ) ,  3.26 ( I )  A),23 and Rh(C0)z- 
(CFsC0)zCH (Rh-Rh = 3.34 (I) This last value 
is only marginally shorter than that found in this work 
so, while i t  is unlikely that there is significant metal- 
metal interaction here, it cannot be completely ruled 

(23) N. A. Bailey, E. Coates, G. 13. Robertson, F. Bonati, and R. Ugo, 
Chein. Commun., 1041 (1967). 

out. Thus each rhodium atom should best be consid- 
ered to be effectively five-coordinate. In  view of the 
As1-Rh-Asz' angle of 176.88 (4)" and particularly the 
As1-Cg-AsZ angle of 113.5 ( 4 ) O ,  it appears that the rel- 
atively short "bite" of the diarsine ligand is the major 
factor responsible for the close approach of the rhodium 
atoms. 

The Rh-C1 distance of 2.372 ( 3 )  A is comparable to 
those found in similar complexes of elements in the 



1980 JOEL T. MAGUE Inorganic Chemistry 

Figure ?.--A projection of four neighboring dimers upon (loo] showiiig the  molecular packing. 

latter part of the second transition series, viz., Rh-C1 
(2.386 (3) A) in Rh(CS)C1(P(C6H5)3)2,24 Pd-Cl (2.33 
(4) A) in [Pd(TPAS)C1]C104 (TPAS = o-phenylene- 
bis (0-dimethylarsinophenylmethylarsine) ) , and Ru- 
C1 (2.388 (8 )  A) in RuCla(P(C6Hj)3),.26 The two inde- 
pendent Rh-As distances (Figure 1) are different to an 
extent which is only barely significant and therefore 
probably not meaningful. They can be compared to 
those found in similar instances, viz., Pd-As (2.408 (7), 
2.375 (7)  8) in [Pd(TPAS)C1]C10426 and Ru-As (2.308 
(5), 2.398 (5), 2.468 (5) A) in Ru(QAS)Brz (QAS = 
tris(o-diphenylarsinophenylarsine)) ,27  The As+& and 

(24) J. I,. &Boer, I ) .  Rogers, A. C .  Skapski, and P. G. H. Troughton, 

(25 )  T. L. Blundell and H. M. Powell, J .  Chein. Soc., A ,  1650 (1967). 
(26) S .  J. La Placa and J ,  A. Ibers, Inoig.  Chem., 4, 778 (1965). 
(27) R.  H. B. Mais and H. M .  Powell, J .  Chem. Soc., 7471 (1965). 

Chem. Cotnmuir., 756 (1966). 

Asz-Cs distances (Figure 1) are also different to a barely 
significant extent (A/u - 3 )  but since CS lies in the vicin- 
ity of some of the anomalies about the arsenic atoms, its 
position may be somewhat affected by this so we do not 
attach any significance to this difference in bond 
lengths. Finally, the Rh-Clo and Clo-O distances 
(Figure 1) are in the ranges found previously for a va- 
riety of terminal carbonyl groups bound to transition 
metals.23~24~28-30 The slight distortion of the Rh-Clo-O 
moiety from linearity is not significant but is in the di- 
rection expected from the intramolecular contacts (vide 
infru), 

(28) F. Calderazzo, K. Et-coli, and G. Nat ta  in "Organic Syntheses via 
Metal Carbonyls," Vol. 1, I. Wender and P. Pino Ed. ,  Interscience Publish- 
ers, New York, N. Y., 1968, p 47. 

