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Abstract:

The crystal structures of the two clathro chelate compounds, CoLBF, and CoL, of the cage ligand

C,oH sN;O;B,F,2~ have been determined and refined by full-matrix least squares using Mo Ko X-ray data collected

by the 6-26 scan technique on a four-circle diffractometer, out to 26 = 55°,

The final values of R are 0.061 and

0.043, respectively. CoLBF, crystallizes in space group Fdd2 with eight molecules in a cell of dimensions ¢ =
16.582 (1), b = 20.844 (3), ¢ = 12.191 (1) A; CoL crystallizes in space group R3¢ with six molecules in a cell of
hexagonal dimensions @ = 11.543 (1), ¢ = 22.849 (5) A. Bond distances and bond angles within the ligand are
the same in the two compounds. Mean Co-N distances are 1.893 (4) A in CoL~ and 1.973 (2) AinCoL. The
CoN; coordination polyhedron in CoL~ is slightly distorted from D, symmetry (actual symmetry C,) and is midway

between octahedral and trigonal prismatic.
distorted from trigonal prismatic.

Boston and Rose! have recently reported the syn-
thesis of the clathro chelate 1,8-bis(luoroboro)-
2,7,9,14,15,20-hexaoxa- 3,6,10,13,16,19-hexaaza-4,5,11,-
12,17,18-hexamethylbicyclo{6.6.6]eicosa-3,5,10,12,16,18-
hexaenecobalt(Ill) tetrafluoroborate. Reaction of
this compound with sodium iodide in acetonitrile
solution gives crystals of the neutral cobalt(ll) com-
pound.? In order to confirm the cage structure of
the ligand and to compare its conformation with the
two cobalt ions, we have determined the crystal struc-
tures of both compounds.

Experimental Section

Crystals of both compounds were provided by Mr. Boston and
Professor Rose. QOscillation and Weissenberg photographs showed
the dark violet crystals of CoL(BF,) to be orthorhombic, System-
atic absence of ikl for h + k, k +1l,or h +1 = 2n + 1, of hO! for
h 4+ 1 # 4n, and of Ok/ for & 4+ [ = 4nidentified the space group as
Fdd2, The dark red crystals of CoL were initially thought to be
monoclinic, space group C2/c, but, after the structure was solved
they were recognized to be rhombohedral. Systematic absence of
(hexagonal indices) ikl for —h + k + 1 # 3nand of Al for | = 2n
indicated the space group R3¢ or R3c. The latter was initially
assumed and later confirmed by the successful refinement of the
structure,

Cell dimensions were determined at 25° from least-squares
treatment of several (15 tfor CoLBF,, 20 for CoL) 28 values mea-
sured by the 426, — 26 technique with Mo K« radiation (: 0.71069
A) on a Picker four-angle diffractometer.

The results for CoLBF, are a = 16.582 (1), b = 20.844 (3),
c = 12191 (1) A, ¥V = 4213.6 A%, Assuming eight molecules per
cell, dearca = 1.725 g cm~3 and the density measured by flotation is
1.722 gem™%  For CoL, a = 11.543 (1), ¢ = 22.849 (5) A, V =
2636.6 A3, Assuming six molecules per cell, deaica = 1.74 g cm™—3
and the density measured by flotation is 1,72 g cm~5.

Intensity data were collected with niobium-filtered Mo Kea
radiation on a Picker automated four-circle diffractometer equipped
with a scintillation counter and a pulse-height discriminator.

(1) D. Boston and N. J. Rose, J. Amer. Chem. Soc., 90, 6859 (1968).

(2) D. Boston and N. J. Rose, Abstracts, 157th National Meeting of
the American Chemical Society, Minneapolis, Minn., April 1969, No.
INOR 096.

