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Abstract—Reaction of 2-[2-(vinyloxy)ethoxy]methyl- and 2-(allyloxymethyl)oxiranes with 2-propynyl- and
phenylethynylmagnesium bromides (10—55°C, 0.5—4 h) resulted in new representatives of the series of 1-organyloxy-
5-hexyn-2-ols, -5-phenyl-4-pentyn-2-ols, and -3-bromo-2-propanols in 50-99% yields. During distillation the 1-[2-
(vinyloxy)ethoxy]-5-phenyl-4-pentyn-2-ol and -3-bromo-2-propanol transform respectively into 2-methyl-4-(3-
phenyl-2-propynyl)- and 2-methyl-4-(bromomethyl)-1,3,6-trioxocanes via intramolecular cyclization involving the

hydroxy and vinyloxy groups.

The reaction of organomagnesium compounds
(Grignard [2, 3] and lotsich reagents [3, 4]) with oxiranes
is a classical building up method of alcohol synthesis (with
formation of a C—C bond) [3, 5-11], also used for
acetylene and allene alcohols [6—11]. The best studied
reaction is that of the Grignard reagents with the simplest
epoxides: unsubstituted oxirane, methyl-, phenyl-, 2,2-di-
methyl-, and 2,3-dimethyloxiranes, although other
examples of this process are also described (with naturally
occurring epoxides, epoxyalcohols, epoxyketones,
epoxyesters, diepoxides etc.) [5—11]. The reaction finds
an industrial application in production of various technically
important alcohols, in particular, those used in fragrance
industry: 2-phenyl-1-ethanol (rose oil) [12], 3-phenyl-1-
propanol (with the hyacinth fragrance) [13], 3,7-dimethyl-
6-octen-1-ol (rhodinol) with a rose scent [14], alcohols
with the properties of sex attractants and plant growth
regulators. [15].

The preparation was reported of chiral homoallyl
alcohols in reaction of vinylmagnesium halides with glycidol
derivatives containing as protection functions benzyl,
methoxtphenylmethyl, fert-butyldimethylsilyl, and zert-
butyldiphenylsilyl groups [16]. (R)-1-(Benzyloxy)-5-hexen-
2-ol, the key intermediate in the stereoselective synthesis
of trans-2,5-dioxymethylpyrrolidone derivatives posses-

* For communication XXII, see [1].

sing C,-symmetry, was obtained by treating with
allylmagnesium chloride the optically active (S)-2-
[(benzyloxy)methyl]oxirane [17]; reactions were per-
formed of 2-(methoxymethyl)- and 2-(phenoxymethyl)-
oxiranes with ethyl- and phenylmagnesium bromides [18].

Alkynols and allenols originate from both reactions of
alkynylmagnesium halides with oxiranes [6—10] and of
2-ethynyloxiranes with Grignard reagents 11]. The
alkynols combining the properties of the three most
important classes of organic compounds (alcohols [19],
acetylenes [20], and CH-acids when the compounds
contained fragments C=CH and/or CH,C=C [21, 22])
are valuable intermediates in preparation of a lot of
synthetically and commercially significant products
(chemicals for agriculture, drugs, and fragrant substances
[9, 23]). They are widely used in the synthesis of func-
tionalized acetylene alcohols and diols [1, 24], heterocycles,
including derivatives of furan [25], pyran [26], pyrrole
[27], indole [28], pyrazole [29], 2,3-dihydropyridine,
pyridine [30], benzazepine-1,5-dione [31], thiophene [32],
various allene systems [20, 23, 24, 33], in particular,
allenols that are invaluable monomers and key building
blocks [23, 24, 34], naturally occurring compounds:
indolizine [35] and quinolizine [36] alkaloids, etc.

In extension of our systematic investigations in the
area of the chemistry of unsaturated glycidol ethers [1,
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37, 38] we studied for the first time reactions of 2-[2-
(vinyloxy)ethoxy|methyl- (Ia) and 2-(allyloxymethyl)-
(Ib) oxiranes with organomagnesium reagents, in
particular, with alkynylmagnesium halides: 2-propynyl-
magnesium bromide (IIa) and phenylethylylmagnesium
bromide (IIb), aiming also on developing a preparation
procedure for new representatives of polyfunctional
acetylene alcohols: 1-[2-(vinyloxy)ethoxy]- (IIla and I'Va)
and 1-(allyloxy)- (IITb and IVb) -5-hexyn-2-ols and
-5-phenyl-4-pentyn-2-ols, promising monomers and
intermediate products for organic synthesis, also for the
synthesis of heterocyclic structures [1, 38].

First representatives of this type compounds, namely,
1-[m-(vinyloxy)alkoxy]-4-pentyn-2-ols, were obtained
formerly by reaction of 2-[®-(vinyloxy)alkoxy]methyl-
oxiranes, including oxirane Ia, with lithium acetylide [39]
or sodium acetylide [40] in liquid ammonia. The epoxy
ring opened at the side of the most hydrogenized carbon
affording compounds with a secondary hydroxy group
[41]. These results are in agreement with our [1, 37, 38]
and other published data [10, 42] showing that the base-
catalyzed opening of the oxirane ring occurs as a rule
with the attack of the nucleophile on the least substituted
carbon atom ([3-opening); in the terminal oxiranes this is
the methylene carbon atom (cleavage of the O—CH,
bond).

