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We describe an efficient one-pot regio- and stereoselective method for synthesizing diverse 1-hydroxy-

12H-6,12-methanodibenzo[d,g][1,3]dioxocines

and

3-hydroxy-12H-6,12-

methanodibenzo[d,g][1,3]dioxocines using ethylenediammonium diacetate (EDDA) or p-toluenesulfonic

acid (PTSA) catalyzed reactions between various resorcinols and a number of 2-hydroxychalcones. These

reactions involve a catalyst-controlled cascade Michael-type reaction/double cyclization process.

Importantly, these reactions provide a rapid synthetic route to the production of biologically interesting

complex molecules that are generally prepared using multi-steps reactions.

The biological activities and structural complexities of natural
products have stimulated organic chemists to design novel and
efficient strategies for assembling challenging structures.' In
particular, the synthesis of complex molecules from simple
starting materials in a minimum number of steps represents one
of the most challenging goals in organic synthesis.”
Organocatalyzed cascade reactions have become powerful tools
for the construction of functionalized polycyclic molecules.?
Molecules bearing a 12H-6,12-
methanodibenzo[d,g][1,3]dioxocine moiety are widely found in
nature (Figure 1) and have been shown to possess a number of
important and potent biological and pharmacological activities.
For example, the flavonoids proanthocyanidin Al (1) and A2 (2)
isolated from the skins of mature peanuts (Arachis hypogaes
L),*° Ecdysanthera utilis,"* and cacao beans (Theobroma
cacao L., Sterculiaceae)® exhibit a range of biological and
pharmacological properties, including antioxidant,* intestinal
disaccharidase inhibitory,Sa anti-diabetic,”® anti-inﬂammatory,5°
antiangiogenic,Sd anti-wrinkle,” antimicrobial,” antiviral,® and
anti-HIV-1 activities.™ In addition, proanthocyanidin A2 (2)
exhibit higher selective inhibition of viral RNA synthesis in
canine distemper virus (CDV) infection than ribavirin; therefore 2
has potential usefulness as an anti-CDV compound inhibiting
viral replication.”® Both ephedrannin A (3) and B (4) were
isolated from Ephedra 65 and  Daphniphyllum
angustifolium Hutch® and found to effectively suppress the
transcription of tumor necrosis factor-o (TNF-a) and interleukin-
1B (IL-1pB). They also showed potent anti-inflammatory effects on
LPS-stimulated macrophages by suppressing the translocation of
nuclear factor-kappa B (NF-kB) and the phosphorylation of p38
mitogen-activated protein (MAP) kinase.®® Diinsininol (5) and
diinsinin (6) were isolated from the rhizomes of Sarcophyte piriei,
and exhibited inhibition in a prostaglandin synthesis assay with
ICso values of 9.20 uM and 13.14 pM, respectively.” They also
showed inhibition in a platelet-activating-factor (PAF)-induced

sinica

exocytosis assay with ICsy values of 49 puM and 39 uM,
respectively, which were more potent than that shown by the
known PAF antagonist ginkgolide BN 52021 isolated from the
tree Ginkgo biloba (ICsy 80 uM).”

Proanthocyanidin A1 (1) R'= H, R>= OH Ephedrannin A (3) R®= OH Diinsininol (5) R*= -D-glucose, R = OH
Proanthocyanidin A2 (2) R'= OH, R?= H Ephedrannin B (4) R®=H Diinsinin (6) R*= -D-glucose, R® = H

Figure 1. Selected biogically interesting natural products bearing a methanodibenzodioxocine moiety

Given the importances of these biological and pharmacological
activities, several synthetic methods have been devised for 12H-
6,12-methanodibenzo[d,g][1,3]dioxocines, including 2,8-
dioxabicyclo[3.3.1]Jnonanes.® Of these methods, sequential
Michael addition/bicyclization was recently developed for the
synthesis of 2,8-dioxabicyclo[3.3.1]nonanes.*¢ In addition, the
Pd(PhCN),Cly/(R)-3,5-xylyl-BINAP  catalyzed
developed for the asymmetric synthesis of chiral 12H-6,12-
methanodibenzo[d,g][1,3]dioxocines from 2-
hydroxyphenylboronic acids and 2-hydroxychalcones.® Recently,
other  general  methods of  producing 12H-6,12-
methanodibenzo[d,g][1,3]dioxocines have been developed by
reacting phenols or naphthols with 2-hydroxychalcones in the
presence of catalytic amounts of AgOTf* or 10-camphorsulfonic

reaction was

OH "
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Scheme 1. Reported general method for 12H-6,12-methanodibenzo[d,g][1.3]dioxocines
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acid® (Scheme 1). Although several methods have been described
for the synthesis of 12H-6,12-
methanodibenzo[d,g][1,3]dioxocines from phenols or naphthols,
no method employing substituted resorcinols and 2-
hydroxychalcones has been previously reported.

Recently, based on substituted resorcinols, a number of
important methods for synthesizing biologically interesting and
active heterocycles bearing benzopyrans’ and benzoxazoles'®
have been devised, and we have also reported new methods of
preparing a variety of benzopyrans'' and polycycles bearing
citran'*° or cyclol nuclei'? using organocatalytic domino
reactions between resorcinols o,B-unsaturated
aldehydes (Scheme 2).

w

S

and various

Scheme 2. Our reported methodologies of for the synthesis of benzopyrans and
polycycles starting from substituted resorcinols

As part of our ongoing studies on new methods of synthesizing
biologically interesting heterocycles, we examined novel cascade
reactions between resorcinols and 2-hydroxychalcones in the
presence of several organocatalysts. Herein, we report the

2 straightforward, efficient one-pot synthesis of diverse 1-hydroxy-

12H-6,12-methanodibenzo[d,g][1,3]dioxocine derivatives (path a)

and 3-hydroxy-12H-6,12-methanodibenzo[d,g][1,3]dioxocine
derivatives (path b) using catalyst-controlled regio- and
stereoselective cascade reactions between resorcinols and 2-
hydroxychalcones (Scheme 3).

2:

G

o OH
R3
Rwlb\
EDDA R? oH  PTSA
R! (10 mol%) . (10 mol%)
R2 07> toluene, reflux OH O toluene, reflux
R4 path a SN Ré path b
— created bond R~

Scheme 3.

To synthesize 12H-6,12-methanodibenzo[d,g][1,3]dioxocine

30 derivatives, we first examined reactions between methyl 2.4-
dihydroxybenzoate (7a) and (E)-3-(2-hydroxyphenyl)-1-
phenylprop-2-en-1-one (8a) in the presence of several Lewis
acids, Brensted acids or Brensted acids/bases. The results
obtained are depicted in Table 1. In the absence of catalyst, no
35 products were formed (entry 1). With MgBr, or FeCl; as Lewis
acid catalyst in refluxing toluene for 24 h, trace amounts of 9a
and 10a were produced (entries 2 and 3). When 10 mol% of other
Lewis acid catalysts, namely, InCl;, In(OTf);, Yb(OTf);, or
AgOTf were used in refluxing toluene for 12 h, product 9a was
40 produced in 10-65% yield as a major component with a trace of
10a (entries 4-7). Interestingly, using 10 mol % of iodine,
products 9a and 10a were formed in 42 and 15% yield,
respectively (entry 8). When p-toluenesulfonic acid (PTSA, 10
mol %) was used as a Bronsted acid, 10a was produced in 82%
ss yield with excellent regioselectivity (entry 9). As bifunctional

catalysts of Bronsted acids and bases, further reactions utilizing
several other organocatalysts, such as, pyridine hydrochloride
(Pyr'HCl), pyridinium p-toluenesulfonate (PPTS), L-proline, or
ethylenediammonium diacetate (EDDA) were attempted.
Treatment of 7a with 8a in the presence of 10 mol% of
pyridinium p-toluenesulfonate (PPTS) in refluxing toluene for 12
h provided 9a and 10a in 15 and 33% yield, whereas reaction in
the presence of Pyr-HCI (10 mol%) afforded compounds 9a (40%)
and 10a (15%), respectively (entries 10 and 11). Interestingly,
ss using L-proline or EDDA as bifunctional catalysts, 9a was
exclusively formed in 62 and 85% yield, respectively (entries 12
and 13). Further screening of solvents and reaction temperatures
indicated that non-polar aromatic solvents and high reaction
temperature generally favor this reaction (entries 14-17)."* In
o view of these results, we found that products 9a and 10a could be
regioselectively synthesized depending on the used catalysts.
Compounds 9a and 10a were assigned based on analyses of their
spectral data. In the '"H NMR spectrum of 9a, two characteristic
aromatic protons on the benzene ring derived from a resorcinol
65 ring produced doublets at § 7.62 (d, J = 9.0 Hz) and 6.57 (d, J =
9.0 Hz) ppm, whereas in 10a, the two singlet protons produced
peaks at 7.66 and 6.53 ppm (Figure 2). The stereochemistry of 9a
was confirmed by X-ray crystallographic analysis of the
structurally related compound 9n and the stereochemistry of 10a
7 was confirmed directly by X-ray crystallographic analysis."*

w
=

Table 1. Optimization for the

synthesis of 9a and 10a2

MeO

OH
+ T2 catalysts

IS
10a i::

OH o
A
J W0
Entry  Catalysts Solvent Temp. Time (h) M
9a 10a
1 - Toluene Reflux 15 NR NR
2 MgBra Toluene Reflux 15 Trace Trace
3 FeCly Toluene Reflux 15 Trace  Trace
4 InCl3 Toluene Reflux 12 20 Trace
5 In(OTf)3 Toluene Reflux 12 61 Trace
6 Yb(OTf)3 Toluene Reflux 12 10 Trace
7 AgOTf Toluene Reflux 12 65 Trace
8 lodine Toluene Reflux 12 42 15
9 PTSA Toluene Reflux 6 Trace 82
10 PPTS Toluene Reflux 12 15 33
11 PyreHCI Toluene Reflux 12 40 15
12 L-Proline Toluene Reflux 12 62 Trace
13 EDDA Toluene Reflux 8 85 Trace
14 EDDA p-xylene Reflux 12 70 Trace
15 EDDA 1,4-Dioxane Reflux 12 74 Trace
16 EDDA MeCN Reflux 12 40 Trace
17 EDDA Ethanol Reflux 12 10 Trace

@Reaction conditions: 7a (1.0 mmol) and 8a (1.1 mmol), catalyst (10 mol%), and solvent (5 mL)
under a nitrogen atmosphere.
b |solated yields.

