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In our original .proposal , we out1 ined a program of preparation .and ' charac- 
te r iza t ion  of reactive 1 i gand types I-IV (be1 ieved t o  represent important cata- . . 
l y s t  bound intermediates i n  the Fischer-Tropsch process) on homogeneous. metal. 
centers. 

a1 kanes 
4 and 

a1 coho1 s 

I I I I11 I v 
Our  objectives were: 

. . 

(A) t o  develop mild and general methodology fo r  the generation of ligand types 

I-IV, and insofar as s t a b i l i t y  permits, isolat ion of th2se species. 

(B) t o  establ ish the general  chemistry of each ligand type (thermal reactions,  , , . 

possible development of useful organic react ions) ,  

(C)  --to explore the chemistry and interconvertabi l i ty  of these 1 igand types when 
+ 

reacted with H- and H sources, 

(0) . t3 define the reac t iv i ty  of each 1 i gand typf :award 1!2, i  r i  an attempt t o  
model the  CH4 formation process, and 

(E) t o  examine the reactions of CO w i t h  each ligand tjlpe, i n  the event unantici-. 
pated chain extension modes may be discovered, 

:Complexes containi'ng each of the  ligand types. I-IV have been prepared and 
studied, as described i n  the following.sections. 

11. Anionic ~ e t a l  - ~ o r m ~ l  Complexes 

We a re  concluding our work w i t h  anionic formyl complexes with. some mechanis- 

t i c  studies.  ~e have examined t h e  r a t e  of decornposi t ion of the formyi (C0)4Mn- 

(COC6~5) (CH0)- (1 - ) as a function of counter-ion and t r i a l  kyl borane present. We 

have a lso  prepared the deutered formyl ( C O ) ~ M ~ ( C O C ~ H ~ )  ( C D O ) -  and monitored i t s  
-2 decomposition by H NMK. The data obtained indicate tha t  the formyl decomposes ' . 

by a disproportionative pathway as  shown in Scheme I - -  cot by i n i t i a l  CO loss ,  

a s  comonly noted f o r  formyl complexes tpubl i-cati  on B-2).  





we have shown 'a-el imination decomposition pathways previously demonstrated 

with formy1 complexes a re  a l so  available t o  anionic acyl complexes. ' We thought 

t h a t  many nucleophilic displacement reactions a t  metal carbonyl centers m i g h t  

take place by i n i t i a l  a t tack a t  CO, followed by an a-elimination. Accordingly, 
I 

we confirmed the intermediacy of the  previously unsuspected intermediate 2 i n  the 

subst i tut ion reaction shown i n  eq i by isol,ation, r a t e  s tudies ,  and deuterium 
labeling (publ icat ion A-8). 

co 
I 

(CO) Re-CH3 
3 I 

I I I. Neutral Formyl ' Complexes 

We have continued our s tudies  of the electrophi le  induced disproportionation 
of the neutral formyl (rl-C5H5)Re(NO) (PPh3) (CHO) described in our previous report. 
The proposed mechanism (publ icat ions A-6 and B-3) has been fur ther  supported by 

the is01 a t  ion of additional intermediates such as [(n-C5H5)Re (NO) (PPh3) (=CHOSi - - 
(cH,),)~' X' and [ ( ~ - C ~ H ~ ) R ~ ( N O ) ( P P ~ ~ )  ( C H ~ ) ] '  PF6 (I). .The l a t t e r  compound i s  
under intensive study (below). 

/ 

IV. Methyl idene Complexes 

When the reaction shown i n  eq i i  i s  worked u p  a t  -20 O C ,  methylidene can 
be isolated i n  pure form. I t  i s  s tab le  as  a so l id  a t  room temperature. We are  

studying (among other types of der'i vatives) adducts of -, 3 w i t h  su l fu r  compounds, 
two of which are  shown i n  eq i i .  



Methylidene 2 decomposes by a mechanism which is second order in 2. This 

and other observations have prompted us to propose the decomposition mechanism 

shown in Scheme 11. 



Proposed Pathway f o r  the Decompo.sition of .  3 
- .  . . 

(S)= qn lven t  o r  
vacant  coordination 
s i t e  

other  
products 



. . ' '  'I ' H NMR 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 stab1 e pentamethyl cycl opentadienyl methyl idenes 

4 and 5. The C5(CH3I5 1 igand provides enhanced stabi 1 i ty whenever bimolecul ar - Cy 

decomposition mechanisms are important. Both v 4 and - 5 are crystalline, but upon 
X-ray deffraction analysis, -, 4 was found to be disordered. An X-ray crystal struc- 

ture of -d 5 is in progress. 

. . 

I V .  Higher A! kyl ' dene Ccmpl exes . . 

The methyl idene complex . . _3 - .  .is an excel lent. precursor -.to a variety 'of rhenium 
a1 kyls' (eq iv). ' - Unoptimized .isolated yields- are .60-80%. 



A1 kyls 12-14 -- -- (eq iv )  can be u t i l i zed  t o  prepare additional a1 kyl idene 

complexes (eq v-vi i ) . Importantly, when these reactions are  monitored by NMR,  the . .  

a1 kylidene complex i n i t i a l l y  generated a t  -70 O C  (kinetic or  "b" .. - - isomers) converts 

t o  a new a1 kylidene (thermodynamjc or "tfl . - . isomers) complex a t  0-25 O C .  Only in 

the case of --- does a detectable amount (-< 1%) remain a t  room temperature. 

isomer $ isomer _k - . . - 

isomer _k - isomer . _t - 

. . 