The reaction of organomagnesium compounds with
substituted oxiranes commonly affords mixtures of
alcohols (primary and/or secondary) originating from both
the normal Grignard reagent addition and from the ring
opening under the action of diorganylmagnesium and/or
magnesium halide (2 RMgX 2 MgX,+MgR,) [3, 5, 6].
In the latter case a formation of the corresponding
halohydrins is observed. Sometimes the competing reac-

tion providing halohydrins becomes the main pathway.
The process can be additionally complicated by

RO +BrMg

’ \

IIa

H

0.5 Mg + 0.5MgBr,
= /

DMITRIEVA et al.

isomerization of the oxirane into a ketone catalyzed by
magnesium halides followed by reaction of the ketone
with RMgX to give a secondary alcohol. The output of
the reaction (yields, the structure and the ratio of products)
as expected depends essentially both on the character of
the reagents (of oxirane as well as the Grignard reagent),
on the factors governing their reactivity (stereoelectronic
effects of substituents), and on the reaction conditions
(solvent, catalyst, molar ratio and concentration of the
initial reagents, method of their introduction, temperature
and duration of the synthesis). The terminal oxiranes gave
rise predominantly to secondary alcohols (with selectivity
80-100%) [5, 6], and in going from RMgCl to RMgl the
proportion of the secondary alcohol often (but not always)
grew [6]. The crucial factor in these processes is the
temperature. When the initially formed complex of the
Grignard reagent with oxirane is treated with water
without preliminary heating the resulting product is a halo-
hydrin. The yield of the latter decreases with growing
temperature of the treatment before decomposition of
the complex (boiling in the ethyl ether [43] or replacement
of the ether by a higher boiling solvent [44, 45]). How-
ever a better method preventing nearly completely the
halohydrin formation consists in distilling off the ether
before the treatment of the reaction mixture [46], or in
precipitation of MgX, by adding dioxane [45].

We used as solvents ethyl ether and tetrahydrofuran.
The synthesis of 2-propynylmagnesium bromide (Ila)
(from 3-bromo-1-propyne and magnesium in the presence
of HgCl,) and its reaction with oxirane I was carried out
in ethyl ether.

The reaction progress was monitored by the decrease
in intensity till complete disappearance of the absorption
band at 3000 cm~! belonging to the stretching vibrations
of the C—H bond in the epoxy ring and by simultaneous
appearance of the absorption bands of the hydroxy (3400—

RO OH

—

\

H,0 Ila, I1Ib

RO OH

—

Br
Va, Vb

R =H,C=CHOCH,CH, (a), H,C=CHCH, (b).
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Table 1. Reaction conditions [molar ratio oxirane I-2-propynylmagnesium bromide (I1a) 1:1.1-1.8]2, yields, and characteristics
of 1-[2-(vinyloxy)ethoxy]- (IIla) and 1-(allyloxy)- (I1Ib) -5-hexyn-2-ols and 1-[2-(vinyloxy)ethoxy]- (Va) and 1-(allyloxy)-
(Vb) -3-bromo-2-propanols

Reaction
product prior to Main fraction
Run |Oxirane| RMgBr |Et,0, | Time, distillation
no. | I, mol | Ila, mol | ml min . . ) 5-hexyn- | 3-bromo-2- )
n3 ylclbd, bp, °C n yield, 2-ol 11, | propanol V, bmmtnc,
%" |(< 1 mm Hg) % 08 0 %"
0.06 (Ia) 0.11 60 | 60 |1.4680 ~85 92-93  |1.4700 61 85.6 14.4 5.12
2 10.06 (Ia) 0.11 60 | 40 |1.4650|~100 86-87 [1.4720 64 57.6 42.4 15.05
3 [0.08(1a) 0.11 60 f - |~63 86-92  [1.4700 3219 | 70.1 29.9 10.61
96-104 | 1.4890 40.1 59.9 20.94
4¢ 10.06 (1a)| 0.10 60 | 60 |1.4658|~57" 90-91 |1.4680 26 95.8 4.2 1.50
5% 10.06 (1a)| 0.11 50 | 30 [1.4709 ~100™Y - - - 68.2 31.8 11.28*
6 10.04(Ib) 0.05 40 : - |~100 67-68 [1.4700 72 66.4 33.6 13.76
7 10.10(Ib) 0.11 50 *11.4700 | ~96' - - - 44.0F 55.0F 22.57
8 10.08(Ib) 0.11 40 ¢ 11.4770 ~85 60-64 14770 57 50.0' 50.0' -
98 10.08 (Ib)| 0.11 50 “11.4740 ~100™™  60-61 |1.4778 41 34.2 65.8 27.00

a After adding oxirane I to a solution of RMgBr Ila in Et,O (at —1...4°C within 20—40 min) the temperature of the reaction mixture was raised
t0 20°C (in reaction with oxirane Ia) during the time indicated in Table 1. In the case of oxirane Ib the reaction mixture was worked up as soon
as it warmed to 10°C.

b Calculated on oxirane I.

¢ After a vacuum distillation of the crude product.

d Calculated from the bromine content in the reaction products.

¢ According to elemental analysis.

f The reaction mixture was worked up immediately after oxirane addition.

¢ In the presence of 0.5 g of CuBr.

h Contains ~5% of allenol VI.

1 The compound was not distilled.

- Without additional purification with the help of Al,Os.

k Before distillation.

I Compounds content was calculated from the 'H NMR spectra (from the integral intensity of signals of OH groups: & 2.89 s for compound
IIIb and 3.10 d for compound Vb).

