362 BRICE, PENFOLD, ROBINSON, aAND TAYLOR

is much smaller than that predicted for pure Dy sym-
metry upon theoretical considerations. The inclusion
of a significant amount of d,. character in the ground-
state orbital would lead to the prediction of less anisot-
ropy in the g tensor and, hence, a smaller Ag, as well
as to the correct ordering of the g-tensor components.
The fact that gy does not equal 2.0023 as predicted
from theory lends further support to the idea of inter-
mediate D, symmetry as well as to the notion of ex-
tensive covalent bonding.

In the final analysis, a full calculation of the aniso-
tropic g values including both orbital mixing and
covalent bonding appears necessary but beyond the
scope of the present study. On the basis of the struc-
tural results and the constant isotropic g value of
Mo(CN)s*~ in a variety of samples, we conclude that
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the esr parameters for this system are not indicative of
the molecular geometry as predicted from crystal field
considerations.
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The crystal and molecular structure of CH;CCo3(CO)sP(CsH;); has been determined by three-dimensional X-ray analysis.
Crystals of the compound are monoclinie, space group Cond-P2; /¢, with four molecules in a cell of dimensions ¢ = 12.19

(2), b = 16.11 (2), ¢ = 17.19 (4) A; 8 = 120.0 (1)°.

X-Ray data were collected by conventional film techniques using

Co Ka radiation, the intensities of 2189 independent reflections being measured photometrically. The structure has been

refined isotropically by modified full-matrix least-squares techniques to a conventional R factor of 0.099.
molecular structure closely resembles the parent compound CH;CCoy(CO)y being based on a Co; triangle.

The monomeric
The P(CeH;)g

unit has simply replaced one of the equatorial carbonyl groups, causing small distortions in the remainder of the molecule.

Co~-Co bond lengths are in the range 2.490-2.510 (6) A.

Introduction
Substituted  methinyltricobalt  enneacarbonyls,
YCCo3(CO)y (where Y may be halogen, alkyl, aryl,
CO,H, CF;, etc.) are of interest for a number of rea-
sons. First, they are very readily synthesized and
have high air stability.? Second, they possess the
unique structural feature of a tetrahedral carbon atom
triply bridging a triangle of bonded metal atoms.?
Third, there is mass spectral evidence that the Co-C
bridge bonds are unusually strong.* Following the
initial structure determination of the parent compound
(Y = CH;) by Sutton and Dahl? the structures of
Co3(CO)1BHyN (CoHy)s5 and  [CCo3(CO)Y¢1.CO% have
been reported. Both these compounds contain the
basic —CCo3(CO), unit as in the parent compound, with

(1) To whom inquiries should be addressed.
(2) For a summary of references to general properties and methods of

synthesis, see B. H. Robinson and W. 8. Tham, J. Chem. Soc., A, 1784
(1968).

(3) P. W. Sutton and L. ¥. Dahl, J. Am. Chem. Soc., 89, 261 (1967).

(4) See the reference cited in footnote 2.

(3) F. Klanberg, W. B. Askew, and L. J. Guggenberger, /norg. Chem., T,
2265 (1968).

(6) G. Allegra and 8. Valle, Acta Cryst,, B25, 107 (1969).

only slight distortions. Recent studies by Robinson
and coworkers’® indicate that methinyltricobalt ennea-
carbonyls undergo a number of facile chemical reactions
with the production of a variety of stable products in-
cluding the carbonyl carbides Cos(CO)1;CsH, Cog(CO) gs-
C;, and Cos(C0O)uCs® and the complexes YCCo3(CO)e-
(arene). We have undertaken a systematic study of
the structures of these products and report here the
first detailed results.

It has been found’ that alkyl- and arylphosphines
and -arsines react reversibly with YCCo3(CO)g (where
Y = Cl, Br, CH;, CsH;) to give a range of complexes
YCCoy(CO)sL and YCCoy(CO)7L, which are air stable,
volatile, and soluble without decomposition in non-
polar solvents. The solution infrared spectrum’ of
CH;CCo3(CO)sP(CeHs)s showed bands in the bridging
carbonyl region. This suggested the possibility of a
rearrangement of CO groups similar to that which oc-

(7) B. H. Rohinson and W. 8. Tham, J. Organometal. Chem. (Amsterdam),
16, 45 (1969).

