1480 Organometallics 1985, 4, 1480-1481

theoretical investigation of the relationship between carbon
NMR shifts and element-carbon multiple bonding would
be helpful.
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Summary: a-Methoxyvinyl complexes (Z)-(n°-CsHs)Re-
(NO)(PPhg)(C(OCHz)=CHR) are readily alkylated
(CeHsCH,Br, CH,4I) to give acyl complexes (75-CsHs)Re-
(NO)PPh;XCOCHRR') with high diastereoselectivity; the
stereochemistry of these reactions, and probable transi-
tion-state geometries, are established by an X-ray crystal
structure of the product (SR ,RS)~(n%-C;Hs)Re(NO)-
(PPhz(COCH(CH,)CH,CgHj).

We recently described the synthesis of chiral vinyl-
rhenium complexes (7°-CsH;)Re(NO)(PPh;)(CH=CHR).!
These reacted with strong electrophiles (E*X") such as
CH,SO,F to give alkylidene complexes [(n5-CsHs)Re-
(NO)(PPhg)(=CHCHRE)]*X" containing a new asym-
metric carbon. Although excellent 1,3-asymmetric in-
duction was achieved, the synthetic utility of this chemistry
was limited by the modest nucleophilicity of the vinyl
complexes. At that time, we proposed that an a-oxygen
substituent might provide enhanced reactivity and con-
sequently broader applicability of this chemistry in asym-
metric synthesis. In this communication, we report the
successful realization of these goals with a-methoxyvinyl
complexes (7%-CsH;)Re(NO)(PPh}(C(OCH,)==CHR).
Similar observations have also been communicated by
Davies with related iron complexes.?

Treatment of methoxycarbene complex [(#*-C;H;)Re-
(NO)(PPhy)(=C(OCH3)CH)]*PF4 (1) with NaH (THF,
25 °C) gave, after workup, a-methoxyvinyl complex (n°-
C;H;)Re(NO)(PPhg)(C(OCHy)=CH,) (2)* in 75% yield.
Reaction of 2 with CH,I (CH,Cl,, 12 h) occurred readily
at room temperature to give propionyl complex (n°-
Cs;Hs)Re(NO)(PPh;)(COCH,CH;) (3, eq 1)3 and lesser
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quantities of acetyl complex (5-CzH;)Re(NO)(PPh,)-
(COCH_;)? and the dimethylation product, isobutyroyl
complex (n%-C;H;)Re(NO)(PPhy)(COCH(CH,),) (4)*
(spectroscopic ratio after 36 h: 42:33:25).

The conversion 2 — 3 is proposed to proceed via the
methoxycarbene complex [(n°-C;H;)Re(NO)(PPhg) (=C-
(OCH3)CH,CHy))*T" (5, eq 1). Indeed, when this reaction
is monitored by 'H NMR in CD,Cl,, an intermediate with
plausible resonances for 5 is observed (6 (-35 °C, two
isomers)? 5.71, 6.01 (s, CsH;), 3.70, 4.15 (s, OCHj), 0.79,
1.11 (t, CCHy)). Subsequently, iodide ion effects O-de-
methylation, analogously to previous observations with
cationic iron methoxycarbene complexes.® The acyl by-
products which accompany 3 likely arise via proton
transfer from 5 to 2. Indeed, the deprotonation product
of 5, 6 (see below), is also observed by 'H NMR during the
course of eq 1. Malisch has reported similar side reactions
in alkylations of iron a-methoxyvinyl complexes.

Having established the ready nucleophilicity of a-me-
thoxyvinyl complexes, we next examined their effectiveness
in 1,3-asymmetric induction reactions. The substrates
(Z)-(n°-CsHz)Re(NO)(PPhy)(C(OCH,)=CHCH,) (6, eq 2)*
and (2)-(n*-C;H;)Re(NO)(PPh;)(C(OCH;)=CHCH,C¢Hy)
(7, eq 3)* were isolated in 72% and 81% overall yields by
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reactions of the corresponding acyl complexes (#°-C;H;)-
Re(NO)(PPhy)(COCH,R) with first (CH;);0*PF, (CH,Cl,,
25 °C) to give methoxycarbene complexes [(7°-C;H;)Re-
(NOY(PPh;)(=C(OCH;)CH,R)}*PF, and then the base
DBU.” By all spectroscopic criteria, 6 and 7 were isom-
erically pure. Both exhibited a 33 = 5% 'H NOE en-
hancement?® of the vinyl hydrogen resonance upon irra-
diation of the a-methoxy resonance, as would be expected
of Z geometric isomers.?® The structure of 7 was verified
by X-ray crystallography.®

