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Summary. The dienes CHz=C(CH:Ci),CMe=CHz (3), CHCl=CMe.CMe=CH: (4),
CHCl=CMe. CMe = CHCI (14), and CHCl= C(CH2Cl). CMec = CH2 (21) have been synthesised
via chlorination of 2,3-dimethylbuta- 1,3-dienc. Copper-catalysed addition of benzenesulphonyl
chloride to 2,3-dimethylbuta-1,3-diene and diene (3) gives the 1,4-adducts PhSO2. CHz2. CMe =
CMe. CH2Cl and a mixture of PhSO2.CH2.C(CH2Cl)-CMe.CH2Cl and PhSO2. CH2 . CMe=C
(CH2Cl)2, respectively. Dehydrochlorination of the former adduct gives the diene PhSO2CH =
CMe.CMe = CH2 which polymerises in air. Dienes (4) and (21) form Diels-Alder adducts with
tetracyanoethylene.

Chlorination of diene (14), is surprisingly accompanied by addition of hydrogen chloride and
gives the compounds CHCl2.CCIMe.CCiMe.CH2Cl and CHCl.CCI(CH2CI). CCIMe.CH2Cl. The
dichloride CH2Cl. CMe =CMec. CH2Cl reacts with an equimolar amount of bromine by addition,
but with an excess of bromine the products are CH2Br.C(CH2Cl) = C(CH2C1).CHzBr{(89%) and
(CH2Br)2C = C(CH2Cl).CH2Br (6%). Unexpected substitutive bromination is observed on treat-
ment of the trichloride (CH2CI)2C=CMe.CH2Cl with bromine to give (CH:Cl);

C=C(CH:2Cl).CH:Br (95%).

Introduction

Althoguh the chlorination of 2,3-dimethyl-
buta-1,3-diene (1) was reported [2] originally to
give (E)-1,4-dichloro-2,3- dimethylbut-2-one (2) as
the only identified product. More recent work in
this department has shown that a variety of
products are formed [1].

Further investigation of the chlorination of
diene (1) has been carried out to obtain precursors
to various chloro-1,3’-dienes. The dienes were then
prepared and certain of their reactions were inves-
tigated.

Chlorination of Diene (1)

Further products were isolated and identified
from the chlorination and the results obtained are
compared (Table 1) with those reported pre-
viously.

In experiment 2 the products were worked up
immediately after the addition of chlorine was com-
pleted. This could account for the detection and
isolation of the kinetically favoured 1,2- dichloride
(5), since it would be expected to rearrange to a

Tablc 1: Chlorination of dicnc (1) at -20°C with a
solution of chlorine in carbontetrachloride (2H)

Experiment  Reco-
vered

@,
m 3@ G o "N ®
%)

Produgts

1? 67 51 1 47
2P 43 16 5 48 trace 55 10

*In order of increasing g.l.c. retention time. * Tentatively
identified on the basis of an almost identical mass spectrum to
that of compound (7).
previous work[1]

present work

CH, = CMe - CMe = CH,
™ Me/
2
CH, = C(CHCI) - CMe==CH,  CHCl = CMe - CMe = CH,
3) @
CH, =CMe . CCIMe . CH,C1  CH, = CMe - CCI(CH,CI),

® )

*To whom all correspondance should be addressed.
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CH, = C(CH,Cl) . CCIMe
@

« CH,Cl (CH,CI),C =CMe » CH,Cl
®

large extent on storage to the thermodynamically
favoured 1,4-dichloride (2) especially in the
presence of hydrogen chloride formed by substitu-
tive chlorination. Dichloride (5) has been prepared
previously by treatment of diene (1) with iodoben-
zene dichloride [3].

The yields of dichloride (2) from the two ex-
periments were the same, but the yield of
monochloride (3) was much lower in experiment 2
which indicated that it was probably the main
precursor to the trichlorides (6), (7), and (8) as
shown in Scheme 1.

However, dichloride (2) could also have
reacted further to give the trichlorides and so its
chlorination in CH2Cl; at room temperature was
investigated. This gave trichloride (7) (84%), com-

@ Br, CHLL, CH,C1 = CBrMe = CBrMe - CH,C1
98%
an
pound (9) g 0%) and five minor components

(GL.C. and "H N.M.R.). However, fractional dis-
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tillation of the reaction mixture at reduced pressure
gave unchanged (2) (4% recovered), (6) (7%)
(10%), (8), (60%) and (9) (10%) which showed
that the initial major product (7) had undergone
thermal isomerisation to (8). This ready thermal
isomerisation was confimred in a separate experi-
ment and the equilibrium ratio [(8): (9)] was found
to be 98:2 at 105°C.

Compounds (7) and (9) are probably formed
as shown in Scheme 2.

Freparation of chlorinnated 1,3-Dienes
(a) 1,4-Dichloro-2 3-dimethylbuta-1,3-diene (10).

The diene has been prepared previously by
the route shown [equation (E1)] [1].

In the present work treatment of (2) with an

equimolar quantity of bromine in carbon
KOHheat CHCl = CMe = CMe =CHCI
96% a0

tetrachloride under reflux (2h) gave meso-(11)
(95%). However, the same ratio of reactants when

........... ct C]’ crmmm -
(CH,(N),C = CMe = CH, Cil, =C ~CMe -~ CH,O1
cnza
/}y\‘c//' W
@
rearrangement rearrangement
(Scheme 1)

c* & H* isomerisation
) — CH,C1 = CCIMe = CMe =~ CH),Cl ——— 3 (7) » (8)

Cl* + H+
(2) ———— CH2CI - CMe - CCI(CHZCI)Z — CH2 = C(CH2CI) - CC](CH2C1)2

allylic
rearrangement

(CH,CD,C = C(CH,Cl),
)

(Scheme 2)
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(11)

Jour.Chem.Soc.Pak. Vol. 14, No. 1,1992 37

~m~ CH, = C(CH,C1) = CBtMe —~ CH,Cl

CH,Br = CBr(CH,Cl) ~ C(CH,Cl) = CH, ~at——

allylic
Br shift

CH,Br =—C(CH,Cl) = C(CH,Cl) - CH,Br

a12)

allylic
Br shift

CH,Br ~= C(CH,Cl) = CMe ~ CH,Cl

Br

(CH3Br),C =CMe = CH,Cl

Br, |- HBr

]
(CH,Br),CBr — C(CH,CI) = CH,

Br
allylic
Br shift
Y
(CH,Br),C = C(CH,Cl) - CH,Br
(Scheme 3) a3

heated under reflux (1h) and then treated with a
further equimolar quantity of bromine (1h) af-
forded 1,4-dibromo-2,3-bis (chloromethyl)but-2-
ene (12) (89) and 1,4-dibromo-2-bromomethyl-3-
chloromethyl but-2-ene (13) (6%). The latter com-
pound has been made previously (47%) by
bromination of diene (3) [1].

The unexpected products (12) and (13) are
considered to arise via attack on dibromide (11) by
bromine acting as a Lewis acid as shown in Scheme
3.

Dehydrobromination of dibromide (11) with
powdered potassium hydroxide in vacuo at 80°C,
with the product being collected as it formed, gave
mainly 3-bromo-1,4-dichloro-2,3-dimethylbut-2-ene
(14) [6H 629 (1H, = CHCI), 392 (2H, AB,
CHCl) and 2.00 and 1.96 (6H, 2CH3)].

Dehydrobromination of tetrahalide (15)
under comparable conditions had previously given
the isomeric trihalogenoalkene (16) [5).

CHCl=CMe.CXMe.CH2Y CH2C1.CBrMe.CCl.Me¢.CH2Br
(149) X=Br, Y=l (15)
(16) C=Cl, Y=Br

However, when compound (12) was refluxed
at low pressure (50 mgh) over an excess of pow-
dered potassium hydroxide, the product was diene
(14) (97%) as a mixture of the (E.E)- and (EZ)-
isomers, respectively in the ratio 5:1; the (Z.Z)-
isomer was not detected.

(b) I-chloro-2,3-dimethylbuta-1,3-diene (4)

It has been reported that treatment of either
3,4-dichlorobut-1-ene or 1,4-dichlorobut-2-ene with
powdered potassium hydroxide at 90°C afforded 1-
chlorobuta-1,3-diene in good yield [6]. In the
present work treatment of the 3,4-dichloride (5)
with powdered potassium hydroxide at 85°C (ca. 40
mmHg, 1h) gave diene (4) (35%) as a mixture of
two isomers in the ratio 1:13 while similar treatment
of the 1,4-dichloride (2) afforded unchanged (#))
(51% recovered) and diene (4) (100%) as mixture
of the same isomers in the ratio 1:70.

The (E) and (Z) isomers of compound (4)
have been prepared previously in reasonable yield
(50) by reaction of the diazo compound (17) with
mercury (1) iodide [7].

CHCl= CMe.CHMe.CHN?
a7
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The LR. and 'H-NMR spectra of a major
isomer prepared in the present work were identical
to those reported [7] for the (E)-isomer.

(c) 1-Chloro-2-chloromethyl-3-methylbuta-1,3-diene
(18) and I-chloro-3-chloromethyl-2-methylbuta-1,3-
diene (19)

: Separate treatment of the trichloride (8) and
‘a mixture of the trichloride (7) and (8) with pow-
dered potassium hydroxide at 100°C under reduced
pressure gave recovered trichloride (13% and 20%,
respectively) and a mixture (99% and 88%, respec-
tively) of three of the four possible isomers of
dienes (18) and (19) in the ratio 1:1:15.

a H
\ , CHC \ , CHCl
/C = C\ C= C\
Ve
H C = CH =
, 2 Cl /C CH,
Me Me
(18a) (18b)
a H
\ / Me P Me
/C = C\ , C= C\
CIH,C CIH,C
(19a) 19b)

On steric grounds, the major product would
be expected to be the (Z)-isomer (18a) or the (E)-
isomer (19a) with the chlorine trans to the alkene
grouping CHz =C(CH2X) (X=H or Cl) as found
for the synthesised major isomers of dienes (4) and
$10); this was confirmed by the low field = CHCI
H-NMR absorption (4 6.38), cf (4a) 6 6.18 and
(10) & 6.22. The 'H-NMR spectrum of the Diels-
Alder adducts of the diene mixture with
tetracyanoethylene (see later) indicated that the
major diene had structure (18) and so it is iden-
tified as the (Z)-isomer (18a). The two minor
isomers are probably the corresponding (E)-diene
(18b) and the (E)-diene (19a).

Reactions of the chlorodienes
(a) With benzenesulphonyl chloride

The copper-catalysed additions of alkane-
and arene-sulphonyl chlorides to olefine to give 1:1
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adducts [8.9] has been extended to the reaction of
benzenesulphonyl chloride with 1,3-dienes [8,10]
and conjugated trienes [10]. With 1,3-dienes, in-
cluding buta-1,3-diene and 2-methylbuta-1,3-diene,
it was observed that 1,4-adducts were formed and
anti-addition via initial benzenesulphonyl radical
attack was postulated [8,10].

