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I 
(OC)jCr-AsMe2AsMr2Cr(C0).,AsMeZAsMe~, IWS 
beer7 yi~eprrred irJrrdl~erteJJt!\~ fi~oiii tlie i.e(ictioJJ of c~7co- 
r/ylic ncid,‘ MeZAs(0)OH uitl7 cl7romi1u77 cc7rbot1~*/. 
Lrqe, ,4,ell-foimed yello~i~ cl:\strrls we7.e g7’01vri from 
CH2CI,, NII~ tl1e stl~lct7l~ M’(iS detem7ir7etl ns (7 llJ~~117s 

of defii7itil.e irler7tificr7tior7. Tl7e c~;wtrl.~ ~71.e 1,7017o- 
chic rriltf Ir*ere rrssigrieti to the irori-sttrid7r.ri sptrce 
group 12/m, wlitl7 w1ir cell p77.(7v7eters: a = 9.920(2)& 
0 = 10.976(2) A, c = 12.233(2)& b = 107.56(l)“, 
V = 1269.8(4)t%‘. Z = 2. T11e st,‘JJctJJre ~~7s soh,ed (7rJti 
refilled 7rsir7g 727 ~10r7~~etl7r77rir17~t 7.eflectious for wlJiclJ 
F,’ > 3u(F,‘), to firwl vesidll(,Is of R, = 0.029 rJrJtl 
Rz = 0.047. Tl7e r77olec7rle is (7 si.\-tJJc~rJJbcr~e~ rirJg nJrrtie 
7y of CI.(CO)~ gi’0iri1.s i7J tlie I rriui 4 positioi7s +r~itli 
(CH3 _As g~~o~rp.s irl tl7e remtrir7ir1g positior7s. TlJe JirJg 
17rrs 17 clJrJir co7Jfig7t7~c7tioJJ rJrJd lirrs c7:\~sti7llo~~c7~~11ic Z/r11 
sy177177etr\~. Tl1c tk4jo-fold rrvis p7sses tl1ro7lgl7 tl1e r77id- 
poirrts of‘ tlw As-As 11ods 1717ti tl7e chromiw71 nton7s lie 
i77 t/if llJil’vO7. p/(71JcT. &IJIJcT irlJpOJ~ft7llt di?JJPJJSiOlJS (JI’C: 

CI-As, 2.480(l)& As-As, 2.442(l)& As-C(m*), 
1.971(6)& Cr-C (t~xrr~s to As). 1.87(l)& Cr-C (cis 
to As), 1.90(1)Ar77Jd 1.87(l)& < AsAsCr, 120.97(3)“; 
< AsCrAs, 92.1.5(5)‘. Pl’OtOlJ ,lllJ,’ Sl’t”‘t?1J flWJ ~0017J 
tevJpe1771111’e to -70” C irJdicntc tlitrt tl7e clirrir~ co77- 
f01.11J(ltiOlJ ilJl WtS M’itlJ 1J flW 6VM’l&‘_, Of 17ctilWtiOlJ 

1JJ’OlJlJd 10 kCCJ/ IllO-‘. 

Introduction 

A number of recent reports have indicated the im- 
portance of the dimeric ion Moz4+ in the chemistry 
of reduced molybdenum complexes. ’ The correspond- 
ing chromium(ll) dimer is considerably less well- 
known. We have been engaged in synthesizing such 
complexes and in studying their stl-uctural and spectro- 
scopic properties, and were interested in the possibility 
of producing cacodylnte (dimethylarsin~~tc) analogs of 
the acetates of these metals, utilizing the reaction of 
cacodylic acid with the metal carbonyls, in analogy to 

the usual method of preparing dimolybdenum(II) 
cnrboxylates.’ 

