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Chromene derivatives are among the natural compounds and they can also be easily obtained synthetically.
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They are one of the most commonly used skeletons in heterocyclic chemistry. Chromene derivatives are used in
the cosmetic and pigment industries as well as having a wide spectrum of biological activity. Synthesis of
chromene derivatives and their application areas is a current topic. In this study, it is aimed to synthesis and

characterization of new chromene derivatives by catalysis of molecular iodine starting from 1,5-diol derivatives
with chiral centers. In this context, 8 new 2,4-diaryloctahydro-2H-chromene derivatives were synthesized in high
yields and their structure determinations were made by spectroscopic methods (1H-NMR, 13C-NMR, 2D-NMR,
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Introduction

Today, many synthetic or natural compounds, which
used as drugs in medical therapy, are in the class of
heterocyclic compounds. Among heterocyclic
compounds, the six-membered oxygen-containing
heterocyclic compound adjacent to the benzene ring is
known as chroman (benzodihydropyran or 3,4-dihydro-
2H-chromene) (1) [1]. The chroman ring is a
pharmacologically important structural unit and it is found
in the structure of e vitamins and some drugs that are
troglitazone used as an antidiabetic [2], ormeloxifene
used as a selective estrogen receptor [3] and nebivolol
used in the treatment of high blood pressure and heart
failure [4].

Chromene derivatives are obtained by the placement
of various functional groups in different positions on the
chromane skeleton (1).
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Figure 1. Chromane and chromene derivatives

GCMS and FTIR) and their stereochemistry was determined.

Keywords: Chalcone, 1,5-Diol, Chromene, lodine.

2H-Chromene derivatives (l) are formed by the double
bond between of carbons 3 and 4, 4H-chromene
derivatives (lll) are formed by the double bond between
of carbons 2 and 3 on this skeleton, and 4H-chromen-4-
one derivatives (1V) are formed with the carbonyl group in
the 4 position. In addition, coumarin (V) and flavonoid (VI)
derivatives have this basic skeleton (Figure 1) [5].

Chromene derivatives are widely found in nature and
can be easily obtained by synthesis. Due to their bioactive
potential, they are one of the most commonly used
skeletons in heterocyclic chemistry. It is known that
chromene derivatives have a wide spectrum of biological
activity [6]. While some chromene derivatives act as sex
pheromones [7], some are used as drugs especially as
antifungal [8] and antimicrobial agents [9]. In addition,
chromene derivatives are also used in the cosmetics and
pigment industries [10]. When the studies on the activity
of chromene derivatives are examined, it is seen that
these compounds have important biological activities
such as antimalarial, antituberculosis [11], anti-cancer
[12], potassium channel opener [13], anti-HIV activity [14]
and antioxidant [15]. Synthesis and application areas of
chromene derivatives is a current and interesting subject
and there are many studies in the literature, and new ones
are added to these studies every day.

Molecular iodine, which is used as an effective catalyst
in various organic synthesis reactions, stands out as a
clean and non-toxic Lewis acid catalyst compared to
metallic catalysts [16]. In addition to being a cheap and
easily available compound, its use in reactions and its
removal from the reaction medium are carried out by
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uncomplicated simple methods [17]. lodine catalyzes C-C,
C-N, C-O and C-S bond formations, allowing the synthesis
of heteroatom-containing polyfunctional compounds and
the formation of molecular diversity [16], [18], [19].
Molecular iodine, which is widely used especially in
Michael addition reactions also plays an important role in
condensation, cycloaddition, esterification, etherization
and production of cyclic ethers [20], [21].

In the light of this information, here in this study, first
time molecular iodine-catalyzed synthesis of new 2,4-
diaryloctahydro-2H-chromene derivatives with four
stereo centers (Figure 2) was carried out over 1,5-diols
that we synthesized in our previous studies [22], [23]. The
method we used and the reaction we performed are
capable of guiding and giving ideas to researchers working
in this field in the design and synthesis of various
functional new compounds.

