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The influence of the reaction conditions on the order of addition of
alcohols and c-chloro ethers in an acid medium to dioxides of 1-
vinyl-3-cyclohexene is described on the basis of a determination of the
percentage content of the ratio of the isomers by IR spectroscopy. It
has been established that under mild conditions the addition takes
place selectively with the predominant opening of the oxide ring
attached to the six-membered carbon ring. More severe conditions
(higher temperature, smaller amount of solvent) favor the formation
of isomers with an opened oxide ring on the ethylene grouping.

We have previously shown on the basis of a quantita-
tive study of IR absorption spectra that the addition of
acid and basic reagents to the dioxide of 1-vinyl-3-
cyclohexene takes place with the opening of the oxide
ring attached to the six-membered carbon ring or with
the opening of the oxide ring of the ethylene grouping
of the dioxide [1,2].

In an acid medium, alcohols, chloro ethers, and
dialkyl phosphorochloridites add predominantly to the
epoxycyclohexane group, and basic reagents such as,
for example, alcohols in the presence of sodium, and
amines react with the oxide ring of the ethylene group-
ing [1,2].

In a more detailed study of these reactions in an
acid medium, it was found that the reaction conditions
(temperature, amount of solvent) have a great influence
on the selectivity of addition; depending on them, the
product of addition to the oxide ring of the ethylene
grouping (II) may be formed to a greater or smaller
extent, in addition to the product of addition to the
oxide ring attached to the six-membered carbon ring (I).
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In the present communication, we give the results
of a more detailed study of the reaction of 1-vinyl-3-
hexene dioxide with propanol in the presence of boron
trifluoride etherate and with o-chloro ethers in the
presence of zinc chloride.

In studying the reaction with propanol, our attention
was directed to the fact that reaction products with
different constants were obtained, depending on the
temperature of the reaction mixture and on the amount
of solvent (the same alcohol) (Table 1). With anincrease
in the temperature of the reaction mixture or with a
decrease in the amount of solvent, the refractive index

*For part I, see [2].

andthe specific gravity increased, which shows a change
in the ratio of the isomers in the reaction products.

In order to determine the percentage content of
isomers with an unopened epoxyethyl ring in the re-
action product, measurements were made of the peak
intensities of the characteristic absorption bands
vasCH, (3050 cm_i) of the epoxyethyl grouping [3]. The
measurements were carried out in an IKS-14 infrared
spectrometer with an LiF prism by the double-beam
scheme. Potassium bromide cells with a single layer
thickness (0.062 cm) were used for all the samples.
The concentrations of the solutions (in CCl,) were se-
lected in such a way that the optical densities (log Iy
were between 0,20 and 0.60. The measurements
were carried out by the base line method [4], the
tangent to the background at the point v = 3200 cm™
being selected as the base line. The correctness of
this selection was confirmed by studying the fulfillment
of the Lambert-Beer law for solutions of standard
substances. The errors introduced by neglecting the
absorption of the second component (II) at the point
of measurement did not exceed 10%. For a number of
products, the isomer content was also determined
from a calibration graph constructed with standard
mixtures. The difference between the results of the
two methods was not greater than 10%. To determine
the absorption coefficient ksgp, the standard compounds
IV [1-epoxyethyl-3(4)-hydroxy-4(3)-propoxycyclohex-
anej

i

(C,H, 0O\

CH=CH, BF, /=M, c,cooom
o{]j + CH 0 —= —
~ (HO)C H, 07 >

A
(C,H,0)HO /EH—CH,
o (H0)03H70/:
v
and VI [1-epoxyethyl-3(4)-chloro-4(3)-ethoxymethoxy-
cyclohexane]
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were prepared by independent synthesis.
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The IR spectra of the model compounds obtained
are given in the figure. As follows from the figures
of Table 1, under mild reaction conditions with pro-
panol (Experiment 1), the content of isomers with
an epoxyethyl group (I) in the reaction products was
a maximum. As the temperature was raised to 30°—
40° C (Experiments 2 and 3), with the same ratios
of the reactants, the content of these isomers gradu-
ally decreased and, correspondingly, the content of
isomers with an epoxy ring attached to the six-mem-
bered carbon ring (II) gradually increased. When the
dilution of the reaction mixture with alcohol was de-
creased (Experiments 4 and 5), approximately equal
amounts of I and II were formed. In the first experi-
ment, no product of the addition of 2 moles of alcohol
to the dioxide was isolated at all, in the last experi-
ment its yield amounted to 48.9% of theoretical; the
constants have been given previously [1].