(8) B. H. Robinson, J. Spencer, and R. Hodges, Chem. Commun., 1480
(1968).

(9) R. J. Dellaca and B, R. Penfold, Acte Cryst., A28, S170 (146Y).
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curs when some of the groups in Iry(CO)y, are replaced
by phosphines. In that case the resulting structures®
contain three bridging CO groups as in Co4(CO)p. !
Similar possibilities exist in the present compound al-
though there are no bands in the bridging carbonyl
region in the solid-state spectrum. One of the aims of
this analysis was therefore to determine the effect of
P(CsH;); substitution on the molecular structure as a
whole.

Experimental Section

Analyzed samples of CH;CCo(CO)%P(CsH;); were kindly
supplied by Dr. B. H. Robinson, having been prepared by re-
action of CH3CCo3(CO)s with P(CeHj;); at 60° in hexane followed
by repeated recrystallizations from light petroleum ether (bp
50-70°). The crystals were dark maroon, but because of the
very smal} light transmission all the larger pieces appeared black.

Crystallographic Data.—For CosPC,303His of molecular weight
690.3 the crystals are monoclinic: ¢ = 12.19 (2), b = 16.11 (2),
¢ =17.19(4) A; 8 = 120.0 (1)°; V =2921.7 8% Z = 4, deatea =
1.57 g/em?; u for Co XKa radiation is 44.7 cm™!. The space
group consistent with systematic absences of X-ray reflections
((0k0) for £ odd and (k0I) for I odd) is P2;/c. The cell edges
were obtained from measurements of the separation of reciprocal
lattice rows on (h%0), (0kl), and (hOl) precession photographs
taken with Polaroid film using Co Kea radiation (A 1.7902 A).
The angle 8 was the difference in precession camera dial settings
for (hk0) and (0Okl) photographs. The error estimates are from
our experience with this procedure. (Here and throughout this
paper, the uncertainties given in parentheses are estimated stan-
dard deviations in the least significant digits quoted.) Because
of the rapid solution of the crystals in all available flotation
liquids, no accurate density measurement was made, but the
approximate value obtained (1.5 g/cm®) confirmed the number
of molecules per cell as 4.

The two crystals used for data collection were both fragments
of larger well-formed crystals and both were of irregular shape.
They could be approximated to rectangular parallelepipeds, the
larger fragment with dimensions 0.25 mm (parallel to &) X 0.3
mm (parallel to ¢) X 0.1 mm and the smaller fragment with
dimensions 0.2 mm (parallel to ¢) X 0.1 X 0.07 mm.

X-Ray intensity data were recorded at room temperature
(21 = 2°) on a two-dimensionally integrating equiinclination
Weissenberg camera using Fe-filtered Co Ka radiation. The
plateaus of the integrated spots and adjacent background areas
were measured using a single-beam photometer and a galvanom-
eter calibrated to indicate intensities directly. A total of 2189
independent reflections were recorded and measured in the levels
(hnl), with n = 0-9, using the larger crystal. Another 803
reflections were below the threshold of observation and were
excluded from all refinement procedures. Subsequent structure
factor calculations for these unobserved reflections showed that
there was only one for which F, was greater than 3 times the
threshold value ( Fmis ), there were 15 for which 2 Finin < Fo < 3 Fain,
and there were 111 for which Fmin < Fo < 2Fnin. Data required
for the approximate correlation of the 10 reciprocal lattice levels
were obtained using the smaller crystal to record the (0kl) and
(1%) levels under conditions simifar to those of the main data
set. At an appropriate point in the refinement, corrections were
made for crystal absorption using the Gaussian quadrature
method. For the larger crystal, transmission factors ranged
from 0.36 to 0.55, and following the corrections there was a
drop of 1.19%, in the conventional R factor. The effect on the
data obtained from the smaller crystal was barely detectable.

All calculations were carried out on an IBM 360/44 computer
with 16K words of core storage and twin 2315 disk drives. Pro-
grams used to produce atomic parameters and all derived quanti-
ties were local modifications of pDp3 (data processing) by J. A.