In the present work the reaction between
diene (1) and benzenesulphonyl chloride in
acetonitrile in the presence of copper (1) chloride
and triethyl-ammonium chloride at 90°C was first
investigated. This gave 1-(benzenesulphonyl)-4-
chloro-2,3-dimethylbut-2-ene (20) (92%) and the
following modifled version of the original postu-
lated mechanism is proposed.
PhSO2C1 + CuCl PhSO2. + CuClz

PhSO2.CH2.CMe = CMe.CH2

PhSO2 +(1)
CuCl2
PhSO2.CH2.CMe = CMe.CH2Cl + CuCl

(209)

The 'H-NMR spectrum of the sulphone (20)
showed quartet splitting (/ 1.5 Hz) for the two
methyl groups indicating that they were cis and that
the product is probably the (Z)- isomer.

Triethylamine in benzene has been used suc-
cessfully for elimination of hydrogen chloride from
such 1,4-adducts to give 1-(benzenesulphonyl)-1,3-
dienes [8]. Treatment of adduct (20) with
triethylamine (1:1 molar ratio) in toluene at 0°C
gave triethyl- ammonium chloride (96%) and a
white crystalline compound (92%) which, on
storage overnight, changed to an elastomer iden-
tified as poly [1-(benzenesulphonyl)-2,3-dimethyl-
butadiene]; the initial white crystalline product is
therefore considered to be diene (21). The
polymerisation may have been initiated by atmos-
pheric oxygen or by traces of tricthylmine in the
monomer.

The reaction of diene (3) with benzenesul-
phonyl chloride uder similar conditions gave a mix-
ture of the two 1,4-adducts (22) (28%) and (23)
(17%).

PhSO2CH = CMe.CMe = CH2
(21)

PhSO2.CH2.C(CHzCl) = CMe.CHzCl
(22)

PhSO2.CH2.CMe = C(CH:Cl)2
(23
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This result is consistent with previous obser-
vation that PhSO; radical attack is favoured at the
more electron-rich double bond of a diene [8].

Attempted reaction of diene (4) with ben-
zenesulphonyl chloride under comparable condi-
tions gave an intractable black tar.

(b) With tetracyanoethylene

Reaction of buta-1,3-diene or diene (1) with
tetracyanocthylene (TCNE) is reported to occur
readily in acetone as solvent at 0°C to give the cor-
responding Diels-Alder adducts in good yield [11].
However, reaction involving diene (3) gave the 1:1
adduct (24) of acetone and TCNE [12] (76%)
which indicates that substitution of a CH3 group by
a CH2Cl group markedly deactivates the dienc
towards Diels-Alder adduct formation. When the
reactants were heated in benzene at 80°C the ad-
duct (25) (75%) was obtained. Under similar con-
ditions the dienc (18) or (19) gave an adduct
(90%), the 'H-NMR spectrum of which showed
multiplet splitting for the CHCl absorption while
the CH2Cl group appeared as an AB pattern (J 9.4
Hz) with further splitting; a singlet methyl absorp-
tion and a ring methylene (dd) absorption were also
present. The AB pattern for the CH2Cl absorption
indicates that it is close to an asymmetric centre
and this is confirmed by the observed coupling be-
tween the CHCl protons and the methine proton.
This is strong evidence for the adduct having struc-
ture (26) formed from diene (18), rather than the
alternative structure (27) arising from dienc (19).

Attempted reaction of diene (4) with TCNE
under the same conditions gave unchanged 4)
(45% recovered), unchanged TCNE (49%
recovered) and an intractable black solid residue.

Cr
—_——

"

CHCI, — CCIMe = CMe = CHCI

J1a

CHCI; = CCIMe ~ CCIMe= CH,CI

(10

(28)
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CH(CN)2.C(CN)2.CH2.CO.CH3 q
(24)
CIH,C CN
CN
CN
Me CN
(25)
CIH,C CN
CN
CN (@]
Me CN Me CN
(26) CN
CN
CIH,C CN
(V1))

Diene (10) under the same conditions gave un-
changed TCNE (100% recovered).

The reluctance of dienes (4) and (10) to give
adducts with TCNE is surprising in view of the suc-
cessful reaction with dienc (18).

(c) Miscellaneous reactions

Chlorine gas when bubbled slowly into a solu-
tion of diene (10) in carbon tetrachloride gave 1,1,
2,3,4-pentachloro-2,3-dimethylbutane (28) (34.5%),
a 1:1 mixture of erythro-and threo-1,1,2,3 4-penta-
chloro-2-chloromethyl-3-methylbutane (29) (33%)
and higher-boiling material.

?

The formation of these products in high yield
was unexpected since they arise via addition of
hydrogen chloride. Minor products only arising
from hydrogen chloride addition were observed in
the reaction of diene (1) with chlorine gas [1]. Com-
pound (28) and (29) are probably formed as shown
in Scheme 4.

(-HY
————=  CH, = C(CHCl) = CMe = CHCI

(30

CHCl, = CCI(CH,CI) = CMe = CH,CI

J1a

CHCl, = CCICH,CI) = CCIMe =CH,Cl
(29)

(Scheme 4)
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Insufficient hydrogen chloride is produced in
the formation of intermediate (30) to account for
both products (28) and (29) and so it is proposed
that further substitutive chlorination, e.g. of (30) oc-
curs, and that such intermediates undergo further
chlorination to give the observed higher-boiling
material.

The bromination of trichloride (88) was also
investigated since the expected dibromide (31) was
a precursor to 1,4-dichloro-2-chloromethyl-3-me-
thylbuta-1,3-diene (32) i.e.

Brz
()] (CH2C1):CBr.CMeBr.CH2Cl
KOH 31)
€HCl= C(CH2CI1).CMe = CHCl
(32

However, treatment of alkene (8) with a slight

excess of bromine in dichloromethane under reflux
gave the tetrahalide (35) (95%) formed by substitu-
tive bromination, i.e.

Br*

+
(8) —— 3 (CH,CI),CBr = CMe = CH,Cl

This result was unexpected and in marked
contrast to the straight forward addition of bromine
across that double bond of dichloride (2).

Experimental

The techniques used were as described pre-
viously [5], except that for G.L.C. a Pye 104 instru-
ment was employed with columns (2 or 4 m) packed
with Apiezon L grease (APL), polythylene glycol
adipate (PEGA), or Silicone oil SE30 (10% by
weight) on Celite.

Chlorination of 2,3-dimethylbuta-1,3-diene (1)

A solution of chlolrine (35.0 g, 0.49 mol) in
carbon tetrachloride (300 cm”) was added slowly
(2h) to a stirred solution of the dlenc (50.0 g, 0.61
mol) in carbon tetrachloride (300 cm 3) maintained
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at - 20°C. Removal of the solvent and unreacted
diene (21.9 g, 0.26 mol, 43% recovered) gave a
higher- boiling residue (59.5 g) which, on a distilla-
tion at reduced pressure through a spinning-band
column, yielded (i) 2-chloromethyl-3-methylbuta-
1,3-diene (3) (6.0 g, 52.0 mmol, 15%), b.p. 30-32°C
at 10 mmHg (lit., [1] 25-27°C at 9 mmHg), (ii) a
mixture (0.98 g), b.p. 32-60°C at 10 mmHg, of (3)
(043 g, 36 mmol, 1%) and 3,4-dichloro-2,3-
dimethylbut-1-ene (5) as shown by i.r. spectroscopy
and g.l.c. 2m APL at 150°C), (iii) (5) (2.08 g, 17.7
mmol, 5%) (Found: C, 46.8; H, 6.6; Cl, 46.6. Calc.
for C¢H10Cla: C, 47.0; H, 6.6; Cl, 46.3%), b.p. 60-
62°C at 10 mmHg, which was identified by a com-
parison of its 'H-NMR spectrum with that reported
[7] (iv) trans-1,4-dichloro-2,3-dimethylbut-2-ene (2)
(255 g, 0.167 mol, 48%), b.p. 74-76°C at 10 mmHg
(lit [1] 70-71°C at 10 mmHg), m.p. 32-34°C, (v) a
mixture (7.46g, 39.7 mmol, 11%) (Found: C, 38.9;
H, 4.9; Cl, 576.2. Calc. for C¢HyCl3; C, 38.4; H, 4.8;
Cl. 56.8%), b.p. 86-88°C at 3 mmHg, of two com-
ponents in the ratio 1:1 (G.L.C. 2M APL at 150°C)

.H’
—_—

(CH,C1),CBr = C(CH,Ch) = CH,
allylic
bromune shift

(CH,C1),C = C(CH,Br) = CH,Cl
(33)

identified by 'H-NMR spectroscopy as 3,4-
dlchloro-Z-chloromcthyl-S-methylbut-1 ene @)
(3.73 g, 19.8 mmol, 5.5%); 'H-NMR & 5.73 (1H, s,
CH=), 553 (1H, s, CH=), 428 (2H,s, CHzCl),
3.88 (2H, AB, CHAHBCI, JaB 13 Hz), and 1.87
(3H, s, CH3) p.p.m, m/z 190, 188 and 186 (7%,

M), and 79 (100%, CeH7 *), and 1,4- dichloro-2-
chloromethyl-3-methylbut-2-ene (8) (3.73 g, 19.8
mmol, 5.5%), (vi) 1,4-dichloro-2-chloromethyl-3-
methylbut-2-ene (8) (6.95 g, 37.9 mmol, 10.5%)
(Found: C, 38.8; H, 5.0; Cl, 57.0. C¢H9Cl3 requires
C 38.4; H, 4.8; €1, 56.8%), b.p. 84-86°C at 2 mmHg;
TH.NMR & 429 (2H, s, CHxCl), 427 (2H, s,
ChzCl), 4.15 (2H, s, ChoCl), 4.15 (2H, s, CHzC),
and 1.98 (3H, s, CH3), m/z 190, 188 and 186 (28%,

M), and 39 (100%, C3H3 +), and (vii) a black
solid residue (9.63 g).
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Thermal isomerisation of a mixture of 3,4-dichloro-2-
chloromethyl-3-methylbut-1-ene (7) and 1,4-
dichloro-2- chloromethyl- 3-methylbut- 3-methylbut-
2-ene (8)

An equimolar mixture of the two dichlorides
was sealed in an NMR tube and heated at 105°C.
Thc reaction was monitored by examination of the

TH-NMR spectrum at regular intervals. A gradual
disappcarance of the bands assigned to the but-1-
ene was observed and after a period of 362h the
ratio of the but-2-ene (8) to but- 1-ene (7) was 98:2;
this ratio was unchanged after heating for a further
113h at 105°C.