The polyhedron in CoL has D; symmetry and is only slightly (8.6°)

Diffractometer settings for the #-26 scan method were calculated
using the formula of Alexander and Smith:3 scanrange = 4 + B
tan 8, with 4 = 090° and B = 1.0°, Background counts were
measured at each end of the scan range for preset times. Data
were collected out to 28 = 60° for COLBF,and to 28 = 55° for CoL.
In each case, a set of four standard reflections was remeasured about
every 2 hr, and these measurements were used to correct all mea-
sured intensities to a common scale. The intensity of each re-
flection and its standard deviation were calculated by the formulas

e s
1_S—E(BI+BZ)—0.45(22—5— 1)

oXI) = 1—10 [s + (2—’;;)2(31 + Bz)] +

kz[s + B+ Bz)]2 4025

where § = the truncated dekacounts recorded during scan time
tss B; = the truncated dekacounts recorded during background
time ts, and & = the empirical stability constant, set at 0.004 for
CoLBF, and 0.01 for CoL. The terms 0.45 (2(z/2ts) — 1) and
0.25 are corrections for the truncation of counts to dekacounts

Of the 1582 reflections measured for COLBF,, 264 had intensity
less than twice the estimated standard deviation. These were
coded as unobserved and assigned intensities equal to I + 2¢
for special treatment during least-squares refinement. The in-
tensities of 2107 reflections were measured for CoL under the
assumption that it was monoclinic. These were later combined
and averaged to give 664 independent reflections in the space group
R3c. Lorentz and polarization factors were applied and the
structure factor and its standard deviation were calculated for
each reflection. For both crystals, maximum and minimum
transmission factors differed by less than 109, and no absorption
corrections were made. Examination of both sets of data near the
end of the refinement showed no evidence of secondary extinction
effects,

All calculations were carried out on an IBM 7040-7094 direct
coupled system using the set of programs written or adapted by
Stewart.* The atomic scattering factors were from Cromer and

(3) L. E. Alexander and G. S. Smith, Acta Crystallogr., 17, 1195
(1964),

(4) J. M. Stewart, Technical Report No. TR-64-6, Crystal Structure
Calculation System for IBM 709, 7090, 7094, Computer Science Center,
University of Maryland, College Park, Md., 1964,
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Table I. CoLBF, Final Parameters
Atom x/a y/b z/c B, B, B3 By, By, By
Positions Multiplied by 104, Thermal Parameters by 102
Co 1/4 1/4 1/4 258 (3) 177 (3) 306 (3) 25(3) 0 0
N1 1795 (2) 2652 (2) 1313 4) 264 (19) 132 (14) 410 (22) —12(12) —26 (16) —23(19)
N2 2429 (2) 3392(2) 2834 (3) 277 (15) 175 (11) 356 (22) 52313 35017 —24 (12)
N3 1582 (2) 2404 (2) 3401 (3) 266 (18) 182 (15) 383 (21) 51(13) 19 (16) —11(15)
01 1060 (2) 2929 (1) 1463 (3) 293 (16) 308 (15) 501 (20) 51(12) —69 (14) -2@14)
02 1750 (2) 3731 (1) 2603 (3) 335 (13) 194 (11) 546 (18) 77 (9) —77(16) 33315
03 998 (2) 2861 (2) 3474 (3) 296 (15) 301 (14) 471 (19) 102 (12) 40 (13) —10(14)
B1 1039 (3) 3300 (2) 2496 (6) 272 (21) 255 (19) 430 (27) 76 (17) —42 (26) —41 (27)
B2 0 0 3653 (8) 525 (51) 569 (51) 389 (48) — 106 (47) 0 0
F1 358 (1) 3668 (1) 2498 (3) 301 (11) 303 (10) 744 (17) 126 (9) —18 (15) —30(16)
F21 364 (2) 452 (2) 3000 (3) 825 (22) 546 (18) 518 (19) —201 (16) 70 (17) 23 (14)
F22 — 556 (2) 288 (2) 316 (3) 849 (26) 935 (28) 748 (25) —78 (19) 265 (21) —256 (21)
Cl11 2084 (2) 2623 (2) 332(4) 330 (20) 172 (17) 294 (22) —68 (14) 317 13 (15)
Ci12 1636 (3) 2805 (3) —659 (5) 489 (30) 436 (25) 437 (30) —70(23) — 140 (25) 62 (23)
C21 2912 (3) 3610 (2) 3569 (4) 298 (20) 199 (16) 282 (22) —2(15 —14 (18) 3(15)
C22 2816 (3) 4242 (2) 4126 (5) 484 (27) 266 (20) 566 (32) 44 (19) —6(25) 128 (22)
C31 1449 (3) 1847 (2) 3842 (4) 298 (20) 298 (19) 291 (22) 57 0(18) —4(18)
C32 744 (3) 1707 (2) 4571 (4) 389 (23) 354 (22) 471 (29) —18(19) 111 (21) 37 (20)
Positions Multiplied by 103, Thermal Parameters by 1
x/a y/b z/e B
H11 151 242 —111 6
H12 108 296 —46 6
H13 187 312 —111 6
H21 228 443 393 6
H22 319 456 380 6
H23 287 425 487 6
H31 31 203 441 6
H32 43 134 425 6
H33 81 165 539 6

Waber® for the cobalt ions and the boron, carbon, nitrogen, oxygen,
and fluorine atoms, and from Stewart, Davidson, and Simpson®
for the hydrogen atom.