Neither reaction proceeded as planned. Chemical 
evidence suggests that the molybdenum product con- 
tains a hisher oxidation state than Mo(lI): the ir 
spectrum points tentatively to an oxo-bridged dimer of 
Ma(V). TA.O products have been obtained from the 
chromium reaction. an intractable green solid and, in 
low yield, a soluble yellow solid. which we have identi- 
fied cr!~stallographically as the (tetramethyldinrsine) 
tetracnrhon~lclir~)niium(O) dimer. We are reporting 
its structure because the molecule has some interesting 
and unusual structural features and because no mole- 
cule of this kind has been previously described. 

Experimental 

Prepin tiorJ 
Chromium hcsacarbonyl (1 .O p. 3.5 mmol) and caco- 
dylic acid (I 3 g. Y.4 mmol) were heated together in 
freshly distilled diglyme (50 ml) for 23 hours at 130” C 
under nitrogen. The liquid phase began to turn yellow 
ahnost as soon as heating was begun. and an extremely 
malodorous compound. ALMOST CERTAINLY A 
VOLATILE ARSENICAL (CAUTION!). was evolv- 
ed. The reaction mixture was cooled, and the green 
solid was filtered off under nitrogen. The yellow pro- 
duct was recovered by evaporation of the solvent. 

No attempt has been made to optimize the yield of 
this complex; the proportions given above are those 
chosen for the synthesis of the dimeric chromium(l1) 
complex. The use of undistilled diglyme or of diglyme 
distilled from calcium hydride does not appear to 
affect the course of reaction. 

The compound is moderately soluble in dichloro- 
methane and acetone, sparingly soluble in ether and 
chloroform. and insoluble in hydrocarbon solvents. It 
is stable to air and moisture. both in the solid state and 
in solution. The compound decomposes without melt- 
ing at (YI. 225” C. Mass spectral data suggested the 
presence of the As(CH,), fragment in the product 
but not the AsO, group. The ir spectrum indicated the 
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presence of carhonyl ligands on chromium: bands wcrc 
observed at 2005(m). 1912(s) and 188O(sh) cn-‘. 
Elemental analyses were not reproducible and did not 
prove helpful in identifyin, 0 the compound. In\~ariably. 
low percentages were obtained. A typical result was: 
C, 21 .4; H, 2.8: Cr, 9.1: As. 36.6. which corresponds 
to an atom ratio H:C:Aa:Cr of lh:10:2: 1. The 
theoretical percentages for the correct composition arc: 
C. 25.67; H, 3.24; Cr, 13.Yl; As, 40.17. 

Since the classical data just summarized did not 
allow us to identify the compound. recourse \vas had 
to x-ray crystallopraphy. Large. lvcll-formed crystals 
were obtained bb slow recrystallization at 0” C from 
dichloromethane. The crystal chosen was 0.5 1 X 0.10 X 
0.08 mm, bounded b> the faces 100. 01 I. 01 i, iO0, 
01 1, and 01 1. It was mounted on a glass fiber \vith the 
long axis of the crystal approximately aligned \vith @ 
and examined on the diffractometer. The crystal be- 
longed to the monoclinic system. with a = Y.Y?O(?)A. 
b = lO.Y76(2)A, c = l2.‘i3(2)Amd/3 = 107.56(l)“. 
with V = 126Y.X(3)A’. as determined b) careful 
centering of fifteen intense reflections in the ranpe 
29.0” < 20 < 32.0”. The systematic absences (hkl for 
h + k+l odd) indicated a- body-centered cell. \vith 
possible space groups 12. Im, 13/m. Transforming this 
cell to the standard C-centered cell gives a = Y.Y20.& 
b= 10.976& c= 13,2-$0A. andB= 118.13”. The more 
nearly orthogonal body-centered cell was rctaincd in 
further work. The densit) \vas determined to be I .YS(3) 
g/cm” by flotation in a mixture of carbon tetrachloride 
and bromoform; for Z = 2. the calculated density is 
1.96 g/cm”. The molecule is required to possrss 2. m. 
or 2/m (C,, C,, or C,,) symmetry. depending on the 
space group. 

