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ABSTRACT: Tetrahydrothiopyrans have been efficiently synthesized in good yields with excellent diastereoselectivity from
aldehydes and substituted 5-methylhex-4-ene-1-thiol via (3,5)-thionium−ene cyclization reaction mediated by boron trifluoride
etherate.

Tetrahydrothiopyrans, analogues of tetrahydropyrans, are
important structural units in biologically active mole-

cules.1 Some tetrahydrothiopyrans are found in petroleum
products.2 The sulfur analogues of oligosaccharides are found
to be potential enzyme inhibitors.3 Apart from these, the
tetrahydrothiopyrans can be transformed into a variety of
structures.4 Although there are many procedures for the
synthesis of tetrahydropyrans,5 the methods for the synthesis
of tetrahydrothiopyrans are limited. Tetrahydrothiopyrans are
prepared by Prins cyclization,6 intramolecular ring-opening of
epoxides by thiolates,7 double-conjugate addition of sulfide to
divinyl ketone,8 hydrothiolation of nonactivated olefins,9 and
Pummerer rearrangement,10 but the existing methods are
associated with major drawbacks such as a lack of
diastereoselectivity and use of expensive reagents. Therefore,
to improve upon these limitations it is important to develop an
efficient method for the synthesis of tetrahydrothiopyrans.
Herein, we report the synthesis of substituted tetrahydrothio-
pyrans via thionium−ene cyclization.
Oxonium−ene cyclization reactions have been intensively

studied in the recent past. They have been considered as
powerful tools for the construction of various cyclic ethers.11 In
continuation of our interest in heterocyclic chemistry,12 we
were in search of an efficient method for the synthesis of
tetrahydrothiopyrans. To the best of our knowledge,
thionium−ene cyclization reaction has not been used for the
synthesis of tetrahydrothiopyrans. We envisioned that reaction
of olefinic compounds with a thiol group at the γ-position with
aldehyde would generate thionium ion which after the
thionium−ene reaction will provide tetrahydrothiopyrans.

Thus, the reaction of 6-methylhept-5-ene-2-thiol with benzal-
dehyde 1a in the presence of boron trifluoride etherate in
toluene afforded 3-isopropenyl-6-methyl-2-phenyltetrahydro-
thiopyran 3a in 86% yield with good diastereoselectivity.
To prove the reaction's general applicability, a variety of alkyl

and aryl aldehydes were investigated, and the results are
summarized in Table 1. It was observed that the reaction holds
good for both electron-withdrawing as well as electron-
donating groups on the aromatic ring of the aromatic
aldehydes. The reaction is diastereoselective as determined
from the 1H and 13C NMR spectrum of the crude product, and
in all cases, the substituents at 2 and 3 are trans, whereas
substituents at 2 and 6 are in the cis position. The structure of
the compounds was determined by 1H NMR and NOE
experiments (Figure 1). The strong NOE between H-2 and H-
6 protons of 3b indicates that they are in the cis position. The
coupling constant between H-2 and H-3 was found to be 11.2
Hz, which indicates that protons H-2 and H-3 are trans, and
therefore, the propenyl group and aryl groups are in the trans-
position. Finally, the structure of 3b was confirmed by X-ray
crystallographic analysis. It was observed that the aromatic
aldehydes having electron-withdrawing groups gave better
yields compared to aromatic aldehydes having electron-
donating groups. This might be due to the increase in
electrophilicity of the thiocarbenium ion (species 8, Scheme
1), caused by the electron-withdrawing character of the aryl
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ring, which in turn is attacked by the double bond effectively.
On the other hand, the electron-donating groups on the
aromatic ring decreases the electrophilicity of the thiocarbe-
nium ion. Further, the reaction with aliphatic aldehydes also
gave good yields. Electron-rich aromatic aldehyde 3,4,5-
trimethoxybenzaldehyde (entry g and p) gave tricyclic
compounds 3g and 3p, whereas phenylacetaldehyde (entry j
and m) resulted benzothiochromenes 3j and 3m. It is evident
from the above two results that the reaction proceeds through a
stepwise manner via carbocation intermediate but not in a
concerted fashion. The structure of 3m was confirmed by X-ray
crystallographic analysis.13 The reaction is very fast and within
30 min all the starting materials are consumed to give the
products. This may be attributed to the extra stability imparted
by the sulfur d-orbital.
The mechanism of the reaction can be explained as follows.

