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Synthesis of 2-phenylnaphthalenes from styryl-2-methoxybenzenes
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A new simple and efficient method for the synthesis of 2-
phenylnaphthalenes from electron-rich 1-styryl-2-
methoxybenzenes has been described. The reaction proceeds
via TFA catalyzed C-C bond cleavage followed by
intermolecular [4+2]-Diels-Alder cycloaddition of in situ
formed styrenyl trifluoroacetate intermediate. The quantum
chemical calculations identified the transition state for the
cycloaddition reaction and helped in tracing reaction
mechanism. The method has been efficiently utilized for
synthesis of phenanthrene skeleton and a naphthalene-based
potent and selective ER- agonist.

The naphthalene scaffold has a great utility in synthetic,
medicinal and material chemistry.! Several natural products (e.g.
rifampicin/ rifamycin, gossypol, etc.) which possess a
naphthalene core in their structures exhibit promising biological
activities.> The 2-phenylnaphthalenes have been reported to
exhibit potent estrogen receptor (ER-B) agonistic activity.'® '* 3
There exist several methods for the preparation of naphthalene
core including [4+2] Diels-Alder cycloaddition, benzannulations,
metal-mediated cyclizations, rearrangement of strained rings, and
Lewis acid-catalyzed intramolecular cyclization reactions.* For
synthesis of the 2-phenylnaphthalene scaffold, most of the reports
involve use of a naphthalene core as a starting material. This
includes metal-catalyzed cross-coupling of aryl boron
compounds,” aryl Grignard reagents® and aryl halides with
existing naphthalene core structures.> ’ However, very few
methods are reported for the direct construction of 2-
phenylnaphthalenes from non-naphthalene starting materials
(Figure 1).% 4 & 4% 8 Thege methods are metal-catalyzed
reactions and involve substrates which require either multiple
steps to prepare or a metal-catalyst for their synthesis. In this
communication, we report a new method for direct synthesis of
biologically important 2-phenylnaphthalenes from electron-rich
1-styryl-2-methoxybenzenes (Scheme of Table 1). The substrates,
1-styryl-2-methoxybenzenes, can be easily synthesized in one-
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step from corresponding commercially available aldehydes and
phosphine salts. The method is simple and efficient with wide-
substrate scope, excellent yields and does not require any metal

catalyst.
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Figure 1. Methods for preparation of 2-phenylnaphthalene scaffold

In continuation of our work on devinylation of 2,4,6-trimethoxy
vinylbenzenes,’ the reaction of 1-styryl-2,4,6-trimethoxybenzene
1a with TFA led to the formation of a new product 2a along with
1,3,5-trimethoxybenzene 3a. The spectral characterization of the
new product 2a revealed it as a 2-phenylnaphthalene. The
formation of product 2a with the release of 1,3,5-
trimethoxybenzene 3a indicated that the reaction must involve C-
C bond cleavage followed by intermolecular [4+2]-Diels-Alder
cycloaddition. In order to optimize the reaction conditions, and to
investigate the effect of using solvents (rather than only TFA) in
the reaction medium, a series of experiments using 1-styryl-2,4,6-
trimethoxybenzene (la) were carried out as shown in Table 1. A
brief examination of variation in TFA amount in combination
with various organic solvents and water, indicated that 50% TFA
in water is an optimum reaction medium producing desired
product 2a in excellent yield. The HPLC analysis of reaction
mixture also indicated formation of only products 2a and 3a
(Section S7 of ESI). These optimized conditions (Table 1, entry

6) were used for further reactions.
MSOQ/OMG

Table 1 Optimization of reaction conditions

Lo S
Vet SOE
OMe

OMe
1a 2a 3a
Entry Reaction medium® Temp Time (h) % yield of 2a™
1 TFA It 1 70
2 TFA 80 °C 0.5 95
3 50% TFA in ACN 80 °C 1 72
4 50% TFA in DCM 60 °C 1 74
5 50% TFA in MeOH 80 °C 1 70
6° 50% TFA in H,O 80 °C 0.5 94
7 50% TFA in H,O 80 °C 1 94
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8 25% TFA in H,O 80 °C 1 0
9 25% TFA in H,O 80 °C 10 50
10 10% TFA in H,0 80 °C 10 0
11 H,0 80 °C 6 0

“For 100 mg reaction, 1 mL solvent used; ” isolated yield; ‘yield

calculation is shown in ESI (Section S8); “optimized reaction condition.