Chlorination of 1,4-dichloro-2,3-dimethylbut-2-ene
(2)

Dry chlorine gas was slowly passed into a
solution of the dichloride (6.33 g, 41.3 mmol) in
dichloromethane (50 cm®) at room temperature (90
min). Removal of the solvent at reduced pressure
(70 mmHg) at room temperature gave higher-boil-
ing material (8 13 g) which was shown by G.L.C.
(2M APL at 150°C) to contain one major (ca. 84%)
and several minor components. The major com-
ponent was identified as 3,4-dichloro-2-chloro-
methyl-3-methylbut-1 -enc (™) (ca. 6.5, g, ca. 34.6
mmol, ca. 84%) by 'TH-NMR spectroscopy. In an
attempt to obtain a pure sample of compound (7)
the mixture (6.90 g) was distilled at reduced pres-
sure to give the following fractions all of which were
examined by g.l.c. (2m SE30 oil at 170°C); (i) a mix-
ture (2.70 g), b.p. 40-76°C at 1 mmHg, of un-
changed dichloride (2) (024 g, 1.5 mmol, 4%
recovered), a trichloride CsHyCl3, tentatively iden-
tified as 3,4-dichloro-3- chloromethyl-2-methylbut-
1-ene (6) (0.45, g, 2.4 mmol, 7%) by G.L.C. - mass
spectrometry; m/z 190, 188, and 186 (9%, M™),
154, 152 and 150 [55% (M-HCI) *] 141, 139 and 137
[27%, (M-CH2CI) *1, 118 and 116 [35%, (M-CL2) *
117 and 115 [25% (M-HCL)*] and 79 (100%,
CeH7 *), 3,4-dichloro-2-chloromethyl-3-methylbut-
1-ene (7) (0.68 g, 3.3 mmol, 10%), and 1,4-dichloro-
2-chloromethyl-3- methylbut-2-ene (8) (1.36 g, 7.2
mmol, 20%) in the ratio 1.0:1.5:2.1:4.5, (ii) (8) (2.52
g, 13.4 mmol, 38%), b.p. 74-76°C at 1 mmHg (iii) a
mixture (0.44 g), b.p. 76-78°C at 1 mmHg of a solid
and a liquid which was filtered to afford a filtrate of
(8) (0.14 g, 9.74 mmol, 2%) and crystals of 1,4-
dichloro-2,3- bis(chloromethyl) but-2-ene (9) (6.30
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g 1.3 mmol, 4%), m.p. (from petroleum ether (b.p.
40-60°C)] 108-110°C (lit. [1] 106- 108°C), and (iv) a
residue (1.36 g) b.p. 78°C at 1 mmHg which was
washed with acetone and filtered to give (9) (0.50 g,
2.2 mmol, 6%).

Reaction of trans- 1,4-dichloro-2, 3-dimethylbut-2-ene
(2) with bromine

(a) Experiment 1

To a solution of the alkene (2) (2 52 g 164
mmol) in carbon tetrachloride (100 cm’) was slowly
added bromine (3.20 g, 20.0 mmol) and the resul-
tant mixture was heated under reflux (2h). The sol-
vent was removed under reduced pressure (ca. 76
mmHg) and the resultant mixture (5.54 g) of liquid
and solid was filtered and the solid recrystallized
from petroleum ether (b.p. 60-80°C) to afford 2,3-
dibromo-1,4-dichloro-2,3-dimethylbutane (11) (4.84
g 15.4 mmol, 95%), m.p. 110-113°C (lit., [1] 109-
110°C).

(b) Experiment 2

To a solution of the alkene (2) (223 g 145
mmol) in carbon tetrachloride (100 cm?) heated
under reflux was slowly added (1h)( a solution of

‘bromine (2 34 g, 14.6 mmol) in carbon tetrachloride

(200 cm?). A further amount of neat bromine (1.76
g, 11.0 mmol) was then added and heating was con-
tinued (1h). Removal of the solvent and unreacted
bromine at reduced pressure (ca. 70 mmHg) gave a
mixture (5.04 g) of solid and liquid. The solid was
filtered and recrystallized from pletroleum ether
(b.p. 60-80°C) to afford (i) colourless crystals of
1,4-dibromo-2,3-bis (chloromethyl) but-2-ene (12)
(4.02 g, 12,9 mmol, 89%) (Found: C 23.4; H, 2.6; Cl,
22.8; Br, 49.1. Calc. for C¢HgBr2Cly: C, Bl H, 2.5;
Cl, 22.8; Br, 51.4%), m.p. 123-5°C, the H-NMR
and mass spectra of which were comparable to
those reported previously [1] and (ii) a filtrate (0.9
g) which, on storage, slowly deposited colourless
crystals of 1,4-dibromo-2-bromomethyl-3-chlorom-
ethylbut-2-ene (13) (0.032 g, 0.90 mmol, 6%)
(Found: C, 20.5; H, 2.3; halogen 77.5% Calc. for
CsHsBr3Cl: C, 20.2; Cl, 10.0; Br, 67.5%), m.p.
(from petrol? 132-134°C [lit., [1] m.p. (capillary)
136-138°C], 'H-NMR 3 4.20 (2H, s, CHCl) and
4.14 (6H, s, 3CH2Br) p.p.m.; the LR and mass
spectra were in agreement with those reported [1].



42 Jour.Chem.Soc.Pak. Vol. 14, No. 1, 1992

Preparation of 1,4-dichloro-2,3-dimethylbuta-1,3-
diene (10)

2,3-dibromo-1,4-dichloro-2,3-dimethylbutane

(11) (5.59 g, 7.8 mmol) was intimately mixed with an
excess of powdered potassium hydroxide (16 g) and
the reaction mixture was heated to 80°C under
reflux at reduced pressure (ca. 50 mmHg) under
nitrogen (3H). The reaction flask was maintained at
80°C for a further period (3h) while the products
were collected at 196°C in vacuo. The resultant
material was dried (molecular sieve type 4A, 24h)
and was identified as 12,4-dichloro-2,3-dimethyl-
buta-1,3-diene (10) (2.60 g, 17.21 mmol, 97%)
(Found: C, 47.5; H, 53; 460 Cale. for C¢HsCly; C,
47.6; H, 5.2; Cl. 47, 0%), the 'H-NMR spectrum and
gl.c. (2m APL at 150°C) showed the presence of
two isomers in the ratio 1:5. The major isomer was
separated by G.L.C. (3m SE 30 oil at 120°C) and
was identified as (E,E)-1,4-dichloro-2,3-dimethyl
buyta-1,3-diene (10) (2.10 g, 13. 9 mmol, 81%)
(Found: C, 47.5; H, 5.5; Cl, 46.9%), 'TH-NMR 3 6.22
(1H, complex, CHCI;) and 1.98 (3H, complex Me),

ppm m/z 154, 152 and 150 (100%, M *) and 117 and
115 [72%, (M-CI) *], U.V. (hexane) Amax 240 (e 30,
300) and Ainit, 237 (¢ 30, 200) nm. The minor isomer
could not be obtained pure but was identified as
(E,Z2)-1 4—d1chlor0-2,3-d1methylbuta-1 3-diene (10)
{0.50 g, 3.31 mmol, 16%) by its 1H.NMR spectrum:
4 6.06 (1H, complex, CHCI), 5.81 (1H, complex,
CHCI) and 1.95 (6H, complex, 2Me) p.p.m.

Preparation of 1-chloro-2-3-dimethylbuta-1,3-diene
4

A mixture of 3,4-dichloro-2,3-dimethylbut-1-
ene (5) (3.90 g, 25.4 mmol) and powdered potas-
sium hydroxide (10 g) was heated under reflux (ca.
85°C at reduced pressure (ca. 40 mmHg, 1h). A
further amount of powdered potassium hydroxide
(10 g) was then added and heating was continued
(2h). The volatile product was dried (molecular
sieve type 4A) and was identified as 1-chloro-2,3-
dimethylbuta-1,3-diene (4) (2.82 g, 24.2 mmol,
95%) (Found: C 62.0; H,. 8.0; Cl, 30.1. C¢HoCl re-
quires C, 61.8; H, 7.8; Cl, 30.40%); Amax (hexane)
227 (e 12,420) and 234 (¢ 13,300) nm, m/z 118 and
116 (77%, M™*) and 81 [100%, (M-C1)*}; G.L.C.
(2m APL at 120°C) showed the presence of two
isomers in the ratio 1:13 assigned to the (Z) ‘and
(E)-isomers, respectively, and the 'H-NMR
spectrum was in agreement with those reported for
two isomers [7].
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A second reaction using a mixture of 1,4-
dichloro-2,3-dimethylbut-2-ene (2) (103 g 673
mmol) and powdered potassium hydroxide (30 g)
which was heated (3h) under reflux at reduced
pressure (ca. 18 mmHg) gave unchanged starting
alkene (2) (5.28 g, 34.6 mmol, 41% recovered) and
a mixture of (Z)- and (E)-1-chloro-2,3-dimethyl-
buta-1,3-diene (4) (3.80 g, 32.6 mmol, 99%) in the
ratio 1:70 (G.L.C,, as before).

Reaction of 1,4-dichioro-2-chloromethyl-3-methyl-
but-2-ene (8) with bromine

A mixture of the olefin (8) (298 g, 15.8
mmol), bromine (2. 69 g, 168 mmol),
dichloromethane (150 cm’), and lithium bromide
(0.1 ) was heated under reflux (5h). Removal of the
solvent and excess of bromine under reduced pres-
sure (ca. 70 mmHg) gave a solid which was recrys-
tallized from petroleum ether (b.p. 40-60°C) and
identified as  1,4-dichloro-2-bromomethyl-3-
chloromethylbut-2-ene (33) (530 g, 153 mmol,
95%) (Found: C, 27.1; H, 2.9; Cl, 39.8; Br, 30.1.
CsHgBrCl3 requires C, 270 H, 3.0; Cl, 39.0; Br,
30.0%), m.p. 117-118°C, 'H-NMR (10% solution in
CCL) 421 (6H, s, 3CH3Cl) and 4.00 (2H, s,
CH2Br) p.p.m., m/z 270, 268, 266 and 264 (19%

M), 191, 189, 187 and 185 [48%, (M-Br )], and
153, 151 and 149 100% [(M-HBrCl) *].

Reaction of 1,4-dichloro-2-chioromethyi-3-methyi-
but-2- ene(8) with potassium hydroxide

A mixture of the alkene (8) (1.65 g, 8.8 mmol)
and an excess of powdered potassium hydroxide
(5.0 g), slowly heated to 100°C (90 min) under
nitrogen at reduced pressure (15 mmHg) and main-
tained at this temperature (90 min), gave un-
changed alkene (0.22 g, 1.1 mmol, 13% recovered)
and a lower boiling fraction (1.15 g, 7.6 mmol, 99%)
(Found: C, 47.3; H, 5.3; Cl, 47.2. Calc. for CsHsCl2;
C, 474; H, 52; Cl, 47.0%) which was dried
(molecular sieve type 4A) and shown by gl.c. (2m
APL at 120°C) mass spectrometry to consist of
three of the four possible isomers of 1-chloro-2-
chloromethyl-3-methylbuta-1,3-diene and 1-chloro-
3-chloromethyl-2-methylbuta-1,3-diene in the ratio
1:1:15. The major isomer was separated by G.L.C.
and was tentatively ideatifed as (Z)-1-chloro-2-
chloromethyl-3- methylbuta-1,3-diene (18a) (1.02 g,
6.8 mmol, 87%) (Found: C 47.4; H, 5.4; Cl, 47.2%)
Amax 5.18 and 6.25s (conj. C C str.) gm, Amax
(hexane) 235 (¢ 14,100) nm, '"H-NMR ¢ 6.38 (1H,
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m, CHCL), 532 (2H, m, : CHy), 4.20 (2H, s,
CH,Cl), and 198 (3H, 5, CH3) p.p.m, m/z 154, 152
and 150 (100%, M* ), 117 and 115 and 79 (9%,
CeH7 ).