3450 cm™!) and 2-propynyl (~2130 and 3300 cm-!)
groups. The conversion of the initial oxiranes Ia and Ib
was estimated from the integral intensity of the epoxy
ring signals [6 3.08-3.10 m (1H, OCH), 2.73-2.74 d.d
and 2.55-2.56 q (2H, OCH,)] and/or of the hydroxy
groups (0 2.84-2.89 s) in the 'H NMR spectra. The
reaction with oxirane Ib was also monitored by TLC.
Reaction conditions, yields, and characteristics of the
products obtained from oxiranes I and 2-propynyl-
magnesium bromide (Ila) are presented in Table 1.

The results obtained are in general consistent with
the published data [5—7, 10]. Under conditions we studied

two competing reaction pathways occur providing
alongside the normal reaction product, 1-[2-(vinyloxy)-
ethoxy]- and 1-(allyloxy)-5-hexyn-2-ol (IIla and IIIb),
the corresponding secondary bromohydrin, 1-[2-(vinyl-
oxy)ethoxy]- and 1-(allyloxy)-3-bromo-2-propanol (Va
and Vb). The structure of initial oxirane I exerts stronger
influence on the products ratio (namely, on the reaction
pathway) than on their overall yield. The highest content
(~86-96%) of 5-hexyn-2-ol III in the products mixture
was obtained in reaction of ~1.8-fold molar excess of
2-propynylmagnesium bromide (IIa) with oxirane Ia
(Table 1, runs nos. / and 4). The comparison of results
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of runs nos. / and 4 shows that the reaction carried out
in the presence of catalytic quantities of CuBr favors in-
crease in the products mixture of 1-[2-(vinyloxy)ethoxy]-
5-hexyn-2-ol (I1a) (up to 96%) but negatively influences
the overall yield reducing it from 85 to 57%. A part of the
substance was probably lost in the course of the flash-
chromatography on Al,O; (aimed at removal of CuBr
traces), for in a similar run without additional purification
with the help of Al,O; the yield of the reaction products
was virtually quantitative (Table 1, run no. 5). In all
experiments reported in Table 1 (runs nos. /-5) the
content in the mixture of 5-hexyn-2-ol IIla was 1.4-23
times greater than that of 3-bromo-2-propanol Va.

Under conditions used in our experiments we did not
observe any decomposition of the vinyloxy group in
reactions of oxirane Ia with 2-propynylmagnesium
bromide (IIa) and the other organomagnesium
compounds used in this study and considered further; it
was however known [47] that the action of the Grignard
reagents caused the cleavage of vinyl ethers into the
corresponding alkoxides and olefins.

OR BrMgR' OR
Rl

Al

— BrMgOR+ —/

The reaction with oxirane Ib of 2-propynylmagnesium
bromide (Ila) taken in ~1.1-1.4-fold molar excess also
furnished a mixture of two compounds, 5-hexyn-2-ol IIIb
and 3-bromo-2-propanol Vb (Table 1, runs nos. 6-9),
but their relative amounts notably differed from the ratio
of compounds Illa and Va obtained under similar
conditions (Table 1, run nos. /-5). The maximum content
of 1-(allyloxy)-5-hexyn-2-ol (IIIb) in the distillation
products reached 66% and was obtained in a single
run (Table 1, run no. 6). In other cases 5-hexyn-2-ol I1Ib
formed in amount equal to or less than that of the
corresponding 3-bromo-2-propanol Vb (Table 1, run
nos. 7—9). The overall yield of products in reaction carried
out in the presence of CuBr remained unchanged [in
contrast to the analogous reaction of reagent Ila with
oxirane Ia (Table 1, run no. 4)], but unexpectedly the
ratio of products significantly changed in favor of
3-bromo-2-propanol Vb whose content grew up to 66%
(Table 1, run no. 9). The greater content of 3-bromo-2-
propanol in the reaction products obtained from reagent
IIa with oxirane Ib may to a certain extent originate

DMITRIEVA et al.

from the lower temperature (10°C) of the work-up of
the reaction complex than in the runs with oxirane Ia.

The results obtained do not suggest any sound
conclusion on a correlation between the process parame-
ters studied and the relative yield of 5-hexyn-2-ols III
and the corresponding 3-bromo-2-propanols V. The data
presented in Table 1 show that the runs carried out under
quite similar conditions furnish products with bromine
content according to the elemental analysis varying from
5.1 to 20.9% (run nos. /-3) or from 1.5 to 11.3%
(experiments with CuBr, runs nos. 4 and 5) for oxirane
Ia, and from 13.8 t0 22.6% (runs nos. 6 and 7) for oxirane
Ib. The content of the corresponding 3-bromo-2-propanol
(calculated from the analysis data) varies respectively
from 14 to 60% and from 4.2 to 31.8% for oxirane Ia
and from 33.6 to 55% for oxirane Ib.

According to the published data [22, 48] 2-propynyl-
magnesium halides react with electrophiles as a rule pre-
dominantly or exclusively in the allene form
H,C=C=CHMgX affording allene and/or acetylene
derivatives depending on the electrophile character. In
our case allenols VIa and VIb might arise. The latter
may also result from a prototropic isomerization of
5-hexyn-2-ols III. However an allene fragment did not
give rise either to the absorption bands in the IR spectra
or to any signals in the NMR spectra of the reaction
products. On the contrary, the acetylene structure of these
compounds is confirmed by the presence of absorption
bands at 2120-2130 (C=C) and 3280-3300 (H-C=)
cm-! in the IR spectra and of signals at 1.89-1.96t (1H,
HC=) and 2.33-2.34 t (2H, CH,C=) ppm in the 'TH NMR
spectra.

on | OH :’
RO ) RO\)\)

I1Ia, ITIb VIa, VIb

R =H,C=CHOCH,CH, (a), H,C=CHCH, (b).