57.66 (s)
o H

O  OHH

5762 H . HO
(@ J=90H) Hn‘657© b @
(d, J=9.0H2) 56.53 () a5
9a 10a X-ray structure of 10a
Figure 2.
75 To  prepare a  variety of  1-hydroxy-12H-6,12-

methanodibenzo[d,g][1,3]dioxocines 9 bearing aryl groups at C-
6, further reactions between various resorcinols and a number of
2-hydroxychalcones were examined under the optimized reaction
conditions. As shown in Table 2, resorcinols 7a-7g with ester and
so ketone substituents reacted with 2-hydroxychalcones 8a-8e to
afford corresponding 1-hydroxy-12H-6,12-
methanodibenzo[d,g][1,3]dioxocines 9b-9p in 70-90% yield with

2 | Journal Name, [year], [vol], 00—-00
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Table 2. Further preparation of 1-hydroxy-12H-6,12-methanodibenzol d,g][1,3]dioxocines bearing 6-aryl 25 hydroxychalcones. Results are summarized in Table 3. Reactions
groups®> oH o between 7a, 7b, or 7f and 8g bearing a 1-(furan-2-yl) ring in the
RWO 4 . R YR EDDA presence of 10 mol % of EDDA in refluxing toluene for 10 h

. o ; OH o tgger:z,ln/:e)ﬂux R! afforded the desired products 9q, 9s, and 9w in 82, 78, and 74%

O o~ O yield, respectively. Also, cascade reactions of 7a, 7b, 7d, 7f or 7g

7a,R' = OMe, R? =H 8 30 with 8h bearing a 1-(2,5-dimethylfuran-3-yl) ring provided the

7b, R'= OEt, R? =Me

7¢,R'=Me,R?=H  ga R3=H,R,=Ph
7d,R'=Et R?=H  gp R3I=H, R, = 4-MePh
7e,R'=Et,R2=OH g, R? = 4-OMe, R, = Ph
7f, R = CH,Ph, R? =H g4, R? = 5.Br, R, = Ph
79,R'=Ph,R=H  ge R®=H, R, = 3-MeOPh

desired products 9r, 9t, 9v, 9x and 9z in the range of 79-89%

yield. Furthermore, treatment of 7¢ or 7f with 8i containing a 1-

(pyridine-3-yl) ring provided the products 9u and 9y in 47 and 41%

OMe yield, respectively. These reactions provided diverse 1-hydroxy-

35 12H-6,12-methanodibenzo[d,g][1,3]dioxocine derivatives with
heterocycles on the C-6.

(0]

(0]
9c¢, 10 h (70%) @ 9d,

Table 3. Further reactions for preparation of 2-substituted 1-hydroxy-12H-6,12-
methanadibenzo[d,g][1.3]dioxacines bearing 6-heterocycles®?
O OH
OH o EDDA

R' 10 mol%
HO o * R - f 2 . R
9h, 8 h (87%) @ R2 OH oluene, reflux

7a,R'=0OMe, R2=H 8g, R® = furan-2-yl

7b,R'= OEt, R2=Me  8h, R® = 2 5-dimethylfuran-3-yl
7¢,R'=Me, R2=H 8i, R® = pyridine-3-yl

7d, R"= Et, R? =H

7f, R' = CH,Ph, R? =H

79, R'=Ph,R? =H

)

o o o
99, 10 h (82%) o@ 9r, 8 (84%) & o 98 10h(78%) o@ 9t, 8 h (79%)

OHH

o
07

om, 15 h (73%) @

0]

(0]

9p, 15 h (71%) @ X-ray structure of 9;1

2 Reaction conditions: 7 (1.0 mmol), 8a-e (1.1 mmol), EDDA (10 mmol%), and toluene (5.0 mL) under a
nitrogen atmosphere.

b Isolated yields.
excellent regioselectivity. Molecules bearing an electron-donating Ze;f:;z”;:‘:':::gz::eze(1° mmol), 8g-i (1.1 mmol), EDDA (10 mmol%). and toluene (5.0 mL) under

or -withdrawing group on the 3-(2-hydroxy phenyl) ring of 2- B Isolated yields.
hydroxychalcones provided the desired products. For example,
reaction of 7a with 8¢ in the presence of 10 mol% of EDDA in

9x, 8 h (85%)

Table 4. Regioselective synthesis of 3-hydroxy-12H-6,12-methanodibenzo[d,g][1,3]dioxocines 102°

s refluxing toluene for 10 h provided 9¢ in 70% yield, whereas O OH 0 (15%\0/)
treatment of 7b with 8d for 8 h gave the desired product 9e in R1k© + M R® oluens, reflax
90% yield. Similarly, reactions between 7f and 8c or 8d provided 7a R' = OMe o 8a % = Ph
the desired products 9k and 91 in 72 and 85% yield, respectively. ;;fgfz‘;:z"h s Rz 4P
Furthermore, reactions between resorcinols 7a, 7b, 7d, 7f, or 7g 8h, R? = 2,5-dimethylfuranyl-3-yl

10 and 2- hydroxychalcones 8b or 8e bearing an electron-donating
group, such as, a methyl or a methoxy group, gave the desired
products 9b, 9d, 91, 9¢g, 9j, and 9o in 73-89% yield. Importantly,
reaction between 7e and 8a provided polyphenol-substituted 1-
hydroxy-12H-6,12-methanodibenzo[d,g][1,3]dioxocine 9h in 87%

15 yield. In addition, the biologically interesting naphthalene-fused
1-hydroxy-12H-6,12-methanodibenzo[d,g][1,3]dioxocines  9m
and 9p were synthesized by reacting 7f or 7g with 8f in 73 and 71%

yield, respectively. These reactions provide rapid synthetic routes HO o™ HO o
to a Yarlety Qf 1-hydroxymethanodibenzo[d,g][1,3]dioxocine 106, 8 (5%) 108, 12n @5%) Q 106, 12 (64%)
» deera.tIVeS b.ear.lng aryl g'r(.)ups on C-6. . @ Reaction conditions: 7 (1.0 mmol), 8 (1.1 mmol), PTSA (10 mmol%), and toluene (5.0 mL) under a
Using optimized conditions, we further explored the generality nitrogen atmosphere.

0 b Isolated yields.

of this cascade reaction for the synthesis of 1-hydroxy-12H-6,12-
methanodibenzo[d,g][1,3]dioxocine  derivatives 9  bearing
heterocycles at C-6, by using resorcinols and heterocyclic 2-

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00-00 | 3
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H H3'N  N*Hg o
AcO  OAc
(EDDA)

Scheme 4. Possible mechanism for formation of 9a and 10a.

The regioselective synthesis of 3-hydroxy-12H-6,12-
methanodibenzo[d,g][1,3]dioxocine derivatives 10 were carried
out in the presence of 10 mol% of PTSA as catalyst (Table 4).
Reactions between 7a and 8b, 8e, or 8h in the presence of 10
mol% PTSA in refluxing toluene for 8-12 h afforded products
10b-10d in 87, 75, and 77% yield, respectively. Similarly,
reaction between 7f and 8a or 8b in refluxing toluene for 8 h or
12 h provided the desired products 10e and 10f in 83 and 85%
yield, respectively, whereas reaction between 7g and 8a for 12 h
gave 10g in 84% yield. These reactions provided a rapid means of
synthesizing a variety of novel 3-hydroxy-12H-6,12-
methanodibenzo[d,g][1,3]dioxocine derivatives in good yields.

A proposed mechanism for the catalyst-controlled
regioselective synthesis of 9a and 10a using the Michael-type

addition/double cyclization processes®*%is depicted in Scheme 4.

