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ABSTRACT

The crystal structures of analogous metal formyl and metal acetyl complexes
have been determined and the differences analyzed, Xew heterobimetallic compounds
have been prepared for study as possible carbon monoxide hydrogenation catalysts.
The synthesis of related bridging methyl, methylene, and methylidyne complexes
has been acgieved. Several nsw types of chemical reactions have been discovered
including n -CSH5 1 -CSHS rearrangements and addition of C-H bonds to alkenes.




1. Metal Formyl Complexes

Metal Formyl Complexes have been proposed as key intermediates in
homogeneously catalyzed hydrogenation ofvcarbon monoxide. To determine
the key features which distinguish metal formyl compounds from metal
acetyl compounds, we have synthcsized metal formyl and closely related
metal acetyl éomp]cxes and are studying tﬁeir structures and reactionsl.

'STRUCfURE. During the past year, we completed X-ray crystal structures
of exactly analogous metal formyl and acetyl compounds N(CHZCH3)4+
(€0) ;[ (CHg0) sPIFeCOR” (R=H,CH3)2. The structures are very similar; the
major difference being a 90° rotation of the acetyl ligand relative to
the phosphite ligand.

To a first approximétion, there is little structural difference befween
this metal formyl and this metal acetyl complex. The geometr, about the
acyl groups detailed below points up two significant differences between
formyl and acetyl cbmp;exes: first, the Fe-CH-O angle is 7.4° wider in
the formyl cbmplex than in the acetyl complex; serond, he carbon-oxygen
bond of thé formyl ligand is 0.06 R shorter than.in the acetyl ligand.
1t is tempting to note that the fofmyl ligand is a hydride donor in its
chemical reactions and that the formyl group is converted to a terminal
CO ligand in these reactions. The wider Fe-CH-0 angle and shorter C=0
bond may be a ground state reflection of this type of reactivity. For

both structures, R is Jess than 5% and so these bond length differenccs
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quite significant., The C=0 b(md of the formyl ligand (1.166 ;.) is nearly
as short as the average terminal CO bond lengths (1.160 .:\) but this short
formyl bond does not give rise to a high frequency IR band. The formyl
HC=0 stretch appears at 1580 cm_:l while the acetyl CH3C=0 stretch appears
at 1587 cn !, These low RC=0 siretches indicate extensive electron
donation frum iron and the importance of resonance structure contributors
with C=0 single bond character. We do not at all understand why the formyl

HC=0 bond is so short particularly since its IR frequency is 1580 cm_l.
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REACTIVITY. The therma) decomposition of the phosphite substituted
metal formyl compound shown below occurs at 67.3°C with a half-life of
1.1 hr. The reaction is clearly first order in formyl compound and the
rate is independent of added phosphite ligand., Initially we believed
that this reaction occurred in two steps - a slow loss of phosphite
followed by a very rapid migration of hydrogen from the formyl ligand to
iron. Such two step mecchanisms are very common for metal acetyl compounds.
However, we now have reason to suspect that phosphite loss and hydride
migration may be concerted. If the slow step in t};e conversion of the
formyl complex to metal hydride were loss of phosphite ligand, the reaction
should have heen faster in the presenc- of lewis acid cations which would
stabilize the four coordinate metal acyl intermediate. Such Lewis acid
stabilization of a 4-coordinate metal acyl intermediate was responsible for

10,000 fold rate enhancement of phosphite exchange of the corresponding
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acetyl compound. However, the L1’ and NEt4+ salts of the formyl compounds
decompose at approximately the same rate (NEt4+ is 1.7 times.faster than
Li+]. This absence of a salt effect may be the iesult of a concerted
decemposition that avoids a 4-coordinate acyl intermediate. fo test for

a concerted meéhanism, we have prepared a deuterated formyl complex and
are now determining the kinetic isotope effect for the reaction. We have

found that 3p e will provide a convenient method of following the rate

of reaction.