CoLBF, Structure Determination

Since there are 8 molecules in the unit cell and the
general set in the space group Fdd2 contains 16 inde-
pendent positions, the cobalt ion must lie in a special
position and can be placed at (}/4, 14, }/4) without loss of
generality. A structure factor calculation was per-
formed with the cobalt ion in this position and resulted
in an R value of 0.47. R is defined throughout as
Z||F| |F||/Z|Fo]. In the following Fourier
syntheses all of the nonhydrogen atoms in the asym-
metric unit were found. The R value at this point was
0.36. A difference synthesis with these atoms in their
assigned positions showed no peaks higher than 1.4
e/A®% Further refinement was performed using full-
matrix least squares. The function minimized was
Zw(|F, — |F.])? and w was set equal to O for each unob-
served reflection for each cycle in which its F. < F,.
In the initial cycles, all other w = 1. Isotropic tempera-
ture factors were used in the form exp(— B sin? §/A?) and
anisotropic temperature factors in the form exp-
(—=Y.ZZhha*a*By). Four cycles of isotropic refine-
ment reduced R to 0.094, and two cycles of anisotropic
refinement then reduced R to 0.048. Atthis point wei;hts
of 1/o? were introduced, where oz = (Fo2 + o;/Lp)"* —
F,. Two cycles of anisotropic refinement resulted in an

(5) D. Cromer and J. Waber, Acta Crystallogr., 18, 104 (1965),
(6) R. F. Stewart, E. R. Davidson, and W. T. Simpson, J. Chem.
Phys., 42,3175 (1965).

R value of 0.054 and a weighted R value of 0.047.
Weighted- R, is defined as R, = [Zw(F, — F)¥
ZwF,%'/s. Atthis point the hydrogen atoms were located
from a difference synthesis and were used as a fixed-
atom contribution with B = 6.0; two cycles of aniso-
tropic refinement on the heavy atoms resulted in R =
0.049 and R, = 0.037. The average shift/error in the
last of these cycles was 0.157, with the maximum being
less than 0.8. Finally, three cycles of isotropic least
squares were performed using the nonhydrogen atoms
as a fixed-atom contribution and refining the hy-
drogen parameters, leading to R = 0.048 and R, =
0.033. The average shift/error in the final hydrogen
refinement cycle was equal to 0.423, with the maximum
being 1.47. At this point the least-squares program,
CRYLSQ, became available, which permitted minimiza-
tion of the function Zw(l, — I.)? with inclusion of anom-
alous dispersion corrections. The values used for
Co®* were Af’ = 0.38,Af’" = 1.05. After two cycles of
refinement of the nonhydrogen atoms, the hydrogen
atoms were located from a new AF synthesis. An at-
tempt was made to refine the positions of the hydrogen
atoms, but convergence was slow and the refinement was
terminated after two cycles. Isotropic thermal param-
eters of the hydrogen atoms were set to B = 6.0 A-,
and two cycles of refinement of all parameters except
those of the hydrogen atoms gave final values of R =
0.061 and R, 0.033. During the final cycle, the
mean parameter change was 0.07¢ and the maximum
was 0.4c. Refinement of the inverted structure gave
Ry, = 0.037. Applying Hamilton’s” R factor ratio test,
R = 1.120 and R154,1423_0_005 = 1.072. ThCTCfOI'C, the

