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The reactlon of 2-ethyl-1,3-cliosolnne (9) with et:~,ylmagnesium bromide, 

sotvated by one equivalent of a basic solvent (E) (diethy ether, r!iisopropyl ether 
and perdeutero-tetrahydrofuran) was studied irl ilenzerle at 10.5”. Ring-cleavage 
of the diosolame occurs with first-order kinetics in two different coordination 
complexes, i.e. EthlgBrE-D and EtMgBr-2D. When the Grignard reagent is in 
escess, an additional second-order reaction takes place between tl:e comples 
EtRlgBrE-D and the monosolvateci Grignard reagellt. The rate constants are re- 
lated to the basicities of the different ethers, E, used. The results confu-m that 
the reaction proceeds via a transition state with osocarbonium ion c!laracter. In 
agreement with this concept the reaction rates decrease with incleaslng basicity 
of the complesing ethers as the Lewis acidity of the attacklug Gngnard reagent 
is lowered. 

introduction 

The reaction of Grignard reagents with organic compounds, such as acetals 
and orthoesters, which contam more than one alkosy-group has heen a subject 
of study from the very beginnlng of Grignnrd chemistry [l-8). T!le first report 
dealing wlth cyclic acetals was on the reaction of methylmagnesium iodide with 
~sosafrole [ 91. 

In this laboratory it was demonstrated that. such reactions proceed smoothly 
when the Grignard reagents are prepared in an aromatic hydrocarbon in the 
presence of one equivalent of a 2-alkyl-1,3-diosolaIle [lo-121. The only product 
isolated from the reactlon mixture after hydrolysis \vas the monoether of 1,2- 
ethanediol (eqn. 1). 
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Several authors have studied the reaction or have used it for preparative 
purposes [ 13-151 and much work in this field has been published by Atavin et al. 
[ 16, 171; re:ated information came from the esperiments of Mousset [l&20]. 
Nevertheless the mechanism of the reaction is not yet clear. From the available 
data the conclusion may be drawn that the first step is coordination of the 
Grignard reagent with the 1,3-ciioxolane followed by ring-cleavage in this com- 
plex. 

Since coordination processes of organomagnesium compounds are reversible 
it is evident that the solvating lxoperties of dio::olanes and of other basic solvents 
present in the reaction miutur~~ influence the rate of the ring-cleavage reaction. 
It is the purpose of the present study to determine this influence. 

In order to study the kuxtics of the reaction of ethylmagnesium bromide 
bvith 2-ethyl-1,3diosolae (D’I the Grignard reagent was prepared in benzene in 
the presence of one equivalent of a basic solvent E; D was added to this solution. 
It was found earlier t,hst the rate of the reaction depends on the ratio D/EtMgBr* 
1211. 

Diisopropyl ether, diethyl ether and perdeutero-tetrahydrofuran ** were 
used as the basic solvent, E. The disappearance of one or more characteris$ic 
signals in the NMR spectrum of the solution was used to follow the progress of 
the reaction for about one half-life or more. From the complete disappearance 
of the signals due to the reactant, which was not present in escess, it was con- 
cluded that the yield of the reaction was quantitative (> 95%); this was con- 
firmed for several reactions by analyzing the reaction mistures after hydrolysis. 
This is contrary to the result!; obtained by Atnvin and coworkers [ 161 who re- 
ported that maximum yields could only be otxained when the Grignard reagent 
was present in two-fold esce!:s. It seems likely that their unsatisfactory yields 
must be attributed among other reasons to the fact that the reactions were in- 
complete. According to our results the ethered solvent is not completely re- 
moved under their conditions; this is espected to re+ard the reaction rate (vide 
infra). 

It was found that the rcactlon is first-order within a run for ratios of 
D/EtMgBr varying from 10/I to l/10, but the value of the rate constant Iz,eup 
varies with the ratio. 

As indicated in the footnotes to Tables l-3 some of the Gngnard solutions 
contained considerable amounts of addltional Et?hlg, which could be observed 
in the NMR spectra after the reactions had gone to completion. From the re- 
maining amounts of Et,Mg it was concluded that its reactivity towards D is 
much lower than that of EtMgBr. Thus the presence of Et,Mg was neglected in 
the calculations of the t-ate constants. 

’ Throughout his paper ELMgEt represents the total amour11 of ethylms~elum bromide UI solution. 
u-respecllve of I&, degree of assocrstmr. and the com?lexmg ethers. 

l * Deulemred THF was used because the NhlR absorption of THF (vlde inha) comphcaled the rate 
mezurements. The results of prelimmary experiments with perdeuteratea &ethyl ether md.~ca~e 
thaf the rate ol reacuon may Cncreas.e somewhat wben substitutmg hydrogen by deuterium in ?. 
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Rg. 1. Fmt order rate const.mts (s-’ ) as a Function of the rallo DlEtMgBr iot cbffereat ctbere. 

