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The crystal structure of bis[2-dimethylaminoethyl(methyl)amino]di(methylmagnesium), [(CHj):N(CH;)NCHsMgCHsls,
has been determined by three-dimensional single-crystal X-ray diffractometer studies. A full-matrix least-squares refine-
ment using 1812 reflections resulted in a final unweighted discrepancy factor of 4.5%. The compound crystallizes as glimers
in the triclinic space group PI, with two molecules in a reduced cell of dimensions ¢ = 7.244 (2) Ab=10387 3)4, ¢ =
12.454 (4) A, & = 8210 (6)°, 8 = 88.61 (17)°, and v = 80.37 (9)°, where Z = 2, pealea = 1.04 g/cm?, and popsa = 1.03
g/cmé The dimers are located on crystallographic centers of inversion and consist of two magnesium atoms bridged by
amino groups from two different 2-dimethylaminocethyl(methyl)amino ligands. An amine nitrogen of the chelate and a
methyl group occupy the remaining nearly tetrahedral coordination sites on each magnesium atom. The average Mg to
bridging N and Mg to terminal N distances are 2.104 == 0.003 and 2.196 =+ 0.003 A, respectively. Within the four-membered
MgNMg’N’ ring, the average MgNMg’ angle is 88.5 == 0.1° and the NMgN‘ angle is 91.5 &= 0.1°,

Introduction unsaturated hydrocarbons.®® The corresponding or-

Reagents formed from alkyllithium compounds and ganomagnesium reagents frequently show si.milar prop-
various amine derivatives have proven to be extremely  erties although they are usually lf?SS reactive and ac-
useful as intermediates for a wide variety of “metala-  cordingly have been less extensively studied. The

tion” reactions and as catalysts in the telomerization of ~ stereochemistries of these intermediates are almost
without exception unknown, although in the case of

(1) For Part VII and earlier references, see J. L. Atwood and G. D.

Stucky, J. Am. Chem. Soc., 91, 2538 (1869).
(2) This work was supported by the Advanced Research Projects Agency

under Contract SD-131 and the National Science Foundation. (4) G. G. Eberhardt, Organometal, Chem. Rev,, 1, 491 (1966),
(3) NASA trainee, 19661968, (5) A.W. Langer, Jr., Trans. N. Y. Acad, Sci., 741 (1866).
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several group II compounds, Coates®—® has formulated
the gross structural features on the basis of nuclear
magnetic resonance and molecular weight studies.

The reaction product formed by adding N,N,N’-
trimethylethylenediamine to a diethyl ether solution of
dimethylmagnesium is of particular interest from a
stereochemical point of view. First, no crystallo-
graphic studies have been made on compounds con-
taining magnesium or aluminum atoms in which each
of the bridging electron-deficient groups has been re-
placed by a three-electron-donor amino group. It is
only in the magnesium and aluminum systems that one
can hope to make a comparison of the effects on the
stereochemistry of one- and three-electron-donor
groups. Organoberyllium systems are not amenable
to this type of comparison since interligand steric
effects predominate in their stereochemistry. Heavy
elements of group III such as gallium and indium form
dimeric nonelectron-deficient species with three-elec-
tron-donor amino groups in the bridging positions but
form monomeric alkyls and aryls. In addition, the 2-
dimethylaminoethyl(methyl)amino group is unusual in
that one nitrogen of the chelating diamine acts as a
tertiary amine and the other nitrogen acts as a three-
electron-donating bridging group between metal atoms.

The structural properties of several organolithium-
amine complexes will be reported in subsequent papers.
In this paper the crystal structure of the magnesium
derivative  bis[2-dimethylaminoethyl(methyl)aminoJ-
di(methylmagnesium), [(CH,)sN(CH,),N (CH;) Mg~
CHj;],, is reported.