I,/CH;CN
reflux
1a-h
: Ar=4-CH;Ph Ar' = 4-CH;Ph e: Ar=4-OCH;Ph Ar'=4-OCH;Ph

: Ar=4-CIPh Ar'=4-OCH;Ph

a

b: Ar=4-OCH;Ph Ar' =4-ClPh

Cc

d: Ar =4-BrPh Ar' = 4-OCH;Ph

f: Ar=4-CH;Ph Ar' = 4-OCH;Ph
g: Ar=4-OCH;Ph  Ar'=4-CH;Ph
h: Ar = 4-CH;Ph Ar' = 2-thiophen

Figure 2. The general route for the preparation of 2,4-diaryloctahydro-2H-chromene derivatives (2a-h)

Material and Methods

'H- NMR, 3C-NMR and 2D-NMR spectra were
measured on a Bruker Avance DPX-400 NMR (Nuclear
Magnetic Resonance, 400 MHz) instrument in CDClz and
(Ds)DMSO at 25 °C. 6 in ppm relative to MesSi (6 0.00) for
IH-NMR, CDCl3 (6 77.0) and (De)DMSO (6 39.5) for 13C-
NMRspectra as internal standards, J in Hz. GC-MS (Gas
chromatography-mass spectrometry) spectra were
measured on a PerkinElmer Clarus 500 instrument. All the
FTIR (Fourier Transform Infra-Red) spectra were
measured on a JASCO FT/IR-430 spectrometer.

General Procedure for the Synthesis of
Chromene Derivatives

The synthesis of 1,5-diols, which are used as starting
compounds in the synthesis of chromene derivatives, has
been reported in our previous studies [22], [23].

To a solution of 1,5-diol derivative (1 mmol) (1a-h) in
CH3CN (10 mL) was added molecular iodine (l2, 10% mole)
and the mixture was refluxed for 6 hours. At the end of
the reaction, the mixture was taken into a separatory
funnel and sodium thiosulfate solution (10%) was added,
and the organic phase was separated by extraction with
CHCl3 (3x20 mL). After drying over Na>SOs4 and removing
the solvent, the crude product was purified on a silica gel
column eluting with CHClz/n-hexane (3:7).

rel-(2R,4S,4aR,8aR)-2,4-di-p-tolyloctahydro-2H-
chromene (2a): Yield 84%, yellow viscous liquid. *H NMR
(400 MHz, Chloroform-d) 6 7.26 (d, /= 8.1 Hz, 2H), 7.12 (d,
J =8.2 Hz, 2H), 7.10 (s, 4H), 4.82 (dd, J = 11.6, 2.4 Hz, 1H),
4.14 (dt,J=12.4, 4.8 Hz, 1H), 3.16 (td, J = 12.2, 3.7 Hz, 1H),
2.31 (s, 6H), 2.26 — 2.19 (m, 1H), 1.96 (ddd, J = 13.2, 3.7,