We propose that the 2-hydroxychalcone (8a) is protonated by
EDDA to give intermediate 12, which facilitates a regioselective
Michael-type reaction at the C-3 position of 11, derived from
catalytic reaction between 7a and the "OAc of EDDA, to give
intermediate 13 via isomerization and tautomerism. Next, in the
presence of EDDA, intermediate 13 undergoes intramolecular
cyclization to give two possible hemiketal intermediates (14 or
15). The regioselectivity for formation of 9a can be rationalized
by regioselective intramolecular cyclization of more reactive 4-
hydroxy group of intermediate 13 or 15, probably due to
intramolecular hydrogen bonding between carbonyl and adjacent
2-hydroxy group. This kind of regioselective nucleophilic attack
of 7a at C-3 agrees well with our previous observation of EDDA
catalyzed reactions.''*®!® Further intramolecular cyclization
followed by dehydration of 14 or 15 gives final product 9a. In
addition, the usage of various metal salts as catalysts provides the
same product 9a as EDDA. In the presence of metal salts, the
reaction mechanism for 9a can be explained through the
coordination of metal salts to B-hydroxycarbonyl unit of 7a'®

followed by double cyclization on more reactive 4-hydroxy group.

On the other hand, the PTSA catalyzed regioselective Michael-
type addition reaction of 7a to 12 at C-5 with less steric hindrance
followed by tautomerization gives intermediate 16 through a
double activation of the catalyst, which can play a role as a
Bronsted acid and base to the carbonyl group of 12 and the 4-
hydroxy group of 7a by hydrogen bondings."” This similar
regioselectivity was also observed for orthophosphoric acid
catalyzed reactions between 2',4’-dihydroxyacetophenones and
isoprene or 3-buten-2-ol to give 7-hydroxychromans.'®
Intermediate 16 would then undergo further intramolecular
cyclization to give intermediate 17 or 18, which by cyclization
and dehydration gives 10a.
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Conclusions

In summary, the efficient regio- and stereoselective one-step
synthesis of 1-hydroxy-12H-6,12-
methanodibenzo[d,g][1,3]dioxocine or 3-hydroxy-12H-6,12-
methanodibenzo[d,g][1,3]dioxocine derivatives was achieved
using EDDA or PTSA-catalyzed cascade reactions between
resorcinols and 2-hydroxychalcones. Using this methodology, a
variety of novel 12H-6,12-methanodibenzo[d,g][1,3]dioxocine
derivatives were synthesized. The described methodology has the
advantages of utilizing mild reaction conditions, inexpensive non-
metal catalysts, and of being straightforward. In particular, this
reaction solves the problems posed by the need for multi-step
reactions to synthesize complex 12H-6,12-
methanodibenzo[d,g][1,3]dioxocine derivatives.
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Experimental section

General Experimental Details

All experiments were conducted in a nitrogen atmosphere. Merck
precoated silica gel plates (Art. 5554) containing a fluorescent
indicator were used for analytical TLC, and flash column
chromatography was performed using silica gel (Merck,
Kieselgel60, 230-400 mesh, Art. 9385). '"H NMR and '*C NMR
spectra were recorded on a Bruker ARX-300 MHz spectrometer
(at 300 and 75 MHz, respectively) or Varian VNS-600 MHz
spectrometer (at 600 and 150 MHz, respectively) in CDCl; as the
solvent. IR spectra were recorded on a Jasco FTIR 5300

spectrophotometer. HRMS was carried out at
the Korean Basic Science Institute.
General Procedure for the Synthesis of

methanodibenzo[d,g][1,3]dioxocine derivatives: 9-10. To a
solution of resorcinols 7 (1.0 mmol) in toluene (4 mL) was added
2-hydroxychalcones (1.1 mmol) and ethylenediamine diacetate
(EDDA, 18 mg, 0.1 mmol) or p-toluenesulfonic acid (PTSA, 17
mg 10 mol%) at room temperature. The reaction mixture was
refluxed for 6-12 h. After completion of the reaction as indicated
by TLC (hexane/EtOAc, 10:1, v/v), the solvent was evaporated,

4 | Journal Name, [year], [vol], 00—00
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and the residue was purified by flash column chromatography on
silica gel using hexane/EtOAc (15:1, v/v) to give 12H-6,12-
methanodibenzo[d,g][1,3]dioxocine derivatives 9-10.

Methyl 1-hydroxy-6-phenyl-12H-6,12-
methanodibenzo|d,g][1,3]dioxocine-2-carboxylate (9a).
Yellow solid; yield 318 mg; 85%; m.p. 124-125 °C; IR (KBr):
3067, 2952, 1666, 1623, 1488, 1442, 1262, 1166, 1131, 1078,
1018, 900, 796, 758, 698 cm™'; 'H NMR (300 MHz, CDCl;) &
11.33 (s, 1H), 7.75-7.72 (m, 2H), 7.62 (d, J = 9.0 Hz, 1H), 7.53-
7.48 (m, 1H), 7.46-7.41 (m, 3H), 7.15 (dd, J = 8.1, 7.2 Hz, 1H),
7.02 (d, J=8.1 Hz, 1H), 6.93 (dd, /= 7.5, 7.2 Hz, 1H), 6.57 (d, J
=9.0 Hz, 1H), 4.61 (t, J=3.0 Hz, 1H), 3.89 (s, 3H), 2.35 (dq, J =
13.2, 3.0 Hz, 2H); 3C NMR (75 MHz, CDCl;) 6 170.59, 159.45,
157.62, 151.95, 140.84, 128.97, 128.92, 128.36, 128.09, 127.90,
126.09, 125.68, 121.42, 116.34, 114.07, 108.61, 105.75, 98.87,
52.06, 32.65, 26.34. HRMS: m/z [M'] caled. for C,3H;3Os
374.1154; found: 374.1153.

Methyl 1-hydroxy-6-(p-tolyl)-12H-6,12-
methanodibenzo|d,g][1,3]dioxocine-2-carboxylate (9b).
2 Yellow solid; yield 338 mg; 87%; m.p. 176-177 °C; IR (KBr):
3091, 2953, 1667, 1625, 1489, 1441, 1346, 1262, 1131, 1079,
1020, 901, 797, 759 em™; '"H NMR (300 MHz, CDCl;) 6 11.33
(s, 1H), 7.64-7.60 (m, 3H), 7.52 (dd, J=7.5, 1.5 Hz, 1H), 7.27 (d,
J=28.1 Hz, 2H), 7.15 (dd, J = 8.1, 7.2 Hz, 1H), 7.02 (d, J = 7.2
s Hz, 1H), 6.93 (dd, J= 7.5, 7.2 Hz, 1H), 6.56 (d, J = 9.0 Hz, 1H),
4.61 (t, J=3.0 Hz, 1H), 3.89 (s, 3H), 2.41 (s, 3H), 2.34 (dq, J =

13.2, 3.0 Hz, 2H); 3C NMR (75 MHz, CDCl;) 6 170.58, 159.45,

157.71, 152.01, 138.73, 138.03, 129.00, 128.92, 128.06, 127.84,

126.09, 125.56, 121.34, 116.34, 114.10, 108.62, 105.69, 98.91,
30 52.00, 32.62, 26.39, 21.16. HRMS: m/z [M'] caled. for C,4H,,0s

388.1311; found: 388.1308.

Methyl 1-hydroxy-9-methoxy-6-phenyl-12H-6,12-
methanodibenzo|d,g][1,3]dioxocine-2-carboxylate (9c). Yellow

solid; yield 283 mg; 70%; m.p. 172-173 °C; IR (KBr): 2956,
35 1666, 1494, 1445, 1261, 1138, 897 cm™; 'H NMR (600 MHz,

CDCl3) 6 11.30 (s, 1H), 7.72-7.70 (m, 2H), 7.61 (d, J = 9.0 Hz,

1H), 7.46-7.43 (m, 2H), 7.41-7.39 (m, 1H), 7.05 (d, J= 3.0 Hz,

1H), 6.33 (d, J=9.6 Hz, 1H), 6.69 (dd, J= 9.0, 3.0 Hz, 1H), 6.55

(d, J=9.0 Hz, 1H), 4.54 (t, J= 3.0 Hz, 1H), 3.89 (s, 3H), 3.76 (s,
w0 3H), 2.32 (dq, J = 13.8, 3.0 Hz, 2H); *C NMR (150 MHz,

CDCly) ¢ 170.63, 159.45, 157.90, 154.04, 145.83, 141.01,

129.05, 128.89, 128.36, 126.63, 125.70, 116.94, 113.99, 113.76,

112.69, 108.65, 105.75, 98.88, 55.75, 52.06, 32.70, 26.72.

HRMS: m/z [M"] calcd. for C,4H,0Oq 404.1260; found: 404.1259.
45 Ethyl 1-hydroxy-3-methyl-6-(p-tolyl)-12H-6,12-

methanodibenzo|d,g][1,3]dioxocine-2-carboxylate 94d).

Yellow solid; yield 366 mg; 88%; m.p. 133-134 °C; IR (KBr):

3041, 2970, 1641, 1585, 1452, 1262, 1159, 1113, 1025, 907, 812,

750 cm™'; "H NMR (300 MHz, CDCl;) 6 12.27 (s, 1H), 7.65 (d, J
so = 8.1 Hz, 2H), 7.55 (d, J= 7.5 Hz, 1H), 7.28 (d, J = 8.1 Hz, 2H),

7.16 (dd, J= 8.1, 7.5 Hz, 1H), 7.03 (d, J = 8.1 Hz, 1H), 6.94 (dd,

J=1.5,172 Hz, 1H), 6.45 (s, 1H), 4.59 (t, J = 3.0 Hz, 1H), 4.40

(q, J=7.2 Hz, 2H), 2.49 (s, 3H), 2.43 (s, 3H), 2.34 (dq, J = 13.2,

3.0 Hz, 2H), 1.41 (t, J = 7.2 Hz, 3H); >*C NMR (75 MHz, CDCl5)
sso 171.94, 161.10, 156.06, 152.01, 140.93, 138.62, 138.17,

128.96, 127.99, 127.68, 126.40, 125.55, 121.24, 116.25, 111.99,

111.68, 105.61, 98.88, 61.24, 32.90, 26.43, 24.21, 21.15, 14.17.

