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Figure 2. The molecular structure of [Cr(PMeg)(n% #?-1,5-
CeH,0)(n>-CsHy)] (3).

organic ligands are ca. 0.1 A closer to the metal in the case
of the chromium complex, and the meso H atoms (C7-H,
C10-H) are separated by only 2.05 A (2.17 A for Mo). The
7°-CsH; ring is essentially symmetrical whereas in the case
of the Mo complex the Cp C-C bond distances vary be-
tween 1.410 (4) and 1.373 (5) A.

2 reacts readily with inorganic and organic nucleophiles.
A number of donor ligands induce reductive coupling of
the allyl groups to give dark green, paramagnetic, 2, 7*
1,5-hexadiene chromium complexes (3) in high yield.X*
The crystal structure of the PMe; adduct has been es-
tablished by X-ray diffraction (Figure 2).

pentane
[Cr(n*-C3Hy)a(n>-CsHy)} + L ———
[Cr(L)(n?, *1,5-CeH,0)(n5-CsHy))
3 (L = CO, P(OMe);, PMe,)

Unsaturated organic compounds displace the allyl
groups to give mono- and binuclear chromium complexes.
For example, the product of the reaction with butadiene
is a yellow, diamagnetic binuclear complex, [{Cr(»®-
CsHy)lo(u-n?, °-CsH;5)} (4), whose 'H NMR spectrum in-
dicates that an octadienediyl moiety bridges the metal
atoms.!! Alkynes react to give both mononuclear, e.g.,

(10) 3, L = PMe;: yield 95%. Anal. Found (Caled): Cr, 18.75 (18.99);
P, 11.29 (11.25); ¢, 60.95 (61.08); H, 9.04 (8.79). MS: m/e 275 (M*).
Paramagnetic: 1.9 up. X-ray diffraction data for C; H,,CrP (3, L =
PMe;): dark green; crystal size (mm) 0.36 X 0.72 X 0.36, crystal system
orthorhombic; space group Pnma (no. 62); a = 13.937 (2) A, b = 11.540
(DA, c=9136 (2 A; V=1469.4 A3, Z = 4; d g = 1.24 g/ om? u(MoKa)
= 8.4 cm™; no absorption correction; F(000) = 588; Enraf-Nonius CAD-4
diffractometer; graphite-monochromated Mo radiation (A = 0.71069 A);
Zr filter; scan mode = §-26; T = 293 K, 6 range = 1.5-30.8° measured
reflections 4182 (xh,£k,£!); unique reflections 2416, observed reflections
1558 (I 2 20(1)); structure solved by heavy-atom method; hydrogen atom
positions calculated; number of variables 79; R = 0.055, R,, = 0.076 (w =
1/6%(F,)); EOF = 3.6; residual electron density = 0.57 ¢ A3, C], Cr, and
P, ; located on a mirror plane. Some distances (C6,C6* (1.277 (9) A)
and ap—-ring distances) are artificially shortened by thermal motion (or
disorder in Pn?,a): Cr-P = 2.316 (2), C4-C5 = 1.370 (7), C5-C6 = 1.470
(7), Ce-Cé* = 1.277 (9), Cr-D1 = 1.900 (8), Cr-D2 = 2,047 (9) A; P-Cr-D1
= 113.5 (2), P-Cr-D2 = 97.1 (2), D2-Cr-D2* = 99.5 (2), C4-C5-C6 =
122.3 (5)°. 3, L = P(OMe);: dark green (90% yield). Anal. Found
(Caled): Cr, 16.03 (16.08); P, 9.54 (9.58). MS: m/e 323 (M*). Para-
magnetic: 1.9-2.0 ug. Structure confirmed by X-ray diffraction study
(disorder prevented refinement). 3, L = CO: dark green (85% yield).
Anal. Found (Calcd): Cr, 22.82 (22.88); C, 65.10 (63.42); H, 7.13 (6.65).
MS: m/e 227 (M*). Paramagnetic: 1.61-1.58 up. IR (KBr): »(CO) 1870
vs, 1830 sh cm™.,