2.5 Hz, 1H), 1.87 (dt, = 5.6, 3.5 Hz, 1H), 1.78 (dd, J = 25.0,
12.2 Hz, 2H), 1.49 - 1.38 (m, 1H), 1.33 = 1.24 (m, 5H). 13C-
NMR (100 MHz, DMSO-ds, ppm): & 141.5, 140.9, 136.3,
135.4, 129.4 (2C), 128.9 (2C), 127.6 (2C), 126.2 (2C), 75.5,
71.4,43.3,40.7, 38.6, 26.9, 25.5, 25.4, 21.1, 21.0, 20.2. IR
(KBr, cm™): 3018, 2931, 2856, 1513, 1450, 1375, 1139,
1085, 1029, 981, 811, 721,572, 514. GC/MS (m/z) (%): 321
(M*, 2.1), 302 (4.9), 228 (32.8), 185 (28.7), 131 (41.2), 118
(100.0), 105 (82.5), 91 (44.6).
rel-(2R,4S,4aR,8aR)-4-(4-chlorophenyl)-2-(4-
methoxyphenyl)octahydro-2H-chromene (2b): Yield 80%,
colorless viscous liquid. *H-NMR (400 MHz, CDCls, ppm): &
7.34 (d, J=8.8 Hz, 2H), 7.30 (d, /= 8.4 Hz, 2H), 7.19 (d, J =
8.4 Hz, 2H), 6.90 (d, J = 8.4 Hz, 2H), 4.83 (d, J = 11.6 Hz,
1H), 4.18 (dt, J = 12.4, 4.8 Hz, 1H), 3.81 (s, 3H), 3.22 (td, J
=12.2,3.4 Hz, 1H), 2.21 (bd, J = 12.4 Hz, 1H), 2.02-1.91 (m,
3H), 1.80-1.73 (m, 3H), 1.44-1.27 (m, 4H). 13C-NMR (100
MHz, CDClz, ppm): §158.9, 142.7, 135.2, 131.9, 128.8 (2C),
128.7 (2C), 127.2 (2C), 113.7 (2C), 76.1, 71.5, 55.3, 42.7,
40.6, 39.0, 26.8, 25.5, 25.4, 20.3. IR (KBr, cm'): 2998,
2935, 2856, 1614, 1513, 1490, 1450, 1367, 1301, 1245,
1174,1139, 1087, 1029, 1012, 827,549, 522. GC/MS (m/z)
(%): 359 (M*, 1.6), 258 (16.4), 205 (18.4), 151 (20.6), 134
(100.0), 121 (73.3), 108 (55.2), 91 (31.9), 77 (34.8).
rel-(2R,4S,4aR,8aR)-2-(4-chlorophenyl)-4-(4-

methoxyphenyl)octahydro-2H-chromene (2c): Yield 84%,
yellow viscous liquid. 'H-NMR (400 MHz, CDCls, ppm): &
7.37 (d, J=8.4 Hz, 2H), 7.34 (d, /= 8.4 Hz, 2H), 7.18 (d, J =
8.4 Hz, 2H), 6.90 (d, J = 8.8 Hz, 2H), 4.88 (d, J = 11.6 Hz,
1H), 4.24-4.19 (m, 1H), 3.82 (s, 3H), 3.23-3.19 (m, 1H), 2.39
(bd, J = 12.4 Hz, 1H), 2.05-1.91 (m, 3H), 1.79-1.73 (m, 3H),
1.51 (bd, J = 12.4 Hz, 1H), 1.37-1.31 (m, 3H). 3C-NMR (100
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MHz, CDCls, ppm): 6158.2,141.9,136.1, 132.8,128.4 (2C),
128.3 (2C), 127.3 (2C), 113.9 (2C), 76.3, 71.5, 55.2, 43.1,
40.8, 38.6, 26.8, 25.5, 25.4, 20.3. IR (KBr, cm™): 2996,
2933, 2856, 1610, 1511, 1490, 1450, 1375, 1247, 1178,
1083, 1037, 1014, 827, 561, 530. GC/MS (m/z) (%): 358
(M*, 5.0), 259 (20.8), 201 (13.4), 147 (37.1), 134 (100.0),
121 (91.4), 91 (31.4), 77 (21.2).

rel-(2R,4S,4aR,8aR)-2-(4-bromophenyl)-4-(4-
methoxyphenyl)octahydro-2H-chromene (2d): Yield 81%,
colorless viscous liquid. *H-NMR (400 MHz, CDCls, ppm): &
7.48 (d, J = 8.6 Hz, 2H), 7.30 (d, /= 8.6 Hz, 2H), 7.17 (d, J =
8.6 Hz, 2H), 6.89 (d, / = 8.6 Hz, 2H), 4.85 (dd, J =11.4, 1.8
Hz, 1H), 4.20 (td, J = 8.6, 4.8 Hz, 1H), 3.81 (s, 3H), 3.18 (td,
J=12.0, 3.6 Hz, 1H), 2.25 (bd, J = 11.4 Hz, 1H), 2.02-1.91
(m, 3H), 1.78-1.71 (m, 3H), 1.51 (bd, J = 11.4 Hz, 1H), 1.35-
1.25 (m, 3H). 33C-NMR (100 MHz, CDCls, ppm): & 158.2,
142.4, 136.1, 131.3 (2C), 128.8 (2C), 127.7 (2C), 120.1,
113.9 (2C), 76.3, 71.5, 55.3, 43.1, 40.8, 38.6, 26.8, 25.5,
25.4, 20.3. IR (KBr, cm™): 2996, 2933, 2856, 1610, 1511,
1486, 1450, 1247, 1178, 1085, 1072, 1035, 1010, 827, 559,
530. GC/MS (m/z) (%): 403 (M*, 2.5), 303 (17.7), 201
(22.3), 147 (46.8), 134 (100.0), 121 (94.3), 91 (37.9), 77
(30.4).