Experimental Section

The compound, [(CH3):N(CH2):N(CH;3)MgCHjslz, used in this
X-ray investigation was prepared by the dropwise addition of
N,N,N'’-trimethylethylenediamine to an equimolar amount of di-
methylmagnesium in diethyl ether.® Sublimation of the white
precipitate in a sealed tube at 70° (0.001 min) over a period of 24—
36 hr produced single crystals suitable for X-ray studies. Single
crystals of the clear, colorless complex were mounted in thin-
walled glass capillaries in a glove box. The crystal used in the
analysis was a nearly rectangular box of dimensions 0.50 X
0.23 X 0.27 mm. These dimensions were approximately parallel
to the [001], [110], and [110] directions. Precession (Mo Ka)
photographs showed the crystal system to be triclinic; thus the
only possible space groups are P1 and P1. After alignment of
the crystal in a Picker four-circle diffractometer, ten reflections
were carefully centered top—bottom and left-right; these reflec-
tions formed the basis for a least-squares refinement of cell pa-
rameters and the calculation of an orientation matrix which was
carried out using program B-101 of Gvildys and Mueller.® The
takeoff angle used for the determination of the lattice parameters
was 1.25°. The reflections were in the range of 62-76° in 26
and were centered on the Ka; component of the incident X-ray
beam. The unit cell constants and their corresponding standard
deviations as determined by the least-squares refinement for the
nonreduced cell are: @ = 10.387 (3) A0 b = 12.454 (12) &,
¢ =7.244 (8) A, « = 91.387 (5)°, 8 = 80.375 (27)°, v = 97.896
(10)°, (at 23°, AM(Cu Ka) 1.540462 A).  The lattice constants
of the reduced primitive triclinic cell derived by a Dalaunay re-
duction from the nonreduced cell are: a = 7.244 6) 4, b =

(6) G. E. Coates and 8. 1. E. Green, J. Chem, Soc., 3340 (1962).

(7) G. E. Coates and D. Ridley, bid., 1870 (1965).

(8) G. E. Coates and J. A. Heslop, sbid., 4, 26 (1966).

9) J. Gvildys and M. Mueller, ““B-101, Orientation and Angle Setting
Program,”’ Argonne National Laboratory, Lemont, IiL

Inorganic Chemistry

10.387 (9) A, ¢ = 12.454 (12) A, o = 82.104 (18)°, 8 = 88.613
(81)°, v = 80.375 (27)°.2  All results reported here are given in
terms of the nonreduced triclinic cell which was used for the struc-
tural determination. The reduced primitive cell (unprimed
axes) is related to the nonreduced cell (primed axes) by the trans-
formation: ¢ = —¢’, b = —a’, ¢ = b'. The Delaunay reduc-
tion failed to reveal the presence of any additional lattice sym-
metry. The measured density of 1.03 £ 0.02 g/cm?® obtained
by the flotation method in a mixture of bromobenzene and cyclo-
hexane agrees satisfactorily with the density of 1.04 g/cm?® cal-
culated for two molecules in the unit cell. Thus, no implication
of molecular symmetry can be made.

Diffraction data were collected manually on a Picker four-circle
X-ray diffractometer using Cu Ke radiation. Cu Ke radiation
was selected on the basis of the satisfactorily low absorption co-
efficient (u = 10.8 ecm™). The crystal was mounted so that the
c* axis of the nonreduced cell was parallel to the ¢ axis of the four-
circle diffractometer and a maximum variation of 1.539% in the
integrated intensity of the 002 reflection was observed with
respect to rotation around the ¢ axis at x = 90°. The mosaicity
of the crystal was indicated to be satisfactorily low on the basis
of narrow source-open counter w scans through several reflec-
tions. A takeofl angle of 1.0° was found to provide 759, of
maximum intensity as a function of takeoff angle. Incident
beam and diffracted beam collimators of 1.0 and 2.0 mm, re-
spectively, were used in data collection. A 0.0005-in. nickel
foil filter was placed between the crystal and the scintillation
counter which was mounted 21 c¢m from the crystal.

All data were collected by the 6—26 scan technique at a scan
rate of 1.0°/min. Reflections with 26 < 30° were scanned for
50 sec while reflections with 20 > 30° were scanned for 60 sec.
Stationary counter—stationary crystal background counts of 20
sec were taken at each end of the scan. All scans were recorded
on a chart recorder, and, since the diffractometer was operated
manually, all peaks could be checked for centering, peak shape,
and overlap. The pulse height analyzer was set for approximately
an 859, window, centered on the Cu Ka peak. In order to en-
sure crystal and diffractometer stability, a standard reflection was
measured periodically. No systematic drift was observed.

One full form of data to 26um.x = 100.0° was taken. A total of
1821 reflections were measured within this sphere. Background
and Lorentz polarization corrections were carried out by the
program ACAC according to Guggenberger and Prewitt.!®
Background corrections were made by assuming that the back-
ground can be approximated by a straight line between the two
points. Of the 1821 independent reflections, 365 were found to
be unobserved (lopsa < 3o ({) where oo = [T, + 0.25(¢ /)%
(B; + By)]'/%, T, is the total integrated counts, f/# is the ratio
of the time spent counting the peak intensity to the time
spent counting the background intensities, and B; and
B, are background counts. These reflections were each as-
signed an intensity equal to the standard deviation of the back-
ground intensity in their respective locations. Nine peaks for
which Ionsa < (I — 30¢) were rejected. It was found that the
range of absorption corrections necessary varied from 1.23 to
1.35 and no absorption or secondary extinction corrections were
made.