Lewis acid activates the carbonyl group of aldehyde 1 to
facilitate the nucleophilic attack by thiol 2 to give the acetal 7,
which after decomposition forms thionium ion 8. The thionium
ion 8 after cyclization provides carbocation 9, which after
elimination of proton gives tetrahydrothiopyrans 3 (Scheme 1).

■ CONCLUSION

In summary, we have developed a simple and efficient
methodology for the synthesis of tetrahydrothiopyrans in
good yields. The reaction is diastereoselective and gave only
one isomer.

■ EXPERIMENTAL SECTION
General Information. All reagents are commercially obtained.

BF3·Et2O was distilled over CaH2 prior to use. 1H NMR spectra were
recorded in CDCl3 on 400 MHz NMR spectrometer using TMS as
internal standard. The 13C and 19F NMR spectra were recorded at 100
and 376 MHz, respectively. For 13C and 19F NMR CDCl3 and C6F6
were used as internal standard. IR spectra were recorded on FT-IR
spectrometer. Melting points were measured in open capillary tubes
and are uncorrected.

Synthesis of 6-Methylhept-5-ene-2-thiol and 5-Methyl-1-
phenylhex-4-ene-1-thiol (2a−c). The thiols 2a−c were synthesized

Table 1. Synthesis of Tetrahydrothiopyrans

aYields refer to isolated yields. Compounds are characterized by 1H,
13C NMR, IR, and mass spectroscopy.

Figure 1. NOE of compound 3b.

Scheme 1. Mechanism for the Formation of
Tetrahydrothiopyrans

The Journal of Organic Chemistry Note

dx.doi.org/10.1021/jo2023944 | J. Org. Chem. 2012, 77, 2508−25122509



as per literature procedure.14 The compound 2a is known, and the
analyses were consistent with the literature.14

5-Methyl-1-phenylhex-4-ene-1-thiol (2b): 124 mg, 60%; pale
yellow liquid; 1H NMR (400 MHz, CDCl3) δ 1.53 (s, 3 H), 1.68
(s, 3 H), 1.90 (d, J = 5.2 Hz, 1 H), 1.93−2.05 (m, 4 H), 3.97 (dt, J =
7.2 and 5.2 Hz, 1 H), 5.07 (t, J = 6.8 Hz, 1 H), 7.20−7.25 (m, 2 H),
7.29−7.35 (m, 3 H); 13C NMR (100 MHz, CDCl3) δ 17.9, 25.9, 26.4,
39.8, 43.6, 123.2, 127.0, 127.2, 128.7, 132.6, 144.8; IR (KBr, neat)
3027, 2929, 1601, 1493, 1453, 1252, 1167, 1072, 758 cm−1; HRMS
(APCI) calcd for C13H18S (M + H)+ requires 207.1202, found
207.1202.
5-Methylhex-4-ene-1-thiol (2c): 90 mg, 68%; pale yellow liquid; 1H

NMR (400 MHz, CDCl3) δ 1.33 (t, J = 7.2 Hz, 1 H), 1.62 (s, 3 H),
1.64 (t, J = 7.2 Hz, 2 H), 1.69 (s, 3 H), 2.06−2.11 (m, 2 H), 2.52 (q, J
= 7.2, 2 H), 5.08 (t, J = 7.2 Hz, 1 H); 13C NMR (100 MHz, CDCl3) δ
17.9, 24.3, 25.9, 26.8, 34.3, 123.4, 132.5; IR (KBr, neat) 2924, 2853,
1646, 1458, 1377, 1267, 1152, 748 cm−1; HRMS (APCI) calcd for
C7H14S (M + H)+ requires 131.0889, found 131.0891.
Typical Procedure for the Synthesis of 3-Isopropenyl-6-

