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I .  Introduction 

In our original proposal, we outlined a program of preparation and charac- 

terization of reactive ligand types I-IV (believed to represent important cata- 

lyst bound intermediates in the Fischer-Tropsch process) on homogeneous metal 

centers. 

I I I  

Our objectives were: 

--CHzOH 

) 

=CH 2 

I I I  IV 

--CH 3 
alkanes 

I 
~ and 

alcohols 

(A) to develop mild and general methodology for the generation of ligand types 

I-IV, and insofar as stabi l i ty  permits, isolation of these species. 
(B) to establish the general chemistry of each ligand type (thermal reactions, 

possible development of useful organic reactions), 

(C) to explore the chemistry and interconvertability of these ligand typ~s when 

reacted with H" and H + sources, 

(D) to define the reactivity, of ~ '~  ligand t~'p~ . . . . . .  ~ " ~u~,, ~"~'~ "2' in an attcmpt to 

model the CH 4 formation process, and 
(E) to examine the reactions of CO ~ith each ligand type, in the event unantici- 

pated chain extension modes may be discovered. 
Complexes containing each of the ligand types I-IV have been prepared and 

studied, as described in the following sections. 

I I .  Anionic Metal-For@yl Complexes 

We are concluding our work with anionic formj, l complexes with some mechanis- 

t i c  studies. We have examined the rate of decomposition of the formyl (CO)4Mn- 

(COC6Hs)(CHO)" (~) as a function of counter-ion and trialkylborane present. We 

have also prepared the deutered formyl (CO)41.1n(COC6H5)(CDO)- and monitored i ts 
decomposition by 2H NMR. The data obtained indicate that the formyl decomposes 

by a disproportionative pathway as shown in Scheme I -- not by in i t ia l  CO loss, 

as commonly noted for formyl complexes (publication B-2). 



Scheme I .  
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Proposed Decomposition l,lechanis~ of (CO)4~4n(COC6H 5) (CHO)- 
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We have shown s-elimination decomposition pathways previously demonstrated 

with formyl complexes are also available to anionic acyl complexes. We thought 

that many nucleophilic displacement reactions at metal carbonyl centers might 

take place by in i t ia l  attack at CO, followed by an s-elimination. Accordingly, 

we confirmed the intermediacy of the previously unsuspected intermediate 2 in the 

substitutic~ reaction shown in eq i by isolation, rate studies, and deuterium 

labeling (publication A-8). 

CO 

(i) {CO)3Re-Br 
PPh 3 

O~c~CH3 CO 
I _  I 

(CO) 3 Rie'~r ~ (CO) 3~e-CH3 
PPh  PPh 3 

2 

] I I .  Neutral Formyl. ComPlexes 

We have continued our studies of the electrophile induced disproportionation 

of the neutral formyl (q-CsIIs)Re(NO)(PPh3)(CHO) described in our previous report. 

The proposed mechanism (publications A-6 and B-3) has been further supported by 

the isolation of additional intermediates such as [(n-C5Hs)Re(NO)(PPh3)(=CHOSi - 

(CH3)3)~ + X- anc [(n-CsH5)Re(NO)(PPh3)(CH2)] + PF 6" (3). The latter compound is 

under intensive study (below). 

IV. ).tethyl idene Complexes 

~lhen the reaction shown in eq i i  is worked up at -20 °C, n~ethylidene 3 can 
be isolated in pure form. I t  is stable as a solid at room temperature. We are 

studying (a~.long other types of derivatives) adducts of 3 with sulfur compounds, 

two of vlhich are shown in eq i t .  
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( i i) 
J 

ON/~ e "PPh3 
CH 3 

Re 
ON/ I " PPh3 

H2C\scH3 

Ph3 C+ PF 6- 
oN-   PP,3 

H/C~H PF 6- 

~I H3CSCH3 

ON~PPh 3 
H2C,~/CH 3 

I 

£H 3 PF 6- 

Methylidene 3 decomposes by a mechanism which is second order in !- This 
and other observations have prompted us to propose the decomposition mechanism 

shown i.n Scheme II. 
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Scheme II Proposed Pathway for the Decomposition of 
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IH NHR data requires restricted rotation about the rhenium-methylidene bond. 
To more precisely define the equilibrium geometry, we have prepared (by analogous 
synthetic methods) the much more stable pentamethylcyclopentadienyl methylidenes 

and 6. The C5(CH3) 5 ligand provides enhanced stability ~henever bimolecular 
decomposition mechanisms are important. Both 4 and 5 are crystalline, but upon 
X-ray deffraction analysis, 4 was found to be disordered. An X-ray crystal struc- 

ture of 5 is in progress. 