HRMS: m/z [M"] calcd. for C,gH,405 416.1624; found: 416.1625.

Ethyl 10-bromo-1-hydroxy-3-methyl-6-phenyl-12 H-6,12-

[

s

o

¢ methanodibenzo[d,g][1,3]dioxocine-2-carboxylate (9¢). Yellow
solid; yield 432 mg; 90%; m.p. 137-138 °C; IR (KBr): 3057,
2976, 2931, 2358, 1643, 1583, 1474, 1413, 1321, 1259, 1161,
1124, 1020, 910, 813, 737, 495 cm™; 'H NMR (600 MHz,
CDCly) 6 12.22 (s, 1H), 7.69 (d, J= 7.8 Hz, 2H), 7.62 (d, J= 1.8
Hz, 1H), 7.45 (t, J = 7.2 Hz, 2H), 7.41 (t, J= 7.2 Hz, 1H), 7.21
(dd, J=17.8, 2.4 Hz, 1H), 6.87 (d, J = 9.0 Hz, 1H), 6.42 (s, 1H),
4.52 (t,J=3.0 Hz, 1H), 4.42-4.37 (m, 2H), 2.47 (s, 3H), 2.30 (dq,
J=13.8, 3.0 Hz, 2H), 1.40 (t, J = 7.2 Hz, 3H); >C NMR (150
MHz, CDCly) 6 171.86, 161.01, 155.79, 151.21, 141.38, 140.61,
70 130.57, 130.53, 129.00, 128.47, 128.39, 125.60, 118.06, 113.45,
111.65, 111.32, 105.95, 98.93, 61.38, 32.59, 26.32, 24.21, 14.23.
HRMS: m/z [M'] caled. for C,sH, BrOs 480.0572; found:
480.0571.
Ethyl 1-hydroxy-6-(3-methoxyphenyl)-3-methyl-12 H-6,12-
s methanodibenzo[d,g][1,3]dioxocine-2-carboxylate (9f). Yellow
solid; yield 315 mg; 73%; m.p. 123-124 °C; IR (KBr): 3065,
2961, 1634, 1458, 1266, 1115, 1034, 897, 807 cm’'; 'H NMR
(600 MHz, CDCl3) 6 12.19 (s, 1H), 7.50 (dd, J= 7.8, 1.2 Hz, 1H),
7.36 (t, J = 7.8 Hz, 1H), 7.29 (d, J = 8.4 Hz, 2H), 7.12 (dd, J =
s0 7.8, 7.2 Hz, 1H), 7.00 (d, J = 7.8 Hz, 1H), 6.94 (dd, J=7.2, 1.2
Hz, 1H), 6.91 (dd, J = 7.8, 6.6 Hz, 1H), 6.42 (s, 1H), 4.56 (t, J =
3.0 Hz, 1H), 4.38 (q, J = 7.2 Hz, 2H), 3.85 (s, 3H), 2.45 (s, 3H),
2.32 (dq, J = 13.8, 3.0 Hz, 2H), 1.38 (t, J = 7.2 Hz, 3H); *C
NMR (150 MHz, CDCl;) ¢ 171.96, 161.10, 159.62, 155.98,
ss 151.95, 142.63, 141.02, 129.44, 128.03, 127.75, 126.42, 121.36,
118.06, 116.31, 114.18, 112.04, 111.73, 111.71, 105.78, 98.77,
61.29, 55.36, 32.93, 26.42, 24.21, 14.22. HRMS: m/z [M'] calcd.
for Cy¢H»404 432.1573; found: 432.1573.
1-(1-Hydroxy-6-(p-tolyl)-12H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)propan-1-one 9g).
Yellow solid; yield 336 mg; 87%; m.p. 126-127 °C; IR (KBr):
3039, 2975, 1626, 1488, 1456, 1239, 1164, 1110, 1032, 897, 813,
755 em™'; 'H NMR (300 MHz, CDCl3) 6 13.22 (s, 1H), 7.64 (d, J
= 8.4 Hz, 2H), 7.55-7.52 (m, 2H), 7.28 (d, J = 7.8 Hz, 2H), 7.16
(dd, J=8.7, 8.4 Hz, 1H), 7.03 (d, /= 8.1 Hz, 1H), 6.94 (t, J="7.2
Hz, 1H), 6.56 (d, J = 9.0 Hz, 1H), 4.62 (t, J = 3.0 Hz, 1H), 2.95-
2.88 (m, 2H), 2.42 (s, 3H), 2.35 (dq, J = 13.5, 3.0 Hz, 2H), 1.22
(t, J=7.2 Hz, 3H); '*C NMR (75 MHz, CDCl5) 6 205.72, 160.80,
158.03, 151.92, 138.78, 137.89, 129.23, 129.01, 128.10, 127.85,
100 126.04, 125.53, 121.39, 116.30, 114.44, 113.44, 108.33, 99.01,
32.57, 31.16, 26.10, 21.17, 8.55. HRMS: m/z [M'] calcd. for
C,sH,,04 386.1518; found: 386.1518.
1-(1,3-Dihydroxy-6-phenyl-12H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)propan-1-one (%9h).
10s Yellow solid; yield 338 mg; 87%; m.p. 201-202 °C; IR (KBr):
2974, 1616, 1434, 1235, 1131, 1028, 893, 753 cm’; 'H NMR
(600 MHz, CDCl;) 6 7.59 (d, J = 8.4 Hz, 2H), 7.40 (d, J="7.2 Hz,
1H), 7.32 (t, J = 7.8 Hz, 2H), 7.29-7.27 (m, 1H), 7.02 (dd, J =
7.8, 7.2 Hz, 1H), 6.90 (d, J= 7.8 Hz, 1H), 6.81 (dd, /= 7.8, 7.2
Hz, 2H), 5.78 (s, 1H), 4.38 (t, J= 3.0 Hz, 1H), 2.96-2.87 (m, 2H),
2.19 (dq, J = 13.8, 3.0 Hz, 2H), 1.15 (dd, J = 7.8, 7.2 Hz, 1H),
1.03 (t, J = 7.2 Hz, 3H); *C NMR (150 MHz, CDCl;) é 207.39,
162.39, 158.40, 157.79, 151.65, 140.74, 128.90, 128.32, 127.97,
127.74, 126.70, 125.60, 121.54, 116.12, 106.81, 105.05, 99.29,
115 95.16, 37.23, 33.10, 25.89, 8.66. HRMS: m/z [M'] calcd. for
Cy4H05 388.1311; found: 388.1309.
1-(1-Hydroxy-6-phenyl-12H-6,12-

Y
a

©
S

©
S

11

S

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 5



w

20

25

30

3

a

40

45

w
=

Organic & Biomolecular Chemistry

methanodibenzo|d,g][1,3]dioxocin-2-yl)-2-phenylethan-1-one
(9i). Yellow solid; yield 391 mg; 90%; m.p. 182-183 °C; IR
(KBr): 3034, 2943, 2359, 1624, 1489, 1451, 1420, 1351, 1237,
1102, 1028, 897, 756, 699 cm’'; '"H NMR (300 MHz, CDCl;) &
13.17 (s, 1H), 7.80-7.77 (m, 2H), 7.66 (d, J = 9.0 Hz, 1H), 7.57
(d, J=17.5 Hz, 1H), 7.52-7.47 (m, 3H), 7.40-7.34 (m, 2H), 7.32-
7.28 (m, 3H), 7.23-7.17 (m, 1H), 7.08 (d, J = 8.1 Hz, 1H), 6.98
(dd, J=17.5,7.2 Hz, 1H), 6.61 (d, J= 8.7 Hz, 1H), 4.65 (t, J= 3.0
Hz, 1H), 4.21 (s, 2H), 2.33 (dq, J = 13.5, 3.0 Hz, 2H); '*C NMR
(75 MHz, CDCl3) ¢ 202.31, 161.35, 158.29, 151.78, 140.60,
134.22, 129.91, 129.26, 128.94, 128.67, 128.34, 128.11, 127.92,
127.01, 125.87, 125.60, 121.49, 116.28, 114.51, 113.31, 108.55,
99.00, 44.74, 32.51, 26.00. HRMS: m/z [M] calcd. for CyoH,,0,
434.1518; found: 434.1517.

