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As a result of the research of the reaction of 3,4-dihydro-2H-pyrano-dimethylacetylene
carbinol (also with its Csp-substituted derivatives) of iodo-alkylation on clinoptilolite in
the presence of (NaK)4CaAl6Si30O72 and crystalline iodine, 3-iodine-2-[(2-methyl-4-
organyl-but-3-in-2-yl)oxy]oxane was prepared. This method of preparation of heterocyclic
compounds allows the reaction to be carried out in the absence of solvents, which reduces
the amount of reagents and allows obtaining a product with high purity and high yield
(67.5%). It was established that the latter under the conditions of the Kucherov reaction
turn into heterocyclic compounds. Thus, effective regioselective methods for the synthesis
of dioxin derivatives have been developed. This fact is probably related and is obviously
explained by the intramolecular cyclization of the resulting intermediate-ketohydroxyester,
i.e. tandem hydrolysis of C–I and hydration of C≡C bonds of the reaction products. The
yield of 2-benzyl-3,3-dimethylhexahydro-4aH-piran[2,3-b][1,4]dioxin-2-ol is higher than
that of structural analogues. It should also be noted that the synthesized compounds have
an increased reactivity, and are rich in nucleophilic centers. Based on experimental data,
it was established that the compounds obtained in this way are stable and do not undergo
hydrolysis. Some physicochemical properties of the synthesized compounds were given,
their composition and structure were confirmed by elemental analysis data, and all
synthesized compounds were identified by IR and NMR spectroscopy.
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Introduction
In recent years, extensive research has been

carried out in the field of synthesis of propargyl β-
iodesters, performed with the interaction of three-
component systems consisting of olefin, propargyl
alcohol and crystalline iodine in the presence of HgO
[1–3]. Propargyl ethers have proved to be convenient
starting substances in the synthesis of a number of
promising compounds for practical use [4–6], and in
organic synthesis [7–12]. Structural analogues of these
compounds are of great interest and have a variety of
practically useful properties [13], as well as in medicine
[14].

Our goal was to obtain condensed bicyclic

compounds by intramolecular cyclization of the
alkoxyiodination product of 3,4-dihydro-2H-pyran
with dimethylacetylenecarbinol and its Csp-substituted
derivatives and further hydration of the resulting
compounds in one stage.

Results and discussion
Previously, we found that by single-stage

synthesis of alkooxygalogenation of a double bond,
heterocyclic compounds can be obtained by replacing
HgO with a safer and low-toxic catalyst clinoptilolite
(NaK)4CaAl6Si30O72 [15]. A similar reaction of alkoxy
iodination in the presence of 3,4-dihydro-2H-pyran
and crystalline iodine in the presence of clinoptilolite
(NaK)4CaAl6Si30O72 proceeds regioselectivity by double
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bond. This is evidenced by the 1H NMR data of the
acetyl proton doublet signal with a chemical shift at
δ=4.87 ppm with a characteristic value J=4.6 Hz, as
well as absorption bands characteristic of the acetyl
bond (νÑ–Î) of the middle band in the region of
1173 cm–1 are observed in the IR spectra. With further
hydration, the products (I–V) turn into condensed
bicyclic heterocycles (VI–X) (Scheme 1). Methyl
groups are diastrophic at position 3 for compounds
(I–X) and they exhibit different singlet signals at
1.04 s (3H, (CH3)), 1.09 s (3H, (CH3)) ppm.

The formation of the latter is obviously explained
by the intramolecular cyclization of the resulting
intermediate, ketohydroxyester, i.e. tandem hydrolysis
of C–I and hydration of C≡C bonds of reaction
products (I–V) (Scheme 2). It should be noted that
with an increase in the volume of the Csp substituent,
the yields of the reaction products increase.

Under these conditions, according to the GC
data [16], the reaction is completed in 2–3 hours and
leads to the formation of reaction products with a
yield of up to 68.2%. The resulting compounds (VI–
X) are colorless mobile liquids with a characteristic
odor of esters, resistant to long-term storage. The
composition and structures of the compounds were
established based on the IR and NMR spectra and
elemental analysis data.

