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ABSTRACT 

Studies of compounds related to proposed intermediates in the hydrogenation 
of carbon monoxide over homogeneous and heterogeneous catalysts have been carried 
The synthesis, structure, and reactions of metal formyl compounds have been 
investigated. The synthesis and desproportionation reactions of hydroxymethyl 
metal compounds have been explored. Reactions involving interconversion of 
ns_ and n '-C H organometallic compounds have been discovered. New synthetic 
routes to bii~e~allic compounds with bridging hydrocarbon l igands have been 
developed. The f i rs t  bimetallic compound with a budging CH ligand has been 
prepared. The hydrocarbation reaction in which the CH bond of a bri6n~ng 
methylidyne complex adds across a carbon-carbon double bond has been discovered. 
New heterobimetallic compounds linked by a heterodifunctional ligand and hetero- 
bimetallic compounds with directly bonded early and late transition metals have 
been synthesized in a search for new CO hydrogenation catalysts. 

out. 
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INTRODUCTION 

Our research on the mechanism of the metal catalyzed hydrogenation of 

CO has been supported continuously by the Department of Energy since April 1977. 

To date, this work has resulted in 23 publications and five submitted papers. 

In this report, I wi l l  concentrate on communicating the major themes of our 

research and the evolution of the research program. Four main topicswi l l  

be covered: (1)the chemistry of metal formyl and hydroxymethyl metal compounds 

related to intermediates proposed in the homogeneous hydrogenation of CO, 

(2) theinterconversion of nS-CsH s and n'-CsH s organometallic compounds 

serendipitously discovered in the course of other work, (3) bimetallic compounds 

with bridging hydrocarbon ligands related to intermediates proposed in the hetero- 

geneous reduction of CO and (4) the synthesis of heterobimetallic compounds 

linked by heterodifunctional ligands as possible new catalysts for CO hydro- 

genation. The highlights of this research have included (1) the synthesis and 

characterization of metal formyl complexes (2) the synthesi s of the f i r s t  

hydroxymethyl metal compound (3) the development of a new synthesis for bridging 

methylene metal complexes (4) the synthesis of the f i r s t  br{dging methylidyne 

complex (5) the discovery of the hydrocarbation reaction in which the C-H bond 

of a oridg4ng methylidyne complex adds across the carbon-carbon double bond of an 

alkene (6) the discovery of reactions involving n s to n I interconversions of 

cyclopentadienyl metal complexes (7) the development of syntheses of heterobimetallic 

compounds linked by heterodifunctional ligands and (8} the synthesis of compounds 

with direct metal-metal bonds between an early and a late transition metal. 

A. Formyl and Hydroxymethy] Metal Compounds 

When we began this work, the mechanism of CO hydrogenation with both homo- 

geneous and heterogeneous catalysts was thought to proceed via formyl, and hydroxy- 

methyl metal compounds as shown in Scheme I. The homogeneous reduction of CO 
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to'ethylene glycol and to other oxygenated products is s t i l l  considered to take 

place by this mechanism. The heterogeneous reduction of CO has now been ~ 

demonstrated to proceed by a very different route involving in i t ia l  CO bond 

cleavage (dissociative chemisorption). 

The insertion of CO into metal-carbon bonds is a very well known and 

facile process. In contrast, the insertion of CO into .a metal-hydrogen bond 

to give a metal formyl complex has not been observed until very recently. 

(Wayland has seen insertion of CO into the rhodium hydrogen bond of a porphyrin 

complex but this is apparently a special case). To ascertain the reasons for the 

failure to observe metal formyl complexes in the reactions of metal hydrides with 

CO, we developed a new synthesis of metal formyl compounds and studied their pro- 

perties. We have summarized our research on metal formyl compounds on several 

occasions .3'5'8 

We developed a new synthesis of metal formyl compounds from the addition of 

t r ia l  koxyborohydrides to metal carbonyls and used this synthesis to prepare 

isolable metal formyl compounds including (ArO)3P(CO)3FeCHO-,3'I 5,25 

(CO)sRe_Re(CO)4CHO- l ,  and (CsHs)Re(CQ)[~O~CHO. 2 

o O -  / H 
Ill 
c e 

~ - o  H gCoR~a I ....co 
o ¢-Fe~L c~ - OC- F e  

! - -  

a PCo g 

. . . .  --> C.~I~'=.~ c O/V.. ~o 
OH"'i ~ \c~ t 

0 C o D H 

We have determined the structure of a closely analogous pair of metal formyl 

and metal acetyl complexes. The structures of the two complexes are remarkably 

similar; the very different chemistry displayed by formyl and acetyl complexes 



cannot be due to structural differences. The only significant differences are that 
0 