Relative Rate Data for Formyl and Acetyl Compounds

' + I
(CHyCH) N Li

Formyl + Hydride 1.0 0,58
Phosphite Exchangz of Acetyl 0.02 520
CO 0 . ‘00 o
(ATO)3P—Fe C —_— (CO)3FE-C\ - (CO)‘FQH
CO CO H H
co
CO L e 0 'S 49
(ArO);PIFe-C —_— (CO)aFe-C — (PhO)JP'}FE".C\
o to th ey oo s

We now have two pairs of compounds where the kinetic stability of
the formyl compound is much less than that of the corresponding acetyl
comp]e;. (CSHS)(CO)(NOJReCHO decomposes at room temperature slowly but

the related acetyl cohplex is stable to over 170°C._ Similarly (CSHS)[C0)2RUCH0
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decomposes rapidly at -90°C but (CSHS)(CO)ZRuCOCH3 decarbonylates only
upon heating to 150°C.
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Clearly, some formyl complexes have very different mechanisms of
decarbonylation that are unavailable to metal acetyl complexes. One possible

mechanism would be a radical chain decomposition pathway:

CD
. .0
M— C- }1 ,_h4 = M- (:fy + H—M
. I8¢ : |19«
F '
M—c —_— oM + Co
|9e 1Me

2. Hydroxymethyl Metal Compounds

Earlier we had prepared a hydroxymethyl rhenium compcund

(CcH) (CO) (NO) ReCHZdH and had attempted to study the insertion of CO

into the Re-CH,OH bond>*?

is very unreactive towards CO; no reaction of methyl compound was observed

. However, the (CSHS)(CO)(NOJRe~R system

even upon heating to 170°C. The hydroxymethyl compound underwent dehydra-
tion to give an ether dimer at 70°C long before any CO insertion would
be likely. : @
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3. 5-CSH5 ivnl-CsHs Rearrangements

In the course of studying the reaction of (CSHs)(CO)(NOJReCH20H

with PMe3 in the hope of inducing a migration of the CHZOH group to CO,

we noted a reaction which produced the unstable (nl—CSHS)(CO)(NO)

[PMes]zReCHZOH. Subsequently, we found that the corresponding methyl

compound also added two moles of PMe. to give an HI’CSHS complex. We
have isolated and characterized (nl-C HSJ(COJ(NOJ[PMeS]zReCH3 by spectral

_means and by X;ray crysa]lographys. The nl—C compound can be converted

5 5

back to the starting ns-CSHs compound by removal of PMe3 under vacuum.
On heating to 90°C, the n —CSH5 complex is converted to (nS-CSHS)(NO)
(PMe3)ReCOC83 and to [ns—CSHS)(NO)(PMes)ReCHS. A common intermediate in

all of these reactions is probably an n3-CsH5 derivative.

0O
0 -’Re —— 5 ‘CO —A Re '
oc’ CHj (CH, 3P %H Co
pd .
A Re
A 0 -7
oNy/ 7 oN ~CH,
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We are exploring the generality of the ns—C g+ M -C5 g Tearrange-
ment and have found several other examples of this kind of 1nterconversion.
The least stable nl CSHS compound we've detected is (n -C Hs) (CO) (NO) (PMes) Mo
which is formed at -78°C and has 2 half-life of 45 min at -57°c®. The
most stable nl—(ISH5 compound we've prepared is (n -C;Hg) (CO) 4 (PMe ) Re

which is stable at 100°C.
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4. Heterobimetallic Dihvdrides

For the effective reduction of carbon monoxide to hydrocarbons, we
now believe that a catalyst which can act both as a ﬁydride donor and’
as a‘Lewis acid may be required, We plan to syhthesize moleculés which
contain both a hydridic (H ) transition metal hydride and an acidic (H+)
transition metal hydridé. Such a system could successively transfer H
and H' to reduce CO and maintain electronic neutrality. Regeneration of
the metal hydrides by reaction with H2 is also crucial. Early transition
metal hydrides are hydridic in nature and could serve as the source of
H . The metal hydrides of the later transition metals (e.g., Fe, Co,

. . ye +
etc.) are relatively acidic and could serve as a source of H . Thus,

a bimetallic metal dihydride which possesses a hydridic hydrogen and an

acidic hydrogen would be an attractive catalyst for CO reductionm.

o+ Mq’ S-
! |
5- H H &+

The First systems we studied as possible sources of heterobimetallic
dihydrides were a series of arsenic bridged bimetallic compounds first

prepared by Vahrenkampg.

