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'H NMR (acetone-dg) & 5.95 (s, 1 H, =CH), 8.55 (m, 1 H, CH,CH),
1.15 (d, 3 H, J = 6 Hz, CH,); 1*C NMR (acetone-dg) 6 126.8 (=CH),
75.0 (CH3CH), 17.1 (CHy).

Structure Determination of 2a. Single crystals were grown
by slow diffusion from methylene chloride/diethyl ether. Laue
photographs and a preliminary X-ray photographic study indi-
cated the crystal to be of good quality. The crystal was then
transferred to a Supper No. 455 goniometer and optically centered
on a Syntex P2, diffractometer. Operations were performed as
described previously.”’ The analytical scattering factors of Cromer
and Waber were used; real and imaginary components of anom-
alous scattering for Fe were included in the calculations.?® All
computational work was carried out on a VAX 8600 computer
using the Enraf-Nonius SDP software package. Details of the
structure analysis, in outline form, are presented in Table L.
Atomic coordinates for all non-hydrogen atoms appear in Table
1L

Structure Determination of 4c. Single crystals were grown
by slow diffusion from petroleum ether/diethyl ether. Laue
photographs and a preliminary X-ray photographic study indi-
cated the crystal to be of excellent quality. The crystal was then
transferred to a Supper No. 455 goniometer and optically centered
on a Syntex P2, diffractometer. Operations were performed as
described previously.” The analytical scattering factors of Cromer
and Waber were used; real and imaginary components of anom-

(27) Foxman, B. M. Inorg. Chem. 1978, 17, 1932; Foxman, B. M.;
Mazurek, H. Inorg. Chem. 1979, 18, 113.

(28) International Tables for X-ray Crystallography; Kynoch: Bir-
mingham, England, 1974; Vol. IV, pp 99-101, 148-150.

alous scattering for Fe were included in the calculations.?® All
computational work was carried out on a NOVA 1200 computer
using the Syntex XTL package. Details of the structure analysis,
in outline form, are presented in Table V. Atomic coordinates
for all non-hydrogen atoms appear in Table VI.
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The compounds (Me;Ge),C(CONMe,), (A) and (Me3gSn),C(CONMe,), (B) have been synthesized. They
are isomorphous and crystallize in the orthorhombic space group P2;2,2; with a = 14.437 (4) A, b = 13.243
(4) A, and ¢ = 9.826 (3) A for A and a = 14.706 (4) A, b = 13.420 (4) A, and ¢ = 9.920 (3) A for B, respectively.
The coordination geometry about Ge and Sn is almost undistorted tetrahedral. However two short
intramolecular contact distances Ge-+O and Sn--O of 2.89, 2.92 A and 2.95, 2.97 A, respectively, are found.
Structural considerations as well as NMR spectra exclude the possibility that any bond interaction exists
between metal and oxygen atoms. The shift of CO stretching bands to unusually low frequencies is explained
in terms of electron withdrawal due to the presence of the metals.

Introduction

Recently two of us started a systematic study of mo-
lecular structures of compounds of the type R;MX, (X =
Ge, Sn)'? in order to elucidate the much discussed problem

(1) Ganis, P.; Valle, G.; Furlani, D.; Tagliavini, G. J. Organomet.
Chem. 1986, 302, 165.
(2) Molloy, K. C.; Tagliavini, G.; Ganis, P.; Furlani, D., in progress.

of the coordination number attributed to M when X is a
halogen.>” The same problem seems to be more in dispute

(3) Harrison, P. G. J. Organomet. Chem. Libr. 1982, 13, 539.

(4) Davies, A, G.; Milledge, H. J.; Puxley, D. C.; Smith, P. J. J. Chem.
Soc. A 1970, 2682,

(5) Alcock, N. W.; Sawier, J. F. J. Chem. Soc., Dalton Trans. 1977,
1090.

(6) Green, P. T.; Bryan, R. F. J. Chem. Soc. A 1971, 2549.
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in complexes of the type RsMX when X contains oxygen
atoms (such as ~0-CO-CR4*'?), which sometimes are and
sometimes are not interpreted as be bonded to M.