A second experiment in which a mixture of
3,4-dichloro-2- chloromethyl-3-methylbut-1-ene (7)
(033 g 176 mmol) and 1,4dichloro-2-
chloromethyl-3-methylbut-2-ene (8) (297 g, 158
mmol) was treated with an excess of powdered
potassium hydroxide (10 g) at 100°C (as before)
gave unchanged alkene (0.67 g 3.57 mmol, 20%
recovered) and a mixture (2.10 g, 13.9 mmol, 99%)
of the same diene isomers in the ratio 1:1:15.

Reaction of 2,3-dimethylbuta-1,3-diene (1) with
benzenesulphonyl chloride

A mixture of the diene (1) (13.8 g, 0.168 mol),
freshly distilled benzenesulphonyl chloride (29.8 g,
0.168 mol), and acetonitrile (6.8 g, 0.158 mol) was
efficiently stirred and heated at 90°C (90 min). The
reaction mixture was cooled (ca 5°C). Pre-cooled
(ca., 5°C) methanol (80 cm’) was added and the
resultant mixture was filtered. Removal of the bulk
of the methanol from the filtrate at reduced pres-
sure (100 mmHg) followed by filtration afforded a
solid which was recyrstallized from ethanol to give
colourless crystals of 1-(benzenesulphonyl)-4-
chloro-2,3-dimethylbut-2-ene (20) (40.0 g, 0.154
mol, 92%) (Found: C, 55.4; H, 5.8; §, 12.2; Cl, 13.7.
C12H15DOCI requn’es C, 55.7; H, 5.8; §, 12.4; Cl,
13.7%), m.p. 82-4°C 'H-NMR & 7.60 (SH, mult,
CeHs), 3.95 (2H, s, CH2S03), 3.74 (2H, s, CH2Cl),
191 (3H, s, MeC.CH2, J 1.3 Hz), and 1.35 (3H, s,
Me CCHzCl, J 1.3 Hz) p.p.m.,, m/z 223 [4% (M-
Cl)*}, 119 and 117100, (M-PhSO2) *].

Reaction of 1-(Benzensulphonyl)-4-chloro-2,3-
dimethylbut-2- ene (20) with triethylamine

A solution of the atkene (20) (5.28 g, 20.4
mmol) in toluene (50 cm3) was treated with
triethylamine (2.10 g, 20.7 mmol) at 0°C and the
mixture was stirred at room temperature (70h). The
resulting material was filtered to give triethylam-
monium chloride (2.74 g, 19,9 mmol, 96%) and the
toluene and excess of amine were removed from the
filtrate in vacuo at room temperature. This aforded
a white crystalline residue which changed overnight
in air into a rubbery material identified as poly [1-
(benzenesulphonyl)  (-2,3-dimethylbuta-1,3-dicne]
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(420 g, 92%) [Found: C, 64.8; H, 6.4; S, 142
(C12H14802)n requires C 64.8; H, 6.3; S, 14.4%],
m.p. 150°C.

Reactions of 2-chloromethyl-3-methylbuta-1,3-diene
(3) with benzenesulphonyl chloride

A mixture of the diene (3) (224 g, 19.2
mmol), benzensulphonyl chloride (3.42 g, 19.2
mmol), cuprous chloride (0.024 g, 025 mmol),
tricthylammonium chloride (0.033 g, 0.24 mmol),
and acetonitrile (0.87 g, 21.0 mmol) was heated at
90°C (2.5 b) during which time the colour of the
solution changed from bright yellow to orange and
then to brown. Treatment of the resultant solution
with ethanol (10 cm3) failed to precipitate any solid.
The ethanolic solution was then washed with water
(50 cm3) and extracted with chloroform (50 cm3).
Removal of the chloroform under reduced pressure
(ca. 20 mmHg) afforded a dense liquid (5.20 g)
which partially solidified on storage at room
temperature (12 h). The solid was filtered, was
recrystallized from benzene-petroleum ether (b.p.
60-80°C), and was identified as a mixture (2.53, 8.63
mmol, 54%) (Found: C, 49.2; H, 49; S, 11.1; C1,
24.5 Calc. for C12H14S02Clp; C, 49.2; H, 4.7; S,
10.9; Cl. 242%) m.p. 75-77°C, m/z 259 and 257
[1%, (M-CD*], 155, 153 and 151 [15%, (M-
PhSO2) *1, 154, 152 and 150 [89%, (M-PhSOzH) *|
and 77 (100%, C¢Hs *), of 1-(benzenesulphonyl)-
4-chloro-3-chloromethyl-2-methylbut-2-ene ~ (23)
(1.60 g, 5.45 mmol, 28%) and 1-(benzenesulphonyl)
-4-chloro-2- chloromethyl—3—methylbut-2-ene (22)
(093 g, 3.18 mmol, 17%) by 'H-NMR spectroscopy
with bands for PhSO2. CH2CMe:C (CH2CI); at &
7.49 to 7.93 (5H, mult, pH), 4.18 (2H, s, CH2503),
3.88 (2H, s, CHCl) 3.78 (2H, s, CH:Cl), and 1.96
(3H, s, CH3) p.p.m. and bands for PhSO2.CH>.C
(CH2CI):CMe.CH2Cl at & 7.93 to 7.49 (SH, m, Ph),
4.29 (2H, s, CH2503), 4.04 [2H, s, CHCl (a)}, 3.90
[2H, s, CH2Cl (b)] and 1.45 (3H, s, CH3) p.p.m.

c¢) With tetracyanoethylene

A mixture of the diene (3) (0.55 g, 4.7 mmol),
tetracyanoethylenc (0.61 g, 4.7 mmol), and benzene
(30 cm ) was hcated under reflux (2.5 h). Removal
of benzene (15 cm ) gave a solid identified as un-
changed tetracyanoethylene (0.05 g, 0.3 mmol.
6.5%). When the remaining benzene was removed
under reduced pressure (ca. 5 mmHg) a solid was
obtained which was recrystallized from benzene
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and was identified as 1-chloromethyl-2-methyl-
4,4,5,5- tetracycanocyclohexane (25) (0.86 g, 3.5
mmol, 75%) (Found: C, 59.0; H, 38; H, 234
C12H9CINg4 requires C, 58.9; H, 3.7; N, 23.9%), m.p.
129-31°C, m/z 246 and 244 (52%, M*) and 209
[100%, (M-C1*)] 'H-NMR (25% solution in
acetone-dg) 0 438 (2H, s, CH2Cl), 3.50 (4H, s,
2CH3y), and 2.00 (3H, s, CH3) p.p.m.

Reaction of 1,4-dichloro-2,3-dimethylbuta-1,3-diene
(10) with chlorine

A mixture (1.56 g, 103 mmol) of the (E,E)
and (E,Z)-diene isomers (ratio 5:1) in carbon
tetrachloride (30 cm3) was stirred at room tempera-
ture while chlorine gas was bubbled into the solu-
tion at a moderate rate (75 min). Removal of the
solvent under reduced pressure (50 mmHg) gave a
liquid (2.3 g) which was shown by G.L.C. 2m APL
at 200°C) to consist of three compounds in the ratio
2:1:1. Distillation of the liquid gave (i) 1,1,2,24-
pentachloro-2,3-dimethylbutane (28) (0.92 g, 3.55
mmol, 34.5%) (Found: C 273; H, 33; Cl, 69.5.

- CgHoCls requires C, 26.8; H, 3.3; Cl, 69.9%), b.p.
78-80°C at 0.5 mmHg, 'H-NMR bands at & 6.18
(1H, s, CHClp), 4.05 (2H, s, CH2Cl), and 1.9 (6H,
s, 2CH3) p.p.m. m/z 211, 209 and 207 [9%, (M-
CHzCl)+] and (i) 1,1,3,4-pentachloro-2-
chloromethyl-3-methylbutane (29) (0.99 g, mmol,
33%) (Found: C 38.4; H, 4.5; Cl, 57.2. C¢HgCls re-
quires C 38.6; H, 4.3; Cl, 57.1%), b.p. 100- 15°C at
0.5 mmHg, 'H-NMR 8 6.41 (1H, CHCl), 4.25 (4H,
2CHCl), and 2.11 (3H, CH3) p.p.m. as a mixture of
the erythro - and threo-isomers in the ratio 1:1
(gl.c., 2m APL at 200°C); the mass spectra of the
two isomers were almost identical with bands at m/z
213, 211, 209, and 207 [ca. 45% (M-CHCL)*] and
177, 175, 173 and 171 (100%, CsHsCls *), and (i)
a black residue (0.40 g), b.p. 105°C at 0.5 mmHg,
which was not investigated further.

Reaction of 1-chloro-2-chloromethyl-3-methylbuta-
1,3-diene (18) with tetracyanoethylene

A mixture of the diene (18) (1.10g, 7.28
mmol) and tetracyanoethylene (0.93 g, 7.26 mmol)
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in benzene (35 cm’) was heated under reflux (3h).
Removal of the majority of the solvent (30 cm”)
under reduced pressure gave unchanged
tetracyanoethylene (0.18 g, 14 mmol, 18.5%
recovered) and a filtrate from which the remaining
solvent was removed under reduced pressure. The
resulting semi-solid material (1.82 g) was recrystall-
ized from a 1:1 mixture of benzene and petroleum
ether (b.p. 40-60°C) to give colourless crystals of 6-
chloro-1-chloromethyl-2-methyl-4,4,5,5-tetracyano-
cyclohexene (26) (1.45 g, 5.2 mmol, 90%) (Found:
C, 51.6; H, 2.8; N, 20.0; Cl, 25.4. C12HgCI2N4 re-
quires C, 51.6, H, 2.9; N, 20.0; Cl, 25.5%), m.p. 136-
8°C, m/z 282, 280 and 278 (10%, M) and 154, 152
and 150 (100%, CsHsCh2 ), 'TH-NMR (25% solu-
tion in acetone-dg) d 5.88 (1H, mult, CHC), 4.87
(2H, AB mult, CH2Cl, JaB 9.4 Hz), 3.64 (2H, dd,
CH3), and 2.09 (3H, s, CH3) p.p.m.
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Organohalogen Compouds, Part 3.1 The Preparation and Certain Reactions of Chloro-
substituted 2,3-dimethylbuta-1,3-dienes
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Summary: The dienes CH2=C(CH2Cl),CMe=CH: (3), CHCl=CMe.CMe=CH: (4),
CHCl=CMe. CMe =CHCI (14), and CHCl= C(CH2Cl). CMe = CH2 (21) have been synthesised
via chlorination of 2,3-dimethylbuta- 1,3-diene. Copper-catalysed addition of benzenesulphonyl
chloride to 2,3-dimethylbuta-1,3-diene and diene (3) gives the 1,4-adducts PhSO2. CH2. CMe =
CMe. CH2Cl and a mixture of PhSO2.CH2.C(CH2Cl)-CMe.CH2Cl and PhSO2. CHz . CMe=C
(CH2Cl)2, respectively. Dehydrochlorination of the former adduct gives the diene PhSO2CH =
CMe.CMe = CH2 which polymerises in air. Dienes (4) and (21) form Diels-Alder adducts with
tetracyanoethyiene.