H CH H,C. CH HC. CHs
3C\As{b 3 i\, 2 A

/7 \e / \e /S \®e
(CO)Fé ——Mn(CO),  [CO),FE——ColCO);  (CO);Fé——MolCO),CsHs

- . -
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Vahrenkamp had reported that the metal-metal bond of these compounds
could break spontaneously to generate a vacant coordination sgte and that
the substitution chemistry of the compounds could be explained in terms
of such a coordinatively unsaturated intermediate. We hoped to intercept
the proposed intermediate with Hy and to generate a heterobimetallic
dihydride. However, all of the compounds were inert to H2 tc over 100°C
and failed to act as CO hydrogenation catalysts. The only evidence we
obtained for interaction of H

2 with the bimetallic compounds was the

observation of alkene isomerization and hydrogenation reactions at high

temperature.
| c CH
H3C\ S‘/QSCHB H3C\As/éCH3 co H3 /\As\é 3
o == o/ N\ = e
(CO)LFe————\Mn(CO)z. (CO),Fe  MniCOk (COnFe  MniCOlg
g .
[ ng CHy | 2 My CHs
ey | i
e
(CO)4Fe/ \t;ﬁn(CO)L (CO),Fe /MrQCO):.
H
AL R HOR

We now have reason to doubt our initial assumption that metal-
metal bond cleavage in these systems is the pathway for ligand substitution.

We have found11

that the rate of reaction of the Mo-Fe compound with PMe3
.depends on both [PMeS] and [Mo-Fel. This observed Znd order kinetics
argues for attack of ligand on the metal-metal bond rather than for prior

" metal-metal bond dissociation.
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5.  Bridging Methyl, Methylene and Metylidyne Complexes

Many research groups have been studying bridging CHZ metal compounds.’
Pettit has pointed out the relationship of these compounds to intermediates
in the heterogeneousiy metal catalyzed hydrogenation of COlz. We have
develsped a convenient synthesis of 5 5ridging iron methylene complex
by reaction of (CSHS)Fe(COJZCHzoAc with (CSHSJFe(CO)z- 4 13. The resulting
bridging meth&lene complex can be made in large quantities and can be

purified by a special procedure we've developed that combines Soxhlet

extraction with column chromatography.

B H
oc---i!'e\ O CsHsal /_c_\ e/CSHS
of CH;0CCH, oc” \C/ ~-Co

cis- ]
>
- H H
. U ©
o
OC"}FE ° Cshs \Fc/ —}Fe/
o~ oc” \(':/ “CgHs
ltans-} 1]
0

The bridging methylene compsund can be reversibly prontonated to
give a bridging methy! complex. Using techniques first developed by |
Shapley, we have shown that while the three protons of the methyl g%oup
and the two iron centers are equivalent on the NMR time scale at -86°C,
there is a specific interaction of one of the methyl hydrogens with one

of the iron atoms on an instantaneous time scale.
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produces a bridging methylidyne complex which was characterized by the

Reaction of the bridging methylene complex with C(C6H

extreme down field chemical shifts of the methylidyne proton (622.8)
and carbon (§490.2). This is the first methylidyne complex in which the
methylidyne bridges between two metals.

Reactions of a Bridging Methylidyne Complex with Nucleophiles. The

cationic methylidyne complex can be viewed as a relatively stable carbonium
ion. It is certainly more stable than the triphenylmethyl cation from
which it was prepared. - Extensive electron donation from the two iron
centers must be responsible for the stability of the methylidyne complex,
In spite of its thermodynamic stability, the bridging methylidyne complex
.is kinetically very reactive towards nucleophiles. For example, reaction
with (CHS)SCO" k¥ or trimethyiamine gives high yields of nucleophilic

adducts.
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The bridging carbyne complex reacts with CO to give an acylium species.
The structure of the cylium species has been determined in collaboration
with Professor Victor Day at the University of Nebraska. On treatment

with NaBH, the acylium species is converted to an aldehyde:

. : (2]
u H . c/(/ o
: e -
! P \ ., H\ /E*H
C c o &) C
VRN o -/ N\ Hy 7/ \
C HgICOIFe — Fe CONCsHy) = ICHNCOIFe—FelCONCsH) " ICGHNICOIFe—FelCO)ICsHs)
N/ ' N/ ' “N_/
c C C
1l il 1]
0 e

0
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Hydrocarbation. The most remakable reaction of the bridging methylidyme

complex is its reaction with ethylene. The methylidyne complex reacts
rapidly with ethylene at -30°C to give a bridging pro.pylidyne complex.
The reaction i.L,nvolves the addition of the carbon hydrogen bond of the
carbyne complex across the carbon-carbon double bond of ethylene. _The
similarity of this reaction to the hydrobaoration reaction has ca}used
us to call the new reactiom "hydrocarbation™. The hydrocarbation and
hydroboration reactions show similar regiochemistry for addition to alkenes.
Reaction of the carbyne complex with isobutylene gives a 3-methylbutylidyne
complex. We are mow studying the stereochemistry of these addition
reactions and their application in organic synthesis.

.H— C“L
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