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TF'ETEPOLUKJIAI BPOMALETHUJIEH CIIMPTTEPI K9HE OJIAPJbIH AKPHUJI
KOHE METAKPWJI DOUPJIEPIHIH CUHTE3I
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Maxkanaoa yuknoi ryncone 2emepoyurioi ayemujieH Chupmmepine HaAmpuili 2UNOOPOMUOIHIH
acepinen zemepouukrnoi opomaavemusien CRupmmepin, COHOAU-AK JUMUN ATIOMUHUIL KeuleHoepin
KO0J1I0GHbIN 071aPObIY AKPUJI HCIHe MemaKkpul Iupaepin any aoici kenmipinzen. AnviHzan oHiMOepOiH
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Kypamsl mMeH KYpolLavimbl diemenmmik ananus, UK ycone IIMP cnekmpnepinin manimemmepimen
pacmanowvl. 3epmmey HIMUMNCECIHOE TUMUI ANIOMUHUIL 2UOPUOIHIN KAMBICYbIMEH OHIMHIN WIbIZYbl
bapnuvix ycazoaiioa 80 %-0an scozapul ekenoizi anvlKmanowl.

Herisri ce3aep: OpomaaneTn/ieH CIUpPTTePi, alleTHIEeH CIMPTTEP], JUTHI ATIOMUHUI KellleHi,
TeTporuapopypaH, NUNEPUAUH, NMUPUAUH, 4-MeTAKPUJIOKCH-2,2-TMMeTHI-4 OpOMITHHHMJITETPA-
XUAPONMPaH, 4-AKPUJIOKCH-2.2-TUMeTUI-4-0pOMITHHIWITeTparuaAponupan, 1-Axkpuiaokcu-1-0po-
MATHHWIHUKIOTEKCAH.
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B cmampe npedocmaenen cnocod nonyyenus 2emepouUKIUUECKUX OpoMayemuieHo8blx
CRUPmMOE Oelicmeuem ZUROOPOMUOA HAMPUA HA YUKTUUECKUEe U 2emepoyUKIuYecKue ayemuienogole
CRUPpMBL, A MAK)CE UX AKPUTLOGHIX U MEMAKPUTIO8BIX IPUPOE C ROMOWBIO TUMUILATIIOMUHUEEHIX KOM-
nnekcos. Cocmag u cmpykmypa nojay4eHHslX nPOOYKHO8 NOOMEEPHCOeHbl OAHHBIMU ITIEMEHMHO20
ananuza, UK u IIMP cnexkmpos. B pe3ynbmame uccinedoeanus, yCmaHoe8/1eHo, YMo 6 HPUCYMCMEUU
AUMUAATIOMUHUIZUOPUOA 6b1X00 NPOOYKIMA 80 6cex cayuanx evtuie 80 %.

KuoueBble cjioBa: OpoManeTn/ieHOBbIe CHUPTHI, AlleTHIEHOBbIE CIIUPTHI, JUTHIHAJTIOMUHHUe-
BbIil KOMILIEKC, TeTpOruapodpypaH, NHUNEPUAUH, NUPUIAUH, 4-MeTakpujaokcu-2.2-1umMeTnna-4
OpPOMATHHMJITETPAruAPONUPaH, 4-AKPUIOKCH-2.2-TUMeTHI-4-0pOMITUHMIITeTparuaponupad, 1-
AKPHJIOKCH-1-0pOMITHHHIIMKJIOTeKCaH.

SYNTHESIS OF HETEROCYCLIC BROMACETYLENE ALCOHOLS
AND THEIR ACRYL -, METHACRYL ETHERS
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The article presents a method for obtaining heterocyclic bromoacetylenic alcohols by the
action of sodium hypobromide on cyclic and heterocyclic acetylene alcohols, as well as their acrylic
and methacrylic esters using lithium aluminum complexes. The composition and structure of the
obtained products were confirmed by the data of elemental analysis, IR and PMR spectra. As a result
of the study, it was found that in the presence of lithium aluminum hydride, the product yield in all
cases is higher than 80 %.

Keywords: bromoacetylenic alcohols, acetylenic alcohols, lithium-aluminum complex,
tetrohydrofuran, piperidine, pyridine, 4-Methacryloxy-2.2-dimethyl-4 bromoethynyltetrahydropy-
ran, 4-Acryloxy-2.2-dimethyl-1-bromoethyryl-bromoethynylcyclohexane.

