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ABSTRACT: Bismuth trifluoromethanesulfonate (Bi(OTf)3) can be efficiently used for the
preparation of dihydropyrans from f-allenols and aldehydes by oxonium-ene reaction in good
yields. The reaction is highly regioselective. On the other hand, the same reaction with
trimethylsilyl trifluoromethanesulfonate (TMSOTT) at -45 °C affords hexahydropyrano[4,3-

b]pyran skeleton in moderate yields.

INTRODUCTION

The dihydro-, tetrahydro- and pyrano-pyrans are core units of many biologically and
pharmaceutically active compounds (Figure 1). For example, Laulimalide (1) is a macrolide
obtained from a marine sponge which exhibits potent cytotoxicity toward numerous cancer
cell lines and microtubule stabilizing activity similar to that of paclitaxel and the
epothilones.! Aspergillide (2), a natural product obtained from fungus Aspergillus ostianus
strain 01F313, exhibits cytotoxicity against mouse lymphocytic leukemia cells (L1210).?
Martiriol (3), another natural product found in genus Laurencia that belongs to red algae,

shows potent activity against various tumor cell lines.® Importantly, the olefinic bond of the
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dihydropyran ring can be converted into various polyfunctional tetrahydropyrans.* They are
also considered as useful starting material for the synthesis of homoallylic alcohols.® In
addition to these applications, 2, 4-disubstituted dihydropyrans are used as additive for

enhancing flavor and aroma of foodstuffs.®

HO Martiriol (3)

Figure 1: Biologically active compounds containing dihydropyran and tertahydropyran rings

Over the years many synthetic procedures have been evolved to construct dihydropyran ring
such as hetero-Diels—Alder cycloaddition,” ring closing metathesis,® cyclization of dienols,®
coupling-cyclization of crotylsilanes with aldehydes,'® gold catalyzed cyclization of allenic
alcohols,** Prins,*? silyl-Prins'® and oxonium-ene cyclization reactions.* Recently, Ma group
has reported the In(OTf)s catalyzed Prins type cyclization of 5,5-disubstituted 3,4-allenols
and aldehydes to synthesize 3,6-dihydro-2H-pyrans (method a, Scheme 1).!° Although a
variety of methods for the synthesis of dihydropyrans have been developed, more facile and
efficient synthetic strategies are still desirable. Herein, we report Bi(OTf)s catalyzed and
TMSOTT catalyzed cyclization reaction of allenic alcohol with aldehydes for the synthesis of
3,6-dihydro-2H-pyrans and hexahydropyrano[4,3-b]pyrans, respectively, via oxonium-ene

cyclization reaction in moderate to good yields (method b, Scheme 1).
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Scheme 1. Cyclization of g-allenols and aldehydes

Ma's work
In(OTf)3 o}
OH (2.5 mol%)
—_— >
rero ChcL . SR @
45°C, 24 h H
Our approach (b)
TMSOTf OH Bi(OTf)3 o R
(10 mol %) . (15 mol%)
- 1 _—
} CHCl, °---~ RCHO CH,Cl, Z
. o} )
- -45°C,5h 0 C—rt,12h -

RESULTS AND DISCUSSION

To start with 5-methylhexa-3,4-dien-1-ol (4a) (1.0 equiv.) was subjected to react with
benzaldehyde (5a) (1.0 equiv.) in the presence of borontrifluoride etherate (BFzOEt2) (1.2
equiv.) in dichloromethane at 0 °C to room temperature for 12h and a complex mixture was
obtained (Table 1, entry 1). The reaction failed to provide any products in presence of TfOH
(10 mol%) at 0 °C-room temperature (Table 1, entry 2). However, decreasing the temperature
to -45 °C provided two inseparable products 2-phenyl-3-(propan-2-ylidene)-3,6-dihydro-2H-
pyran (7a) and 4-methyl-2,5-diphenyl-2,3,5,7,8,8a-hexahydropyrano[4,3-b]pyran (8a) in 57%
overall yield with ratio (7a: 8a:: 5:2) (Table 1, entry 3). Further screening the reaction with
other reagents such as TMSOTf (10 mol%) in dichloromethane at room temperature also
provided 7a with 48% yield (Table 1, entry 4). However, the reaction with TMSOTf (10
mol%) at -45 °C afforded the product 4-methyl-2,5-diphenyl-2,3,5,7,8,8a-
hexahydropyrano[4,3-b]pyran (8a) with 40% vyield (Table 1, entry 5). In an attempt to
increase the yield of 8a, the reaction was carried out at - 78 °C with TMSOTf (10 mol %), but
the reaction was not found to be fruitful (Table 1, entry 6). There was no reaction when the
solvent is changed from dichloromethane to 1,2-dichloroethane (Table 1, entry 7). Increasing
the loading of TMSOTT to 20 mol% and 3,4-dien-1-ol 4a from 1.0 equiv. to 1.5 equiv. in
dichloromethane at -45 °C could not produce higher yield of 8a (Table 1, entry 8). On the

other hand, increasing the amount of benzaldehyde (5a) from 1.0 equiv. to 2.0 equiv. also did
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not increase the yield (Table 1, entry 9). Similarly, various Lewis acids such as In(OTf)s,
FeClsz, AgOTT, Sc(OTf)3, Zn(OTf)2 and Bi(OTf)s were next screened (Table 1, entries 10-15),
amongst which Bi(OTf)3 (10 mol %) at 0 °C to room temperature for 12h in dichloromethane
gave compound 6a with 41 % yield (Table 1, entry 15). Further increase in catalytic amount

of Bi(OTf)s3 from 10 mol% to 15 mol% proved to be fruitful with 75% yield of the desired

Table 1. Optimization of the reaction®

.N\OH CHO reagent / solvents o} e}
Y, - -
4a 5a 7 NN
6a 7a
Entry. Reagent (equiv) Solvent Temp./ °C Time/h Product(%) yield®

1 BF; OEt, (1.2) DCM 0°C -rt 12 c
2 TfOH (0.1) DCM 0 °C -rt 12 d (80)
3 TfOH (0.1) DCM -45 °C 5 7a+8a (57)
4 TMSOTT (0.1) DCM rt 12 7a (48)
5 TMSOTf (0.1) DCM -45°C 5 8a (40)°
6 TMSOTT (0.1) DCM -78 °C 5 8a (32)°
7 TMSOT (0.1) DCE -45°C 5 o(75)°
8 TMSOTS (0.2) DCM -45°C ° 8a(38
9 TMSOTS (0.2) DCM -45 °C ° 8a(38)"
10 In(OTf); (0.2) DCM 0°C -rt 24 6a (27)%¢
1 FeCl, (1.2) DCM 0 °C -1t 12 d

12 AgOTf (0.2) DCM rt 12 c

13 Sc(OTf)5(0.2) DCM It 12 c

14 Zn(OTf), (0.2) DCM rt 24 c
15 Bi(OTf); (0.10)  DCM 0°C 1t 12 6a (41)
16 Bi(OTf); (0.15) DCM 0°C -1t 12 6a (75)°
17 Bi(OTf); (0.15) DCM -45°C 12 d (85)°
18 Bi(OTf); (0.15)  DCE 0°C -1t 24 d (82)°

“Reaction conditions: 4a (1.5 equiv), 5a (1.0 equiv), solvent (4 mL). PYields are isolated yield.
‘complex mixture. starting material recovered. ¢1.5equivalents of alcohol. ©2.0 equivelants of
benzaldehyde Sa.
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product (Table 1, entry 16). With the same reaction conditions but at -45 °C, starting material
was recovered with 85% yield (Table 1, entry 17). When dichloromethane was changed to
1,2-dichloroethane no desired product was obtained even after 24h of the reaction (Table 1,
entry 18). Thus, 4a (1.5 equiv.), 5a (1 equiv.) and Bi(OTf)s (15 mol %) in dichloromethane at

0 °C — room temperature for 12h was found to be the most suitable reaction condition.

With this established optimum conditions, the utility of the reaction was further investigated
with different aldehydes 5a-5n bearing electron-donating and/or withdrawing groups as well
as with various g-allenols 4a-4e as shown in Table 2. The reaction of aldehydes 5b-5d
bearing moderately electron-withdrawing group such as 4-F, 3-Cl and 4-Br on the benzene
ring with 4a afforded the products 6b-6d in 46-70% vyields (Table 2, entries 2-4). The
reaction was also found to be feasible with aromatic aldehydes 5e-5f bearing a strong
electron-withdrawing —NO> group and afforded the 3-prop-1-en-2-yl substituted
dihydropyrans 6e-6f in 78-82% vyields (Table 2, entries 5-6). Similarly, treatment of methyl 4-
formylbenzoate (5g) with 4a also provided the 3-prop-1-en-2-yl substituted dihydropyran 6g
in 61% vyield (Table 2, entry 7). Intrestingly, treatment of 2-phenylpropanal (5h) furnished
tricyclic compound 6h in 62 % vyield (Table 2, entry 8). Aliphatic aldehyde
cyclohexylcarboxaldehyde 5i (Table 2, entry 9) afforded 6i with 45 % yield. Substituents
having strong electron donating functional group on the aromatic ring of the aldehyde 5j
surprisingly gave compound 7b 2-(4-methoxyphenyl)-3-(propan-2-ylidene)-3,6-dihydro-2H-
pyran instead of 3-prop-1-en-2-yl substituted dihydropyran (Table 2, entry 10). Aliphatic
aldehyde isobutyraldehyde 5k, also reacts with 4d to give the desired product but with low
yield (43 %). To demonstrate the versatility of the reaction, further reactions using various p-
allenols and aldehydes were next carried out. Treatment of 4-cyclopentylidenebut-3-en-1-ol
(4b) with aldehydes 5b and 5f produced the products 6j-6k in 46-85% vyields (Table 2, entries
11-12). Reaction of 4-cyclohexylidenebut-3-en-1-ol (4c) with aldehydes 5b and 5j afforded

the corresponding products 6m-6l in 65-73% vyields (Table 2, entries 13-14). Similarly,
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expansion of the ring of alcohol such as 4-cycloheptylidenebut-3-en-1-ol (4d) and 4-

cyclooctylidenebut-3-en-1-ol (4e) could also react with aldehydes 5k, 5j and 5I-5n and