(11) Anal. Found (Caled); Cr, 30.24 (30.37); C, 63.16 (63.15); H, 6.47
(6.48). MS: m/e 342 (M*). Diamagnetic. 'H NMR (THF-dg, -80 °C):
4 5.81, 5.25 (s, CgHp), 3.83 (H,), 2.44 (H,), 3.04 (Hj), 2.17 (H,), 2.49 (H;),
2.01 (Hg) (provisional assignment, all signals broad). *C NMR (tolu-
ene-dg, —80 °C): & 56.08 (C-1, J(CH) = 156 Hz), 72.96/75.79 (C-2/3,
Ji ((13_11'{);l %50/ 156 Hz), 32.05 (C-4, J(CH) = 125 Hz), 98.30 (CsH;, J(CH)
= z).

2 (Crin-CaHglaln3-Cotls)] + 2 ANF oMo,
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[Cr(n%-CsH;) (#5-CsMeg)], and binuclear, e.g., [{(Cr(y®-
C;H;)lo(u-CgEtg)], species which are presumably related
to the n5-pentamethyleyclopentadienyl chromium com-
plexes reported by Wilke et al.!2 Details will be reported
later.
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Summary: The nitridoosmium(VI) anion [Os(N)-
(CH,SiMeg),] [N-n-Bu,] can be methylated by Me;OBF,,
MeOSO,CF;, or Mel to give Os(NMe)XCH,SiMe;), in high
yield. The structures of both [Os(N)(CH,SiMe;),][N-n-
Bu,] and Os(NMe)(CH,SiMe,), were determined by X-ray
diffraction. The alkyl complexes [Os(N)R,][N-n-Bu,],
where R = Me or CH,C¢H;, also react with [Me,0] [BF,]
to form methylimido complexes [Os(NMe)R,]. [Os(N)-
(CH,SiMe,),] " reacts with [Et,0][BF,] or EtOSO,CF; to
form [Os(NEt}CH,SIMe,),] and with Me,SIOSO,CF, to
form [Os(NSiMeg)(CH,SiMe),].

Reactions of unsaturated nitrogen ligands bound to
transition metals are of interest as models for steps in the
ammoxidation of olefins! and the reduction of dinitrogen.?
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A key step in the ammoxidation reaction, alkylation of an
unsaturated nitrogen ligand on the metal, has been pro-
posed to proceed by a radical mechanism on heterogeneous
catalysts and by migration of an alkyl to an imide ligand
in a soluble catalyst.?

The metal nitride unit, particularly for the group VIII
(8-10'8) metals, is quite chemically unreactive. For os-
mium complexes, oxo groups are more readily attacked
than nitrides. The nitrido ligands in transition-metal
nitrido complexes are seldom nucleophilic enough to react
with electrophiles.5 There are exceptions to this. The
nitrogen atom in the electron-rich molybdenum nitrido
complex Mo(N)(S,CNR,); can be protonated by acids or
alkylated by [Me;O]{BF,],® and the nitrogen atom in
trans-[Mo(N)X(dppe),] can be protonated.” The nitrogen
atom of the rhenium nitrides ReNY,(PEt,Ph);, where Y
= Cl, and Br, acts as a Lewis base, forming adducts with
the boron trihalides BX;(X = F, Cl, Br).2

We have recently reported the synthesis of a series of
nitrido-alkyl complexes of osmium(VI), [Os(N)R,][N-n-
Bu,], where R = Me, CH,SiMe;, CH,CMe;, and CH,Ph.®
We now report that these anionic complexes can be al-
kylated with R’;0BF, or R’OSO,CF; (where R’ = Me or
Et).