Solution and Refinement of the Structure

In order to determine whether the space group was
P1 or P1, a statistical test (Table I) was performed on

(10) Numbers in parentheses here and in succeeding discussions are es-
timated standard deviations in the least significant digits. We have ob-
served in a number of cases that measurement of unit cell constants with two
different wavelengths (Cu Ko1 and Mo Kai) and/or two different crystals
leads to values which typically differ by three to four standard deviations,
suggesting that this is probably a valid estimation of the accuracy of the
unit cell parameters for this compound.

(11) J. A. Bearden, Rev. Mod. Phys., 89, 78 (1967).

(12) L. V. Azaroff and M. J. Buerger, “The Powder Method in X-Ray
Crystallography,”’ McGraw-Hill Book Co., Inc.,, New York, N. V., 1958,
pp 134~-136.

(13) L. J. Guggenberger and C. Prewitt, ‘“‘Program acac,” E. I. du Pont
de Nemours and Co., Wilmington, Del.
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TABLE I

STATISTICAL TEST RESULTS FOR
[(CH;):N(CH,):N (CH;)MgCH, ).

~——Theoret values——

Quantity Caled values Centric Acentric
(Eay 0.796 0.798 0.886
(B 1.000 1.000 1.000
(B — 1)ay 0.974 0.968 0.736
Pa>1 31.41 32.00 37.00
P>2 4.39 5.00 1.80
P >3 0.49 0.30 0.01

@ Per cent of lE! ’s.

the full set of data using the program FaME of Dewar
and Stone.!4 These results strongly support the centric
structure, and it was assumed that the correct space
group was centrosymmetric P1 rather than P1. The
positions of two independent magnesium atoms were
found from a three-dimensional Patterson map.?
Since in the space group P1 each of these Mg atoms lies
within 1.5 A of a center of symmetry, the emphasis
shifted from finding one complete dimer to finding half
of each of two nonsymmetry-related dimers. The
dimers, which each must have 1 symmetry, are located
at (0, 0, 0) and (Y/s, /s, 1/2); hereafter they will be
referred to as dimer I and II, respectively. A three-
dimensional electron density calculation with phases
based on the Mg positions led to the assignment of
parameters of eight N and C atoms. Two additional
Fourier syntheses resulted in the determination of the
entire set of 18 nonhydrogen atoms.
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o(F) = 0.5K(F/I)[T, + 0.25(t/ty)%(B1 + By) +
(kD)1

where K is the scale factor, F is the observed structure
factor, [ is the observed intensity, X = 0.02, and 7., .,
ty, Bi, and B; are defined above. The residuals R; and
Ry are defined as Ry = Z( IFOI — ch )/E(‘Fo‘ and R, =
(Ew(‘Foi - |Fc)2/Ew| F,|?)'/%.  Atomic scattering fac-
tors for all atoms were those based on the Hartree-
Fock-Slater calculations of Hansen, Herman, Lea, and
Skillman.?

Several cycles of least-squares refinement on the
positional parameters of the 18 symmetry-independent
Mg, N, and C atoms resulted in an R; of 229, for
observed reflections only. Subsequent isotropic re-
finement of the thermal parameters as well as additional
positional parameter refinement yielded R; values of
14.29, including both observed and unobserved reflec-
tions and 12.09% including observed reflections only.
Anisotropic refinement of the thermal parameters gave
an Ry value of 9.6% and an R, value of 12.69, both
including observed data only. By using a difference
Fourier map, the positions of all of the hydrogen atoms
were located and included in all subsequent refinements.
The chemical reasonableness of the hydrogen atom
positions included was confirmed by the program
Hygen,'® which generates atomic positions based on
known molecular angles and distances. When the 32
hydrogen atoms were included in the refinement (see

TaBLE II
FINAL POSITIONAL AND THERMAL PARAMETERS FOR NONHYDROGEN ATOMS?