(7) W. C. Hamilton, Acta Crystallogr., 18, 502 (1965).
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Table II. CoL Final Parameters
xla y/b zje Bu By B;; By, B3 By
Positions Multiplied by 104, Thermal Parameters by 102
Co 0 0 1/4 385(2) 385(2) 280 (3) 192 (1) 0 0
F 0 0 4413 (1) 688 (9) 688 (9) 295 (9) 344 (5) 0 0
B 0 0 3819 (2) 396 (11) 396 (11) 311 (15) 198 (6) 0 0
0 1193 (1) 1267 (1) 3630 (1) 399 (7) 386 (7) 344 (6) 169 (6) —57(5 —57(5
N 1285 (2) 1401 (2) 3032 (1) 313(7) 290 (7) 348 (1) 155 (6) —25(6) —22(5)
C1 2382 (2) 2376 (2) 2819 (1) 276 (8) 254 (7) 455 (10) 146 (7) —34(7) —34(7)
C2 3539 (3) 3350 (3) 3176 (1) 363 (10) 314 (10) 632 (16) 114 (8) —128 (9) —83 (10)
Positions Multiplied by 108, Thermal Parameters by 1
H1 340 (3) 323 (4) 359 (2) 9(1)
H2 388 (4) 419 (4) 306 (1) 7))
H3 430 (4) 315(3) 312 (1) 8 (1)

hypothesis that the inverted structure is correct can be
rejected at the 0.5 %7 significance level. This conclusionis
also indicated by the observation that the bond distances
are much more reasonable in the reported structure
than in the “refined” inverted structure. Final values
of the parameters and their standard deviations are
given in Table 1.5

CoL Structure Determination

Assuming the crystal to belong to C2/¢ with four
molecules per cell, the position of the cobalt ion was
found from a three-dimensional Patterson synthesis and
all other nonhydrogen atoms were found in a series of
Fourier syntheses. After a few cycles of least-squares
refinement, the structure was found to conform to the
symmetry of the rhombohedral space group, R3c.
Appropriate transformations of the reflections and of
the parameters of the trial structure were applied and
the refinement was continued.

Hydrogen atom positions were found in a three-di-
mensional difference Fourier synthesis, and a final set of
three cycles of full-matrix least squares refinement was
carried out. The function minimized was w(F,2 —
F2?, withw = 1/e%(F,?). Anisotropic thermal param-
eters for the nonhydrogen atoms were of the form exp-
(=YsZ;=1*Z;=*hihja*a*By;), and isotropic thermal
parameters for the hydrogen atoms were of the form
exp(—Bsin? 6/\?). Inthe final cycle of refinement, the
average parameter shift was 0.055 and the maximum
was 0.275. The final values of R(F?) = Z(F,*> —F/ )/
2(F,Y), RWF?) = [Zw(F,? — F)YZwF,*"?, and R(F)
= Z||F,| — |Fo||/Z|F,| were 0.054, 0.078, and
0.043, respectively.! The final values of the parameters
and their standard deviations are given in Table I1.

Discussion

Both compounds contain the same cage ligand, L2,
formed by condensation of two BF; molecules with
three dimethylglyoximate ions, with a metal ion at the

(8) Observed and calculated structure factors will appear following
these pages in the microfilm edition of this volume of the journal.
Single copies may be obtained from the Reprint Department, ACS
Publications, 1155 Sixteenth St., N.W., Washington, D. C. 20036, by
referring to author, title of article, volume, and page number. Remit
check or money order for $3.00 for photocopy or $2.00 for microfiche.

center. The neutral molecule CoL lies at a site of D;
symmetry. The cation CoL+* in the compound CoLBF,
lies at a site of C, symmetry, with the twofold axis
passing through the cobalt(III) ion and the midpoint of
the central bond, C11-C11’, of one of the DMG arms of
the cage. Figure 1 shows the cation and a neighboring
BF,~ ion. Bond distances and angles for CoL and the

Figure 1. One CoL* cation and one neighboring BF;~ anion in
projection down the pseudothreefold axis of the cation. The two-
fold axis lies in the plane of the projection and passes through the
centers of the cation and the anion. Only the fluorine atom, F1, is
visible in the center of the cation; the atoms B1, Co, B1/, and F1’
are eclipsed by F1,

corresponding mean values for CoL* are given in
Table III. Individual bond lengths and angles for Co-
LBF, are given in Table IV. Comparing the bond
lengths and angles within the ligand, there seem to be no
significant differences between the two independent arms
of CoLt+ or between CoL+ and CoL, except the
O-B-0 angles.