the 1.166(4) A C--O bond length of the formyl ligand is substantially shorter than 

the 1.226(5) C=O bond length of the acetyl ligand and that the 133.0(3) ° Fe-C-O 
o 

angle of the formyl complex is substantially wider than the 125.7(3) Fe~C-D 

angle of the acetyl ~ complex. These structural differences might be related to 

the hydride donor abi l i ty I of formyl complexes since the formyl ligand is converted 

to a linear carbonyl ligand with a shortened C-O bond in the course of these 

reactions. 

0 

153° l ag.  
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Formyl complexes display a wide range of kinetic reactivity. In some cases, 

such as (RO)3P(CO)3FeCHO- and (RO)3P(CO)3FeCOCH3-, the formyl and acetyl complexes 

both show high kinetic stability and are stable to -70 ° C. 3'5 In other cases, 

such as CsHs(CO)2RuCHO (tl/2 = 2h at -90 ° C) and CsHs(CO)2RuCOCH 3 (t~/2 = ISh 

at 150 ° C), 8 the formyl complexes are much less stBble than the corresponding 

acetyl complexes. For (RO)3P(CO}3FeCHO- , we observed smooth f i r s t  order decomposition 

to (CO)~FeH- and (RO)3P and no inhibition by added phosphite. 3"5"8 This is con- 

sistent either with loss of phosphite followed immediately by hydride migration 

to iron or with concerted loss of phosphite and hydride migration. For 

(CO)sReRe(CO)~CHO', we noted that tile compound was light sensitive, l Recently, 

in collaboration with Jay Kochi at Indiana, a radical chain mechanism for de- 

composition was established for (CO)sReRe(CO)kCHO-. 21 
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Weattempted to measure the relative thermodynamic stabilities of a pair 

of analogous formyl and.acetyl metal compounds but were only able to obtain Timits 

of their differences in stability. 3'5'8 Metal formyl compounds are thermodynamically 

much less stable than the corresponding metal acetyl compounds. For example, 

(CH3CH2) 4 N+[(ArO)3P](CO)3FeCHO - is completely converted (> g9.8%~ to (CO)4-FeH" 

upon heating to 70° C. Therefore, the equilibrium constant Keq [(ArO)sP][FeH]/ 

[FeCHO] must be greater than 125M. By contrast, (CH3-CH2)4N+(CO)4FeCH ~ reacts 

with (ArO}3P to give only (CH3CH2)~N+[(ArO)3P](CO)3FeCOCH~. The equilibrium con- 

stant Keq = [(ArO)3P] [FeCH~]/[FeCOCH 3] was estimated to be less than lO-3M. 

The difference in equilibrium ce~st~;it for insertion of CO into an Fell and an 

Fe-CH3 bond is therefore greater than 1.25 x lOS wfiich corresponds to a free 

energy difference of at least 7.5 kcal mole -I  . The greatly different thermodynamic 

stabilities of metal acyl and metal formy] compounds is mainly attributable to 

the greater strength of M-H bonds (estimated 50-60 kcal mole-1) compared with 

M-CH 3 bonds (estimated 30-40 kcal mole-l). The failure to observe metal 

formyl species in the reactions of metal hydrides with CO is now understandable 

in light of the low thermodynamic stabil i ty of metal formyl compounds. However, 

i t  is entirely possible that metal catalyzed CO reduction might proceed by formation 

and subsequent reduction of metal iormyl species which are never present in detectabl~ 

quantities. 

"U # ' :  
CO ~ 

"t- 
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The avai labi l i ty of metal formyl compounds has a11owed their chemical 

reactivity to be determined.l Our group and Gladysz's group inoependently 

discovered that metal formyl compounds can act as hydride donors to electrophiles 

such as ketones, alkyl halides, metal carbene complexes, and metal carbonyl 

compounds. For example, (CH3CH2)4N+[(C6HsO)3P](CO)3 FeCHO- reacts with 2-butanone 

to give a 95% yield of 2-butanol, with n-CTH1sl to give a 71% yield of heptane, 

and with (CO)sWC(OCH3)C6H s to give (CO)sWCH(OCH3)CBHs-. 