We can also find examples of structures in which M--O
distances ranging from 2.3 to 3.7 A are indifferently as-
sumed as bond or weak bond distances, disregarding the
geometrical parameters about M!%!34 The controversy
is worse for compounds of the type [(R,SnX)O(R,SnY)],,
referred to as tetraorganostannoxanes where X and Y are
two equal or two different mono- or bidentate ligands.15-1°

For a deeper investigation of this subject we synthesized
a molecule designed to show unambiguous structural fea-
tures. Complexes of the type

o\\c/NRZ
1
RyM-C-MR,
RN’ YO

seemed be well-suited for this study. Such an overcrowded
molecule was expected to assume a conformation with
relatively short M--O intramolecular contact distances. If
such distances are bonding or weakly bonding distances,
the geometry about M should be trigonal-bipyramidal or
very distorted tetrahedral, in order to relieve internal
conformational strain arising from a large number of in-
tramolecular short contacts.

Here we report the synthesis, the physicochemical
characterization, and the crystal and molecular structures
of (Me;Ge),C(CONMe,), (A) and (Me;ySn),C(CONMe,),
(B).

A preliminary note on the synthesis and characterization
of B already appeared.®® As emphasized there, it was also
possible to obtain the monometal derivatives of C;0,,
[(Me;Ge)(CONMe,)|C=C=0 (C), and [(Me3Sn)(CON-
Me,)]C=C==0 (D). They present typical IR and 'H NMR
spectral patterns but were identified only in solution and
not further purified or characterized.

Experimental Section

General Comments. All reactions were carried out under an
atmosphere of argon in oven-dried glassware. Solvents were
purified, dried, and distilled before use. Carbon suboxide was
prepared by reacting malonic acid with P40,y and purified by
trap-to-trap distillation. Me;GeBr was purchased from Aldrich
Chemie and used without further purification. Me;GeNMe, and
Me;SnNMe, were prepared by reported methods.?%2

(7) Baxter, J. L.; Holt, E. M.; Zuckermann, J. J. Organometallics 1985,
4, 255.

(8) Calogero, S.; Ganis, P.; Peruzzo, V.; Tagliavini, G. J. Organomet.
Chem. 1979, 179, 145.

(9) Alcock, N. W,; Timms, R. E. J. Chem. Soc. A 1968, 1876.

(10) Alcock, N. W.; Timms, R. E. J. Chem. Soc. A 1968, 1873.

(11) Calogero, S.; Ganis, P.; Peruzzo, V.; Tagliavini, G. J. Organomet.
Chem. 1980, 191, 381.

(12) Zubieta, J. A.; Zuckermann, J. J. In Progress in Inorganic Chem-
istry; Wiley: New York, 1978; Vol. 24 and references therein.

(13) Harrison, P. G.; Lambert, K.; King, T. G. J. Chem. Soc., Dalton
Trans. 1983, 363.

(14) Parish, R. V.; Platt, R. H. J. Chem. Soc. A 1969, 2145,

(15) Zvonkovs, Z. V.; Povet'va, Z. P.; Vozzenikov, V. M.; Gluskova, V.
P.; Jakovenko, V. P.; Khvatkina, A. N. Acta Crystallogr., Sect. A: Cryst.
Phys., Diffr., Theor. Gen. Crystallogr. 1966, A21, 155.

(16) Graziani, R.; Bombieri, G.; Forsellini, E.; Furlan, P.; Peruzzo, V.;
Tagliavini, G. J. Organomet. Chem. 1977, 43, 125.

(17) Fagliani, R.; Johnson, J. P.; Brown, J. D.; Birchall, R. Acta
Crystallogr., Sect. B: Struct. Crystallogr. Cryst. Chem. 1978, B43, 3743.

(18) Harrison, P. G.; Begley, M. J.; Molloy, K. C. J. Organomet. Chem.
1980, 186, 213.
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Chem. 1984, 276, 325.
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Table I. Crystal Data and Details of Intensity Data and
Structure Refinement of A and B

A (M = Ge) B (M = Sn)
formula C1sHgoN;0;M,
mol wt 391.58 483.78
space group P2,2,2,
cell const

a, A 14.437 (4) 14.706 (4)
b, A 13.243 (4) 13.420 (4)
¢, 9.826 (3) 9.920 (3)
cell vol., A? 1878.6 (3) 1957.8 (2)
Z 4
D(calcd), g ecm™ 1.384 1.641
radiatn Mo Ka (0.7107 A)
T,K 291
cryst dimens, mm 04%03%x03 07x05xX0.5
#, cm™? 31.58 25.62
20 range, deg 45
decay of std reflctns, %  +3 +8
refletns collected 2592 1679
refletns with I > 2a(]) 1437 1126
R int 0.010 0.016
R 0.047 0.096
R, 0.046 0.092

Infrared spectra were obtained on a Perkin-Elmer 597 spec-
trophotometer. H, 13C, and 1%Sn NMR spectra were recorded
on a JEOL FX 90 Q instrument.