Only in the runs carried out in the presence of CuBr
(Table 1, run nos. 4, 5, 9) the reaction mixture contained
insignificant amounts (no more than 5%) of allene
derivatives. Then in the IR spectrum a characteristic
absorption band of allene fragment appeared in the region
1950 cm-! with the corresponding weak peaks at
5 5.44 d (CH,=) and 6.72 t (CH=) ppm in the 'H NMR
spectra.

The addition of allenylmagnesium bromide (2.5 M
solution in Et,0) the carbohydrate derivatives of
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Table 2. Reaction conditions [molar ratio oxirane I phenylethynylmagnesium bromide (IIb) 1:1-1.2, THF] and yields of 1-[2-
(vinyloxy)ethoxy]- (IVa) and1-(allyloxy)- (IVb) -5-phenyl-4-pentyn-2-ols, 1-[2-(vinyloxy)ethoxy]- (Va) and 1-(allyloxy)- (Vb) -3-
bromo-2-poppanols and 2-methyl-4-(3-phenyl-2-poppynyl)- (VIII) and 2-methyl-4-(bromomethyl)- (IX) -1,3,6-trioxocanes

Reaction products before Reaction products after distillation, %
Run | Oxirane | RMgBr Temperature, Time, distillation, %
. 1 (II 1 ° h -
no. (D, mol (1b), mo ¢ gield SR vy v vim X
benzene
1 0.10 (Ia)| 0.10 20 1 57 56 - 44 - 65 traces
2 0.05(Ia)| 0.05 25 2 72 50 - 50 - 52 - <5
3 0.10 (Ta)| 0.12 45 0.5 78 20 5 75 - - - -
4 0.10 (Ta)| 0.10 50-55° 4 60 36 14 50 - 33 11 11
5 0.10 (Ia)| 0.12 50-55° 2 87 10 10 80 - 75 12¢ 10¢
6 0.10(Ib) 0.12 50-55° 4 65 45 15 40 35 50 - -
7 1 0.10(Ib) 0.12 35 2 56 50 10 40 25 50 - -

» Compounds content was calculated from the 'H NMR spectra (from the integral intensity of signals from OH groups).

b Reaction products were not distilled.
¢ The reaction mixture was additionally kept for 16 h at 20°C.

4 1,3,6-Trioxocanes VIII and IX (1-1.5:2.5) were distilled together. The yield was calculated from the 'H NMR spectrum and from the

bromine content.
¢ Reaction was carried out in Et,O.

spirocyclic oxiranes (Et,0,—78°C, 1 h) was also reported
[10] to afford acetylenic derivatives: either exclusively
4-pentyn-1-ol (yield 55-98%) or a mixture of 4-pentyn-
1-ol (46%) and the corresponding bromohydrin (43%)
depending on the oxirane structure.

In a vacuum distillation 5-hexyn-2-ols III and 3-bromo-
2-propanols V give azeotrope mixtures boiling in a narrow
temperature range (Table 1). The structure of compounds
synthesized was confirmed by IR, 'H and 13C NMR
spectra. In the TH NMR spectrum the hydroxy group of
compounds III appears as a singlet at 2.84-2.89 ppm
whereas the signal of OH in compound V is observed
as a doublet in a weaker field, at 3.09-3.10 ppm.

The synthesis of phenylethynylmagnesium bromide
(ITb) (from ethynylbenzene and ethylmagnesium
bromide) and its reaction with oxirane I leading to
1-[2-(vinyloxy)ethoxy]- (IVa) and 1-(allyloxy)- (IVb)
-5-phenyl-4-pentyn-2-ols and -3-bromo-2-propanols V
were carried out in THF. The reagents ratios used were
1-1.2:1. The solution of oxirane I in THF was added
dropwise to the solution of phenylethynylmagnesium
bromide (IIb) in THF at room temperature, and then the
stirring was continued for 0.5—16 h at 20-55°C. The
decomposition of the reaction complex was performed
with aqueous ammonium chloride.

The reaction progress was monitored by IR and
'TH NMR spectra of the reaction mixtures. Alongside the

RO/W + Bng%Q

Ia, Ib IIb

ﬂ

(PhC=C),Mg + MgBr,

RO OH

H,0 IVa, IVb

L——> Va, Vb

R =H,C=CHOCH,CH, (a), H,C=CHCH, (b).

absorption band at 3000 cm~! corresponding to the
stretching vibrations of the C—H bond in the epoxy ring
the absorptions of the internal C=C bond (~2230 cm-1)
and of O—H bond (3400-3450 cm-!) also were used as
diagnostic bands.

Conditions of reactions between oxiranes I and phenyl-
ethynylmagnesium bromide (IIb) and their results are
compiled in Table 2.