Conclusions
Iodoalkoxylation of 3,4-dihydro-2H-pyran with

dimethylacetilenkarbinol (DAC) (also with its Csp-
substituted derivatives) of clinoptilolite in the presence
of (NaK)4CaAl6Si30O72 and crystalline iodine leads to
3-iodine-2-[(2-methyl-4-organyl-but-3-in-2-

il)oxy]oksanewith a high yield. The latter, under the
conditions of the Kucherov reaction, turn into
heterocyclic compounds. The formation of heterocyclic
compounds is explained by the intramolecular
cyclization of the resulting intermediate-
ketohydroxyester, i.e. tandem hydrolysis of C–I and
hydration of C≡C bonds of the reaction products.

Experimental part
The IR spectra of the compounds were taken on

the Specord 75 IR device in a thin layer and in
tablets with KBr. NMR spectra of substances in CDCl3
solution were recorded on the Bruker SF-300
(300.134 MHz) device, the internal standard being
GMDS. The purity of the synthesized compounds
was 95–98%, according to the 1H NMR and TLC
spectra (developer –iodine).

3-Iodine-2-[(2-methylbutyl-3-in-2-il)oxy]oxane
(I)

0.05 g of clinoptilolite
(NaK)4CaAl6Si30O72⋅24H2O was added to the cooled
(–5...00C) and intensively stirred mixture of 14 g
(0.25 mol) dimethylacetylenecarbinol and 21 g
(0.25 mol) 3,4-dihydro-2H-piran, then in portions
(1 g) 31.5 g (0.12 mol) finely ground crystalline
iodine. Mixing was continued at room temperature
for another 3–4 hours, then the mixture was filtered,
the filtrate was washed with a solution of Na2S2O3

and extracted with ether. The extract was dried through
CaCl2, the ether was removed in a rotary evaporator,
and the remainder was recrystallized. 45.2 g (68.2%)
of substance (I) was obtained with bp 108–1100C
(1 mm Hg). IR spectrum, ν, cm–1: 3330, 2952, 2858,
2100, 1439, 1375, 1174, and 565. NMR spectrum

 

Scheme 2

 Scheme 1
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1H, δ, ppm, MHz: 1.07 s (6H, (CH3)2), 1.54–1.58 m
(1H, CH), 1.83–1.79 m (1H, CH), 1.98–2.03 m
(1H, CH), 2.32–2.36 m (1H, CH), 2.5 t (1H,
J=2.5 Hz, ≡CH), 3.59–3.63 m (1H, CH), 3.93–
3.95 m (1H, CH), 4.12–4.20 m (1H, J=4.6 Hz,
ICH), 4.87 d (1H, J=4.6 Hz, OCHO). 13C NMR
spectrum (CDCl3, 67.8 Hz): 3.6, 28.7, 31.7, 55.4,
62.9, 74.2, 83.1, and 100.2. Found, %: C 40.81;
H 5.18; I 43.21. C10H15IO2. Calculated, %: C 40.83;
H 5.14; I 43.15.

3-Iodine-2-[(2-methylpent-3-in-2-yl)oxy]oxane
(II)

Obtained with a yield of 60%, bp 128–130°C
(1 mm Hg). IR spectrum, ν, cm–1: 2952, 2858, 2110,
1439, 1375, and 1172. NMR spectrum 1H, δ, ppm,
MHz: 1.07 s (6H, (CH3)2), 1.54–1.57 m (1H, CH),
1.83–1.88 m (1H, CH), 1.86 s (3H, CH3), 1.98–
2.03 m (1H, CH), 2.32–2.36 m (1H, CH), 3.59–
3.63 m (1H, CH), 3.93–3.95 m (1H, CH), 4.12–
4.20 m (1H, J=4.6 Hz, ICH), 4.87 d (1H, J=4.6 Hz,
OCHO). 13C NMR spectrum (CDCl3,   67.8 Hz):
3.7, 28.7, 31.7, 55.4, 62.9, 74.2, 83.1, and 100.2.
Found, %: C 42.84; H 5.54; I 41.45. C11H17IO2.
Calculated, %: C 42.87; H 5.56; I 41.18.

