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reaction pathway is a nucleophilic attack of the second mole
cule of the tertiary amine on the iminium ion complex 1, re
sulting in the alkyl group exchange.7 In contrast, under the 
hydrolysis condition, protonolysis of complexes 1 and 2 gives 
the non-metal-coordinated iminium ion 7, which undergoes 
the usual acid-catalyzed hydrolysis steps of enamines to pro
duce carbonyl compounds and secondary amines.19 Protono
lysis of intermediate 6 may cause the loss of the optical activity 
of recovered 3a under the reaction conditions. 

Recently Laine has reported that deuterium exchange of 
triethylamine by deuterium oxide takes place easily with the 
homogeneous Rh6(CO) )6 catalyst20 at the /3 position rather 
than the a position, suggesting a mechanism which involves 
simultaneous insertion of three rhodiums of Rh6(CO) ] 6 into 
the a- and ^3-carbon-hydrogen bonds. This is in contrast to the 
results obtained with heterogeneous palladium catalysts where 
deuterium exchange at a position of tertiary amines exceeds 
that at the j3 position. When an equimolar mixture of tri-
butylamine and deuterium oxide was treated with either pal
ladium black or Rh6(CO) 16 at 150 0 C for 20 h, the relative 
ratio of the deuterium content of the a to j3 positions of the 
recovered tributylamine was 4:1 for palladium catalyst and 1:4 
for Rh6(CO)i6 catalyst.21 With the catalytic hydrolysis of 
tertiary amines, at least, it is doubtful whether the homoge
neous metal cluster catalyst can be used to model heteroge
neous catalytic reactions.22 Work is in progress to investigate 
the full scope of the present reaction and to apply our method 
to other systems. 
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Retention of Stereochemistry during Multipositional 
Isomerization of an Olefin by Diiron Nonacarbonyl 

Sir: 

The preponderance of evidence indicates that olefins rear
range in the presence of iron carbonyl catalysts by a sequence 
of 1,3-hydrogen shifts. Numerous reports have dealt with this 
reaction,1 and a few have provided convincing arguments re
garding the detailed nature of the rearrangement. Casey and 
Cyr have established that during Fe3(CO)i2 induced rear
rangement of 3-ethyl-l-pentene-5-di (1) to 3-ethyl-2-pentene, 
the deuterium label was scrambled randomly between the 
terminal methyl groups, as shown in 2.2 These results were 
interpreted in terms of rapidly equilibrating complex species, 
representatives of which are shown in Scheme I. 

Only a small number of reports have concerned the stereo
chemistry of the hydrogen shift, and none have dealt with the 
stereochemistry of the hydrogen shift in purely hydrocarbon 
rearrangements. Ford and Strauss have shown that the rear
rangement of the labeled en£/o-tricyclodecenol 3 proceeds 
stereospecifically to give the saturated ketone 4, with the ste
reochemistry of the migrating deuterium as shown.3 In another 
example, Green and Hughes found that the monoolefin-te-
tracarbonyliron complex 5 rearranged to the diene-tricar-
bonyliron complex 6, with some of the optical activity of 5 re
maining intact.4 

Regarding the first example, it is difficult to envision another 
result, since it is essentially impossible for an iron species re
sponsible for the hydrogen shift to approach the endo face of 
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a molecule such as 3. To illustrate, the exo-hydroxyl analogue 
7 is stable to iron carbonyl induced rearrangement.5 Both ex-

(CO)4F( 

amples cited above involve a single 1,3-hydrogen shift. We 
report results in which stereochemistry is retained during 
multiple 1,3-hydrogen shifts induced by an iron carbonyl 
species in a simple hydrocarbon system. 

When m-bicyclo[6.2.0]dec-9-ene (8)6 was treated in re-
fluxing hexane with equimolar amounts of Fe2(CO)9, the 
starting material rapidly disappeared and was replaced by a 
mixture of bicyclodecenes 9-12.8 Catalytic hydrogenation of 
the product mixture provided m-bicyclo[6.2.0]decane (13) 
contaminated with <3% trans isomer 14. Bicyclo[6.2.0]dec-

10 i i 
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8(9)-ene (9) also rearranged to the olefins 10-12 at a rate 
somewhat slower than that of the rearrangement of 8. 

?ra/K-Bicyclo[6.2.0]dec-9-ene (15)9 rearranged in the 
presence of Fe2(CO)9 in refluxing hexane at a rate approxi
mately equal to that of the rearrangement of the cis isomer 8, 
to produce the hydrocarbon 9 and isomeric bicyclodecenes. 
Catalytic hydrogenation of the product mixture, however, 
showed the presence of both isomers 13 and 14, in a percentage 
ratio of 62:38. After correction for the presence of 9 among the 
olefinic products (9 yields 91% 13 and 9% 14 on hydrogena
tion), it was found that, of the hydrocarbons representing re
arrangement beyond 9,45% of the product retained the original 
trans-fused stereochemistry of starting material 15. 

