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The unusual metallocyclic compound, cyclohexa-1,4-
(tetracarbonylchromium)-2,3,5,6-(dimethylarsenic),

I

(OC)4Cr~AsMe, AsMe, Cr(COhAsMeZAlsMe;, has
been prepared inadvertenty from ihe reaction of caco-
dyiic acid,” Me,As(O)OH with chromium carbonyl.
Large, well-formed yellow crysials were grown from
CH,Cl,, and the structure was deternined as a means
of definiive identification. The crystals are mono-
clinic and were assigned to the non-standard space
group 12/m, with unir cell parameters: a = 9.920(2) A,
b =10976(2) A, ¢ =12.233(2)A, B =107.56(1)°,
V =1269.8(4)A% Z =2, The structure was soived and
refined using 727 nonredundant reflections for which
F2>30(F3), to final residuals of R, =0.029 and
R,=0.047. The molecule is a six-membered ring made
up of Cr(CO), groups in the 1 and 4 positions wiih
(CH ;) As groups in the remaining positions. The ring
has a chair configuration and has crystallographic 2/m
synuetry. The mwo-fold axis passes through the mid-
points of the As—As bonds and the chromium atoms lie
in the mirror plane. Some important dimensions are:
Cr—As, 2.480(1)A; As—As, 2.442(1)A; As—Cqav),
1.971(6)A; Cr—C (trans 10 As), 1.87(1)A; Cr=C (cis
0 As), 1.90(1)Aand 1.87(1)A; < AsAsCr, 120.97(3)°;
< AsCrAs, 92.15(5)°. Proton nmr spectra from rooin
temperatyre 1o —70° C indicare thar the chair con-
formation inverts with a free energy of activaiion
around 10 keal mol™.

Introduction

A number of recent reports have indicated the im-
portance of the dimeric ion Mo,** in the chemistry
of reduced molybdenum complexes.’ The correspond-
ing chromium(Il) dimer is considerably less well-
known. We have been engaged in synthesizing such
complexes and in studying their structural and spectro-
scopic propertics, and were interested in the possibility
of producing cacodylate (dimethylarsinate) 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)
carboxylates.?

Neither reaction proceeded as planned. Chemical
evidence suggests that the molybdenum product con-
tains a higher oxidation state than Mo(1l): the ir
spectrum points tentatively to an oxo-bridged dimer of
Mo(V). Two products have been obtained from the
chromium reaction, an intractable green solid and, in
low vield. a soluble yellow solid, which we have identi-
fied crvstallographically as the (tetramethyldiarsine)
tetracarbonylchromium(0) 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

Preparation

Chromium hexacarbonyl (1.0 g, 4.5 mmol) and caco-
dylic acid (1.3 g. 9.4 mmol) were heated together in
treshly distilled diglyme (50 ml) for 24 hours at 130°C
under nitrogen. The liquid phase began to turn yetlow
almost 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 oft 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(ll)
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. 1t
is stable to air and moisture, both in the solid state and
in solution. The compound decomposes without mett-
ing at ca. 225°C. Mass speetral 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 carbonyl ligands on chromium: bands were
observed at 2005(m). 1912(s) and 1880(sh) cm™.
Elemental analyses were not reproducible and did not
prove helpful in identitying the compound. Invariably,
low percentages were obtained. A tyvpical result was:
C,214:H, 28;Cr, 9.1: As, 26.6, which corresponds
to an atom ratio H:C:As:Cr of 16:10:2:1. The
theoretical percentages for the correct composition are:
C,25.67;H,3.24;Cr, 13.91; As, 40.17.