As seen from Table 2, in contrast to reaction of
oxirane I with 2-propynylmagnesium bromide (I1a) the
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only or the main (up to 80%) product of the reaction with
phenylethynylmagnesium bromide (IIb) is 3-bromo-2-
propanol V. In reaction of equimolar amounts of oxirane
Ia and phenylethynylmagnesium bromide (IIb) at 20—
25°C for 1-2 h no formation of 5-phenyl-4-pentyn-2-ol
IVa was observed, and the only reaction product was
3-bromo-2-propanol Va (Table 2, runs nos. / and 2). In
the other runs 5-phenyl-4-pentyn-2-ol IV was detected
in the reaction products in the amount of 5—15%. It should
be noted that in the majority of the experiments the
reaction mixture after work-up contained considerable
amount of ethynylbenzene (up to 55%). The change of
the 2-(vinyloxy)ethyl group for allyl in oxirane Ib did not
considerably alter the pattern of its reaction with
phenylethynylmagnesium bromide (IIb).

The results obtained caused by the different reactivity
of 2-propynylmagnesium bromide (Ila) (Grignard
reagent) and phenylethynylmagnesium bromide (IIb)
(Iotsich reagent) in reaction with oxiranes I are well
consistent with the known fact of the considerably higher
activity of propargyl type carbanions —C—C=C in the
reactions with electrophiles as compared to that of
acetylene carbanions —C=C [21].

5-Phenyl-4-pentyn-2-ol IVb we succeeded to isolate
by vacuum distillation in a virtually pure state [the impurity
of 1-(allyloxy)-3-bromo-2-propanol (Vb) did not exceed
4% (Table 2, run no. 6)]. The reaction mixture containing
5-phenyl-4-pentyn-2-ol I'Va and the corresponding
derivative of 3-bromo-2-propanol Va behaved differently.
The presence in the structure of these compounds of
a highly reactive vinyloxy group prone to electrophilic
addition with proton-donor compounds and functions [37]
resulted in proceeding (in the course of vacuum
distillation) of a thermally induced intramolecular acetaliz-
ation involving the hydroxy and vinyloxy groups to form
oxygen-containing macrocycles. The intramolecular
cyclization of compound I'Va gave previously unknown
2-methyl-4-(3-phenyl-2-propynyl)-1,3,6-trioxocane (VIII)
as a diastereomer mixture. The compound contained in
the side chain a reactive acetylene fragment.

The cyclization providing a possibility to obtain in
a high yield previously unknown 1,3,6-trioxacanes and
1,3,6,9-tetraoxacycloundecenes (a mixture of d,/- and
meso-diastereomers)we carried out for the first time by
an example of 1-[®w-(vinyloxy)alkoxy]-3-(OR)-2-
propanols prepared from 2-[w-(vinyloxy)alkoxy]-
methyloxiranes, including oxirane Ia, and the appropriate
alcohols ROH [R = HC=CCH,, H(CF,),CH,, n = 2-8].
The cyclization occurred in the presence of the catalytic

DMITRIEVA et al.

quantity (~0.5-1 wt%) of CF;CO,H (Et,0, 33-34°C,
7-20 h) [38].

Alongside compound IVa bromohydrin Va also
suffered the thermal acetalization in the course of the
vacuum distillation readily converting into the previously
unknown 2-methyl-4-(bromomethyl)-1,3,6-trioxocane
(IX) (a mixture of diastereomers). Compound IX might
prove to be a unique starting substance for building up
various molecular ensembles, containing rare and highly
active trioxocane rings.

The distillation of compounds IVa and Va was not
accompanied by formation via intermolecular oligo-
merization of open-chain acetal structures of “head-to-
tail” type as evidenced by the lack in the IR and NMR
spectra of the absorption bands and signals belonging to
hydroxy and vinyloxy groups.

Note that the distillation of mixtures of 1-[2-(vinyl-
oxy)ethoxy]-5-hexyn-2-ol (Ila) with bromohydrin Va did
not induce the intramolecular cyclization.

The structure of compounds VIII and IX was
confirmed by IR and NMR spectra. The acetal fragment
gave rise to signals at &;; 1.37 d (Me), 4.88 q (OCHO),
and 5. 20.70, 20.78 (Me) and 99.66, 99.87 (OCHO) ppm.
The splitting of the acetal and other signals in 13C NMR
spectra was due to the existence of the compounds as
diastereomers mixtures.

Bringing into the reaction with 2-[2-(vinyloxy)-
ethoxy]methyloxirane (Ia) of the simplest lotsich reagent,
ethynylmagnesium bromide (THF, 20°C, 1 h) resulted in
exclusive formation of the derivative of 3-bromo-2-
propanol Va in a 67% yield (oxirane Ia conversion 8§7%)
in agreement with the reduced reactivity of carbanions
generated from the terminal acetylenes (acetylene-
magnesium compounds are considerably more inert than
alkyl- and arylmagnesium derivatives [4]).

A successful synthesis of 1-[2-(vinyloxy)ethoxy]-4-
pentyn-2-ol (X) was performed formerly via alkali metals
acetylides [39—41].

1-Alkoxy-3-bromo-2-propanols V prepared by us are
of obvious synthetic (not only as precucsors of cyclic
ethers) and practical interest since the halohydrins, among
them 1-alkoxy-3-halo-2-propanols, find various application,
in particular, for drug synthesis, for agricultural chemicals,
and cheap liquid crystals [49]. One way of a target
preparation of bromohydrins is the opening of the oxirane
ring effected by metal chlorides (AlCl;, ZnCl,) or concn.
HCI [49], complexes of titanium tetraisopropoxide
[Ti(OPr-i),] with the Grignard reagents [50] or haloids
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VINYL ETHERS CONTAINING AN EPOXY GROUP: XXIIL

(I, Bry) [51]. However neither of the known methods is
not fit for preparation, for example, of 1-[2-(vinyloxy)-
ethoxy]-3-bromo-2-propanol (Va) contain-ing in the
structure a functional group CH,=CHO sensitive to the
acid reagents.