Atom x y 4 /3ub B2 Bsa Bz Bz B2

Mg 0.0448 (1) —0.0892 (1) —0.1185 (2) 0.0106 (2) 0.0060 (1) 0.0224 (3) 0.0013 (1) —0.0041 (2) —0.0005 (1)
N(1) 0.0630 (3) —0.0379 (2) 0.1557 (4) 0.0126 (4) 0.0074 (3) . 0.0238 (3) 0.0018 (3) —0.0062 (5) 0.0030 (4)
N(2) 0.2577 (3) —0.0370 (3) —0.1731 (5) 0.0110 (4) 0.0084 (3) 0.0277 (9) 0.0017 (3) ~—0.0019 (5) —0.0002 (4)
C(1) —0.0152 (4) —0.2477 (3) —0.2047 (6) 0.0153 (8) 0.0081 (4) 0.0375 (14) 0.0007 (4) ~0.0042 (7) —0.0016 (8)
C@2) 0.0141 (5) —0.1151 (3) 0.3069 (6) 0.0208 (7) 0.0102 (4) 0.0275 (12) 0.0039 (4) —0.0048 (9) 0.0022 (6)
C(3) 0.1996 (4) 0.0034 (4) 0.1646 (6) 0.0156 (8) 0.0109 (4) 0.0279 (13) 0.0026 (4) —0.0087 (8) —0.0029 (6)
C(4) 0.2724 (4) 0.0446 (4) —0.0229 (7) 0.0122 (8) 0.0104 (4) 0.0423 (16) 0.0004 (4) —0.0077 (8) —0.0040 (7)
c5) 0.3227 (4) —0.1315 (4) —0.1466 (7) 0.0154 (8) 0.0112 (4) 0.0511 (18) 0.0042 (5) —0.0086 (9) —0.0020 (7)
C(6) 0.3187 (4 0.0113 (4) —0.3541 (7) 0.0154 (8) 0.0138 (5) 0.0424 (16) 0.0010 (5) —0.0002 (9) 0.0010 (8)
Mg 0.6101 (1) 0.4379 (1) 0.5080 (2) 0.0109 (2) 0.0059 (1) 0.0245 (4) 0.0018 (1) —0.0047 (2) 0.0001 (2)
N(1) 0.4261 (3) 0.4048 (2) 0.4124 (4) 0.0122 (4) 0.0059 (2) 0.0238 (9) 0.0009 (3) —0.0042 (5) —0.0013 (4)
N(2) 0.2433 (3) 0.4785 (2) 0.7133 (5) 0.0113 (4) 0.0079 (3) 0.0283 (9) 0.0014 (3) —0.0037 (5) —0.0008 (4)
(1) 0.6692 (5) 0.3157 (3) 0.6556 (6) 0.0221 (8) 0.0099 (4) 0.0341 (14) 0.0055 (5) -0.0078 (8) 0.0010 (6)
C(2) 0.4296 (4) 0.3667 (3) 0.2205 (6) 0.0143 (6) 0.0105 (4) 0.0330 (14) 0.0012 (4) —0.0089 (7) —0.0021 (6)
C(3) 0.3372 (4) 0.3259 (3) 0.5354 (8) 0.0139 (6) 0.0666 (3) 0.0339 (13) 0.0007 (4) —~0.0025 (7) —0.0004 (6)
C(4) 0.2972 (4) 0.3742 (3) 0.7256 (6) 0.0129 (5) 0.0073 (4) 0.0324 (13) 0.0005 (4) —0.0016 (7) 0.0011 (6)
C(5) 0.2163 (4) 0.5268 (4) 0.9008 (6) 0.0147 (6) 0.0114 (4) 0.0315 (13) 0.0014 (4) —0.0001 (7) —0.0014 (6)
C(6) 0.1187'(4) 0.4600 (3) 0.8379 (7) 0.0121 (6) 0.0116 (4) 0.0474 (16) 0.0019 (4) —0.0071 (B8) —0.0028 (7)

s The first nine atoms constitute the asymmetric half of dimer I; the last nine, that of dimer II.
mal ellipsoid is given by exp[— (Buh? + Buk? + Bul® + 2Bk + 281kl + 28uh)].

® The form of the anisotropic ther-
¢ Numbers in parentheses here and in succeeding dis-

cussions are estimated standard deviations in the least significant digits.

The structure was refined by using a full-matrix
least-squares procedure.'® In the least-squares refine-
ment, the function minimized was Ew(| Fo} - }Fc')2 where
’Fol and chl are the observed and calculated structure
amplitudes and w is the weight defined as 1/¢%(F,).
Weights were determined from the relation

(14) B. K. Dewar, A. L. Stone, and E. B, Fleischer, private communica-
tion, 19686.