Similar observations were made with respect to
the reaction of 1-vinyl-3-cyclohexene with a-chloro
ethers. When the reaction with chlorodimethyl ether
was performed in diethyl ether solution, the addition
took place almost completely (95%) with the opening
of the oxide ring attached to the six-membered carbon
ring. In the absence of a solvent (with chloromethyl
ethyl and with chloromethyl propyl ethers), the re-
action took place very vigorously, making it necessary
to apply cooling with a cooling mixture containing
solid carbon dioxide. Consequently, the reproducibil-
ity of the experiments was somewhat lower than in
the reaction with alcohols. When the temperature of
the reaction mixture was lowered, the percentage of
isomers I in the mixture of products increased. The
order of addition was also apparently affected by the
manner in which the reaction was performed: whether
the zinc chloride was added to a mixture of the re-
actants or the dioxide was gradually added dropwise
to the cooled chloro ether containing the zinc chloride.
In the latter case, much resin was formed, it was not
always possible to isolate the reaction product, and the
ratio of the isomers varied markedly (Table 2).

We found no influence whatever of the reaction con-
ditions on the composition of the products of the inter—
action of the dioxide with diethyl phosphorochloridite.

Regardless of the temperature conditions, the same
product with the constants reported previously [2] was
isolated. In this case the content of isomers with an
epoxyethyl group was 100%.

EXPERIMENTAL

Reaction of vinylcyclohexene dioxide with n-propanol, The 1-
vinyl-8-cyclohexene dioxide, which was obtained by a method de-
scribed previously [1], had the following constants: bp 97°~99° C
(9 mm); d3° 1.0967; nD° 1.4782. Boron trifluoride ethereate was ad-
ded in drops in an amount of 0.07 ml per 0.1 mole of dioxide to a
mixture of the dioxide and n-propanol in the molar ratios shown in
Table 1. After some time, the temperature of the reaction mixture
rose. It was not allowed to rise above the figure given (ice-water
cooling). After cooling, the reaction mixture was kept at room tem-
perature and was then treated with 3% sodium carbonate solution
and extracted with ether. The ethereal layer was washed with water
and dried with magnesium sulfate. After the ether had been distilled
off, the reaction product was twice distilled in vacuum. For con-
stants and analysis, see Table 1.

Synthesis of 1-ethoxyethyl-3(4)-hydroxy-4(3)~propoxycyclohex-
ane (IV).

a) Reaction of the monooxide of 1-vinyl-3-cyclohexene with pro-
panol. The monooxide was obtained by the method given previously
[1] and had bp 43.5°-44.5° C (7 mm); d3’ 0.9574; n} 1.4684. 0.15 ml
of BF; etherate was added to a mixture of 30 g (0.242 mole) of the
oxide and 145 g (2.413 mole) of propanol (rise in temperature). By
cooling, the temperature of the mixture was not allowed to exceed
35° C. After 3-hr standing at room temperature, the reaction mixture
was diluted with water and extracted with ether, and the ethereal
layer was treated with 3% sodium carbonate solution washed with
water, and dried with magnesium sulfate. Two distillations from an
Arbuzov flask yielded 30.0 g (67.4%) of 1-vinyl-3(4)-hydroxy-4(3)-
propoxycyclohexane (II): bp 113°~114° C (10 mm); d§° 0.9593; o
1.4691. Found, %: C 71.55; 71.76; H 11,19; 11.00; MR, 53.52.
Calculated for CyqHp Oy, %: C T1.69; H 10.97; MR, 53.50.