(10) V. Albano, P. Bellon, and V. Scatturin, Chem. Commun., 730 (1967).
(11) C. H. Wei and L. F. Dahl, J. Am. Chem. Soc., 88, 1821 (1066).
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Ibers, waBs (Weissenberg absorption corrections, for any crystal
whose shape can be described by the intersections of planes) by
C. W. Burnham and J. A. Ibers, ForpaP (Fourier summations)
by A. Zalkin, and orrLs (full-matrix least-squares refinement)
and ORFFE (interatomic distances and bond angles with esti-
mated standard deviations) both by W. R. Busing, K. O.
Martin, and H. A, Levy.

Determination and Refinement of Structure

The three-dimensional Patterson function immedi-
ately revealed the positions of the three Co atomsin the
asymmetric unit. All remaining atom positions were
obtained through systematic application of standard
difference Fourier procedures aided by calculations of
interatomic distances and angles at each stage. Least-
squares refinement of parameters was then achieved by
means of a modified full-matrix procedure. With all
atoms treated isotropically, there were 172 parameters
(including 12 scale factors) to refine, and this number
well exceeded the dimensions of the program permitted
by the available core storage in our computer. Param-
eters were therefore refined in three blocks, each of
which contained the scale factors, 51 positional param-
eters, and 18 isotropic thermal parameters. For each
of 17 atoms refined in each block, all 4 parameters—ux,
¥, 2, B—were varied and all parameters for Co and P
atoms were varied in each block. In four complete
cycles, R; and R, were reduced to 0.099 and 0.142, re-
spectively.!? Finally,scale factorsand positional param-
eters only were varied in two blocks but R factors were
not reduced further. Maximum parameter shifts as
fractions of their esd’s in the final cycle in which each
was varied were 0.03 for scale factors, 0.10 for posi-
tional parameters, and 0.83 for thermal parameters.

In a final electron density difference map the height
of the largest residual peak was 1.1 e=/A3 which is just
half of the density at which the last carbon atom was
detected from earlier maps. Hydrogen atoms were not
located. An anisotropic model for some of the atoms
would no doubt have led to a reduction of the R factors
but no pronounced anisotropic motion was indicated by
the difference maps and for practical reasons of limited
computer storage, quite apart from the questionable
validity of such a procedure when more than one scale
factor was involved, anisotropic refinement of this struc-
ture was out of the question.

The least-squares refinement minimized Zw(|F,| —
k‘Fc| )2, where % is the scale factor associated with each
Weissenberg layer. The weight w was derived from the
formula suggested by Cruickshank?3

w=(a+ |F| + b F|2)

values of ¢ = 25 and b = 0.0085 leading to approximate
constancy of the mean value of the minimized function
over the complete range of F.. The usual atomic scat-
tering factors!* were used, those for Co only being cor-
rected for anomalous dispersion using the interpolated

(12) Ri = Z||Fo| — |Foll/2[Fo|; Ra = [Zw(|F,| — IFe)3/ Zw|F,|2]'/%

(13) D. W. J. Cruickshank in “Computing Methods in Crystallography,”’
J. S. Rollett, Ed., Pergamon Press, Oxford, 1965, p 114.