Table2. Synthesis of dihydropyrans®

RCHO 3

\/\/\ Bl(OTf (10 mol%)

CH,Cly, 0°C-rt, 3h [/\["% LI(

Entry

4a

4a

4a

4a

Br
(e}
47

Substrates Product 6/7 Yield (%)°
alcohol 4 aldehyde 5
1 \‘//\AOH @C”O 0
4a 75
5a Z
6a F
O o
46
= 6b
\©/ 0 cl 70
=
6¢c
= 6d
o
Z 6
0,

10

4a

4a

4a

4a

4a

78
e
N
@V ’
82
= 6f
co,Me
Q °
MeOQC P> Gg 61
(0]
CHO 62
=
5h 6h
(0]
CHO P 45
oy
5i OMe
o) NN b 62
5j
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Entry Substrates Product 6/7 Yield (%)°
alcohol 4 aldehyde 5

1 O/\”

CHO
46

Q

<5

5b

oNOYTULT D WN =

10 12 4b CHO

O
13 (¢}
14
15 13

O

85

\_° 2
‘i\b

H
NO,
H

CHO
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=
©
o

Q .2

4

o
&
2 o
™ 5

CHO

4c 65

20 14

ﬂ
[3,]
o
&
[=2]
3

4b
C
22 H
24 43
25 4d
e

'
5
Qgi

CHO

28 16 4d

47

<
[0}
K]
o
é\ .
-
(0]

CHO
66

32 OH
33 17
34

4

e

FETE
o)

N 2 { © N 2

Aactacty
- o

(=]
T

CHO
72
18 4e

5m

9}
z

CHO

46

A DD
o b w

19 4de NC
5n

(=]
=

48 aReaction conditions: 4 (1.5 equiv), 5 (1.0 1.0 equiv), CH,Cl, (4 mL), 0 °C-rt. Plsolated yield.

51 provided the corresponding products 6n-6r in 43-72% yields (Table 2, entries 15-19). The
53 stereochemistry of compounds was determined from nOe experiment of compounds 6g and

6k as well as X-ray crystallographic analysis of 6k (Figure 2).1
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CO,Me

Figure 2. nOe of compounds 6g, 6k and X-ray crystallographic structure of 6k (35% probability
ellipsoid)

The methodology was also extended for the synthesis of pyranopyrans by using TMSOTT (Table 3). It
may be mentioned that pyranopyran skeleton is found in many biologically active natural products®’
and they are also used as synthetic intermediates for the synthesis of polycyclic ethers such as marine
toxins.'® The scope of the reaction with TMSOTT was studied using different substrates as shown in
Table 3. Treatment of alcohol 4a with simple phenyl, electron donating methyl substituted and

moderately electron withdrawing bromo-substituted aldehydes 5a, 51, and 5d could afford the
corresponding pyranopyran products 8a, 8b and 8c, respectively with 40-58% yields (Table
3, entries 1-3). Reaction of 4-cyclohexylidenebut-3-en-1-ol (4c) with aldehydes having
electron withdrawing groups 5e, 5g, 5d, 5b and electron donating group on the aromatic ring
51 afforded the corresponding pyranopyrans 8d-8h in 40-55% yields (Table 3, entries 4-8). It
was observed that substrates having highly electron withdrawing groups on the aromatic ring
of the aldehydes gave better yields than moderately electron withdrawing and electron
donating group. Further reaction of alcohol 4d with aldehydes 5I, 5e, 5g, 5m and 5j provided
the products 8i-8m in 46-52% yields (Table 3, entries 9-14). In this case there is no role of
electronic effects of the substituent groups of the aromatic aldehyde on the rate of the

reaction. However, aliphatic aldehydes did not give the desired product. The structure and
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stereochemistry of pyranopyrans are determined from NMR spectrometry and X-ray

crystallographic analysis of compound 8e and 8k (see the Supporting Information).*®

oNOYTULT D WN =

Table3. Synthesis of pyranopyran®

10 RCHO 5
1 TMSOTF (10 mol %.)

12 , OH
13 ! 4 CH,Cl,, -45 °C, 5h H

entry alcohol aldehyde product (%) yield®

19 \OH

20
21 1 5a
22

4a

40

27 5 4a 51 46

58

_~\OH

5e

4
¢ 55

50

41
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entry alcohol aldehyde product (%) yield®
40
7 4c 5b
8 4c 5| 42
_~_OH
9 51
4d 46
10 4d 5e 52
11 4d 5
g 47
12 4d 5m
48
13 4d 5j 47

aReaction conditions: 4 (1.5 equiv), 4 (1.0 equiv), CH,Cl, (2 mL), -45 °C. PIsolated yield. Compounds are

characterized by 'H, '3C and mass spectrometric analysis
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However, the reaction of 4-nitrobenzaldehyde 5e with acyclic allenol 4a could not produce
desired pyranopyran instead dihydropyran 6e was obtained in 52% yield. This might be due

to the electronic effect of the strongly electron-withdrawing nitro group present in the

oNOYTULT D WN =

9 aldehyde molecule. Similarly, five membered cyclic allenols 4b was also found to be not
n good substrate for the formation of pyranopyrans unlike six and seven membered cyclic
allenols. The reaction of allenol 4b with aldehydes 5e gave an isomeric mixture of 6s and 6s’
16 with a ratio of 2:1 with 68% overall yield. The substrate 4b is found to be not a good
18 substrate for the synthesis of tricyclic compound as evident from the reaction of 4b with 5d
20 which produces 6t with 58% yield (Scheme 2). This unusual behavior of 4b might be due to
23 the presence five membered ring in the tricyclic ring which destabilizes the overall

25 configuration of the molecule.

28 Scheme 2: Reaction of 4-nitrobenzaldehyde 5e with allenols 4a-4b.

31 CHO
: I
NO
gj on O,N 5e 2
35 \//\/ TMSOTf (10 mol%) O
36 -
37 4a CH,Cl,, -45 °C, 5h Z
38 6e 52%

40 CHO
42 O,N 5e NO,

_~_-OH

NO,
43 O
44 C]/// TMSOTf (10 mol%) O o)
45 > +

4b

=
46 CH,Cl,, -45 °C, 5h ‘ AN

48 6s 6s'

i 6s:6s'=2:1 68%
51 CHO
52
OH /©/ Br

53 N Br 5d
54 o
o TMSOTF (10 mol%)

4b -

o CH,Cl,, -45 °C, 5h = ‘
58 6t, 58%
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A plausible mechanism that accounts for the regioselective synthesis of 6-7 and 8 is depicted
in Scheme 3. The Lewis acid activates the carbonyl group of aldehyde 5 for the nucleophilic
attack by alcohol 4 to generate acetal A. The acetal after cleavage forms oxocarbenium ion B,
which after cyclization produces intermediate carbocation C. The intermediate C after
rearrangement produces carbocation D via path a, which after elimination of proton gives
final S-trans products 6 at room temperature. On the other hand, carbocation C after
elimination of proton via pathways b gives compound 7. At lower temperature (-45 °C)
compound 6 is in equilibrium with its S-cis product 6’, which after reaction with aldehyde in

a hetero Diels-Alder fashion gives pyranopyran 8 (Scheme 3).

Scheme 3. Plausible mechanism for ene- and [4+2] cycloaddion reactions

T \ -45°C
RS0 .- A O [4+2]
= A\ 8
-45°C cycloaddition
R™ O

In order to prove the formation of compound 8 from compound 6 via intermediate 6’
compound 6 was reacted with 5 under similar conditions and it was observed that
pyranopyrans 8 was obtained in moderate yields (Scheme 4). Accordingly, compounds 8n-o

were obtained in 54 and 46% yields, respectively.
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Scheme 4. Synthesis of pyranopyrans having two different arylaldehydes

Rl

oNOYTULT D WN =

TMSOTf (10 mol%)

Py

CH,Cl,, -45 °C, 5h

R' = Br, 5d
R' = CO,Me, 5g

32 The hetero Diels Alder reaction is highly regio- and diastereo-selective. The regioselectivity
34 can be explained by the fact that the frontier orbitals of dienes are polarized due to the
36 presence electron donating CHs (in case of products 8a-8f) or (-CHz-)s group (in case of
products 8g-8m) as shown in Figure 3. Therefore, the HOMO of the diene interacts with the

41 LUMO of the dienophile to give the desired regioisomers.?

Figure 3: HOMO and LUMO interaction and regioselectivity in hetero Diels Alder reaction

The observed diastereoselectivity of the reaction is due to the formation of more stable transition sate

[A] where there is less steric repulsion between the cyclohexene group of the dihydropyran and the

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

hydrogen of the aldehyde group compared to transition state [B], which experiences a strong steric

repulsion between the cyclohexene ring and the aryl group (Scheme 5). Therefore, the desired

Scheme 5. Diastereoselectivity of the reaction

steric repulsion

favored

transition state [A]

||Q unstable diasteromer 10
stable diastereomer 8 /

R = substituent groups  steric repulsion

products under these circumstances might be 8 or 10 with protons at C-9H, C-10H and C-17H are in
all cis configuration. The diastereomer 10 is not stable due to the presence of steric repulsion between
cyclohexyl ring and aryl group at C-20 position. Therefore, the desired product is 8 with two phenyl

groups in trans configuration.

