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Summary The spontaneous conversion of the title cation into the 

l-phenylC3J(1,2)ferrocenophan-l-y1 cation proceeds by intra-ionic 1,3- 

shift of a cyclopentadienyl a-ring proton to C(2) of the hornoannular 

bridge; the latter cation undergoes deprotonation by stereospecific 

loss of the exo-proton adjacent to Ct_ 

In an earlier paper C23. .we reported that the alkyne (I) undergoes 

cyclisation in CF3C02H to the ferrocenophanyl cation (II) which can be 

reversibly deprotonated to tine cycloalkene (III). In connection with a 

study C31 of the stereochemistry of such proton.transfers, this reaction 

has been reinvestigated using deuterium-labelled 'substrptes. 

w + 
FcCH2CXPh j Fe ph __ Fe Ph 

_ CI) 

+ 
For Part 20, see ref. 1. 
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SCHEME 

FcCOC=_Ph - FcCD*C=CPh 

CIV) CV) 

i1X) (VIII)' 

FcCD2CD=&Ph 

WI) 

Reduction of the ketone (IV) in ether with "mixed-deuteride" 
. 

reagent (LiAlD,-Al,Cl,) gave the D-labelled alkyne (V) whose IH n.m.r. 

spectrum was identical with that of (I) except for the absence of the 

singlet CH2 resonance. As for the unlabelled analogue, this alkyne 

underwent cyclisation on treatment with CF3C02D. However, the product 

obtained following quenching of the solution with a large excess of aq. 

NaHC03 was not the expected trideuterio-derivative of (III) but instead 

the dideuteriated a&ene (IX) whose IH n.m.r. spectrum contained a 

characteristic one-proton singlet resonance for the unique vinyl prot- 

on. Since the reaction medium does not provide an 

sourcec this vinyl proton must be supplied by the 

itself. 

external proton 

alkyne precursor (V) 

From consideration of the reaction mechanism [21(Schae), it foll- 

ows that the intermediate (VII), resulting from cyclisation of the 

first-formed vinyl cation (VI), must rearrange by 1,3-shift of the 

allylic proton of the n 4 -cyclopentadiene ligand to give directly the 

cation (VIII)- Furthermore, subsequent conversion of the last cation 

into the product (IX) must involve specific loss of the deuterium atom. 

of the *CHD fragment. Such specifkcity of D+ transfer was further illu- 

strated by the findrng that dissolution of (Ix)- in CF3C02D-followed by 

quenching (aq. NaI-iC03) of the solution of the resulting cation (VIII) 
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gave back the starting alkene with no H-D exchange of the vinyl proton. 

The Iii n.m.r, spectra of the cation (VrII) and that obtained by addit- 

i- ion of H CCF,CO,K) to the alkene (IX) were in accord with expectation 
3 P 

the possibility of scrambling of the (see-Experimental) and ruled out 

D-labels. 

We interpret these findings as indicated in the Scheme, Evidence 

has been obtained [r47 to suggest that substitution of ferrocene and its 

derivatives by reactive electrophiles proceeds by exo-addition of the 

electrophile to a cyclopentadienyl ring carbon followed by endo-proton 

loss from the resulting 16-electron (Fe) intermediate cation. The corr- 

esponding intermediate (VII) in the conversion of (VI) into (VIII) must 

undergo intra-ionic 1,3-shift' of the allylic proton across the endo- 

face of the bridging chain (antarafacial 1,3-shift is sterically imposs- 

ible), a process which locates the CHD deuterium atom of (VIII) in the 

exe-configuration. Since the D-isotope effect normally favours Ht over 

DC loss in El reactions c51, it follows that there is a marked stereo- 

electronic preference for exo- over endo-deprotonation (dedeuteronation) 

of the conformationally immobile bridging group of the cations (II) and 

(VIII) which outweighs the isotope effect. For the reverse reaction, 

exoyprotonation (deuteronation) of the double bond of (III) and (IX) is 

correspondingly favo*aed, These conclusions are in harmony with earlier 

work [3] which established a preference for exo-proton transfer (in the 

absence of adverse steric effects) in interconversions of ferrocenyl- 

alkylium ions and ferrocenylaikenes. 

Experimental 

For general remarks, see Part 4 [63. 