The hydride donor abi l i ty of formyl complexes can lead to disproportionation 

reactions of the formyl compounds. For example, CsHs(CO)(NO)ReCHO undergoes 

spontaneous disproportionation upon sitting at room temperature to produce the 

dimeric metalloester shown below. 4'6 The disproportionation is proposed to proceed 

by an intramolecular pathway. 

" '~ ~ "~o  

The hydrolysis of this metalloester led to the f i r s t  synthesis of a hydroxymethyl 

metal compound.4'6 Later we developed a better route to the hydroxymethyl metal 

compound by Li + HzAIEt 2" reduction of CsHsRe(CO)2(NO) +. 6 

Hydroxymethyl metal cDmpounds l ike formyl complexes showed a strong tendency 

to undergo disproportionation reactions. For example, treatment of 



CsHs(CO)(NO)ReCH20H with strong acid led to disproportionation to a rhenium 

methyl compound and a rhenium carbonyl B • 

NBF~ 
^ik~.-* Re / . 

_/ c.i .~. "o 
u ur~ ' 0 

complex --  was formed. 1 B 

B. n s .-T-n '-CsH s Interconversions. 

All attempts tocarbonyla.te this hydroxymethyl compound fai led'  This is pro- 

bably unrelated to the nature Of the hydroxymethyl group since the related methyl 

compound CsHs(CO)'(NO)ReCH 3 also failed to undergo carbonylation even at 150 ° C 

and 800 psi CO. The reaction of these compounds with PMe 3 was studied in an 

attempt to induce migration of the hydroxymethyl or methyl groups to CO. 

We were surprised to find that two equivalents of PMe 3 added to CsHsRe(CO)(NO)CH3 

and that the nS-CsH s Iigand slipped to an n',CsH s unit'  7 We found that the rate of 

reaction depended on [Re] and [PMe3]; this requires an intermediate monophosphene 

complex -- presumably an ~.~-CsH s intermediate. The addition of PMe 3 was completely 

reversible at room temperature. At higher temperatures, phosphene substitution 

took place to give a mixture of PMe 3 substituted acetyl and methyl complexes. 

When very high Concentrationslof PMea were used, the formation of these substitution 

products was inhibited and a new compound-- a cyclopentadienyl idene ketene 
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We have observed similar n'-CsH s metal compounds in the reaction of PMe s with :. 

CsHsMO(CO)zN 0 ,8 CsHBW(CO)2NO ' 9 and CsHsRe(CO)B.17 

While this chemistry of n 5-CsH s and n'-CsH s is not directly related to CD 

hydrogenation, i t  does point out a new kind of basic transformation which should 

have broad implications in organometallic chemistry. 

C. Bimetallic ComPlexes with Bridging Hydrocarbon Ligands. 

The mechanism of reduction of CO to hydrocarbons on some heterogeneous 

catalysts has now been sh~n to proceed by ini t ia l  carbon-oxygen bond 

cleavage to give surface carbides. The surface carbides are then proposed 

to be hydrogenated to surface bound CH, CH 2, and CH 3 species. Carbon-carbon 

bond formation is thought to proceed via coupling of surface bound CH3 

and CH 2 units. 
o 
~t 
C c\ o C - - - >  

Scheme 2 

c~ 
.L-.x.._X. 

E H 

c ~  
I. I N  

c~ 
! 

c:R.~, 



IU 

Because of this proposed mechanism, we became interested in studying the 
," 

synthesis and reactions of bimetallic complexes wit~i bridging hydrocarbon ligands 20,22 

Thismetal complex chemistry should be related to the surface chemistry in Fischer- 

Tropsch reactions. 

We developed a new synthesis of bridging methylene complexes by reaction of an 

organometallic anion with an organometallic compound with. a leaving group on 

the carbon bonded to the metal. Reaction of CsHs(CO)2Fe- with CsHs(CO)2FeCH2OAC 

gave a good y4eld of bridging methylene complex [[CsHs)(.CO)Fe]2(R-CD)(p-CH2). lO 

The reaction is undoubtedly more complex than a simple nucleophilic displacement 

since [CsHsFe(CO)2] 2 is always isolated as a side product, indicating the possible 

involvement of odd-electron species such as CsHs(CO)2Fe. 