Introduction drugs and medicines. In addition, these com-

Fundamental research in the field of pounds are a raw material base to produce new
synthesis, the study of chemical transformations polymers, which largely determines the success-
of new heterocyclic acetylene, polyacetylene ful and intensive development of the chemistry
compounds and their organoelement derivatives and technology of macromolecular compounds.
are one of the factors that ensure progress in the Particularly acute is the issue of providing mono-
search for highly effective physiologically active mers to obtain polymers with specific (surface-
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active, complexing, ion-exchange, inhibiting,
biologically active and other) properties, which
have been significantly developed in recent
years. In this regard, the development of methods
to produce carbo- and heterocyclic bromoacety-
lenic alcohols and investigation of their pro-
perties is especially important. [1-4].

Forms and methods of research

In this work, bromoacetylenic alcohols (5-
8) were synthesized from cyclic and heterocyclic
acetylenic alcohols (1-4), obtained by us earlier
[1] by interaction with sodium hypobromide,
according to the following scheme:

HO C=CH HO C=CBr
R5 Rs
NaOBr
R2 RZ
0, 2°C
x7 R Ry
1-4 5-8
R,~R,~H, X-CH, 5
R,~R,—CH,, X-0 6
R]=R2CH3, X=8 7

R,=R=CH,, X=N-CH; 8

The resulting products (5-8) are colorless
crystals (table 1). The composition and structure
of bromoacetylenic alcohols are confirmed by

the data of elemental analysis, IR and PMR
spectra (Table 2).

Table 1. Cyclic and heterocyclic bromoacetylenic alcohols (5-8)

c Found, % Gross Calculated, %
o Ou Formula
Formula
m tpu | Bp
o of compound t. | (0 S
P s Iy C | H|B|N C | H| Br | N | 8
un % S
d
HO. _C=C-Br
5 ij 75 |1 50 | 47.0| 5.1 | 390 CSH;‘OB 4730 | 5.41 | 39,40
e P 134 CsH130
6 > 80 | - |462| 54 | 340 U2 46,35 | 5,58 | 34,33
CH, Br
135
HO. C=C—Br
7 @CHS 73| 96 | 432 5.1 | 320 12,5 | ©HS0 1 4337 1520 [ 32,12 112,
e Br 85
HO C=C—Br
H3ij CioHi60
g o 82 | 132 | 485 6,3 | 32,3 | 5,40 Br 4878 6,50 | 32,52 5,60
CHs
- isomer
HO C=C—Br
mcﬁ
8 N Ch 1 25 | 210 | 48,6 | 6,4 | 32,0 | 5,20 C‘Ogr‘ﬁo 47,78 | 6,50 | 32,52 | 5,59
CHs
Y- isomer
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Table 2. Frequencies of stretching vibrations in IR spectra and values of chemical shifts in PMR spectra of cyclic

and heterocyclic bromoacetylenic alcohols

Compound Formula of compounds IR spectrum, v cm ! PMR spectrum, 85 ppm
P OH | C=CBr | C=C | N-CH, | CH, 3H
HO C=C-Br
5 ij 3370 564 2216 - 1,62 3,95
HO__-C=Cc—>Br
6 CHs 3320 565 2190 - 1.29 1.76
0" “cH,
HO._C=C—Br
7 @CH 3378 572 2212 - 1.26 2.64
3
S CHg
NH,C CHs
OH
8 HyC S=chr 3332 568 2210 2.78 1.20 2.03
B -isomer
NH@m‘;Hs
8 HoC Te=CRr | 3340 | 575 2215 3.00 1.32 2.24
'Y -
isomer

To obtain alcoholates of bromoacetylenic
alcohols, we used the properties of lithium
aluminum hydride, which reacts vigorously with

alcohols, producing hydrogen, and transforms
into the corresponding alkoxy derivatives.

LiAlH, + 4ROH — LiAl(OR), + 4H,

Upon the interaction of (meth) acrylic
acid chlorides with mixed lithium aluminum
alcohols of bromoacetylenic alcohols, we
synthesized 1-methacryloxy-1-bromoethynyl-
cyclohexane (9), 4-methacryloxy-2,2-dime-
thyl-4-bromoethynyltetrahydropyran (10), 1-
acryloxy -bromo-ethynylcyclohexane (11) and
4-acryloxy-2,2-dimethyl-4-bromoethynyl-
tetrahydro-pyran (12).

The reaction for producing esters includes
two stages:

1. Formation of mixed alcoholate by inte-
racttion of bromine-containing tertiary acetylene
alcohol with lithium aluminum hydride.