Data were collected at 20 k 1 o C on a Syntes Pi auto- 
diffractometer using MO Ku radiation as described 
previously,” in the range 04. < 20 < 45.0”. The O/20 
scan technique with a variable scan rate (-I&33.()“/ 
min) and a scan range of 20(Ku,) -0.7” to 20(Kuz) 
-1-0.9” was used. A total of 935 unique data were col- 
lected of which 727 were judged to be observed (F,’ > 

3u(F,‘)). The parameter p based in ca!culating (7 \vas 
set equal to 0.07. Four standard reflections wcrc re- 
measured after ever! Yh reflections: they did not 
change apprcciabl! in intensit!. The linear absorption 
coefficient is (34.0 cn-‘: a numerical absorption cor- 
rection \\as applied to the data. Transmission factors 
ranged from 0.52-l to O.hOh. \\ith the ;I\ erag? O.SSS. 
No extinction correction was nec~3zar! 

Sohttio~l of tlic Smrc~tlrre” 
The arsenic and chromium atoms \vcre i-eadil! 

located from the thrce-din~ensi~~~~~~l Patterson function. 
which suggested that the hea\ \ atoms NW~ related 1~ 
2/m symmetry. T\\o cycles of least-squares refinement 
on these positions in space go-aup 12’111 resulted in R, 
of O.lYY and Kz of 0.270.” A difference Fourier l-e- 
scaled all carbon and o\!pen atoms: isotropic rcfine- 
ment on these atoms reduced R, to 0.053 and R? to 
0.077. After appl) in s the absorption correction. three 
c\cles of full-matrix anisotropic i-efinrmcnt of all 
atoms \vel-e carried out. producing R, of 0.07Y and 
R, of 0.0-17. In the last cycle. no parame(cr xhiftcd b! 
more than one fifth of ;i standard dwiation. and the 
error in an observation of unit \vcighr kvas 1.15. A 
difference Fourier was computed at this stage: the 
maximum peak densit! \vas I. 1 e,‘A3. compared \vith 
h.3 e/A” for a carbon atom pre\ iously. blcthyl h~dm- 
gen atoms could be located cleanI\, for one meth!I 
group but not the other. Refinement M;IS terminated at 
this point. 

Scattering faclor5 for neutral As. Cr. C. and 0 wrc 
obtained from Cramer-.” Anomalous dispersion effects 
for As and Cr \vere included in F,:’ the values of Jf’ 
and df” \verr those of Cromcr and I.ibe~-n~an.x 

The fractional coordinates and thermal parameters 
for the unique atoms arc gi\ en in Table 1. Tables 11 
and 111 present data on bond distances and bond 
angles. Table IV lists the final \ alues of j F,, 1 ;rnd 
/F, I. The molecule is depicted in Figure I. \vhich 
also illusti-area the numbering scheme. 

TABLE I. Positional and Thermal Parameters for Non-hydrogen Atoms in ~Cr(CO),(AsL(Ctt,),)]~..l.lr 

x Y z B,I B22 8.31 PI2 PI2 021 

AS 0.0857(l) 0.1628(I) -0.0537( 1) 57.9(Y) 33.8(8) 51.7(7) -1.3(h) lY.S(5) 3.6(-l) 
Cr 0.0841(l) 0 -0.1947(l) 55.9(18) 64.8( 16) 43.‘(12) 0 11;.9( 11) 0 

O(l) 0.4060(7) 0 -0.1235(7) M(9) 156(11) 112(X) 0 2 6 ( 6) 0 

O(2) 0.2323(g) 0 -0.3 1 lY(7) 83( li)) 111(9) 105(X) 0 O(h) 0 

O(3) 0.0989(h) 0.1X95(6) -0.3673(5) 159(8) 138(X) 87(S) l?(7) S(5) 65(h) 

C(1) 0.2852( 10) 0 -0.1442(7) 67(13) 75(10) W7) 0 17(7) 0 
C(2) 0.1123(10) 0 -0.2602(R) 70(11) 6 1 ( I 0) 5 l(8) 0 17(X) 0 