• H H 

oc-~F~ ,o . .F~--F,. g~.\ 
oC" CH~OCCH~ 0 c'" \ C /  "'CO C - -  ~'~ 

O 

0 F e - - F e  oc-'" \ d  0 
III 
0 

Protonation of the bridging methylene compounds produces a bridging methyl 

compound. NMR s~udies es£ablished that the methyl group is unsymmetrically bonded 

tO the two iron centers and that there is a specific interaction of one iron atom 

with one of the CH bonds of the bridging methyl group. 

Reaction of the bridging methylene compound with C(C6Hs)3 ÷ led to hydride ab- 
10 

straction and:the isolation of the f i rs t  doubly bridging methylidyne complex. 

This methylidyne complex can be thought of as a secondary carbocation stabilized 

by two strongly electron donating iron groups. The two iron groups lend greater 
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stabi'lization to the carbocation than the three phenyl groups of the t r i t y l  cation 

from which the methyl idyne complex was prepared. 

II 
0 

t /C @ 
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g 
O 

In spite of i ts thermodynamic stabil i ty, the methylidyne complex is remarkably 

reactive toward nucleophiles. I t  forms simple adducts with amines and with alcohols. 13 

The methyl idyne complex even reacts with CO in a new carbon-carbon bond forming 

reaction to produce ia bridging acylium complex whose X-Ray structure was determined 

in collaboration with Prof. Victor Day of Nebraska. 13 The acylium complexes react 

with water to form an acid and with hydride donor reagents to form an aldehyde. 
O 

M PJ NICH31~ 
I " f 

OC=w ' /C%® ,#C O NICHI) ~ 0C~,./% ,~ CO 
.Fe'--'Fe~. . . re---~.. .  

col.... P "  ~ H~.2cccH,,, 
C~H~'" "C / ""C,H, CsH~'" \C "'%H5 

0 0 

H2ol "~etom~ 
l o  " ~  o 

• i i  i i  . coil " -  H .CH 
,., roo o o 

C~H;'" \C / "CsH~ CSH~ C CsH~ 
0 0 

The most remarkable reaction of the bridging methyl idyne complex is its reaction 

with alkenes. 12 The methyl idyne complex reacts rapidly with ethylene at -30 ° C 

t n 9ire a bridging propylidyne complex i n  > 70% isolated yield. This reaction 

involves an unprecedented addition of a carbon hydrogen bond of the carbyne complex 
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across the carbon-carbon double bond of ethylene. This similarity of this reaction 

to the hydroboration reaction has caused us to call the new reaction "hydrocarbation." 

As in the case of hydroboration, no oligomerization takes place. That is, the 

~-CH and BH bonds readily add to alkenes but p-C-R and B-R bonds don't. 

H '(B 
CsHs~.Jc~_ ..CsHs 

...Pe--Fe.. 
o c \ c  / -c o 

O 

C.,-H 
N2}e 

,C,H 2 . H.,.~H 

Fe--Fe 
; 

H-CH2 
CH2 

c-'" ~,-~e .... 
0 ,c ~0 

O 

Hydrocarbation is reglospecific: the methylidyne carbon always adds to the 

less substituted carbon and hydrogen is transferred to the more substituted carbon 

of the alkene.13 The r~action has also been demonstrated to involve cis addition 

of carbon and hydrogen to the alkene. 20'22 

The reaction of the methyl i dyne complex with I,'." ~isubstituted alkenes such as 

2-butene gives a mixture of aIKvlidyne complexes formed byC-H addition to the 

alkene and of bPidging v,nyl complexes. -Labeling experiments and low temperature 

studies have shown that the vinyl complexes arise from rearrangement of the 

i nit ial ly formed al kyl idyne complexes. 27 

In independent studies of the rearrangement of bridging alky]idyne complexes 

to bridging vinyl complexes, we have found that the rate of rearrangement is 

accelerated greatly by carbon substituents on the carbon e to the carbyne carbon 

atom. Thus, the ethylidyne complex with no = carbon substituents does not rearrange 

at all at 88° C; the pentylidyne complex with one ~ carbon substituent rearranges 

slowly at 88 ° C; and the cyclohexyl substituted carbyne complex with two s-carbon 

substituents rearranges rapidly at -13 ° C. 
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CHF =__~e H~c~C'H IZO" I \ e 
Fe --Fe 

90 = 

CH2 H 

Fe~Fe Fe--Fe 

H CH.c.  
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D. Heterobimetallic Compounds. 