3-Iodine-2-[(2-methyl-4-phenylbutyl-3-in-2-
yl)oxy]oxane (III)

Received 65.6% of the substance (III) with a
volume of 78–800C (from ethanol). IR spectrum, ν,
cm–1: 3100, 3080, 2233, 3040, 1620, 1515, 1175,
1175, 1070, 1026, 776, 738, and 560. NMR spectrum
1H, δ, ppm, MHz: 1.07 s (6H, (CH3)2), 1.57–1.60 m
(1H), 1.85–1.86 m (1H), 2.02–2.07 m (1H), 2.36–
2.39 m (1H), 3.63–3.66 m (1H), 4.50 d (2H, CH2,
J=6.4 Hz), 4.96 d (1H, J=4.6 Hz), 7.31–7.35 m
(3H), 7.45–7.48 m (2H). 13C NMR spectrum (CDCl3,
67.8 Hz): 24.9, 28.5, 31.9, 55.5, 63.2, 84.2, 86.6,
100.4, 122.5, 128.3, 128.5, and 131.8. Found, %: C
52.12; H 5.14; I 34.56. C16H19IO2. Calculated, %: C
51.91; H 5.17; I 34.28.

3-Iodine-2-[(2-methyl-4-trimethylsilyl-3-in-2-
yl)oxy]oxane (IV)

Obtained with a yield of 68%, bp 112–1140C
(1 mm Hg.). IR spectrum, ν, cm–1: 2952, 2858,
1439, 1375, 1250, and 1174. NMR spectrum-1H, δ,
ppm, MHz: 0.03 s (9H, (CH3)3), 1.07 s (6H, (CH3)2),
1.54–1.58 m (1H, CH), 1.83–1.83 m (1H, CH),
1.98–2.03 m (1H, CH), 3.59–3.63 m (1H, CH),
3.93–3.95 m (1H, CH), 4.01–4.05 m (1H, CH),
4.12–4.20 m (1H, J=4.6 Hz, ICH), 4.87 d (1H,
J=4.6 Hz, OCHO). 13C NMR spectrum (CDCl3,
67.8 Hz): 3.8, 28.7, 31.7, 55.4, 62.9, 74.2, 83.1, and
100.2. Found, %: C 42.33; H 6.28; I 34.77; Si, 7.51.
C13H23IO2Si. Calculated, %: C 42.62; H 6.33; I 34.64;
Si 7.67.

3-Iodo-2-(3- t r i e l s i l y lp rop-2- in i loxy)-
tetrahydropyran (V)

The yield is 68%, bp 118–1200C (1 mm Hg).
IR spectrum, ν, cm–1: 2952, 2858, 1439, 1375, 1255,
and 1172. NMR spectrum 1H, δ, ppm, MHz:
0.75 d.k (6H, (CH2)3, J=7.5, 14.2 Hz), 1.08 s (6H,
(CH3)2), 1.15 t (9H, (CH3)3, J=7.5 Hz), 1.52-1.55 m
(1H, CH), 1.83–1.83 m (1H, CH), 1.98–2.03 m
(1H, CH), 2.32–2.36 m (1H, CH), 3.59–3.63 m
(1H, CH), 3.93–3.95 m (1H, CH), 4.02–4.06 m
(1H, CH), 4.87 d (1H, J=4.6 Hz, OCHO). 13C NMR
spectrum (CDCl3, 67.8 Hz). 3.7, 28.7, 31.7, 55.4,
62.9, 74.2, 83.1, and 100.2. Found, %: C 46.96; H
7.12; I 31.11; Si 6.42. C16H29IO2Si. Calculated, %:
C 47.06; H 7.16; I 31.07; O 7.84; Si 6.88.

2,3,3-Trimethylhexahydro-4aH-piran[2,3-
b][1,4]dioxin-2-ol (VI)

13.3 g (0.05 mol) of compound (I) was gradually
added to the heated to 600C and stirred mixture of
0.65 g of red mercury oxide, 1 ml of concentrated
sulfuric acid and 23.5 ml of water. The mixture was
boiled for 6 hours at 60–650C, extracted with ether,
the water layer was saturated with table salt and
extracted with ether again. The combined organic
phases were dried with Na2SO4, the solvent was
removed, and the remainder was distilled in vacuum.
7.7 g (57%) of the substance (6) was isolated with a
temperature of 94–960C (1 mm Hg). IR spectrum,
ν, cm–1: 3600, 1174, and 1120. NMR spectrum-1H,
δ, ppm, MHz: 1.04 s (3H, (CH3)), 1.09 s (3H, (CH3)),
1.18 s (3H, CH3), 1.89 m (2H, CH2), 1.98 br.s (1H,
OH), 3.45 m (2H, CH2), 3.89 m (2H, CH2), 4.81 d
(1H, J=4.7 Hz, OCH), 5.27 d (1H, J=3.0, OCHO).
13C NMR spectrum (CDCl3, 67.8 Hz): 26.3 (CH3),
37.8 (CH2), 39.1 (CH2), 63.2 (CH2), 66.2 (CH2),
69.1 (CHO), 94.2 (CHO), and 99.5 (OCHO). Found,
%: C 64.52; H 9.33. C10H18O3. Calculated, %:
C 64.49; H 9.74.