EXPERIMENTAL

IR spectra were recorded on a spectrophotometer
Specord 75IR from thin films. 'H and 13C NMR spectra
were registered on spectrometer Bruker DPX-400 [at
operating frequencies 400 ('H) and 100 MHz (13C)]
from~5-10% solutions of the samples in CDCl; _internal
reference HMDS.

All operations were carried out in an argon atmo-
sphere. THF was purified first by dispersion of KOH
and then by distillation over calcium hydride in the
presence of benzophenone. Ethyl ether was dried by
procedure from [52] and distilled before use. 2-[2-
(Vinyloxy)ethoxy|methyloxirane (Ia) was synthesized
from 2-vinyloxy-1-ethanol and 2-(chloromethyl)oxirane
[53]. 3-Bromo-1-propyne was obtained from 2-propyn-
1-ol, 2-propynylmagnesium bromide (Ila) was prepared
by reacting magnesium with 3-bromo-1-propyne in Et,O
in the presence of HgCl,, ethynyl- and phenylethynyl-
(ITb) magnesium bromides were synthesized by treating
in THF with ethylmagnesium bromide acetylene and
ethynylbenzene respectively in keeping with procedures
from [22]. The other reagents and solvents used in the
study were commercial products.

Reaction of 2-propynylmagnesium bromide (Ila)
with 2-[2-(vinyloxy)ethoxy]methyloxirane (Ia)
(Table 1, runs nos. I-5). a. To a solution of 110 mmol
of 2-propynylmagnesium bromide (Ila) in 60 ml of Et,O
cooled to 0°C was added dropwise within ~40 min
a solution of 60—-80 mmol of oxirane I in ~5 ml of Et,0
keeping the reaction mixture temperature at 0—4°C. Then
the cooling was removed, and after stirring for the time
indicated in Table 1 the reaction mixture was poured
into ~400 ml of water mixed with ice and acidified with
HCI. The organic layer was separated, the water layer
was extracted with ethyl ether, the combined organic
solutions were washed with water, and dried over MgSO,,
the solvent was removed on a rotary evaporator, and the
residue was distilled in a vacuum in the presence of
a little hydroquinone.

b. To asolution of 110 mmol of 2-propynylmagnesium
bromide (IIa) in 60 ml of Et,O cooled to 0°C was added
0.5 g of finely ground powder of CuBr (the solution color
changed from virtually black to dark-green), and then
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within ~20 min was added dropwise a solution of 60 mmol
of oxirane Ia in 10 ml of Et,O, maintaining the reaction
temperature at 0—4°C (the reaction mixture turned red-
brown). Then the cooling was removed, and after stirring
for 0,5 h more to the reaction mixture was added a solution
of 20 g of NH,Cl and 1.5 g of NaCN in 150 ml of water.
The reaction products were extracted into ethyl ether,
the combined organic solutions were dried over MgSO,,
the solution was passed through a small bed of neutral
Al, O3, the solvent was removed under reduced pressure,
and the residue was distilled. Yield of compound Illa
2.9 g, bp 90-91°C (1 mm Hg), content of the main
substance ~96% (NMR) (Table 1, run no. 4). Run no. 5
(Table 1) was carried out similarly but without purification
with AL, O5.

1-[2-(Vinyloxy)ethoxy]-5-hexyn-2-ol (IIla). IR
spectrum, cm~1: 1620 (C=C), 2120 (C=C), 3280 (H-C=),
3450 (O-H). 'H NMR spectrum, &, ppm: 1.52 q (2H,
CH,CH,C=), 1.89 t (1H, HC=), 2.33 t (2H, CH,C=),
2.84 s (1H, OH), 3.37, 3.49 d.d.d (2H, OCH,CH), 3.68,
3.81 d.t (4H, OCH,CH,0), 3.91 m (1H, CHOH), 4.00
d.d (1H, CH,=, cis), 4.17 d.d (1H, CH,=, trans), 6.43 d.d
(1H, OCH=). 13C NMR spectrum, o, ppm: 14.63
(CH,C=), 31.68 (CH,CH,C=), 67.14 (CH,OCH=),
67.18, 68.63 (HC=, CHOH), 69.81 (CH,CH,OCH=),
75.22 (OCH,CH), 83.92 (C=), 86.90 (CH,=), 151.55
(OCH=).