Heterobimetallic metal dihydrides which possess both a hydridic M-H bond and 

an acidic M-H bond are potentially excellent reducing agents for polar molecules 

like CO. Compounds possessing a hydridic M-H bond to an early transition metal 

and an acidic M-H bond to a late transition metal are prime candidates f~p powerful 

hydrogenation catalysts and mightbe available from reaction of H 2 with metal- 

metal bonds. However, since synthetic methods for making the desired precursors 

with directly bonded early and late transition metals are just beginning to be 

developed, our early efforts have centered on making bimetallic compounds between 

metals having smaller electronegativity differences. Our in i t ia l  approach has 

been to prepare heterobimetallic compounds linked by a heterodifunctional l igand 

and to investigate the reactions of these compounds with H 2 as a possible route to 

heterobimetallic dihydrides. Linking the two metal centers through a bridging 

ligand maximizes the opportunity for the resulting metal hydrides to act cooperatively 

to reduce polar molecules. 
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The f i r s t  bimetallic compounds we investigated as possible CO hydrogenation 

catalysts were the arsenic bridged bimetallic compounds shown below. 

/ \ "  ,co,f\e,co~..--co / \ "  (CO}~Fe - -  MolCO)2C sHs lC O}c Fe- -Nn lCO}L  

Vahrenkamp had previously synthesized these compounds and proposed that their 

l igand _=,,bstitution reactions proceeded by in i t ia l  metal-metal bond cleavage followed 

by trapping the coordinatively unsaturated metal with an incoming ligand. We set 

out to trap the proposed unsaturated intermediate with H 2 as a possible route 

to heterobimetallic dihydrides. I I  However, these arsenic bridged bimetallic compounds 

showed no evidence for interaction with H z or for act ivi ty as hydrogenation catalysts. 

In subsequent investigations,we found that the rate of reaction of PMe 3 with 

(CO)4Fe(~-AsMe2)Mo(CO)2CsH s depended on the concentrations of both reactants, g 

This implies that substitution reaction;~ do not proceed by in i t ia l  metal-metal bond 

cleavage and may explain why no reaction with H 2 was seen. 

ICO}~,Fe-- ~nlCOl( L, CO),Fe MnlCOlcJ. lCO]LFn MnlCOIs 

,It", 
t 

" J L " ~ ' J  
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We next set out to prepare.heterobimetallic compounds linked by a hetero- 

difunctional ligand. 

We f i rs t  prepared (Ar2P-CsH4)Mo(CO) ~- which can be viewed as a difunctional 

chelate ligand with phosphine and metal anion donor groups capable of binding 

to a second metal center. 14 Reaction of this molybdenum anion with the bridging 

metal halides [(CO)L, MnBr] 2 and [(CO)4ReBr] 2 led to good yields of the hetero- 

bimetallic compounds shown below. The X-ray structure of the Mn-Mo compound 

indicated some ring strain. 

1 t , , . 1  

All attempts to add H 2 thermally to the Mo-Mn or Mo-Re compounds failed. 

For example, the Eo-~n compound is stable to 170 ° C under 1200 psi H2.14 In 

another attempt to make a heterobimetallic dihydride, the metal-metal bond of 

the Mo-Mn compound was protonated with strong acid to ~ive a cationic bridging 

metal hydride. 19 Attempted hydride addition to the cation fa i led  to produce 

a dihydride; instead, H 2 evolved and the starting Mo-Mn compound was regenerated. 

e A=L A¢= 

The fa i l u re  of  the Mo-Mn and Mo-Re compounds.to react wi th H 2 even under 

forcing conditibns, is probably related to the i r  coordinative saturat ion. These 
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compounds would probably have to undergo less of a ligand or metal-metal bond rupture 

before reacting with H 2. In an effort to generate a reactive site on the Mo-Hn com- 

pound, photolysis in the presence of H 2 was studied. 26 Onceagain, we failed to 

observe a heterobimetalIic dihydride; instead, a novel reaction occurred in 

which the phosphorus-cyclopentadienyl bond was-cleaved and 

(CO)wMn[p-p(CBHw-CH)2](P-H)Mo(CO)2CsH s was formed. 

