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SUMMARY.The topic tr&uZotikip O/J vingL pfiotituns and the occu.kkence 04 dteheo.&omtim in heLao- 

ckitr& cin/Oan~ o&din me_.&& fi compkxti 0 anaCgzed by the didactic&g & htuL.&.itic&g tie&l 

concepX od nteneohtitiotopiog. Ph'2ditiOti am v&died by exptieti. 

The concept of stereoheterotopicity introduced by Raban & Mislow in 1967' provides a significant 

tool for the prediction of spectroscopic nonequivalence (e.g. chemical shift anisochrony) and/or 

recognition of differences in chemical reactivity (e.g. substitution reactions at prostereogenic 

centers and addition reactions at prostereogenic faces). 

We have previously analyzed* the stereotopic relationships between homomorphous atoms & olefinic 

faces which arise when an achiral moiety (e.g. an Fe(C0)4 group) is ;i bonded to a titi or ti 

1.2-di,substituted ethylene in which the constitutionally identical chiral ligands are configura- 

tionally equivalent (homocki/Lae*) or nonequivalent (h&aockitLae *). 

Thus, it has been demonstrated experimentally* that metal ii complexation to the homotopic faces 

of homochiral di-l-menthyl maleate 1 (C, axis in the molecular plane) containing homotopic vinyl 

protons gives rise to the homomers la=lb (point group C1) in which the vinyl protons are inter- 

nally diastereotopic, whereas metal n complexation to the diastereotopic faces of homochiral di- 

l-menthyl fumarate 2 (C, axis I to the molecular plane) containing homotopic vinyl protons gives 

rise to diastereoisomers za&b (point ghoup Cz) in which the vinyl protons remain internally ho- 

motopic but are rendered externally diastereotopic (cf. SCHEMES I & II). 

It has been pointed out*that in htiehockihae isomers the relationship between ivctehnae and ex- 

-tahd3 diastereotopism and cin/a?.uti geometry is reversed. Thus, in heterochiral di-d,l-menthyl -- 

maleate 2 (rrplane I to the molecular plane, - Co) the vinyl protons are enantiotopic but the ole- 

finic faces are diastereotopic. After metal ;1 complexation two achiral (mano) diastereoisomers 

2a&b (C,) are formed [containing a stereogenic & achirotopic4('pseudoasymmetric' 5, metal center] - 

in each of which the vinyl protons are internally enantiotopic but externally diastereotopic. 

In heterochiral di-d,l_-menthyl fumarate 4 (molecular center of symmetry, Ci) the vinyl protons & 

the olefinic faces are both enantiotopic. After metal K complexation enantiomers ;a&b (C,) are 

formed in each of which the vinyl protons are internally diastereotopic (cf. SCHEMES I & II). 

In a non-racemic chiral environment, e.g. in the presence of Eu(TFA-lR-Cam),6, enantiotopic re- 

lationships are rendered diastereotopic. Thus, an overall diastereotopic relationship of the vi- 

nyl protons arises by the stepwise desymmetrization of fumaric acid (CZh) and maleic acid (C2,,) 

vk heterochiral esterification, K complexation and a chiral auxiliary (cf. SCHEME I). 

Here we provide evidence for the predicted stereoheterotopicity and stereoisomerism in htitio- 

cti&? olefin metal 5 complexes. 

2739 



2740 

SCHEME I. Stereochemical Analysis of homochAaL/htitetroc~ vn.ZIE 1.2-Disubstituted Ethene 
Tetracarbonyl Iron n Complexes [R=CO,(3-Menthyl)] and lH-NMR of the Vinyl Protons 

Geometry 7 (cinl E ltmm) 

Chirality homochdd hexktoctiae homachLtut htienockitrae 

HI/H* & H"/H*' 
LkLWL&) 

diastereotop enantiotop* 

UH(ppm)(CDCl,) ;‘;; AB 3.37 s 
. 3.39 s 

H1/H2'& H11/H2 
( etiemd 1 homotop 

Isomerism HOMOMERS 

diastereotop 

ackitrae 
DIASTEREOISOMERS 

homotop 

3.67 s 
3.78 s 

diastereotop 

;';; AB 
. 

