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Figure 1. ORTEP plot of iV-(5)-(-)-(4-methylcyclohexylidene)fluoro-
acetyl-L-(-)-ephedrine. 
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ca. 10-20% of linalol is obtained.2'3'7 

Compressed geraniol films are similarly unreactive, again giving 
<5% reaction. Expanded films gave ~70% linalol, ~10% a-
terpineol, and ~20% geraniol. Here the reaction more closely 
parallels behavior of geranyl cations in aqueous media,2,3'7 where 
linalol is also the major substitution product, suggesting the facile 
formation of the allylic cation in the expanded film. 

Crossover products, i.e., geraniol from nerol films and nerol 
from geraniol films, are small (<2%) and attest to the geometrical 
integrity of the cations produced. 
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Ordinarily vinyl and cyclopropyl halides are extremely slow to 
ionize. However, in those systems where the carbon atom bearing 
the halogen also contains a lithium atom, the halogen is removed 
as an anion extremely rapidly even at temperatures as low as -100 
to -50 0C and in solvents such as ether and tetrahydrofuran. We 
have recently3,4 provided evidence that these carbenoids (carbon 
atoms possessing both an halogen and a metal) are best viewed 
as cationic intermediates in which the metal (lithium) is coor­
dinating with and assisting in the ionization of the halogen (leaving 
group) and thereby forming a carbon cation-halogen anion tight 
ion pair (2). We have referred to this coordination of the halogen 
by the metal as metal-assisted ionization (MAI). The stereo-
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6 H2S04- -(fl)-(-)-u-methylbenzylamine. 

chemical result observed in the reaction of 2 is similar to that 
observed in general for the SN

1 type of reactions of chiral halides: 
some racemization with overall inversion of configuration.3,4 Thus 
in the reactions of (5)-(+)-l (X = Cl) with /er?-butyllithium in 
ether at -75 0C, (i?)-(-)-3 is formed with an optical purity of 31% 
and with overall inversion of configuration. 

( 5 H t ) - I 
X=Sr, Cl 

CH3OH 

(R)-(-)-3 

Since it has been shown the fluorides solvolyze roughly 106—107 

slower than chlorides, it was of interest to determine whether MAI 
would still be operative when X = F in 1. 

Scheme I describes the preparation of the system 5 which was 
selected for investigation so that the halogen metal exchange 
reactions could be used to generate the carbenoid, rather than 
metalation as we had previously employed.3,4 The former reaction 
also permits one to generate the carbenoid at lower temperatures. 
The synthesis of 5, [a]2 2

H g 4-11.9° (c 1.1, C2H5OH) is 
straightforward and was accomplished by the brominative de­
carboxylation of 4, [a]22

Hg -41.3 (<r 1.1, C2H5OH), a reaction 
shown to be stereospecific in the cyclohexylidene series.7 The 
absolute configuration of (-)-4 was established as 5 from the X-ray 
crystal structure analysis of the amide formed from (-)-4 and 
L-(-)-ephedrine (Figure 1). Since brominative decarboxylation 
leads to inverted product,7 (+)-5 has the 5 configuration. 

Treatment of (S)-(+)-5 with 3 equiv of fe«-butyllithium in 
ether solvent at -100 °C for 5 min, followed by protonolysis with 
methanol, gave a 40% yield of (S)-(-)-3, [a]22

Hg -9.7° (c 1,1, 
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Scheme II 
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CHCl 3 ) and a 30% yield of ( - ) - l ,2-bis(4-methylcyclo-
hexylidene)ethane, [ a ] 2 2

H g -10 .9° (c 1.0, C 2 H 5 OH) . The latter 
was shown by N M R to be a 1:1 mixture of chiral 6 and meso 7. 

There are surprising results. First is the observation that 3 was 
obtained with 100% optical purity and complete retention rather 
than inversion of configuration. Previously it was found that 
( S - ( + ) - l (X = Cl), in ether at - 7 5 0 C , yielded (R-(-)-3, 31% 
optically pure8 and of inverted configuration. Second is the 
formation of 6 and 7 which are products that were not observed 
in the reaction of ( S X + H (X = Cl) with fert-butyllithium. 
However, both 6 and 7 (1:1) were obtained in the reaction of 
(S)- (+)-1 (X = Br) because, besides metalation of the bromide 
to yield carbenoid, halogen metal exchange also occurred to 
produce the stable vinyllithium 8.7'9 This latter reaction does 
not occur when X = Cl. The a-addition of 8 to the carbene 9, 
formed from carbenoid, gave a 1:1 mixture of adduct3 which upon 
hydrolysis yielded 6 and 7. Based on the previously established10 
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chirality can be lost and the partially racemized (S)-S can then 
add to the carbene product 9 to yield 6 and 7 in an expected 1:1 
ra t io . " 

If this postulate is correct then the use of perdeuterio-rert-
butyllithium should give rise to (R)-(-)-3 possessing a per-
deuterio-tert-butyl group and to (S)-S containing a 1-deuterio atom 
which then condenses with carbene to yield 6 and 7 each possessing 
one vinyl deuterium atom. This is precisely what is observed.3 ,n 

Fluorine not only participates in metal-assisted ionization by 
strong lithium coordination but also plays a unique role in directing 
the incoming nucleophile, tert-but.y\ or hydride. 

Supplementary Material Available: Crystal data and tables of 
interatomic distances, selected bond angles, selected torsional 
angles, and positional and thermal parameters and their estimated 
standard deviations for C 1 9 H 2 6 FNO 2 (6 pages); table of structure 
factors Fobsd and Fca l cd for C 1 9 H 2 6 FNO 2 (6 pages). Ordering 
information is given on any current masthead page. 
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absolute configuration and optical purity, 6 was formed with 50% 
optical pur i ty" and overall retention of configuration. 

To account for these observations we postulate that the highly 
electronegative fluorine is playing a role by coordinating with 
another molecule terf-butyllithium and thereby directing the 
fert-butyl group to enter by what could be considered an S N / 
mechanism (Scheme II, path a) which leads to a stereospecific 
retention of configuration. As positive charge develops, the vinyl 
carbocation intermediate (carbenoid) becomes more of a loose 
ion pair and it can then become a good hydride abstractor and 
remove hydride from the tert-buty\ group to produce (S)-S and 
isobutylene'2 (Scheme II, path b). In this loose ion pair some 

(8) At this time it is not known whether the difference in optical purity 
is due to a difference in temperature, -100 0C vs. 75 0C. 
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In the reaction of coordinatively unsaturated transition metals 
with alkenes and arenes, the formation of a 7r-complex prior to 
sp2 C - H activation has frequently been invoked to account for 
the relative ease of C - H activation. In a study of the reaction 
of the iridium complex (^ -Me 5 C 5 ) I rPMe 3 , however, it has been 
demonstrated that insertion of the iridium center into the sp2 C - H 
bonds of ethylene proceeds with concurrent and not prior formation 
of a Tr-complex.1 We recently reported2 that the coordinatively 
unsaturated iron complex Fe(DMPE) 2 ( l a ) 3 [DMPE = 1,2-bis-
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