Me
N N
||_ M°3o’ I
0 —_— Os~_
R > R R Y NR
A\ \
R R R R
1 2

[Os(N)(CH,SiMey),][N-n-Bu,] (1) reacts with 1 equiv
of [Me;O][BF,] in methylene chloride at room tempera-
ture. 'H NMR spectroscopy of the reaction mixture shows
that one organometallic product is formed. This product
2, which analyzes correctly for OsNSi,C,;H,;, can be
crystallized in 79% yield from concentrated pentane so-
lutions at -30 °C. The methylation of 1 with MeOSO,CF;
or CH,l occurs more slowly than with [Me;O][BF,]. The
product 2 is formed quantitatively by NMR in all cases.
The 'H and 3C NMR spectra of 2 show four equivalent
(trimethylsilyl)methyl groups and one methyl group.'
With N-labeled compound, the *N nucleus is coupled
to the methyl protons, J = 2 Hz, but not to the methylene
protons. There are examples of both two-bond and
three-bond *N-'H couplings of this magnitude.!? As-
signments of methyl and methylene protons in the 3C
NMR spectrum were confirmed by use of the DEPT NMR
pulse sequence.!? The IR spectrum of 2 shows a strong
band at 1246 cm™ which is characteristic of an (alkyl-
imido)metal stretching vibration. An X-ray crystal
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Figure 1, Ortep diagram for [Os(N)(CH,SiMeg),][NBu,]. Se-
lected bond distances (A) are as follows: Os-N = 1.631 (8);
0s-C(3) = 2.120 (9); 0s-C(8) = 2.144 (10); 0s—C(13) = 2.142 (10);
0s—C(18) = 2.115 (10). Selected bond angles (deg) are as follows:
N-0s-C(3) = 108.8 (4); N-Os-C(8) = 107.1 (4); N-Os-C(13) =
108.0 (4); N-Os-C(18) = 107.0 (4); C(3)-0s-C(8) = 86.2 (3);
C(3)-0s-C(13) = 84.6 (3); C(8)~0s—C(18) = 84.3 (4); C(13)-Os—
C(18) = 83.6 (4). Hydrogen atoms are not shown.

Figure 2, Ortep diagram for [Os(NMe)(CH,SiMe,),][NBu,].
Selected bond distances (A) are as follows: Os-N = 1.686 (5);
N-C(3) = 1.430 (8); 0s—C(4) = 2.069 (6); 0s—C(9) = 2.085 (8);
0s-C(14) = 2.1312 (6); 0s~C(19) = 2.132 (6). Selected bond angles
(deg) are as follows: N—Os-C(4) = 108.8 (3); N-Os—C(9) = 122.8
(3); N-Os-C(14) = 105.02 (26); N-Os-C(19) = 103.78 (27); C-
(4)-0s-C(14) = 85.68 (26); C(4)-0s—-C(19) = 85.92 (25); C(9)-
0s-C(14) = 81.86 (25); C(9)-0s-C(19) = 81.98 (24); Os—N-C(3)
= 163.6 (6). Hydrogen atoms are not shown.

structure showed this product to be [Os(NMe)-
(CH;SiMej),). The structure of the nitrido complex 1 was
also determined by X-ray diffraction.!?

The five ligands in compound 1 are arranged in a square
pyramid around the osmium with the nitride in the apical
position. This is similar to the structure reported for
[0s(N)CL,][AsPh,].* The four Os—C bonds vary between