diastereotop enantiotop* 

chikae 
DIASTEREOISOMERS ENANTIOMERS 

*diastereotopic in a chiral environment (e.g., non-hacemic NMR shift reagent7) 

The 90 MHz 'H-NMR spectrum of the crude reaction product of di-d,l_-menthyl maleate 28 

Fe2(C0)gg exhibits two single lines of unequal intensity for the vinyl protons (3.37 & - 
ppm, 3:l)(cf.FIG. Ia), indicating the formation of two achiral (meno) diastereoisomers 

The major isomer (mp. llZ"C, dec., optically i.a.) has been isolated from n-hexane and 
rn 

and 

3.39 

2a&b. - 

its ab- 

solute configuration 2a determined by a preliminary X-ray crystallographic analysis '" (cf. - 

FIG. Ib). Thus, preferential metal ii complexation at one prostereogenic olefin face leads to 

the diastereoisomer lain which the vinyl protons resonate at higher field as compared to gb. 

The internally enantiotopic vinyl protons are rendered internally diastereotopic (AS byntem)" 

in the presence of Eu(TFA-lR-Cam),6. The stereochemistry of heterochiral 2a&b is reminiscent 

to that of a heterochirally 1.2-disubstituted ferrocene compound 12 T 
, containing a stereogenic 

and achirotopic4 ('pseudoasymmetricU5) metal center. 

The 90 MHz 'H-NMR spectrum of the reaction product of di-cJ,l_-menthyl fumarate q8and Fe,(CO): 

shows one single line for the vinyl protons which is split into two lines in the presence of - 
Eu(TFA-IR-Cam),6 (external diastereotopism 

11 
), indicating the formation of enantiomers 4a&b 

13 

(mp. 46°C). The (unexpected) occurrence of a single line for the internally diastereotoiic 

vinyl protons is due to 'accidental isochrony' at 90 MHz. Indeed, by the recent availability 

of 400 MHZ 'H-NMR spectrometers a minute chemical shift difference of 0.025 ppm for the dia- 

stereotopic vinyl protons,giving rise to an AB quartet (cf. FIG. II: v 

3Jtzati= 10.24 Hz), could be observed. 
HA 

=3.685; uHB=3.710 ppm; 

In conclusion, all stereochemical relationships summarized in SCHEME I have now been confirmed 

by the experiment. Stereoisomeric olefin metal n complexes arising from homo-lhti~oc~ di- 

substitution and cin/Rnav~ geometry exhibit distinct chemical shift patterns in their 'H-NMR 

spectra. Thus, e.g., the absence of the homochiral transesterification products 1 and 2 in the 

synthesis 
8 of 2 and 3 (as well as the presence of quantitative Cis-W isomerization Of 5 - - 

to 38) is evident from the 'H-NMR spectra of the olefin metal n complexes 1 a&b and 2 a&b 

(cf. FIGS. I & II). 

The present analysis is also valid for all organic compounds which may formally be regarded as 

addition products of atoms, or groups of atoms, to the double bond (CYClOPrOPanes, oxiranes etc) 

as well as higher ring homologs of proper chiral disubstitution. 
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SCHEME II. Schematic Representation of Disubstituted 

CA VA. ~CLIM~ Ethene Metal Y Complexes 
14 

homockirtae heztehachiml 

Heterochiral ~6. Homochiral and 

homod~ he/tuwcW 

0 =Fe(C0)4 I&k~tionuII @ = -CO,(l-(SR)-Menthyl) @ = -CO,(d-(3S)-Menthyl) 

,.3 I 

A 117 

I 1s L 
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4 w 
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l a (6) pm 0 

FIG. I: 90 MHz H-NMR spectrum (CDCl,, 25°C) of la (uH = 3.37 ppm), mp. llZ"C, optically in- 

A: Mixture of 1 a&b (3 : 1) (uH = 3.37 & 3.39 ppm) 
active 

6: Single Crystal X-Ray Structure of la lo 
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FIG. II: 400 MHz 'H-NMR spectrum (CDCl,, 

= 3.710 ppm, 3Jtinb = 

25'C) of 4 a&b (enantiomers) (v 

VHB 

HA 
= 3.685 ppm, 

10.24 Hz, AB quartet extended) 
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