methyl-2-phenyltetrahydrothiopyran (3a, Table 1). 6-Methyl-
hept-5-ene-2-thiol (86 mg, 0.6 mmol) in 2 mL of toluene was added
dropwise to a stirring mixture of benzaldehyde (53 mg, 0.5 mmol),
boron trifluoride etherate (63 μL, 0.5 mmol), and toluene (2 mL) at 0
°C. The stirring was continued at the same temperature for 30 min,
and then the mixture was poured into saturated NaHCO3 (5 mL). The
reaction mixture was extracted with ethyl acetate and then washed with
brine and water. The organic layers were collected, dried over Na2SO4,
filtered, and concentrated. Then the resultant crude residue was
purified by column chromatography over silica gel (petroleum ether/
EtOAc 98:2) to give 3-isopropenyl-6-methyl-2-phenyltetrahydrothio-
pyran 3a (100 mg, 86%) as a pale yellow liquid: 1H NMR (400 MHz,
CDCl3) δ 1.20 (d, J = 6.8 Hz, 3 H), 1.49 (s, 3 H), 1.55−1.60 (m, 2 H),
1.91−2.00 (m, 1 H), 2.10 (dt, J = 10.4 and 2.8 Hz, 1 H), 2.63 (dt, J =
14.0 and 2.8 Hz, 1 H), 2.97−3.06 (m, 1 H), 3.90 (d, J = 10.8 Hz, 1 H),
4.56 (t, J = 1.2 Hz, 1 H), 4.59 (s, 1 H), 7.17−7.22 (m, 1 H), 7.23−7.28
(m, 4 H); 13C NMR (100 MHz, CDCl3) δ 20.3, 21.2, 33.8, 37.2, 39.8,
51.0, 51.5, 112.3, 127.3, 128.3, 128.4, 140.8, 147.5; IR (KBr, neat)
2960, 2922, 1644, 1450, 1374, 1159, 1070, 888 cm−1; HRMS (APCI)
calcd for C15H20S (M + H)+ requires 233.1358, found 233.1350.
Tetrahydro-6-methyl-2-phenyl-2-(3-nitrophenyl)(prop-1-en-

2-yl)-2H-thiopyran (3b): pale yellow crystalline solid; mp 100−102
°C (125 mg, 90%); 1H NMR (400 MHz, CDCl3) δ 1.22 (d, J = 6.8
Hz, 3 H), 1.49 (s, 3 H), 1.52−1.65 (m, 2 H), 1.95−2.05 (m, 1 H),
2.09−2.19 (m, 1 H), 2.63 (dt, J = 10.4 and 2.8 Hz, 1 H), 2.97−3.06
(m, 1 H), 3.99 (d, J = 11.2 Hz, 1 H), 4.57−4.61 (m, 2 H), 7.44 (t, J =
8.0 Hz, 1 H), 7.61 (d, J = 7.6 Hz, 1 H), 8.07 (d, J = 7.2 Hz, 1 H), 8.16
(s, 1 H); 13C NMR (100 MHz, CDCl3) δ 20.3, 21.1, 33.4, 37.0, 40.0,
50.1, 51.5, 113.1, 122.4, 123.4, 129.3, 134.6, 143.1, 146.6, 148.3; IR
(KBr, neat) 2963, 2924, 1639, 1529, 1448, 1350, 1267, 1098, 891
cm−1; HRMS (APCI) calcd for C15H19NO2S (M + H)+ requires
278.1209, found 278.1223.
Methyl 4-(tetrahydro-6-methyl-3-(prop-1-en-2-yl)-2H-thio-

pyran-2-yl)benzoate (3c): pale yellow crystalline solid; mp 58−60
°C (138 mg, 95%); 1H NMR (400 MHz, CDCl3) δ 1.21 (d, J = 6.4
Hz, 3 H), 1.47 (s, 3 H), 1.53−1.64 (m, 2 H), 1.92−2.00 (m, 1 H),
2.07−2.17 (m, 1 H), 2.63 (dt, J = 14.0 and 2.8 Hz, 1 H), 2.98−3.06
(m, 1 H), 3.89 (s, 3 H), 3.96 (d, J = 10.8 Hz, 1 H), 4.54−4.58 (m, 2
H), 7.34 (d, J = 8.4 Hz, 2 H), 7.94 (d, J = 8.4 Hz, 2 H); 13C NMR
(100 MHz, CDCl3) δ 20.3, 21.1, 33.6, 37.1, 39.9, 50.8, 51.5, 52.1,
112.6, 128.4, 129.1, 129.8, 146.1, 147.0, 167.0; IR (KBr, neat) 2954,
2923, 1722, 1610, 1435, 1375, 1279, 1112, 1019, 752 cm−1; HRMS
(APCI) calcd for C17H22O2S (M + H)+ requires 291.1413, found
291.1406.
2-(4-Bromophenyl)tetrahydro-6-methyl-3-(prop-1-en-2-yl)-

