RATESOF REACTIONS OF FERROCENYLCARBOCATIONS WITH WATER
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“>Summary
4 Secondary ferrocenylcarbenlum 1ons (FcﬁHAr) are much more. reactive

“towards water than tertlary analogues (FcEAr or FcERAr) and, in acid,

2

'-are formed more rapldly from alcohols. The cations are stabilized by

:;E-OMe and,,when R = t—Bu'or,l—ﬁdamantyl, the-acid_conver51on of alcohol

_ into cation is retarded.

- As part of a. study of the rates of reactlons of metal—stablllzed

1fcarbocations w1th nucleophrles, we: have investlgated the spontaneous

3;react1ons with water of t1e ferrocenylcarbenlum ions Ia—1 which. were,

;jpreparedlboth as isolable tetrafluoroborate salts and, in solution, as-

Vlfluoroacetate salts by dlssolutlon of the- correspondlng alcohols in




“and reaction with water cleanly gives alcohol.f

Because of insoluhillty, the pka values for: the tertlary carbo-tf

cations Ic—i could not be measured dlrectly in aqueous acid. However,.f

uslng pK + values measured conventionally [l] for the secondary carbo-l
7 cations Ia, b in aqueous HC1, and- log(CR ]/[ROH]) values determlned :
'specr:rophotometrlcally in H 0 MeCN {1:1 w/w) con'-a1m.ng H 504, an

HR (H O: MeCN) ac1d1ty scale ‘was. devlsed fbllowing establlshed methods;-
£13. Thls scale is. llnearly related to the Hp seale;[?) for‘aquegus g
‘—HSO4 (os4.o~1) :; - B | ' L
S e (HOMeC‘Z) = 1 2sn + 134

h For the tertiary carbocations Ic-1i in H 304.320 MeCN olots of

log([R ]/[ROH]) vs. (H 0 MeCN) were llnearnw1th slopes 0 97-1 02.

“The. DKR+ values for'HZSO4.H20.MeCN are ca..o 9 uni fmore negative thanf;
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At 25.0% o b 0.125 M sto4 € 0.0125 M HCL

.0: 25 MH so Ref. [4]

2%
Reactions of. Ia b w1th water were followed at the wavelengths
jindlcated (Table) 1n H20 and in H20 :MeCN u51ng a Durrum st0pped—flow
‘ﬂspectrophotometer.lTypically, an. equlllbrlum mlxture ‘of cation and
t’alcohol in ac1 H,0 'Or H,50,:H,0: MeCN was added to H20 or H,0:MeCN so

S2- 2 4°;
‘?that E:he observed flrst-order rate constant was the ‘sum of the forward

“Tand\reverse rate constants (k +'k [H ]) whlch were separated using

ithe Vpproprlate'pK + value. Reactlons of Ic-1 with water were followed

"ri uoroacetate 1n CF3C02H.a }i;ti?ffr“'"""




1-adamantyl.group into the secondary carbocations Ia,b_:_

bilizes the caticn, despite the +I effect. We attribute this anomalyvto

steric,hindrance by the bulky alkyl groups to coplanarity'of the d’H C

and aryl moieties.

i S : : S : ,
The k values show a different pattern. As expected the secondary;

£
carbocations (Ia b) are much more-reactive than the tertiary (Ic—i). :"i
‘However, the bulky alkyl groups in If-i which destabilize the 1ons also
reduce kf, showing that steric hindrance to nucleonhilic addition of
water overcomes any rate enhancement due to steric inhibition of reso—'
nance. B-methoxy group reduces k more in- the tertlary cations Ic— :
than.in the secondary Ia b. Recent 1 C-NMR studzes [5] have suggested

that there is significantl y greater charge concentration at the formal

&~centre of tertiary as compared ‘with. secordary ferrocenylcarbocations
which may account for the observed trends. Eor the;aryl/alkyl systems -
If-i, the modest rate enhancements:byAtheig-methoxy croup;further’indiff
cate_steric,supbression'of'ﬁFCOnjugation'betweenfthe Eecentre'and;the B
aryl group. , ,,' : - >; o :;; L } _i ;,;’ | L
‘Substituent effects are much larger on: k tnan on kf. A E-methoxy

group markedly increasee k for the mono- and di-aryl systems Ia—e but ﬁ
reduces L for the. aryl/alkyl systems If—r, presumably reflecting steric
hindrance to alcohol heterolySis. Bulky substituents reduce k by

forc1ng -the . alcohol 1nto an unfavourable conformation for heterolysis

{nucleophiles add and depart preferentially from the.exo-direction). ,’

and by. inhibiting resonance stabilization of the trans*tion state.ovfﬂr

over the tertiary alcohols.j,;ie

The observed dependence of kf and k.rl'




VC25 S

wcleophilic dtltions'to~tr1ary1methy1 cations [4].Con51stent1y, the

small deuterium kinetlc solvent 'sotope effects for~add1tlon of water‘

._the'cations Ic—i (kf 2 /kf = 1. 10—1 23) are very?
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