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direct carbanion addition to 2,6-dimethylbenzoquinone under 
conditions where the anion was unaggregated, weakly solvated 
and had a small counterion.9 However, in that study we noted 
that when the inherent steric requirements of the carbanion be
come very large (e.g., secondary carbanions), selective attack at 
the more hindered carbonyl carbon is no longer possible. Our 
mechanistic studies with 1 had led us to a simple solution to this 
problem. Since the ring-opening reaction (2 —• 3) exhibits a much 
larger temperature dependence than the competing addition 
process (2 —* 5), secondary carbanions can be cleanly added to 
1 at very low temperatures (see last entry in Table I) to produce 
(after quenching and ketal hydrolysis) 7 in good yield.10 
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The geometric isomers of vitamin A occupy an important 
chapter in studies of stereospecificity of the binding site of the 
visual protein opsin.2 Of its 16 possible geometric isomers, 14 
are known. They are the six earlier reported 7-trans isomers 
(all-trans; 9-cis; l\-cis; 13-cis; 9-cis,13-cis; 1 l-cis,l3-cis)3 and 
the eight more recently reported hindered isomers (1-cis; 7-
cis,9-cis; l-cis,l3-cis; l-cis,9-cis,l3-cis;4 l-cis,W-cis; 1-cis,W-
cis,l3-cis;s 9-cis,\ 1-cis;6 9-cis,W-cis,l3-cis1). Now we report the 
synthesis of the last two remaining isomers: 1-cis,9-cis,\ \-cis and 
the interesting all-cis. 

The synthetic sequence used in the synthesis of the missing 
isomers of vitamin A was similar to that recently reported for the 
doubly hindered l-cis,W-cis isomer5 but with l-cis,9-cis-fi-\o-
nylideneacetaldehyde (l)4b,c as the starting material (see Scheme 
I). Partial hydrogenation of the 1 l-dehydro-C18-ketone 2 was 
the key step in the synthetic sequence because hydrogenation at 
later stages invariably led to complex mixtures. Even at the C18 
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Figure 1. UV-vis absorption spectrum of 7-cw,9-cw,ll-ci'j-retinal in 
cyclohexane (solid line), Xmax 345 nm (t 22000), and difference absorp
tion spectrum of l-cis,9-cis,l 1-cw-rhodopsin (dashed line) in 1% digito-
nin, obtained after taking the difference between the spectra of the 
pigment in an excess of hydroxylamine before and after photobleaching 
with yellow light. 

stage, in order to avoid over hydrogenation, the reaction was 
carried out to only 70-80% completion. Since the 11-dehydro 
compounds were found more easily separated at a later stage, the 
a//-cw-CI8-ketone 3 mixed with small amounts of the dehydro 
ketone was used in the chain-extension reaction. Ethyl lithio-
(trimethylsilyl)acetate, 6, was chosen as the reagent because of 
its demonstrated higher reactivity and the concomitant lack of 
stereospecificity.8 The crude condensation product mixture was 
partially separated by flash column chromatography. The early 
fractions were the 11-dehydro esters. The later fractions contained 
two components, subsequently separated by preparative HPLC. 
Their structures were readily deduced from their 300-MHz 1H 
NMR spectra (see supplemental material).9 The early eluting 
fraction was ethyl l-cis,9-cis,l l-cw-retinoate (4A) with the 13-
trans geometry indicated by the low-field CH3-13 signal, the 7-cis 
and the 11-cis geometry by the small coupling constants, and the 
9-cis geometry by the low-field H8 signal.10 For similar reasons, 
the principal of the later eluting fraction was identified to be ethyl 
a/Z-ra-retinoate (5A). The UV-vis absorption spectra of both 
compounds with the much blue shifted absorption maxima (328 
and 330 nm in hexane) are consistent with the expected nonplanar 
conformation of these severely crowded isomers. 

A mixture of the two C2o esters was converted to the corre
sponding aldehydes4a and separated by preparative HPLC with 
the mixtures of isomeric 11-dehydroretinals conveniently eluted 
in early fractions. The first eluted retinal isomer was l-cis,9-
m,13-c!5-retinal, identified by comparison of 1H NMR spectra.46 

Since all operations were carried out at room temperature, this 
was an expected isomer from facile thermal isomerization of 
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0CEtO)2POCFHCO2Et, 9, LDA. b MeOH/KOH. c MeLi. 
d (EtO)2POCH2CO2Me, NaH, C6H5/DMF (9:1). e LiAlH4 
(-78 °C); MnO2 (R=CW-C11H17). 