Chlorination of diene (14), is surprisingly accompanied by addition of hydrogen chloride and
gives the compounds CHCl2.CCIMe.CCiMe.CH2Cl and CHCl2.CC{CH2Cl). CCIMe.CH2Cl. The
dichloride CH2Cl. CMe = CMe. CH2Cl reacts with an equimolar amount of bromine by addition,
but with an excess of bromine the products are CH2Br.C(CH2Cl) = C(CH2Cl1).CH2Br(89%) and
(CH2Br)2C = C(CH2Cl).CH2Br (6%). Unexpected substitutive bromination is observed on treat-
ment of the trichloride (CH2CI)2C=CMe.CH2Cl with bromine to give (CH2CI):

C=C(CH2C1).CH2Br (95%).

Introduction

Althoguh the chlorination of 2,3-dimethyl-
buta-1,3-diene (1) was reported [2] originally to
give (E)-1,4-dichloro-2,3- dimethylbut-2-one (2) as
the only identified product. More recent work in
this department has shown that a variety of
products are formed [1].

Further investigation of the chlorination of
diene (1) has been carried out to obtain precursors
to various chloro-1,3’-dienes. The dienes were then
prepared and certain of their reactions were inves-
tigated.

Chlorination of Diene (1)

Further products were isolated and identified
from the chlorination and the results obtained are
compared (Table 1) with those reported pre-
viously.

In experiment 2 the products were worked up
immediately after the addition of chlorine was com-
pleted. This could account for the detection and
isolation of the kinetically favoured 1,2- dichloride
(5), since it would be expected to rearrange to a

*To whom all correspondance should be addressed.

Table 1: Chlorination of diene (1) at -20°C with a
solution of chlorine in carbontetrachloride (2H)

Experiment Reco-
vered

(%)
H @ OGO O
(%)

Produgts

r 67 511 a7

2* a3 16 5 48 trace 55 10

In order of increasing g.l.c. retention time. ¥ Tentatively
identified on the basis of an almost identical mass spectrum to
that of compound (7).
Iprevious work [1]

present work

CH, = CMe - CMe = CH,
@ Me/ CH,C1
1¢)]
CH, = C(CH,Cl) « CMe =CH, = CHCl = CMe - CMe = CH,
3) Q)]
CH, = CMe . CCIMe . CH,Cl CH, = CMe - CCI(CH,C1),

® O]
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CH, = C(CH,CD) - CCIMe + CH,Cl (CH,CI),C =CMe » CH,Cl
@ )]

large extent on storage to the thermodynamically
favoured 1,4-dichloride (2) especially in the
presence of hydrogen chloride formed by substitu-
tive chlorination. Dichloride (5) has been prepared
previously by treatment of diene (1) with iodoben-
zene dichloride [3].

The yields of dichloride (2) from the two ex-
periments were the same, but the yield of
monochloride (3) was much lower in experiment 2
which indicated that it was probably the main
precursor to the trichlorides (6), (7), and (8) as
shown in Scheme 1.

However, dichloride (2) could also have
reacted further to give the trichlorides and so its
chlorination in CH2Cl; at room temperature was
investigated. This gave trichloride (7) (84%), com-

Bl’z,CHzC‘z

(¢3) CH,C1 = CBrMe ~ CBrMe = CH,Cl

98%
an

pound (9) (10%) and five minor components
(G.L.C. and 'H N.M.R.). However, fractional dis-

........... ot
(CH,(1),C ~ CMe = CH,

- ®
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tillation of the reaction mixture at reduced pressure
gave unchanged (2) (4% recovered), (6) (7%)
(10%), (8), (60%) and (9) (10%) which showed
that the initial major product (7) had undergone
thermal isomerisation to (8). This ready thermal
isomerisation was confimred in a separate experi-
ment and the equilibrium ratio [(8): (9)] was found
to be 98:2 at 105°C.

Compounds (7) and (9) are probably formed
as shown in Scheme 2.

Preparation of chlorinnated 1,3-Dienes
(a) 1,4-Dichloro-2 3-dimethylbuta-1,3-diene (10).

The diene has been prepared previously by
the route shown [equation (E1)] [1].

In the present work treatment of (2) with an

equimolar quantity of bromine in carbon
KOH heat CHCl = CMe = CMe =CHC
96%

(10)
tetrachloride under reflux (2h) gave meso-(11)
(95%). However, the same ratio of reactants when

a* mpeemze-ce
—»  CH; =C=CMe=CH)l

CH,Cl

I

® a
©) ()

rearrangement rearrangement
(Scheme 1)
cr & H* isomerisation
2 — CHCl = CCIMe =CMe = CH)Cl g () - (8)
C|+ + H*

2 — CH,Cl = CMe = CCI(CHC), ——»  CH, = C(CH,C)~ CCKCH,CI),
allylic
rearrangement

(CH,C1),C = C(CH,Cl),

&)

(Scheme 2)
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ay s CH, =C(CH,Cl) - CBtMe — CH,Cl

CH,Br = CBr(CH,Cl) = C(CH,Cl) = CH, ~—

allylic
Br shift

CH,Br —C(CH,Cl) = C(CH,Cl)~ CH,Br
12)

allylic
Br shift

CHzBl‘ — C(CH2CI) = CMe~ CH2C]

Br

(CH3Br),C = CMe = CH,Cl

Br, |-HBr

(CH,Br),CBr — C(CH,Cl) = CH,

Br
allylic
Br shift
(CH,Br),C = C(CH,Cl) - CH,Br
(Scheme 3) a13)

heated under reflux (1h) and then treated with a
further equimolar quantity of bromine (1h) af-
forded 1,4-dibromo-2,3-bis (chloromethyl)but-2-
ene (12) (89) and 1,4-dibromo-2-bromomethyl-3-
chloromethyl but-2-ene (13) (6%). The latter com-
pound has been made previously (47%) by
bromination of diene (3) [1].

The unexpected products (12) and (13) are
considered to arise via attack on dibromide (11) by
bromine acting as a Lewis acid as shown in Scheme
3.

Dehydrobromination of dibromide (11) with
powdered potassium hydroxide in vacuo at 80°C,
with the product being collected as it formed, gave
mainly 3-bromo-1,4-dichloro-2,3-dimethylbut-2-ene
(14) [6H 629 (1H, = CHCI), 392 (2H, AB,
CHCl) and 2.00 and 1.96 (6H, 2CH3)].

Dehydrobromination of tetrahalide (15)
under comparable conditions had previously given
the isomeric trihalogenoalkene (16) [5].

CHCl=CMe.CXMe.CH2Y CH2C1.CBrMe.CCl.Me.CH2Br
(14 X=Br,Y=C (15)
(16)C=Cl, Y=Br

However, when compound (12) was refluxed
at low pressure (50 mgh) over an excess of pow-
dered potassium hydroxide, the product was diene
(14) (97%) as a mixture of the (EE)- and (E2)-
isomers, respectively in the ratio 5:1; the (Z.Z)-
isomer was not detected.

(b) I-chloro-2,3-dimethylbuta- 1,3-diene (4)

It has been reported that treatment of either
3,4-dichlorobut-1-ene or 1,4-dichlorobut-2-ene with
powdered potassium hydroxide at 90°C afforded 1-
chlorobuta-1,3-dicne in good yield [6). In the
present work treatment of the 3,4-dichloride (5)
with powdered potassium hydroxide at 85°C (ca. 40
mmHg, 1h) gave diene (4) (35%) as a mixture of
two isomers in the ratio 1:13 while similar treatment
of the 1,4-dichloride (2) afforded unchanged 2
(51% recovered) and diene (4) (100%) as mixture
of the same isomers in the ratio 1:70.

The (E) and (Z) isomers of compound €)]
have been prepared previously in reasonable yield
(50) by reaction of the diazo compound (17) with
mercury (HI) iodide [7].

CHCl=CMe.CHMe.CHN2
a”n
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The IR. and 'H-NMR spectra of a major
isomer prepared in the present work were identical
to those reported [7] for the (E)-isomer.

(c) 1-Chloro-2-chloromethyl-3-methylbuta-1,3-diene
(18) and I1-chloro-3-chloromethyl-2-methylbuta-1,3-
diene (19)

Separate treatment of the trichloride (8) and
a mixture of the trichloride (7) and (8) with pow-
dered potassium hydroxide at 100°C under reduced
pressure gave recovered trichloride (13% and 20%,
respectively) and a mixture (99% and 88%, respec-
tively) of three of the four possible isomers of
dienes (18) and (19) in the ratio 1:1:15.

c H
\ , CHCl \  CHLCI
/C = C\ C= C\
V4
H C=CH =
, 2 cl /C CH,
Me Me
(18a) (18b)
a H
\ / Me P Me
C=C C=C
/7 - 7/ N
CIH,C CIH,C
(19a) (19b)

On steric grounds, the major product would
be expected to be the (Z)-isomer (18a) or the (E)-
isomer (19a) with the chlorine trans to the alkene
grouping CH2=C(CH2X) (X=H or Cl) as found
for the synthesised major isomers of dienes (4) and
$10); this was confirmed by the low field = CHCI
H-NMR absorption (0 6.38), cf (4a) & 6.18 and
(10) J 6.22. The 'H-NMR spectrum of the Diels-
Alder adducts of the diene mixture with
tetracyanoethylene (see later) indicated that the
major diene had structure (18) and so it is iden-
tified as the (Z)-isomer (18a). The two minor
isomers are probably the corresponding (E)-diene
(18b) and the (E)-diene (19a).

Reactions of the chlorodienes
(a) With benzenesulphonyl chloride

The copper-catalysed additions of alkane-
and arene-sulphonyl chlorides to olefine to give 1:1
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adducts [8.9] has been extended to the reaction of
benzenesulphonyl chloride with 1,3-dienes [8,10]
and conjugated trienes [10]. With 1,3-dienes, in-
cluding buta-1,3-diene and 2-methylbuta-1,3-diene,
it was observed that 1,4-adducts were formed and
anti-addition via initial benzenesulphonyl radical
attack was postulated [8,10].

In the present work the reaction between
diene (1) and benzenesulphonyl chloride in
acetonitrile in the presence of copper (1) chloride
and triethyl-ammonium chloride at 90°C was first
investigated. This gave 1-(benzenesulphonyl)-4-
chloro-2,3-dimethylbut-2-ene (20) (92%) and the
following modifled version of the original postu-
lated mechanism is proposed.
PhSO2C1 + CuCl PhSO2. + CuCl2

PhSO2 +(1)
CuCl2

PhSO2.CH2.CMe = CMe.CH2

PhSO2.CH2.CMe = CMe.CH2C1 + CuCl
(20

The 'TH-NMR spectrum of the sulphone (20)
showed quartet splitting (/ 1.5 Hz) for the two
methyl groups indicating that they were cis and that
the product is probably the (Z)- isomer.