1-(1-Hydroxy-6-(p-tolyl)-12H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)-2-phenylethan-1-one
(9j). Yellow solid; yield 394 mg; 88%; m.p. 205-206 °C; IR
(KBr): 3034, 2947, 1624, 1489, 1352, 1237, 1173, 1103, 1031,
897, 813, 737 cm™'; "TH NMR (300 MHz, CDCl5) 6 13.09 (s, 1H),
7.66-7.61 (m, 3H), 7.51 (dd, J= 7.5, 1.5 Hz, 1H), 7.33-7.24 (m,
7H), 7.15 (dd, J = 8.1, 7.2 Hz, 1H), 7.02 (d, /= 7.2 Hz, 1H), 6.93
(dd, J=17.5,7.2 Hz, 1H), 6.56 (d, J=9.0 Hz, 1H), 4.60 (t, J=3.3
Hz, 1H), 4.19 (s, 2H), 2.41 (s, 3H), 2.34 (dq, J = 13.5, 3.3 Hz,
2H); *C NMR (75 MHz, CDCly) 6 202.31, 161.40, 158.44,
151.86, 138.83, 137.79, 134.28, 129.91, 129.28, 129.03, 128.71,
128.12, 127.90, 127.05, 125.90, 125.52, 121.44, 116.33, 114.57,
113.30, 108.62, 99.07, 44.80, 32.53, 26.06, 21.18. HRMS: m/z
[M] calcd. for C50H,40, 448.1675; found: 448.1672.
1-(1-Hydroxy-9-methoxy-6-phenyl-12 H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)-2-phenylethan-1-one
(9K). Yellow solid; yield 408 mg; 88%; m.p. 80-81 °C; IR (KBr):
3052, 2943, 2345, 1619, 1493, 1233, 1100, 1036, 893, 807, 737
em’'; "TH NMR (600 MHz, CDCly) 6 13.07 (s, 1H), 7.71-7.69 (m,
2H), 7.64 (d, J = 9.0 Hz, 1H), 7.46-7.43 (m, 2H), 7.42-7.39 (m,
1H), 7.33-7.31 (m, 2H), 7.26-7.24 (m, 3H), 7.04 (d, J = 3.0 Hz,
1H), 6.93 (d, J=9.0 Hz, 1H), 6.69 (dd, /= 9.0, 3.0 Hz, 1H), 6.55
(d, J=9.0 Hz, 1H), 4.54 (t, J= 3.0 Hz, 1H), 4.18 (d, /= 2.4 Hz,
2H), 3.75 (s, 3H), 2.32 (dq, J = 13.8, 3.0 Hz, 2H); '*C NMR (150
MHz, CDCly) 6 202.35, 161.43, 158.65, 154.10, 145.68, 140.80,
134.33, 130.02, 129.33, 128.96, 128.75, 128.39, 127.10, 126.46,
125.67, 116.97, 114.51, 113.93, 113.39, 112.61, 108.65, 99.07,
55.73, 44.87, 32.63, 26.43. HRMS: m/z [M] calcd. for C3gH,405
464.1624; found: 464.1622.
1-(10-Bromo-1-hydroxy-6-phenyl-12 H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)-2-phenylethan-1-one
(91). Yellow solid; yield 435 mg; 85%; m.p. 195-196 °C; IR
(KBr): 3065, 3032, 2980, 1625, 1484, 1422, 1353, 1241, 1102,
1045, 898, 810, 739, 701, 601, 516 cm™; '"H NMR (600 MHz,
CDCly) 6 13.01 (s, 1H), 7.66 (d, J = 7.2 Hz, 2H), 7.57 (d, J=9.0
Hz, 1H), 7.53 (d, J = 2.4 Hz, 1H), 7.38-7.34 (m, 3H), 7.24 (dd, J
= 8.4, 7.2 Hz, 2H), 7.18-7.17 (m, 3H), 7.14 (dd, J = 8.4, 1.8 Hz,
1H), 6.80 (d, J=9.0 Hz, 1H), 6.47 (d, J=9.0 Hz, 1H), 4.47 (t, J
= 3.0 Hz, 1H), 4.10 (d, J = 3.6 Hz, 2H), 2.23 (dq, J = 13.8, 3.0
Hz, 2H); '*C NMR (150 MHz, CDCl;) 6 202.36, 161.33, 158.11,
151.06, 140.24, 134.23, 130.79, 130.65, 130.22, 129.29, 129.13,
128.75, 128.45, 127.96, 127.10, 125.57, 118.12, 113.92, 113.63,
113.50, 108.55, 99.09, 44.88, 32.22, 25.94. HRMS: m/z [M']
calcd. for C,oH,BrO,4 512.0623; found: 512.0626.
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1-(1-Hydroxy-6-phenyl-14H-6,14-
methanobenzo[d]naphtho[1,2-g][1,3]dioxocin-2-yl)-2-
phenylethan-1-one (9m). Yellow solid; yield 353 mg; 73%; m.p.
107-108 °C; IR (KBr): 2358, 1625, 1492, 1232, 1101, 904, 815,
748 cm’'; 'H NMR (600 MHz, CDCl;) 6 13.42 (s, 1H), 8.90 (d, J
= 8.4 Hz, 1H), 7.75-7.73 (m, 3H), 7.66 (dd, J = 13.2, 12.0 Hz,
2H), 7.55 (dd, J= 8.4, 7.2 Hz, 1H), 7.47 (dd, J=7.8, 7.2 Hz, 2H),
7.44-7.42 (m, 1H), 7.36 (dd, J = 7.8, 6.6 Hz, 1H), 7.29 (dd, J =
7.8, 7.2 Hz, 2H), 7.24 (dd, J = 5.4, 3.6 Hz, 2H), 7.23-7.21 (m,
2H), 6.58 (d, J = 8.4 Hz, 1H), 5.27 (t, J = 3.0 Hz, 1H), 4.16 (s,
2H), 2.43 (dq, J = 13.8, 3.0 Hz, 2H); *C NMR (150 MHz,
CDCl3) ¢ 202.36, 161.68, 159.59, 149.82, 140.50, 134.30,
131.49, 130.29, 129.74, 129.29, 129.05, 128.78, 128.72, 128.45,
128.02, 127.07, 126.46, 125.67, 124.45, 123.93, 118.29, 118.19,
114.59, 113.47, 108.68, 98.60, 44.86, 33.33, 22.47. HRMS: m/z
[M] calcd. for C53H,40, 484.1675; found: 484.1676.
(1-Hydroxy-6-phenyl-12H-6,12-
methanodibenzo[d,g][1,3]dioxocin-2-yl)(phenyl)methanone
(9n). Yellow solid; yield 374 mg; 89%; m.p. 209-210 °C; IR
(KBr): 3055, 2923, 1611, 1486, 1344, 1261, 1175, 1085, 1025,
896, 755 cm’™; '"H NMR (300 MHz, CDCl;) d 12.97 (s, 1H), 7.64
(d, J= 8.1 Hz, 2H), 7.50-7.47 (m, 3H), 7.41 (d, J = 7.2 Hz, 1H),
7.37-7.34 (m, 5H), 7.27 (d, J = 8.7 Hz, 1H), 7.11-7.04 (m, 1H),
6.94 (d, J=7.5 Hz, 1H), 6.86 (dd, J= 7.5, 7.2 Hz, 1H), 6.43 (d, J
=9.0 Hz, 1H), 4.58 (t, J=3.0 Hz, 1H), 2.27 (dq, /= 13.5, 3.0 Hz,
2H); 3C NMR (75 MHz, CDCl;) § 200.35, 161.86, 158.37,
151.89, 140.65, 138.12, 133.16, 131.43, 128.97, 128.78, 128.37,
128.24, 128.15, 127.98, 125.98, 125.63, 121.54, 116.35, 114.56,
113.36, 108.25, 99.10, 32.61, 26.19. HRMS: m/z [M'] calcd. for
C,sH,004 420.1362; found: 420.1362. Structure confirmed by X-
ray crystallography: CCDC 981010.
(1-Hydroxy-6-(p-tolyl)-12H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)(phenyl)methanone
(90). Yellow solid; yield 386 mg; 89%; m.p. 186-187 °C; IR
(KBr): 3057, 2945, 1612, 1485, 1344, 1261, 1177, 1084, 1028,
895, 812, 755 cm™'; 'TH NMR (300 MHz, CDCl5) d 13.05 (s, 1H),
7.65-7.52 (m, 6H), 7.49-7.46 (m, 2H), 7.38 (d, J = 8.7 Hz, 1H),
7.27 (d,J="7.8 Hz, 2H), 7.17 (dd, J = 8.4, 6.9 Hz, 1H), 7.04 (d, J
=17.5Hz, 1H), 6.97 (dd, J=1.5, 7.2 Hz, 1H), 6.53 (d, /= 9.0 Hz,
1H), 4.68 (t, J=2.7 Hz, 1H), 2.41 (s, 3H), 2.38 (dq, J = 13.2, 2.7
Hz, 2H); *C NMR (75 MHz, CDCl;) 6 200.37, 161.87, 158.49,
151.96, 138.85, 138.17, 137.84, 133.16, 131.43, 129.05, 128.78,
128.26, 128.15, 127.95, 126.02, 125.54, 121.49, 116.38, 114.59,
113.33, 108.29, 99.16, 26.23. HRMS: m/z [M'] caled. for
CyoH»,0,4 434.1518; found: 434.1518.
(1-Hydroxy-6-phenyl-14H-6,14-methanobenzo[d]naphtho[1,2-
gl[1,3]dioxocin-2-yl)(phenyl)methanone (9p). Yellow solid;
yield 334 mg; 71%; m.p. 141-142 °C; IR (KBr): 3059, 2358,
1613, 1483, 1345, 1263, 1088, 1023, 902, 813, 749, 699 cm™'; 'H
NMR (600 MHz, CDCl3) ¢ 13.37 (s, 1H), 8.97 (d, J = 7.2 Hz,
1H), 7.77-7.75 (m, 3H), 7.70 (d, J = 9.0 Hz, 1H), 7.61 (dd, J =
8.4, 7.8 Hz, 1H), 7.56-7.54 (m, 2H), 7.52 (dd, J = 7.8, 7.2 Hz,
1H), 7.48 (d, J= 6.6 Hz, 1H), 7.46 (d, J = 6.0 Hz, 1H), 7.44-7.43
(m, 3H), 7.39 (d, J = 9.0 Hz, 2H), 7.27(d, J = 9.0 Hz, 1H), 6.56
(d, J=9.0 Hz, 1H), 5.35 (t, J = 3.0 Hz, 1H), 2.48 (dq, J = 13.8,
3.0 Hz, 2H); *C NMR (150 MHz, CDCl;) § 200.46, 162.05,
159.59, 149.86, 140.48, 138.16, 133.57, 131.51, 131.45, 129.75,
129.06, 128.81, 128.46, 128.27, 128.07, 126.56, 125.69, 124.46,
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123.99, 118.34, 118.25, 114.55, 113.48, 108.33, 98.65, 33.35,
22.55. HRMS: m/z [M"] calcd. for C3,H,,04 470.1518; found:
470.1519.

