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The effect of solvent on the course of alcoholysis of 2,3-dichlorotetrahydrofuran with tert-butanol
manifests itself in the rrans-: cis-2-tert-butoxy-3-chlorotetrahydrofuran ratios; the amount
of cis-isomer is highest in solvents enhancing Sn2 reactions and Jowest in solvents enabling the

X
Sn1 path. The rate of establishing the equilibrium cis-2-ethoxy-3-chlorotetrahydrofuran <—l"
K2
trans-2-ethoxy-3-chlorotetrahydrofuran is directly proportional to the pK, value of solvent (in
nitromethane k, = 3-14 min~!, K= 41, in toluene ky =028 min~?!, K= 52). No cis-
trans isomerisation takes place in basic solvents.

In the preceding paper! we studied, amongst other things, the effect of bulkiness
of alkoxy-groups, as well as the effect of polarity of solvents, on the population of
cis- and trans-2-alkoxy-3-chlorotetrahydrofurans which arise in alcoholysis of 2,3-
dichlorotetrahydrofuran. It was possible to follow the effect of both factors simultane-
ously. Using gas-liquid chromatography, it was proved that in the mixture of cis-
and trans-2-alkoxy-3-chlorotetrahydrofuran an equilibrium exists between the two
isomers and one may assume that in some cases the rate at which this equilibrium
is achieved will affect the trans/cis ratio already during the alcoholysis of compound Ia

l ‘ Cl
\0/7R
la, R = Cl Ila,b, R = OCH(CH,;),
Ia,b, R = OC,Hs IVa,b, R = OC(CH3);
a: trans-isomer, b: cis isomer

In the alcoholysis of compound Ia with ethanol in N,N-dimethylformamide, the
ratio IIa/IIb = 0-573, with 1-propanol, IIIa/IHb = 0720, and with tert-butanol

* Part VIII: This Journal 36, 2733 (1971).
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IVa[IVb = 1-61; in acetone I1a[IIb = 0-420, IIla/IIIb = 0-544, and IVa[IVb = 21'5;
in cyclohexane IIa/IIb = 0-352, IIIa/IIIb = 0-420, and IVa/IVb = 629. In the
reaction with ethanol and I-propanol, the trans-/cis-ratio increases with in-
creasing polarity of solvent whereas the alcoholysis of compound Ia with tert-
butanol is not proportional to the polarity of solvent. A more detailed analysis
showed that the ratio IVa[IVb is proportional neither to polarity nor to acidity of the
medium (Ta.blc 1). It is necessary, therefore, to seek an explanation in different course
of alcoholysis of the compound Ia with tert-butanol in the solvents used. In the alco-
holysis of compound I'a with ethanol and 1-propanol, one may assume that the deci-
sive factor will be the solvolytic reaction of compound Ia with these alcohols, and
that the solvent will but little affect the course of alcoholysis. The reaction of com-
pound Ia with tert-butanol will be difficult owing to the bulkiness of the alcohol,
and hence in this case the solvent can play the decisive role. The ratio IVa/IVh
in cyclohexane and tetrachloromethane is comparable with the value of IVa[IVb
(about 6-5) for the alcoholysis of compound Ia with tert-butanol without any solvent®.
The abnormally high values of IVa[IVb (about 21) in acetone, diethyl ether and tetra-
hydrofuran may be explained by complex formation of compound Ia with these

TasLe I
The Effect of Solvents on the Equilibriam IVa = IVb

Solvent: CCl, CgH,, HCON(CHj3), CH;CN CH;NO,

K(IVa[IVb): 663 629 1-61 1-68 2:93

Solvent: CO(CH3), (C,Hy),0 C4HgO CgHg CgH;ClL

K(IVa[IVb): 21°5 215 20-5 3-78 3-62
TasLe IT

The Effect of Solvent on the Relative Rate of Reaction of Compound /a with tert-Butanol and
on the Shift of the C,-Cl Absorption Band in the Spectrum of Ia