Triethylamine in benzene has been used suc-
cessfully for elimination of hydrogen chloride from
such 1,4-adducts to give 1-(benzenesulphonyl)-1,3-
dienes [8]. Treatment of adduct (20) with
triethylamine (1:1 molar ratio) in toluene at 0°C
gave triethyl- ammonium chloride (96%) and a
white crystalline compound (92%) which, on
storage overnight, changed to an elastomer iden-
tified as poly [1-(benzenesulphonyl)-2,3-dimethyl-
butadiene]; the initial white crystalline product is
therefore considered to be diene (21). The
polymerisation may have been initiated by atmos-
pheric oxygen or by traces of triethylmine in the
monomer.

The reaction of diene (3) with benzenesul-
phonyl chloride uder similar conditions gave a mix-
ture of the two 1,4-adducts (22) (28%) and (23)
(17%).

PhSO2CH = CMe.CMe = CH2
(21)

PhSO2.CH2.C(CH2Cl) = CMe.CH2Cl
(22)

PhSO2.CH2.CMe = C(CH2Cl)2
(23)
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This result is consistent with previous obser-
vation that PhSO; radical attack is favoured at the
more electron-rich double bond of a diene [8].

Attempted reaction of diene (4) with ben-
zenesulphonyl chloride under comparable condi-
tions gave an intractable black tar.

(b) With tetracyanoethylene

Reaction of buta-1,3-diene or diene (1) with
tetracyanoethylene (TCNE) is reported to occur
readily in acetone as solvent at 0°C to give the cor-
responding Diels-Alder adducts in good yield [11].
However, reaction involving diene (3) gave the 1:1
adduct (24) of acetone and TCNE [12] (76%)
which indicates that substitution of a CH3 group by
a CH2Cl group markedly deactivates the diene
towards Diels-Alder adduct formation. When the
reactants were heated in benzene at 80°C the ad-
duct (25) (75%) was obtained. Under similar con-
ditions the diene (18) or (19) gave an adduct
(90%), the 'H-NMR spectrum of which showed
multiplet splitting for the CHCI absorption while
the CH2Cl group appeared as an AB pattern (J 9.4
Hz) with further splitting; a singlet methyl absorp-
tion and a ring methylene (dd) absorption were also
present. The AB pattern for the CH2Cl absorption
indicates that it is close to an asymmetric centre
and this is confirmed by the observed coupling be-
tween the CH2Cl protons and the methine proton.
This is strong evidence for the adduct having struc-
ture (26) formed from diene (18), rather than the
alternative structure (27) arising from diene (19).

Attempted reaction of diene (4) with TCNE
under the same conditions gave unchanged “)
(45% recovered), unchanged TCNE (49%
recovered) and an intractable black solid residue.

o e eeemessene
a0 L o o, - eTOVES Tha

g

CHCl; = CCIMe = CMe = CHCI

J1a

CHCl; = CCIMe - CCIMe= CH,Cl
(28)

—_—
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CH(CN)2.C(CN)2.CH2.CO.CH3 Cl
24)
CIH,C CN
CN
CN
Me CN
(25)
CIH,C CN
CN
CN Cl
Me CN Me CN
(26) CN
CN
CIH,C CN
¢.1))

Diene (10) under the same conditions gave un-
changed TCNE (100% recovered).

The reluctance of dienes (4) and (10) to give
adducts with TCNE is surprising in view of the suc-
cessful reaction with diene (18).

(c) Miscellaneous reactions

Chlorine gas when bubbled slowly into a solu-
tion of diene (10) in carbon tetrachloride gave 1,1,
2,3,4-pentachloro-2,3-dimethylbutane (28) (34.5%),
a 1:1 mixture of erythro-and threo-1,1,2,3,4-penta-
chloro-2-chloromethyl-3-methylbutane (29) (33%)
and higher-boiling material.

’

The formation of these products in high yield
was unexpected since they arise via addition of
hydrogen chloride. Minor products only arising
from hydrogen chloride addition were observed in
the reaction of diene (1) with chlorine gas [1]. Com-
pound (28) and (29) are probably formed as shown
in Scheme 4.

(-HY
CH, = C(CHCl,) = CMe = CHCI

(30)

CHCl, = CCYCH,CI) = CMe = CH,Cl

J1c

CHCI, = CCICH,CN) = CCIMe =CH,Cl
29)

(Scheme 4)
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Insufficient hydrogen chloride is produced in
the formation of intermediate (30) to account for
both products (28) and (29) and so it is proposed
that further substitutive chlorination, e.g. of (30) oc-
curs, and that such intermediates undergo further
chlorination to give the observed higher-boiling
material.

The bromination of trichloride (88) was also
investigated since the expected dibromide (31) was
a precursor to 1,4-dichloro-2-chloromethyl-3-me-
thylbuta-1,3-diene (32) i.e.

Br2
e — . (CH21)2CBr.CMeBr.CH2C1
KOH 31
————————————CHCI=C(CH2C1).CMe = CHCl
(32)

However, treatment of alkene (8) with a slight
excess of bromine in dichloromethane under reflux
gave the tetrahalide (35) (95%) formed by substitu-
tive bromination, i.e.

Br*

+
(8) ——— 3  (CH,CI),CBr = CMe = CH,CI

This result was unexpected and in marked
contrast to the straight forward addition of bromine
across that double bond of dichloride (2).

Experimental

The techniques used were as described pre-
viously [5], except that for G.L.C. a Pye 104 instru-
ment was employed with columns (2 or 4 m) packed
with Apiezon L grease (APL), polythylene glycol
adipate (PEGA), or Silicone oil SE30 (10% by
weight) on Celite.

Chlorination of 2,3-dimethylbuta-1,3-diene (1)

A solution of chlolrine (35.0 g, 0.49 mol) in
carbon tetrachloride (300 cm”) was added slowly
(2h) to a stirred solution of the diene (50.0 g, 0.61
mol) in carbon tetrachloride (300 cm”) maintained
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at - 20°C. Removal of the solvent and unreacted
diene (21.9 g, 0.26 mol, 43% recovered) gave a
higher- boiling residue (59.5 g) which, on a distilla-
tion at reduced pressure through a spinning-band
column, yielded (i) 2-chloromethyl-3-methylbuta-
1,3-diene (3) (6.0 g, 52.0 mmol, 15%), b.p. 30-32°C
at 10 mmHg (lit., [1] 25-27°C at 9 mmHg), (ii) a
mixture (0.98 g), b.p. 32-60°C at 10 mmHg, of (3)
(043 g 3.6 mmol, 1%) and 3,4-dichloro-2,3-
dimethylbut-1-ene (5) as shown by i.r. spectroscopy
and gl.c. 2m APL at 150°C), (iii) (5) (2.08 g, 17.7
mmol, 5%) (Found: C, 46.8; H, 6.6; Cl, 46.6. Calc.
for CsH10Cl: C, 47.0; H, 6.6; Cl, 46.3%), b.p. 60-
62°C at 10 mmHg, which was identified by a com-
parison of its 'H.NMR spectrum with that reported
[7] (iv) trans-1,4-dichloro-2,3-dimethylbut-2-ene (2)
(25.5 g, 0.167 mol, 48%), b.p. 74-76°C at 10 mmHg
(lit [1] 70-71°C at 10 mmHg), m.p. 32-34°C, (v) a
mixture (7.46g, 39.7 mmol, 11%) (Found: C, 38.9;
H, 4.9; Cl, 576.2. Calc. for C¢HoCl3; C, 38.4; H, 4.8;
Cl. 56.8%), b.p. 86-88°C at 3 mmHg, of two com-
ponents in the ratio 1:1 (G.L.C. 2M APL at 150°C)

-H*
—_——

(CH,C),.CBr = C(CH (1) = CH,
allylic
bromine shift

(CH,C1),C = C(CH,Br) = CH,Cl
33)

identified by 'H-NMR spectroscopy as 3,4-
dichloro-2-chloromethyl-3-methylbut-1-ene @)
(3.73 g, 19.8 mmol, 5.5%); 'H-NMR 8 5.73 (1H, s,
CH=), 553 (1H, s, CH=), 428 (2H,s, CHzCl),
3.88 (2H, AB, CHAHBCI, JaB 13 Hz), and 1.87
(3H, s, CH3) p.p.m, m/z 190, 188 and 186 (7%,

M), and 79 (100%, C¢H7 *), and 1,4- dichloro-2-
chloromethyl-3-methylbut-2-ene (8) (3.73 g, 19.8
mmol, 5.5%), (vi) 1,4-dichloro-2-chloromethyl-3-
methylbut-2-ene (8) (6.95 g, 37.9 mmol, 10.5%)
(Found: C, 38.8; H, 5.0; Cl, 57.0. C¢H9Cl3 requires
C, 38.4; H, 4.8; €I, 56.8%), b.p. 84-86°C at 2 mmHg;
1H-.NMR & 429 (2H, s, CHxCl), 427 (2H, s,
ChaCl), 4.15 (2H, s, ChoCl), 4.15 (2H, s, CHzCl),
and 1.98 (3H, s, CH3), m/z 190, 188 and 186 (28%,
M%), and 39 (100%, C3H3 *), and (vii) a black
solid residue (9.63 g).
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Thermal isomerisation of a mixture of 3,4-dichloro-2-
chloromethyl-3-methylbut-1-ene (7) and 1,4-
dichloro-2- chloromethyl- 3-methylbut- 3-methylbut-
2-ene (8)

An equimolar mixture of the two dichlorides
was sealed in an NMR tube and heated at 105°C.
The reaction was monitored by examination of the

TH.NMR spectrum at regular intervals. A gradual
disappearance of the bands assigned to the but-1-
ene was observed and after a period of 362h the
ratio of the but-2-ene (8) to but- 1-ene (7) was 98:2;
this ratio was unchanged after heating for a further
113h at 105°C.