2-Ethyl-3,3-dimethylhexahydro-4aH-piran[2,3-
b][1,4] dioxin-2-ol (VII)

The yield is 65.8%, bp 97–990C (1 mm Hg).
IR spectrum, ν, cm–1: 3600, 1176, and 1110. NMR
spectrum 1H, δ, ppm, MHz: 0.98 t (3H, CH3, J=7.1),
1.04 s (6H, (CH3)2), 1.24 s (2H, CH2), 1.89–1.92 m
(2H, CH2), 1.98 br.s (1H, OH), 3.45 m (2H, CH2),
3.89 m (2H, CH2), 4.02 d.d.d (1H, J=4.7, 7.3,
7.8 Hz, CH), 4.81 d (1H, J= 4.7 Hz, OCHO).
13C NMR spectrum (CDCl3, 67.8 Hz): 26.3 (CH3),
37.8 (CH2), 39.1 (CH2), 63.2 (OCH2), 66.2 (OCH2),
69.1 (CHO), 94.2 (OCHO), and 99.5 (OCHO).
Found, %: C 63.84; H 10.64. C10H20O3. Calculated,
%: C 63.80; H 10.71.

2-Benzyl-3,3-dimethylhexahydro-4aH-piran[2,3-
b][1,4] dioxin-2-ol (VIII)
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The yield is 67.8%, bp 112–1140C (1 mm Hg).
IR spectrum, ν, cm–1: 3600, 1173, and 1110. NMR
spectrum 1H, δ, ppm, MHz: 1.04 s (3H, (CH3)),
1.09 s (3H, (CH3)), 1.24 s (2H, CH2), 1.89 m
(2H, CH2), 1.98 br.s (1H, OH), 3.45 m (2H, CH2),
3.89 m (2H, CH2), 4.02 d.d.d (1H, J=4.7, 7.3,
7.8 Hz, CHO), 4.81 m (1H, OCHO), 7.30–7.36 m
(3H), 7.43–7.48 m (2H). 13C NMR spectrum (CDCl3,
67.8 Hz): 26.3 (CH3), 37.8 (CH2), 39.1 (CH2),
63.2 (OCH2), 66.2 (OCH2), 68.2 (OCH2),
69.1 (CHO), 94.2 (OCHO), and 99.5 (OCHO).
Found, %: C 73.21; H 8.42. C16H22O3. Calculated,
%: C 73.25; H 8.45.

2-Trimethylsilylmethyl-3,3-dimethylhexahydro-
4aH-piran[2,3-b][1,4]dioxin-2-ol (IX)

Yield 62.8%, bp 98–990C (1 mm Hg). IR
spectrum, ν, cm–1: 3600, 1255, 1173, and 1110. NMR
spectrum 1H, δ, ppm, MHz: 0.45 s (9H, (CH3)3),
1.04 s (3H, (CH3)), 1.09 s (3H, (CH3)), 1.89 m
(2H, CH2), 1.98 br.s (1H, OH), 2.69 m (2H, CH2),
3.45 m (2H, CH2), 3.89 m (2H, CH2), 4.02 d.d.d
(1H, J=4.7, 7.3, 7.8 Hz, CHO), 4.81 m (1H, OCHO).
13C NMR spectrum (CDCl3, 67.8 Hz):
–0.6 (Si(CH3)3), 26.3 (CH3), 37.8 (CH2), 39.1 (CH2),
63.2 (OCH2), 66.2 (OCH2), 69.1 (CHO), 94.2
(OCHO), and 99.5 (OCHO). Found, %: C 60.56;
H 10,12; Si 10,84. C13H26O3Si. Calculated, %:
C 60.42; H 10.14; Si 10.87.

