
Tetrahedron Letters No.22, pp, 2381-2387, 1966. Pergmn Press Ltd. 
Printed in Great Britain. 

K.I.GrendberS, A.%.'goslors)cj. 

In8tituto of organoolement compound8 

kad~ 0r sci08mO ussn, 

HoOc0T, UssR 

(Received 29 March 1966) 

Since TarWe firet papera (1) enabled the putitiom 

Of the effecto reqonaible iOr the B-malae, the evaluatloa 

of the latter beceme the method (2) allaring to deteraine 

the electronic effect8 of rarloue atapic groups eubetitutfry 

the benzene ring in 8etha- or pera-poeltioa. 

In our prevloua papers the ferroceml wae demonetra- 

ted to be relatively strong electron donatin& eubstituent. 

In thin paper the e-evaluation wae performed in order to 

study electronic effect8 on which the total electron dona- 

tion of the ferrocenjl depends. 
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Dissociation constants of substituted benzolc acids 

and metha- end para-substituted ferrocenjlbenzoic acids were 

detarmlned by means of acid-base potentiometric titration in 

7W dioxane. The same method permitted us to determine the 

dissociation constants of various substituted phenols and pa- 

ra-ferrocenylphenol in 50% .ethauol, ae well as the Kb of para- 

and metha-substituted ferrocenylenilinea In 80$ ethanol (4). 

Earlier TO have obtained (5) the formal redox potentials of 

the substituted ferrocenes in which the CH,-group &ends 

between the nucleus end subetituent, and these values were now 

ueed to estieate the inductive effect of the ferrocenyl as a 

substituent. To estimate the ferrocell$l electrophilic reacti- 

vity the protolysis of dlferrocenylmercury was studied in 

HC104+O$ dioxan medium (6). The usual least square technique 

(7) was applied to the data obtained; ~-values chaxacte- 

rizlng the ferrocez@ as a subetltuent in the different posi- 

tions of the benzene ring for the vaious reaction series are 

listed .III Table 1. 

The Hsmmet BP is -0.18 for the ferrocenyl as a 

substktuent In the benzene ring. On the Hammet sP scale (8) 

this value stands between GP 0r methyl /-0,170/ and 0r 

rethoxyl /-0,268/ groups. Hence ferrocenyl is somewhat stron- 

ger electron donating substituent than metbyl when characte- 

rized according to its total electronic effect in the benzene 

ring para-position. The same result is obtained, for example, 

by compwIson of the corresponding substituted ferrocenes 

redox potentials with the first redox potential of diferroce- 
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Table 1 

The Ferroceyl G-Valn& 
Reaction Series 

Pn r 
&value*'* for 
B 3 C~5FeC$i4- 

R-C6E4COOH Dissociation 
In 70% Dioxan at 25.0°C 

1.60 7 

R-C,H,CH Dissociation 
in 50% Ethanol at 25.0°C 

2150 5 

R-C6H4&3 Dissociation 
in 8C% Ethanol at 25.0°C 

3.53 7 

R-CH2C5H4?eC5H5 Redox 
Potentials in 75%CH3COC3 -o_.3O 6 
0&66R HC104 at 25.OoC 

R2Hg Protolysis in 
W Dloxan at 25.0°C 

3.78 12 

0.993 (ZQ 
= -0;;rS 

61 = -0.15 

(6) = -0;28 
0.999 CP 

= &05 

3 r: -0.03 
0.m 

m= OlOO 

0.994 ((jy., = -0.12 
Cl 3 -O&3 

0.995 ca+o+> = _0;64 
2 
(0:) 

.I. 
= -1.0 

BP 
= -0.65" 

The given c-valura accuracy of hQS is usual for such 
measuraents.~ 

l ' The values in braokets are calculated from lgKR@C H I = 

9 
m6H4y(0), where I Is reaction crater, X - subt&%mnt 

andR =C5H5FeC5H4-.. According to our data /r = COOH/ the 

ratlc equals 1.55. Slalliar qusntl 
f,"om the valuee..cited elsewherer ( 8 

maybe ob- 
+> t -1.09 

xzo=p 
= -0.71 (14). The factor Ii55 shows the 
which the total electronic affect of the 

ferrooenyl nucleus considered as substituent disappears 
when the benzene ring is introduced between the substitm- 
ent and the maction+center. 'Is used this factor to cal- 
culate ci and BP values from our experimental data. 

l ** It will be noted that the @-value found from the proto- 
lysis of the dlfsrrocenylmercury Is In Close agreement 
rhth that obtained by Amott and Ruechick (13) froa the 
protonation of the dlferrocenylketorm. 
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wl (5). 