(15) W. G. Sly, D, P. Shoemaker, and J. H. van den Hende, “ERFR-3,
a Three Dimensional Fourier Program,” private communication, 1964.

(18) W. R. Busing, K. O, Martin, and H. A. Levy, orFLS, “A Fortran
Crystallographic Least-Squares Program,” Report No. ORNL-TM-305,
U. S, Atomic Energy Commission, Oak Ridge National Laboratory, Oak
Ridge, Tenn, 1962,

below), Ry, observed data only, dropped from 9.6 to
8.6%,.

The structure was refined to convergence with all
nonhydrogen atoms anisotropic and all hydrogen atom
temperature factors fixed at 4.0 A2 Final positional
and anisotropic thermal parameters for all nonhydrogen
atoms are given in Table II. Refined positional param-
eters for the hydrogen atoms are given in Table III.
Final R factors for the refined structure for both un-

(17) H. P. Hansen, F, Herman, J. D. Lea, and S, Skillman, 4cta Cryst.,

17, 1040 (1964).
(18) F. Ross and G. Stucky, private communication, 1967.



1430 V. R. MAGNUSON AND G. D. STUCKY

TasLg 111
FiNnaL HYDROGEN ATOM POSITIONS?

Atom x ¥ z
C(1)H(1) -—0.1034 (36) —0.2611 (28) ~—0.2190 (48)
C(1)H(2) 0.0341 (35) —0.2628 (28) —0.3120 (4R)
C(1)H(38) —0.0065 (35) —0.2940 (27) —0.1097 (48)
C(2)H(1) —0.0772 (386) —0.1464 (29) 0.2941 (60)

C(2)H(2)  0.0647 (36) —0.1768 (29) 0.2980 (49)
C(2)H(3)  0.0155 (35) —0.0830 (29) 0.4300 (50)
C(3)H1)  0.2173 (35) 0.0609 (30) —0.2533 (50)
C(3)HE)  0.2595 (35) —0.0540 (30) 0.1952 (49)
C)H()  0.8713 (35) 0.0681 (28) —0.0283 (48)
C()H(2)  0.2872 (36) —0.1100 (29) —0.0554 (50)
C(G)H(1)  0.2790 (37) —0.1676 (29) —0.0287 (52)
C(5)H(2)  0.3062 (36) —0.1835 (28) —0.2542 (51)
C(5)H(3)  0.4167 (36) —0.1062 (29) —0.1466 (50)
C(6)H(1)  0.2731 (35) 0.0734 (30) —0.3804 (49)
C(6)H(2)  0.4144 (37) 0.0382 (29) —0.3606 (49)
C(6)H(3)  0.3043 (85) —0.0464 (20) ~—0.4505 (49)
C(LH()  0.7546 (34) 0.3335 (27) 0.6801 (47)
C(1)H(2)  0.6078 (36) 0.3026 (27) 0.7699 (50)
C(H(3)  0.6593 (34) 0.2468 (28) 0.6041 (49)
C(2)H()  0.4799 (36) 0.4242 (30) 0.1276 (49)
C(2)H(2)  0.4679 (36)  0.3010 (30) 0.1947 (49)
C(2)H(3)  0.3462 (37) 0.8526 (29) 0.1854 (49)
C(3)H(1)  0.3845 (35) 0.2626 (29) 0.5506 (48)
C(3)HE)  0.2557 (36) 0.2984 (29) 0.4784 (51)
CH)H®1)  0.2312 (35) 0.38250 (28) 0.8022 (47)
CH)H(2)  0.8759 (36) 0.3915 (29) 0.7878 (49)
C(5)H(1)  0.2954 (37) 0.5375 (28) 0.9566 (49)
C(5)H(©2)  0.1830 (35) 0.5974 (30) 0.8891 (50)
C(5)H@E)  0.1430 (35) 0.4767 (30) 0.9900 (50)
C(6)H(1)  0.1288 (34) 0.4826 (29)  0.5122 (50)
C(6)H(2)  0.0502 (37) 0.4087 (30) 0.7163 (51)
C(6)H@3)  0.0827 (35) 0.5281 (30) 0.6329 (50)

@ The first 16 atoms constitute the asymmetric half of dimer I;
the last 16, that of dimer II.

