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lsomerization of Diastereoisomeric Alkene Complexes of the Formula 
[(r5=C,H,)Re(NO)(PPh,)(H2C=CHR)]+; the Alkene Enantioface bound to the Metal can 
'flip' without Alkene Dissociation 
Tang-Sheng Peng and J. A. Gladysz" 
Department of Chemistry, University of Utah, Salt Lake City, Utah 84 7 12, USA 
Deuterium labelling experiments show that the title reaction is intramolecular, and does not proceed by rotation of 
the =CHR terminus; a mechanism involving a C-H 'cr bond complex' is proposed. 

The diastereoisomeric monosubstituted alkene complexes 
(RS,SR)- and (RR,SS)-[(ys-CsHs)Re(NO)(PPh3)(H2C= 
CHR)]+ X- , (1) + X- , differ in the alkene enantioface bound 
to rhenium, as shown in Newman-type projections (I) and (11) 
(Scheme 1).1 We recently reported that these complexes 
equilibrate? to ca. 95 : 5 (RS, SR)I(RR, SS)  diastereoisomer 
mixtures at 95 "C in chlorobenzene. At first glance, intercon- 
version seemingly necessitates alkene dissociation, rotation, 
and reattachment. However, alternative pathways can be 
visualized. In particular, evidence has recently been obtained 
for '(J bond complexes' of alkenes as reaction intermediates.2 
In this communication, we show that diastereoisomers of (1)+ 
X- interconvert without alkene dissociation, and in all 
likelihood by a most unusual reaction co-ordinate. 

The styrene complex (RR, SS)- [ ( q5-C5Hs) Re (NO) ( PPh3) - 
(HzC=CHPh)]+ BF4-, (RR,SS)-(la)+ BF4-,1b was obtained 
as a pure diastereoisomer as previously described, and then 
heated in CD2ClCD2Cl at 95 "C (0.02 M; 48 h; septum-sealed 
NMR tube) in the presence of 10 equivalents of [2H8]styrene, 
C6DsCD=CD2 [reaction (i), Scheme 21. Isomerizationt 
occurred to give an (89 k 2) : (11 f 2) (RS,SR)I(RR,SS)-(la)+ 
BF4- diastereoisomer mixture, which was subsequently iso- 
lated in >99% yield. Careful 1H NMR analysis of the well 
resolved 'vinylic' protons did not reveal any deuterium 
incorporation, and a FAB mass spectrum showed deuterium 
to be present at the natural abundance level. Thus, isomer- 
ization of (RR,SS)-(la)+ BF4- must occur without styrene 
dissociation. 

Identical results were achieved in similar experiments with 
other alkene complexes. Also, when the above isomeriza- 
tion of (RR,SS)-(la)+BF4- was repeated in the presence of 
P(C6D& (2 equiv.), no label was incorporated into (RS,SR)- 
(la)+ BF4- (at 55% conversion). 

We next sought to address the possibility that (I) and (11) 
might interconvert by a configurational process involving 
rhenium. Both diastereoisomers of (la)+ BF4+ are readily 
available in optically active form, and optical purities are 
easily assayed with the chiral NMR shift reagent (+)- 
Eu(hf~)~ . lb  Thus, (-)-(SS)-(la)+ BF4- (398% enantiomeric 
excess, e.e.) was heated in PhCl at 95 "C (72 h). Subsequent 
1H NMR analysis showed retention of configuration at 
rhenium, with both (-)-(SR)- and (-)-(SS)-(la)+ BF4- [(84 k 
2) : (16 k 2)] being formed in 298% e.e. Hence, the isomeri- 
zation pathway involves the alkene-based stereogenic centre. 

We next sought to probe the possibility that isomerization 
might occur via the 'slipped,' carbocationic species (111) 
(Scheme 1). This pathway requires the ZIE scrambling 
of any alkene substituents. Hence, (E)-[2Hl]styrene, (E)- 
PhCH=CHD , was prepared.3 The corresponding labelled 
complex, (E)-(RR,SS)-[2Hl]-(  la)+ BF4-, was then syn- 

t In this paper, the term 'equilibration' is used to designate reactions 
that are purposefully run to thermal equilibrium, and 'isomerization' 
for those that may be halted short of equilibrium. Many mechanistic 
experiments are in the latter category. Quantitative equilibrium data 
will be given in our full paper. 

thesized. An analogous isomerizafion [reaction (ii) , Scheme 
2; CH2ClCH2C1; 95°C; 60 h] gave an (89 k 2):(11 f 2) 
(RS, SR)I(RR, SS)-[2H1]-( 1)+ BF4- mixture. Subsequent 1H 
NMR analysis showed that both diastereoisomers retained the 
E-styrene ligand geometry. Hence, (111) cannot be an 
intermediate in this isomerization. 