The possibility that the Grignard reagent reacted as a mixture of diethyl- 
magnesium and magnesium bromide was escluded on the basis of the following 
evidence. 

1. MgBr: is insoluble in benzene and one equivalent of an ether. 
2. Neither (EtrMg-Et:O), nor precipitated MgBr, in benzene react with D 

at 40.5”. 
3. Simultaneous attack of bot!l species on D cannot grve rise to the ob- 

served first-order kinetics if the ratio D/Mg > 1. 
The results given in Fig. 1 show that klexp varies with varying ratios D/EtMg 

Br. This indicates that k , exp cannot be a straightforward first-order rate constant. 
This can be explained by assuming that the formation of the product occurs via 
different compleses as indicated in Scheme 1. 

SCHEME 1 
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TABLE 1 

FIELST-ORDER RATE CONSTANTS OF TRE REACTION OF EtMgBri-PrzO a WITH D IN BENZENE 
AT 40.5’ AT VARYING RATIOS OF WEtMgBr 

ibtio D/ELMsBr (k1 cxp I o) x 10~ b 

fs- ’ 1 
Correlation coefficient 

9.63 0.:!29 2 0,012 0.99 1 
4.84 O.-l36 = 0.033 0.979 
1.68 l.li2 5 0.13 0.981 
0.45 3.42 = 0.61 0.928 
0.17 4.;JO = 0.42 0.982 

- 

a The ratio EtMgBr/i-RZO u-as 111.32. .In excess of Et?hlg of a!‘?& was present III solution. See also footnote 
Lo Scheme 1. b CJ = standard deviation of the mean. 

TABLE 2 

FIRST-ORDER RATE CONSTANTS OF THE REACTION OF EthlgBr ELzOa WITH D IN BENZENE AT 

40.5O AT VARYING RATIOS DIElhlgl3r 

Ratio D/EthTgEr tkl esp I o) x 10~ b Correlation coefhcient 

(s-1 ) 

18.6 1 50 2 0.16 0.968 
4.26 2 55 : 0.29 0.975 
3.71 2 49 L 0.20 0.977 
2.19 2 49 It 0.20 0.970 
1.10 2.53 = O.l? 0.990 
0.79 a.07 t 0.20 0.994 
0.65 5 37 : 0.19 0.994 
0.53 6.34 L 0.70 0.370 
0.34 7.31 = 0.46 0.983 

a The ratlo EthlgBr/Et?O was 1.0/1.0. Yo excess of AfgBr? or Et? Mg was present. See also footnote to 
Scheme 1. b o = slandard deblauon of lhe mea. 

TABLE 3 

FIRST-ORDER RATE CONSTANTS OF THE REACTION OF ELMgBr.THF-dg a WITH D IN BENZENE 

AT 40.5’ AT VARYING RATIOS D/EtMgBr 

Ratio DtEtIClgBr (kl .pzoa)X 106b 

fs- F, 

Correlation coefficient 

8.5 3.64 f 0.25 0.982 
6.3 a.61 2 0.28 0 978 
1.0 1.17 L 0.12 0.958 

0.50 1.77 f 0.20 0.963 
0.20 3.52 = 0.27 0.980 
O-IQ 4.31 = 0.64 0.968 

a The ratio of (EtMgBe + Et2 MgJlTHF-da was l.O/l.O. The solution conLslned Et2Ng UI addition to 

EtMgBr: t.be ratio of these two organomsgnenum comoaunds was 1.0/1.3. See also footnote Lo Scheme 1. 
f~ u = standard deviation of the mean. 
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in each experiment the escess of Grignard compound is constant because only 
one equivalent is consumed in the reaction with the diouolane; eqn. 6 can there- 
fore be rewritten as eqn. 7. 

u =UIEtMgBr-EmD1 = /z, erp [ EtMgBr-E-D] 
dt 

where 

I> Llexp= LI I*’ f k2 [(EtMgBr-E),] 

(7) 

As already mentioned (eqn. 3) the value for/z’,’ can be derived from the 12, exp 
values obtained when large escesses of D are used. This leads to h’,’ = 20 X 10W6 
S - ’ at 40.5”. It seems reasonable to assume that on addition of one equivalent 
of D to (EtMgBr-E), the species EtMgBr-E-D is formed quantitatively. Thus for 
[D]/[EtMgBr] = 1, Iz,~~,, will be h’, (EtMgBr-2D being approximately zero, eqn. 
4). 