2-Triethylsilylmethyl-3,3-dimethylhexahydro-
4aH-piran [2,3-b][1,4]dioxin-2-ol(X)

The yield is 66.8%, bp 104–1060C (1 mm Hg).
IR spectrum, ν, cm–1: 3620 (us.s), 1250, 1172, and
1110. NMR spectrum 1H, δ, ppm, MHz: 0.73 k (6H,
(CH2)3, J=7.5 Hz), 1.04 s (3H, (CH3)), 1.09 s (3H,
(CH3)), 1.18 t (9H, ((CH3)3, J=7.5 Hz), 1.89 m (2H,
CH2), 1.98 br.s (1H, OH), 2.45 m (2H, CH2),
3.45 m (2H, CH2), 3.89 m (2H, CH2), 4.02 d.d.d
(1H, J=4.7, 7.3, 7.8 Hz, CHO), and 4.81 m (1H,
OCHO). 13C NMR spectrum (CDCl3, 67.8 Hz):
–0.6 (Si(CH3)3), 6.7 (Seach2), 26.3 (CH3), 37.8 (CH2),
39.1 (CH2), 63.2 (OCH2), 66.2 (OCH2), 69.1 (CHO),
94.2 (OCHO), and 99.5 (OCHO). Found, %:
C 63.45; H 10.66; Si 9.31. C16H32O3Si. Calculated,
%: C 63.95; H 10.73; Si 9.35.
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ÂÍÓÒÐ²ØÍÜÎÌÎËÅÊÓËßÐÍÀ ÖÈÊË²ÇÀÖ²ß
ÏÐÎÄÓÊÒÓ ÉÎÄ-ÀËÊÎÊÑÈËÞÂÀÍÍß
3,4-ÄÈÃ²ÄÐÎ-2Í-
Ï²ÐÀÍÎÄÈÌÅÒÈËÀÖÅÒÈËÅÍÊÀÐÁ²ÍÎËÎÌ ÒÀ
ÉÎÃÎ CSP-ÇÀÌ²ÙÅÍÈÌÈ ÏÎÕ²ÄÍÈÌÈ
Ã.Ì. Òàëèáîâ, Ô.Â. Þñóáîâ, Ø.Ì. Åéâàçîâà, Ã.À. Ì³ðçàºâà

Ó ðåçóëüòàò³ äîñë³äæåííÿ ðåàêö³¿ éîä-àëê³ëóâàííÿ
3,4-äèã³äðî-2Í-ï³ðàíî-äèìåòèëàöåòèëåíêàðá³íîëó (òàêîæ ç
éîãî Csp-çàì³ùåíèìè ïîõ³äíèìè) íà êë³íîïòèëîë³ò³ â ïðè-
ñóòíîñò³ (NaK)4CaAl6Si30O72 òà êðèñòàë³÷íîãî éîäó, îäåðæà-
ëè 3-éîä-2-[(2-ìåòèë-4-îðãàí³ë-áóò-3-³í-2-³ë)îêñè]îêñàí.
Öåé ñïîñ³á îäåðæàííÿ ãåòåðîöèêë³÷íèõ ñïîëóê äîçâîëÿº
ïðîâîäèòè ðåàêö³þ çà â³äñóòíîñò³ ðîç÷èííèê³â, ùî çìåí-
øóº ê³ëüê³ñòü ðåàãåíò³â ³ äîçâîëÿº îäåðæóâàòè ïðîäóêò âè-
ñîêî¿ ÷èñòîòè ç âèñîêèì âèõîäîì (67,5%). Âñòàíîâëåíî,
ùî îñòàíí³ â óìîâàõ ðåàêö³¿ Êó÷åðîâà ïåðåòâîðþþòüñÿ íà
ãåòåðîöèêë³÷í³ ñïîëóêè. Òàêèì ÷èíîì, ðîçðîáëåíî åôåê-
òèâí³ ðåã³îñåëåêòèâí³ ìåòîäè ñèíòåçó ïîõ³äíèõ ä³îêñèíó.
Öåé ôàêò, éìîâ³ðíî, ïîâ’ÿçàíèé ³, î÷åâèäíî, ïîÿñíþºòüñÿ
âíóòð³øíüîìîëåêóëÿðíîþ öèêë³çàö³ºþ óòâîðåíîãî ïðî-
ì³æíîãî êåòîã³äðîêñ³åô³ðó, òîáòî òàíäåìíèì ã³äðîë³çîì
C–I òà ã³äðàòàö³ºþ çâ’ÿçê³â C≡C ïðîäóêò³â ðåàêö³¿. Âèõ³ä
2-áåíçèë-3 ,3-äèìåòèëãåêñàã ³äðî-4aH-ï³ðàí[2 ,3-
b][1,4]ä³îêñèí-2-îëó âèùèé, í³æ ó ñòðóêòóðíèõ àíàëîã³â.
Ñë³ä òàêîæ çàçíà÷èòè, ùî ñèíòåçîâàí³ ñïîëóêè ìàþòü ï³äâè-
ùåíó ðåàêö³éíó çäàòí³ñòü, áàãàò³ íóêëåîô³ëüíèìè öåíòðà-
ìè. Íà îñíîâ³ åêñïåðèìåíòàëüíèõ äàíèõ âñòàíîâëåíî, ùî
îäåðæàí³ òàêèì ÷èíîì ñïîëóêè ñòàá³ëüí³ ³ íå ï³ääàþòüñÿ
ã³äðîë³çó. Íàâåäåíî äåÿê³ ô³çèêî-õ³ì³÷í³ âëàñòèâîñò³ ñèí-
òåçîâàíèõ ñïîëóê, ¿õ ñêëàä ³ áóäîâó ï³äòâåðäæåíî äàíèìè
åëåìåíòíîãî àíàë³çó, óñ³ ñèíòåçîâàí³ ñïîëóêè ³äåíòèô³êî-
âàíî çà äîïîìîãîþ ²×- òà ßÌÐ-ñïåêòðîñêîï³¿.