rel-(2R,4S,4aR,8aR)-2,4-bis(4-
methoxyphenyl)octahydro-2H-chromene (2e): Yield 73%,
yellow viscous liquid. *H-NMR (400 MHz, CDCls, ppm): &
7.34 (d, J = 8.4 Hz, 2H), 7.17 (d, J = 8.8 Hz, 2H), 6.90-6.86
(m, 4H), 4.83 (dd, J = 11.2, 2.0 Hz, 1H), 4.17 (dt, J = 12.4,
4.6 Hz, 1H), 3.81 (s, 3H),3.18 (td, /=12.0, 3.4 Hz, 1H), 2.27-
2.22 (m, 1H), 2.00-1.91 (m, 3H), 1.82-1.72 (m, 3H), 1.48
(bd, J = 12.0 Hz, 1H), 1.35-1.28 (m, 3H). *C-NMR (100
MHz, CDCls, ppm): 6158.8, 158.0, 136.3, 135.4, 128.3 (2C),
127.2 (2C), 113.9 (2C), 113.7 (2C), 75.8, 71.7, 55.3, 55.2,
42.9,40.9, 38.6, 26.8, 25.5, 25.4, 20.3. IR (KBr, cm™): 2996,
2933, 2856, 1612, 1511, 1463, 1450, 1375, 1301, 1247,
1176, 1139, 1083, 1035, 1012, 829, 738, 565, 528. GC/MS
(m/z) (%): 353 (M*, 2.5), 244 (52.0), 201 (23.8), 147 (33.0),
134 (100.0), 121 (90.3), 91 (32.9), 77 (18.5).

rel-(2R,4S,4aR,8aR)-4-(4-methoxyphenyl)-2-(p-
tolyl)octahydro-2H-chromene (2f): Yield 79%, vyellow
viscous liquid. *H-NMR (400 MHz, DMSO-de, ppm):  7.27
(d, J=8.0 Hz, 2H), 7.13 (d, J = 8.4 Hz, 2H), 7.10 (d, / = 8.0
Hz, 2H), 6.85 (d, J = 8.4 Hz, 2H), 4.78 (d, J = 11.2 Hz, 1H),
4.06-4.02 (m, 1H), 3.68 (s, 3H), 3.16-3.10 (m, 1H), 2.24 (s,
3H), 2.19-2.09 (m, 2H), 1.84 (bd, J=12.4 Hz, 1H), 1.78-1.76
(m, 1H), 1.68-1.52 (m, 2H), 1.33-1.11 (m, 5H). 3C-NMR
(100 MHz, DMSO-ds, ppm): 6 158.1, 141.0, 136.4, 136.2,
128.9 (2C), 128.5 (2C), 126.1 (2C), 114.2 (2C), 75.6, 71.5,
55.2,43.5, 40.9, 38.3, 26.8, 25.5, 25.4, 21.1, 20.2. IR (KBr,
cm?): 3027, 2996, 2933, 2856, 1610, 1511, 1450, 1375,
1247, 1178, 1083, 1037, 829, 813, 563, 520. GC/MS (m/z)
(%): 338 (M*, 0.7), 239 (16.4), 228 (58.0), 201 (30.5), 147
(59.0), 134 (100.0), 121 (91.6), 105 (45.4), 91 (55.9), 77
(16.7).