Solvent Rel. rate cm™! Solvent Rel. rate cm™!
Cyclohexane 1-0 655 Diethyl ether 32 648
Benzene 1-8 650 Nitromethane 52 647
Acetone 27 653 N,N-Dimethyl- 52 645

formamide
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solvents; this complex affords by Syl mechanism preferentially the trans-isomer,
analogously to other findings®. The lowest values of the ratio IVa/IVb were found
for the reaction in N,N-dimethylformamide, acetonitrile and nitromethane. The ex-
planation of this fact may be found in the interference of these solvents with the
mechanism of the reaction of compound Ia with tert-butanol: these solvents may
enhance the proportion of Sy2 mechanism by orienting their molecules around
the C,—Cl bond. In benzene and chlorobenzene, IVa[IVb values are lower than in
cyclohexane and tetrachloromethane, and therefore we may assume that, in these
solvents, in the course of alcoholysis of compound Ia with tert-butanol a formation
of a m-complex of a-carboxonium jon with aromatic ring takes place. Measurement
of relative rates of the reaction of compound /a with tert-butanol (Table IT) confirms
these assumptions. A study of the effect of solvents on compound [a by means of
infrared spectroscopy revealed a shift of the absorption band of C,—Cl towards
higher wavelengths, which is also in accord with the anticipated effect of solvent on
the reaction centre of the substrate. The rate of establishing the cis- = trans-equili-
brium was followed for compounds I1b and I1a at 100°C, 120°C and 140°C. A similar

TagLg IIT x
The Effect of Solvents on the Equilibrium and Rate Constant of Isomerisation I1b <:>‘ Haat
120°C Kz

Solvent Pk, K ky, min~ ! — AG, kcalmol ™1
Cyclohexane 40 53 0-25 130
Toluene 35 52 0-28 1-29
Acetonitrile 25 51 1-56 1-27
Acetone 20 49 2-28 1-24
Nitromethane 11-0 41 3-14 1-10
Diethyl malonate 80 4-5 6-46 1-17
TABLE 1V

The Effect of Temperature on Equilibrium and Rate Constant of Isomerisation /16 — Ila in Nitro-
methane

1,°C 100 120 140
K 54 41 375
ky, min~! 0-99 314 9:45
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measurement for compounds IVb and IVa was complicated by the fact that the re-
action of Ia with tert-butanol affords in all cases less than 40%; of IVb.

The rate of isomerisation IIb = IIa increases in the presence of sulphuric, hydro-
chloric or a Lewis acid®~* (in the presence of saturated zinc chloride in diethyl ether
the equilibrium was achieved in 10 minutes at 80°C; K = 4'26). The isomerisation
IIb = IIa is faster also in protic solvents (Tablc III); on the other hand, the solvents
of basic character (diethyl ether, tetrahydrofuran, N,N-dimethylformamide, nitro-
benzene) retard or even stop the isomerisation. The drop in the isomerisation rate
in acidic solvents with growing pK, value of solvents has a trend shown in Table III.
On the basis of measured rates of isomerisation IIb = IIa in various solvents, or
without solvent, we tried to comprehend the path of this reaction, making some
simplifying assumptions. (The rate constants were computed for a simple reversible
first order reaction®, disregarding the slow pyrolysis of the starting compound’
or a possible acid-catalysed decomposition of acetals of the tetrahydrofuran series®°.)
In the isomerisation of compound IIb to Ila in nitromethane, the rate constant is
constant for shorter time intervals (k, = 3-14 min~*), however, after 25 minutes
k, = 477 min~%, and after 30 minutes k, = 6:14 min~!; in these intervals the
composition of the reaction mixture is similar to the equilibrium composition, and
probably the rate of the side-reaction — the thermal dealkoxylation — manifests
itself in the calculation of the rate constants under aforementioned simplifying
assumptions. Also the accuracy of equilibrium constant determinations is affected
by the same factors. Despite simplifications and limitations made above we were
able to find the trend of the rate and equilibrium constant dependence on the pK,
value of solvent. Table IV shows the effect of temperature on equilibrium and rate
constant in the isomerisation ITb = IIa in nitromethane. The activation energy of this
reaction, E¥ = 17:46 + 0-29 kcal mol™?, the frequency factor, log 4 = 643571,
and the change of entropy of activation, AS¥ = —29-63 e.u. The compound IIb
isomerises to Ila at 120°C also without solvent, k; = 0-47 min~!, K = 2:6. The
calculated changes of the free enthalpy of isomerisation (Table IIT) correspond to the
values published for isomerisation of 2,5-dialkoxytetrahydrofurans'® and for similar
reactions in the tetrahydropyran series!!, so that the isomerisation IIb = IIa may
be also ascribed to the anomeric effect in these compounds. From Table IV we may
see that the value of equilibrium constant of isomerisation IIb = Ila drops with in-
creasing temperature; thus increase of the energy of the system results in
higher concentration of the less stable cis-isomer in the equilibrium mixture.
It is possible to assume three ways of isomerisation. The thermal decomposition
of compound IIb and retro-addition of ethanol on 2,3-dihydro-4-chlorofuran
would hardly be a possible path for formation of compound Ila, except under
assumption that the electrophilic addition of ethanol on 2,3-dihydro-4-chlorofuran
is a cis-addition. A preliminary NMR study'? of basicity of both oxygen atoms
in molecule by means of complex formation of compounds IIa and IIb with
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phenol has shown that the exocyclic oxygen is more basic than the endocyclic
one, and therefore we need not consider the isomerisation by ring opening and
re-cyclisation. These findings are, besides, in accord with the course of hydrolysis
of 2-alkoxytetrahydrofurans (with the exception of 2-tert-butoxytetrahydrofuran'?);
however, it is possible to assume that the catalytically acting solvent attacks the
exocyclic oxygen under formation of an oxonium ion. The formation of a suitable
solvent shell around the reaction center may, in the extreme, contribute to the forma-
tion of an jon pair and its momentary re-combination into the more favourable
arrangement. The freed alkoxy group is — as the most basic partner — preferred
to the conjugated base of the solvent. This may explain the fact that in the reaction
mixture it was not possible to prove the presence of a tetrahydrofuran derivative
substituted in the a-position with conjugated base of the solvent. When an acid is
used as solvent the conjugated base of which is capable to compete with the alkoxide
ion, a new product occurs in the reaction mixture: using n-butanol as solvent, it was
possible to identify in the reaction mixture — besides compounds IIa and IIb — the
cis- and trans-2-n-butoxy-3-chlorotetrahydrofurans.