To discuss the details of the ligand conformation in
the two clathro chelates, it seems reasonable to assume
that the “natural”’ conformation of the “‘empty” ligand
would be the eclipsed D3, (trigonal prismatic) confor-
mation with exactly planar dimethylglyoximate groups.
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Table III. Interatomic Distances (A) and Angles (Deg) in CoL
and Mean Values in CoL * ¢

CoL CoL*
Co-N 1.973 (2) 1.893 (4)
F-B 1.357 (5) 1.369 (5)
B-O 1.486 (2) 1.489 (1)
O-N 1.373(2) 1.361(5)
N-C1 1.296 (2) 1.291 (6)
Ci1-C2 1.487 (3) 1.486 (7)
Ci1-Ct’ 1.459 (3) 1.467 (6)
N-N’ 2.441(2) 2.426 (6)
N-N"’ 2.693 (2) 2.613 (6)
N-N'" 3.536(2) 3.101 (6)
N-N'"" 3.709 (2) 3.714 (6)
N-Co-N’ 76.4 (1) 79.8(2)
N-Co-N"’ 86.1(1) 87.3(2)
N-Co-N'"’ 127.3 (1) 110.1(2)
F-B-O 106.9 (2) 108.0 (4)
B-O-N 112.5(2) 110.6 (3)
O-N-C1 117.2(2) 118.5(4)
N-C1-CV’ 111.9(2) 111.7 (4
N-C1-C2 124.8(2) 124.0 (4
C2-C1-Ct’ 123.3(2) 124.2(4)
0-B-O" 111.9 (2) 110.9 (4)
0O-N-Co 122.4(1) 121.6 (3)
C1-N-Co 119.2 (1) 117.9 (3)

o N and N’ are in the same arm, related by a twofold axis (N-N’
is the dimethylglyoxime chelate bite distance). N and N’’ are re-
lated by the threefold axis, N and N’/ are in different arms,
related by a twofold axis, and move closer together as the poly-
hedron twists away from trigonal prismatic. N and N’’’ are in
different arms, related by a twofold axis, and move farther apart
as the polyhedron twists away from trigonal prismatic.

Calculations on such a model, assuming F-B-O angles
and B-O distances as the mean values from CoL and
CoL* and other bond lengths and angles as the mean
values from published crystal structures of glyoxime
and dimethylglyoxime complexes, give a trigonal prism
of nitrogen atoms, each at a distance of 1.995 A from the
center. Assuming all bond distances and angles in the
model to be those found in CoL* gives a center-to-ni-
trogen distance of 1.988 A, and assuming the values
from CoL gives 1.966 A. The only experimental value
available for a low-spin cobalt(II)-nitrogen bond dis-
tance in sixfold coordination is 1.98 (2) A in K,BaCo-
(NO,)s.* Thus, one would predict the ligand cage to
be undistorted in CoL. In fact, the Co-N distance is
found to be 1.973 (2) A and the ligand is only slightly
distorted from the D;, conformation. The ligand re-
tains D; symmetry, and the distortion may be de-
scribed as a twisting about the threefold axis from the
D3, conformation by the following amounts: CI,
—0.1°; C2, —2.7°; N, 4.3°; O, 3.0°. This is clearly
not a 51mp1e twisting with retention of the planarity of
the dimethylglyoximate group, since this would require
all four atoms to move in the same direction. Cal-
culations on the model show that for a 3.0° twist of the
oxygen atom (as observed in CoL) with retention of
planarity, the twist angle for the other atoms would be:
Cl, 0.4°; C2, 0.6°; N, 1.3°. Thus the twisting about
the threefold axis has been accompanied by a signifi-
cant distortion of the dimethylglyoximate group from
planarity. The twisting and distortion may be de-
scribed in several ways. We have selected a descrip-
tion in terms of twisting about the several bonds in the

(9) 1. A, Bertrand and D. A. Carpenter, Inorg. Chem., 5, 514 (1966).