CONCLUSION

In conclusion, an efficient methodology for the synthesis of dihydropyrans starting from p-

allenols and aldehydes has been developed with a moderate to good yields. The reaction is

ACS Paragon Plus Environment
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highly regioselective. On the other hand, the same f-allenol can be used for the synthesis of
hexahydropyrano[4,3-b]pyran skeleton in moderate vyields. The reaction is highly

diastereoselective.

EXPERIMENTAL SECTION

General Information: All reagents were purchased from commercial vendors as reagent
grade and used without further purification. Column chromatography and TLC were
performed using Silica gel (60-120 mesh size) and silica gel GF2s4 (0.25 mm), respectively.
Melting points were determined in an open capillary tube and are uncorrected. IR spectra
were recorded on a Fourier transform-infra red (FT-IR) machine either as neat liquid or KBr
pellets. NMR spectra were recorded at 400 MHz (*H, 400 MHz and *3C, 100 MHz) and 600
MHz (*H, 600 MHz and *3C, 150 MHz) machines in CDCIls using tetramethylsilane as
internal standard. Chemical shifts () were reported in parts per million (ppm) and spin-spin
coupling constants (J) are given in Hz. High resolution mass (HRMS) were measured using

Q-TOF mass analyzer. The starting allenols were prepared as per the literature procedure.?

General procedure for the synthesis of allenols 4a-4e:

1 /CO,Et OH
EtO o Vand
/ _ Propionic acid - LAH(1.2 equiv)
| — + Eto% — > g . q
~.__.7 OH EtO 135 °C, 5h K THE. 0 °C r.t
9 10 12 1h N
4a-4e

In a round bottom flask, tertiary alcohol 9 (12.0 mmol) was taken along with
triethyl orthoacetate 10 (23.5 mmol). To this solution propionic acid 11 (0.84
mmol) was added dropwise and the reaction mixture was heated at 135 °C for 5h.

After completion of the reaction, the crude product was extracted with ethyl
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acetate, evaporated under vacuum and finally purified by column chromatography
(Hexane:EtOAc: 9:1) to give allene ester 12. The allene ester 12 was then reduced
to allenols 4a-4e by lithium aluminium hydride (LAH). The reaction was treated
with aqueous sodium hydroxide solution, extracted with ethyl acetate, washed with
brine solution, dried (Na:SO4) and concentrated in rotary evaporator under
vacuum. Finally the allenols were purified by column chromatography using ethyl
acetate and hexane (1:9::EtOAC:Hexane) as eluent to give pure compounds 4a-4c.

The spectral data of these compounds are in agreement with the literature data.?*

Procedure for the synthesis of 6-phenyl-5-(prop-1-en-2-yl)-3,6-dihydro-2H-pyran (6a):

To a solution of Bi(OTf)z (15 mol % 0.050 g) in dichloromethane (3 mL) at 0° C was added
benzaldehyde (0.5 mmol, 0.053 g) solution in dichloromethane (1 mL) and 5-methylhexa-
3,4-dien-1-ol (0.75 mmol, 0.090 g) under N2 atmosphere. The reaction was stirred for 12h at
room temperature. After completion of the reaction as monitored by TLC, dichloromethane
was evaporated, washed with brine solution and extraction with EtOAc (2x 30 mL). Finally
6-phenyl-5-(prop-1-en-2-yl)-3,6-dihydro-2H-pyran  (6a) was obtained by column

chromatography.
6-Phenyl-5-(prop-1-en-2-yl)-3,6-dihydro-2H-pyran (6a):

Pale yellow liquid; Rs (hexane/ EtOAc 24:1) 0.50; yield 75 mg, 75%; *H NMR (400 MHz,
CDCl3) § 1.89 (s, 3 H), 2.15-2.24 (m, 1 H), 2.44-2.50 (m, 1 H), 3.54-3.64 (m, 2 H), 4.57 (s, 1
H), 4.78 (s, 1 H), 5.49 (s, 1 H), 6.23 (t, J = 4.2 Hz, 1 H) 7.12-7.34 (m, 5 H); 1*C NMR (100
MHz, CDCl3) 6 21.0, 25.9, 58.5, 75.6, 113.0, 124.3, 128.0, 128.4, 129.2, 137.7, 140.6, 140.7;
IR (KBr, neat) 2977, 2927, 1606, 1449, 1346, 1150, 1079, 756, 698 cm™’; HRMS (ESI) calcd.

for C14H170 (M + H)" 201.1274, found 201.1266.
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6-(4-Fluorophenyl)-5-(prop-1-en-2-yl)-3,6-dihydro-2H-pyran (6b):

Pale yellow oil; Rs (hexane/ EtOAc 24:1) 0.48; yield 52 mg, 46%; *H NMR (400 MHz,
CDCl3) 6 1.89 (s, 3 H), 2.16-2.23 (m, 1 H), 2.43-2.52 (m, 1 H), 3.53-3.57 (m, 1 H), 3.59-3.62
(m, 1 H), 4.54 (s, 1 H), 4.79 (s, 1 H), 5.46 (s, 1 H), 6.23 (t, J = 4.2 Hz, 1 H), 6.98-7.03 (m, 2
H), 7.28-7.32 (m, 2 H); *C NMR (100 MHz, CDCls) § 21.0, 25.9, 58.5, 74.8, 113.1, 115.2
(d, J =21.2 Hz), 124.5, 130.9 (d, J = 8.1 Hz), 136.7 (d, J = 3.2 Hz), 137.6, 140.6, 162.6 (d, J
= 244.6 Hz); IR (KBr, neat) 2956, 2857, 1567, 1467, 1378, 1091, 855, 747 cm™; HRMS

(ESI) calcd. for C14H16FO (M + H)™ 219.1180, found 219.1196.
6-(3-Chlorophenyl)-5-(prop-1-en-2-yl)-3,6-dihydro-2H-pyran (6c¢):

Pale yellow oil; R¢ (hexane/ EtOAc 24:1) 0.46; yield 85 mg, 70%; 'H NMR (400 MHz,
CDCl3) 6 1.90 (s, 3 H), 2.20-2.24 (m, 1 H), 2.43-2.52 (m, 1 H), 3.50-3.58 (m, 1 H), 3.60-3.66
(m, 1 H), 454 (s, 1 H), 4.81 (s, 1 H), 5.45 (s, 1 H), 6.24 (t, J = 4.0 Hz, 1 H), 7.22-7.31 (m, J
4 H); *C NMR (100 MHz, CDCl3) § 21.0, 25.8, 58.7, 74.9, 113.2, 124.8, 127.5, 128.2, 129.3,
129.7, 134.3, 137.1, 140.4, 142.9; IR (KBr, neat) 2964, 2925, 2865, 1639, 1595, 1573, 1471,
1427, 1287, 1252, 1184, 1087, 1032, 884, 785, 739 cm™*; HRMS (ESI) calcd. for C14H16CIO

(M + H)* 235.0884, found 235.0876.
6-(4-Bromophenyl)-5-(prop-1-en-2-yl)-3,6-dihydro-2H-pyran (6d):

Pale brown oil; R¢ (hexane/ EtOAc 23:0.5) 0.48; yield 82 mg, 57%; '*H NMR (400 MHz,
DMSO-ds) & 1.89 (s, 3 H), 2.15-2.23 (m, 1 H), 2.43-2.48 (m, 1 H), 3.52-3.56 (m, 1 H), 3.59-
3.63 (m, 1 H), 4.53 (s, 1 H), 4.79 (s, 1 H), 5.43 (5, 1 H), 6.23 (t, J = 4.1 Hz, 1 H), 7.20 (d, J =
8.4 Hz, 2 H), 7.45 (d, J = 8.4 Hz, 2 H); 3C NMR (100 MHz, DMSO-ds) & 21.0, 25.9, 58.6,
74.8,113.2,122.1,124.7, 131.0, 131.5, 137.3, 139.9, 140.5; IR (KBr, neat) 2925, 2860, 1587,
1481, 1373, 1256, 1118, 1074, 1003, 825, 746 cm™’; HRMS (ESI) calcd. for C14H16BrO (M +

H)* 279.0379, found 279.0377.
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6-(4-Nitrophenyl)-5-(prop-1-en-2-yl)-3,6-dihydro-2H-pyran (6e):

Brown gum; Ry (hexane/ EtOAc 24:1) 0.55; yield 96 mg, 78%; *H NMR (400 MHz, CDCls) &
1.91 (s, 3 H), 2.22-2.28 (m, 1 H), 2.46-2.49 (m, 1 H), 3.50-3.54 (m, 1 H), 3.63-3.67 (m, 1 H),
4.49 (s, 1 H), 4.81 (s, 1 H), 5.54 (s, 1 H), 6.30 (t, J = 4.2 Hz, 1 H), 7.50 (d, J = 8.4 Hz, 2 H),
8.19 (d, J = 8.4 Hz, 2 H); 3C NMR (100 MHz, CDCls) § 20.7, 25.5, 59.0, 74.3, 113.0, 123.4,
125.1, 129.9, 136.5, 140.2, 147.5, 147.9; IR (KBr, neat) 2925, 2854, 1605, 1522, 1347, 1108,
1082, 1015, 854, 771 cm*; HRMS (ESI) calcd. for C14H1sNOs (M + H)* 246.1125, found

246.1118.
6-(2-Nitrophenyl)-5-(prop-1-en-2-yl)-3,6-dihydro-2H-pyran (6f):