Êëþ÷îâ³ ñëîâà: 3,4-äèã³äðî-2Í-ï³ðàí, êë³íîïòèëîë³ò,
âíóòð³øíüîìîëåêóëÿðíà öèêë³çàö³ÿ, êðèñòàë³÷íèé éîä,
äèìåòèëàöåòèëåíêàðá³íîë.

INTRAMOLECULAR CYCLIZATION OF THE PRODUCT
OF IODO-ALKOXYLATION WITH 3,4-DIHYDRO-2H-
PYRANO DIMETHYLACETYLENE CARBINOL AND
WITH ITS CSP-SUBSTITUTED DERIVATIVES

G.Ì. Talybov, F.V. Yusubov, Sh.M. Eyvazova *,
G.A. Mirzayeva

Azerbaijan Technical University, Baku, Republic of Azerbaijan
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As a result of the research of the reaction of 3,4-dihydro-
2H-pyrano-dimethylacetylene carbinol (also with its
Csp-substituted derivatives) of iodo-alkylation on clinoptilolite in
the presence of (NaK)4CaAl6Si30O72 and crystalline iodine,
3-iodine-2-[(2-methyl-4-organyl-but-3-in-2-yl)oxy]oxane was
prepared. This method of preparation of heterocyclic compounds
allows the reaction to be carried out in the absence of solvents,
which reduces the amount of reagents and allows obtaining a
product with high purity and high yield (67.5%). It was established
that the latter under the conditions of the Kucherov reaction
turn into heterocyclic compounds. Thus, effective regioselective
methods for the synthesis of dioxin derivatives have been
developed. This fact is probably related and is obviously explained
by the intramolecular cyclization of the resulting intermediate-
ketohydroxyester, i.e. tandem hydrolysis of C–I and hydration
of C≡C bonds of the reaction products. The yield of 2-benzyl-
3,3-dimethylhexahydro-4aH-piran[2,3-b][1,4]dioxin-2-ol is
higher than that of structural analogues. It should also be noted
that the synthesized compounds have an increased reactivity, and
are rich in nucleophilic centers. Based on experimental data, it
was established that the compounds obtained in this way are
stable and do not undergo hydrolysis. Some physicochemical
properties of the synthesized compounds were given, their
composition and structure were confirmed by elemental analysis
data, and all synthesized compounds were identified by IR and
NMR spectroscopy.

Keywords: 3,4-dihydro-2H-pyran; clinoptilolite;
intramolecular cyclization; crystalline iodine; dimethylacetylene
carbinol.
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