Table IV. Interatomic Distances (A) and Angles
(Deg) in CoLBF;

Co-N1 1.886 (4) N1-Co-N2 87.9 (2)
Co-N2 1.906 (3) N2-Co-N3 86.0(2)
Co-N3 1.888 (4) N3-Co-N1 88.0(2)
F-B 1.369 (5) N1-Co-N1’ 79.8 (2)
B-0O1 1.475 (8) N2-Co-N3¥’ 79.7 (2)
B-02 1.492(5) N1-Co-N2’ 111.4 (2)
B-03 1.500(7) N3-Co-N3/ 108.8 (2)
O1-N1 1.362(5) F-B-0O1 108.4 (5)
02-N2 1.360 (4) F-B-02 108.0(3)
03-N3 1.362(5) F-B-03 107.6 (4)
Ni1-Ci1 1.290 (6) B-0O1-N1 110.9 (4)
N2-C21 1.285(5) B-02-N2 110.9 (3)
N3-C31 1.298 (6) B-03-N3 109.9 (3)
C11-C12 1.469 (7) O1-N1-C11 118.5 (4
C21-C22 1.491 (6) 02-N2-C21 118.5(3)
C31-C32 1.497 (1) 03-N3-C31 118.5(4)
Ci1-C1t’ 1.471 (6) Ni1-C11-C11’ 111.4 (4)
C21-C31’ 1.463 (6) N2-C21-C31’ 112.3 (4)
N1-N1’ 2.420 (6) N3-C31-C21’ 111.4 (4)
N2-N3’ 2.432(5) N1-C11-C12 124.2(4)
N1-N2 2.631 (6) N2-C21-C22 124.3 (4)
N2-N3 2.587 (6) N3-C31-C32 123.6 (4)
N3-N1 2.621 (6) C12-Cii-Civ’ 124.4 (4)
N1-N2’ 3.133 (6) C22-C21-C31/ 123.3(4)
N3-N3’ 3.069 (6) C32-C31-C21’ 125.0 (9
N1-N3/ 3.705 (6) 01-B-02 111.8(4)
N2-N2’ 3.724 (6) 02-B-03 109.5 (4)
B2-F21 1.373.(7) 03-B-01 111.4(3)
B2-F22 1.365(7) 01-N1-Co 121.5(3)

02-N2-Co 120.9 (2)

03-N3-Co 122.5(3)

Cl11-N1-Co 118.3 (3)

C21-N2-Co 117.1(3)

C31-N3-Co 118.3(3)

F21-B2-F21’ 109.2 (7))

F22-B2-F22’ 107.4(7)

F21-B2-F22 109.8 (2)

F21-B2-F22’ 110.3 (2)

ligand. Thus, starting with the Dy, conformation, we
can arrive at the observed conformation by twisting
about the bonds in the following manner: B-O,
+1.6°; O-N, +9.4°; N-Cl1, —2.1°; C1-Cl’, —12.1°
(deﬁned in terms of the nitrogen atoms) or —16.2° (de-
fined in terms of the methyl carbon atoms, C2). The
signs are appropriate for the molecule with the cobalt
atom at 0, 0, !/,, and are, of course, of opposite sign for
the molecule with the cobalt atom at 0, 0, 3/,. Alter-
natively, the conformation may be described in terms
of the distances of the several atoms from the plane de-
fined by the fluorine, boron, and cobalt atoms and the
midpoint of the C1-C1’ bond. These distances (A)
are: O, 4-.074; N, +0.144; C1, —0.006; C2, —0.188.
These distortions from the Dj, conformation may be
due to any one or a combination of the following: (i)
crystal packing effects, i.e., specific attractions and/or
repulsions between atoms of different molecules; (ii)
intramolecular steric effects, i.e., specific attractions
and/or repulsions between nonbonded atoms within the
molecule; (iii) coordination effects, i.e., an adjustment
of the coordination polyhedron to give optimum Co-N
distances and CoN, symmetry. It does not appear
possible at this point to ascertain the relative importance
of these several effects.