2. Esterification of the intermediate with
(meth) acrylic acid chloride.

The reaction scheme can be depicted as
follows:

QH . _.C=CBr 0. _C=CBr
@R] + LiAlH, > Lial I\/jm + 4H; ———
X~ Ra TR g
4
Q. C=CBr
. e ) i _
LiAl Ry + 4Cl—=C—CR=CH,; — LiAICl, + 4H;C=RC—C-0__C=CBr
b R
% e
"%~ R

e, MpH  X=CH,, R,=R,=H, R=CH,, H

X=0, R;/=R,/~CH;, R=CH;,H ( 1

(o9

10 )
1,12 )

The reaction was carried out in a stream of

an inert gas, in a tetrahydrofuran or pyridine
medium in the presence of a radical polymerize-
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was above 80%, the structure of the synthesized

compounds is confirmed by counter synthesis.
The constants and data of elemental analy-

sis of the obtained products are presented in

Table 3. The data of IR and PMR spectroscopy
confirm the structure of the synthesized
compounds (Table 4).

Table 3. Physicochemical constants of methacrylic and acrylic esters of bromine-containing cyclic and heterocyclic

acetylenic alcohols

Found.%, %
0, %k
(:1:15) ip ((OCC)S na**% Ouzop/u)t,, Calculated,%, %
P ° C H Br
9 124-125 5329 5.50 29.30
236 15115 84 53,13 5,53 29.52
10 51.60 5.42 26.20
85 - 87 51,82 5,65 26,58
11 113-120 51,30 5.15 21,10
665 1,355 83 51,36 5.06 31,13
12 51,20 5.0 27.50
> 82 51.17 5.3 27.87
* -using LiAlH4

Table 4. Frequencies of stretching vibrations in IR spectra and values of chemical shifts in PMR spectra of acrylic
and methacrylic esters of cyclic and heterocyclic bromoacetylene alcohols

Compou IR spectrum, v cm ! PMR spectrum, 35 ppm
nd Cc=C C=0 C=C CH; -CH, CH,=CH-
9 1632 1735 2208 1.96 1.62 5.72-5.56
10 1636 1730 2206 1.2-1.4 1.5-2.3 6.19-5.55
11 1638 1730 2210 - 1.58 5.9-5.7
12 1638 1720 2210 1.24 1.8 6.2-6.0
Experimental part 2,2-Dimethyl-4-

1-Bromoethynylcyclohexan-1-ol (5). In a
three-necked flask with a capacity of 25 ml was
loaded 50 ml of 10N sodium hydroxide solution
and 100 ml of distilled water. The mixture was
cooled to -5 °C. With vigorous stirring, 11 ml of
bromine was slowly added dropwise. After the end
of the dropping, a solution of 24.8 g of 1-
ethynylcyclohexan-1-ol in 10 ml of diethyl ether
was added dropwise after 30 minutes. The reaction
was continued for 4-5 hours until the solution
became discolored, after which the mixture was
saturated with ammonium chloride, extracted with
ether. The ether solution was washed with water,
dried with calcium chloride. After distilling off the
ether and recrystallization of the residue from
hexane gave 30,44g (75% of theory) brometi-
niltsiklogeksan-1-ol with Mp= 53-55 °C.

Found, %: C 47.00; H 5.10, Br 39.00;

Calculated, %: C 47.30; H 5.41, Br 39.40
C 8 H 11 O Br.

IR spectrum, cm ': 3370 (OH), 2216
(C=C), 564 (C=C Br),

PMR c¢ spectrum, ppm: 1.62 (CHs), 3.95
(OH).
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bromoethynyltetrahydropyran-4-ol (6).

Under the above conditions, 2,2-dimethyl-
4-bromoethynyltetrahydropyran-4-ol with Tm =
139-140 ° C was obtained from 30.8 g of 2,2-
dimethy-4-ethynyltetrahydropyran-4-ol with Mp
=139-140 ° C. The yield was 80% of theoretical.

Found,%: C 46.2; H 5.4, Br 34.00;

Calculated,%: C 47.30; H 5.41, Br 39.40
C8H110BEr.

IR spectrum, cm-1: 3320 (OH), 2190
(C=C), 565 (C=CBr),

PMR spectrum, ppm: 1.29 (CH3), 1.76 (3H).

1-Methacryloxy-1-
bromoethynylcyclohexane. (9)

While stirring in a stream of inert gas, a
solution of 16.24 g (0.08 mol) of 1-bromo-
ethynylcyclohexane-1-ol in 50 ml of THF was
added dropwise to a solution of 0.76 g (0.02 mol
of lithium aluminum hydride in 100 ml of
tetrahydrofuran (THF) and was heated until the
complete evolution of hydrogen. Then 8.36 g
(0.08 mol) of methacrylic acid chloride was
added to the reaction mixture at 10 ° C. Heated at
60 ° C for 3 h, after which it was decomposed on
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cooling with 5% hydrochloric acid solution. acid
and extracted with ether. The ether extract was
dried with calcium chloride. After distilling off
the solvent, the residue was distilled to obtain
18.21 g (84% of theoretical) 1-methacryloxy-1-
bromoethynyl-cyclohexane with Bp = 124-125 °©
C at 266 Pa, n,'=1,5115, d;°=1,2843

MRd found 63.30, calculated 62.36.