UnliJso phenyl the ferrocewl is a comparatively strong 

electron donating substituent not only in para- but also in 

the metha-porition, Grn = -0.15. This fact alone could prooves 

that ferrocelyl hatz a large poeitive inductive effect the 

netha-activltJ of a mbetituent being predominently Inductive. 

Aocordinglj the ferrocenyl Inductive aromatic parameter Ei 

found in our paper is equal to -0.08, Le. itr, absolute value 

ia one of the greatest determined for electron donating substi- 

tuenta (8). The definlte inductive electron donating behaviour 

of the ferrocenyl wbstltuent may be Induced by 8-e exceaslve 

negative charge in the five-membered aromatic ring. Iu this 

aenae our results cozfirm the ferrocene molecule HO calculation 

performed by 8huetorovloh and Dyatkina (9). These a&hors have 

showm the ferrocene five-membered rInga have an effective nega- 

tive charge of about 0.‘35 electron. 

When the ferrocenyl tzubatltutes the paxa-position of 

benzene ring a positive inductive effect adds to the positive 

conjugation effect resulting from the conjugation of ferroce- 

njl with the benzene ring and with the carbozyl group aa a 

reaction center. 

lo estizate this effect quantitatively the obtained 

Sp9 Gz and si values were used to calculate the fer_ 

rocewl GR value which zae found to be -0.11. A comparison of 

the ferrocenyl 6, with eB of th o er eubetituente prooves 

but a weak ferrocenyl (ae well aa phenjl, GR = -0.10) 

conjugation with the benzene ring end with the carboxyl group 
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the latter beiug relatively weak electrou withdrawing reaction 

ceuterf 

Perrocenjl sp - values were also received frou the 

reaction series whose reaction centers were groups with uusepa- 

rated electron pairs. The received values (as well as these of 

other substitueuts possessing +R - effect (10)) sre signifi- 

cantly lower than Banret's BP values probably oriug to the 

usaturationn effect. 

The electronic influence of the ferroceny$ is signifi- 

tautly increased by interaction with strong electron rithdraw- 

iug reaction centers. The ferroceuyl electrophilic arouatic pa- 

rameter 6; may be coupared with that of nethoxyl ( -0.778) 

being ror greater than that methyl ( -0.311) (8). Accordingly, 

the total ferrocenyl influence on the electrophilic reactions 

uay be tompared with that of nethazy-group. This is iu good 

a&reeuent with the data conoerning the ferrocene electrophilic 

reactivitj (14). 

The ferrocewl contribution to the total electron dona- 

tion effect aiguificantly increases when the fomer interacts 

with the strong electron donation reaction centers the 6; 

l The CR-values characterizing the ferrocenyl group con*ga- 
tion are obtained frou the following relations: (45) 

CP = 4;13 Gi + Gp ; o;- G,= s;; 

G* = Gi + 0:5 Gg 

f& = -0.14 
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value being equal to -0.57. !the value is much higher that of 

phony1 ( -0.28) thue demonstrating the signiilcently stronger 

polarizabilitj of the ferrocenyl electrons as compared with that 

of phenyl. The ferrooenJ1 4eg -value is almost three times 

higher than that of phony1 ( -0.46 and -0.18 respectively) 

which Is in agreement with the data of Hill (12) who found that 

the ferrooenjl ability to etabilize an d-cationlc center ie 

much greater than that of phony1 and is comparable with that 

of trlphenylmethyl group. In thie reepect however, ( i.e. aa 

for us to the polarlzability induced by the effect of the 

etrong electron attracting groups ie concerned) the ferrocenJ1 

la much weaker than the groups poeseseing an unseparated elec- 

tron pair, e.g. CH30- and -RH2 whoee 0:*8 are equal to 

-1.03 and -1.4 respectively (8). 

The ferrocenJ1 +R - effect increase due to the inter- 

action with the etrong electron attracting reaction centers 

q probably be attributed to the fact that in the tranaltion 

state the back-donation increases direoted from the iron to 

the ligand - a catlonoid five-membered ring. 

To sum up, the ferrocenyl electronic influence on the 

neighbouring atomic groups Is determined by the strong +I-ef- 

feet in addition to the +R-effect whose value significantly 

depends on the reaction center nature. 
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