Chlorination of 1,4-dichloro-2,3-dimethylbut-2-ene
(2)

Dry chlorine gas was slowly passed into a
solution of the dichloride (6.33 g, 41.3 mmol) in
dichloromethane (50 cm™) at room temperature (90
min). Removal of the solvent at reduced pressure
(70 mmHg) at room temperature gave higher-boil-
ing material (8 13 g) which was shown by G.L.C.
(2M APL at 150°C) to contain one major (ca. 84%)
and several minor components. The major com-
ponent was identified as 3,4-dichloro-2-chloro-
methyl-3-methylbut-1 -ene (M (ca. 6.5, g, ca. 346
mmol, ca. 84%) by 'H-NMR spectroscopy. In an
attempt to obtain a pure sample of compound (7)
the mixture (6.90 g) was distilled at reduced pres-
sure to give the following fractions all of which were
examined by g.l.c. (2m SE30 oil at 170°C); (i) a mix-
ture (2.70 g), b.p. 40-76°C at 1 mmHg, of un-
changed dichloride (2) (0.24 g, 1.5 mmol, 4%
recovered), a trichloride CsHgCl3, tentatively iden-
tified as 3,4-dichloro-3- chloromethyl-2-methylbut-

1-ene (6) (0.45, g, 2.4 mmol, 7%) by G.L.C. - mass
spectrometry; m/z 190, 188, and 186 (9%, M),
154, 152 and 150 [55% (M-HCI) *] 141, 139 and 137
[27%, (M-CH2Cl)*], 118 and 116 [35%, (M-Ch) *]
117 and 115 [25% (M-HCI)*] and 79 (100%,
CeH7 *), 3,4-dichloro-2-chloromethyl-3-methylbut-

1-ene (7) (0.68 g, 3.3 mmol, 10%), and 1,4-dichloro-
2-chloromethyl-3- methylbut-2-ene (8) (1.36 g, 7.2
mmol, 20%) in the ratio 1.0:1.5:2.1:4.5, (ii) (8) (2.52
g, 13.4 mmol, 38%), b.p. 74-76°C at 1 mmHg (iii) a
mixture (0.44 g), b.p. 76-78°C at 1 mmHg of a solid
and a liquid which was filtered to afford a filtrate of
(8) (0.14 g, 9.74 mmol, 2%) and crystals of 1,4-
dichloro-2,3- bis(chloromethyl) but-2-ene (9) (6.30
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g 1.3 mmol, 4%), m.p. (from petroleum ether (b.p.
40-60°C)] 108-110°C (lit. [1] 106- 108°C), and (iv) a
residue (1.36 g) b.p. 78°C at 1 mmHg which was
washed with acetone and filtered to give (9) (0.50 g,
2.2 mmol, 6%).

Reaction of trans- 1,4-dichloro-2, 3-dimethylbut-2-ene
(2) with bromine

(a) Experiment 1

To a solution of the alkene (2) (2.52 g, 16.4
mmol) in carbon tetrachloride (100 cm™) was slowly
added bromine (3.20 g, 20.0 mmol) and the resul-
tant mixture was heated under reflux (2h). The sol-
vent was removed under reduced pressure (ca. 76
mmHg) and the resultant mixture (5.54 g) of liquid
and solid was filtered and the solid recrystallized
from petroleum ether (b.p. 60-80°C) to afford 2,3-
dibromo-1,4-dichloro-2,3-dimethylbutane (11) (4.84
g 15.4 mmol, 95%), m.p. 110-113°C (lit,, [1] 109-
110°C).

(b) Experiment 2
To a solution of the alkene (2) (2.23 g, 14.5

mmol) in carbon tetrachloride (100 cm’) heated
under reflux was slowly added (1h)( a solution of

‘bromine (2 34 g, 14.6 mmol) in carbon tetrachloride

(200 cm). A further amount of neat bromine (1.76
g, 11.0 mmol) was then added and heating was con-
tinued (1h). Removal of the solvent and unreacted
bromine at reduced pressure (ca. 70 mmHg) gave a
mixture (5.04 g) of solid and liquid. The solid was
filtered and recrystallized from pletroleum ether
(b.p. 60-80°C) to afford (i) colourless crystals of
1,4-dibromo-2,3-bis (chloromethyl) but-2-ene (12)
(4.02 g, 12.9 mmol, 89%) (Found: C 23.4; H, 2.6; Cl,
22.8; Br, 49.1. Calc. for CsHgBr2Cla: C, 231 H, 2.5;
Cl, 22.8; Br, 51.4%), m.p. 123-5°C, the H-NMR
and mass spectra of which were comparable to
those reported previously [1] and (ii) a filtrate (0.9
g) which, on storage, slowly deposited colourless
crystals of 1,4-dibromo-2-bromomethyl-3-chlorom-
ethylbut-2-ene (13) (0.032 g, 0.90 mmol, 6%)
(Found: C, 20.5; H, 2.3; halogen 77.5% Calc. for
CsHsBriCl: C, 202; Cl, 10.0; Br, 67.5%), m.p.
(from petrol) 132- 34°C [Lit., [1} m.p. (capillary)
136-138°C], 'H-NMR 8 420 (2H, s, CH2Cl) and
4.14 (6H, s, 3CH2Br) p.p.m.; the LR and mass
spectra were in agreement with those reported [1].
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Preparation of 1,4-dichloro-2,3-dimethylbuta-1,3-
diene (10)

2,3-dibromo-1,4-dichloro-2,3-dimethylbutane

(11) (5.59 g, 7.8 mmol) was intimately mixed with an
excess of powdered potassium hydroxide (16 g) and
the reaction mixture was heated to 80°C under
reflux at reduced pressure (ca. 50 mmHg) under
nitrogen (3H). The reaction flask was maintained at
80°C for a further period (3h) while the products
were collected at 196°C in vacuo. The resultant
material was dried (molecular sieve type 4A, 24h)
and was identified as 12,4-dichloro-2,3-dimethyl-
buta-1,3-diene (10) (2.60 g, 17.21 mmol, 97%)
(Found: C, 47.5; H, 5.3; 46.0 Calc. for C¢HsCly; C,
41.6; H, 5.2; C\. 47.0%); the IH-NMR spectrum and
glc. (2m APL at 150°C) showed the presence of
two isomers in the ratio 1:5. The major isomer was
separated by G.L.C. (3m SE 30 oil at 120°C) and
was identified as (E,E)-1,4-dichloro-2,3-dimethyl
buyta-1,3-diene (10) (2.10 g, 13. 9 mmol, 81%)
(Found: C, 47.5; H, 5.5; Cl, 46.9%), 'H-NMR § 6.22
(1H, complex, CHCI;) and 1.98 (3H, complex Me),
ppm m/z 154, 152 and 150 (100%, M* ) and 117 and
115 [72%, (M-CI) *], U.V. (hexane) Amax 240 (¢ 30,
300) and Ainir, 237 (¢ 30, 200) nm. The minor isomer
could not be obtained pure but was identified as
(E,Z2)1 4—dxchlor0-2,3-d|methylbuta-1 3-diene (10)
(0.50 g, 3.31 mmol, 16%) by its IH.NMR spectrum:
4 6.06 (1H, complex, CHCI), 5.81 (1H, complex,
CHCI) and 1.95 (6H, complex, 2Me) p.p.m.

Preparation of 1-chloro-2-3-dimethyibuta-1,3-diene
4

A mixture of 3,4-dichloro-2,3-dimethylbut-1-
ene (5) (3.90 g, 25.4 mmol) and powdered potas-
sium hydroxide (10 g) was heated under reflux (ca.
85°C at reduced pressure (ca. 40 mmHg, 1h). A
further amount of powdered potassium hydroxide
(10 g) was then added and heating was continued
(2h). The volatile product was dried (molecular
sieve type 4A) and was identified as 1-chloro-2,3-
dimethylbuta-1,3-diene (4) (2.82 g, 24.2 mmol,
95%) (Found: C 62.0; H,. 8.0; Cl, 30.1. C¢HoCl re-
quires C, 61.8; H, 7.8; Cl, 30.40%); Amax (hexane)
227 (¢ 12,420) and 234 (¢ 13,300) nm, m/z 118 and
116 (77%, M*) and 81 [100%, (M-C)*]; G.L.C.
(2m APL at 120°C) showed the presence of two
isomers in the ratio 1:13 assigned to the (Z) ‘and
(E)-isomers, respectively, and the 'H-NMR
spectrum was in agreement with those reported for
two isomers [7].
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A second reaction using a mixture of 1,4-
dichloro-2,3-dimethylbut-2-ene (2) (103 g. 673
mmol) and powdered potassium hydroxide (30 g)
which was heated (3h) under reflux at reduced
pressure (ca. 18 mmHg) gave unchanged starting
alkene (2) (5.28 g, 34.6 mmol, 41% recovered) and
a mixture of (Z)- and (E)-1-chloro-2,3-dimethyl-
buta-1,3-diene (4) (3.80 g, 32.6 mmol, 99%) in the
ratio 1:70 (G.L.C., as before).

Reaction of 1,4-dichloro-2-chloromethyl-3-methyl-
but-2-ene (8) with bromine

A mixture of the olefin (8) (298 g, 15.8
mmol), bromine (269 g 168 mmol),
dichloromethane (150 cm®), and lithium bromide
(0.1 ) was heated under reflux (5h). Removal of the
solvent and excess of bromine under reduced pres-
sure (ca. 70 mmHg) gave a solid which was recrys-
tallized from petroleum ether (b.p. 40-60°C) and
identified as  1,4-dichloro-2-bromomethyl-3-
chloromethylbut-2-ene (33) (530 g, 15.3 mmol,
95%) (Found: C, 27.1; H, 2.9; Cl, 39.8; Br, 30.1.
CsHgBrCls requires C, 270 H, 3.0; Cl, 39.0; Br,
30.0%), m.p. 117-118°C, H-NMR (10% solution in
CCL) 421 (6H, s, 3CH3Cl) and 4.00 (2H, s,
CH2Br) p.p.m., ny/z 270, 268, 266 and 264 (19%

M), 191, 189, 187 and 185 [48%, M- Br )], and
153, 151 and 149 100% [(M-HBrCl) *].

Reaction of 1,4-dichloro-2-chloromethyl-3-methyi-
but-2- ene(8) with potassium hydroxide

A mixture of the alkene (8) (1.65 g, 8.8 mmol)
and an excess of powdered potassium hydroxide
(50 g), slowly heated to 100°C (90 min) under
nitrogen at reduced pressure (15 mmHg) and main-
tained at this temperature (90 min), gave un-
changed alkene (0.22 g, 1.1 mmol, 13% recovered)
and a lower boiling fraction (1.15 g, 7.6 mmol, 99%)
(Found: C, 47.3; H, 5.3; Cl, 47.2. Calc. for CcHsClp;
C, 474; H, 52; Cl, 47.0%) which was dried
(molecular sieve type 4A) and shown by gl.c. (2m
APL at 120°C) mass spectrometry to consist of
three of the four possible isomers of 1-chloro-2-
chloromethyl-3-methylbuta-1,3-diene and 1-chloro-
3-chloromethyl-2-methylbuta-1,3-diene in the ratio
1:1:15. The major isomer was separated by G.L.C.
and was tentatively identifed as (Z)-1-chloro-2-
chloromethyl-3- methylbuta-1,3-diene (18a) (1.02 g,
6.8 mmol, 87%) (Found: C 47.4; H, 5.4; Cl, 47.2%)
Amax 5.18 and 6.25s (conj. C=C str.) um, Amax
(hexane) 235 (¢ 14,100) nm, 'H-NMR & 6.38 (1H,
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m, CHCL), 532 (2H, m, : CH), 420 (2H, s,
CH;(l), and 1.98 (3H s, CH3) p.p.m, m/z 154, 152
and 150 (100%, M*), 117 and 115 and 79 (99%,
CeH7 ™).

