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Abstract The concentration and catlon dependence of rates of degenerate rearrangement of 
l(M=L1,Na, K) in dmso have been examined and are shown to be consistent with dissociation of 
the salts prior to rearrangement 

Alkali metal salts of ketols such as l(R=H)l lsomerlse by intramolecular hydride transfer 

In a process apparently related to the 

familiar Meerwein-Ponndorf-Verley-Oppenauer 

redox couple However, because of the 

constraints of the molecular framework, 

intramolecular 0. 0 distances may be 

large [ 4 628 in l(R=H)*] compared to the - 

size of alkali metal catlons,3 and cyclic 

-j$!$$:o"+@o 

(M=H,Li,Na,K) '* OH 

transition states involving simultaneous transfer 

of cation and hydride from alkoxlde to carbonyl group4 are not stencally feasible The role 

of the cation in these and other anionic rearrangements 1s of lnterest,5 and we now describe 

relevant experiments with l_(M=Li, Na, and K) 

The ketoxides were prepared by addition of one equivalent of the appropriate metal d6- 

dlmsyl to d6-dmso solutions6 of l(M=H)l The 300 MHz 'H NMR spectra of l(M=H) and l(M=Na) 

Table 1 NMR data for l(M=H, Ll, and Na) in d6dmso - 

Hl' 
H2 
H2' 
H3a 
H3'a 
H3b 
H3'b 

H5 or H5' 
H5 or H5' 

Me4 or Me4' 
Me4 or Me4' 

#not resolve 

Chemical shift (6) 

M=H M=Ll M=Na 

4.82 . 4.01 . 4.07 
2.19 2.09 2.06 
2.32 # 1.85 
2.08 # 2.15 

1.92 0.86 0.#78 b*Zl 
1.50 1:78 
2.01 ft 1 67 
2.15 # 1.85 
1.15 1.18 1.21 
1.01 1.00 1.02 

pattern and 

splittings (Hz) 

s, W$=2.5 
dm, 9 5, W$=6 
dm, 9.5, Ws=6 

iy 
d;l, 

13 13 0 0 
13 0, 3.0 

dd, 13.0, 3 0 
dd, 9.5, 2 5 
dd, 9 5, 2 5 
S 
S 

were well resolved and have been 

assigned with the aid of de- 

coupling experiments (see Table 

1) 

Rates of degenerate re- 

arrangement in l(M=Na) were - 

determined by line shape 

analysis7 of the region from 

SO 4 to 1 5. containing signals 

from the exchange methyls and 

H3b (see figure 2) With l(M=K) 

static spectra could not be 

obtained, even at 400 MHz , at 

975 
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temperatures above the freezlng point of dmso, and, although a small catjon dependence of 

methyl signal separation was observed in the 

spectra of l(M=Li) and l(M=Na), static - - 

parameters from l(M=Na) were used in Its 

line shape analysis. In stark contrast, 

only small line broadening could be 

observed in the spectra of I(M=Li). 

Rates for i(M=Li) and l(M=K) are 

therefore less reliable than for -a 

JM=Na). 

The collected rate data (Table 2) 

shows that for all the cations, rates 

increase with decreasing metal ketoxide 

concentration. Extrapolation of the 

rates for the solutions of ca 045M to - 

84' gives an approximate ordenng 

of reactivity of 1 lo2 lo5 for the LI, 

Na, and K ketoxides, a similar, but 

more emphatic ordering, to that found by 

Warnhoff and by Lansburyg for related 

intramolecular processes and the 

Figure 2 . Concentration dependent 'H 
spectra of l(M=Na) in d6-dmso at 84O - 

NMR 

reverse of the catlon dependence of the intermolecular counterpart 10 

Both the cation and concentration dependence of the rates are consistent with the 

solutions contalnlng largely unreactive associated species, (ROM), or (R*OM) , in equlllbnum 
m 

Table 2 : NMR* rate data for degenerate rearrangement of l(M=Ll, Na, and K) 

1 4(83) - - - 
1.7(83) - - - - 

*Spectra determined at 400 MHz(a), 220 MHz(b), 300 MHz(c), and 80 MHz(d). 
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with a much smaller amount of reactive dissociated species. Ab initio GVB and CI 

calculations11 show that the H-CH20- bond 1s weaker than the H-CH20K and the H-CH20Na bonds 

by 4.8 and 6 4 kcal.moll' respectively and we suggest that the reactive species in solution 

may be the free ketoxide anion, RO- or R*O-, which is only weakly solvated12 by dmso. The 

exchange process may then be represented by equations (1) through (3), where ktr 1s the rate 

constant for hydride in RO- or R*O-. 

kl 
(ROM), / mRO- + mMt 

k-l 

k 

(2) RO- . W R*O- 

ktr 

(3) mR*O- + mMt 
k 

% . 

kl 

(R*OM), 

The association constant, K,,,=k_,/k, , combines equilibria for aggregation (4) and ion- 

pairing (5) so that Kass=Kagg. Kyp. Exner's12 conductimetnc measurements on dmso 

solutions of Ll, Na, and K t-butoxide gave ion-pairing constants of 108, 106, and 270 M-' 

respectively so that Kass can reasonably be expected to be large. 

(4) m(ROM) Kagg . 
\ (ROM), 

(5) m"+ t RO- 
K1 

.A ROM 

The expression (6) then relates the observed rate constants (kobs) to the stolchlometnc 

metal ketoxide concentration(c). 

(6) KS1 / 2m m-1/2me 2(h-1/2m)] sc(1/2m - l) 
ass 

The most extensive and reliable data is the set for i(R=Na) at 84' and a least squares 

fit of this data to equation (7) gave the order of reaction, n = -.77(+ 06),* corresponding 

(7) kobs = A (c)" 

to an aggregation number, m = 2.17, suggesting that the aggregates are mainly dlmenc. The 

fit also gave A = 18.2(+3 5)a, to be identified with the square bracketed factor in (6), and 

the effect of ion-pairlng and aggregation may be gauged by taking Exner's value for K,p = lo6 

for Na-t-butoxide,12 and rearranging to give (8).- - 

(8) ktr = 1.8 x lo4 x Ka;; 
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We have no independent estimate for K but with Kagg >l, 1 8 x lo4 set 
-1 

agg' 
represents a 

crude mlnlmum estimate for the rate constant for hydride transfer within the dissociated 

alkoxlde anion [cf kobs - 1.96 .102 set 
-1 

- for c=O.O46M (M=lla)] 

While the data for l(M=Ll) and l(M=K) does not merit a similar treatment, the pattern - 

1s clear, reactivity, in dmso at least, ;s dominated by aqgregatlon and ion-pairing 

phenomena Attempts to correlate reactivity with ketol structure" are therefore pcrllous. 

Ion-pairing is, however, suppressed in presence of appropriate cryptands.ls Rates should 

then be cation and concentration independent and charactenstlc of ketoxide structure, and 

we hope to reoort on this aspect in a future paper. 
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