Brown gum; Ry (hexane/ EtOAc 24:1) 0.57; yield 101 mg, 82%; *H NMR (400 MHz, CDCls)
§ 1.94 (s, 3 H), 2.12-2.20 (m, 1 H), 2.42-2.53 (m, 1 H), 3.31-3.38 (m, 1 H), 3.61-3.66 (m, 1
H), 4.67 (s, 1 H), 4.87 (s, 1 H), 6.28-6.31 (m, 2 H), 7.28 (dd, J = 7.8 and 1.6 Hz, 1 H), 7.43-
7.48 (m, 2 H), 7.80 (dd, J = 7.8 and 1.6 Hz, 1 H); 3C NMR (100 MHz, CDCls) & 20.9, 25.8,
58.9, 69.6, 113.4, 124.8, 125.7, 129.0, 131.3, 131.7, 134.5, 136.4, 140.3, 150.2; IR (KBr,
neat) 2927, 2858, 1608, 1530, 1463, 1362, 1162, 1088, 1031, 867, 743 cm™; HRMS (ESI)

calcd. for C14H16NO3 (M + H)* 246.1125, found 246.1128.
Methyl 4-(3-(prop-1-en-2-yl)-5,6-dihydro-2H-pyran-2-yl)benzoate (69):

Pale yellow oil; Rs (hexane/ EtOAc 24:1) 0.48; yield 79 mg, 61%; *H NMR (400 MHz,
CDCls) § 1.90 (s, 3 H), 2.18-2.26 (m, 1 H), 2.44-2.52 (m, 1 H), 3.51-3.57 (m, 1 H), 3.61-3.72
(m, 1 H), 3.91 (s, 3 H), 4.52 (s, 1 H), 4.79 (5, 1 H), 5.51 (s, 1 H), 6.26 (t, J = 4.1 Hz, 1 H),
7.41 (d, J = 8.2 Hz, 2 H), 8.00 (d, J = 8.2 Hz, 2 H); 3C NMR (100 MHz, CDCl3) & 21.0,
25.9,52.3,59.0, 75.1, 113.2, 124.8, 129.3, 129.8, 129.9, 137.2, 140.6, 145.9, 167.2; IR (KB,
neat) 2925, 1720, 1606, 1435, 1360, 1279, 1108, 1070, 1017, 878, 767 cm™; HRMS (ESI)

calcd. for C16H1903 (M + H)* 259.1329, found 259.1323.
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5,5,10-Trimethyl-3,5,10,10a-tetrahydro-2H-benzo[g]chromene (6h):

Pale yellow liquid; Rs (hexane/ EtOAc 23:0.5) 0.59; yield 71 mg, 62%; *H NMR (400 MHz,
CDCl3) & 1.44 (s, 3 H), 1.45 (s, 3 H), 1.48 (d, J = 6.8 Hz, 3 H), 2.10-2.18 (m, 1 H), 2.23-2.32
(m, 1 H), 2.91-3.00 (M, 1 H), 3.62-3.68 (m, 1 H), 3.90-3.94 (m, 1 H), 4.00-4.08 (m, 1 H),
5.83 (t, J = 3.4 Hz, 1 H), 7.15-7.23 (m, 2 H), 7.30 (dd, J = 7.2 and 1.4 Hz, 1 H), 7.34 (dd, J =
7.2 and 1.8 Hz, 1 H); **C NMR (100 MHz, CDCls) § 16.8, 26.0, 29.7, 35.0, 39.5, 40.4, 61.8,
75.7,115.8, 126.2, 126.3, 126.5, 126.7, 138.8, 144.4, 145.5; IR (KBr, neat) 2966, 2924, 2854,
1602, 1488, 1463, 1371, 1263, 1102, 1028, 951, 757 cm!; HRMS (ESI) calcd. for C16H210

(M + H)* 229.1587, found 229.1588.
6-Cyclohexyl-5-(prop-1-en-2-yl)-3,6-dihydro-2H-pyran (6i):

Colourless oil; R (hexane/ EtOAc 23:0.5) 0.55; yield 45 mg, 45%; *H NMR (400 MHz,
CDCl3) & 1.28-1.48 (m, 3H), 1.56-1.69 (m, 6 H), 1.74-1.8 (m, 2 H), 1.85 (s, 3 H), 1.91-1.98
(m, 1 H), 1.24-1.27 (m, 1 H), 3.43-3.49 (m, 1 H), 3.90-3.94 (m, 1H), 4.3 (s, 1 H), 54.78 (s
1H), 4.83 (s, 1H), 5.94-5.96 (d, J = 6.4 Hz, 1 H); 3C NMR (100 MHz, CDCl3) § 22.0, 25.7,
25.9, 26.7, 26.8, 27.2, 30.5, 41.1, 62.8, 78.5, 111.5, 123.0, 141.2, 143.3; IR (KBr, neat) 2924,
2851, 1449, 1377, 1250, 1103, 1053, 1012, 845, 757 cm™; HRMS (ESI) calcd. for C14H230

(M + H)" 207.1743, found 207.1759.
2-Phenyl-3-(propan-2-ylidene)-3,6-dihydro-2H-pyran (7a):

Colorlass liquid; R¢ (hexane/ EtOAc 24:1) 0.50; yield 97 mg, 48%; *H NMR (400 MHz,
CDCl3) § 1.45 (s, 6 H), 4.30 (t, J = 2.0 Hz, 2 H) 5.88-5.93 (m, 1 H), 6.43 (s, 1 H), 6.57-6.61
(m, 1 H), 7.20-7.25 (m, 3 H), 7.31-7.35 (m, 2 H); 13*C NMR (100 MHz, CDCls) & 26.2, 61.3,
73.9,122.1,122.8,127.0, 128.2, 128.3, 129.6, 137.1, 139.8; IR (KBr, neat) 2977, 2927, 1638,
1492, 1360, 1124, 1078, 1015, 824, 756, 698 cm:; HRMS (ESI) calcd. for C14H170 (M + H)*

201.1274, found 201.1256.
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6-(4-Methoxyphenyl)-5-(prop-1-en-2-yl)-3,6-dihydro-2H-pyran (7b):

Yellow liquid; Rf (hexane/ EtOAc 24:1) 0.50; yield 70 mg, 62%, 'H NMR (600 MHz,
CDCI3) & 1.43 (s, 6 H), 3.80 (s, 3H), 4.29 (s, 2 H), 5.88 (d, J = 10.2 Hz, 1 H), 6.37 (s, 1 H),
6.60 (d, J = 10.8 Hz, 1 H), 6.87 (d, J = 8.4 Hz, 2 H), 7.20 (d, J = 8.4 Hz, 2 H); 13C NMR (150
MHz, CDCI3) 6 26.2, 55.4, 61.3., 73.9, 113.7, 122.1, 122.3, 127.6, 129.5, 130.8, 138.4,
158.6; IR (KBr, neat) 3412, 2924, 1722, 1607, 1511, 1370, 1036, 823 cm-1; HRMS (ESI)

calcd. for C15H1902 (M + H)+ 231.1380, found 231.1378.
5-(Cyclopent-1-en-1-yl)-6-(4-fluorophenyl)-3,6-dihydro-2H-pyran (6j):

Colourless oil; Rs (hexane/ EtOAc 23:0.5) 0.59; yield 55 mg, 46%; 'H NMR (400 MHz,
CDCl3) & 1.77-1.85 (m, 2 H), 2.16-2.30 (m, 3 H), 2.41-2.53 (m, 3 H), 3.57-3.62 (m, 2 H),
5.15 (s, 1 H), 5.40 (s, 1 H), 6.04 (t, J = 4.1 Hz, 1 H), 6.98-7.03 (m, 2 H), 7.25-7.32 (m, 2 H);
13C NMR (100 MHz, CDCls) § 22.6, 25.9, 32.5, 33.6, 58.9, 75.3, 115.2 (d, J = 21.2 Hz),
123.9, 127.1, 131.0 (d, J = 8.1 Hz), 134.5, 137.0 (d, J = 3.2 Hz), 140.7, 162.6 (d, J = 244.5
Hz); IR (KBr, neat) 2923, 1603, 1506, 1224, 1157, 1087, 829 cm™*; HRMS (ESI) calcd. for

Ci6H1sFO (M + H)* 245.1336, found 245.1336.
5-(Cyclopent-1-en-1-yl)-6-(2-nitrophenyl)-3,6-dihydro-2H-pyran (6k):

Yellow solid; Rr (hexane/ EtOAc 24:1) 0.48; m. p. 115-119 °C; yield 116 mg, 85%; 'H NMR
(400 MHz, CDCl3) & 1.80-1.89 (m, 2 H), 2.11-2.18 (m, 1 H), 2.25-2.36 (m, 2 H), 2.42-2.59
(m, 3 H), 3.34-3.41 (m, 1 H), 3.60-3.65 (M, 1 H), 5.31 (5, 1 H), 6.10 (t, J = 4.0 Hz, 1 H), 6.21
(s, 1 H), 7.29 (dd, J = 7.8 and 1.6 Hz, 1 H), 7.40-7.48 (m, 2 H), 7.80 (dd, J = 7.8 and 1.4 Hz,
1 H); 3C NMR (100 MHz, CDCls) & 22.6, 25.7, 32.5, 33.6, 59.2, 70.0, 124.6, 124.8, 127.3,
128.9, 131.4, 131.7, 133.3, 134.6, 140.6, 150.4; IR (KBr, neat) 2925, 1528, 1360, 1253, 1180,

1086, 963, 783cm™; HRMS (ESI) calcd. for C16H1sNO3 (M + H)* 272.1281, found 272.1308.