2H-thiopyran (3d): colorless liquid (146 mg, 94%); 1H NMR (400
MHz, CDCl3) δ 1.20 (d, J = 7.2 Hz, 3 H), 1.48 (s, 3 H), 1.50−1.60
(m, 2 H), 1.90−1.97 (m, 1 H), 2.08−2.12 (m, 1 H), 2.56 (dt, J = 11.2
and 2.8 Hz, 1 H), 2.96−3.05 (m, 1 H), 3.86 (d, J = 10.8 Hz, 1 H),
4.57−4.59 (m, 2 H), 7.15 (d, J = 8.4 Hz, 2 H), 7.38 (d, J = 8.0 Hz, 2
H); 13C NMR (100 MHz, CDCl3) δ 20.3, 21.1, 33.7, 37.1, 39.9, 50.3,

51.6, 112.6, 121.0, 130.0, 131.6, 139.9, 147.1; IR (KBr, neat) 2960,
2922, 1644, 1448, 1374, 1074, 1010, 890, 771 cm−1; HRMS (APCI)
calcd for C15H19BrS (M + H)+ requires 311.0464, found 311.0464.

4-(Tetrahydro-6-methyl-3-(prop-1-en-2-yl)-2H-thiopyran-2-
yl)phenol (3e): brownish liquid (93 mg, 75%); 1H NMR (400 MHz,
CDCl3) δ 1.21 (d, J = 6.8 Hz, 3 H), 1.49 (s, 3 H), 1.53−1.59 (m, 2 H),
1.89−1.96 (m, 1 H), 2.06−2.11 (m, 1 H), 2.57 (dt, J = 11.2 and 2.8
Hz, 1 H), 2.97−3.05 (m, 1 H), 3.84 (d, J = 10.8 Hz, 1 H), 4.56−4.60
(m, 2 H), 6.71 (d, J = 8.4 Hz, 2 H), 7.13 (d, J = 8.8 Hz, 2 H); 13C
NMR (100 MHz, CDCl3): δ 20.3, 21.2, 33.8, 37.2, 40.1, 50.4, 51.7,
112.3, 115.5, 129.5, 132.7, 147.7, 154.9; IR (KBr, neat) 3453, 2956,
2867, 1637, 1467, 1335, 1114, 1028, 738 cm−1; HRMS (APCI) calcd
for C15H20OS (M + H)+ requires 249.1308, found 249.1301.

Tetrahydro-2-(4-methoxyphenyl)-6-methyl-3-(prop-1-en-2-
yl)-2H-thiopyran (3f): colorless oil (106 mg, 81%); 1H NMR (400
MHz, CDCl3) δ 1.19 (d, J = 6.8 Hz, 3 H), 1.49 (s, 3 H), 1.51−1.59
(m, 2 H), 1.89−1.96 (m, 1 H), 2.04−2.11 (m, 1 H), 2.89 (dt, J = 10.8
and 2.8 Hz, 1 H), 2.97−3.05 (m, 1 H), 3.77 (s, 3 H), 3.87 (d, J = 10.8
Hz, 1 H), 4.57−4.60 (m, 2 H), 6.79 (d, J = 8.4 Hz, 2 H), 7.19 (d, J =
8.4 Hz, 2 H); 13C NMR (100 MHz, CDCl3) δ 20.3, 21.2, 33.9, 37.2,
39.9, 50.2, 51.7, 55.2, 112.2, 113.8, 129.3, 132.9, 147.7, 158.7; IR (KBr,
neat) 2922, 2836, 1644, 1450, 1301, 1247, 1176, 1037, 811 cm−1;
HRMS (APCI) calcd for C16H22OS (M + H)+ requires 263.1464,
found 263.1469.