Since the classical data just summarized did not
allow us to identity the compound. recourse was had
to x-ray crystallography. Large, well-formed crystals
were obtained by slow recrystallization at 0°C from
dichloromethane. The crystal chosen was 0.51 x 0.10 X
0.08 mm, bounded by the faces 100, 011, 011, 100,
011, and 011. It was mounted on a glass fiber with the
long axis of the crystal approximately aligned with @
and examined on the diffractometer. The crystal be-
longed to the monoclinic system, with a = 9.920(2)A.,
b= 10976(2)A.c = 12.233(2)A and 8 = 107.506(1)°.
with V = 1269.8(4) A%, as determined by careful
centering of fifteen intense reflections in the range
29.0° <26 < 32.0°. The systematic absences (hk1 for
h+ k+1 odd) indicated a body-centered cell, with
possible space groups 12, Im. I12/m. Transforming this
cell to the standard C-centered cell gives a = 9.920 A.
b=10.976A, c=13.240A, and 8= 118.14°. The more
nearly orthogonal body-centered cell was retained in
turther work. The density was determined to be 1.98(3)
g/cm? by tlotation in a mixture of carbon tetrachloride
and bromoform; for Z = 2. the calculated density is
1.96 g/cm®. The molecule is required to possess 2. m.
or 2/m (C,, C,, or C,,) symmetry. depending on the
space group.

Data were collected at 20+ 1° C on a Syntex P1 auto-
diffractometer using Mo Ka radiation as described
previously,* in the range 0°, < 20 < 45.0°. The @/20
scan technique with a variable scan rate (4.0-24.0°/
min) and a scan range of 20(Ka,) —0.7°to 20(Kau,)
+0.9° was used. A total of 935 unique data were col-
lected of which 727 were judged to be observed (F,2>

TABLE L Positional and Thermal Parameters for Non-hydrogen Atoms in [Cr(CO)(As,(CH )"
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30(F,Y). The parameter p used in calculating o was
set equal 1o 0.07. Four standard retlections were re-
measured after every 96 reflections: thev did not
change appreciably in intensity. The linear absorption
coefficient is 04.0 cm™: a numerical absorption cor-
rection was applied to the data. Transmission factors
ranged from 0.524 to 0.606. with the average 0.585.
No extinction correction was necessary.

Solution of the Structure?

The arsenic and chromium atoms were readily
located from the three-dimensional Patterson function.
which suggested that the heavy atoms were related by
2/m symmetry. Two cveles of least-squares refincment
on these positions in space group 12/m resulted in R,
of 0.199 and R, of 0.270.5 A difference Fourier re-
vealed all carbon and oxyvgen atoms: isotropic refine-
ment on these atoms reduced R, to 0.053 and R, to
(.077. After applving the absorption correction. three
cycles of full-matrix anisotropic refinement of all
atoms were carried out. producing R; of 0.029 and
R, of 0.047. In the last cvele., no parameter shifted by
more than one fifth of a standard deviation. and the
error in an observation of unit weight was 1.15. A
difference Fouricr was computed at this stage: the
maximum peak density was 1.1 e/A%, compared with
6.3 e/A% for a carbon atom previously. Methy! hvdro-
gen atoms could be located cleanly for one methyl
group but not the other. Refinement was terminated at
this point.

Scattering factors for neutral As, Cr, C, and O were
obtained from Cromer.® Anomalous dispersion effects
for As and Cr were included in F.7 the values of At
and A1 were those of Cromer and Liberman.®

The fractional coordinates and thermal parameters
for the unique atoms are given in Table 1. Tables 11
and 1II present data on bond distances and bond
angles. Table 1V lists the final values of [F,| and

X y z B

As 0.0857(1) 0.1628(1) -0.0537(1) 57.99)
Cr 0.0841(1) 4] —0.1947(1) 55.9(18)
O(1) 0.4060(7) 0 —0.1235(7) 56(9)
0(2) 0.2323(8) 0 ~0.3119(7) 83(10)
O(3) 0.0989(6) 0.1895(6) ~0.3671(5) 159(8)
C(1) 0.2852(10) 0 ~0.1442(7) 67(13)
C(2) 0.1123(10) 0 —0.2602(8) 79(14)
C(3) 0.0917(7) 0.1208(8) ~0.3005(6) 63(8)
C4) 0.0591(9) 0.3288(6) —0.1178(7)  164(12)
C(5) 0.2603(7) 0.1844(7) 0.0750(6) 61(8)