(13) Data were collected on a diffractometer designed and constructed
at Indiana University. The structures were solved by a combination of
direct methods (MULTAN78) and Fourier techniques. Crystallographic
data for [Os(N)(CH,SiMe;),][N-n-Bu,] (160 °C): space group C2/c;
molecules/per unit cell (Z) = 8; cell dimensions a = 40.063 (15) A, b =
10.483 (2) &, ¢ = 21.521 (6) &; 8 = 107.52 (2)°; Ry = 4.62%, R p = 4.52%
for 4518 observed reflections with F > 3.00¢. One of the terminal methyl
groups on the n-butyl ammonium jon was disordered with two apparently
equivalent sites. Hydrogen atoms were not clearly visible in a difference
Fourier phased on non-hydrogen atoms and were included only as fixed
atom contributors in the final cycles. Crystallographic data for [Os-
(NMe)(CH,SiMe;) ] (-159 °C): space group P2,/c; molecules/per unit
cell (Z) = 4; cell dimensions a = 10.341 (2) A, b = 14.829 (4) A, ¢ = 17.725
(5) A; B = 96.16 (2)°; Rp = 3.38%, Ryr = 3.35% for 4113 observed re-
flections with F > 3.00¢. All hydrogen atoms were located in a difference
synthesis phased on the non-hydrogen atoms and were included in the
final least squares.
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2.115 and 2.144 A. The two sets of trans Os—C bonds are
of approximately equal angles (144.2° and 144.8°). The
N-Os distance in 1, 1.631 A is longer than that of the
tetrachloro complex, 1.604 A, and even longer than that
of [Os(N)CL;]K,, 1.614 A5 This is consistent with changes
in the IR spectrum. The nitrogen—osmium stretching
vibration is at lower energy in the alkyl complex than in
[0s(N)Cl,], decreasing to 1100 from 1123 cm™.

In Os(NMe)(CH,SiMe;),, the osmium—nitrogen distance
is 1.686 A. In general, an alkylimido metal-nitrogen bond
is 0.05 A longer than that in the corresponding nitride
complex.® As seen in Figure 2, the Os-N-C bond is bent
to 164°. It is also interesting to note the large variation
in the Os~C distances. The two longer Os—C distances are
trans to each other at an angle of 151.2°, while the two

shorter Os-C bonds are at an angle of 128°.

" The alkyl complexes [Os(N)R,][N-n-Bu,], where R =
Me or CH,C¢Hj, react cleanly with [Me;O][BF,] to form
methylimido complexes [Os(NMe)R,]. [Os(N)-
(CH,SiMe,),]” reacts with [Et;O][BF,] or EtOSO,CF; to
form [Os(NEt)(CH,SiMe,),], and with Me,;SiOSO,CF; to
form [Os(NSiMe;)(CH;SiMey),]. 1

We have found that the osmium(VI) anions, [Os(N)R,]"
react with a variety of electrophiles.”” There are three
possible sites for electrophilic attack in these complexes:
at the open coordination site on the d? osmium center, at
the nitride, or at an Os—C bond. Although the the reaction
of 1 with [Me;O][BF] ultimately gives a product which
has been alkylated at the nitride preliminary low-tem-
perature studies indicate the presence of an intermediate.
We are currently investigating the mechanism of the me-
thylation reaction and the identity of this intermediate.
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Summary: Bis(triorganotin) oxides have been reduced in
high yield to hexaorganoditins by titanium, magnesium,
potassium, and sodiumn.

Hexaorganoditins are finding increasing applications in
reduction reactions,! as organic radical sources? or as
precursors of tin—metal derivatives.? They also show in-
teresting bactericidal and fungicidal activity.* They are
usually prepared by reactions between organotin halides
with metals, tin hydrides with tin oxides, alkoxides or
amines,’ and tin oxides with formic acid® or electrolyti-
cally.” But, with the exception of the method we devel-
oped with formic acid, there is no synthetic route for
producing hexaorganoditins directly from tin oxides.

Low-valent titanium species have been extensively used
as reducing agents in organic chemistry.®? Although dialkyl
ethers are usually not cleaved by these reagents, low-valent
titanium species are not unreactive with compounds con-
taining a carbon-oxygen single bond: for instance, ep-
oxides® and vic-diols!® are easily reduced to give alkenes.
Therefore, we postulated that hexaorganotin oxides, which
are more labile than ethers,’ could be reduced to form
ditins.

We report here a new way of preparing hexaorganoditin
from bis(triorganotin) oxides, (R3Sn);0, and metals. When
bis(tri-n-butyltin) oxide is allowed to react with a freshly
prepared titanium slurry,!! hexa-n-butylditin is obtained
in satisfactory yield after a smooth reduction of the oxide
(eq 1) (Table I).

Ti(0), THF, room temp

BugSn,0 BugSn, 1
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