Methyl 6-(furan-2-yl)-1-hydroxy-12 H-6,12-
methanodibenzo|d,g][1,3]dioxocine-2-carboxylate 9q).
Yellow solid; yield 299 mg; 82%; m.p. 80-81 °C; IR (KBr): 3155,
2957, 1666, 1485, 1342, 1260, 1153, 1019, 896, 749 cm’'; 'H
NMR (600 MHz, CDCl3) ¢ 11.30 (s, 1H), 7.59 (d, J = 9.0 Hz,
1H), 7.49-7.47 (m, 2H), 7.11 (dd, J = 8.4, 7.2 Hz, 1H), 6.95 (d, J
=7.8 Hz, 1H), 6.91 (t, /= 7.2 Hz, 1H), 6.72 (d, J = 3.6 Hz, 1H),
6.51 (d, J=9.0 Hz, 1H), 6.45-6.44 (m, 1H), 4.61 (t, J = 3.0 Hz,
1H), 3.88 (s, 3H), 2.49 (dq, J = 12.6, 3.0 Hz, 2H); >C NMR (150
MHz, CDCl3) 6 170.58, 159.40, 156.97, 151.34, 142.93, 128.99,
128.13, 127.93, 125.93, 121.60, 116.39, 114.03, 110.45, 108.59,
107.63, 105.92, 95.47, 52.05, 29.26, 25.52. HRMS: m/z [M']
calcd. for C, H;04 364.0947; found: 364.0948.

Methyl 6-(2,5-dimethylfuran-3-yl)-1-hydroxy-12H-6,12-
methanodibenzo[d,g][1,3]dioxocine-2-carboxylate (9r). Yellow
solid; yield 329 mg; 84%; m.p. 150-151 °C; IR (KBr): 3056,
2976, 2936, 2359, 1626, 1488, 1419, 1373, 1239, 1109, 1076,
1020, 890, 802, 754 cm™; 'TH NMR (600 MHz, CDCl;) § 11.29
(s, 1H), 7.58 (d, J = 8.4 Hz, 1H), 7.48 (dd, J = 7.8, 1.2 Hz, 1H),
7.11 (dd, J=9.0, 6.6 Hz, 1H), 6.93 (d, J = 8.4 Hz, 1H), 6.90 (dd,
J=1.8, 6.6 Hz, 1H), 6.48 (d, J= 9.0 Hz, 1H), 6.05 (s, 1H), 4.56
(t, J=3.0 Hz, 1H), 3.78 (s, 3H), 2.42 (s, 3H), 2.31 (dq, J=13.2,
3.0 Hz, 2H), 2.25 (s, 3H); *C NMR (150 MHz, CDCl;) 6 170.60,
159.46, 157.42, 151.68, 149.50, 147.60, 128.94, 128.13, 127.84,
126.06, 121.35, 121.01, 116.20, 114.08, 108.45, 105.67, 105.49,
97.45, 52.04, 31.55, 26.10, 13.38, 13.31. HRMS: m/z [M"] calcd.
for C,3H,006 392.1260; found: 392.1262.

Ethyl 6-(Furan-2-yl)-1-hydroxy-3-methyl-12H-6,12-
methanodibenzo|d,g][1,3]dioxocine-2-carboxylate (9s). Yellow
solid; yield 306 mg; 78%; m.p. 57-58 °C; IR (KBr): 3074, 2980,
1643, 1585, 1483, 1457, 1413, 1320, 1266, 1160, 1024, 909, 813,
749 cm’'; "H NMR (600 MHz, CDCly)  12.20 (s, 1H), 7.49 (d, J
=7.2 Hz, 1H), 7.47 (d, J= 1.2 Hz, 1H), 7.10 (dd, J = 8.4, 7.2 Hz,
1H), 6.95 (d, J= 7.8 Hz, 1H), 6.90 (dd, /= 7.8, 7.2 Hz, 1H), 6.72
(d, J= 3.0 Hz, 1H), 6.45-6.44 (m, 1H), 6.38 (s, 1H), 4.58 (t, J =
3.0 Hz, 1H), 4.37 (d, J = 7.2 Hz, 2H), 2.48 (dq, /= 13.2, 3.0 Hz,
2H), 2.45 (s, 3H), 1.38 (t, J= 7.2 Hz, 3H); >C NMR (150 MHz,
CDCly) ¢ 171.93, 161.03, 155.33, 152.27, 151.36, 142.86,
141.03, 128.06, 127.76, 126.25, 121.50, 116.31, 111.93, 111.64,
110.41, 107.52, 105.89, 95.47, 61.28, 29.54, 25.58, 24.17, 14.19.
HRMS: m/z [M"] calcd. for C,3H,006 392.1260; found: 392.1260.
Ethyl  6-(2,5-dimethylfuran-3-yl)-1-hydroxy-3-methyl-12H-
6,12-methanodibenzo|d,g][1,3]dioxocine-2-carboxylate  (9t).
Yellow solid; yield 332 mg; 79%; m.p. 119-120 °C; IR (KBr):
3043, 2978, 1642, 1584, 1482, 1456, 1399, 1320, 1277, 1159,
1110, 1020, 905, 810, 753 ecm™; '"H NMR (600 MHz, CDCL;) 6
12.20 (s, 1H), 7.49 (dd, J=6.6, 1.2 Hz, 1H), 7.10 (dd, J=8.4,7.8
Hz, 1H), 6.93 (d, J = 8.4 Hz, 1H), 6.90 (dd, /= 7.8, 7.2 Hz, 1H),
6.36 (s, 1H), 6.06 (s, 1H), 4.53 (t, /= 3.0 Hz, 1H), 437 (q, J =
7.2 Hz, 2H), 2.44 (s, 3H), 2.43 (s, 3H), 2.33 (dq, J=13.2, 3.0 Hz,
2H), 2.26 (s, 3H), 1.38 (t, J= 7.2 Hz, 3H); >C NMR (150 MHz,
CDCly) ¢ 171.94, 161.07, 155.77, 151.68, 149.42, 147.52,
140.95, 128.04, 127.67, 126.36, 121.24, 121.12, 116.11, 111.97,
111.50, 105.62, 105.49, 97.42, 61.25, 31.81, 26.14, 24.20, 14.19,
13.35, 13.29. HRMS: m/z [M'] caled. for C,sH,404 420.1573;

found: 420.1575.