F.|. The molecule is depicted in Figure 1. which
also illustrates the numbering scheme.
/fEZ /jl’i /7’1’ [%13 /313
43.88)  SLIT) ~13(6)  198(5)  3.6(4)
64.8(16)  43.412) 0 18.9¢11) 0
156(11)  112(8) 0 26(6) 0
114(9) 105(8) 0 0(6) 0
148(8) 87(5) 12(7) 54(5) 65(0)
75(10) 48(7) 0 17(7) 0
61(10) S1(8) 0 17(8) 0
100(9) 59(0) 2(6) 25(5) 12(6)
43(7) 97(8) (7)) 62(8)  32(6)
83(8) 73(6) ~21(6) 25 —9(6)

® The numbers in parentheses in this and other tables are the estimated deviations in the least signiticant digits. ® The

anisotropic thermal parameters are of the form exp{~107*(f,,h? + £,k + 351> + 28, ,hk + 25 ;hl + 258,,kD) .
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TABLE 1I. Bond Distances (A).

As—As 2.442(1)
As—Cr 2.480(1)
As-C(4) 1.970(7)
As—C(5) 1.972(6)
Cr-C(1) 1.902(10)
Cr—C(2) 1.869(10)
Cr—C(3) 1.870(8)
C(1)-0(1) 1.148(11)
C(2)-0(2) 1.168(10)
C(3)-0(3) 1.128(8)
TABLE II1. Bond Angles(°).?

As—As—Cr 120.97(3)
As—As—C(4) 100.5(2)
As—As—C(5) 99.1(2)
Cr-As—C(4) 114.6(3)
Cr—As—C(5) 117.5(2)
C(4)-As—C(5) 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(1)-Cr—C(2) 173.9(4)
C(1)~-Cr-C(3) 88.1(3)
C(2)-Cr—C(3) 87.6(3)
C(3)-Cr-C(3)’ 90.3(5)
Cr-C(1)-0O(1) 174.1(9
Cr-C(2)-0(2) 173.0(9)
Cr—C(3)-0(3) 176.6(7)

® Primed superscripts indate the atom to be related to the un-
primed atom by reflection in the x0z plane.
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Nmr Spectra

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

The structure of the (tetramethyldiarsine)tetracar-
bonylchromium((}) 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,yp)
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 121°, 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¢HsAs)e® (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.
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TABLE IV. Values of 10F, and 10F_ in Electrons.
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4 -7 236 241 5 =7 A 924 A3 9462 1004 H -2 294 315 o -2 836 845 5 0 464 458 2 =2 288 ing
4 -5 1392 1409 5 -3 455 452 & 5 BeY 869 8 2z 173 LAas5 0 9 2653 2672 5 2 276 280 1 -5 423 a6l
4 -3 496 325 5 =1 lo4a 222 e 7 755 751 8 4 «13 403 0 2 405 428 6 -9 521 506 3 -3 1049 1329
4 -1 R3S 1rs RIS 552 580 6 9 155 125 9 -5 oTé 680 [ 181 222 e -1 1077 1067 1-1 240 230
4 1 1029 Tad 503 276 212 7 -8 158 150 9 -3 1067 1046 o 6 208 184 6 =5 299 289 4 -4 6l 509
4 2 1145 ilbo 5 5 637 708 T -6 T22 77 9 -1 352 358 o 8 7148 735 & -3 177 187
nected arsenic atoms where the idealized angle would Cr—As—As angle it does not appear to cause any mark-
- . . . e
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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0.020 A 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 (r8.33 in CD,Cl,).
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 MesP, with Fe(CO),
(NO),. !

(CHa)x  (CHa)z CHa),
PR PN
{ONLFe Fe(NO), (ON)zFE Fe(NO)
~p—p” Sas” o C
5
(CHz),  (CHy), (CHa),
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, Asy)], (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 Hayter'? had re-
ported [Cr(CO),As,Me,],, which he prepared in
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5% vyield as a byproduct (the major one being
Cr,(CO);0As,(CH,;),) of the reaction of As,(CHj),
with Cr(CO)¢ in refluxing ethylcyclohexane. 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 molecules may have
undergone ring opening and oligomerization during
the molecular weight measurement.
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