C(3) 0.0917(7) 0.1208(8) -0.3005(6) 63(S) 1 OO( 9) SY(6) 2(6) 25(-c) 17(h) 

C(4) 0.0591(9) 0.3288(6) -0.1178(7) 164( 12) 33(7) 97(S) 7(7) 62(X) 32(h) 

C(5) 0.2603(7) 0.1844(7) 0.0750(h) h’(8) 83(8) 73(6) -2 l(6) Z(5) -“( 6) 

a The numbers in parentheses in this and other tables are the estimated deviatlom in the least significant digirs. h The 
anisotropic thermal parameters are of the form expj-104@,,h’ +pZzk2 +/&I’+ 2jj12hk + ?ji,,hl+ 2/jLlhl)]. 
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TABLE II. Bond Distances (A). Nmr Spectra 

As-As 
As-Cr 
AS-C(~) 
As-C( 5) 
Cr-C( 1) 
Cr-C( 2) 
Cr-C( 3) 

C(l)-O(l) 
C(2)-O(2) 

C(3)-O(3) 

2.442( 1) 
2.480(l) 
1.970(7) 
1.972(6) 
1.902(10) 
1.X69(10) 
1.870(8) 
1.148(11) 
1.168(10) 
1.128(8) 

These were recorded at various temperatures using 
a Varian HA-100 spectrometer equipped with a vari- 
able-temperature probe. Dichloromethane served as 
an internal standard. Temperatures were measured 
using a copper-constantan thermocouple placed in the 
nitrogen stream immediately below the sample and 
attached to a Leeds and Northrup Model 713 digital 
thermometer. 

Results and Discussion 

TABLE III. Bond Angles(“).” 

As-As-Cr 120.97(3) 
AS-AS-C(~) lOOS(2) 
AS-AS-C(~) 99.1(2) 
Cr-As-C(4) 114.6(3) 
Cr-As-C( S) 117.5(2) 
C(4)-As-C(S) 100.8(3) 

As-Cr-As’ 92.15(5) 
As-Cr-C( 1) 89.3(2) 
As-Cr-C(2) 94.9(2) 
As-Cr-C( 3) 177.3(2) 
As-Cr-C( 3)’ 88.7(2) 
C( I)-Cr-C(2) 173.9(4) 
C( l)-Cr-C(3) 88.1(3) 
C(2)-Cr-C(3) 87.6(3) 
C(3)-Cr-C(3)’ 90.3(5) 

Cr-C( l)-0( 1) 174.1(9> 
Cr-C( 2)-0( 2) 173.0(9) 
Cr-C( 3)-0( 3) 176.6(7) 

a Primed superscripts indate the atom to be related to the un- 
primed atom by reflection in the XOZ plane. 

The structure of the (tetramethyldiarsine)tetracar- 
bonylchromium(0) dimer consists of a six-membered 
ring of arsenic and chromium atoms, with methyl 
substituents on arsenic and carbonyl groups on chro- 
mium. The ring exhibits an exemplary chair conforma- 
tion, with a fold angle of 42”. The chromium atoms 
lie 1.15 A out of the plane defined by the four arsenic 
atoms. The molecule possesses rigorous 2/m (C,,) 
symmetry, with the chromium atoms and four of the 
carbonyl groups in the mirror plane and the arsenic- 
arsenic bonds bisected by the C, axis. The distances 
around the ring appear normal. The bond angles at 
chromium are negligibly distorted from 90” ; the right 
angle in the ring at that point introduces some distor- 
tion at the arsenic atoms. The largest bond angle at 
arsenic is 12 1 O, as compared with the tetrahedral angle 
of cyclohexane (109.5”). The angles (97”) in gray 
arsenic,’ which contains a six-membered ring (also a 
chair) of arsenic atoms and (C,H,AS),~ (91”) are 
much smaller, but angles in the range 90-100” are a 
characteristic feature of the 3-connected arsenic atom. 
In the present compound we are dealing with 4-con- 

Figure 1. An ORTEP drawing of the molecular structure, -showing the atom numbering scheme. 
Each atom is represented by its thermal vibration ellipsoid, scaled to enclose 50% of its electron density. 