EXPERIMENTAL

The analyses were performed on a vapour phase chromatograph Chrom II; the conditions were already described!. Tho
TR-spectra were recorded on a Zeiss UR 10 double beam spectrophotometer in potassium bromide cells of 0.03 e¢m thickness.

Preparation of Starting Compounds

A mixture of c¢is- and frans-2-alkoxy-3-chlorotetrahydrofurans was prepared by a standard
procedure®, Mixture of compounds Jla and I1b, rich in the cis-isomer, was obtained by the alco-
holysis of compound Ja (75 g; 0-5 mol) with a threefold excess of anhydrous ethanol. The arising
hydrogen chloride was neutralised with anhydrous sodium carbonate and the product was puri-
fied by distillation under reduced pressure. The resulting mixture, b.p. 60— 60-5°C/30 Torr, n%,o
1:14437 contained 27% of Ifa and 73% of IIb.

Alcoholysis of Ia in Solvents

To a mixture of tert-butanol (ethanol or isopropanol) (0-029 mol) and a given solvent (0-048 mol)
(Table 1) was added compound Ja (1 ml). To neutralize the hydrogen chloride formed, anhydrous
sodium carbonate (1 g) was added. The reaction was carried out at about 19°C and the crude
reaction mixture was analysed after 48 hours,

The relative reaction rates of compound la with tert-b ! were determined from the ratio
of unreacted fa and the sum of /Va and IVb in the reaction mixture after 30 minutes, using
chlorobenzene (01 ml) as internal standard. The concentration of reactants and solvents was
the same as in the preceding experiment.

Isomerisation Procedure

A mixture of compound Ila (27%) and Ifb (73%;) was mixed with a twofold molar amount of sol-
vent (cyclohexane, toluene, acetonitrile, acetone, nitromethane, diethyl malonate, diethyl ether,
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tetrahydrofuran, N,N-dimethylformamide, nitrobenzene) and with chlorobenzene (0'1 ml)
which was used as internal standard. This mixture was pipetted (0-1 ml) into glass ampoules
which were sealed and thermostated at 120°C (100° or 140°C). At time intervals, the samples
were removed, quenched in solid carbon dioxide and analysed by vapour phase chromatography.

Determination of equilibrium constants: The reaction mixture was heated till constant ratio
Ia|Ilb was achieved, and then analysed by vapour phase chromatography. The equilibrium
constant was determined as the ratio of the peak areas. The equilibrium was approached from both
sides, the required pure trans-isomer was isolated by preparative vapour phase chromatographyl.
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