observed and observed data were Ry = 6.4 and Ry, =
6.5%. Final R factors excluding unobserved reflec-
tions were Ry = 4.5 and R: = 5.09,. The error of an
observation of unit weight, which is given by [Ew(fFO;f
— ‘FC|)2/(NO — NV)]7* where NO is the number of
observations and NV is the number of variables, was
1.84. It was noted that larger reflections probably
received too small a weight based on the weighting
scheme described above with 2 = (.02. On this basis,
it was felt that for Cu data unit weights would have
been just as acceptable. The final calculated and
observed structure factors are listed in Table IV,

Discussion of the Structure

[(CH3):N(CH,):N(CH;)MgCH;]; crystallizes in the
space group P with two molecules per unit cell. The
crystalline complex consists of two crystallographically
independent dimers of nearly identical molecular con-
figuration. The basic structural feature of each
molecular unit is a centrosymmetric four-membered
heterocyclic ring system consisting of two Mg
atoms and two amino nitrogen atoms of the parent
ligands (Figures 1 and 2). In addition to the planar
four-membered heterocyclic ring, there is a puckered
five-membered ring system made up of a Mg atom and
two N and two C atoms from the chelating diamine.
As seen in Figures 1 and 2, the local symmetry of each
Mg atom is tetrahedral with the Mg atom coordinated

Inorganic Chemistry

Figure 1.—Molecular configuration of [(CHj),N(CH;):N-
(CH;3)MgCHj), for the dimer at the origin (dimer 1). Hydrogen
atoms are omitted for clarity.

[(CH;).N(CH,);N-

Figure 2.—Molecular configuration of
(CH;)MgCH;]; for the dimer at (1/s, 1/5, 1/2) (dimer 11). Hy-
drogen atoms are omitted for clarity.

to one terminal methyl group and the second nitrogen
of the chelating diamine as well as to the two bridging
nitrogen atoms. The packing of the two independent
dimers in the cell is shown in Figure 3.

The terminal Mg~C(1) bond lengths of 2.100 (4) A
and 2.104 (4) A for dimers I and 11, respectively, are
shorter than those reported for C;H;MgBr - N(CoHj)s, 1
CGH{,MgBI‘ '2C4H100,20 and C2H5NIgBr-2C4HmO?1 which
are 2.18 (2), 2.2 (1), and 2.15 (2) A, respectively.?? The
sum of Pauling’s tetrahedral covalent radii for Mg and
Cis2.14 A, which is also slightly longer.

The average Mg~N(1)-Mg’2% and N(1)-Mg-N(1)’
angles are 88.30 (12) and 91.70 (12)°, respectively.
The Mg-N(1)-Mg’ bridging angle agrees quite well
with the average bridging angles in organometallic
complexes containing NR, groups in the bridging posi-
tion. Structures containing various bridging groups

(19) J. Toney and G. Stucky, Chem. Commun., 1168 (1967).

(20) G. Stucky and R. E. Rundle, J. Am. Chem. Soc., 86, 4825 (1964).

(21) L. J. Guggenberger and R. E. Rundle, ibid., 86, 5344 (1964).

(22) All bond lengths and angles were calculated using the Busing—Levy
Program ORFFE: W, R. Busing, K. O. Martin, and H. A. Levy, ‘“ORFFR, a
Fortran Crystallographic Function and Error Program,” Report No, ORNL-
TM-306, U. S. Atomic Energy Commission, Oak Ridge National Labora-
tory, Oak Ridge, Tenn., 1964,

{23) An atom designated with a prime is related by a center of symmetry
to the unprimed atom.
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TaBLE IV

OBSERVED AND CALCULATED STRUCTURE AMPLITUDES?®
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Figure 3.—Molecular packing of the dimers as viewed along the
a direction, The dimer shown in the center is dimer I with four
nearest neighbors of dimer II at x = !/;. The four nearest
neighbor dimers at x = —1/; are not shown.

and the reported bridging angle have been previously
tabulated.

Nonequivalent bridging Mg-N(1) bond lengths in
dimer I are 2.107 (3) and 2.102 (3) A, and, in dimer II,
they are 2.118 (3) and 2.097 (3) A. The sum of tetra-
hedral covalent radii® for Mg and N of 2.10 A agrees
quite well with these magnesium—-amino nitrogen dis-
tances. However, the terminal nitrogen—magnesium
(Mg-N(2)) distances of 2.190 (3) and 2.182 (3) A for
dimers I and II, respectively, are significantly longer
than Pauling’s sum of covalent radii. Also, these
distances are longer than that of 2.16 A found for the
magnesium-tertiary amiine distance in C;H;MgBr-N-
(CoHj)s.1* In discussions involving bonding in four-
membered heterocyclic ring systems such as those found
in [Mg(CHjs)z], and [Al(CHj;);]s, metal-metal inter-
actions have often been used to help explain the stability
of the ring. However, metal-metal bonding in this
compound can be considered as nonexistent since the
distance between metal atoms is 2.932 (2) and 2.945 (2)
A for dimers I and II, respectively. A complete tabu-
lation of all nonhydrogen atom bond lengths and angles
for both dimers I and II is given in Tables V and VI.