Cationic alkylidene complexes [L,M(=CHCH2R)] + have 
been observed to undergo 1,2-hydride migrations to give 
cationic alkene complexes [L,M(H2C=CHR)] + .4$ Hence, 
from microscopic reversibility , alkylidene complex (IV) 
(Scheme 2) is a potential intermediate in the isomerization of 
(I) and (11). The most probable versions of this pathway would 
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Scheme 1. Some possible intermediates in the equilibration of alkene 
complex diastereoisomers (I) and (11). 

$ The propylidene complex [(q5-C5H5)Re(NO)(PPh3)- 
(=CHCH2Me)]+ X- cleanly isomerizes (65-85 "C; C6D5Cl) to a 
mixture of (RS, SR)I(RR, SS)-diastereoisomers of the propene com- 
plex [(q5-C5H5)Re(NO)(PPh3)(H2G-CHMe)]+X-; G .  S. Bodner and 
C. Roger, unpublished data, University of Utah. 



J .  CHEM. SOC., CHEM. COMMUN., I990 903 

I +  CD2C ICD2C I I +  
&.Re.... 95 "C &.Re. (0 

ON I *PPh3 ON 1 \'PPhJ 

H I  
Ph )C=CH2 BF; 

(RR, SS) - (la)' BF4- (RS, SR)  - (la)' BF4- 

(RR, SS) - tH1](la)' BF4- (RS, SR) - fHl](la)' BF4- 

CD2CICD2CI 

I +  95 "C I +  

ON' 1 b8PPh3 ON I "PPh3 
#.Re. p... 

Me3Si,C-CH2 1 BF4- 
t i '  

H;C=CH2 I BF4- 
Me3Si 

(RR, SS) - (1 b)' BF4- (RS, SR)-(lb)'BF4- 

(iii) 

Scheme 2. Representative alkene complex isomerization experiments. 

involve migration of one =CH2 hydrogen to the =CHR 
terminus, followed by return of the other hydrogen. This 
would scramble any deuterium label. Thus, [2H2]styrene, 
PhCH=CD2, was prepared .3 The corresponding labelled 
complex, (RR, SS)-[2H2]-(la)+ BF4-, was then synthesized. 
An analogous isomerization (CH2C1CH2C1; 95 "C; 36 h) gave 
an (88 +_ 2):(12 k 2) (RS,SR)/(RR,SS)-[2H2]-(la)+ BF4- 
mixture. Subsequent 1H and 2H NMR analysis showed that 
both =CD2 positions retained their original deuterium level, 
with no leakage into the =CHR terminus. 

Finally, we sought to address the possibility that styrene 
complex isomerization might occur via an +arene inter- 
mediate such as (V) (Scheme 1).§ A 180" rotation of the vinyl 
group in (V), followed by a return of rhenium to the vinyl 
moiety, would interconvert diastereoisomers. We were unable 
to devise a direct probe for this pathway. Thus, a substrate 

Q The +benzene complex [(T~-C~H,)R~(NO)(PP~~)(~~-C~H~)] + 

BF4- can be generated in CH2C12 at -78 "C, but decomposes to (2) 
above -40 "C; S. K. Agbossou, G. S. Bodner, A. T. Patton, and J. A. 
Gladysz, Organometallics, 1990, 9, 1184. 

lacking phenyl substituents (and allylic protons)fi was sought. 
Reaction of the dichloromethane complex [(75-C5H~)Re- 
(NO) ( PPh3) ( C1CH2Cl)] + BF4- (2) and trimethylsilylethylene, 
under conditions analogouslb to those used to prepare (la)+ 
BF4-, gave [ ( q5-C5Hs) Re(NO)( PPh3)(H2C=CHSiMe3)]+ 
BF4-, ,(lb)+ BF4-, as a (68 2 2) : (32 +_ 2) mixture of 
(RS, SR)I(RR, SS)-diastereoisomers. 1) Subsequent chromato- 
graphy gave pure (RR,SS)-(lb)+ BF4-, which was then heated 
at 95 "C in CD2C1CD2C1 (24 h). Isomerization to a >99 : <l 
(RS, SR)/( R R, S S )  - ( 1 b) + BF4 - mixture occurred [reaction (iii) , 
Scheme 21, as assayed by 1H and 31P NMR spectroscopy. 
Work-up gave (RS,SR)-(lb)+ BF4- in >99% yield. Hence, a 
phenyl substituent is not required for isomerization. 

In summary, the constraints imposed by the preceding 
experiments indicate that unusual, heretofore-unrecognized 
mechanisms are operative in the isomerization of diastereo- 
isomeric rhenium alkene complexes (l)+BF4-. We suggest 
that the results are best accommodated by the intermediacy of 
'0 bond complexes' such as (VI) (Scheme 1; unidentate) or 
(VII) (bidentate), either as energy minima or transition states. 
Similar species have recently been proposed as intermediates 
in the oxidative addition of ethylene to iron atoms2a and the 
co-ordinatively unsaturated iridium fragment [(+ 
C5Me5)Ir(PMe3)] .2b Additional mechanistic experiments, 
including rate studies, are in progress and will be reported in 
our full paper. 
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