Elemental analyses were provided by the Microanalysis Lab-
oratory of the CIMA Department of the University of Padova.

Synthesis of (Me;Ge);C(CONMe,), (A). Me;GeNMe, (0.57
g, 3.6 mmol), dissolved in 5 mL of n-hexane, was added, at -78
°C, to an n-hexane solution of C;0, (1.8 mmol in 25 mL). The
resulting light yellow solution was allowed to reach room tem-
perature and then was stirred for 20 min. On standing for 12 h
at -30 °C, white crystals formed. A second crop of crystals was
obtained by concentrating the mother liquors and freezing the
residue at —30 °C (total yield 0.3 g, 43%). The product was
recrystallized from boiling n-hexane, giving crystals suitable for
X-ray analysis.

A: IR (n-hexane) »(CO) 1590 (vs) cm™; TH NMR (CDCl, 28
°C) 6 2.90 (s) + 2.83 (s) (12 H, CH;3N), 0.33 (18 H, s, CH;Ge). Anal.
Calcd for G92013H3002N2: C, 3988; H, 7.67; N, 7.16., Found: C,
39.61; H, 7.75; N, 7.06.

Synthesis of (Me;Sn),C(CONMe,); (B). Me;SnNMe, (0.83
g, 4 mmol) was dissolved in 10 mL of n-hexane. At room tem-
perature, 2 mmol of C30, was added under vigorous stirring. After
30 min the solution was cooled to 0 °C, and colorless crystals were
obtained (0.5 g, 52%). The compound was recrystallized from
boiling n-hexane, giving crystals suitable for X-ray analysis.

B: IR (n-hexane) »(CO) 1580 (vs) cm™; 'H NMR (CDCl;, 10
°C) 6 2.90 (s) + 2.87 (s) (12 H, CH;N), 0.19 (18 H, 5, J(11%Sn-'H)
= 52 Hz, CH,Sn); 3C NMR (CDCl;, 28 °C) 4 173.0 (CO), 38.42,
+36.36 (CH5N), —4.7 (J(*¥Sn-"3C) = 352 Hz, CH,Sn); '%Sn NMR
(CDCl,, 28 °C) 6 5.5. Anal. Caled for SnyCigHgOoNy: C, 32.27;
H, 6.21; N, 5.79. Found: C, 32.13; H, 6.31; N, 5.72.

Synthesis of [(Me;Ge)(CONMe,;)]C=C=0 (C).
Mey;GeNMe, (0.71 g, 4.4 mmol) was dissolved in 15 mL of n-
hexane. At -78 °C, 5 mmol of C30, was added with vigorous
stirring. The solution became yellow and a red solid formed. The
suspension was allowed to reach room temperature, and the solid
was filtered and identified as C30, polymer. The solvent was
evaporated from the solution, and the remaining oil was shown
to be a mixture of C with some traces of A. Every attempt at
purification caused decomposition of C. Although impure, C
showed significant IR absorptions at 2100 (»(CCO)) and 1635 cm™
#(CO)) and 'H NMR signals at § 2.93 (6 H, br s, CH;N) and 0.38
(9 H, s, CH3Ge).

Synthesis of [(Me;Sn)(CONMe,)]C=C=0 (D).
Me;SnNMe, (0.62 g, 3 mmol) was dissolved in 10 mL of n-hexane.
At room temperature, 3.5 mmol of C30,, dissolved in 15 mL of
n-hexane, was added. A red solid precipitated, and the solution
became yellow. The solid was filtered and identified to be C30,

(21) Jones, K.; Lappert, M. F. J. Chem. Soc. 1965, 1944.
(22) Mack, J.; Yoder, C. H. Inorg. Chem. 1969, 8, 278.
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Table II. Fractional Atomic Coordinates with the Estimated Standard Deviations