Reaction of 2-propynylmagnesium bromide (Ila)
with 2-(allyloxymethyl)oxirane (Ib) (Table 1, runs
nos. 6-9). a. To a solution of 50 mmol of 2-propynyl-
magnesium bromide (IIa) in 40 ml of Et,O cooled to 0°C
was added dropwise 40 mmol of oxirane Ib maintaining
the reaction temperature at —1...—0°C. Then the reaction
mixture was warmed to 10°C and after analyzing the
products by TLC (SiO,, CHCIl;) the reaction mixture was
poured into iced water acidified with HCI. The organic
layer was separated, the water layer was extracted with
ethyl ether, the combined organic solutions were washed
with water and dried over K,COj;, the solvent was
removed on a rotary evaporator. The residue (mobile
yellow liquid) was distilled in a vacuum.

b.To a solution of 110 mmol of 2-propynylmagnesium
bromide (ITa) in 50 ml of Et,O was added 0.5 g of CuBr
(the color of the solution changed from black to red), the
mixture was cooled to 0°C, and 80 mmol of oxirane Ib
was added dropwise maintaining the temperature at —1—
0°C. Then the reaction mixture was warmed to 10°C
and after analyzing the products by TLC (Silufol, Et,0—
benzene, 5:1) the reaction mixture was cooled to—5°C
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and treated with a solution of 20 g of NH,Cl and 1.5 g of
NaCN in 150 ml of water. The organic layer was
separated, the water layer was extracted with ethyl ether
(4x70 ml), the combined organic solutions were washed
with water and dried over K,COj3, the solution was passed
through a small bed of neutral Al,O;, the solvent was
removed on a rotary evaporator, and the residue was
distilled in a vacuum.
1-(Allyloxy)-5-hexyn-2-ol (IIIb). IR spectrum,

cm-!: 1640 (C=C), 2130 (C=C), 3300 (H-C=), 3450
(O-H). 'H NMR spectrum, 3§, ppm: 1.65 q (2H,
CH,CH,C=), 1.96 t (1H, HC=), 2.34 t.d (2H, CH,C=),
2.89 br.s (1H, OH), 3.32, 3.44 q (2H, OCH,CH), 3.90 m
(1H, CHOH), 4.00 d (2H, OCH,CH=), 5.17 d.d.t (1H,
CH,=, cis), 5.26 d.d.t (1H, CH,=, frans), 5.89 d.t (1H,
CH=). 13C NMR spectrum, o, ppm: 14.81 (CH,C=),
31.97 (CH,CH,C=), 68.79 (HC=), 69.10 (CHOH), 72.30
(OCH,CH=), 74.28 (OCH,CH), 84.07 (C=), 117.44
(CHy=), 134.45 (CH=).

1-[2-(Vinyloxy)ethoxy]-5-phenyl-4-pentyn-2-ol
(IVa) and 1-(allyloxy)-5-phenyl-4-pentyn-2-ol (IVb)
(Table 2). a. To a solution of 50—120 mmol of
phenylethynylmagnesium bromide (IIb) in 40 ml of THF
at 4-23°C was added dropwise a solution of 50—100 mmol
of oxirane I in 3—5 ml of THF. The temperature slowly
rose to 29—42°C. The reaction mixture was heated at
45-55°C and stirred at this temperature for 0.5-4 h
(Table 2), then was left overnight, and on the next day
was treated with a water solution of NH,CI. The reaction
products were extracted into ethyl ether, the combined
organic solutions were washed with water, dried over
MgSO,, the solvent was removed on a rotary evaporator,
and the residue was distilled in a vacuum. Yields of the
products are reported in Table 2.

b. Compound I'Vb was prepared in a similar way but
in the ethyl ether medium. The reaction conditions and
yields of the products are given in Table 2 (run no. 7).

1-[2-(Vinyloxy)ethoxy]-5-phenyl-4-pentyn-2-ol
(IVa). IR spectrum, cm-!: 1620, 1640 (C=C), 2230 (C=C),
3450 (O-H). 'H NMR spectrum, 5, ppm: 2.65 d.d (2H,
CH,C=), 2.81 d (1H, OH), 3.45, 3.49 d.d.d (2H,
OCH,CH), 3.72 t (2H, OCH,CH,0), 3.75 m (1H,
CHOH), 3.83 t (2H, OCH,CH,0), 4.01 d.d (1H, CH,=,
cis), 4.17 d.d (1H, CH,=, trans), 6.45 m (1H, OCH=),
7.24-7.40 m (5H, Ph). 3C NMR spectrum, 8, ppm: 24.48
(CH,C=), 67.30 (OCH,CH,0), 69.07 (CHOH), 70.03
(OCH,CH,0), 72.78 (OCH,CH), 82.78 (PhC=), 85.66
(CH,C=), 87.11 (CH,=), 127.96-132.18 (C,;o)» 151.69
(OCH=).
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1-(Allyloxy)-5-phenyl-4-pentyn-2-o0l (IVDb).
Colorless fluid, bp 136-138°C (1 mm Hg), n3° 1.5503.
IR spectrum, cm=1: 1480, 1590 (Ph), 1640 (C=C), 2230
(C=C), 3400 (O-H). '"H NMR spectrum, 3, ppm:
2.63 d.d (2H, CH,C=), 3.00 br.s (1H, OH), 3.48, 3.59 q
(2H, OCH,CH), 3.96 m (1H, CHOH), 4.00 d.t (2H,
OCH,CH=), 5.17 d.d.t (1H, CH,=, cis), 5.25 d.d.t (1H,
CH,=, trans), 5.88 d.d.t (IH, CH=), 7.23-7.45 m (5H,
Ph). 13C NMR spectrum, o, ppm: 24.56 (CH,C=), 69.15
(CHOH), 72.36 (OCH,CH=), 73.03 (OCH,CH), 82.72
(PhC=), 85.82 (CH,C=), 117.38 (CH,=), 127.91, 128.26,
131.67 (Cyrom)» 134.50 (CH=). Found, %: C 77.62; H 7.46.
Cy4H¢O,. Calculated, %: C 77.75; H 7.46.