One salient feature of the geometry and bonding in
the system is the apparent steric strain imposed on the
chelating diamine. From Figures 1 and 2, it can be
seen that whereas the Mg-N(1)-C(3) angle is nearly
tetrahedral, the N(1)-Mg-N(2) angle is severely dis-
torted from the tetrahedral value of 109.47° to an
average value for both dimers of 83.7°. Also, the
Mg-N(2) bond lengths are somewhat longer (2.182
and 2.190 A for dimers I and II, respectively) than

(24) V. R. Magnuson and G. D. Stucky, J. Am. Chem, Soc., 90, 3269
(1968).

(25) L. Pauling, “The Nature of the Chemical Bond,” 3rd ed, Cornell
Uhniversity Press, Ithaca, N. Y., 1960.

Inorganic Chemistry

TABLE V
BoNp LENGTHS FOR NONHYDROGEN ATOMS
FoR [(CHy)N(CH,),N(CH;)MgCHsls

e ——Dista nce, A

Bond Dimer at (0, 0, 0) Dimer at (1/2, 1/2, 1/3)
Mg-N(1) 2.107 (3) 2.118 (3)
Mg-N(1) 2.102 (3) 2.097 (3)
Mg-Mg’ 2.932 (2) 2.945 (2)
N(1)-N(1) 3.021 (6) 3.017 (8)
Mg-N(2) 2.190 (3) 2.182 (3)
Mg-C(1) 2.100 (4) 2.104 (4)
N(1)-C(2) 1.454 (5) 1.454 (5)
N(1)-C@3) 1.452 (5) 1.460 (5)
C(3)-C(4) 1.505 (6) 1.512 (5)
N(2)-C(4) 1.483 (5) 1.483 (5)
N(2)-C(6) 1.462 (5) 1.475 (5)
N(2)-C(5) 1.466 (5) 1.471 (5)

expected as mentioned previously. The substituted
ethylenediamine group appears to function preferen-
tially as a bridging group in the heterocyclic ring sys-
tems and secondly as the well-known chelating group
through the lone pair on the tertiary amine type of
nitrogen. However, in so doing, the diamine nearly
retains the preferred tetrahedral coordination for each
of its members. Although the diamine is acting as a
chelate across tetrahedral Mg coordination sites, it does
not appear to have enough length to reach from one Mg
coordination site to another. This fact also manifests
itself in the average dihedral angle found between the
planes formed by Mg-N(1)-Mg’ and C(3)-Mg-C(2)
of 88.9° and in the average dihedral angle found
between the planes formed by N(1)-Mg-N(1)’ and
C(1)-Mg-N(2) of only 72.1°,

All of the amplitudes of the thermal vibrations of the
nonhydrogen atoms are fairly normal. Figure 4 shows
the thermal ellipsoids representing the anisotropic
thermal motion of the nonhydrogen atoms for dimer I.

CL

b4
&)

Figure 4.—Perspective view of dimer I of [{CH;),N(CH,),N-
(CH;)MgCHj;], with root-mean-square displacements indicated.

Most of the atoms exhibit relatively isotropic vibra-
tion. Assuming the riding model,®* the only realistic
comparison of bond lengths with and without the effects
of thermal motion is that between Mg and C(1). The
interatomic distance between Mg and C(l) without

(26) W. R. Busing and H. A. Levy, Acia Cryst., 17, 142 (1964).
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TABLE VI
BonD ANGLES FOR NONHYDROGEN ATOMS FOR [(CH;3)N(CH,),N{CH;)MgCHj;].

