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Summary 

Regio- and enantiocontrolled bond formation in tricarbonylcyclohexadieneiron complexes is 
available via the reaction of their derived cations with sodium p-tolylsulphinate followed by 
nucleophilrdisplacement of S02Ar. 

Despite the fact that tricarbonylcyclohexa-l,3-dieneiron complexes are finding increased 

use in organic synthesis, ' problems remain regarding efficient control of regiospecificity in 

nucleophilic addition to their derived cations. In 2-substituted cations m3st nucleophiles add 

preferentially to the 5-position and on the a(exo)-face of the mesomeric system. Exceptions 

include some addition of H- (or D-) R(endo) to the 2-Me cation (1bj2 and reaction of some alkyl 

lithiums with the 2-Me (lb) or 2-OMe (1~) cation at the l-position. 
3 In the present note we 

offer an alternative procedure for achieving overall nucleophilic attack on dienyl cations by 

certain anionoid reagents in which regiospecificity is ensured. The process involves the use 

of 5-S02Ar4 complexes (2) which have previously been noted in connection with synthetic aspects 

of tricarbonylcyclohexadienyliron anions. 5 
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The preparative procedure described5 for the unsubstituted sulphone complex (2-a) is a 

general one. 2-Substituted cation complexes (lb or lc) react with sulphinate anion exclusively 

at C-5 to form the exo-sulphinate in virtually quantitative yields, as stable crystalline 

solids. The anion generated by base treatment of 5-exo-S02Ar (2) complexes5 by kinetic 

protonation, at low temperature, produces the corresponding stereoisomeric 5-endo-S02Ar isomer 

(3). 

Reaction of either stereoisomer (2a or 3a) with MeOH in the presence of K2C03, or with 

MeO-/MeOH, resulted in rapid replacement of the sulpbone group to give the known6 5-exo-OMe 

derivative only (ha). The same course of reaction was observed for (Zb or 2~). In one 

experiment, equal amunts of (2a) and (3a) were combined and treated with K2C03/MeOH. Within 5 

min. there was no remaining 5-endo-sulphone while after 15 min. all 5-exo-isomer had been 

converted (t.1.c. - 10% ethyl acetate in hexane). There was no t.1.c. evidence to suggest that 

the 5-exo-isomer is converted into the 5-endo during the replacement reaction. Likewise, it 

has been shown6 that 5-exe-OMe and 5-endo-OMe complexes are not equilibrated by MeO-/MeOH. 

Neither MeOH alone nor K2C03/THF had an effect on (2). However, equilibration of types (2) and 

(3) may not be observed if the rate of replacement of sulphone in (3) to give (4) is very much 

faster than the conversion of (2) into (3). 

The replacement of S02Ar with hydride was examined partly as a means of solving the 

regiochemical problem in reduction of the 2-Me cation2 (lb) as well as providing a method of 

observing the stereochemistry of the displacement using an isotopic label. Treatment of (2a-c) 

with excess NaBH4 in dry dimethoxyethane at 40°C gave a good yield of the known 192 complexes 

(5a-c; R'=H, R=H, Me or OMe). The result with (lb) shows that the process cannot involve 
2 

regeneration of the free cation, which is reduced at both the l- and 5-positions. Direct 

replacement of S02Ar leads to an overall regiospecific reduction of cations of type (1) the 

specificity depending on that of addition of S02Ar. The yield of (5b, R'=H) from (lb) is 75%, 

compared with the previously reported 14%2 by direct reduction of the cation. 

A feature significant both to the mechanism and the utilisation of the reduction process 

concerns the stereochemistry of reductive removal of S02Ar from the complexes as revealed by 

using NaBD4 as the reagent. Treatment of exe-sulphone (2b) with NaBD4 gave the endo-labelled 

complex (5b, R'=D) by an apparent SN2-type of process. Initial interaction between the 

reducing agent and Fe(C0)3 is a possibility.7 Introduction of D on the metal occupied face has 

hitherto been accomplished as a major reaction by the use of deutero-acid, a process difficult 
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to stop at a D1-stage. 

In the case of a resolved cation salt the opportunity is now available to produce both 

antipodes of a chiral molecule using as starting material only one enantiomer of a complex. For 

example, resolved ester (6j8 with NaBD4 then Me3N09 gave the enantiospecifically labelled 

compound (7) which had an optical rotation value of (-) 1.5°.10 Reaction of the same salt (6) 

with NaS02Ar. followed by reductive replacement of the sulphone group by NaBD4,11 then 

decomplexation gave (8), the enantiomer of (7), (a) = (+) 1.4O.l' Absolute configurations are 

as sl-0wn.8B12 
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[OI5ag measured: c = 0.25, CHc13. 

Tricarbonyl-1~-deutero-la-carbomfthoxycyclohexa-l,3-dieneiron ([al,,, = (-) 52", C = 1, 

CHC13) was also formed and was separated by chromatography over silica-gel using 5% ethyl 

acetate in hexane. 

The expected exe-direction of addition of D- to cation salt (6) was confirmed by the 

sequence: 

CO Me 
I 2 

0 ; x NaBD4 ) ,,@ M Ph3CPF6 , 6 

D’ 

6 

Similarly, treatment with trityl cation in CH2C12 of the endo-deutero complex, 

obtained by D- displacement of S02Ar, gave the 5-D dienyl cation as indicated by 'H NMR (6 

5.05, H-5, absent). 
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These results, in conjunction with the established 8*'3 absolute configuration of (6), 

confirm the stereochemistries shown in structures (7) and (8). 
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