B 
The mixing of ligand s-orbitals with metal orbitals may facilitate 

this rearrangement w?&ch, in the absence of the metal, would be dis- 

favoured by orbetal-symmetry effects. 
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U?henylpropynoyl) fexrocwe CIVl 

A solution of PhCHCC02H Cl-5 g; 10 mm011 in SOCl2 CSO ml) was 

heated under reflux for lh and tie excess of solvent was then evapor- 

ated, The crude resrdual PhCZCCOCl and ferrocene (3-O g; 16 mmol) were 

df-ssolved in CHCl3 Cl00 mllr the solution was cooled to O", and powder- 

ed A12C16 Cca. 2 gl was added in portions with stirring_ The resulting 

deep blue solution was allowed to come to room t‘emperature, stirred for 

a further lh, then poured into ice-water. The organic layer was washed 

(H20:, dried (MgS041r and evaporated, and the residue was chromatog- 

raphed on A1203- Petrol eluted unchanged ferrocene (1.0 g; 33% recov- 

ery] and petrol:ether (1~11 eluted the title ketone (1.4 g; 41%1, a 

deep maroon solid m.p. 105-106° (lit, C77 103-106°1; 
1 
H n.m.r. CCDCl,) 

~2.2-2.7 <rn; SH; Ph], 4-97 and 5.37 (2t; 4H; C5H4)' and 5.71 CS; SH; 

C5H51. 

3,3-Dideuterio-3-ferrocenyl-1-phenylpropyne (VI 

A solution of the ketone (IV) (1.0 g; 3.2 mmol) in benzene:ether 

(1:3; 20 ml) was added to a stirred suspension of LiAlD4 (0.38 g) and 

powdered A12C16 (1.35 g) in ether (100 ml) - The mixture was stirred for 

0.5h and then methanol was added carefully to destroy unchanged reduc- 

ing agent. The solution was washed (H20L, dried (MgS04) f and evaporated, 

and the residue was dissolved in petrol and chromatographed (Al,O,I _ 

The same solvent eluted the title compound (0.95 g; 98%), a yellow solid 

m-p. 71-73O; 1H n-m-r. (CDC13) r2.35-2.8 (m; 5H; Ph) and 5.65-5.95 (mts; 

9H; Fc). 

3,3-Dideuterio-l-phenylC3](1,2)ferrocenophan-l-ene CIXl 

A solution of the alkyne cVlCO_3 g; 1.0 mm011 in CF3C02D (3 ml; 

Aldrich "Gold Label"; 99 atom % D) was heated under reflux for 0.5h, 

then cooled, and poured with vigorous stirring into a large excess of 

saturated aq- NaKC03 solution- The product was extracted with ether and 

puriffed by preparative t-1-c. on SLO2 which afforded the title 
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compound (O-26 g, 85%)., anamber liq@.di % n-m-r- (CDCl3) ~2-15-2.75 

Cm; 5Hi ph), 3.50 CS; 1H; vinyl), and 5,5-S-6, S-V-6-0 c2mts; 8H; cycle- 

pentadienyl). 

Treatment of this alkene with CF3C02D followed by aq. NaHC03 as in 
. 

the precedi;ng experiment gave product identical (1H n-m-r.) with the 

starttig material_ 

1 
H N.m.r. Spectra of Ferrocenophanyl Cations 

Solutions of the alkene (IX) in CF3C02D and CF3C02H gave spectra 

of the corresponding carbocations; the phenyl and cyclopentadienyl pro- 

ton resonance patterns in these spectra were identical with those in 

the spectrum [Zj of the cation (II), viz. rl-9-2-7 (m; 5H; Ph), 3.68 

(t; lH), 3.91 (d, lH), and 4.57 (d; 1H) (C5H3), and 5.52 (s; 5H; C5H5). 

The resonances of the bridge proton(s) were as follows; (a) (III) in 

CF3C02H, giving (II): -r6.5-6.9 and 7-35-7-6 (AA'BB' pattern; 4H)i (b) 

(IX) in CF3C02Ho ~6-2-7-2 (AB quartet; JAB = ca. 18 HZ; 2H); (c) (IX) 

in CF3C02D, giving (VIII): 76-S (broad s; 1H). 
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