2,3 ,4 ,4a ,5 ,9b-Hexahydro-6 ,7 ,8- t r imethoxy-2 ,5 ,5-
trimethylindeno[1,2-b]thiopyran (3g): pale yellow liquid (97 mg,
60%); 1H NMR (400 MHz, CDCl3) δ 1.30 (d, J = 6.8 Hz, 3 H), 1.42
(s, 6 H), 1.45−1.56 (m, 2 H), 1.81−1.92 (m, 2 H), 2.16−2.21 (m, 1
H), 2.97−3.05 (m, 1 H), 3.83 (s, 3 H), 3.84 (s, 3 H), 3.89 (dd, J = 10.8
and 1.2 Hz, 1 H), 3.92 (s, 3 H), 6.51 (d, J = 1.2 Hz, 1 H); 13C NMR
(100 MHz, CDCl3): δ 21.1, 21.5, 25.5, 26.4, 37.6, 39.9, 45.3, 50.1,
56.2, 60.4, 60.7, 60.9, 101.9, 135.6, 136.9, 141.7, 150.7, 153.1; IR (KBr,
neat) 2960, 2923, 1639, 1448, 1374, 1261, 1172, 1034, 786 cm−1;
HRMS (APCI) calcd for C18H26O3S (M + H)+ requires 323.1675,
found 323.1687.

Tetrahydro-6-methyl-3-(prop-1-en-2-yl)-2-styryl-2H-thiopyr-
an (3h): colorless liquid (119 mg, 92%); 1H NMR (400 MHz, CDCl3)
δ 1.20 (d, J = 6.4 Hz, 3 H), 1.47 (ddd, J = 11.2, 10.8, and 10.0 Hz, 1
H), 1.55−1.67 (m, 1 H), 1.63 (s, 3 H), 1.83 (dt, J = 10.0 and 2.8 Hz, 1
H), 2.02−2.08 (m, 1 H), 2.27 (dt, J = 11.2 and 2.8 Hz, 1 H), 2.92−
2.98 (m, 1 H), 3.57 (t, J = 10.0 Hz, 1 H), 4.70−4.80 (m, 2 H), 6.99
(dd, J = 15.6 and 8.8 Hz, 1 H), 6.51(d, J = 15.6 Hz, 1 H), 7.18−7.22
(m, 2 H), 7.25−7.33 (m, 3 H); 13C NMR (100 MHz, CDCl3) δ 19.7,
21.3, 32.9, 36.9, 38.7, 48.0, 52.2, 112.1, 126.5, 127.6, 128.6, 128.9,
132.0, 137.1, 147.9; IR (KBr, neat) 2960, 2922, 1644, 1448, 1374,
1159, 1028, 890 cm−1; HRMS (APCI) calcd for C17H22S (M + H)+

requires 259.1515, found 259.1518.
2-Cyclohexyltetrahydro-6-methyl-3-(prop-1-en-2-yl)-2H-thi-

opyran (3i): pale yellow liquid (101 mg, 85%); 1H NMR (400 MHz,
CDCl3): δ 1.10−1.26 (m, 2 H), 1.20 (d, J = 6.8 Hz, 3 H), 1.33−1.58
(m, 6 H), 1.63 (s, 3 H), 1.67−1.78 (m, 6 H), 1.94−2.00 (m, 1 H), 2.36
(dt, J = 11.2 and 2.8 Hz, 1 H), 2.75−2.81 (m, 2 H), 4.75 (m, 2 H); 13C
NMR (100 MHz, CDCl3): δ 18.9, 21.8, 26.7 (2C), 26.9, 27.1, 32.4,
34.0, 37.3, 38.3, 39.4, 49.6, 52.3, 112.0, 148.3; IR (KBr, neat) 2923,
2852, 1639, 1448, 1371, 1267, 889 cm−1; HRMS (APCI) calcd for
C15H26S (M + H)+ requires 239.1828, found 239.1828.

3,4,4a,5,10,10a-Hexahydro-2,5,5-trimethyl-2H-benzo[g]-
thiochromene (3j): light yellow solid; mp 83−85 °C (80 mg, 65%);
1H NMR (400 MHz, CDCl3) δ 1.12 (s, 3 H), 1.20 (d, J = 6.4 Hz, 3
H), 1.37 (s, 3 H), 1.41−1.51 (m, 1 H), 1.55 (dt, J = 11.2 and 2.4 Hz, 1
H), 2.05−2.15 (m, 3 H), 2.76 (dd, J = 16.0 and 12.0 Hz, 1 H), 2.86−
2.94 (m, 2 H), 3.18 (ddd, J = 11.6, 5.2, and 4.8 Hz, 1 H), 7.00 (d, J =
8.0, 1 H), 7.10 (t, J = 7.2, 1 H), 7.18 (t, J = 7.2, 1 H), 7.36 (d, J = 8.0
Hz, 1 H); 13C NMR (100 MHz, CDCl3): δ 21.3, 21.4, 27.5, 27.9, 28.6,
36.9, 37.6, 38.0, 38.7, 48.5, 125.7, 126.5, 127.2, 128.4, 133.5, 146.1; IR
(KBr, neat) 2962, 2884, 1633, 1491, 1447, 1364, 1291, 1174, 1034,
764, 730 cm−1; HRMS (APCI) calcd for C16H22S (M + H)+ requires
247.1515, found 247.1526.