5-(Cyclohex-1-en-1-yl)-6-(4-methoxyphenyl)-3,6-dihydro-2H-pyran (61):
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Pale yellow oil; R¢ (hexane/ EtOAc 24:1) 0.58; yield 100 mg, 73%; *H NMR (600 MHz,
CDCls) & 1.44-1.48 (m, 2 H), 1.57-1.64 (m, 2 H), 1.86-1.94 (m, 2 H), 2.08-2.14 (m, 2 H),
2.16-2.20 (m, 1 H), 2.42-2.45 (m, 1 H), 3.52-3.58 (m, 2 H), 3.8 (s, 3 H), 5.38(s, 1 H), 5.40 (s,
1H), 6.10 (t, J= 4.1 Hz, 1 H), 6.84 (d, J= 8.7 Hz, 2 H), 7.24 (d, J = 8.6 Hz, 2 H) ;*C NMR
(100 MHz, CDClz3) 6 22.3, 23.0, 25.7, 25.8, 25.9, 55.3, 58.4, 74.9, 113.5, 120.5, 124.6, 130.5,
133.3, 134.1, 138.3, 159. IR (KBr, neat) 2927, 1608, 1509, 1461, 1172, 1089, 1035, 819 cm"

L. HRMS (ESI) calcd. for C1gH2302 (M + H)* 271.1693, found 271.1690 .
5-(Cyclohex-1-en-1-yl)-6-(4-fluorophenyl)-3,6-dihydro-2H-pyran (6m):

Colourless oil; Rs (hexane/ EtOAc 23:0.5) 0.55; yield 85 mg, 65%; 'H NMR (600 MHz,
CDCl3) & 1.45- 1.5 (m, 2 H), 1.56-1.64 (m, 2 H), 1.86-1.98 (m, 2 H), 2.06-2.11 (m, 1 H),
2.13-2.22 (m, 2 H), 2.42-2.45 (m, 1 H), 3.50-3.54 (m, 1 H), 3.58- 3.62 (M, 1 H), 5.35 (s, 1 H),
5.43 (s, 1 H), 6.07 (t, J= 4.08 Hz, 1 H), 6.98-7.01 (m, 2 H), 7.28-7.30 (m, 2 H); 3C NMR
(100 MHz, CDCls) 6 22.3, 23.0, 25.7, 25.8, 25.8, 58.8, 74.7, 115.1 (J= 14.0 Hz), 120.8,
125.0, 130.9 (J = 5.4 Hz), 134.1, 136.9 ( J= 5.4 Hz), 138.1, 162 (J= 162 Hz); IR (KBr, neat)
2927, 1602, 1506, 1436, 1223, 1156, 1091, 1056, 924, 823 cm™; HRMS (ESI) calcd. for

C17H20FO (M + H)* 259.1493, found 259.1477 .
5-(Cyclohept-1-en-1-yl)-6-isopropyl-3,6-dihydro-2H-pyran (6n):

Pale yellow oil; R (hexane/ EtOAc 23:0.5) 0.61; yield 48 mg, 43%; 'H NMR (400 MHz,
CDCl3) § 0.73 (d, J = 6.8 Hz, 3 H), 1.02 (d, J = 7.2 Hz, 3 H), 1.45-1.50 (m, 4 H), 1.71-1.76
(m, 2 H), 1.90- 1.94 (m, 2 H), 2.11-2.14 (m, 2 H), 2.19-2.24 (m, 3 H), 3.46-3.52 (dt, J= 10.4
Hz, 3.2 Hz, 1 H), 3.92 (dd, J= 10.4 Hz and 5.6 Hz, 1 H), 4.25 (s, 1 H), 5.67 (t, J= 6.8 Hz , 1
H), 5.74 (d, J = 6.4 Hz 1 H) ; C NMR (100 MHz, CDCls) & 14.9, 20.2, 25.9, 27.0, 27.1,

28.7, 30.8, 31.9, 32.8, 63.3, 78.9, 121.0, 127.7, 144.4, 145.0; IR (KBr, neat) 2922, 2848,
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1450, 1376, 1263, 1208, 1096, 1043, 941, 847, 786, 751, 476 cm™; HRMS (ESI) calcd. for

C15H250 (M + H)* 221.1900, found 221.1898 .
5-(Cyclohept-1-en-1-yl)-6-(4-methoxyphenyl)-3,6-dihydro-2H-pyran (60):

Pale yellow oil; R (hexane/ EtOAc 23:0.5) 0.61; yield 65 mg, 47%; 'H NMR (400 MHz,
CDCl3) § 1.27-1.32 (m, 2 H), 1.35-1.41 (m, 1 H), 1.62-1.67 (m, 3 H), 1.99-2.05 (m, 2 H),
2.16-2.22 (M, 1 H), 2.25-2.28 (m, 2 H), 2.33-2.41 (m, 1 H), 3.60-3.63 (m, 2 H), 3.80 (s, 3 H),
5.38 (s, 1 H), 5.61 (t, J = 6.8 Hz, 1 H), 6.03 (t, J = 4.0 Hz, 1 H), 6.84 (d, J = 8.6 Hz, 2 H),
7.22 (d, J = 8.6 Hz, 2 H); 3C NMR (100 MHz, CDCls) & 25.9, 26.4, 26.8, 28.5, 29.9, 32.7,
55.4,59.3, 75.7, 113.6, 121.0, 129.0, 130.6, 133.2, 140.2, 142.9, 159.3; IR (KBr, neat) 2921,
2849, 1608, 1509, 1460, 1247, 1173, 1035, 825 cm™; HRMS (ESI) calcd. for C1oH250; (M +

H)* 285.1849, found 285.1841.
(E)-5-(Cyclooct-1-en-1-yl)-6-(p-tolyl)-3,6-dihydro-2H-pyran (6p):

Pale yellow oil; R (hexane/ EtOAc 23:0.5) 0.58; yield 92 mg, 66%; 'H NMR (400 MHz,
CDCl3) 6 1.33-1.42 (m, 5 H), 1.52-1.55 (m, 3 H), 1.99-2.02 (m, 2 H), 2.12-2.18 (m, 1 H),
2.33 (s, 3 H), 2.34-2.40 (m, 3 H), 3.54-3.59 (m, 2 H), 5.35 (t, J = 8 Hz, 1 H), 5.43 (s, 1 H),
6.13 (t, J = 4.4 Hz, 1 H), 7.12 (d, J = 8 Hz, 2 H), 7.24 (d, J = 8 Hz, 2 H) ; 13C NMR (100
MHz, CDClz) 6 21.4, 25.4, 26.0, 26.2, 27.2, 27.5, 29.3, 30.4, 58.4, 75.3, 121.5, 127.6, 128.9,
129.4, 137.4, 137.5, 137.6, 138; IR (KBr, neat) 2923, 2853, 1608, 1448, 1258, 1084, 1049,

871, 811, 737, cm™*; HRMS (ESI) calcd. for C20H270 (M + H)* 283.2056 , found 283.2044.
6-(4-Chlorophenyl)-5-(cyclooct-1-en-1-yl)-3,6-dihydro-2H-pyran (6q):

Pale yellow oil; R (hexane/ EtOAc 23:0.5) 0.58; yield 112 mg, 72%; *H NMR (400 MHz,
CDCl3) 6 1.34-1.54 (m, 8 H), 2.02-2.03 (m, 2 H), 2.18-2.20 (m, 1 H), 2.36-2.40 (m, 3 H),
3.49-3.53 (m, 1 H), 3.54-3.63 (m, 1 H), 5.31 (t, J =8.1 Hz, 1 H), 5.43 (s, 1 H), 6.16 (d, J =

3.5 Hz, 1 H), 7.28 (s, 4 H); 3C NMR (100 MHz, CDCls) § 25.1, 25.6, 25.9, 26.9, 27.2, 29.0,
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30.1, 58.5, 745, 121.7, 127.5, 128.1, 130.5, 133.4, 136.7, 137.2, 139.3; IR (KBr, neat) 2922,
2851, 1593, 1486, 1447, 1249, 1089, 1050, 1015, 870, 820, 733 cm™; HRMS (ESI) calcd. for

C19H24CIO (M + H)* 303.1510, found 303.1512.
4-(3-(Cyclooct-1-en-1-yl)-5,6-dihydro-2H-pyran-2-yl)benzonitrile (6r):

Pale yellow oil; Rr (hexane/ EtOAc 24:1) 0.57; yield 68 mg, 46%; 'H NMR (400 MHz,
CDCls) & 1.22-1.29 (m, 1 H), 1.31-1.45 (m, 5 H), 1.50-1.56 (m, 2 H), 1.99-2.04 (m, 2 H),
2.18-2.24 (m, 1 H), 2.35-2.40 (m, 2 H), 2.43-2.50 (m, 1 H), 3.46-3.53 (M, 1 H), 3.60-3.66 (m,
1 H), 5.27 (t, J = 8.2 Hz, 1 H), 5.48 (s, 1 H), 6.20 (t, J = 4.1 Hz, 1 H), 7.45 (d, J = 8.2 Hz, 2
H), 7.61 (d, J = 8.2 Hz, 2 H); *C NMR (100 MHz, CDCl3) & 25.4, 25.8, 26.2, 27.1, 27.4,
29.2,30.3,59.4,74.9,111.7,119.1, 122.5, 128.0, 130.1, 132.2, 136.3, 137.5, 146.5 ; IR (KBr,
neat) 2922, 2228, 1447, 1253, 1090, 1051, 871, 825, 730 cm™; HRMS (ESI) calcd. for

C20H24NO (M + H)* 294.1852, found 294.1871.