A second experiment in which a mixture of
3,4-dichloro-2- chloromethyl-3-methylbut-1-ene (7)
(033 g 176 mmol) and 1,4-dichloro-2-
chloromethyl-3-methylbut-2-ene (8) (297 g, 158
mmol) was treated with an excess of powdered
potassium hydroxide (10 g) at 100°C (as before)
gave unchanged alkene (0.67 g 3.57 mmol, 20%
recovered) and a mixture (2.10 g, 13.9 mmol, 99%)
of the same diene isomers in the ratio 1:1:15,

Reaction of 2,3-dimethylbuta- 1,3-diene (1) with
benzenesulphonyl chloride

A mixture of the diene (1) (13.8 g, 0.168 mol),
freshly distilled benzenesulphonyl chloride (29.8 g,
0.168 mol), and acetonitrile (6.8 g, 0.158 mol) was
efficiently stirred and heated at 90°C (90 min). The
reaction mixture was coolcd (ca 5°C). Pre-cooled
(ca., 5°C) methanol (80 cm®) was added and the
resultant mixture was filtered. Removal of the bulk
of the methanol from the filtrate at reduced pres-
sure (100 mmHg) followed by filtration afforded a
solid which was recyrstallized from ethanol to give
colourless crystals of 1-(benzenesulphonyl)-4-
chloro-2,3-dimethylbut-2-ene (20) (40.0 g, 0.154
mol, 92%) (Found: C, 55.4; H, 5.8; S, 12.2; Cl, 13.7.
Ci12H1sDO2Cl requlres C, 557, H, 5.8; S, 12.4; Cl,
13.7%), m.p. 82-4°C 'H-NMR & 7.60 (5H, mult,
CeHs), 3.95 (2H, s, CH2S802), 3.74 (2H, s, CH2CI),
191 (3H, s, MeC.CHy, J 1.3 Hz), and 1.35 (3H, s,
Me CCHzCl, J 13 Hz) p.p.m., m/z 223 [4% (M-
C)*], 119 and 117 [100, (M-PhSO2) *).

Reaction of 1-(Benzensulphonyl)-4-chloro-2,3-
dimethylbut-2- ene (20) with triethylamine

A solution of the alkene (20) (528 g, 20.4
mmol) in toluene (50 cm ) was treated with
triethylamine (2.10 g, 20.7 mmol) at 0°C and the
mixture was stirred at room temperature (70h). The
resulting material was filtered to give triethylam-
monium chloride (2.74 g, 19,9 mmol, 96%) and the
toluene and excess of amine were removed from the
filtrate in vacuo at room temperature. This aforded
a white crystalline residue which changed overnight
in air into a rubbery material identified as poly [1-
(benzenesulphonyl)  (-2,3-dimethylbuta-1,3-diene]
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(420 g, 92%) [Found: C, 64.8; H, 6.4; S, 142
(C12H14S02)n requires C 64.8; H, 6.3; S, 14.4%],
m.p. 150°C.

Reactions of 2-chloromethyl-3-methylbuta- 1,3-diene
(3) with benzenesulphonyl chloride

A mixture of the diene (3) (2.24 g, 19.2
mmol), benzensulphonyl chloride (3.42 g, 19.2
mmol), cuprous chloride (0.024 g, 0.25 mmol),
tricthylammonium chloride (0.033 g, 0.24 mmol),
and acetonitrile (0.87 g, 21.0 mmol) was heated at
90°C (2.5 h) during which time the colour of the
solution changed from bright yellow to orange and
then to brown. Treatment of the resultant solution
with ethanol (10 cm3) failed to precipitate any solid.
The ethanolic solution was then washed with water
(50 cm3) and extracted with chloroform (50 cm3).
Removal of the chloroform under reduced pressure
(ca. 20 mmHg) afforded a dense liquid (5.20 g)
which partially solidified on storage at room
temperature (12 h). The solid was filtered, was
recrystallized from benzene-petroleum ether (b.p.
60-80°C), and was identified as a mixture (2.53, 8.63
mmol, 54%) (Found: C, 49.2; H, 4.9; S, 11.1; C1,
24.5 Calc. for C12H14SO2Cly; C, 49.2; H, 4.7; S,
10.9; CL 242%), m.p. 75-77°C, m/z 259 and 257
[71%, (M-C¥], 155, 153 and 151 [75%, (M-
PhS0O2)*], 154, 152 and 150 [89%, (M-PhSOzH) *
and 77 (100%, CsHs *), of 1-(benzenesulphonyl)-
4-chloro-3-chloromethyl-2-methylbut-2-ene ~ (23)
(1.60 g, 5.45 mmol, 28%) and 1-(benzenesulphonyl)
-4-ch]oro-2-chloromethyl-3-methylbut-2-ene (22)
(0.93 g, 3.18 mmol, 17%) by 'H-NMR spectroscopy
with bands for PhSO2. CH2CMe:C (CH2Cl); at &
7.49 to 7.93 (SH, mult, pH), 4.18 (2H, s, CH2502),
3.88 (2H, s, CH2Cl) 3.78 (2H, s, CHzCl), and 1.96
(3H, s, CH3) p.p.m. and bands for PhSO2.CH>.C
(CH2CI):CMe.CHCl at 8 7.93 to 7.49 (5H, m, Ph),
429 (2H, s, CH2S02), 4.04 [2H, s, CH:Cl (a)}, 3.90
[2H, s, CH2Cl (b)] and 1.45 (3H, s, CH3) p.p.m.

c) With tetracyanoethylene

A mixture of the diene (3) (0.55 g, 4.7 mmol),
tetracyanoethylene (0.61 g, 4.7 mmol), and benzene
(30 cm ) was heated under reflux (2.5 h). Removal
of benzene (15 cm”) gave a solid identified as un-
changed tetracyanoethylene (0.05 g, 0.3 mmol.
6.5%). When the remaining benzene was removed
under reduced pressure (ca. 5 mmHg) a solid was
obtained which was recrystallized from benzene
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and was identified as 1-chloromethyl-2-methyl-
4,4,5,5- tetracycanocyclohexane (25) (0.86 g, 3.5
mmol, 75%) (Found: C, 59.0; H, 3.8 H, 234
C12H9CIN4 requires C, 58.9; H, 3.7; N, 239%) m.p.
129-31°C, m/z 246 and 244 (52%, M) and 209
[100%, (M-C1')] 1H-NMR (25% solution in
acetone-ds) & 4.38 (2H, s, CH2Cl), 3.50 (4H, s,
2CHy), and 2.00 (3H, s, CH3) p.p.m.

Reaction of 1,4-dichloro-2,3-dimethylbuta-1,3-diene
(10) with chlorine

A mixture (1.56 g, 10.3 mmol) of the (E,E)
and (E,Z)-diene isomers (ratio 5:1) in carbon
tetrachloride (30 cm3) was stirred at room tempera-
ture while chlorine gas was bubbled into the solu-
tion at a moderate rate (75 min). Removal of the
solvent under reduced pressure (50 mmHg) gave a
liquid (2.3 g) which was shown by G.L.C. (2m APL
at 200°C) to consist of three compounds in the ratio
2:1:1. Distillation of the liquid gave (i) 1,1,2,24-
pentachloro-2,3-dimethylbutane (28) (0.92 g, 3.55
mmol, 34.5%) (Found: C 273; H, 33; Cl, 695.
~ C¢HyCls requires C, 26.8 H, 3.3; Cl, 69.9%), b.p.
78-80°C at 0.5 mmHg, "H-NMR bands at & 6.18
(1H, s, CHCL), 4.05 (2H, s, CHCl), and 1.99 (6H,
s, 2CHs) p.pm. miz 211, 209 and 207 [9%, (M-
CH2C)*] and (i)  1,1,34-pentachloro-2-
chloromethyl-3-methylbutane (29) (0.99 g, mmol,
33%) (Found: C 38.4; H, 4.5; Cl, 57.2. CgHsCls re-
quires C 386 H, 43; Cl, 57.1%), b.p. 100- 15°C at
0.5 mmHg, 'H-NMR & 6.41 (1H, CHCL), 4.25 (4H,
2CH2Cl), and 2.11 (3H, CH3) p.p.m. as a mixture of
the erythro - and threo-isomers in the ratio 1:1
(g.l.c., 2m APL at 200°C); the mass spectra of the
two isomers were almost identical with bands at m/z
213, 211, 209, and 207 [ca. 45% (M-CHCh)*] and
177, 175, 173 and 171 (100%, CsHsCls *), and (iii)
a black residue (0.40 g), b.p. 105°C at 0.5 mmHg,
which was not investigated further.

Reaction of 1-chloro-2-chloromethyl-3-methylbuta-
1,3-diene (18) with tetracyanoethylene

A mixture of the diene (18) (1.10g, 7.28
mmol) and tetracyanoethylene (0.93 g, 7.26 mmol)

MOHAMMED A. BIGDELI ¢t al.

in benzene (35 cm?) was heated under reflux (3h 2
Removal of the majority of the solvent (30 cm”)
under reduced pressure gave unchanged
tetracyanoethylene (0.18 g, 14 mmol, 18.5%
recovered) and a filtrate from which the remaining
solvent was removed under reduced pressure. The
resulting semi-solid material (1.82 g) was recrystall-
ized from a 1:1 mixture of benzene and petroleum
ether (b.p. 40-60°C) to give colourless crystals of 6-
chloro-1-chloromethyl-2-methyl-4,4,5,5-tetracyano-
cyclohexene (26) (1.45 g, 5.2 mmol, 90%) (Found:
C, 51.6; H, 2.8; N, 20.0; Cl, 25.4. C12HgCI2N4 re-
quires C, 51.6, H, 2.9; N, 20.0; Cl,25.5%),mp 136-
8°C, m/z 282, 280 and 278 (10%, M* ) and 154, 152
and 150 (100%, CsHsClz ), 'H-NMR (25% solu-
tion in acetone-dg) 4 5.88 (1H, mult, CHCI), 4.87
(2H, AB mult, CH,Cl, Jap 9.4 Hz), 3.64 (2H, dd,
CH3), and 2.09 (3H, s, CH3) p.p.m.

References

1. Part 2, ES. Said and A.E. Tipping, J.CS.
Perkin I, 1986 ( 1972).

2. H.M. Hellman, J.W. Hellman and K. Mislow,
J.Amer.Chem.Soc., 76, 1175 (1954)

3. MC Lasne and A.
Bull.Soc.Chim.France 1142 (1974).

4. K. Goro and Y. Kasuke, Jap.p. 38 802/1970;
Chem.Abs., 74, 87334 (1971).

6. E.Z. Said and A.E. Tipping, J.C.S. Perkin I

Thuillier,

1399 (1972).

7. R.C. Atkins and B.A. Trost, J.Org.Chem., 77,
3133 (1972).

8. M. Asscher and D. Vofsi, J.Chem.Soc., 4968
(1964).

9. W.E. Truce and C.T. Goralski, J.Org.Chem.,
36, 2536 (1971)

10. W.E. Truce, C.T. Goralski L.W. Christensen
and R.H. Bavry, J.Org.Chem., 35 4217 (1970)

11. WJ. Middleton, R.E. Hackert, E.L. Little
and C.G Krespan, J.Amer.Chem.Soc., 80, 2783
(1958).

12. C.A. Stewart, JAmer. Chem.Soc., 84, 117
(1962).