(14) “International Tables for X-Ray Crystallography,” Vol. 3, The
Kynoch Press, Birmingham, England, 1962.
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TaABLE I
PosiTioNAL AND THERMAL PARAMETERS FOR CH;CCos(CO )P (CsHs)s
Atom x z B, As
Co(1) —0.1151 (2) 0.2553 (1) 0.1859 (1) 2.87 (5)
Co(2) —0.0291 (2) 0.1171 (2) 0.2580 (1) 3.54 (6)
Co(3) 0.0751 (2) 0.2474 (2) 0.3392 (1) 3.87 (6)
P —0.3056 (3) 0.2300 (3) 0.0642 (2) 2.53 (7)
) —0.033 (1) 0.274 (1) 0.125 (1) 3.9 (3)
) 0.075 (2) 0.098 (1) 0.214 (1) 5.3 (4)
C@3) 0.192 (2) 0.267 (1) 0.309 (1) 4.9 (4)
c@) —0.159 (1) 0.354 (1) 0.199 (1) 4.2 (8)
C(5) —0.163 (2) 0.057 (1) 0.191 (1) 4.6 (3)
C(6) 0.025 (2) 0.052 (1) 0.351 (1) 5.6 (4)
C(7) 0.160 (2) 0.199 (1) 0.441 (1) 5.5 (4)
C(8) 0.062 (2) 0.344 (1) 0.381 (1) 6.0 4)
C(9) —0.096 (1) 0.206 (1) 0.293 (1) 3.1(3)
C(10) —0.169 (1) 0.206 (1) 0.341 (1) 4.4 (3)
C(11) —0.311 (1) 0.164 (1) —0.024 (1) 2.8 (8)
C(12) —-0.419 (1) 0.163 (1) —0.110 (1) 4.0 (3)
C(13) —0.422 (1) 0.110 (1) —0.178 (1) 4.6 (3)
C(14) —0.323 (1) 0.065 (1) —0.162 (1) 4.5 (3)
C(15) —0.209 (1) 0.066 (1) —0.076 (1) 3.5 (3)
C(16) —0.207 (1) 0.115 (1) —0.008 (1) 3.3 (3)
C(21) —0.379 (1) 0.325 (1) —0.002 (1) 3.4 (3)
C(22) —0.506 (2) 0.346 (1) —0.031 (1) 5.6 (4)
C(23) —0.561 (2) 0.418 (1) —0.083 (1) 6.2 (4)
C(24) —0.488 (2) 0.467 (1) —0.105 (1) 7.1 4)
C(25) —~0.364 (2) 0.448 (1) —0.079 (1) 8.1 (4)
C(26) —0.307 (2) 0.378 (1) —0.025 (1) 5.1 4)
C(31) —0.426 (1) 0.190 (1) 0.086 (1) 3.2 (3)
C(32) —0.448 (1) 0.234 (1) 0.149 (1) 3.6 (3)
C(33) —0.542 (2) 0.206 (1) 0.165 (1) 4.8 (3)
C(34) —0.620 (2) 0.140 (1) 0.118 (1) 5.1 (4)
C(35) —0.601 (2) 0.095 (1) 0.056 (1) 4.8 (3)
C(36) —0.503 (1) 0.121 (1) 0.040 (1) 3.9 (3)
o(l) 0.024 (1) 0.282 (1) 0.089 (1) 5.8 (3)
02) 0.139 (1) 0.089 (1) 0.183 (1) 6.2 (3)
0@3) 0.269 (1) 0.279 (1) 0.288 (1) 8.2 (4)
o) —0.196 (1) 0.417 (1) 0.208 (1) 5.7 (3)
0(5) —0.252 (1) 0.014 (1) 0.153 (1) 7.0 3)
O(6) 0.054 (2) 0.007 (1) 0.412 (1) 8.8 (4)
o) 0.220 (1) 0.166 (1) 0.514 (1) 7.5 (3)
0(8) 0.058 (1) 0.407 (1) 0.412 (1) 8.5 (4)

Figure 1.—The molecule viewed normal to the plane of the Cos
triangle.

values for Af" and Af"' quoted by Cotton and Eiss.'
Final positional and thermal parameters, with esd’s, are
listed in Table I and observed and calculated structure
factors are compared in Table II.

Description and Discussion of Structure

The crystal structure consists of well-separated
monomeric molecules of CH;CCo3;(CO)sP(CsHs);, no
intermolecular contact being unusually short. To a
first approximation the structure is derived from that
of CH;CCo3(CO), simply by replacing one equatoricl
CO group by P{CsHs);, a Co-P bond being formed at
the expense of a Co~(CO) bond but with no accompany-
ing molecular rearrangement. In Figures 1 and 2 are
two views of the molecule, the first normal to the Co;
triangle and the second parallel to it. (Parentheses
have been omitted from atom labels to simplify the
diagrams but the numbering scheme is the same as in
Table I.) They show particularly the configuration of
the P(CsH;)s ligand with respect to the rest of the
molecule. None of the phenyl rings shows significant
departures from planarity. Bond distances are listed