———oe———Dimer at (0, 0, O}—————————
Atoms Angle, deg
N(2)-Mg-N(1) 83.36 (13)
N(2)-Mg-C(1) 115.19 (16)
N(2)-Mg-N(1)/ 112.02 (13)
N(1)-Mg-C(1) 126.66 (16)
N(1)-Mg-N(1)’ 91.70 (12)
C(1)-Mg'-N(1) 120.86 (16)
Mg-N(1)-Mg’ 88.30 (12)
Mg-N(1)-C(2) 119.64 (26)
Mg-N(1)-C(3) 111.03 (25)
C(2)-N(1)-Mg’ 117.89 (26)
C(2)-N(1)-C(3) 108.77 (33)
C(3)-N(1)-Mg' 109.79 (25)
Mg-N(2)-C(5) 107.42 (25)
Mg-N(2)-C(6) 119.39 (28)
Mg-N(2)-C(4) 101.14 (24)
C(5)-N(2)-C(8) 107.74 (35)
C(6)-N(2)-C@4) 111.61 (35)
C(5)-N(2)-C(4) 109.43 (35)
C(4)-C(3)-N(1) 111.40 (34)
N(2)-C(4)-C(3) 111.95 (36)

consideration of thermal motion is 2.100 (4) A for dimer
I and 2.104 (4) A for dimer II. With the inclusion of
thermal motion with the C(1) atom riding on the Mg
atom, the interatomic distance is 2.126 (4) A for dimer
I and 2.117 (4) A for dimer II.

Hydrogen atoms were included in the structure
refinement. The average carbon-hydrogen bond

——————Dimer at (1/2, 1/s, 1/s}—————

Atoms Angle, deg
N(2)-Mg’-N(1) 83.97 (12)
N(2)’-Mg-C(1) 117.40 (17)
N(2)'-MgN(1) 109.80 (14)
N(1)-Mg~-C(1) 130.26 (16)
N(1)'-Mg-N(1) 91.38 (12)
C(1)-Mg-N(1) . 117.75 (17)
Mg~N(1)-Mg’ 88.62 (12)
Mg-N(1)-C(2) 116.32 (25)
Mg-N(1)-C(3) 110.22 (24)
C@2)-N(1)-Mg’ 122.43 (25)
C(2)-N(1)-C(3) 108.22 (25)
C(3)-N(1)-Mg’ 109.64 (23)
Mg'-N(2)-C(6) 106.23 (27)
Mg'-N(2)-C(5) 120.66 (24)
Mg-N(2)-C(4) 100.98 (23)
C(5)-N(2)-C(8) 108.03 (33)
C(B)-N2)-C#) 109.88 (33)
C(6)-N(2)-C(4) 110.75 (32)
C(4)-C(3)-N(1) 110.54 (32)
N(2)-C(4)-C(3) 112 .44 (35)

length for dimer I is 0.98 (3) A and, for dimer II, it is
also 0.98 (3) A. Light atom-hydrogen atom distances
determined by X-ray analyses are well known to be
abnormally short when compared to values obtained by
spectroscopic methods and the average values reported
above are not inconsistent with the often quoted
spectroscopic C~H bond length of 1.1 A.
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Cs;BkClg and Cs;NaBkCls have been prepared from aqueous solution on the scale of a few micrograms using the isotope

249Bk. The crystal structures of these compounds have been investigated by X-ray powder diffraction.

Cs;BkCl; is not

isomorphous with Cs,PuCls and Cs,;CeCls, which exhibit trigonal symmetry, but has double the ¢ axis of these compounds,
with two molecules per unit cell. The hexagonal lattice parameters (959, confidence) are a = 7.450 (3) A and ¢ = 12.098
(5) A. Cs;NaBKkCls is face-centered cubic and isomorphous with the corresponding americium compound. The lattice
parameter is ¢ = 10.805 (3) A; the crystal contains four molecules per unit cell,

Because of the comparatively short half-life and
presently restricted availability of berkelium (as ?4'Bk),
the preparation and characterization of its compounds
present an interesting challenge in inorganic synthesis.
If these difficulties can be overcome, basic information
can be obtained on the trivalent chemistry of this ele-
ment and on its even more interesting tetravalent
properties.

The frequently observed parallels in berkelium and

(1) This work was performed under the auspices of the United States
Atomic Energy Commission,

cerium chemistry focused our interest on a marginally
stable compound of tetravalent cerium, Cs.CeCls. We
had prepared this compound easily by precipitation
from ice-cold concentrated HCl and with considerable
difficulty by heating an intimate mixture of CeCl; and
CsCl for several days in several atmospheres pressure of
Cl,. We selected the ‘““wet’” preparation as preferable,
although it involved more mechanical manipulations.
(The major technical difficulty was the quantitative
removal of dried, centrifuged precipitate from the bot-
tom of a capillary microcone.)