C13H30N202Ge2 (A) ClsHmN202Sn2 (B)
atom x y z atom x y - z
Ge(1) 0.5029 (1) 0.6307 (1) 0.6414 (2) Sn(1) 0.5025 (1) 0.6310 (2) 0.6518 (2)
Ge(2) 0.3884 (1) 0.5183 (1) 0.3953 (2) Sn(2) 0.3854 (2) 0.5190 (2) 0.3910 (2)
0(1) 0.5576 (8) 0.4211 (8) 0.6306 (12) o) 0.55856 (11) 0.4207 (15) 0.6294 (27)
0(2) 0.5188 (8) 0.6666 (8) 0.2879 (11) 0(2) 0.5184 (18) 0.6649 (18) 0.2884 (23)
N(1) 0.5906 (8) 0.3823 (8) 0.4142 (12) N1 0.5918 (15) 0.3817 (15) 0.4153 (29)
N(©2) 0.6609 (8) 0.6199 (10) 0.3637 (14) N(2) 0.6614 (21) 0.6203 (17) 0.3644 (25)
C@) 0.518 (1) 0.548 (1) 0.467 (1) CcQ) 0.519 (2) 0.550 (2) 0.467 (2)
C(2) 0.557 (1) 0.447 (1) 0.511 (2) C(2) 0.558 (2) 0.445 (2) 0.510 (2)
C@3) 0.600 (1) 0.402 (1) 0.268 (2) C(3) 0.600 (2) 0.403 (2) 0.268 (3)
C4) 0.625 (2) 0.282 (1) 0.459 (2) C@) 0.625 (3) 0.282 (2) 0.460 (3)
C(5) 0.576 (1) 0.616 (1) 0.367 (2) C(5) 0.567 (2) 0.615 (2) 0.367 (3)
C(6) 0.703 (1) 0.676 (2) 0.255 (2) C(6) 0.703 (3) 0.677 (3) 0.255 (3)
C(7) 0.726 (1) 0.573 (1) 0.457 (2) C(7) 0.725 (2) 0.573 (2) 0.457 (3)
C(8) 0.401 (2) 0.578 (2) 0.756 (2) C(8) 0.392 (2) 0.570 (2) 0.769 (3)
(o¢:)] 0.616 (2) 0.635 (2) 0.757 (2) C(9) 0.625 (2) 0.635 (2) 0.769 (3)
C(10) 0.482 (1) 0.772 (1) 0.585 (2) C(10) 0.470 (2) 0.781 (2) 0.590 (4)
C(11) 0.387 (2) 0.483 (2) 0.201 (2) C(11) 0.395 (3) 0.483 (2) 0.180 (3)
C(12) 0.301 (1) 0.633 (1) 0.422 (2) Ca2y 0.298 (2) 0.647 (2) 0.405 (4)
C(13) 0.339 (1) 0.400 (1) 0.493 (2) C(13) 0.326 (2) 0.399 (3) 0.500 (3)

polymer. When the solution was concentrated, colorless crystals
of B were obtained. The viscous residual oil, which we could not
be purified further, showed IR absorptions at 2082 (»(CCO)) and
1630 cm™ (»(CO)).

Synthesis of H,C(CONMe,), (E). Me;NH (0.54 g, 12 mmol)
was dissolved in 50 mL of n-hexane at —30 °C, and with vigorous
stirring, 5.5 mmol of C30, was added. After 20 min the solution
was allowed to reach room temperature, and the solvent was
evaporated under vacuum. The residual colorless, viscous oil was
distilled, giving 0.50 g of E (80%). The compound was compared
with an authentic sample,? giving the same IR and 'H NMR
spectra.

E: IR (film) »(CO) 1670 (vs) cm™'; 'H NMR (CDCl;, 28 °C)
6 8.51 (s, 2 H, CHy), 3.08 (s) + 2.95 (s) (12 H, CH,).