Complex 6 was treated with C;H,CH,Br (CH,Cly; 25 °C,
12 h, and then 50 °C, 2 h). Acyl complex (SR,RS)-(5°-
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publication.
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Figure 1. Molecular structure of (SR,RS)-(7°-C;Hz)Re(NO)-
(PPh,)(COCH(CH,)CH,C¢H;)-(THF)y5. Important bond lengths
(A) and angles (deg): Re-C(A), 2.081 (7); Re-P, 2.358 (3); Re-N,
1.758 (7); C(A)-O(A), 1.252 (10); C(A)-C(B), 1.531 (11); C(B)-
C(GM), 1.452 (20); C(B)-C(G), 1.524 (11); N-O, 1.181 (9); N-Re-P,
93.4 (3); C(A)-Re-P, 88.3 (3); C(A)-Re-N, 95.6 (3); Re—-C(A)-O(A),
122.7 (6); Re—C(A)-C(B), 121.4 (5); C(A)-C(B)-C(GM), 106.8 (9);
C(A)-C(B)-C(G), 108.9 (7); Re-N-0, 177.0 (6). The hydrogen
is assigned an arbitrary radius.

C;H;)Re(NO)(PPhy)(COCH(CH,)CH,C¢Hj;) ((SR,RS)-8)*
was subsequently isolated in 71% yield (eq 2). The ster-
eochemistry of a 0.5 THF solvate of (SR,RS)-8 was es-
tablished by X-ray crystallography as described in the
supplementary material. Complex 7 was similarly treated
with CH,I (CH,Cly; 25 °C, 12 h, and then 50 °C, 2 h). The
opposite acyl complex dlastereomer (SS.RR)- 84 was sub-
sequently isolated in 88% yield (eq 3). Diastereomers
(SR,RS)-8 and (SS,RR)-8 showed no tendency to inter-
convert under the workup conditions employed. HPLC
analyses of the reaction mixtures from eq 2 and 3 prior to
workup indicated diastereomer ratios of (99 £ 1):(1 £ 1).
Hence, efficient 1,3-asymmetric induction occurred.

The molecular structure of (SR,RS)-8, and important
bond lengths and angles, are given in Figure 1. The
torsion angle between the planes defined by N-Re—CA and
Re-CA-OA is 0.5°, indicating an almost perfectly anti-
periplanar relationship of the NO ligand to the acyl C=0
moiety. In this conformation, overlap of C=0 =* acceptor
orbital with the rhenium d orbital HOMO (shown in I)!°
is maximized. Together with our earlier X-ray crystal
structure of (n°-CsH;)Re(NO)(PPh;)(CHO),!! this study
provides the second!? direct structural comparison of ho-
mologous acyl and formyl complexes.

The configuration of the asymmetric carbon in (SR,
RS)-8 is that which would be expected if eq 2 proceeded
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electrophilic attack upon (1°-C;H;)Re(NO)(PPhy)(C(X)=
CRR’) complexes.! In this transition state, the Re-C,
conformation is such that overlap of the C=C x* acceptor
orbital with I is maximized. This should, by analogy to
enamine C-alkylation reactions,!® maximize the nucleo-
philicity of C4. The electrophile then attacks C; opposite
the bulky PPh; ligand.!*

In summary, we have shown that chiral (a-methoxy-
vinyl)rhenium complexes undergo facile C; electrophilic
attack with highly efficient 1,3-asymmetric induction. In
addition, we have defined the stereochemistry of these
transformations. The development of other highly ste-
reoselective carbon—carbon bond forming reactions in-
volving these complexes is in progress.
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Summary: An NOE difference NMR study of the com-
pound CpFe(CO)PPh3)CH,SiMe; suggests that the (tri-
methylsilyl)methyl group preferentially oscillates between
the cyclopentadienyt and triphenylphosphine ligands.

There is currently considerable interest in stereospecific
and stoichiometric reactions of organotransition-metal
compounds, especially with respect to reactions of met-
al-carbon o-bonds! and the utilization of chiral organo-
metallic compounds to effect stoichiometric? and catalytic®
organic syntheses. While various attempts have been made
to rationalize the stereochemical consequences of specific
reactions on the basis of steric and/or electronic factors,*®
however, progress in this area is at present seriously ham-
pered by lack of knowledge of the conformational prop-
erties in solution of many types of flexible organometallic
compounds.

An attempt to deal with the problem of conformational
preferences of coordinated alkyl groups of a series of
compounds was reported by us in the early 1970s.6 For
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