5-(Cyclopent-1-en-1-yl)-6-(4-nitrophenyl)-3,6-dihydro-2H-pyran (6s) and 3-Cyclopentyl-

idene-2-(4-nitrophenyl)-3,6-dihydro-2H-pyran (6s")(6s:6s’' = 2:1):

Dark brown solid; Rf (hexane/ EtOAc 24:1) 0.57; mixed m. p. 110-113 °C; yield 73 mg, 68%;
IH NMR (400 MHz, CDCls) & 1.80-1.84 (m, 3 H), 1.85-1.87 (m, 1 H), 2.20-2.29 (m, 2 H),
2.45-2.56 (m, 2 H), 3.50-3.68 (m, 2 H, major), 4.30-4.32 (m, 2 H, minor), 5.11 (s, 1 H,
major), 5.48 (s, 1 H, major), 6.01-6.05 (m, 1 H, minor), 6.11 (t, J = 4.0 Hz, 1 H, major), 6.44
(s, 1 H, minor), 6.54-6.57 (m, 1 H, minor), 7.41 (d, J = 8.4 Hz, 2 H, minor), 7.50 (d, J = 8.6
Hz, 2 H, major), 8.17-8.20 (m, 2 H); 3C NMR (100 MHz, CDCls) & 21.3, 22.6, 24.5, 31.3,
32.3, 34.9, 48.3, 60.4, 73.8, 83.9, 118.7, 121.1, 122.4, 122.42, 123.3, 126.0, 129.0, 129.1,
129.8, 132.3, 139.4, 140.2, 143.0, 145.3, 146.5, 147.2; IR (KBr, neat) 2962, 2853, 1638,
1520, 1408, 1345, 1260, 1090, 1060, 1018, 853, 752, 702 cm™; HRMS (ESI) calcd. for

C16H18NO3 (M + H)* 272.1281, found 272.1266.
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2-(4-Bromophenyl)-3-cyclopentylidene-3,6-dihydro-2H-pyran (6t):

Dark brown gum; R (hexane/ EtOAc 24:1) 0.60; yield 72 mg, 58%; 'H NMR (400 MHz,
CDCl3) 6 1.77-1.85 (m, 2 H), 2.15-2.30 (m, 3 H), 2.41-2.53 (m, 3 H), 3.52-3.64 (m, 2 H),
5.15 (s, 1 H), 5.38 (s, 1 H), 6.05 (t, J = 4.0 Hz, 1 H), 7.21 (dd, J = 6.8 and 1.6 Hz, 2 H), 7.45
(dd, J = 6.8 and 1.8 Hz, 1 H); *3C NMR (100 MHz, CDCls) & 22.5, 25.7, 32.4, 33.5, 58.8,
75.2,122.0, 123.9, 127.0, 131.0, 131.4, 134.0, 140.1, 140.5; IR (KBr, neat) 2924, 2851, 1637,
1589, 1484, 1404, 1265, 1087, 962, 812, 737 cm™*; HRMS (ESI) calcd. for C1gH1sBro (M +

H)* 305.0536, found 305.0545.

Procedure for the synthesis of 4-methyl-2,5-diphenyl-2,3,5,7,8,8a-hexahydropyrano[4,3-

b]pyran (8a):

To a solution of benzaldehyde (5a) (1 mmol, 0.053 g) in dichloromethane (3 mL) at -45 °C,
3-cyclohexylideneprop-2-en-1-ol (4c) (0.75 mmol, 0.114 g) was added under N2 atmosphere.
To this reaction mixture, TMSOTf (0.1 mmol, 0.018 g) was added after 5 minutes and then
continued for 5h. It was brought to room temperature; dichloromethane was removed in a
rotary evaporator, quenched with saturated sodium bicarbonate solution, and extracted with
ethyl acetate (2 x 10 mL). The organic layer was washed with brine solution, dried (Na2SO.)
and evaporated in a rotary evaporator under vacuum. The final product 8a was obtained by

column chromatography using ethyl acetate and hexane as eluents (Hexane:EtOAC::24:1).
(2R*,55*,8aR*)-4-Methyl-2,5-diphenyl-2,3,5,7,8,8a-hexahydropyrano[4,3-b]pyran (8a):

Pale yellow oil; Rr (hexane/ EtOAc 24:1) 0.48; yield 60 mg, 40%; 'H NMR (600 MHz,
CDCl3) 5 1.78 (s, 3 H), 1.97-1.98 (m, 1 H), 2.00-2.10 (m, 1 H), 2.27-2.30 (m, 1 H), 2.51-2.56
(m, 1 H), 3.62-3.63 (m, 1 H), 3.81-3.83(m, 1 H), 4.34-4.35 (m, 1 H), 4.65-4.68 (m, 1 H), 5.9
(s, 1 H), 7.24-7.44 (m, 10 H); 3C NMR (150 MHz, CDCls) & 18.5, 34.7, 39.5, 60.4, 72.4,

74.2,75.3,126.2, 127.2,127.5, 127.9, 128.1, 128.7,128.9, 129.1, 139.2, 142.4; IR (KBr, neat)
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2925, 1492, 1448, 1373, 1104, 1072, 970, 766, 701 cm™; HRMS (ESI) calcd. for C21H230;

(M + H)" 307.1693, found 307.1692.
(2R*,55*,8aR*)-4-Methyl-2,5-di-p-tolyl-2,3,5,7,8,8a-hexahydropyrano[4,3-b] pyran (8b):

Colourless oil; Rf (hexane/ EtOAc 24:1) 0.48; yield 79 mg, 46%; 'H NMR (400 MHz,
CDCl3) 8 1.75 (s, 3 H), 1.86-1.93 (m, 1 H), 1.95-2.00 (m, 1 H), 2.25 (dt, J = 17.0 and 2.6 Hz,
1 H), 2.33 (s, 3 H), 2.37 (s, 3 H), 2.48-2.56 (m, 1 H), 3.61 (dt, J = 12.0 and 2.0 Hz, 1 H), 3.79
(dt, J = 10.4 and 3.0 Hz, 1 H), 4.30-4.34 (m, 1 H), 4.63 (dd, J = 10.4 and 3.0 Hz, 1 H), 5.86
(s, 1 H), 7.16-7.24 (m, 4 H), 7.29-7.33 (m, 4 H); 3C NMR (100 MHz, CDCls) & 18.4, 21.3,
21.4,34.7,39.5,60.4, 72.4, 74.2, 75.2, 126.2, 127.2, 127.9, 129.2, 129.3, 129.6, 136.2, 137.1,
137.4, 139.5; IR (KBr, neat) 2924, 1511, 1460, 1371, 1265, 1077, 968, 812, 738, cm™;

HRMS (ESI) calcd. for C2sH2702 (M + H)* 335.2006, found 335.2008.

(2R*,55*,8aR*)-2,5-bis(4-Bromophenyl)-4-methyl-2,3,5,7,8,8a-hexahydropyrano[4,3-

b]pyran (8c):

Pale yellow oil; R¢ (hexane/ EtOAc 24:1) 0.56; yield 125 mg, 54%; *H NMR (400 MHz,
CDCl3) 8 1.75 (s, 3 H), 1.86-1.93 (m, 1 H), 1.95-2.00 (m, 1 H), 2.25 (dt, J = 17.0 and 2.6 Hz,
1 H), 2.48-2.56 (m, 1 H), 3.61 (dt, J = 12.0 and 2.0 Hz, 1 H), 3.79 (dt, J = 10.4 and 3.0 Hz, 1
H), 4.30-4.34 (m, 1 H), 4.63 (dd, J = 10.4 and 3.0 Hz, 1 H), 5.86 (s, 1 H), 7.29 (d, J = 8Hz,
4H), 7.49 (d, J= 8 Hz, 2H), 7.51 (d, J= 8Hz, 2H) 3C NMR (100 MHz, CDCls)  18.5, 34.5,
39.4, 60.6, 72.3, 73.8, 74.6, 121.6, 121.7, 127.9, 128.3, 128.8, 129.0, 131.8, 132.0, 138.3,
141.4; IR (KBr, neat) 2924, 1485, 1397, 1074, 1010, 865, 804, cm™*; HRMS (ESI) calcd. for

C21H21 Br202 (M + H)* 462.9903, found 462.9906.

(1S*,4aR*,6R*,6aS5*)-1,6-bis(4-Nitrophenyl)-1,3,4,4a,6,6a,7,8,9,10-decahydropyrano[4,3-

c]isochromene (8d):
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Pale yellow solid; Rs (hexane/ EtOAc 24:1) 0.48 m. pt 165-169 °C. yield 127 mg, 58%; 'H
NMR (400 MHz, CDCls) 6 1.14-1.16 (m, 1 H), 1.35-1.47 (m, 3 H), 1.80 -1.82 (m, 1 H), 1.90-
1.92 (m, 2 H), 1.97-2.01 (m, 1 H), 2.08-2.11(m, 1 H), 2.36 (m, 1 H), 2.68 (d, J= 8.8, 1 H),
3.57 (dt, J = 12.2 and 1.8 Hz, 1 H), 3.93 (dt, J = 12.2 and 2.7 Hz, 1 H), 4.23-4.25 (m, 1 H),
4.97 (d, J = 3.8 Hz, 1 H), 5.97 (s, 1 H), 7.54 (d, J = 8.6 Hz, 2 H), 7.62 (d, J = 8.6 Hz, 2 H),
8.24-8.27 (m, 4 H); 3C NMR (100 MHz, CDCls) § 26.6, 29.0, 29.2, 31.2, 34.4, 44.4, 60.9,
72.2, 73.2, 76.7, 123.7, 124.1, 125.1, 126.7, 128.0, 138.4, 147.2, 1475, 147.6, 148.0; IR
(KBr, neat) 2931, 2856, 1603, 1519, 1346, 1191, 1080, 859, 726 cm™; HRMS (ESI) calcd.

for C24H25N206 (M + H)* 437.1707, found 437.1718.