Next, the effect of variation in leaving-group moiety
(methoxybenzene) was studied using different 1-styryl-
methoxybenzenes la-1f as starting materials (Table 2). Like
substrate 1a (entry 1), under optimized reaction conditions, the
2,4,5-trimethoxy and 2,4-dimethoxy substrates 1b and 1c
produced product 2a in excellent yields (entries 2 and 3).
Similarly, the reaction of 1-styryl-2-methoxybenzene (1d) with
TFA also led to the formation of desired product 2a, however
comparatively less yield was obtained (entry 4). Interestingly,
reaction does not proceed with 1-styryl-3,4-dimethoxy and 1-
styryl-4-methoxybenzenes (le-1f, entries 5-6), indicating that the
presence of an ortho-methoxy on the leaving group moeity is
essential for the reaction to proceed. Thus, among 2-
methoxybenzenes, following reactivity trend was observed: 2,4,6-
trimethoxy > 2,4,5-trimethoxy > 2,4-dimethoxy > 2-methoxy.

w

7

Table 2. Scope of the reaction for various 1-styryl-methoxybenzenes for

20 synthesis of 2-phenylnaphthalene 2a

S

OMe

___TFA
80 °C, 30 min OO +
2a 3a-f
styryl methoxy- methoxybenzene % yieldl’
Entry benzenes la-f product 2a products 3a-f of 2a
e
0 o4
1 MeO OMe MeO OMe
1a
2a 3a
D oy
2 MeO OMe OO MeO OMe 90
1b 3b
2a
3 MeO OMe OO MeO' OMe 87
1c 3c
2a
. O O ©\
4 O OMe 80
OMe 3d
1d 2a
MeO O MeOD
5 MeO' E OO MeO 0
1e 3e
2a
] “‘ I
6 MeO OO MeO 0
11f 3f
2a

T Reagents and conditions: styrylbenzene (100 mg), 50% TFA in water a

mL), 80 °C, 30 min; b isolated yield.

Next, the scope of the reaction for various substituted styryl
s methoxybenzenes (prepared by Wittig reaction of 2,4,6-tri
methoxybenzaldehyde with aryl triphenylphosphine salts)'® was
investigated with variation in substitution on the styryl moiety
(Table 3). First the substrates with mono-substituted styryl-2,4,6-
trimethoxybenzenes 1g-1s were investigated. The para-

30 substituted

3:

4

3

styryl-2,4,6-trimethoxybenzenes 1g-In  led to
formation of 7,4"-disubstituted 2-phenylnaphthalenes as products
(entries 1-8). The reaction of ortho- lo-1r (entries 9-12) and
meta- 1s (entry 13) substituted styryl-2,4,6-trimethoxybenzenes
produced the desired 5,2°-disubstituted 2j-2m and 6,3"-
disubstituted 2n 2-phenylnaphthalene products, respectively. In
the later case, the formation of another possible product (8,3"-
disubstituted 2-phenylnaphthalene) was not observed, which may
be due to the fact that the intermolecular cycloaddition step
occurs from less-hindered side.

Table 3. Scope of the reaction for synthesis of substituted 2-
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a Reagents and conditions: styrylbenzene (100 mg), 50% TFA in water a

mL), 80 °C, 0.5 h;” isolated yield of 2-phenylnaphthalenes.

