:

F ey e S RRSRR e

DOE/ER/13296~~6
DE90 008834

The Transformation of Organic Amines by

Transition Metal Cluster Compounds gmiygg gfv {}S-”
" ; "; 

APR 0 2 199p

Progress Report T e

1989-~-1990

Dr. Richard D. Adams

Professor of Chemistry

DEPARTMENT OF CHEMISTRY
UNIVERSITY OF SOUTH CAROLINA

Columbia, SC 29208
February 1990

PREPARED FOR THE U.S. DEPARTMENT OF ENERGY

UNDER GRANT DE-FG09-84ER13296

~ MASTER

{S DBCUMENT 1S UNLIMITED

e

DISTRIBUTION OF TH



DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



1)

2)

3)

4)

5)

-Contents-

Introduction

Studies of Metal Carbonyl Cluster Complexes Containing Amino

Carbene Ligands

A)

B)

C)

sulfido Osmium Carbonyl Clusters Containing Secondary
Aminocarbene Ligands and Catalytic Tertiary Amine
Metathesis

Aminocarbene Ligands Formed by the Hydrogenation of
Ynamine Ligands

Aminocarbene Ligands Formed by the Reaction of

0s3(CO)10(H)2 with Ynamines

Studies of the Structure and Bonding of Ynamine Ligands in

Metal Carbonyl Cluster Complexes

A)

B)

Reactions of MeCZNMe2 with 054(C0)12(S)
Reactions of MeCZNMe2 with the Molecules M3(CO)10(S),

M=Fe, Ru, 0Os

studies of the Reactions of Alkynes with Iminium Ligands

Publications Under This Project 1989-1990

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views

and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.



1) Studies of Metal Carbonyl Cluster Complexes Containing Amino

Carbene Ligands.

A) Sulfido Osmium Carbonyl Clusters Containing Secondary
Amino Carbene Ligands and Catalytic Tertiary Amine
Metathesis.

Os3(CO)9(y3—CO)(u3—S) aﬁd lOS3(CO)10(p—SPh)(ﬂ—H) were found
to react with NMe , to yield the complex Os3(C0)8[C(H)NMe2](p3~
S)(p—H)z, la in yields of 31% and 26%, respectively.
Os3(CO)10(u—CNMe2)(p—H) was found to react with HZS to yield 1la
in 36% yield. Compound la was analyzed by a sihgle-crystal X-ray
diffraction analysis and was found to contain a secondary
dimethylaminocarbene ligand terminally coordinated to a sulfur-
bridged triosmium cluster. The amino group in the carbene ligand
was exchanged by reactions of 1la with NEt,H and NPran at 56°C
and 80°C and by reaction with NEt, or NPr3n at 145°C in MeOH
solvent. Significant amounts of [083(C0)9(ﬂ3—5)(ﬂ~ﬂ)]—, 3 were
also formed in the latter reactions. The diamine
HN(Et)(CHZXZNMe2 reacted with 1la at  80°C to yield
05;(CO)g[C(H)N(Et)(CH,),NMe, ] (43-5) (u-H),, 1le,  42%. le was
decarbonylated at 145°C to yield
0s3(CO),[C(H)N(Et)(CH,) NMe, ] (uy-58)(u-H),, 2e in 41% vyield.
Compound 2e was characterized by a single-crystal =x-ray
diffraction analysis and was found to contain a terminally
coordinated C(H)N(Et)(CHZ)zNMe2 carbene 1ligand chelated to the
cluster through coordination of the NMe, group. Labeling studies
have shown that the reactions of the carbene complexes with
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tertiary amines involve C-H activation processes in the alkyl
groups and exchange‘of the amino group of the carbene ligand. A
mechanism is proposed that involves iminium ligand intermediates
that couple to the carbene ligand to form a nitrogen containing
metallacycle, see Scheme 1. Solutions of 1a in methanol were
found to catalyze the exchange of alkyl groups between NEt3 and
NPr3n, but analysis of the catalyst mixtures have shown that most

of the catalysis was produced by 3, a decomposition product of

the carbene containing cluster complexes.

B) Aminocarbene Ligands formed by the Hydrogenation of
Ynamine Ligands.