a//-c/5-retinal via consecutive six-electron electrocyclization re
actions known for all retinal isomers containing the 1 \-cis,13-cis 
geometry.3-5'7 The 1H NMR spectrum of the major product was 
that of a new retinal isomer. At 300 MHz, its spectrum was of 
first order, thus peaks readily were assignable. The assignments 
were confirmed by selective decoupling experiments. The chemical 
shifts of CH3-5, H8, and CH3-13 revealed respectively the 7-cis, 
9-cis, and 13-trans geometry while the magnitudes Of1Z78 and Jn-12 

were consistent only with the cis geometry at both centers. 
Therefore, the new isomer must be l-cis,9-cis,\ 1-cw-retinal (4C). 
The UV spectrum (Figure 1) displayed features similar to those 
of 7-C/J,1 l-c«-retinal.5 

a//-c/s-Retinol (5B) was obtained in quantitative yield by re
duction of ethyl a//-m-retinoate (5A) by Dibal-H at -70 0C. Its 
1H NMR spectrum was readily assigned after selective decoupling 
experiments. The magnitude of the vinyl coupling constants and 
chemical shifts of the vinyl and CH2-15 hydrogens showed re
tention of the all-cis geometry.10b The compound, a colorless oil, 
was found to be stable even after several months of storage at 0 
°C under nitrogen. 

As in the case of other hindered isomers of retinal,5'6,11 7-
cis,9-cis,l 1-ci's-retinal was found to give a low yield (28%) of a 
pigment analogue (see Figure 1 for the difference absorption 
spectrum) when incubated with a digitonin solution of bovine opsin. 
The slow rate of pigment formation, Ie2 = 0.02 M"1 s"\ is similar 
to that of 7-cis, 11 -cw-retinal.'2 Properties of the pigment analogue 
including the photobleaching characteristics will be examined in 
detail. 

We have also prepared a fluorinated analogue of the tri-cis 
isomer 7-ci's,9-c;'s,ll-c/.y-12-fluororetinal, 8 (7Z,9Z,llE,\3E), 
Scheme II. As observed earlier,13 reaction of the fluoro-C2-
phosphonate, 9, gave preferentially the cis geometry (12£) at the 
newlys formed double bond. The isolated C17-fluoro ester, 7, (flash 
column chromatography) was elaborated in the conventional 
fashion (17 + 1 + 2).13 The conditions for the C2-chain-extension 
reaction was for selective formation of the 13-trans geometry.5 

Assignment of the tri-cis geometry was again by its NMR data 
and by comparison with those of the other known isomers.13 

In summary, the current effort not only brings to a conclusion 
of preparation of stereoisomers of vitamin A but also demonstrates 
further the stability of the hindered isomers, which was once 
questioned.14 
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It has been claimed that the stereochemistry of the olefin 
metathesis reaction is governed by the various interactions oc
curring in the puckered metallacyclobutane intermediate.1-6 This 
assumption was largely based on experimental data related to the 
metathesis of various olefins with group 6 metal-based catalysts.5'6 

The hypothesis of ring puckering was deduced from structural 
data related to a series of stable substituted or unsubstituted 
platinacyclobutanes.7'8 Recent X-ray studies of a titanacyclo-
butane complex Cp2TiCH2CHRCH2 (R = phenyl) indicate that 

• 

a metallacyclobutane complex may be planar and may exhibit 
a moderate degree of activity and stereoselectivity in metathesis.9,10 

A similar system, Cl2TiCH2CH2CH2, studied by Goddard11 using 

ab initio calculations was found to be planar. However, both 
systems have no substituents in the 1-3-positions. One may 
reasonably assume that if substituents were present in the 1-3-
positions, a certain degree of puckering could have occurred.12 

It was therefore necessary to investigate (i) whether or not the 
presence of substituents in the metallacycle will favor a puckered 
conformation, (ii) what the favored conformations with substit
uents in the 1-2- or 1-3-positions are, and (iii) what the effect 
of the group 6 transition metal is. 

As model of our extended Hiickel calculations we took a six-
coordinate metallacyclobutane complex, C I 4 M C H R 1 C H R 2 C H R 3 

(M = Cr, W; R1 = CH3; R2 = H, CH3; R3 = H, CH3, C2H5) 
for which the d4 electron count is assumed to be the most favored 
configuration.13 The metallacyclobutane was assumed to be 
pseudooctahedral with classical M-C, M-Cl, and C-C bond 
lengths values,14 with a C1-M-C3 angle close to that found in 
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