Next, reactions of disubstituted styryl-2,4,6-trimethoxybenzenes

sviz. 24-, 34- and 3,5-disubstituted substrates 1t-ly were
investigated  (entries  14-19). In these reactions, 2-
phenylnaphthalene  products 20-2t were formed via
intermolecular cycloaddition of styryl intermediates from the less
hindered side. For example, in the case of 3,4-dimethoxystyryl-

10 2,4,6-trimethoxybenzene  (ly), the  product 6,7,3"4"-
tetramethoxy-2-phenylnaphthalene 2ta (Table 2, entry 19) was
formed. The formation of product 2ta was further confirmed by
HMBC correlations (Figure S1 of ESI). Further, the scope of the
established protocol was investigated for synthesis of

15 phenanthrene scaffolds. Treatment of 2-(2,4,6-
trimethoxystyryl)naphthalene 1z with TFA led to the formation of
3-(naphthalen-2-yl)phenanthrene 2u in 92% yield. In this
reaction, the phenanthrene product 2u was formed selectively
over other possible anthracene product (Figure 2).

» L QO™
TEA
CQ / Q OMe 555G, 30 min OO + @/OMe
MeO MeG
20 1z 2u 3a

Figure 2. Synthesis of phenanthrene product 2u

To understand the mechanism of TFA-mediated synthesis of 2-
phenylnaphthalenes from 1-styryl-2-methoxybenzenes, quantum
chemical studies on the reactants, intermediates, products and the
important transition states of the reaction path have been carried
out using B3LYP/6-311+G (d,p) methods. Figure 3 shows the
reaction scheme with the enthalpy and activation energy values.
The first step of the reaction involves the saturation of the double
bond in the presence of trifluoroacetic acid. It is an exothermic
reaction (3-4 kcal/mol), leading to two products (the S-isomer is
1.37 kcal/mol more stable than the R-isomer). The next step is the
proton-assisted elimination of methoxybenzene to give V (in a
trans arrangement) which is an endothermic reaction requiring
about 17.25 kcal/mol. This step is facilitated by the proton
35 through an intermediate IV. The dimerization step involves a
concerted mechanism with a barrier of 40.58 kcal/mol and an
endothermicity of 9.27 kcal/mol. The non-isolable intermediate
VI is unstable due to lack of aromaticity and it quickly rearranges
through a 1,3-H-shift to a more stable intermediate VII, a process
which is exothermic by 27.39 kcal/mol. Thus, the dimerization
process can be considered to be a thermodynamically favorable
process involving a concerted mechanism and immediate 1,3-H-
shift. The final step of formation of the naphthalene ring with a
loss of two molecules of trifluoroacetic acid is also an exothermic
45 reaction with about 22.84 kcal/mol energy release. This last step
probably is the driving force, providing thermodynamical
stability due to aromaticity. The overall reaction is exothermic by
about 15 kcal/mol and thus very favorable even though it
involves a transition state for the concerted Diels-Alder reaction
so with a barrier of about 40.58 kcal/mol.
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Further, the newly established protocol was utilized for the

synthesis of 7,4"-dihydroxy-2-phenylnaphthalene 2vh which has

been reported as a potent and selective agonist of estrogen

receptor-p (ICs, 44 nM).' The synthetic scheme for the
ss preparation of ER-f agonist 2vh is depicted in Figure 4.

CHO OMe
X Y
MeO OMe a O
MeO OMe

4 _—

.
/—@om 1aa
BrPhyP

5 b
O OH OMe
HO. c MeO O * /©
— OO MeO OMe
2vm 3c

2vh
ER-B: IC5q = 44 nM
ER-a: ICs = 442 nM

Figure 4. Synthesis of ER- agonist 2vh. Reagents and conditions: (a) n-
BuLi, THF, 30 min, 80 °C, 92%; (b) 50% TFA in water, 80 °C, 0.5 h,
92%; (c) BBr3, anhydrous DCM, rt, 3 h, 84%.

In conclusion, we have developed a new method for the synthesis
of the 2-phenylnaphthalenes from 1-styryl-methoxybenzenes.
Using quantum chemical calculations, the mechanism of the
reaction has been established. The utility of the established
protocol for synthesis of the phenanthrene scaffold and potent
es naphthalene-based selective ER-3 agonist has been demonstrated.
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Figure 3 Reaction mechanism showing energy calculations at each step
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