Tetrahedron Letters No. 44, pp. 3905-3908, 1965, Pergamon Press Ltd,,
Printed in Great Britain,

NEIGHBOURING GROUP EFFECT IN 4-CHLOROBUTANAL
AND 1,1-DIETHOXY-4-CHLOROBUTANE

*
J,P. Ward
‘Unilever Research Laboratory, Colworth House
Sharnbrook, Bedfordshire, England

(Received b September 1965)

A recent publication on the solvolytic cyclisation of 4-chlorobutyro-

1)

phenone and 5~chlorovalerophencne has prompted us to describe related

observations, While preparing 4-chlorobutanal (Ia)a)

and 5-chloropentanal
(Ib)s) by the Rosenmund reduction of 4-chlorobuteroyl chloride and 5-chloro-
valeroyl chloride in xylene we isolated from the former a higher boiling

reaction product, b.p. ll6—ll7°/2 mm, in yields varying from 5-25%, to

which weé assigned the structure 2(4-chlorobuteroyloxy)tetrahydrofuran (II),

C1(CH,) CHO c1(CH2)ncmoc2H5)2

B H

o

Ia n =3 A IIIa n = 3

87 o7 Mooc(en,) 01

Ih n = 4 11T n = 4

II

The IR spectrum of the compound showed 2 strong band near 1130 cm_l

suggesting an ether group, and a carbonyl stretching band at 1750 cm_l.

The proton magnetic resonance svectrum was consistent with the formulation
of the compound as II, A 20% solntion in carbon tetracrnloride showed a one
proton triplet at & < 6.554> (5 = 5 cps) assigned to HA, and two overlapping
triplets at [ 3,63, J = S5 ¢cps, (4 protons) assigned to the —CH2—Cl and

HB protons. There were aitmo a 2 proton (distorted, '"second order") triplet
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at ® = 2,58 (J~6 cps) assigned to the —CHZ—g—O- protons, and a 6 proton
complex centred at about 2,1 accounting for .the remaining hydrogens.

The compound decomposed slightly on distillation, resembling 2-benzoyl-
5,6)

oxytetrahydrofuran y which could not be purified sufficiently for

elemental analysis, )

Compound II could have been formed by nucleophilic attack of an anion Re9
(R = OOC(CHZ)BCI, whose source may be 4-chlorobuty;ic acid or its anhydride
formed from the acid chloride and water, or from the derived aldehyde and

atmospheric oxygen during the Rosenmund reduction7)) on the carbonyl carbon

atom, with ring formation and expulsion of a chloride ion:

g _—> e
RE)‘H \\{:\ o B)Zf:;:js( + Cl

A mechanism similar to this was proposed for the ring closure of 3,4-di-
bromo—-l-phenrl-2~benzyl—2,3-dimethyl-l-butanone with alkalig), but a second
possible mechanism was suggested by the following result, When 1,l-diethoxy-
~4~chlorobutane (IIIa)Z) and 1,1-diethoxy-5-chloropentane (IIIb, b.p.74°/2 mm,
ng?*? 1.4318, found 55.6% C; 9.7% H; 18.0% C1; 43.2% O0C,H,), were hydrolysed
with potassium hydroxide in ethylene glycol, a much greater rate of elimina-
tion of chloride ion from IIIa was observed than from IIIb, The reason for
this differeace may be neighbouring group participation of an ethoxyl group
in IITa, then the intermediacy of a cyclic oxonium ion (IV) of the type V
postulated in the acetolysis of 4-methoxypentyl-p-bromobenzenesulphonate,
This latter reaction led to 4-methoxypentyl-l-acetate and S5-methoxypentyl-—
9)

-2-acetate, i.e. with rupture of both the ring oxygen~to-carbon bonds in V7/,
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In the same way, the formation of II from Ia in the presence of 4-~chloro-—
butyrate ion might proceed via the cyclic oxonium ion VI,

Direct evidence for IV was sought in the products of the reaction. Alkali
hydrolysis of 1,1~diethoxy—4-chlorobutane, however, gave only 1l,l1-diethoxy-
-4-hydroxybutane (90% yield), which was identified by its conversion to the
2,4~dinitrophenylhydrazone of 4-hydroxybhtanallo), without formation of
1,4-diethoxy-l-hydroxybutane or 4-ethoxybutanal. That there was no transfer
of ethoxyl was confirmed in the reaction of sodium acetylide with IIIa and

IIIb in liquid ammonia giving 1,l-diethoxy-5-hexyne (b,p. ?2—74Q/10 mm,

n23.4 1.4275, found 69,7% C; 10.3% H; 52.9% OCZHS) and 1,1-diethoxy-6-heptyne

2
D

unaccompanied by branched chain compounds. The yields were 88% and 73% based

(b.p. 760/5 mm, n 2 1.4292, found 71.,1% C; 11,1% H; 51,3% OCZHS)' which were
on IITa and IITb used up in the reaction, or 65% and 69% without this correc-
tion, after approximately 48 hours, This is in contrast to the apparently
complete transfer of a methoxyl group in the reaction of the dimethyl acetal
of 2,3,5-tri-O-benzyl-4-tosyl-D-ribose with tetra-n-butylammonium benzoate

11)

in N;methylpyrrolidone , where, however, the postulated cyclic oxonium

intermediate may be stabilised by solvation,
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