2-(2-Chlorophenyl)tetrahydro-6-phenyl-3-(prop-1-en-2-yl)-
2-styryl-2H-thiopyran (3k): colorless oil (120 mg, 73%); 1H NMR
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(400 MHz, CDCl3): δ 1.59 (s, 3 H), 1.70−1.84 (m, 1 H), 2.10−2.23
(m, 2 H), 2.30−2.37 (m, 1 H), 2.83 (dt, J = 13.6 and 2.8 Hz, 1 H),
4.15 (dd, J = 11.6 and 2.4 Hz, 1 H), 4.60 (s, 1 H), 4.67 (s, 1 H), 4.69
(d, J = 12.0 Hz, 1 H), 7.10−7.15 (m, 1 H), 7.18−7.25 (m, 2 H), 7.28−
7.32 (m, 3 H), 7.37−7.40 (m, 2 H), 7.45 (d, J = 8.0 Hz, 1 H); 13C
NMR (100 MHz, CDCl3): δ 20.3, 34.1, 35.8, 46.8, 49.5, 51.1, 112.5,
127.0, 127.5, 127.6, 128.4, 128.7, 129.4, 129.7, 133.8, 137.7, 141.5,
147.0; IR (KBr, neat) 2928, 2857, 1645, 1442, 1376, 888 cm−1; HRMS
(APCI) calcd for C20H21ClS (M + H)+ requires 329.1125, found
329.1134.
Tetrahydro-6-phenyl-3-(prop-1-en-2-yl)-2-propyl-2H-thio-

pyran (3l): brownish liquid (98 mg, 75%); 1H NMR (400 MHz,
CDCl3) δ 0.87 (t, J = 7.2 Hz, 3 H), 1.23−1.33 (m, 2 H), 1.54−1.67
(m, 2 H), 1.69 (s, 3 H), 1.88−1.96 (m, 2 H), 1.98−2.05 (m, 1 H),
2.16−2.26 (m, 2 H), 2.97 (dt, J = 10.0 and 2.8 Hz, 1 H), 3.89 (dd, J =
11.6 and 2.0 Hz, 1 H), 4.79 (brs, 2 H), 7.21−7.25 (m, 1 H), 7.28−7.33
(m, 2 H), 7.34−7.37 (m, 2 H); 13C NMR (100 MHz, CDCl3) δ 14.2,
19.5, 19.8, 33.9, 35.4, 35.6, 46.5, 48.1, 52.4, 112.2, 127.5, 127.6, 128.7,
142.5, 148.1; IR (KBr, neat) 2957, 2927, 1634, 1452, 1376, 1186,
1076, 756 cm−1; HRMS (APCI) calcd for C17H24S (M + H)+ requires
261.1671, found 261.1678.
3,4,4a,5,10,10a-Hexahydro-5,5-dimethyl-2-phenyl-2H-