.Q Q . : .  ( v i i )  ph3c+ PF -. . . . . .  

. / Re, ., Re, 

ON I1 PPh3 o i / q r \ P P t - t 3  
ON I PPh3 -70°C 

. . H C / c \  C 
\ ' C H ~ C H ~  CH3CH2 H 

- .  
H' ' C H ~ C H ~  

- 
PF6 14 -- - - 17 - - - - 17 - - -- PF6 . 

. . 

isonier _k - isomer _t - . 



In the above reactions,  i t  is. believed t h a t  res t r ic ted  rotation about the 

rhenium alkylidene bond gives r t s e  t o  simple geometric isomers. As would be 
expected, reaction of e i t h e r  --- 15b or 152 --- with the hydride nucleophile L i  (C2H5)3BH 

affords 12. - - 
Extrapolating from the probable s t ruc ture  of the methylidene - 3, or ientat ions 

I and 1J are  the most l i ke ly  candidates f o r  these geometric isomers. Space - - - - 
f i l l i n g  models indicate - I t o  be considerably more congested than J j .  - - Furthermore, 
extended Hilckel MO calculations by Hoffman and co-workers indicate t o  be of - 
lower energy. Recently, we completed an X-ray crystal  s t ructure of -.--. 15t;  the 
ORTEP plot in Figure 1 shows tha t  the benzylidephenyl eclipses the NO ligand. 

Hence, the k - and t - isomers can be confidently assigned structures J J  - - and 111, --- 
respectively. 

The uniform generation of only a1 kylidene isomer from 13, -- 13,  -- and - 14 - ' , + - 
a t  -70 "C (eq v-vii) suggested t o  us tha t  Ph3C PF6 abstracts  only one of the two 
avai 1 able di asterotopi c protons : 

tereotop 

To t e s t  t h i s  hypothesis, an isotopical ly  labeled alkyl was required. Thus, 

we reacted 1st --- with L i  (C2H5)3BD t o  generate -- 12-a-dl, a compound with two chi ral  
1 centers (eq v i i i  , step a ) .  Much t o  our surprise ,  the  H N M R  spectrum of t h i s  

material indicated one of the two diastereotopic hydrogens normally present i n  

12 t o  be completely absent. This r e su l t  shows tha t  D- at tacks spec i f ica l ly  one - - - - 
face of the benzyl ide~e ligand [see :I!. - - 
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t - When the above 12-a-dl - - was reacted with Ph3C PF6 , Wk-dl --- and then lsf-dl --- 
were formed exclusively (eq vil ' i ,  s tep  b), Ph3CH was isolated and contained 

Ph3CD a t  natural abundance level.  This r e su l t  (subject t o  the control s tep d 
below) indicates tha t  only one of the two diastereotopic aihydrides of 12 is prone 

1 
- - + - 

t o  abstraction by Ph3C PF6 . 

( v i i  i.) 

t . - 
(d) ph3c+ PF6 

other 
diastereomer 

one 
diastereomer 

on,ly 

When 1st-dl --- was reacted with Li(C2H5)3BH, 12-a-dl - - was again obtained, b u t  

with the absolute configuration opposite the isomer described above (eq v i i i  , 
s tep  c). When 1% --- (undeuterated kinet ic  isomer) was prepared -- i n  s i t u  and t reated 
w i t h  Li (C2H5)3BD, t h i s  diastereomer was a l so  the predominant one formed ( 9 Z : t l  r a t i o ) .  

Thus 15% --- and l5k --- undergo preferred nucleophilic attack on the same benzylidene face. 
+ - 

When the 12-a-dl prepared i n  s tep  c (eq v i i i )  was t reated with PhgC PF6 , 
a - ca. 94:6 r a t i o  of ]9t-d0 --- t o  1s t -d l  --- was generated (eq v i i i ,  s tep  d).  The s l i g h t  

breakdown of s te reospec i f ic i ty  i n  t h e  f ina l  s tep is  probably due t o  a k ine t ic  
isotope e f fec t  which pa r t i a l ly  counteracls the i n t r i n s i c  s tercospecif ic i ty .  



These observations indicate  an impressive degree of control by a chiral  metal 
center upon the development of ligand based stereochemistry. We haye observed 

related s te reospec i f ic i ty  with other nucleophiles, as shown i n  eq ix. Thus 

important extensions of t h i s  work in to  asymmetric synthesis a re  anticipated 
(pub1 icat ions A-8, B-5). 

( ix)  

one . . 

diastereomer only 

C one diastereomer 
H' , ' C ~ H ~  . , only 

V.  Hydroxyal kyl Complexes . , 

In very recent work, we have developed a novel and unprecedented "orth6; 

metalation" route t o  the rhenium a-hydroxyal kyl complex l g  (eq x). Step a 

(eq x) proceeds i n  68Xyield a n d  constructs a l l  key bonds. Subsequent aqueous 

protodesilylation affords a-hydroxyal kyl. 18. , We be1 ieve t h a t  18 is  s tab i l ized  
by che la t ion ,  and are  just s t a r t ing  t o  examine i t s  properties.  I t  undergoes 

f a c i l e  di:merization t o  an ether ,  (step c) .  . 
. 

. . 

. . 



\I. .... i \~~~ierotis at tespts  t o  prepare :he hydrcxy:yalky? [c.-C 5' '5 )Re(NO)(PPh3)fPP \ "  '2&- W) 

have been unsuccessful. 
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