Collection of X-ray Diffraction Data for A and B. White
crystals of A and B of approximate dimensions 0.4 X 0.3 X 0.3
mm and 0.7 X 0.5 X 0.5 mm, respectively, were sealed in Lindeman
capillaries under argon atmosphere. They were mounted on a
Philips PW 1100 computer-controlled four-circle diffractometer
with graphite monochromator. Standard centering and autoin-
dexing procedures® indicated a primitive orthorhombic lattice,
space group P2,2,2,, for both A and B. The orientation matrix
and accurate unit cell dimensions were determined from a
least-squares fit of 25 symmetry-related reflections. Both A and
B undergo decomposition, which is particularly pronounced for
B, for which three crystals were used during the data collection.
All operations were carried out by the previously described
techniques of our laboratory. Details appear in Table I. The
intensities were corrected for Lorentz and polarization effects but
not for absorption, owing to the relatively low u values. The data
were scaled to give 1437 independent Fyy values for A and 1126
for B with I > 2q¢(1).

Solution and Refinement of the Structures. The position
of Ge and Sn were determined from three-dimensional Patterson
syntheses. The light atoms were located from subsequent Fourier
maps. The hydrogen atoms were located from the final difference
Fourier syntheses only for A. They were included in the calcu-
lations but not refined. Anisotropic thermal parameters were used
for all the non-hydrogen atoms in A and for all atoms except
hydrogens and methyl carbon atoms in B. Blocked-cascade
least-squares refinements were used; they converged to the con-
ventional R index of 0.047 for A and 0.096 for B. The weighting
scheme used in the final calculations was of the form w™ =a j|F°;’.
The a; parameters were calculated by using the program PES0.®
Scattering factors for the atoms were taken from Cromer and
Waber;® the scattering factors for Ge and Sn were corrected for

(23) Malmberg, W.-D.; Voss, J.; Weinschneider, S. Liebigs Ann. Chem.
1983, 1694.

(24) Sparks, R. A. in Crystallographic Computing Techniques;
Ahmed, F. R, Ed.; Munksgaard: Copenhagen, 1976; p 452.
~ (25) Bandoli, G.; Clemente, D. A. J. Chem. Soc. 1976, 413.

(26) Cromer, D. T.; Waber, J. T. Acta Crystallogr. 1965, 18, 184.

(Me,$n),C(CONMe,), B

Figure 1. ORTEP diagram showing the labeling of non-hydrogen
atoms and the molecular structures of A and B as viewed down
the b axis.

the real and imaginary parts. of anomalous dispersion using
Cromer’s values.? All computations were carried out on a Cyber
76 computer using the programs in ref 28. The final positional
parameters of the non-hydrogen atoms are listed in Table II, the
labeling scheme being shown in Figure 1.2

Results and Discussion

The crystals of A and B are isomorphous; the unit-cell
dimensions of the tin derivative are only 1-2% larger. Due
to the above described experimental difficulties, structural
parameters for the tin derivative were refined only to the
conventional R value, 0.096; however, comments on the

(27) Cromer, D. T. Acta Crystallogr. 1965, 18, 17.

(28) Sheldrick, G. M. SHELZ-76 Program for Crystal Structure De-
termination; Cambridge University: England, 1975.