The stereochemical outcome of rearrangement was more 
pronounced at lower reaction temperatures. While 8 behaved 
essentially as it had at refluxing hexane temperature, the trans 
isomer 15 in refluxing pentane with Fe2(CO)9 failed to produce 
any isomer 9. Catalytic hydrogenation of the product mixture 
yielded both 13 and 14, but in this instance the trans isomer 
14 predominated, making up 63% of the product mixture. 
Finally, at ambient temperature, the Fc2(CO)g-trans-
bicyclo[6.2.0]dec-9-ene reaction yielded a product mixture in 
which 87% trans stereochemistry was retained. We believe this 
result to be the first demonstration that the iron carbonyl in
duced rearrangement of simple olefins can proceed stereo-
selectively during a multistep sequence. 

The 7r-allylhydridoiron tricarbonyl mechanism,10 an ex
ample of which appears in Scheme I, accounts reasonably well 
for our results. In order that stereochemistry be preserved 
during the isomerization of 8 to 11, or especially of 15 to 
trans-fused analogues of 11, a necessary requirement is that 
the original iron carbonyl species which brings about rear
rangement remain attached throughout the sequence; such a 
prerequisite has been invoked previously.2 These limitations 
are applied to our systems in Scheme II. 

In hydrocarbon 8, complexation must almost certainly take 
place on the exo face of the molecule to produce the complex 
16. Hydrogen abstraction to give the coordinatively saturated 
complex 17 seals the stereochemical fate of the rearrangement; 
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so long as decomplexation is not an important side reaction, 
the iron carbonyl moiety and the remaining bridgehead hy
drogen will always bear a cis relationship to one another, and 
this relationship is carried through to products. In the penul
timate step, a hydride is returned from the -H Fe(CO) 3 moiety 
to the bridgehead to secure the cis fusion of the bicyclic hy
drocarbon, as in 19. 

A similar argument can be applied to the trans isomer 15; 
in all complex intermediates, the remaining bridgehead hy
drogen bears a trans relationship to the attached iron species, 
and trans-fused products result. It is also possible to account 
for the temperature effect regarding 15 in terms of this 
mechanistic picture. At lower temperatures, complexes such 
as 20 possess sufficient stability to survive decomplexation; 
hence the hydrocarbon 9 is not produced. The limits of this 
stability are presumably exceeded at refluxing hexane tem
perature, and 9 is observed among rearrangement products. 
It is puzzling, in terms of such an argument, why 8 shows no 
such temperature effect. The complex 18 would be expected 
to be more stable than 20 because of steric effects; hence it 
should have more readily survived in the low-temperature case. 
Yet the hydrocarbon 9 was observed regardless of reaction 
temperature. 

An intriguing alternative explanation for these results in
volves intermediate complexes which leave bridgehead hy
drogen atoms intact. While such intermediates would be 
sterically difficult to attain from the cis complex 16, similar 
problems are not present in 21; hence a species such as 22 might 
be achievable. Nonallylic intermediates have been considered 
in iron carbonyl induced rearrangements of vinyl cyclopro-
panes." We are actively pursuing labeling studies to distin
guish between these alternative possibilities. 
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Absolute Configuration of 
Homomevalonate and 3-Hydroxy-3-ethylglutaryl and 
3-Hydroxy-3-methylglutaryl Coenzyme A, Produced 
by Cell-Free Extracts of Insect Corpora AIlata. 
A Cautionary Note on Prediction of Absolute 
Stereochemistry Based on Liquid Chromatographic 
Elution Order of Diastereomeric Derivatives 

Sir: 
Homomevalonate (HMev)1 and 3-hydroxy-3-ethylglutarate 

(HEG)2 have been implicated as probable intermediates in 
insect juvenile hormone (JH) biosynthesis. While the con
generic intermediate, mevalonate (Mev), has been shown to 
have the 3/? configuration common to other organisms, lb no 
direct evidence has yet been presented for the absolute con
figuration of HMev or HEG (as its coenzyme A (CoA) ester). 
We report herein our findings with respect to the latter two 
compounds. We also confirm the 35 absolute stereochemistry 
of the Mev precursor 3-hydroxy-3-methylglutaryl CoA 
(HMG-CoA), whose prior assignment rested solely on enzy-
mological conversions.3 

Racemic homomevalonolactonela (HMev>, 1) was con
verted via Scheme I in 30-40% overall yield into the l-amido-5 
esters 5a,b by (1) heating with neat l-(+)-a-(l ' -naph-
thyl)ethylamine, and (2) treatment with a pyridine solution 
of the acyl chloride of (-t-)-a-methoxy-a-trifluoromethyl-
phenylacetic acid. These diastereomers were then separated 
by micropreparative liquid chromatography (LC) into stere-
oisomerically pure components.4,5 Each diastereomer (4-6 mg) 
was then analyzed by 90-MHz 1H NMR and spectra were 
compared with those obtained from the similarly prepared 
derivatives 6a,b of (37?)- and (3<S)-mevalonolactone (Mev>, 
2).4 - 6 Strong correlations were observed between chemical shift 
of diagnostic NMR resonances (Table I) for each pair of 
HMev vs. Mev derivatives according to their elution order on 
LC. Each of these four derivatives was then converted into the 
parent lactone of high enantiomeric purity via base hydrolysis 

Scheme I" 
R OH 

1 R -Et 

2 R* Mt 

R OH 

Q) OCH 

5a,b R»Et 
6a,b R*Mt 

ll) LC separation 

3 

7 a , b R»Et 

8 a , b R* M* Za zs 

R OH 

Ib 3R 

2b ZR 
" For diastereomeric derivatives, a = fast eluting and b = slow-eluting 

on LC. 
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