Found, %: C 53.29; H 5.50; Br 29.30.

Calculated, %: C 53.13; H 5.53; Br 29.52
C12H50,Br. (- CEC-),

1632 (-CH») and 1725 (C = 0O).

PMR spectrum, ppm 1.96 (-CH3), 1.62 (-
CH»-), 5.72-5.56 (CH2 = C-).

1-Acryloxy-1-bromoethynylcyclohexane (11)

Under similar conditions, from 0.76 g
(0.02 mol) of lithium aluminum hydride, 16.2 g
(0.08 mol) of 1-bromoethynylcyclohexan-1-ol
and 7.24 g (0.08 mol) of acrylic acid chloride by
heating at 60 °C for 3 h received 17.06 g (83% of
theoretical) 1-acryloxy-1-bromoethynylcyclohe-
xane with Bp = 118-120 °C at 665 Pa, = 1.3766,
MRd calc. 57.74, found. 58.23.

Found, %: C 51.30; H5.15; Vg 31.10

Calculated, %: C 51, 36; H 5.06; Br 3 1.13
C]3H] 302BI‘

IR spectrum, cm'l; 2210 (-C=C) 1638 (-C
= CH») and 1730 (C=0O).

PMR spectrum, ppm 1.58 (-CH,-), 5.9-5.7
(CH»-C-).

4-Acryloxy-2.2-dimethyl-4-
bromoethynyltetrahydropyran (12).

A solution of 18.64 g (0.08 mol) of 2.2
dimethyl-4-bromoethynyltetrahydropyran-4-ol in
50 ml of pyridine was added dropwise to a solu-
tion of 0.76 g (0.02 mol) of lithium aluminum
hydride in 100 ml of pyridine with stirring in a
stream of inert gas. Heated until complete evolu-
tion of hydrogen. Then 7.24 g (0.08 mol) of
acrylic acid chloride was added to the reaction
mixture at 10 °C. It was heated at 80 °C for 3 h,
after which it was decomposed on cooling with a
5% hydrochloric acid solution and extracted with
benzene. The benzene extract was dried with
calcium chloride. After distilling off the solvent,
the residue was crystallized from a solution of
benzene: ethanol (1: 2) to give 18.82 g (82%) of
4-acryloxy-2,2-dimethyl-4-bromoethynyltetra-
hydropyran with Mp-55 °C.

Found, %: C 50.20; H 5.0; Br 27 50.
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Calculated, %: C 50.17; H 5.23; Br 27.87
C]zH] 5O3BI'.

IR spectrum, cm-1: 2210 (-C=C-), 1638 (-
C =CH2) and 1720 (C = O).

PMR spectrum, ppm 1.24 (-CHj3), 1.80 (-
CH,-), 6.20 (CH, = CHo).

4-Methacryloxy-2.2-dimethyl-4
bromoethynyltetrahydropyran (10).

Under similar conditions from 0.76 g (0.02
mol) of lithium aluminum hydride, 18.6 (0.08
mol) of methacrylic acid chloride for 3 hours at
85-86 C, after recrystallization from a benzene:
ethanol solution (1:2) received 20.94 g. (87% of
theoretical) 4-methacryloxy-2,2-dimethylbromo-
ethynyltetrahydropyran with Mp = 85 °C.

Found, %: C 51; 60; H 5.42; Br 26.20.

Calculated, %: C 51.82; H 5.65; Br 26.58
C]3H]7O3BI‘.

IR spectrum, cm ~': 2206 (-C=C-), 1635
(H2C =CH2) and 1730 (C = 0O).

PMR spectrum, ppm 1.2-1.4 (-CHz3), 1.5-
2.3 (-CH»-), 6.19-5.55 (CH, = CH,).

Conclusion

Based on the research
following conclusions can be drawn:

1. A procedure has been developed for the
synthesis  of  heterocyclic ~ bromoacetylene
alcohols by the action of sodium hypobromide
on cyclic and heterocyclic acetylene alcohols, as
well as their acrylic and methacrylic esters;

2. It was found that in the presence of
lithium aluminum hydride, the product yield was
higher than 80 %.

results, the
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