Dimethyl 4,4'-((1S*,4aR* 6R*,6aS*)-1,3,4,4a,6,6a,7,8,9,10-decahydropyrano[4,3-

c]isochromene-1,6-diyl)dibenzoate (8e):

White solid ; Rr (hexane/ EtOAc 24:1) 0.48. m. pt 110-113 °C yield. 127 mg, 55%; *H NMR
(400 MHz, CDCl3) & 1.25-1.45 (m, 4 H), 1.75-1.79 (m, 1 H), 1.81-1.89 (m, 2 H), 1.91-2.00
(m, 1 H), 2.03-2.08 (m, 1 H), 2.28-2.34 (m, 1 H), 2.62-2.68 (m, 1 H), 3.58 (dt, J = 12.2 and
1.8 Hz, 1 H), 3.86 (dt, J = 12.2 and 2.8 Hz, 1 H), 3.92 (s, 6 H), 4.22-4.26 (m, 1 H), 4.92 (d, J
= 3.8 Hz, 1 H), 5.94 (s, 1 H), 7.42 (d, J = 8.2 Hz, 2 H), 7.52 (d, J = 8.2 Hz, 2 H), 8.02-8.06
(m, 4 H); 3C NMR (100 MHz, CDCls) § 26.8, 29.0, 29.2, 31.2, 34.6, 44.5, 52.3, 52.4, 60.8,
72.2,73.4,125.4,125.9, 127.2, 128.9, 129.4, 129.7, 130.1, 138.0, 145.2, 145.9, 167.2, 167.3,;
IR (KBr, neat) 2928, 1722, 1611, 1436, 1280, 1109, 1018, 771, 735 cm™:; HRMS (ESI) calcd.

for C2gH3106 (M + H)* 463.2115, found 463.2120.

(1S*,4aR*,6R*,6aS*)-1,6-bis(4-Bromophenyl)-1,3,4,4a,6,6a,7,8,9,10-decahydropyrano[4,3-

c]isochromene (8f):

Pale yellow oil; R¢ (hexane/ EtOAc 24:1) 0.59; yield 103 mg, 41%; '*H NMR (400 MHz,

CDCls) § 1.20-1.43 (m, 4 H), 1.76-1.93 (m, 4 H), 2.00-2.05 (m, 1 H), 2.18-2.24 (m, 1 H),
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1
2 2.59-2.64 (m, 1 H), 3.57 (dt, J = 12.2 and 1.8 Hz, 1 H), 3.82 (dt, J = 12.2 and 2.8 Hz, 1 H),
3

g 4.21-4.25 (m, 1 H), 4.79 (d, J = 3.6 Hz, 1 H), 5.85 (s, 1 H), 7.21 (d, J = 8.2 Hz, 2 H), 7.30 (d,
3 J=8.2 Hz, 2 H), 7.46-7.51 (m, 4 H); 13C NMR (100 MHz, CDCl3) & 26.8, 29.0, 29.2, 31.1,
8

9 34.6, 445, 60.5, 72.2, 73.1, 76.8, 120.8, 121.5, 125.3, 127.7, 129.1, 131.4, 131.9, 137.9,
10

1 138.9, 139.7; IR (KBr, neat) 2927, 1485, 1403, 1254, 1090, 1068, 1011, 865, 809 cm™;
12

} j HRMS (ESI) calcd. for CasHzsBr.02 (M + H)* 503.0216, found 503.0229.

15

1? (1S*,4aR*,6R*,6aS*)-1,6-bis(4-Fluorophenyl)-1,3,4,4a,6,6a,7,8,9,10-decahydropyrano[4,3-
18

19 clisochromene (8g):

20

21

22 Colourless oil; Rs (hexane/ EtOAc 24:1) 0.48; yield 76 mg, 40%; 'H NMR (400 MHz,
23

;‘5‘ CDCl3) & 1.28-1.40 (m, 4 H), 1.77-1.87 (m, 3 H), 1.89-1.97 (m, 1 H), 2.01-2.05 (m, 1 H),
20 2.18-2.23 (m, 1 H), 2.60-2.66 (m, 1 H), 3.58 (dt, J = 12.4 and 1.8 Hz, 1 H), 3.80 (dt, J = 12.4
28

29 and 1.8 Hz, 1 H), 4.25-4.29 (m, 1 H), 4.83 (d, J = 3.7 Hz, 1 H), 5.89 (s, 1 H), 7.02-7.08 (m, 4
30

31 H), 7.25-7.32 (m, 2 H), 7.38-7.42 (m, 2 H); 3C NMR (150 MHz, CDCls) 5 26.8, 29.0, 29.2,
32

;i 31.1, 34.7, 44.7, 60.3, 72.3, 73.1, 77.5, 115.1 (d, J = 21.1 Hz), 127.4, 127.5, 128.8, 128.9,
35

36 135.3 (d, J = 3.0 Hz), 136.3 (d, J = 3.0 Hz), 137.7, 161.9 (d, J = 243.0 Hz), 162.3 (d, J =
37

38 244.1 Hz); IR (KBr, neat) 2929, 1508, 1224, 1154, 1079, 834 cm™; HRMS (ESI) calcd. for
39

2‘1’ Ca4HasF202 (M + H)* 383.1817, found 383.1810.

42

ji (1S*,4aR*,6R*,6aS*)-1,6-di-p-Tolyl-1,3,4,4a,6,6a,7,8,9,10-decahydropyrano[4,3-

45

46 clisochromene (8h):

47

48

49 Colourless oil; Rs (hexane/ EtOAc 24:1) 0.55; yield 80 mg, 42%; 'H NMR (400 MHz,
50

g; CDCls) 6 1.31-1.45 (m, 4 H), 1.75-1.84 (m, 3 H), 1.89-1.97 (m, 1 H), 2.00-2.05 (m, 1 H),
gj 2.18-2.23 (m, 1 H), 2.34 (s, 3 H), 2.36 (s, 3 H), 2.61-2.67 (m, 1 H), 3.62 (dt, J = 12.2 and 1.8
55

56 Hz, 1 H), 3.80 (dt, J = 12.2 and 2.8 Hz, 1 H), 4.27-4.32 (m, 1 H), 4.83 (d, J = 3.7 Hz, 1 H),
57

58 5.85 (s, 1 H), 7.14-7.25 (m, 6 H), 7.33 (d, J = 8.0 Hz, 2 H); *C NMR (100 MHz, CDCl3) &
59

60
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21.3, 21.4, 27.0, 29.1, 29.3, 31.0, 34.8, 44.8, 60.4, 72.3, 73.5, 77.5, 125.6, 125.9, 127.3,
128.9, 129.5, 136.5, 136.8, 137.1, 137.5, 137.7; IR (KBr, neat) 2925, 1511, 1447, 1107, 1080,

962, 817, 740 cmt; HRMS (ESI) calcd. for C2sH310, (M + H)* 375.2319, found 375.2300 .

(1S*,4aR*,6R*,6aS*)-1,6-di-p-Tolyl-3,4,4a,6,6a,7,8,9,10,11-decahydro-1H-

cyclohepta[d]pyrano[4,3-b]pyran (8i):

Colourless oil; Rs (hexane/ EtOAc 24:1) 0.48; yield 90 mg, 46%; 'H NMR (400 MHz,
CDCl3) & 1.28-1.34 (m, 3 H), 1.36-1.43 (m, 1 H), 1.59-1.69 (m, 4 H), 1.85-1.96 (m, 1 H),
2.01-2.04 (m, 2 H), 2.34 (s, 3 H), 2.36 (s, 3 H), 2.39-2.44 (m, 1 H), 2.59-2.66 (m, 1 H), 3.63
(dt, J = 12.2 and 1.8 Hz, 1 H), 3.80 (dt, J = 12.2 and 2.8 Hz, 1 H), 4.28-4.32 (m, 1 H), 4.83 (s,
1 H),5.81 (s, 1 H), 7.15 (d, J = 8.0 Hz, 2 H), 7.19 (d, J = 8.0 Hz, 2 H), 7.26 (d, J = 8.0 Hz, 2
H), 7. 32 (d, J = 8.0 Hz, 2 H); 3C NMR (100 MHz, CDCl3) & 21.3, 21.4, 26.0, 27.2, 27.6,
29.4, 31.3, 35.4, 44.3, 60.6, 72.8, 74.3, 77.6, 125.7, 127.2, 128.9, 129.2, 129.6, 136.1, 136.3,
136.6, 137.1, 138.4 ; IR (KBr, neat) 2925, 1512, 1451, 1109, 1080, 818, 740 cm™; HRMS

(ESI) calcd. for C27H330, (M + H)* 389.2475, found 389.2464.

(1S*,4aR*,6R*,6aS*)-1,6-bis(4-Nitrophenyl)-3,4,4a,6,6a,7,8,9,10,11-decahydro-1H-

cyclohepta[d]pyrano[4,3-b]pyran (8j):

Pale yellow solid; R (hexane/ EtOAc 24:1) 0.48. m. pt 189-193 °C. yield 117 mg, 52%; 'H
NMR (400 MHz, CDCl3) & 1.27-1.37 (m, 6 H), 1.69-1.76 (m, 2 H), 1.98 (dg, J=12.2 and 2.7
Hz, 1 H), 2.08-2.16 (m, 2 H), 2.50-2.59 (m, 1 H), 2.68 (dt, J =12.2 and 1.8 Hz, 1 H), 3.60
(dt, J=12.2 and 2.7 Hz, 1 H), 3.92-3.97 (m, 1 H), 4.22-4.29 (m, 1 H), 4.94 (d, J =3.8 Hz, 1 H),
5.89 (s, 1 H), 7.58 (d, J = 8.4 Hz, 2 H), 7.63 (d, J = 8.4 Hz, 2 H), 8.25 (d, J = 8.0 Hz, 2 H),
8.27 (d, J = 8.0 Hz, 2 H) 13C NMR (150 MHz, CDCls) § 25.9, 26.9, 27.4, 29.3, 31.4, 35.1,

44.1, 61.2, 72.7, 73.9, 77.0, 123.7, 124.2, 126.7, 128.1, 128.5, 137.6, 146.8, 147.1, 147.6,
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148.4; IR (KBr, neat) 2926, 1603, 1520, 1346, 109, 854, 738, 708, cm't; HRMS (ESI) calcd.

for C2sH27N206 (M + H)* 451.1864, found 451.1881.