1-[2-(Vinyloxy)ethoxy|-3-bromo-2-propanol (Va).
To a solution of 100 mmol of ethynylmagnesium bromide
in 60 ml of THF at 2—4°C was added within 30 min by
small portions 100 mmol of oxirane Ia. The reaction
mixture was warmed to 20°C within 1 h and was stirred
for 1 h more at 20°C (TLC monitoring). The reaction
mixture was poured in 300 ml of water solution of NH,CL.
The reaction products were extracted into ethyl ether,
the combined organic solutions were dried over MgSO,_
the solvent was removed on the rotary evaporator. We
obtained as a residue 17.1 g of viscous orange fluid
containing 91% of compound Va. IR spectrum, cm-!: 660
(C-Br), 1610, 1640 (C=C), 3110 (OCH=), 3450 (O-H).
'H NMR spectrum, &, ppm: 3.09 d (1H, OH), 3.46,
3.49 d.d.d (2H, OCH,CH), 3.62 d (2H, CH,Br), 3.74 t
(2H, OCH,CH,0), 3.80 t (2H, OCH,CH,0), 3.95 m (1H,
CHOH), 4.01 d.d (1H, CH,=, cis), 4.18 d.d (1H, CH,=,
trans), 6.47 q (1H, OCH=). 3C NMR spectrum, 3, ppm:
34.91 (CH,Br), 67.29 (OCH,CH,0), 69.91 (CHOH),
69.98 (OCH,CH,0), 72.82 (OCH,CH), 87.12 (CH,=),
151.73 (OCH=).

1-(Allyloxy)-3-bromo-2-propanol (Vb). From 12 g
of reaction products obtained from oxirane Ib and phen-
ylethynylmagnesium bromide (IIb) (Table 2, run no. 6)
alongside 4-pentyn-2-ol IVb was isolated by vacuum
distillation 4.75 g of compound Vb, colorless liquid, bp
66-70°C (1 mm Hg), n2° 1.4892. IR spectrum, cm~!:
670 (C-Br), 1640 (C=C), 3400 (O—H). 'H NMR
spectrum, &, ppm: 3.10 d (1H, OH), 3.28, 3.44 q (2H,
OCH,CH), 3.52 d (2H, CH,Br), 3.95 q (1H, CHOH),
4.01 d (2H, OCH,CH=), 5.17 d.d.t (1H, CH,=, cis),
5.25 d.d.t (1H, CH,=, trans), 5.86 d.d.t (1H, CH=).
13C NMR spectrum, 3, ppm: 35.09 (CH,Br), 69.94
(CHOH), 71.54 (OCH,CH), 72.38 (OCH,CH=), 117.55
(CH,=), 134.33 (CH=). Found, %: C 36.81; H 5.49;
Br 39.88. C¢H,BrO,. Calculated, %: C 36.95; H 5.68;
Br 40.96.
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2-Methyl-4-(3-phenyl-2-propynyl)-1,3,6-tri-
oxocane (VIII). The distillation of reaction products (run
no. 4, Table 2) besides the main fraction, 3-bromo-2-
propanol Va, yielded two more fractions possessing
similar NMR spectra (distinguished by different ratio of
the integral intensities of the identical signals) but with
unlike boiling temperature and refraction indices. I
fraction, bp 150-155°C (2 mm Hg), n3° 1.5190, contained
~30% of trioxocane VIII and ~70% of trioxocane IX. I
fraction , bp 190-198°C (2 mm Hg), n2° 1.5572, contained
~81% of trioxocane VIII and ~19% of trioxocane IX.
IR spectrum, cm-1: 2990 (Me). 'H NMR spectrum, 9,
ppm, for compound VIII: 1.37 d (3H, Me), 2.43-2.69 m
(2H, CH,C=), 3.24-3.75 m (7H, 2CH,0, OCH,CH),
4.88 q (1H, OCHO), 7.25-7.51 m (5H, Ph). 13C NMR
spectrum, 8, ppm, for compound VIII: 20.69, 20.78 (Me),
23.60,23.84 (CH,C=), 64.14, 64.18, 68.86, 69.13, 69.19,
70.95, 71.04, 72.75 (20CH,, OCH,CH), 79.87, 80.77
(C=C), 98.89,98.78 (OCHO), 127.88-131.68 (C,1om)-

2-Methyl-4-(bromomethyl)-1,3,6-trioxocane
(IX). From 5 g of 1-[2-(vinyloxy)ethoxy]-3-bromo-2-
propanol Va obtained by reaction of ethynylmagnesium
bromide with oxirane Ia was isolated by distillation 3 g
of compound IX as a colorless liquid, bp 105-106°C
(1 mm Hg), n3° 1.4996. IR spectrum, cm~!: 655 (C-Br),
2980 (Me). 'H NMR spectrum, 8, ppm: 1.33 d (3H, Me),
3.53-3.67 narrow.m (8H, 2CH,0, OCH,CH,
CH,Br), 3.95 m (1H, CHCH,Br), 4.88 q (1H, OCHO).
13C NMR spectrum, 3, ppm: 20.01, 20.09 (Me), 33.27,
33.47 (CH,Br), 63.77, 63.96, 70.94, 71.58, 71.77, 73.36,
73.41 (20CH,, OCH,CH), 99.57,99.76 (OCHO). Found,
%: C 38.77; H 6.10; Br 35.14. C;H;BrO;. Calculated,
%: C 37.35; H5.82; Br 35.50.
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