rel-(2R,4S,4aR,8aR)-2-(4-methoxyphenyl)-4-(p-
tolyl)octahydro-2H-chromene (2g): Yield 82%, yellow
viscous liquid. *H-NMR (400 MHz, CDCls, ppm): § 7.35 (d,
J=8.4Hz,2H),7.16 (s, 4H), 6.90 (d, /= 8.4 Hz, 2H), 4.84 (d,
J=11.2 Hz, 1H), 4.18 (dt, J = 12.4, 4.8 Hz, 1H), 3.82 (s, 3H),
3.20 (td, J = 12.0, 3.6 Hz, 1H), 2.36 (s, 3H), 2.30-2.28 (m,
1H), 2.00-1.91 (m, 2H), 1.88-1.74 (m, 3H), 1.49 (bd, J= 12.4
Hz, 1H), 1.35-1.26 (m, 4H). C-NMR (100 MHz, CDCls,
ppm): 5158.8, 141.2, 135.8, 135.4, 129.2 (2C), 127.4 (2C),
127.2 (2C), 113.7 (2C), 76.3, 71.7, 55.3, 42.8, 40.7, 39.1,
26.9, 25.5, 25.4, 21.0, 20.3. IR (KBr, cm™): 3004, 2933,
2857, 1612, 1511, 1450, 1301, 1245, 1174, 1083, 1035,
815, 736, 551, 524. GC/MS (m/z) (%): 338 (M*, 0.6), 244
(34.0), 201 (20.5), 185 (32.3), 135 (63.1), 118 (100.0), 105
(54.6), 91 (43.0), 77 (20.7).
rel-(2R,4S5,4aR,8aR)-4-(thiophen-2-yl)-2-(p-

tolyl)octahydro-2H-chromene (2h): Yield 70%, yellow
viscous liquid. *H-NMR (400 MHz, CDClz, ppm): & 7.33 (d,
J=8.0 Hz, 2H), 7.22-7.18 (m, 3H), 6.98 (dd, J = 4.8, 3.6 Hz,
1H), 6.89 (d, J = 3.2 Hz, 1H), 4.87 (d, J = 10.4 Hz, 1H), 4.20
(dt,J=12.4,4.6 Hz, 1H), 3.60 (td, J = 12.0, 3.2 Hz, 1H), 2.37
(s, 3H), 2.25-2.17 (m, 1H), 2.00-1.85 (m, 2H), 1.79-1.65 (m,
4H), 1.41-1.35 (m, 4H). 3C-NMR (100 MHz, CDCls, ppm): &
148.3, 139.9, 137.0, 129.0 (2C), 126.5, 125.8 (2C), 123.6,
122.8, 76.2, 71.9, 44.2, 42.6, 35.1, 26.9, 25.5 (2C), 21.1,
20.3. IR (KBr, cm™): 3023, 2933, 2856, 1513, 1448, 1367,
1265, 1247, 1135, 1085, 1039, 813, 740, 694, 563. GC/MS
(m/z) (%): 314 (M*, 0.7), 227 (43.1), 177 (17.1), 134 (31.5),
110 (100.0), 97 (53.9), 91 (31.3), 79 (19.1).

Results and Discussion

In our previous study, we synthesized 1,5-diols starting
from chalcones [22], [23]. In this study, we carried out the
synthesis of eight new chromene derivatives that have
four stereogenic centers. The 2,4-diaryloctahydro-2H-
chromene derivatives (2a-h) were obtained by reaction of
1,5-diols (1a-h) with molecular iodine in CH3CN at reflux
condition in high yields. The synthesized new compounds
and their structures are shown in Table 1.

The mechanism of the transformation of 1,5-diols to
2,4-diaryloctahydro-2H-chromene derivatives in the
presence of iodine can be explained as shown Figure 3. As
a result of the interaction of iodine with the oxygen atom
in the benzylic position, a polarization occurs on the 1,5-
diol. Thus generating an electron-deficient centre (6+).
Through the transition state, the electron-rich oxygen
atom (6-) in the structure attacks the benzylic position and
realized the cyclisation. Meanwhile, the hydroxyl group in
the benzylic position takes the hydrogen and leaves as a
water molecule [24]. The resulting cyclization yields new
2,4-diaryloctahydro-2H-chromene derivatives with four
stereocenters (2a-h).
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Table 1. Synthesized 2,4-diaryloctahydro-2H-chromene derivatives (2a-h)

Ar

OH

1a-h

‘7

Ar’