ON/II~PPh3 

H/CxH 

ON / "p(0Ph)3 

H H 
pF 6- PF 6- 

4 

IV. 

al kyl s 

(iv) 

Higher A!kylidene Complexes. 

The methylidene complex ~ is an excellent precursor to a variety of rhenium 
(eq iv). Unoptimized isolated yields are 6D-80%. 

..Re_ C6H5Li3 m ~R~e~. 
ON ll"PPh3 ON" [ PPh 3 

C H2C\c6H 5 H / \H 
PF 6 12 

3 1 :H3CH2MgCI ~ CH3Li 

Re ~Re... 
I PPh3 ON I PPh3 

HgC\ H ?.C,,. 
CH2CH 3 CH3 

14 I_2 
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Alkyls !~-1~ Ceq iv) can be utilized to prepare additional alkylidene 
complexes {eq v-vii). Importantly~ when these reactions are monitored by NMR, the 
alkylidene complex ini t ial ly generated at -70 °C Ckinetic or "k" isomers) converts = 
to a new alkylidene (thermodynamic or "t" isomers) complex Bt 0-25 °C. Only in 
the case of 1~ does a detectabl~ amount ~1%) remain at room temperature. 

(v) 

ON~e\pPh3 CD2CI2 b~  ON II PPh3 0-25~°h> ON II PPh3 
HgC -70°C . IC\ 

\C6H 5 C6Hs/C\H pF 6 H C6H 5 

isomer k isomer t 

PF 6- 

(vi) /Re,, PH3 C+ PFG-~ 0-25°C~ 
ON I PPh3 CD2Cl 2 " DN II PPh3 ON II PPh3 

H2C \ -70 ° C /C \ /C 
CH 3 CH 3 H H CH 3 

PF 6- 

isomer k isomer t 

PF 6- 

(vii) 

ON/{ \PPh 3 -7O°C ON PPh 3 O" II PPh3 
H 2 C ,, C \ 

"~CH2CH 3 CH3CH 2 H H~'C'~cH2CH3 

14 17 PF6- I= z 
isomer ~ isomer t 

PF 6- 
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In the above reactions~ i t  is believed that restricted rotBt~on about the 
rhenium alkylidene bond g~ves rise to simple geometric isomers. As would be 
expected, reaction of eithe r ~ or ! ~  ~vi~h the hydride nucleophile Li(C2H5)3BH 

affords I~. 
Extrapolating from the probable structure of the methylidene ~ orientations 

and ~ are the most likely candidates for these geometric isomers. Space 
f i l l ing models indicate ~ to be considerably more congested than ~.  Furthermore° 
extended HUckel NO calculations by Hoffman and co-workars indicate I I  to be of 

lower energy. Recently, we completed an X-raycrystal structure of 15t; the 
ORTEP plot in Figure l shows that the benzylidephenyl eclipses the NO ligand. 
Hence~ the ~ and ~ isomers can be confidently assigned structures ~ and ~!~, 

res pecti vel y. 

ON/~//'--J"PPh 3 
H 

ON ~ p p h  3 

I ! I  

The uniform generation of only one alkylidene isomer from ~ ,  !~, and ]~ 
at -70 °C (eq v-vii) suggested to us that Ph3 C+ PF 6- abstracts only one of the two 

available diasterotopic protons: 

/ R e , , ,  . 