Two crystal structures have been reported containing
oxime nitrogen atoms coordinated tg low-spin cobalt-
(III). The Co-N distance is 1.88 (2) A in O-methylcar-
boxymethylbis(dimethylglyoximato)pyridinatocobalt-
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(IID® and 1.890 (10) A in dichlorobis(2-amino-2-
methyl-3-butanonoximato)cobalt(III).*! Therefore, we
might expect that the Co-N distance (1.99 A) in the
D3, conformation of CoLt would be considerably
longer than optimum. The Co-N distance may be de-
creased by twisting the ligand about the threefold axis.
Calculations made assuming retention of D; symmetry
and planarity of the dimethylglyoximate groups show
that a twist of 50° of one BO; group with respect to the
other would decrease the Co-N distance to 1.89 A.
This corresponds to a twist of the CoNg coordination
polyhedron of 22° from trigonal prismatic toward trig-
onal antiprismatic (pseudooctahedral). In fact, the
CoL+ cation is found to deviate only slightly from a D,
conformation, with a twist of 51.5° between the two
BO; groups. However, as in CoL, there is a signifi-
cant deviation of the dimethylglyoximate groups from
planarity. The mean angles of twist about the pseudo-
threefold axis (the F-B-Co-B-F axis) are Cl, 4.1°;
C2,4.4°; N, 15.6°; and O, 25.8°, while twist angles cal-
culated from the model with retention of planarity are
Cl, 3.8°; C2, 5.6°; N, 11.8°; and O, 25.8°. The ob-
servation that the mean angle of twist of the nitrogen
atom, 15.6°, is so much greater than the angle, 11.8°,
calculated from the model may be due to the well-
known preference of Co®* for octahedral coordination.
As in the case of the CoL molecule, we may describe the
conformation of the CoL* cation in terms of the twisting
about the several bonds which are required to go from
the D;, conformation to the observed conformation.
The bond twists (with signs appropriate for the cation

(10) P. G. Lenhert, Chem. Commun., 980 (1967).

(I1) E. O. Schlemper, S.J, LaPlaca, and W, C. Hamilton, Abstracts,
National Meeting of the American Crystallographic Association, Se-
attle, Wash., March 1969, No. C6, p 29.
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with the cobalt atom at 1/, 1, !4 are: BI-Ol,
—12.2°; O1-N1, 4+37.2°; N1-Cl11, —6.4°; C11-C11’,
—10.7° (defined in terms of the nitrogen atoms) or
9.1° (defined in terms of the methyl carbon atoms, C12)
and B1-03, —11.1°; O3-N3, +30.0°; N3-C31, —7.4°;
C31-C21’, —9.5° (defined in terms of the nitrogen
atoms) or —10.0 (defined in terms of the methyl carbon
atoms, C32 and C22'); C21-N2’, —8.3°; N2'-02/,
+43.3°; 02'-B1’/, —12.7°. The loss of the threefold
symmetry in CoL* is most conveniently illustrated by the
X,~Co-X; angles (in projection as viewed down the
threefold axis) between pairs of atoms, one from each
of the two dimethylglyoximate groups related by the
twofold symmetry axis of the cation. These angles are:
02-Co-03, 118.3°; N2-Co-N3, 117.4°; C21-Co-C31,
112.5°; C22-Co~-C32, 108.9°. Thus, the two ‘“‘arms”
of the cage which are related by the twofold axis have
been drawn toward another and away from the third
arm. We suggest that this has been caused by an at-
tractive interaction between these two arms and the two
fluorine atoms, F21 and F21’, from the adjacent BF,~
ion, as shown in Figure 1. This is indicated by the fact
that the distances of each of these fluorine atoms from
the closest atoms of one of the arms are O3, 3.12; N3,
2.95; C31, 3.27 A and from those of the other arm are
N3/, 3.41; C317, 3.13; C21, 3.01; C22, 3.36; N2, 3.41 A.

The B-F bond distances in the BF,~ anion are
normal, mean value 1.369 (7) A, and the ion shows a
small but significant distortion from regular tetra-
hedral symmetry.
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Abstract:
tion have been measured in various solvents.

The lithium-7 spin-lattice relaxation times in a series of organolithium compounds of known aggrega-
These measurements provide lower limits for the "Li line widths,

which range from 0.05 Hz for symmetrical tetrahedral species to 30 Hz for some larger or smaller aggregates at low

temperatures.

The measurements suggest that the tetramer of (CH,),SiCH_.Li is distorted away from a tetrahedral
structure, and that tetrameric CH,Li also loses its high symmetry above 0°.

Quadrupolar broadening becomes a

dominant facgor in low-temperature lithium-7 high-resolution nmr studies of nontetrahedral organolithium species.
This broadening is partly responsible for the difficulties encountered in studies of spin-spin coupling and exchange

processes in such species.

I Iigh-resolution lithium-7 nmr has been of great
value in the study of organolithium compounds in

solution. Although the quadrupole moment of the

(I) Supported by Grant No. GP-7922 from the National Science

"Li nucleus is large, the “natural” line widths are often
sufficiently narrow for the study of inter- and intra-

Foundation (to A, A.) and by the donors of the Petroleum Research
Fund, administered by the American Chemical Society (to G. E. H.).
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