After k’, is known values for 17 ‘z can be calculated from the experimental 
results obtaned in the reactions with D/EtMgBr < 1 (eqn. 8). Table 4 represents 
the values of /z’, , h’,’ and Izz obtained for the three different ethers. The rate of 
the reactions of compleses EtMgBr-E-D depends on the basicity of E; tz’, is 
smaller for the stronger base THF-d8, and greater for the weaker base diiso- 
propyl ether. For E = dIethy ether I:‘, is almost equal to I:‘,’ which indicates that 
the basicities of dlethyl ether and D are about equal. The following rationalisa- 
tion can be made regarding the reaction m the complex EtMgBr-E-D: in thecase 
where E is a weak base tow;uds EtMgBr, complesation with the magnesium 
atom is also weak and renders the Grignard reagent a stronger Lewis acid. The 
stronger Lewis acid gives a faster reaction with D which is in agreement with 
the observation that Et, Mg shows only strongly reduced reactivity towards D 
Z-S compared with EtMgBr. 

The dependence of them reactivity of the organomagnesium reagent on its 
Lewis acidity indicates the occurrence of an activated complex -4 in which 
charge separation takes place, as was proposed earlier [lo]. Confirmation of 
such an activated complex is found in the observation that stabilisation of the 
positive charge by alkyl-substitution at the 2-position in the diosolane con- 
siderably accelerates the reaction. Under the experimental conditions we used, 
no reaction occurs with unsubstituted 1,3-diosotane, whereas %phenyl-1,3-di- 
osolane reacts too fast with EtMgBr to ailow measurements by the present NMR 

TABLE 4 
I I, 

VALUESOF~I.~~ ANDI;? (3 OF THE REACTION OF EIMg5r.E WITH D IN BENZENE AT 40.5O 

E k; x 106 k ‘,’ X 10 5 
kz x 10 5 

(s- ’ ) (s- ’ ) (1 mol-’ 5-t) 

l-P??0 240 20 108 Xn 
Et20 25.5 20 81 Xn 
THF-db 1.17 20 31X” 

0 The values oi h: dcpeod on the consbtution of (ELMrzBr~E),. 
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tA) 

m&ho&x Thus for R/~t~~~~r > 1 our evidence is not in agreement with the 
rn~~ha~~~rn proposed by Atavin et al. [16], in which comples B is assumed 
to p&t&Spate. When the Grignard reagent is in excess, the r..tivated complex 

_-___--Mg 
/- 

\ 
.Br 

Et w “--Et -Mg<’ (is) 

must contain at least two EtNgBr entities for each diosolane. Such an activated 
complex results from attack of (~t~IgBr-E)~ on ~t~gB~~.~ which can take 
place by two possible reaction routes (Scheme 2). Both routes can account for 
the increased reactivity over that which would be expected for reaction via A. 

SCHEME 2 

i 

&\ 

Br,d-JO, I 

d_,,E3r---_(EthlgE3r~E),_, 

E-Mg %%-C 
,OwMgeE 

IT-J- t2s+ ‘Et 

1. EtblgBr-E ln_t 
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In the reaction via C, the C-2 of the diosolane ring would acquire a con- 
siderable positive charge because the diosolane is complexed with two Grigna&, 
entities; a nucleophilic substitution of Et- on the positively charged C-2 would _‘_.- 
then be possible. The route via F should be fast because (a) a polymeric Grignard. 
reagent is a stronger Lewis acid and (b) the negative charge which is formed upon 
breaking of the C-O bond can be distributed over more centres in the Grignard 
entities (as can be seen for R = 1, F resembles the complex B proposed by 
Atavin et al. [ 161). No definite choice can be made between these two routes at 
present. 

Esperimental 

All experiments were performed usmg closed glass apparatus, as described 
previously [ 22 1. 

Grignard solutions (EtMgBr-E) of O-1-0.4 112 were prepared by adding equiv- 
alent amounts of EtBr, Mg and the ether E to benzene. All the reagents were 
previously extensively dried. After the spontaneous reaction had stopped, inter-, 
actron was completed by starring at 50” overnight. The precipitate was allowed 
to settle (some MgBr, was &ways formed) and the clear solution decanted. 

In the case of EtMgBr+PrzO, the Grignard reagent was first prepared in 
i-Pr20 and was crystallized by cooling. The crystals were dissolved in benzene 
after the i-Br20 had been decanted. The rates of reaction were measured in 
sealed NMR tubes by following the decrease of the peak heights (relative to an 
intertlal standard which was either E or toluene) with a Varian A-60 NMR 
spectrometer. Depending on the composition of the reaction mixture, different 
peaks were used: (a) of Ihe methylene protons of EtMgBr at about 0.17 ppm, 
(b) of the C-2 proton of D at about 4.90 ppm and (c) of the C-4/C-5 methylene 
protons of D at about 3.50 ppm *. 
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