OH

transition state

-1,/ -H,0

Figure 3. Proposed reaction mechanism

The structures of the synthesized new chromenes
were determined by spectroscopic analysis studies (H-
NMR, ¥C-NMR, 2D-NMR, FTIR and GC/MS). The full
analysis of 'H-NMR, 3C-NMR, COSY and HETCOR spectra
of 2a confirmed the presence of chromene structure
(Figure 4, Figure 5, Figure 6 and Figure 7). Moreover, the
stereochemistry of 2a was predicted from NOESY analysis.
In the NOESY spectrum of compound 2a, a strong
correlations between the H-C4 signal at 2.23 ppm and the
H-C1 signal at 4.82 ppm was observed. In addition, a
strong correlation between the H-C4 signal at 2.23 ppm

and the H-C5 signal at 4.15 ppm was observed (Figure 8).
In the *H-NMR spectrum of 2a, the H-C1 proton gave a
doublet of doublets at 4.82 (J = 11.6, 2.4 Hz) ppm.
Additionally the signals of the H-C5, H-C3 and H-C4
protons of 2a in the spectrum were observed as doublet
of triplets at 4.14 (J = 12.4, 4.8 Hz), triplet of doublets at
3.16 (/ = 12.2, 3.7 Hz) and multiplet 2.27-2.20 ppm
respectively. The methylene protons in the structure
resonate by giving an AB spin system. The A part of the AB
system gave doublet of doublets of doublets at 1.96 (J =
13.2, 3.7, 2.5 Hz) ppm, while the B part gave doublet of
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doublets at 1.78 (/ = 25.0, 12.2 Hz) ppm respectively. All
the aliphatic and aromatic signals in the spectrum were
consistent with the structure of 2a (Figure 4). In the 3C-
NMR spectrum, it is seen that the C1 and C5 etheric
carbons in the chromene structure resonate at 72.0 ppm
and 76.3 ppm respectively, and the other aliphatic and
aromatic signals are in full harmony with the structure
(Figure 5).

The absorption bands seen at 3014-2856 cm™ in the
FTIR spectrum of 2a result from the stretching vibration of

Ny it v

NNNNNN

the aliphatic and aromatic C-H units in the structure.
Aromatic C-C stretch bands arising from aromatic rings in
the structure are seen at 1513 and 1450 cm™ in the
spectrum. The asymmetric stretch band of the C-O-C
bridge, which indicates the presence of the chromene
ring, is located at 1085 cm in the spectrum, while the
symmetric stretch band is seen as a weak peak at 890 cm”
! The band seen at 811 cm™ in the spectrum proves that
the substituents in the aromatic rings are in the para
position (Figure 9).
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Figure 4. 'H-NMR spectrum of 2a
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Figure 5. 13C-NMR spectrum of 2a
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Conclusion It is known that chromene derivatives are compounds

with high biological activity potential as well as being
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natural compounds [6]. At the same time, chromene
derivatives are among the important compounds that are
used in industry [25]. In this respect, the synthesis and
application areas of chromene derivatives is a current
issue that attracts the attention of researchers. In the
present study, eight novel 2,4-diaryloctahydro-2H-
chromene derivatives (2a-h) were synthesized from
molecular iodine catalysed cyclization of 1,5-diols (1a-h)
that we synthesized in our previous studies [22], [23]. The
chemical structures of the synthesized new compounds
were determined by spectroscopic methods (*H-NMR, 13C-
NMR, 2D-NMR, FT-IR, and GC-MS). Although various
chromene derivatives and various synthesis methods are
reported in the literature, there is no study on the
synthesis of iodine-catalyzed chromene derivatives over
1,5-diols. This study demonstrated a route for converting
1,5-diols to cyclic ethers under mild conditions in high
yield with iodine. The synthesized compounds are new
chiral chromene derivatives with four different
stereocenters and are not included in the literature. The
2D-NMR analyzes performed support the proposed
configurations of the compounds. The method used can
be useful and applicable in synthesizing and developing
new chiral compounds with high bioactive potential and
multifunctionality. In this respect, this study will make an
important contribution to the literature.
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