(29) S. J. La Placa and J. A. Ihers, Acta Crys l . ,  18, 511 (1965). 
(30) 12. Mason and A. I. M. Rae, J .  Chem. Soc., A ,  778 (1968). 
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TABLE 111 
WEIGHTED LEAST-SQUARES PLANES THROUGH THE  DIMER^ 

Plane 
Atoms no. A B C D 

Rh, Asi, ASZ, C1, Cio, 0 1 -0.346 0.932 -0.109 2.951 
Rh,  Rh’, C1, Cio, 0 2 -0.492 -0.288 -0.821 -7.996 
Rh,  Rh‘, h i ,  Asi‘, Asz, As%‘ 3 0.845 -0.140 -0.516 -1.665 

7 Distances of Atoms from Planes, 8, 
7 Plane no. - 

Atom 1 2 3 

Rh 0.011 (1) 0.009 (1) 0.022 (1) 
Rh‘ -0.001 (1) -0.022 (1) 

0.074 (1) -0.015 (1) ASI 
ASI’ 0.015 (1) 
Asz 0.015 (1) 
 AS^ 0.077 (1) -0.015 (1) 

ClO -0.122 (14) -0.022 (14) 
c1 -0.166 (3) -0.010 (3) 

0 -0.235 (12) -0.009 (12) 
a The equations of the planes are of the form A X  + B Y f CZ - D = 0 where X, Y, and Z are orthogonal coordinates (in A). The  

X = ax sin y + cz (cos p - cos 91 cos ?)/sin y; Y = ax cos y 4- transformations from the fractional triclinic coordinates ( x ,  y,  z )  are: 
by  + cz cos a; Z = cz (1 - cos2 a - cos2@ - cos2 y 4- 2 COS a COS p COS y)’”. 

The C-C distances within the phenyl rings range from 
1.465 (16) (C2+&) to 1.350 (17) A (CD-CI~) with the 
average value being 1.404 (15) A .  The root-mean- 
square deviation of an individual value from the mean 
is 0.026 A indicating a slight underestimation of the 
standard deviations by the least-squares refinement 
process. The average C-C-C angle is 120.0 (9)’ with 
the individual values ranging from 117.3 to 122.0’. In 
addition the rings are planar within experimental error 
(uplane = 0.02 A) no atom being more than 0.02 from 
the best plane through the ring. 

Although there are no unusually short nonbonded 
contacts in this structure, there are sufficient interac- 
tions of the phenyl rings containing Cb and CS with each 
other and with the adjacent chlorine atom and carbonyl 
group to render the major portion of the molecule quite 
rigid. Using the calculated positions of the hydrogen 
atoms on C17 and Clz (hereafter called HI7 and HIZ) as- 
suming a C-H distance of 1.08 A, the following intra- 
molecular contacts are found: H17---C1, 2.7 A ;  H17--- 
Clo’, 2.8 A ;  Hl7---0’, 2.9 A.  In  addition, the C16---C17 
contact is 3.57 A and that for H12---C1 is 3.5 A. The 
only intermolecular contacts of possible significance are 
those between and the atoms C29 and C30 in the ad- 
jacent molecule a t  (1 - x, 2 - y, -2 )  which are found 
to be 3.4i4. 

An examination of the data in Table I11 shows that 
the coordination about the rhodium (excluding the apical 
metal atom) is not rigorously planar. The rhodium 
atom is approximately in the “basal plane” (no. 1) while 

the arsenic atoms are -0.07 A from this plane toward 
the center of the molecule and the chlorine atom and the 
carbonyl group are considerably bent away. A similar 
distortion of the coordinated atoms alternately above 
and below the best plane has been found in Rh(CS)Cl- 
(P(CeH6)& but in the latter it is not nearly as pro- 
nounced. The displacement of the arsenic atoms to- 
ward the center of the molecule provides further evi- 
dence for the short “bite” of the ligand being mainly re- 
sponsible for the close approach of the rhodium atom$, 
while the marked bending back of the chlorine atom and 
the carbonyl groups is largely due to the close contacts 
with H17. The heavy-atom skeleton is very nearly 
planar (plane 3) with the small displacements of the 
atoms (-0.02 A) from this plane being in the direction 
of a “chair” conformation. This slight buckling is 
probably to relieve the strain occasioned by the above- 
mentioned contacts as well as the As2---C1 contact of 
3.3 A. from the plane of the 
heavy atoms as expected from the approximately tetra- 
hedral coordination about the arsenic atoms. 

Finally, C9 is -0.6 
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