(29) Data listed refer to the left-hand enantiomer for both A and B;
the R residual for the right-hand enantiomer were only slightly and
probably not significantly higher.
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Figure 2. Molecular structure of A and/or B as viewed in a 2888 cRRAass
suitable projection showing the pseudo twofold axis passing 3 vty SIS oy g, s < % % ~:-f =
through C(1). i RIRY g8Danan =Z
structural results apply equally to A and B. We will SSSE SISES) CIT[EEE gE
hereafter refer to the better refined structure of the ger- gizz 299 g ,ZL,-O'\ZA 177 7
manium derivative A (R = 0.047) except for a few instances B =88 CEEBNNY N
in which parameters for A and B have remarkably different cor= So= Zi 29 f i E E f
values. The relevant geometrical parameters for A and B S55535E $$
are shown in Table IIL A4
The molecule is characterized by a pseudo twofold o3
symmetry; the twofold axis 2 passes through C(1) and aeEs P
bisects the angles C(2)-C(1)-C(5) and Ge(1)-C(1)-Ge(2) & P -0 fcgegee =
(Figure 2). The groups GeMe; are rotated ~20° from a A8ET x2S SRIR{ER ey
staggered conformation; the geometry about the metal can PR SN
be assumed (within the standard deviations) to be un- E ‘:;SSS; va SECEEET =
distorted tetrahedral (see Table III); slight distortions have < an%y ] SANRERA Sx
no explanation except for experimental error or packing. : aase ama PR, s
The amide groups are almost planar; the torsion angles TSRS Tz STECEET Ie
about the amide bonds C-N range from 3 to 7°, as nor- & gizz @233 Efzizzz 23
mally found in free amides3?! or in open peptides.?®> The & SSEE = S § 51 %zrs $ Z = % %
C—N amide bond lengths with an average value of 1.36 ] § © dozssds 88
A (1.37 A for the tin complex) and the C=0 bond lengths g _ & 5003000 59
with an average value of 1.23 A (1.24 A for the tin complex) :1 < s k-4 338
are quite noticeable, considering the absence of nonplanar = = < b gooO
distortions.® This feature will be further discussed below. g2 g"’\ 2 = E"
The amide groups are symmetrically oriented in such 8l SS38ge § 288888888 -
a way as to minimize the intramolecular nonbonded in- g | 'g Je8H8 “]58% ¥ gamgcgny S8%
teractions. The resulting conformation shows relatively S - RARAAA % WE@H g A S ==
short contact distances between amide groups—N(1)-C(7) 3. SZ8ZEE % 288838s8s
= 3.21 A, N(2-)-C(3) = 3.16 A, and C(8)-C(7) = 3.47 2|e 28853 g °858 NRRELIRY gy
A—and between amide groups and GeMe; groups—C- % WA gosen HeAsAASSSsS o2
()-C(9) = 344 A, C(3)-C(11) = 3.32 &, C(10)-C(12) =357 22826 98588 QINER8888 o8
A, C(11)-0(2) = 3.20 A, and C(9)-0(1) = 3.21 A. None- = 25557 9939 TOSoosTY =9
: . . s K] <LITo AT 1A T ] 1 a5 A
theless a change in orientation of the amide groups would = SEFERE Y558 [SCUFEFIRIEE ==
lead to shorter contact distances on either side; the con- & = S55° Z 585 Sssss Eii <9 O,L
formation observed in the crystal is likely that of minimum é é LiLd % % p=)
internal energy. A consequence of this conformation is two SS3555 % ;j
symmetrical and relatively short contact distances between a5
the metal and oxygen atoms with an average value for S
Ge—0 of 2.90 A (Sn-O = 2.96 A). These short distances Raaan PR
« . . N N NANMMANMmMmON
give rise to the question of whether the oxygen atoms are & 0 Qw0 QANE ow-ocoas I3
coordinated to the metal. NNdNE  dese ARSOoSSZS 22
The almost undistorted tetrahedral coordination sug- sao=n P
gests the absence of M—O coordination. In contrast, the 2 oo rm  dmwe TTtozzoo
e P - ©l E£Z35H YIH gzgzosge 28
amidic CO stretching in the IR spectra shifted toward low N dedosod -nE25822 =22
frequer}cies (Ge, 1590 c'm'l; Sn, 1580 c;n'l) mig}:.lt be an 28528 CcE&85 8585588 aa
indication that the amide groups are involved in some 3 § SEZS  TITGS § S=ooz § § S3
coordinative interaction with the metals.? 2LL9L 244 6'6 2272991 L N =
However, we note that (a) there are many examples of S55 § S 3503 SS § s § g (11 5 53
similar structures with metal-oxygen distances ranging LATS5TT32 o8
from 2.3 to 8.2 A and assumed to be bonding or weak COFoEg=E=E =9
bonding distances where the »(CO) values are quite nor- a8
mal*® (it is also notable that in the same examples the 3©

(30) Lakshminarayarian, A. V. Conformation of Biological Macro-
molecules; Ramachandran, G. N., Ed.; Plenum: New York, 1970; Vol. 1.

(31) Ganis, P.; Avitabile, G.; Benedetti, E.; Pedone, C.; Goodman, M.
Proc. Natl. Acad. Sci. U.S.A. 1970, 67, 426.

(32) Brown, C. J. Acta Crystallogr. 1966, 21, 442.

(33) Ramachandran, G. N. Biopolymers 1968, 6(10), 1494.
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geometrical distorsions about the metal from tetrahedral
values are often very large (e.g., bond angles of 90-95° or
118-120°)1314); (b) a trend toward lower frequences has
been considered absolutely unexceptional for the stretching
band of any double bond in position with respect to metals
of group IV3* (14%); (c) the above reported geometrical
parameters of the amide groups probably indicate that
strong electron withdrawal takes place due to the metal
atom. The normal »(CO) values observed in similar cases
[H,C(CONMe,), (1670 cm™) or BrHC(CONMe,), (1665
cm™1)?] seem to prove that the central carbon atom plays
no role in such effect, which, in our opinion, is due to the
metals, with increasing effect in the predictable order Ge
< Sn.