benzo[g]thiochromene (3m): colorless solid; mp 113−115 °C (97
mg, 64%); 1H NMR (400 MHz, CDCl3) δ 1.17 (s, 3 H), 1.42 (s, 3 H),
1.43−1.51 (m, 1 H), 1.71 (dt, J = 11.6 and 3.2 Hz, 1 H), 2.07 (dq, J =
12.8 and 2.4 Hz, 1 H), 2.20−2.27 (m, 1 H), 2.31−2.37 (m, 1 H), 2.80
(dd, J = 16.0 and 11.6 Hz, 1 H), 2.93 (dd, J = 16.4 and 5.2 Hz, 1 H),
3.35 (ddd, J = 11.6, 5.6, and 5.2 Hz, 1 H), 3.99 (dd, J = 11.6 and 2.4
Hz, 1 H), 7.01 (d, J = 7.6, 1 H), 7.10 (t, J = 7.6, 1 H), 7.19 (t, J = 8.0, 1
H), 7.24−7.28 (m, 1 H), 7.33 (t, J = 7.2 Hz, 2 H), 7.38 (d, J = 7.6, 3
H); 13C NMR (100 MHz, CDCl3) δ 27.6, 28.3, 28.6, 36.1, 36.6, 38.1,
39.9, 47.7, 48.5, 125.8, 126.5, 127.3, 127.6, 127.7, 128.4, 128.8, 133.5,
142.1, 146.1; IR (KBr, neat) 2965, 2926, 1634, 1446, 1365, 1188,
1080, 965 cm−1; HRMS (APCI) calcd for C21H24S (M + H)+ requires
309.1671, found 309.1681.
Tetrahydro-6-phenyl-3-(prop-1-en-2-yl)-2-p-tolyl-2H-thio-

pyran (3n): brownish solid; mp 118−120 °C (120 mg, 78%); 1H
NMR (400 MHz, CDCl3) δ 1.54 (s, 3 H), 1.68−1.79 (m, 1 H), 2.00−
2.15 (m, 2 H), 2.19 (dd, J = 12.4 and 2.8 Hz, 1 H), 2.29 (s, 3 H), 2.77
(dt, J = 11.2 and 2.8 Hz, 1 H), 4.06 (d, J = 12.4 Hz, 1 H), 4.10 (dd, J =
12.0 and 2.8 Hz, 1 H), 4.61 (s, 1 H), 4.66 (s, 1 H), 7.07 (d, J = 7.6 Hz,
2 H), 7.20 (d, J = 8.0 Hz, 2 H), 7.24 (d, J = 8.4 Hz, 1 H), 7.30 (d, J =
7.2 Hz, 2 H), 7.38 (d, J = 7.2 Hz, 2 H); 13C NMR (100 MHz, CDCl3)
δ 20.4, 21.3, 34.1, 35.5, 50.3, 51.4, 52.5, 112.5, 127.7 (2C), 128.3,
128.7, 129.2, 136.8, 137.1, 141.4, 147.3; IR (KBr, neat) 2926, 2855,
1643, 1452, 1375, 1282, 1030, 753 cm−1; HRMS (APCI) calcd for
C21H24S (M + H)+ requires 309.1671, found 309.1675.
Tetrahydro-2-(2,3-dimethoxyphenyl)-6-phenyl-3-(prop-1-

en-2-yl)-2H-thiopyran (3o): yellow solid; mp 96−98 °C (133 mg,
72%); 1H NMR (400 MHz, CDCl3) δ 1.57 (s, 3 H), 1.70−1.80 (m, 2
H), 2.10−2.20 (m, 2 H), 2.28−2.40 (m, 1 H), 2.75 (dt, J = 11.6 and
2.8 Hz, 1 H), 3.83 (s, 3 H), 3.92 (s, 3 H), 4.14 (d, J = 11.6 Hz, 1 H),
4.56 (s, 1 H), 4.65 (s, 1 H), 4.72 (d, J = 11.2 Hz, 1 H), 6.74−6.78 (m,
1 H), 6.98−7.02 (m, 2 H), 7.22 (t, J = 6.8 Hz, 1 H), 7.30 (t, J = 7.2 Hz,
2 H), 7.39 (d, J = 7.6 Hz, 1 H); 13C NMR (100 MHz, CDCl3) δ 20.2,
34.3, 36.1, 43.1, 49.6, 51.1, 55.8, 61.6, 111.0, 112.1, 120.6, 124.1, 127.5,
127.7, 128.7, 134.1, 142.0, 146.8, 147.6, 152.6; IR (KBr, neat) 2930,
2853, 1642, 1478, 1376, 1272, 1087, 1060, 1007, 888, 758 cm−1;
HRMS (APCI) calcd for C22H26O2S (M + H)+ requires 355.1726,
found 355.1733.
2,3,4,4a,5,9b-Hexahydro-6,7,8-trimethoxy-5,5-dimethy-2-