The reaction of the complex 053(CO)9(p3—MeC2NMe2)(p3—S), 1
with hydrogen at 125°C/latm vyielded the two new compounds
053(CO)7{y—C(Et)N(Me)CHz](y3—s)(p—H)3, 3, 7% and
Os3(CO)8[C(Et)NMe2](u3—S)(u—H)2, 4, 9%. At 125°C/l0atm  of H2
pressure the vyield of 4 was increased to 33%, the yield of 3
decreased to essentially zero, and two new compounds
053(CO)g[C(EL)N(Me)CH, ] (u3-8) (p-H), 5 and 053(CO)gln-
H,CC(H)C(H)NMe, ] (p3-8) (u-H), 6 were formed in very low yield.
Compounds 3 and 4 can be interconverted by the addition and
elimination of CO. Compounds 3-6 were characterized by IR, NMR
and single-crystal =x-ray diffraction analyses. Each compound
consists of a sulfur-bridged triangular triosmium cluster.
Compound 3 contains a bridging EtCN(Me)CH2 ligand. The ethyl-
substituted carbon is a carbene center. Compound 4 contains a
terminally coordinated carbene, EtC(NMeZ), and compound 5
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contains a chelating EtCN(Me)CHz, in which the ethyl-substituted
carbon 'is a carbene center. Compound 6 contains a nz-
HZCC(H)C(H)NMe2 ligand. The carbene centers in compounds 3-5
were formed by novel 1,1 hydrogenations at the methyl-substituted
carbon atom of the ynamine 1ligand in 1, see Scheme 2. 1In
compounds 3 and 5 one of the N-methyl groups was metallated. The
dimethylaminoallyl ligand in 6 was formed by a 1,2
dihydrogenation of the ynamine 1ligand in 1 plus a CH activation

on the methyl group on the carbon atom.

C) Aminocarbene Ligands formed by ‘the Reaction of
Os3(CO)10(p-—H)2 with ¥Ynamines.

The reaction of 053(C0)10(,u—H)2 with MngCNMe2 at 25°C
yielded the new complex Os3(CO)lo[u—C(Me)C(H)NMeZ](p—H), 1, 68%
by the addition and insertion of MeCECNMe2 into one of the metal-
hydrogen bonds. Compound 1 contains a bridging C(Me)C(H)NMe2
ligand that is coordinated only by the methyl-substituted carbon
atom. The hydride ligand was shifted to the NMez—substituted
carbon atom. When heated to 68°C in hexane, 1 isomerized to the
new complex OS3(CO)1o[ﬂ—CH(Me)CNM62](ﬂ-H), 2, by a shift of the
hydrogen atom £from the NMez-substituted carbon atom to the
methyl-substituted carbon atom, see scheme 3. At 68°C, 2 was
slowly decarbonylated to yield the new compound Os3(CO)9(p3—
MeCZNMeZ)(y—H)z, 3, which contains a triply bridging MeCZNMe2
ligand. In a competing reaction 2 was simultaneously isomerized
to the new compound 0s3(CO)10[p—C(Et)N(Me)CHZ](y-H), 4 which

contains an N-methyl metallated ethyldimethylaminocarbene ligand
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that bridges an edge of the triosmium cluster. When heated to
97°C for 36 hrs., 3 was isomerized to the new ‘compcund
053(C0)9[n3—CH(Me)C(H)NMez)(p—H), 5 that exists in solution as a
mixture of isomers. One of the isomers was crystallized and
characterized structurally. It was shown to contain a triply
bridging MeC(H)CNMe2 ligand. The carbon atoms of the alkenyl
group are o-n coordinated to an edge of the cluster, while the
nitrogen atom is coordinated to the third metal atom. The ligand
contains a Z-stereochemistry. On the basis of NMR spectroscopy
the other isomer is believed to contain a similarly coordinated
ligand having an E-stereochemistry. Compoﬁnds 1-5 were all

characterized by IR, NMR and single—crystal x-ray diffraction.

2) Studies of the Structure and Bonding of Ynamine Ligands in

Metal Cluster Complexes.

A) Reactions of MeCzNMe2 with 054(CO)12(p3-S).

The reaction of 054(C0)12(u3—5), 1 with MeCzNMe2 yielded the
complexes Os3(CO)9(u3—MeC2NMe2)(u3—S), 2; Os4(CO)ll(p3~MeCZNMe2)
(u—MeCzNMez)(ps—S), 3; 054(CO)ll{y—C(Me)C(NMeZ)C(NMez)CMe](ﬂ3—S),
4; 054(CO)11[p~C(NMeZ)C(Me)C(Me)C(NMeZ)](u3-s), 5; 084(C0)9(ﬂ—
MeCZNMez)[p—C(Me)C(NMez)C(Me)C(NMe2)](u3—S), 6 and 053(C0)7(u3—
MeC,NMe,) (u-MeC,NMe, ) (y3-5), 7 all in low yields. Compounds 3-7

1H NMR and single-

are new and have been characterized by IR,
crystal x-ray diffraction analyses. Compounds 3 contains a chain
of four osmium atoms with two bridging ynamine ligands and a
bridging sulfido 1ligand. Both ynamine ligands contain strong n-

bonding interactions between the NMe, groups and the neighboring
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carbon atoms in the alkynyl group. These interactions alter the
metal-carbon bondingvand the ynamine ligands adopt structures
that resemble aminocarbene ligands. Similar structures for the
ynamine 1ligands were found for the ynamine 1ligands in 7.
Compounds 4-6 contain spiked triangular clusters of four osmium
atoms with a triply bridging sulfido 1ligand on the triangular
grouping. Each of these compounds also contains a
metallacyclopentadiene group formed by the <coupling of two
ynamine ligands. In each compound, the two ynamine ligands have
been coupled in a different way. 1In 4, they were coupled tail-
to-tail. In 5 they were coupled head-to-head and in 6 they were
coupled head-to-tail. There is structural evidence for
significant, albeit weaker, n-bonding interactions between the
amino-groups and the adjacent carbon atoms in these complexes.
This seems to produce a weakening of the corresponding metal-

carbon bonding.