Oil I PPh3 

== "C6H5 
diastereotopic 

To test this hypothesis, an isotopically labeled alkyl ~vas required. Thus, 
we reacted i ~  with Li(C2Hs)3BD to generate !2-~-d l ,  a compound with two chiral 
centers (eq vi i i ,  step aj. ~|uch to our surprise, the IH NMR spectrum of this 
material indicated one of the two diastereotopic hydrogens normally present in 
!~ to be completely absent. This result shows that D" attacks specifically one 

fac___eeof the,benzylidene !ig~nd ( ~  ~) .  
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Figure I.  ORTEP plot of the Benzylidene Complex I ~  
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When the above !~-a-d I was reacted with Ph3 C+ PF6", l~-d I and then 1§~-d 1 
were formed exclusively (eq vi i i ,  step b), Ph3CH was isolated and contained 
Ph3CD at natural abundance level. This result (subject to the control step. d 
below} indicates that only one of the two diastereotopic ~-hydrides of 1~ is. prone 

to abstraction by Ph3 C+ PF6-. 

(viii) 

1_st 

  r-PPh3 
C 

H F "~C6H5 

PF 6- 

Li(C2H5)3BD 
(a) 

(d) IPh3C+ PF 6" 

fo'  
/Re~. 

ON I pPh 3 

D!\c6 l 5 
other 

diastereomer 

Li (C2Hs)3BH 

(c) 

ON / Re., PPh3 

H/~\C6H5 D 

one 
di astereomer 

PF 6- 

D C\c6H5 
PF 6- 

When ! ~ - d  I was reacted with Li(C2H5)3BH, 1~-~-d I was again obtained, but 
with the absolute configuration opposite the isomer described above (eq v i i i ,  
step c). When 1~  (undeuterated k inet ic isomer) was prepared in s i tu and treated 
with Li(C2Hs)3BD, th is diastereomer was also the predominant one formed (92:8 ra t io ) .  
Thus and ! ~  undergo preferred nucleophil ic attack on tile same benzylidene face. 

When the-12-~-d l prepared in step c (eq viii), was treated with Ph3C+ PF6", 
a ~ca° 94:6 ratio of ~ - d  0 to l=~-d I was generated (eq vii i , step d). The~ slight 
breakdown of stereospecificity in the final step is probably due to a kinetic 
isotope effect which partially counteracts the intrinsic stereospec!ficity. 
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These observations indicate an impressive degree of control by a chiral metal 
center upon the development of ligand based stereochemistry. We have observed 
related stereospecificitywith other nucleophiles, as shown in eq ix. Thus 
important extensions of this work into asymmetric synthesis are anticipated 

(publications A-8, B-5~ 

(ix) 
NaOCH 3 

ON II PPh3 - - ~  ON/~"PPh3 
H/i "CsH 5 1-t/C\c6H5 

pF 6- OCH3 

l=%t 

I CH3Li 

one 

diastereomer only 

/Re. .  
ON I PPh3 

C 
H" I"C6H5 

CH 3 

one di astereomer 
only 

V. Hydroxyal k,v] Complexes 

In very recent work, we have dev.eloped a novel and unprecedented "ortho- 
metalation" route to the rhenium ~-hydroxyalkyl complex ~8 (eq x). Step a 
(eq x) proceeds in 68% yield and constructs all key bonds. Subsequent aqueous 
protodesilylation affords a-hydroxyalkyl !§- We believe that 18 is stabilized 
by chelation~ and are just starting to examine its properties. I t  undergoes 
facile dimerization to an ether, (step c). 
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Cx) (CO)5ReCH2C6H 5 + 

H 
I 

(CO). Re--C-%~---O 
"i I /2  

(C6H5)2P ~ - ~  

I CHpOSi + 
(C6Hs)2p ~ I (a)~. 

H ÷ 

(c) 

¸Vii+ (CO)~.Re--C--H 
(C6Hs)2P 

(u) IH20 
OH 
I (CD)~Re--C--H 

(CBH5)2P~ 

1_8 

:~ui,~erou~ attempts to p~-eparc th~ hydroxs'al ffyl t~,.,, r~5..5,u ~D~r,.,n~..~,.,., (pph3) rru,...Z ~'''nW~ 
have been unsuccessful. 
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