¢ 1-(1-Hydroxy-6-(pyridin-3-yl)-12H-6,12-
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methanodibenzo|d,g][1,3]dioxocin-2-yl)ethan-1-one (9u).
Yellow solid; yield 169 mg; 47%; m.p. 210-211 °C; IR (KBr):
3074, 2925, 1626, 1488, 1424, 1370, 1257, 1114, 1077, 1026,
901, 804, 758 cm’'; '"H NMR (600 MHz, CDCl;) 8 13.09 (s, 1H),
8.97 (s, 1H), 8.68 (d, J = 4.2 Hz, 1H), 8.04 (d, J = 8.4 Hz, 1H),
7.52 (d, J=9.0 Hz, 1H), 7.51 (d, /= 7.8 Hz, 1H), 7.40 (dd, J =
7.2, 1.2 Hz, 1H), 7.15 (dd, J = 8.4, 7.8 Hz, 1H), 7.00 (d, J = 8.4
Hz, 1H), 6.94 (dd, J= 7.8, 7.2 Hz, 1H), 6.56 (d, J = 9.0 Hz, 1H),
4.63 (t, J= 2.4 Hz, 1H), 2.52 (s, 3H), 2.35 (dq, J = 13.2, 2.4 Hz,
2H); C NMR (150 MHz, CDCl;) J 203.02, 160.80, 157.69,
151.47, 150.11, 147.51, 136.53, 133.65, 130.27, 128.22, 128.11,
125.73, 123.19, 121.87, 116.31, 114.37, 114.25, 108.32, 98.05,
32.52, 26.26, 25.89. HRMS: m/z [M'] caled. for CyH;NO,
359.1158; found: 359.1155.
1-(6-(2,5-Dimethylfuran-3-yl)-1-hydroxy-12H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)propan-1-one 9v).
Yellow solid; yield 332 mg; 85%; m.p. 155-156 °C; IR (KBr):
2962, 2359, 1764, 1667, 1441, 1244, 1064, 890, 800 cm'; 'H
NMR (600 MHz, CDCl3) 6 13.17 (s, 1H), 7.51-7.48 (m, 2H), 7.11
(dd, J= 8.4, 7.8 Hz, 1H), 6.94 (d, J= 7.8 Hz, 1H), 6.90 (dd, J =
7.8, 6.6 Hz, 1H), 6.48 (d, J= 9.0 Hz, 1H), 6.06 (s, 1H), 4.57 (t, J
= 3.0 Hz, 1H), 2.92-2.87 (m, 2H), 2.42 (s, 3H), 2.32 (dq, J = 13.8,
3.0 Hz, 2H), 2.26 (s, 3H), 1.19 (dd, J = 7.8, 7.2 Hz, 3H); °C
NMR (150 MHz, CDCl;) ¢ 205.71, 160.82, 157.77, 151.60,
149.52, 147.60, 129.24, 128.17, 127.84, 126.03, 121.40, 120.92,
116.16, 114.44, 113.43, 108.15, 105.45, 97.57, 31.53, 31.17,
25.83, 13.36, 13.30, 8.57. HRMS: m/z [M"] caled. for Cy4H,,05
390.1467; found: 390.1465.
1-(6-(Furan-2-yl)-1-hydroxy-12H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)-2-phenylethan-1-one
(9w). Yellow solid; yield 314 mg; 74%; m.p. 68-69 °C; IR (KBr):
3086, 2364, 1626, 1490, 1352, 1237, 1104, 900, 804, 743 cm’’;
"H NMR (600 MHz, CDCl5) § 12.99 (s, 1H), 7.55 (d, J=9.6 Hz,
1H), 7.42-7.41 (m, 2H), 7.24 (t, J = 7.8 Hz, 2H), 7.19-7.16 (m,
3H), 7.05 (dd, J = 8.4, 7.8 Hz, 1H), 6.89 (d, J=7.8 Hz, 1H), 6.84
(t,J=17.2 Hz, 1H), 6.66 (d, J=2.4 Hz, 1H), 6.45 (d, J= 8.4 Hz,
1H), 6.39-6.38 (m, 1H), 4.55 (t,J = 3.0 Hz, 1H), 4.10 (d, /= 3.6
Hz, 2H), 2.42 (dq, J = 13.8, 3.0 Hz, 2H); *C NMR (150 MHz,
CDCly) ¢ 202.39, 161.36, 157.70, 151.93, 151.21, 142.99,
134.26, 129.94, 129.31, 128.74, 128.20, 127.99, 127.08, 125.77,
121.70, 116.39, 114.55, 113.50, 110.47, 108.57, 107.70, 95.61,
44.85, 29.21, 25.23. HRMS: m/z [M'] calcd. for C,;H,(Os
424.1311; found: 424.1311.
1-(6-(2,5-Dimethylfuran-3-yl)-1-hydroxy-12H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)-2-phenylethan-1-one
(9x). Yellow solid; yield 384 mg; 85%; m.p. 169-170 °C; IR
(KBr): 3032, 2927, 2359, 1736, 1625, 1419, 1353, 1240, 1165,
1101, 1038, 891, 802, 755 ecm’™; 'H NMR (600 MHz, CDCL;) 6
12.99 (s, 1H), 7.53 (d, J = 8.4 Hz, 1H), 7.40 (d, J= 7.2 Hz, 1H),
7.24 (dd, J = 7.8, 7.2 Hz, 2H), 7.18-7.15 (m, 3H), 7.04 (dd, J =
8.4, 6.6 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 6.83 (t, J= 7.2 Hz,
1H), 6.41 (d, J= 9.0 Hz, 1H), 5.97 (s, 1H), 4.49 (t, J= 3.0 Hz,
1H), 4.09 (d, J=4.8 Hz, 2H), 2.34 (s, 3H), 2.22 (dq, /= 13.2, 3.0
Hz, 2H), 2.18 (s, 3H); *C NMR (150 MHz, CDCl;) § 202.29,
161.41, 158.15, 151.54, 149.54, 147.61, 134.30, 129.92, 129.27,
128.72, 128.18, 127.89, 127.05, 125.89, 121.44, 120.84, 116.16,
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114.55, 113.29, 108.43, 105.42, 97.62, 44.81, 31.48, 25.79,
13.35, 13.29. HRMS: m/z [M'] caled. for CyoH,405 452.1624;
found: 452.1622.

1-(1-Hydroxy-6-(pyridin-3-yl)-12 H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)-2-phenylethan-1-one
(9y). Yellow solid; yield 178 mg; 41%; m.p. 168-169 °C; IR
(KBr): 3036, 2925, 1625, 1489, 1421, 1351, 1237, 1102, 1027,
901, 803, 754 cm™'; 'TH NMR (600 MHz, CDCl;) 6 13.07 (s, 1H),
8.97 (s, 1H), 8.67 (d, J = 3.6 Hz, 1H), 8.05 (d, J = 8.4 Hz, 1H),
7.65 (d, J = 8.4 Hz, 1H), 7.51 (d, J = 6.0 Hz, 1H), 7.41 (dd, J =
7.8,4.8 Hz, 1H), 7.31 (dd, J= 7.8, 7.2 Hz, 2H), 7.24 (dd, J = 8.4,
7.2 Hz, 3H), 7.15 (dd, J = 7.8, 7.2 Hz, 1H), 7.06 (d, J = 8.4 Hz,
1H), 6.94 (dd, J="7.8, 7.2 Hz, 1H), 6.58 (d, J=9.0 Hz, 1H), 4.62
(t, J=3.0 Hz, 1H), 4.18 (s, 2H), 2.34 (dq, J = 13.8, 3.0 Hz, 2H);
3C NMR (150 MHz, CDCl;) & 202.46, 161.39, 157.76, 151.41,
149.95, 147.35, 136.62, 134.19, 133.83, 130.11, 129.29, 128.81,
128.24, 128.14, 127.12, 125.63, 123.29, 121.91, 116.31, 114.45,
113.64, 108.48, 98.03, 44.90, 32.50, 25.87. HRMS: m/z [M]
caled. for CogH,NO, 435.1471; found: 435.1474.
(6-(2,5-Dimethylfuran-3-yl)-1-hydroxy-12H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)(phenyl)methanone
(9z). Yellow solid; yield 390 mg; 89%; m.p. 189-190 °C; IR
(KBr): 3058, 2925, 1611, 1485, 1415, 1344, 1263, 1171, 1082,
1020, 888, 806, 754 cm™'; "H NMR (600 MHz, CDCl;) § 13.04
(s, IH), 7.58 (d, J = 6.6 Hz, 2H), 7.56-7.52 (m, 2H), 7.46 (dd, J =
7.8, 7.2 Hz, 2H), 7.36 (d, J = 9.0 Hz, 1H), 7.15 (dd, /= 8.4, 7.8
Hz, 1H), 6.98-6.94 (m, 2H), 6.47 (d, J = 9.0 Hz, 1H), 6.08 (s,
1H), 4.56 (t, /= 3.0 Hz, 1H), 2.44 (s, 3H), 2.37 (dq, J = 13.8, 3.0
Hz, 2H), 2.27 (s, 3H); *C NMR (150 MHz, CDCl;) 6 200.41,
161.91, 158.24, 151.66, 149.61, 147.68, 138.20, 133.22, 131.49,
128.83, 128.31, 128.26, 127.99, 126.03, 121.53, 120.91, 116.26,
114.58, 113.34, 108.15, 105.49, 97.75, 31.58, 25.98, 1341,
13.37. HRMS: m/z [M'] calcd. for C,gH,,05 438.1467; found:
438.1466.

Methyl 3-hydroxy-6-phenyl-12H-6,12-
methanodibenzo|d,g][1,3]dioxocine-2-carboxylate (10a).
Yellow solid; yield 307 mg; 82%; m.p. 172-173 °C; IR (KBr):
3704, 2953, 1672, 1597, 1482, 1451, 1351, 1276, 1229, 1139,
1020, 903, 751 cm™’; '"H NMR (600 MHz, CDCL;) 6 10.65 (s,
1H), 7.66 (s, 1H), 7.64 (d, J = 8.4 Hz, 2H), 7.89 (t, /= 7.2 Hz,
2H), 7.35 (d, J=17.2, 6.6 Hz, 1H), 7.18 (dd, /= 7.8, 4.2 Hz, 1H),
7.09 (dd, J=17.8, 7.2 Hz, 1H), 6.95 (d, J = 8.4 Hz, 1H), 6.86 (dd,
J=1.8,7.2 Hz, 1H), 6.53 (s, 1H), 3.98 (t, /= 1.2 Hz, 1H), 3.85
(s, 3H), 2.32 (dq, J = 13.2, 1.2 Hz, 2H); '*C NMR (150 MHz,
CDCl;) ¢ 170.03, 162.13, 158.07, 151.38, 140.73, 128.98,
128.55, 128.41, 128.31, 127.18, 126.07, 125.64, 121.80, 118.95,
116.94, 106.45, 104.57, 98.98, 52.05, 33.45, 33.37. HRMS: m/z
[M'] calcd. for Cp3H,305 374.1154; found: 374.1151. Structure
confirmed by X-ray crystallography: CCDC 991036.