(15) F. A. Cotton and R. Hiss, J. Am. Chem. Soc., 90, 38 (1968).
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TaBLE II
OBSERVED AND CALCULATED STRUCTURE FacTors 1IN ELECTRONS (CoLUMN HEADINGS ARE 7%, !, |F0[, ]F.,l)
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TABLE IV
SELECTED NONBONDED INTRAMOLECULAR Distances (A)
C5)---CB)  2.56 C(1)---C2) 3.17
C(7).--C(8)  2.60 C2)---C(3) 3.14
C(1).--C)  2.75 Q) -C) 3.00
C@)..-C(5)  2.80 C4).--C(8) 2.94
C(2)---C6)  2.81 C6)---C(7) 2.85
). -C(7)  2.72
C(3).--C(8)  2.73 C(1)++-C(16) 3.87
o Cd)---C2D 3.17
C(5)-+-C(16) 3.32
C(10)---C(32)  3.39
in Table III, selected intramolecular nonbonded
Cie cle contacts in Table IV, and bond angles in Table V.
%%// g & The most interesting feature of the structure is that
f c n Cf’/ the P(C¢Hs); substitution has occurred preferentially in
@\ _ =L Pees ;
C34 Czs R\A A | TaBLE V
Cz Cez B LB ﬁ BonND ANGLES (DEG )%
‘ j/c,z\/\ Co(1)-Co(2)-Co(8) 59.9 (1) Co(1)-Co(2)-C(6) 149.3 (6)
RO o %é Co(2)-Co(3)-Co(1) 60.5 (1) Co(1)-Co(3)-C(7) 150.4 (6)
Figure 2.—The molecule viewed parallel to the plane of the Cog Cof3)-Co(1)-Co(2) 22; E;g ggg;:gggg:gg; EZ; EZ%
triangle. Co(3)-Co(2)-C(5) 152.2 (2)
Co(1)-C(9)-Co(2) 83.1(5) Co(3)-Co(1)-P  162.4 (8)
_ Tamie IIT Co(2)-C(9)-Co(3)  81.3 (5)
_Boxp Drstaxces (4)° Co(3)-C(9)-Co(l) 81.3(5) Co(1)-Co(2)-C(5) 98.2 (6)
Co(1)-Co(3)  2.495 (5) P-C(21) 1.84 (2) Co(2)-Co(1) B 106.3 (2)
Co(2)-Co(3)  2.490 (6) P-C(31) 1.80 (1) C(9)-Co(1)-Co(2) 48.3 (4) Co(2)-Co(3)-C(7) 93.8 (6)
1.82(2) C(9)-Co(2)-Co(1) 48.7 (4) Co(3)-Co(1)-C(4)  95.4 (5)
Co(1)-P 2.258 C9)-Co(2)-Co(3) 50.3 (4) Co(3)-Co(2)-C(6) 98.0 (6)
cal-caz) - 1.41(2) C9)-Co(3)-Co(1)  48.8 (4)
Co(1)~C(1) 1.79.(1) C(12)-C(13)  1.42(2) C(9)-Co(3)-Co(2) 48.5(4) Co(1)-Co(2)-C(2) 98.8 (6)
Co(2)~C(2)  1.80 (2) C(13)-C(14)  1.32 (2) C(M)-Co(1)-Co(3)  50.0 (4) Co(1)-Co(3)-C(3) 98.1(5)
Co(3)-C(3)  1.78 (2) C(14)-C(15)  1.43 (2) (1) Co(2)-Co(1)-C(1)  102.5 (6)