(CO)3M o-.--,-M n{CO } 4 - / j  ~'H / :n'~co -CO 
! 

C C CO O0 

We next attempted to synthesize heterobimetallic compounds in which one,of 

the metals was coordinatively unsaturated and capable of undergoi ng facile oxidative 

addition of H 2. Rh(1)-Mo compounds were studied in i t i a l l y  because ordinarily 

Rh(I) is reactive toward H~. The Rh-Mo compounds shown below were synthesized 

but all three compounds failed to react with H2. 24 IR evidence indicated that the 

Rh-Mo bond was highly polarized Rh+-Mo -. " The failure of the Rh-Mo compounds to 

react with H 2 is probably related to the relatively electropositive nature of Rh 

i n these compounds. 

I l 
! 

Cco~aHo-- Rk-- c o (~Ho --~k-- P. AR~ 
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Ir(1) compounds are normally much more reactive toward H 2 than their 

Rh(1) counterparts because hydrogen forms substantially stronger bon~s to 

third row elements l ike I r  than to second row elements like Rh. Indeed, we found 

that Me-,it compounds added H 2 to give iridium dihydrides. 24 Thus w~ have now 

succeeded in adding H 2 to a heterobimetallic compound but we have a long way to 

go before arriving at a CO hydrogenatien catalyst." First, we need to develop 

reactions such as elementation of a metal hydride from a M'-MH 2 system to arrive 

at a heterobimetallic dihydride M'H MH. Second, we need to work with bimetallic 

compounds with greater electronegativiLy differences between the metal centers 

to arrive at a compound possessing one hydridic M-H and one acidic M-H group. 

(CO~Mo--Ir~co! ÷ Hz - -  i cO 
L 

To overcome the second problem, we have developed syntheses ~f b imetal l ic  

compounds with bonds between early and late t r a n s i t i o n ~ t a l s .  Reaction of 

CsHBRu(CO)2- with (CsHs)2(t-BuO)Zr-CI p~duced a hioh yield of the f i r s t  compound 

with a direct bond between zirconium and ruthenium. 16 ~re recently, we have 

synthesized a compound with t ~  rutheniums bonded to zirconium. 2B 

÷ 
m ~  

+ 
. . . .  



IB 

Pgbl ications AcknowledBi ng D.O.E. Support 
t 

I .  Hydride Donation Reactions of Transition Metal Formyl Complexes, C. P. Casey 
and S. M. Neumann, J. Amer. Chem. Soc., I00, 2544 (1978). 

2. Rhenium Formyl and Carboxy Complexes Derived from the (CRH~)Re(CO)~(NO} + 
Cation: Models for the Fischer Tropsch and Water Gas Sh~fl ReactiOns, C. P. 
Casey, M. A. Andrews and J. E. Rinz, J. Amer. Chem. Soc., 101, 741 (1979). 

. Mechanistic Studies Related to the Metal-Catalyzed Reduction of Carbon 
Monoxide to Hydrocarbons, C. P. Casey and.S.M. Neumann, in Inorg. Comp. with 
Unusual Prop.?II, Adv. in Chem. Set., No. 17B, ACS, Washington, D.C-, 1979, Chap. 12. 

. Disproportionation of a Neutral Metal~Formyi Complex and Synthesis of a 
Stable Hydroxymethyl-Metal Compound, C. P. Casey, M. A. Andrews and D. R. 
McAlister, J. Amer. Chem. Soc., lOl, 3372 (1979). 

5. Model Studies of Metal Catalyzed CO Reduction, C. P. Casey, S. M. Neumann, 
M. A. Andrews and D. R. McAlister, Pure & Appl. Chem, 52, 625 (1980). 

6. Reduction of Coordinated Carbon Monoxide. Synthesis o~ Neutral Metal Formyl 
and Hyd~o~vmethyl Derivatives of the (C:H=)Re(CO)o(NO) ~ Cation, C. P. Casey,. 
M. A. Andrews, D. R. McAlister and J. E~ Rinz, Am~r. Chem. Soc., I02, 1927 ('1980). 