Such phenomenon gives an alternative and more reliable
explanation of the observed »(CQ) values shifted toward
lower frequences in the reverse order. A similar effect for
tin has already been observed and widely discussed.33¢
The 'H NMR spectrum of A and the 'H and 3C NMR
spectra of B substantiate these arguments. The 'H NMR
spectra show the equivalence of the hydrogen atoms of
methyl groups bonded to the metals. This equivalence is
also confirmed by the signal (—4.7 ppm) assigned to the
methyl carbon atoms bonded to Sn (**C NMR spectrum
of B). Moreover, this spectrum shows J(11*Sn-13C) of 352
Hz, which has been assumed as a proper value for a tet-
racoordinated tin atom.3 The relatively low coalescence

(34) Pereyre, M.; Bellegarde, B.; Mendelsohn, J.; Valade, J. J. Orga-
nomet. Chem. 196 11, 97.

(35) Eaborn, C.; Parker, S. H. J. Chem. Soc. 1954, 939.

(36) Ganis, P.; Furlani, D.; Marton, D.; Tagliavini, G.; Valle, G. J.
Organomet. Chem. 1985, 283, 207.

(37) Mitchell, T. N. J. Organomet. Chem. 1973, 59, 189.

temperatures of 'H NMR NMe, doublet of A and B (~50
and ~20 °C, respectively), compared with H,C(CONMe,),
(>70 °C), are in agreement with a marked ¢ character of
the bonds C(1)-N(1) and C(5)-N(2).

These data are consistent with tetrahedral, four coor-
dination about the metal in both these compounds. They
exclude, or at least severely question, the possibility of
pentacoordination. The same coordination is retained also
in solution. Thus the many structural examples showing
only slightly distorted tetrahedral geometry,%1® and with
M0 distances from 2.8 A to higher values, assumed as
bonding distances, should be reexamined.
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(38) In this paper the periodic group notation in parentheses is in
accord with recent actions by IUPAC and ACS nomenclature committees.
A and B notation is eliminated because of wide confusion. Groups IA and
ITA become groups 1 and 2. The d-transition elements comprise groups
3 throught 12, and the p-block elements comprise groups 13-18. (Note
that the former Roman number designation is preserved in the last digit
of the new numbering: e.g., III — 3 and 13.)
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A new mixed-metal ketenylidene complex, [PPN][MnCo,(CO)q(us-CCO)] (1) (PPN* = bis(triphenyl-
phosphine)nitrogen(1+)), has been prepared from trihalomethyl manganese complexes, Mn(CO);(CX;)
(X = Cl or Br), in combination with [PPN][Co(CO),]. Attempts to extend this technique to other tri-
halomethyl complexes and metal carbonyl anions did not yield any new cluster products. Instead, these
reactions were characterized by electron-transfer chemistry, which resulted in oxidation of the anions. Crystal
data for 1: triclinic space group P1; a = 14.859 (4) A, b = 9.209 (1) A, ¢ = 16,701 (3) A, « = 90.08 (2)°,
B8 = 102.79 (2)°, v = 89.99 (2)°; Z = 2. Protonation of 1 leads to the new mixed-metal methylidyne

Mn002(00)10(M3'CH) (2) .

Introduction

Transition-metal trihalomethyl complexes (X = Cl, Br)
were rare until recently when a novel route to their prep-
aration was discovered.! The facile halogen-exchange
reaction between trifluoromethyl transition-metal com-
plexes and boron trihalides affords the corresponding

(1) Richmond, T. G.; Shriver, D. F. Organometallics 1984, 3, 305.

trihalomethyl complexes (X = Cl, Br) conveniently and
in high yield (eq 1). The carbon atom in these complexes

M“CF3 + BX3 — M—CX3 + BF3 (1)

acts as an electrophile, reacting with nucleophiles (H-NU)
to give C-X bond cleavage and C-Nu bond formation (eq
2). The iron complex CpFe(CO),(CCly), for example,
reacts better with water, ammonia, primary amines, and
thiols, transforming the CX; ligand to -CO, -CN, -CNR,
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