Co-Clax.) 1.79 (1) C(15)-C(18)  1.40 (2) Co(2)-Co(3)-C(3)  104.3 (6)
( ce6-carn) - 1.40 () C(10)-C(9)-Co(1) 136 (1)  Co(3)-Co(1)-C(1)  97.5 (5)
Co(1)-C(4)  1.72(2) 1.40 (4) C101-C(@)-Co2) 130 (1)  Co(3)-Co(2)-C(2)  96.6 (6)
Co(2)~C(5)  1.75(2) \ C(10)-C(9)-Co(3) 126 (1)
Co(2)~C(6)  1.74 (2) C1-C(22)  1.41 (2) Co(1-C(1)-0(1) 176 (1)
Co@B)-C(7)  1.72 (2) C(22)-C(23)  1.42 (3) CO-Co(1-P  113(4)  Co(2-C(2)-0(2) 176 (2)
Co(3)-C(8)  1.75(2) C(23)-C(24) 1.8 (3) Co(3)-C(3)-0(3) 179 (2)
Co-Cleq)  1.74 (1) C(24)-C(25)  1.38(3) C(9)-Co(1)-C(4)  98.7 (7) Co(1)-C(4)-0(4) 176 (2)
C(25)-C(26)  1.40(2) C(9)-Co(2)-C(5)  108.1(7) Co(2)-C(5)-0(5) 174 (1)
Co(1)~C(9)  1.80 (1) C6)-Cla1)  1.42(2) C(9)-Co(2)-C(7)  101.2 (7) Co(2)-C(6)-0(6) 176 (2)
gogg‘gggi e g; 1.40(2) C(9)-Co(3)-C(7) 108.9 (7) Co(3)-C(T)-O(T) 179 (2)
o(3)- . —Co(3)— 100. - . 7
Vo1 ) CBL-CE) 143 ) C(9)-Co(3)-C(8)  100.2 (7) Co(3)-C(8)-0(8) ;;; g;
‘ C@E2-C33)  1.89(2) CO)-Co(1)-C(1) 142.5 (8)
C(OXC(10)  1.50 (2) C(33)-C(34)  1.39(2) C(9)-Co(2)-C(2) 140.2 (8) Co(l1)-P-C(11)  118.0 (4)
C(34)-C(35)  1.38(2) C(9)-Co(3)-C(8) 142.7 (6) Co(1)-P-C(21)  112.3 (5)
) C(35)-C(36) 1.42 (2) Co(1)-P-C(31) 116.1 (4)
C1)-0(1) 1.15 (2) C(36)-C(31)  1.41 (2) C(1)-Co(1)-P 96.0 (5)
C(2)-0(2) 1.16 <§> 1.40 (2) C(1)-Co(1)-C(4)  103.2 (7) C(11)-P-C(21) 99.8 (6)
C(3)-0(3) 1.18 (2) C(2)-Co(2)-C(5) 104.1(7) C(21)-P-C(31)  103.3 (6)
C(4)-0(4) 1.15(2) C(2)-Co(2)-C(6)  105.1 (8) C(31)-P-C(11) 105.2 (8)
gggg:ggg; H; E?)g C(3)-Co(3)-C(7)  102.7 (8)
o o o) C(3)-Col3)-C(8)  101.9 (9)
C(8)-08) 1.16 (2) P-Co(1)-C(4) 92.5 (5)
1.17 (2) C(5)-Co(2)-C(16)  94.4 (8)
¢ Mean values of bonds assumed chemically equivalent are C(7)-Co(3)-C(8) 97.0 (9)
italicized and their associated uncertainties are rms deviations e See footnote to Table 111,
given by the expression (Z#(x; — :»2)2/n)1/’, where there are #
observations. The estimated standard deviations of individual an equatorial orientation relative to the Cos triangle