b) Oxidation of 1-vinyl-3(4)-hydroxy-4(3)-propoxycyclohexane
with acetyl hydroperoxide. 16.1 ml of 82.7% acetyl hydroperoxide
obtained by B. A. Arbuzov's method [6] was added to 25 g (0.136
mole) of IIT dissolved in 68 ml of absolute ether. After 8 days' stand-
ing at room temperature, the reaction mixture was treated with 7%
potassium hydroxide solution and was washed with water, and dried
with magnesium sulfate. After the ether had been distilled off, the
product was twice distilled in vacuum. This gave 18.0 g (66.2%) of
1-epoxyethyl-3(4)-hydroxy-4(3)-propoxycyclohexane (IV); bp 97°-
98° C (0.04 mmy); di° 1.0478; o) 1.4730. Found, %: C 65.77; 65.64;
H 10.00; 10.28; MRy, 53.62. Calculated for Cyyty¢Oy, % C 65.97;

H 10.07; MRp 63.41.
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IR spectra: a) 1-epoxyethyl-3(4)-hydroxy-4(3)-propoxycyclohex-

ane (IV);

b) 1-epoxyethyl-3(4)-chloro-4(3)-ethoxymethoxycyclo-

hexane (VI).



Reaction of vinylcyclohexene dioxide with a-chloro ethers. Zinc
chloride at the rate of 0.1 g per 0.1 mole of dioxide was added to a
mixture of the dioxide and the chloro ether cooled to +5° C (the ratio
of the reactants is shown in Table 2). The temperature of the reaction
mixture tended to rise but was kept down to the figure given by cool-
ing. Then the mixture was heated at 40°-45° C for 1-2 hr (about 3
hr in the experiment with chloro dimethyl ether). After the zinc chlo-
ride had been filtered off and the excess of chloro ether had been
removed under reduced pressure, the residue was distilled twice in
vacuum. The reaction in ether was carried out in the same way as in
the absence of a solvent except for the fact that the mixture of re-
actants was dissolved in ether in the proportion of 40 ml of ether to
10 g of dioxide. The yields and constants of the products are given
in Table 2.

Synthesis of 3(4)-chloro-1-epoxyethyl-4(3)-ethoxymethoxycyclo-
hexane (V).

a) Reaction of 1-vinyl-3-cyclohexene monooxide with chloro-
methyl ethyl ether. At a temperature of 5°~10° C, 20 g (0.211 mole)
of the choro ether was added to a solution of 28 g (0.225 mole) of
vinylcyclohexene oxide in 40 ml of absolute toluene containing 0.1
g of zinc chloride. Then the mixture was heated for 1 hr 20 min at
40°-45° C, after which the zinc chloride was filtered off and the tol-
uene was distilled off in vacuum. Two distillations of the residue
yielded 18.2 g (39.0%) of 3(4)-chloro-4(8)-ethoxymethoxy-1-vinyl-
cyclohexane (V): bp 67°-68° C (0.05 mm); d3° 1.0342; n¥) 1.4688.
Found, %: C 60.76; 60.64; H 8.75; 8.80; MRp 58.89. Calculated for
CuHyCIO%: C 60.40; H 8.76; MRy, 58.48.

" b) Oxidation of 3(4)-chloro-4(3)~ethoxymethoxy-1-vinylcyclo -
hexane with acetyl hydroperoxide, To13.2 g (0.060 mole)of V dissolved
in 30 ml of absolute ether was added 7.2 ml of 82,6% acetyl hydroper-
oxide. After it had been allowed to stand for 7 days at room temper-
ature, the mixture was treated as described above. After the ether had
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been driven off, the product was distilled twice in vacuum. This
gave 6.8 g (47.9%) of 3(4)-chloro-1~epoxyethyl-4(3)-ethoxymethoxy-
cyclohexane (VI): bp 95°~96° C (0.01 mm); d5° 1.1283; N}j 1.4740.
Found, %: C 56.31; 56.18; H 8.30; 8.15; MRp 58.48. Calculated for
C13HyCl0Os, %: C 56.28; H 8.16; MRp, 58.39.

The elementary analyses were performed by T. 8. Krivovaya.
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