Methyl 3-hydroxy-6-(p-tolyl)-12H-6,12-
methanodibenzo[d,g][1,3]dioxocine-2-carboxylate (10b).
Yellow solid; yield 338 mg; 87%; m.p. 197-198 °C; IR (KBr):
2950, 1671, 1592, 1484, 1442, 1346, 1274, 1144, 1026, 901, 756
em’; 'TH NMR (600 MHz, CDCL;) 6 10.73 (s, 1H), 7.73 (s, 1H),
7.61 (d, J = 8.4 Hz, 2H), 7.27-7.24 (m, 3H), 7.16 (dd, J = 8.4, 7.8
Hz, 1H), 7.02 (d, J= 7.8 Hz, 1H), 6.93 (dd, J = 7.8, 6.6 Hz, 1H),
6.60 (s, 1H), 4.04 (t, J = 3.0 Hz, 1H), 3.92 (s, 3H), 2.40 (s, 3H),
2.38 (dg, J = 13.8, 3.0 Hz, 2H); *C NMR (150 MHz, CDCl;) &
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170.02, 162.08, 158.13, 151.41, 138.82, 137.88, 129.03, 128.51,

e 128.23, 127.15, 126.08, 125.51, 121.70, 118.98, 116.91, 106.35,

104.51, 99.01, 52.01, 33.46, 33.29, 21.16. HRMS: m/z [M']
calcd. for C,4H,005 388.1311; found: 388.1312.

Methyl 3-hydroxy-6-(3-methoxyphenyl)-12H-6,12-
methanodibenzo|d,g][1,3]dioxocine-2-carboxylate (10c¢).
Yellow solid; yield 303 mg; 75%; m.p. 77-78 °C; IR (KBr): 2953,
1673, 1593, 1486, 1446, 1277, 1234, 1142, 905, 757 cm’'; 'H
NMR (600 MHz, CDCls) 6 10.70 (s, 1H), 7.72 (s, 1H), 7.36 (t, J
= 7.8 Hz, 1H), 7.28-7.25 (m, 3H), 7.15 (dd, J = 8.4, 7.8 Hz, 1H),
7.01 (d, J= 7.8 Hz, 1H), 6.95-6.91 (m, 2H), 6.59 (s, 1H), 4.04 (t,

7 J=3.0 Hz, 1H), 3.92 (s, 3H), 3.84 (s, 3H), 2.38 (dg, /= 13.2, 3.0

Hz, 2H); '3C NMR (150 MHz, CDCl;) 6 170.03, 162.12, 159.66,
158.02, 151.34, 142.30, 129.52, 128.54, 128.32, 127.18, 126.06,
121.82, 118.95, 117.99, 116.97, 114.32, 111.67, 106.47, 104.58,
98.87, 55.38, 52.07, 33.43, 33.29. HRMS: m/z [M'] calcd. for
C4H5006 404.1260; found: 404.1257.

Methyl 6-(2,5-dimethylfuran-3-yl)-3-hydroxy-12H-6,12-
methanodibenzo|d,g][1,3]dioxocine-2-carboxylate (10d).
Yellow solid; yield 302 mg; 77%; m.p. 73-74 °C; IR (KBr): 2924,
2358, 1673, 1486, 1446, 1274, 1227, 1140, 896, 755 cm’™'; 'H
NMR (600 MHz, CDCls) 6 10.69 (s, 1H), 7.69 (s, 1H), 7.22 (d, J
=6.6 Hz, 1H), 7.12 (dd, J=17.8, 7.2 Hz, 1H), 6.94 (d, /= 7.8 Hz,
1H), 6.90 (dd, J = 7.8, 6.6 Hz, 1H), 6.51 (s, 1H), 6.03 (s, 1H),
4.01 (t, J = 3.0 Hz, 1H), 3.91 (s, 3H), 2.40 (s, 3H), 2.36 (dq, J =
13.2, 3.0 Hz, 2H), 2.24 (s, 3H); *C NMR (150 MHz, CDCl;) 6
170.03, 162.08, 157.85, 151.10, 149.56, 147.65, 128.55, 128.26,
127.21, 126.03, 121.71, 120.90, 118.98, 116.79, 106.36, 105.42,
104.37, 97.56, 52.05, 33.24, 32.22, 13.37, 13.30. HRMS: m/z
[M] calcd. for C,3H,006392.1260; found: 392.1262.
1-(3-Hydroxy-6-phenyl-12H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)-2-phenylethan-1-one
(10e). Yellow solid; yield 360 mg; 83%; m.p. 78-79 °C; IR
(KBr): 3034, 2937, 2358, 1641, 1589, 1488, 1351, 1281, 1241,
1127, 1027, 900, 754, 698 cm’'; '"H NMR (600 MHz, CDCl;) &
12.39 (s, 1H), 7.73 (s, 1H), 7.72 (d, J = 7.2 Hz, 2H), 7.47 (dd, J =
7.8,7.2 Hz, 2H), 7.44 (d, J="7.2, 6.6 Hz, 1H), 7.36 (t, J=7.2 Hz,
2H), 7.31-7.28 (m, 3H), 7.20-7.17 (m, 2H), 7.04 (d, J = 7.8 Hz,
1H), 6.96 (t, J= 7.2 Hz, 1H), 6.59 (s, 1H), 4.28 (s, 2H), 4.05 (t, J
= 3.0 Hz, 1H), 2.41 (dg, J = 13.8, 3.0 Hz, 2H); *C NMR (150
MHz, CDCl;) 6 201.83, 163.98, 158.72, 151.22, 140.48, 134.33,
129.34, 129.31, 129.03, 128.75, 128.40, 127.08, 127.02, 125.83,
125.57, 121.89, 118.83, 116.98, 114.01, 105.10, 99.09, 45.13,
33.55, 33.23. HRMS: m/z [M'] caled. for CyH,,04 434.1518;
found: 434.1520.

1-(3-Hydroxy-6-(p-tolyl)-12H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)-2-phenylethan-1-one
(10f). Yellow solid; yield 381 mg; 85%; m.p. 84-85 °C; IR (KBr):
3033, 2927, 2359, 1641, 1487, 1352, 1280, 1128, 1029, 900, 750
em’; 'TH NMR (600 MHz, CDCl;) 6 12.38 (s, 1H), 7.72 (s, 1H),
7.60 (d, J= 8.4 Hz, 2H), 7.36 (dd, J = 7.8, 6.6 Hz, 2H), 7.30-7.27
(m, 4H), 7.19-7.16 (m, 3H), 7.03 (d, J = 7.8 Hz, 1H), 6.95 (dd, J
= 8.4, 7.2 Hz, 1H), 6.58 (s, 1H), 4.25 (s, 2H), 4.04 (t, /= 3.0 Hz,
1H), 2.41 (s, 3H), 2.40 (dq, J = 13.2, 3.0 Hz, 2H); '*C NMR (150
MHz, CDCls) 6 201.81, 163.99, 158.83, 151.30, 138.93, 137.65,
134.37, 129.32, 129.28, 129.07, 128.76, 128.37, 127.08, 127.01,

s 125.87, 125.47, 121.83, 118.89, 117.01, 113.97, 105.10, 99.14,

45.13, 33.62, 33.22, 21.17. HRMS: m/z [M'] caled. for CsoH,404
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448.1675; found: 448.1671.

(3-Hydroxy-6-phenyl-12H-6,12-
methanodibenzo|d,g][1,3]dioxocin-2-yl)(phenyl)methanone
(10g). Yellow solid; yield 353 mg; 84%; m.p. 97-98 °C; IR
(KBr): 3060, 2938, 1634, 1592, 1484, 1345, 1277, 1232, 1151,
1111, 1025, 891, 753, 698 cm’™; 'H NMR (600 MHz, CDCL;) 6
12.32 (s, 1H), 7.75 (d, J = 7.2 Hz, 2H), 7.66 (d, J = 7.2 Hz, 2H),
7.63 (dd, J=17.8,7.2 Hz, 1H), 7.55 (dd, J=7.8, 7.2 Hz, 2H), 7.50
(s, 1H), 7.49 (t, J = 8.4 Hz, 2H), 7.46-7.43 (m, 1H), 7.18 (dd, J =
8.4, 6.6 Hz, 1H), 7.13 (dd, J= 7.8, 1.2 Hz, 1H), 7.06 (d, J= 7.8
Hz, 1H), 6.95 (dd, J=17.8, 7.2 Hz, 1H), 6.69 (s, 1H), 3.99 (t, J =
3.0 Hz, 1H), 2.42 (dq, J = 13.2, 3.0 Hz, 2H); *C NMR (150
MHz, CDCls) ¢ 199.82, 164.32, 158.74, 151.20, 140.49, 138.19,
132.33, 131.64, 129.02, 128.92, 128.39, 128.33, 126.95, 125.91,
125.56, 121.87, 118.64, 116.98, 114.00, 105.04, 99.10, 33.32,
33.21. HRMS: m/z [M'] caled. for CpsH,00, 420.1362; found:
420.1364.
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Catalyst-Controlled Regio- and Stereoselective Synthesis of Diverse
: 12H-6,12-Methanodibenzo|d,g][1,3]dioxocines

Likai Xia, Hongyun Cai, and Yong Rok Lee*
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10 Regio- and stereoselective synthesis of 12H-6,12-methanodibenzo[d,g][1,3]dioxocines has been accomplished by the EDDA and PTSA-catalyzed cascade
reactions of resorcinols and 2-hydroxychalcones.
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