bonds were calculated using variances and covariances in posi- ; . : . .
. 8 . P rather than in one of the alternative axial orientations.
tional parameters and variances only in cell parameters. They

may be underestimates because of the neglect of anisotropic This is ?‘lmOSt certainly a steric preference, for the bulky
thermal motion. phosphine group has only one close carbonyl neighbor
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from a neighboring Co atom whereas in an axial orienta-
tion it would have two. Relative to the Co—(CO)
equatorial bonds, the Co-P bond is significantly bent
closer to the Cos plane as illustrated, e.g., by the reduc-
tion of the angle C(1)-Co(1)-P to 96° and the ac-
companying increase of the angle Co(3)-Co(1)-P to
162°. As a result a nice balance has been achieved in
the nonbonded contacts between the phosphine group
and external atoms, the four closest contacts involving
four sterically distinct carbon atoms and all being in the
range 3.17-3.39 A. Thus C(4)---C(21) involves the
equatorial carbon bonded to the same Co atom,
C(5)---C(16) an equatorial carbon bonded to an
adjacent Co atom, C(1)-.-C(16) the axial carbon
bonded to the same Co atom, and C(10)---C(32) the
terminal methyl group.

The terminal methyl group has been bent signifi-
cantly away from the phosphine group as can be seen
from the angles of the type C(10)~-C(9)-Co. Otherwise
the molecule (apart from the phosphine group) con-
forms to its idealized symmetry of Csy as also observed
in CHaCCOa (C:O)g3 and COs(CO)wBHzN <C2H5)3.5 Like-
wise the molecular dimensions are in general agreement
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with those reported for these two compounds and for
[CCos(C0O)s:CO.5. However two particular features
are to be noted. The Co—Co bonds in both the phos-
phine and borane derivatives are 0.03 A longer than in
the other two compounds. Also the Co-C(axial)
bonds are systematically longer than the Co—C(equato-
rial) bonds in the phosphine and borane derivatives but
not in the other two compounds. A better assessment
of these differences can be made when similar bonds are
compared in the related compounds whose detailed
structures we have determined.

This structure determination supports the infrared
spectral evidence? that there exists in solution a dif-
ferent isomer from that found in the solid state. On
the other hand, these same spectral studies suggest a
different solid-state structure (containing bridging
carbonyls) for the P(C¢Huy); derivative, a structure
analysis of which is in progress.
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The crystal structure of tetramethylammonium octahydrotriborotetracarbonylchromium, [(CH;).N][(CO):CrB;Hs], has
been determined from three-dimensional X-ray counter data. The crystal structure consists of the packing of discrete
(CH;3)sN * cations and (CO)CrB;H;s~ anions. The (CO);CrB;H;~ ion has an octahedrally hybridized chromium atom co-
ordinated to two axial carbonyl groups, two equatorial carbonyl groups, and a BsHs moiety bonded through two boron-—
hydrogen—chromium bonds with Cr-H distances of 1.78 A. The equatorial and average axial Cr-C distances are 1.824 (7
and 1.900 (10) A, respectively. Molecular orbital calculations indicate that the difference in equatorial and axial Cr-CO

distances results from increased = bonding between the chromium atom and the equatorial carbonyl groups.

Crystals of

[(CH;):N]{(CO)sCrB;sH;] are monoclinic, space group P2;/m, with two formula units per cell of dimensions ¢ = 11.074 =%

0.004 A, b = 8.938 == 0.002 A, ¢ = 7.784 == 0.003 A, and 8 = 98.12 = 0.04°.

The individual ions have space-group-imposed

C; point symmetry. The structure was refined by least squares to a conventional R of 0.077.

Introduction

The metal atom in metalloborane chemistry has a
variety of different and sometimes novel roles. It can
occupy a coordination site on the surface of a polyhedral
boron fragment!-? linking two boron polyhedra in some
cases, it may be the nucleus of a cation in forming
complexes with borane anions,? or it may be coordinated
to basic boron hydride fragments vz¢ metal-boron* or

(1) E. L. Muetterties and W. H. Knoth, ‘“Polyhedral Boranes,”” Marcel
Dekker, Inc., New York, N, Y,, 1968,

(2) M. F. Hawthorne, Accounts Chem. Res., 1, 281 (1968).

(8) F. Klanberg, E. L. Muetterties, and L. J. Guggenberger, Inorg. Chem.,

7, 2272 (1968).
(4) G. W. Parshall, J. Am. Chem. Soc., 86, 361 (1964).

metal-hydrogen—boron bonds. The crystal and molec-
ular structures of [(CHj)N][(CO)CrB;Hs] reported
here exemplify the latter case wherein a B;Hs™ moiety is
bonded to a chromium atom #i¢ Cr-H-B bonds. A
preliminary account of this work was reported earlier.®
Another case of metal-hydrogen—-boron bonding
occurs with the borohydride ion, BH,~, which bonds to
metal atoms through double hydrogen bridges in cases
such as (HgC)aN A.l(BH4)36 and [<C6H5>3P ]2C11BH47
and apparently through triple hydrogen bridges in
(5) F. Klanberg and L. J. Guggenberger, Chem. Commun., 1293 (1967).

(6) N. A, Bailey, P. H. Bird, and M. G. H. Wallbridge, tbid., 286 (1966).
(7) 8. 7J. Lippard and K. M. Melmed, Inorg. Chem., 6, 2223 (1967).