7. Conversion of an nS-Cyclopentadienyl-Metal Complex to an nl-Cyclopentadienyl - 
Metal Complex upon Addition of Trimethylphosphine, O. Am. Chem. Soc., 102, 
6154 (1980). 

8. Metal Formyl and Hydroxymethyl Metal Compounds, C. P. Casey, M. A. Andrews, D. R. 
McAlister, W. D. Jones and S. G. Harsy, J. Molec. Catal., 13, 43, (1981). 

9. Fluxional Behavior of (CO)~Fe(p-AsMeg)Mo(CO)9(CmH=), C. P. Casey and R. M. 
Bullock, J. Organomet. Chem., 218, C~7 (lg81). ~ ~ 

I0. Synthesis and Interconversions of Dinuclear Iron Complexes with u-CH~, ~-CHo, 
and p-CH Ligands, C. P. Casey, P. J. Fagan, and W. H. Miles, J. Am. ~hem. 
Soc., 104, 1134 (1982). 

I f .  Search for Heterobimetallic Dihydrides from the Reaction of H~ with Metal-Metal 
Bonds, C. P. Casey and R. M. Bullock, J. Molec. Cata!., 14, 2~3, (1982). 

12. Hydrocarbation: Addition of the C-H Bond of a Cationic Bridging Iron-Methylidyne 
Complex to Alkenes, C. P. Casey and P. J. Fagan, J. Am. Chem. Soc., I04, 4950 (1982) 

13. Formation of the Bridging Acylium Complex(C~HR)~Fe~(CO)o(~-CO)(~-CHCO)+PF~ - by 
Addition of CO to a Bridging MethyIidyne-IroM ~o~pl~x, Ct P. Casey, P. J. 
Fagan and V. W. Day, J. Am. Chem. Soc., I04, 7360 (1982). 

14. Heterobimetallic Compounds Linkeo ~%IHetero~ifunctional Ligands: Synthesis and 
X-ray Crystal S~ructure of (CO)~MnMo(CO)~[n~-C~H~P(C~H~)o], C. P. Casey, 
R. M. Bullock, W. C. Fultz and A. L. RheTngold~ Orga~o~et., ~, 1591 (1982). 

15. Tetraethylammonium Trans-Tricarb~nyl(Formyl)[Tris-(3,5-Dimethylphenyl) 
Phosphite]FerY:ate(O,~(CHRCH2]~N .trans-(CO)~{[3,5-(CHR)~-C~H30]3P}Fe(CHO)- 
C. P. Casey, D. R. McAlis~er, J. C. Calabres~, S. M. N~u~an~, M. A. Andrews~ M. 
W. Meszaros, and K. J. Hailer, Cryst. Struc. Comm., ll.l, lOIS (1982). 



19 

J 
i 

16. Metal-14etal Bonded Zirconium-Ruthenium and Zirconium-lron Complexes, C. P. 
Casey, R. F. Jordan, and A. L. Rheingold, J. Am. Chem. Soc. I05, 665-667 {1983). 

17. Intermediates in the Associative Phosphine Substitution Reaction of 
(~S-CsHs)Re(CO)~, C. P. Casey, J. M. O'Connor, W. D. Jones, and K. J. Hailer, 
Organomet., 2, 535-538 (IgB3). 

18. Conversion of an nS-CsHs Complex into a Cyclopentadienylidene Ketene Complex, 
C. P. Casey.amd J. M. O'Connor, J. Am. Chem. Soc., I05, 2919-2920 (1983). 

19. Protonation of Metal-Metal Bonds in Heterobimetallic Compounds Linked by a 
Heterodifunctional Ligand, C. P. Casey and R. M. Bullock, J. Organomet. Chem., 
251, 245-248 (1983). 

20. Reactions of a Cationic Bridging Methylidyne-lron Complex with Carbon Monoxide 
and with Alkenes, C. P. Casey, P. J. Fagan, W. H. Miles and S. R. Marder, J. 
Molec. Catal., 2_]_I, 173-188 (1983) ~ 

21. Novel Chain Mechanism for the Formylmetal to Hydridometal Conversion. Free Radical, 
Photochemical, and Electrochemical Methods of Init iation, B. A. Narayanan, C. 
Amatore, C. P. Casey and J. K. Kochi, J. Am. Chem. Soc., I05, 6351-6352 (1983). 