B) Reactions of MeC,NMe, with the Molecules M3(CO)10(p3—
S), M = Fe, Ru, and Os.

The reactions of the compounds M3(Co)lo(u3—5), la, M = Fe,
and 1b, M = Ru with MeczNMe2 yielded the products MZ(CO)Glp—
SC(NMeZ)CMe}, 2a, M = Fe, 3%; 2b, M = Ru, 36% and M3(CO)9{p3-
MeCzNMezl(p3~S), 3a, M = Fe, 30%; 3b, M = Ru, 14%. The reaction
of OSB(CO)lO(y3—S), 1c with MeCZNMe2 yielded only the trinuclear
product Os3(CO)9[u3-MeC2NMeZ](ﬂ3—S), 3c, 87%. Compounds 2b and

3c were characterized by single-crystal x-ray diffraction

analyses. Compound 2b consists of a metal-metal bonded Ruz(CO)6
10



grouping bridged by a SC(NMez)CMe ligand. The sulfur and C-
methyl carbon atom are strongly bonded to both metal atoms. The
NMe, substituted carbon atom is weakly bonded tokone metal atom
and not bonded to the other. Compound 3¢ consistskof an open
triosmium cluster with a triply bridging sulfido ligand and a
triply bridging MeCZNMeZ ligand. The C-methyl carbon atom is
bdnded to  two metal atoms. The‘NMez—substituted carbon atom is
coordinated only to the one remaining metal atom. Structurally,
this grouping resembles ankNMez—substituted carbene ligand. This

is also supported by the 13

C NMR spectrum which shows a very low
field resonance, +251.92 ppm for 3a and +243.50 ppm for 3c. It
is proposed that the ynamine 1igands in thekcompounds 3a-c should
be formulated as «o,a dimetallioethyldimethylaminocarbene ligands.
Compound 2b isomerizes when heated to form the compound
Ru,(CO), [u-SC(Me)CNMe,], 2b’ in 38% yiéld, see scheme 4.
Compound 2b’ was characterized étructurally. The structure is
similaf to that of 2b except thatkthe methyl substituted carbon
atom is bended to.  the sulfur atom, and  the NMez—substituted
carbon atom is not a bridging atom, but is terminally coordinated
to one of the metal atoms. The iron homolog of 2b’, Fez(C0)6{p—

SC(Me)CNMez}, 2a’ was obtained (55% yield) by pyrolysis of 3a at
100°.

3) Studies of the Reactions of Alkynes with Iminium Ligands.

The reaction of 053(C0)10(y—H2CNMe2)(y—H), 1 with HCECCOZMe
has yielded three new products Os3(CO)8(y—CNMe2)[u3—
CH,C(CO,Me)C(CO,Me)CH], 3, 7%; 053(C0)9[p3—Me2NCCC(H)(COZMe)}(ﬂ‘
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H), 4, 20% and Os3(CO)9[u3—H2CNMe2CH CCOZMe], 5, 6%. Compound 4

2
was also obtained in a slightly higher yield (28%) from the
reaction of 053(C0)10(p-CNMe2)(p-H), 2 and HC2C02Me. Compounds
3-5 were characterized by IR, 1H NMR and single-crystal x-ray
diffraction analyses. Compound 3 consists of an open cluster of
three osmium atoms with a bridging dimethylaminocarbyne ligand
and a triply bridging CHZC(COZMe)C(COZMe)CH ligand.‘ The former
was formed by the removal of the two hydrogen atoms from the
methyléne group of the iminium ligand. The latter was formed by
a tail-to-tail coupling of two HC=CCO,Me molecules and the
transfer of one hydrogen atom to one of the CHAgrcups. Compound
4 contains a closed triangular cluster of metal atoms with a
triply bridging MezNCCC(H)COZMe. This 1ligand was apparently
formed by a C-C coupling of a rearranged HC=CCO,Me ligand and a
CNMe, group. Compound 5 contains a closed triangular cluster of
metal atoms with a triply bridging CHZNMeZCHZCOZMe ligand. © This
ligand was formed by a C-N coupling of the iminium ligand in 1 to

a HC=CCO,Me ligand that had been inserted into the metal-hydride

bond in 1, see scheme 5.
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