Dimethyl 4,4'-((1S*,4aR* 6R*,6aS*)-3,4,4a,6,6a,7,8,9,10,11-decahydro-1H-

cyclohepta[d]pyrano[4,3-b]pyran-1,6-diyl)dibenzoate (8Kk):

White solid; Rr (hexane/ EtOAc 24:1) 0.45. m. pt 162-165 °C. yield 113 mg, 47%; *H NMR
(400 MHz, CDCl3) 6 1.28-1.32 (m, 4 H), 1.40-1.45 (m, 1 H), 1.60-1.72 (m, 3 H), 1.90-1.99
(m, 1 H), 2.01-2.10 (m, 2 H), 2.45-2.53 (m, 1 H), 2.61-2.68 (m, 1 H), 3.60 (dt, J = 12.2 and
1.8 Hz, 1 H), 3.88 (dt, J = 12.2 and 2.8 Hz, 1 H), 3.91 (s, 3 H), 3.92 (s, 3 H), 4.22-4.28 (m, 1
H), 4.90 (d, J = 2.0 Hz, 1 H), 5.85 (s, 1 H), 7.46 (d, J = 8.2 Hz, 2 H), 7.50 (d, J = 8.2 Hz, 2
H), 8.02-8.07 (m, 4 H); ¥C NMR (100 MHz, CDCls) § 25.9, 27.0, 27.5, 29.4, 31.4, 35.2,
44.1,52.3,52.4,61.0, 72.7, 74.2, 77.6, 125.8, 127.2, 128.8, 128.9, 129.5, 129.7, 130.2, 137.1,
144.5, 146.4, 167.1, 167.3; IR (KBr, neat) 2928, 1722, 1611, 1436, 1281, 1109, 1019, 772,

735, cm; HRMS (ESI) calcd. for C29H3306 (M + H)* 477.2272, found 477.2275.

(1S*,4aR*,6R*,6aS*)-1,6-bis(4-Chlorophenyl)-3,4,4a,6,6a,7,8,9,10,11-decahydro-1H-

cyclohepta[d]pyrano[4,3-b]pyran (8l):

Pale yellow oil; R¢ (hexane/ EtOAc 24:1) 0.48; yield 100 mg, 48%; 'H NMR (400 MHz,
CDCl3) 6 1.28-1.34 (m, 3 H), 1.38-1.43 (m, 1 H), 1.58-1.70 (m, 4 H), 1.85-1.95 (m, 1 H),
2.00-2.05 (m, 2 H), 2.38-2.43 (m, 1 H), 2.58-2.65 (m, 1 H), 3.58 (dt, J = 12.2 and 1.8 Hz, 1
H), 3.82 (dt, J = 12.2 and 2.8 Hz, 1 H), 4.23-4.27 (m, 1 H), 4.80 (d, J = 2.5 Hz, 1 H), 5.78 (s,
1 H), 7.31-7.35 (m, 8 H); 3C NMR (100 MHz, CDCls3) § 25.9, 27.0, 27.5, 29.3, 31.3, 35.3,
44.1, 60.8, 72.7, 73.8, 77.6, 127.2, 128.4, 128.7, 128.8, 129.1, 132.6, 133.4, 137.0, 137.6,
139.7; IR (KBr, neat) 2927, 2855, 1488, 1263, 1088, 1014, 829, 739 cm™; HRMS (ESI)

calcd. for CasH27Cl202 (M + H)™ 429.1383, found 429.1382.
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(1S*,4aR*,6R*,6aS*)-1,6-bis(4-Methoxyphenyl)-3,4,4a,6,6a,7,8,9,10,11-decahydro-1H-

cyclohepta[d]pyrano[4,3-b]pyran (8m):

Yellow oil; Rf (hexane/ EtOAc 24:1) 0.40; yield 98 mg, 47%; *H NMR (400 MHz, CDCls3) &
1.25-1.34 (m, 3 H), 1.38-1.43 (m, 1 H), 1.62-1.69 (m, 4 H), 1.88-1.94 (m, 1 H), 2.00-2.05 (m,
2 H), 2.35-2.43 (m, 1 H), 2.59-2.66 (m, 1 H), 3.61 (dt, J = 12.2 and 1.8 Hz, 1 H), 3.78-3.82
(m, 7 H), 4.29-4.33 (m, 1 H), 4.81 (d, J = 2.3Hz, 1 H), 5.78 (s, 1 H), 6.88-6.93 (m, 4 H), 7.29
(d, J = 8.6 Hz, 2 H), 7.34 (d, J = 8.6 Hz, 2 H); 3C NMR (100 MHz, CDCl3) 5 26.0, 27.2,
27.7, 29.4, 31.3, 35.4, 44.4, 55.4, 55.5, 60.5, 72.9, 74.1, 77.6, 113.7, 114.2, 126.9, 128.5,
129.2,131.0, 133.6, 136.5, 158.5, 159.1; IR (KBr, neat) 2927, 1622, 1510, 1247, 1171, 1079,

832cm™; HRMS (ESI) calcd. for C27H3304 (M + H)* 421.2373, found 421.2386.
Procedure for the synthesis of pyrano-pyran derivatives 8n:

To a stirred solution of dihydro-2H-pyran 6c (0.1g, 0.4 mmol) under nitrogen atmosphere,
3mL of dry DCM was added at -45 °C, followed by aldehyde 5g (0.074g, 0.4 mmol). 3-
cyclohexylideneprop-2-en-1-ol (4c) (0.75 mmol, 0.114 g) was added under N2 atmosphere.
To this reaction mixture, TMSOTf (0.010 mL, 0.04 mmol) was added after 5 minutes and
then continued for 5h. The completion of the reaction was monitored by thin-layer
chromatography. After cooling down to room temperature, it was evaporated and quenched
with saturated NaHCOs solution. Finally, it was washed with saturated brine solution and
extracted with EtOAc (2 x 10 mL). The desired product 8n was obtained by column

chromatography (Hexane:EtOAc: 24:1).

Methyl 4-((2R*,55*,8aR*)-5-(3-chlorophenyl)-4-methyl-2,3,5,7,8,8a-hexahydropyrano[4,3-

b]pyran-2-yl)benzoate (8n):

Pale yellow oil; Rs (hexane/ EtOAc 24:1) 0.60; yield 84 mg, 54%; *H NMR (400 MHz,

CDCls) § 1.77 (s, 3 H), 1.85-1.96 (m, 1 H), 1.99-2.04 (m, 1 H), 2.32 (dt, J = 17.0 and 2.8 Hz,
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1 H), 2.43-2.51 (m, 1 H), 3.59 (dt, J = 12.2 and 2.0 Hz, 1 H), 3.84 (ddd, J = 12.0, 4.6 and 1.6
Hz, 1 H), 3.91 (s, 3 H), 4.29-4.32 (m, 1 H), 4.72 (dd, J = 10.8 and 3.4 Hz, 1 H), 5.84 (s, 1 H),
7.26-7.33 (m, 3 H), 7.41 (s, 1 H), 7.49 (d, J = 8.2 Hz, 2 H), 8.04 (d, J = 8.2 Hz, 2 H); 2*C
NMR (100 MHz, CDCls) § 18.4, 34.5, 39.3, 52.3, 60.7, 72.2, 73.8, 74.7, 125.3, 125.9, 127.3,
127.8, 128.4, 128.8, 129.5, 130.0, 135.1, 141.6, 147.5, 167.1; IR (KBr, neat) 2953, 2858,
1721, 1681, 1594, 1468, 1372, 1280, 1187, 1144, 1077, 1017, 970, 858, 792, 737, 680 cm’?;

HRMS (ESI) calcd. for CosH24Cl04 (M + H)* 399.1358, found 399.1352.

(2R*,55*,8aR*)-2-(4-Bromophenyl)-5-(4-fluorophenyl)-4-methyl-2,3,5,7,8,8a-

hexahydropyrano[4,3-b]pyran (80):

Brown gum; Ry (hexane/ EtOAc 24:1) 0.60; yield 72 mg, 46%; 'H NMR (400 MHz, CDCls) §
1.76 (s, 3 H), 1.83-1.90 (m, 1 H), 1.91-2.00 (m, 1 H), 2.26 (dt, J = 17.0 and 2.8 Hz, 1 H),
2.42-2.50 (m, 1 H), 3.57 (dt, J = 12.2 and 1.6 Hz, 1 H), 3.81 (ddd, J = 12.2, 4.8 and 1.8 Hz, 1
H), 4.29-4.31 (m, 1 H), 4.62 (dd, J = 10.8 and 3.4 Hz, 1 H), 5.84 (s, 1 H), 7.05-7.09 (m, 2 H),
7.29 (d, J = 8.2 Hz, 2 H), 7.36-7.40 (m, 2 H), 7.48 (d, J = 8.2 Hz, 2 H); 1*C NMR (100 MHz,
CDCI3) 6 18.4,34.5,60.4, 72.3, 73.8, 74.6, 115.7 (d, J = 84.6 Hz), 121.6, 127.8, 128.0, 128.9
(d, J = 8.0 Hz), 129.1, 131.8, 134.8 (d, J = 3.0 Hz), 141.5, 162.4 (d, J = 244.2 Hz); IR (KBr,
neat) 2927, 2858, 1602, 1503, 1405, 1225, 1103, 1076, 1011, 823, 790, 742, 632 cm™; Anal.

Calcd. For C21H20BrFO»: C, 62.54; H, 5.00. Found C, 62.47; H, 5.02.

Supporting Information Available: *H and 3C NMR spectra of all new compounds, NOE
spectra of compounds 6g and 6k, The crystal parameters and ORTEP diagram of compounds
6k, 8e and 8k and HRMS of compounds 6a-t, 7a-b and 8a-n are included. This material is

available free of charge via the Internet at http://pubs.acs.org.
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