22. Synthesis and Reactions of a Cationic Bridging Methylidyne-lron Complex, C. P. 
Casey, P. J. Fagan, W. H. Miles, and S. R. Marder in Organometallic Compounds- 
Synthesis, Structure, and Theory, B. L. Shapiro, Ed. pp. 87-I14, Texas A&M 
University Press, College Station, Texas (1983). 

23. Rearrangement of Bridging Alkylidyneiron Complexes to Bridging Alkenyliron Complexes, 
C. P. Casey, S. R. Harder and P. J. Fagan, J. Am. Chem. Soc., I05, 7197-7198 (1983). 

24. Synthesis of Molybdenum-Rhodium and Molybdenum-lridium Compounds Linked by a 
Heterodifunctional Ligand and Formation of Molybdenum-lridium Dihydrides by 
Reaction with Molecular Hydrogen, C. P. Casey, R. M. Bullock and F. Nell, J. 
Am. Chem. Soc., I~5, 7574-7580 (1983). 

25. Synthesis and X-Ray Crystal Structures of an Analogous Pair of Iron Formyl and 
Iron Acetyl Complexes, C. P. Casey, H. W. Meszaros, S. M. Neumann, I. Gennick 
Cesa, and K. J. Hailer, J. Am. Chem. Soc., submitted. 

26. Pi~otochemical Hydrogenolysis of the Phosphorus-Cyclopentadienyl Bond of 
(CO)~MnMo(CO)~[nS-csH~P(CBH~-E-CH~)2] and Formation of the Phosphido-Brdiged 

_ I r ~  C P Metal Hydride Complex (CO)4HnL~-P(CBH4-E-CH3)o](~-H)Mo~)z(CsHs), . . Casey 
and R. M. Bullock, Organometallics, in press. 

27. Mechanism of Carbon-Carbon Bond Formation in the Reaction of 1,2-Disbstituted 
Alkenes with a Cationic Bridging Methylidyne Iron Complex, C. P. Casey, H. W. 
Meszaros, S. R. Harder, and P. J. Fagan, submitted 

2B. (CsHs)2Zr[Ru(CO)2CsHs]2. A Metal-Metal Bonded Zirconium-Diruthenium Complex, 
C. P. Casey, R. F. Jordan, A. L. Rheingold, Organometal!ics, in press. 



2D 

'PerSonnel Supported with D.O.E. Support 

Postdoctoral Research Associates 

Dr. Mark A. Andrews - Ph.D. fro~ UCLA - now at Brookhaven National Laboratory 

Dr. Donald R. McAlister - Ph.D. from Cal Tech - now Assistant Pmofessor at the Universi ty 
of  Washington 

Dr. Laima Baltusis - Ph.D.'from Columbia - now at Mobi l ,  Princeton, N. J. 

Dr. Irene Gennick Cesa - Ph.D. from Minnesota - now at Lubrezol, Cleveland, Ohio 

Dr. Hideyuki Tukada - Ph.D. from the Universi ty of  Tokyo - now at the I n s t i t u t e  for  
Molecular Science, Okazaki, Japan 

Dr. Paul J. Fagan - Ph,D. from Northwestern - now at duPont Central Research, Wilmington, 
Delaware 

Dr. Richard F. Jordan - Ph.D. from Princeton - now Assistant Professor, Washington 
State University 

Dr. Francois P. Nief - Ph.D. from France - now at CNRS, Thia is,  France 

Dr. Robert E. Palermo - Ph.D. from Harvard ~ current ly  at the Univers i ty  of Wisconsin 

Ph.D. Students 

Dr. Stephen M. Neuman - Ph.D., 1978 - now at Eastman Kodak, Rochester, N. Y. 

Dr. Nicholas W. Vollendorf - Ph.D., 1982 

Dr. R. Morris Bullock - Ph,D., 1983 - now Research Associate at Colorado State 

Joseph M. O'Connor - Ph.D. expected 1984 

Mark W. Meszaros - Ph.D. expected Ig8S 

M.S. Students 

Marian Stager Bursten - M.S., 1978 

Robert Hembre - M.S., 1978 

Joseph Celebuski - M.S., 1979 