TABLE IV. Values of 1 OF, and 1 OF, in Electrons. 

F. A. Cotton and T. R. Webb 

netted arsenic atoms where the idealized angle would Cr-As-As angle it does not appeal- to cause any mark- 
be 109.5”. It is therefore to this reference value that ed instability in the compound. 
the Cr-As-As and C-As-C angles should be compared There is no significant difference between the axial 
Whatever else might be said concerning the large Cr-C bond lengths, with a mean value of 1.88,+ 
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0.020A and the equatorial ones, which are crystallo- 
graphically equal at 1.870(8) A. 

The equatorial (C(4)) and axial (C(5)) methyl 
groups are not symmetry-related; however, flipping 
the ring to the other, equivalent chair conformation 
will interchange these groups. At temperatures suffi- 
ciently high that the inversion is rapid, the pmr spec- 
trum should consist of a singlet. Such a spectrum is 
observed at room temperature (~8.33 in CD,CI,). 
This signal broadens as the solution is cooled below 
-50” C. However, increasing solvent viscosity prevented 
observations of the true coalescence point and the low- 
temperature limiting spectrum. Recourse to other 
solvents failed because of the low solubility of the 
compound. We estimate that the coalescence tempera- 
ture lies in the neighborhood of -90” C. This, in turn 
would lead to an estimate of about 10 kcal mol-’ as the 
activation energy for interconverting the two chair con- 
formations. 

While a considerable number of purely inorganic 
ring compounds are known,” there does not appear 
to be more than one known compound which is at all 
similar to the one described here. That compound is 
X obtained by reaction of Me4P2 with Fe(COX 
(NO),.” 

cCH3)2 (CH3)2 (C H3)2 

/p-p\ 
(ON&F~ 

As\ 
FdNo)2 

‘P-P’ 

ioN)2Fe’p Fe(NO)2 

(CH& P’3)2 
‘As’ 

cCH3)2 

X Y 

Interestingly, the analogous reaction with Me,As, 
led to As-As bond scission and the formation of Y. It 
is interesting that Hayter and Williams” observed 
that “molecular models show that Me,P, can form 
complexes” like X “with little if any strain when 
the metal is tetrahedral. Attempts to make models of 
analogous compounds involving an octahedral metal, 
however, were unsuccessful owing to strain in forming 
the ring.” They went on to suggest that this might 
account, in part, for Hayter’s earlier observation” 
that complexes he isolated with the empirical formula 
[M(CO),(Me,As,)], (M = Cr, MO) appeared to be 
polymers with n = 13-20, rather than cyclic dimers 
(see below). 

The present work, of course, refutes the conclusion 
drawn from model building by Hayter and Williams, by 
showing that the cyclic dimer is a quite stable and 
conformationally satisfactory structure. 

After our compound had been identified, a litera- 
ture search was made to see if any similar ones, or 
perhaps even the same compound, had previously been 
reported. It was found that in 1964 Hayterl’ had re- 
ported [Cr(CO),As,Me,],, which he prepared in 

5% yield as a byproduct (the major one being 
Cr,(CO~,,As,(CH,),) of the reaction of As,(CH,), 
with Cr(CO), in refluxing ethylcyc!ohexane. As al- 
ready mentioned, he formulated this as a polymer 
with n having an average value of 13 on the basis of 
an osometric molecular weight determination in CH, 
Br,. The color, decomposition point and infrared 
spectrum of our compound all appear to be identical 
to the corresponding properties reported by Hayter. 
We are inclined to believe that the two compounds are 
the same and that perhaps some error was made in 
the molecular weight measurement. It is also possible 
though unlikely that the cyclic m6lecules may have 
undergone ring opening and oligomerization during 
the molecular weight measurement. 
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