phenylindeno[1,2-b]thiopyran (3p): colorless solid; mp 108−110
°C; (150 mg, 78%); 1H NMR (400 MHz, CDCl3) δ 1.06 (s, 3 H),
1.47 (s, 3 H), 1.99−2.14 (m, 4 H), 2.35−2.40 (m, 1 H), 3.79 (s, 3 H),
3.85 (s, 3 H), 3.93 (s, 3 H), 4.07 (dd, J = 11.6 and 3.6 Hz, 1 H), 4.09
(d, J = 10.6 Hz, 1 H), 6.52 (s, 1 H), 7.24−7.29 (m, 1 H), 7.32−7.36
(m, 2 H), 7.39−7.42 (m, 2 H); 13C NMR (100 MHz, CDCl3) δ 21.2,
25.8, 26.4, 36.3, 45.5, 49.6, 51.0, 56.2, 60.4, 60.8, 61.0, 101.9, 127.5
(2C), 128.7, 135.6, 136.7, 141.9, 142.2, 150.8, 153.2; IR (KBr, neat)
2932, 2866, 1602, 1470, 1410, 1335, 1113, 1096, 1027, 736, 699 cm−1;

HRMS (APCI) calcd for C23H28O3S (M + H)+ requires 385.1832,
found 385.1843.

2-(4-Fluorophenyl)tetrahydro-6-phenyl-3-(prop-1-en-2-yl)-
2H-thiopyran (3q): brownish liquid (128 mg, 85%); 1H NMR (400
MHz, CDCl3) δ 1.53 (s, 3 H), 1.73 (dq, J = 12.8 and 2.8 Hz, 1 H),
2.08−2.15 (m, 1 H), 2.19 (dd, J = 12.8 and 2.8 Hz, 1 H), 2.30 (dq, J =
13.2 and 2.7 Hz, 1 H), 2.72 (dt, J = 12.0 and 3.2 Hz, 1 H), 4.05 (d, J =
11.2 Hz, 1 H), 4.09 (dd, J = 11.6 and 2.0 Hz, 1 H), 4.62 (s, 1 H), 4.65
(s, 1 H), 6.95 (t, J = 8.8 Hz, 2 H), 7.23−7.33 (m, 5 H), 7.37 (d, J = 7.2
Hz, 2 H); 13C NMR (100 MHz, CDCl3) δ 20.4, 34.1, 35.5, 49.7, 51.4,
51.8, 112.7, 115.3 (d, J = 21.3 Hz), 127.6 (2C), 128.8, 129.9 (d, J = 7.6
Hz), 136.2, 141.6, 147.3, 162.0 (d, J = 244.8 Hz); 19F NMR (376
MHz, CDCl3/C6F6) δ 46.58−46.63 (m, −F); IR (KBr, neat) 2927,
2851, 1639, 1451, 1375, 1222, 1157, 836, 755, 697 cm−1; HRMS
(APCI) calcd for C20H21FS (M + H)+ requires 313.1421, found
313.1434.

Tetrahydro-2-(4-nitrophenyl)-3-(prop-1-en-2-yl)-2H-thiopyr-
an (3r): pale yellow liquid (120 mg, 91%); 1H NMR (400 MHz,
CDCl3) δ 1.49 (s, 3 H), 1.56 (ddd, J = 13.2, 12.0, and 3.2 Hz, 1 H),
1.86 (qt, J = 13.2, and 3.2 Hz, 1 H), 1.98 (dd, J = 14.0, and 2.8 Hz, 1
H), 2.18 (dt, J = 14.0 and 2.8 Hz, 1 H), 2.65−2.72 (m, 2 H), 2.89
(ddd, J = 12.8, 10.8, and 2.8 Hz, 1 H), 3.93 (d, J = 10.8 Hz 1 H), 4.56
(s, 1 H), 4.58 (s, 1 H), 7.45 (d, J = 8.4 Hz, 2 H), 8.14 (d, J = 8.4 Hz, 2
H); 13C NMR (100 MHz, CDCl3): δ 20.3, 28.0, 31.2, 33.0, 49.8, 52.1,
113.0, 123.7, 129.3, 146.8, 147.1, 148.7; IR (KBr, neat) 2928, 2852,
1644, 1598, 1520, 1346, 1287, 1110, 1074, 853, 738 cm−1; HRMS
(APCI) calcd for C14H17NO2S (M + H)+ requires 264.1053, found
264.1066.
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