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ABSTRACT: Substituted naphthofurans and naphthopyrans were constructed at
high temperature from atlyl or propargyl naphithyl ethers via Claisen rear-
rangement in moderate to good yields. Also, subsurtuted (frimethylsilyl)-
naphthofurans were synthesized from the corresponding naphthofurans.

KEY WORDS: Novel, Synthesis, Naphthofurans, Naphthopyrans.

INTRODUCTION

Intramolecular Claisen cyclization is a topic of in-
terest in synthetic organic chemistry and has been
used as one of the useful techniques for the forma-
tion of heterocycles {1-4]. Many of benzo- and naph-
thofuran or naphthopyran derivatives have been used
in synthesis as intermediate in many organic transfor-
mations [5]. Also, due to their biological importance,
they have also earned considerable attention, leading
to their synthesis by several groups [5b-6]. Some of
the substituted naphthopyrans are naturally occuring
compounds (such as lapachenole from paratecoma-
alba) [7]. Dihydronaphthofurans are known to be im-
portant intermediate as well. These compounds were
prepared in several steps or by Claisen rearramge-
ment-cyclization reaction [8]. Also, the etectrochemi-
cal synthesis of phenyl-substituted naphthofurans was
reported in the presence of lithium perchlorate in
acetic acid /acetonitrile solution (Eq. 1) [9].

The light-promoted cyclization of a— or g-—
naphtho! carrying allyl group
methyl naphthodihydrofuran, naphthodihydropyran
and methyl naphthofuran [10]. Later works have
shown that heating of propargyl naphthyl ether in
N,N-diethylaniline {N,N-DEA) alone and in the pre-
sence of sodium methoxide selectively gave naphtho-
pyran and naphthofuran, respectively. Reaction time

gave mixture of

for these conversions are 30 minutes to several hours
with good to-moderate yields [11]. In this paper, we
would like to report a simple and direct approach to
the synthesis of substituted naphthofurans and naph-
thopyrans, The method involves thermal cyclization
of allyl and propargyl naphthyl ethers to naphtho-
furans and naphthopyrans. Due t0 the importance of
silylated furnas [12], (trimethylsilyl)naphthofurans
were also reported from corresponding naphthofu-
rans,
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EXPERIMENTAL

Melting peints were recorded on a Gallenkamp
unit and are uncorrected. IR spectra were recorded
on Unicam Mattson 1000 and Bruker IFS88. 'H-
NMR and *C NMR spectra were recorded on a
Bruker Ac 80 spectrometer in CDCl; . Column chro-
matography was run on neutral silica pel 70-230
mesh. Naphthyl ethers were prepared according to
those reported in the literature [8¢,13).

General procedure for the preparation of substi-
tuted naphthofurnas.

A solution of naphthyl allyl ether (5 mmol) and
0.06 g (7.5 mmol) of sodium methoxide in N,N-DEA
(5 mL) was stirred and refluxed for 1.5 hours. After
acidic work up the product was chromatographed elu-
ting with petroleum ether. The products were charac-
terized by IR, NMR and C&H analysis (see below).

General procedure for the preparation of tri-
methylsilyl-substituted dihydronaphthofuran

n-BuLi in hexane 1.7 mL,(1.7 M in hexane, 2.5
mmol) was added 1o the solution of dihydronaphtho-
furan 0.46 g (2.5 mmol), in diethyl ether. After
stirring at room temperature for 30 minutes, TMS-Cl
0.30 g (2.8 mmol) was added and the mixture stirred
at room temperature for additional 1.5 hours. The
mixture was diluted with water (20 mL) and the pro-
duct extracted with light petroleum ether (320 mL).
Purification of the crude reaction product on silica
gel column, eluting with light petroleum ether gave
the pure product. The products were characterized by
IR, NMR, and C&H analysis (see below).

trans-2-Methyl-3-phenyl-2,3-dihydronaphtho [1,
2-b] furan (2a)

A dark brown viscose liquid after chromatography,
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0.78 g 'H NMR(CDCly), é , 142, (d, J=6.35 Hz,
3H), 3.36-3.73(m, 1H), 5.32(d, J=7.70 Hz, 1H), 6.91-
8.09(m, 11H). IR(film); 3053, 1584, 1269, 1110 em ™",
Caled. for CoHO; C, 87.66, H, 6.19. Found G
87.77, H, 6.36.

trans-2-Methyl-3-phenyl-2,3-dihydronaphtho {2,
1-b] furan (2b}

A white crystalline solid after chromatography,
0.84 g, mp 92-94 °C. '"H NMR(CDCl3), & , 1.58(d, I=
6.76 Hz, 3H), 3.59-3.81(m, 1H), 5.32(d, J= 8.10 Hz,
1H), 7.09-7.81(m, 11H). *C NMR(CDCl,), 6 , 156.93
(C), 142.18(C), 130.85(C), 129.97(C), 129.73(CH),
129.19(CH), 128.74(CH), 126.71(CH), 120.71(CH),
125.51 (CH), 122.87(CH), 122.32(CH), 112.26(CH),
92.37(CH), 45.54(CH), 20.98(CH,).

2,2-Dimethyl-2,3-dihydronaphtho [1,2-b] furan
(2c)

A yellow viscose liquid after chromatography, 0.93
g. "H NMR(CDCl,), & , 1.49(s, 6H), 3.05(s, 2H), 7.11-
7.99(m, 6H). IR(film); 3053, 1630, 1269 cm™". Calcd.
for C;,H,,0; C, 84.81; H, 7.12. Found; C, 84.57; H,
7.44.

2,2-Dimethyl-2,3-dihydronaphtho [2,1-b] furan
(2d)

A yellow viscose liquid after chromatography, 1.0
g 'H NMR(CDCly), 8 , 1.41(s, 6H), 3.13(s, 2H),
6.89-7.81(m, 6H). IR(film); 3053, 1630, 1269 cm ™'

2,2-Dimethylnaphtho {2, 1-b] pyran (2e)

A white crystalline solid after chromatography,
mp 60-61 °C. '"H NMR(CDCls), & , 1.55(s, 6H}, 5.72
(d, J= 92 Hz, 1H), 7.12(d, J= 9.2 Hz, 1H), 7.3
8.15(m, 6H). IR(film); 1630, 1261 cm™' Caled. for
CsH40; C, 85.68, H, 6.71. Found; C, 85.51; H, 6.92.
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Scheme 1

2,2-Dimethylnaphtho [1,2-b] pyran (2f)

A white crystalline solid after chromatography,
mp. 42-43°C. 'H NMR(CDCly), 8, 1.42(s, 6H),
5.55(d, J= 9.8 Hz, 1H), 6.40(d, J= 9.8 Hz, 1H),
7.3-8.15(m, 6H), IR(film); 1632, 1253 cm™".

2-Methyl-3-phenyl-3- (trimethylsilyl)-2,3-dihydro-
naphtho [1,2-b] furan (3b)

A yellow viscose liquid after chromatography. 'H-
NMR (CDCly), 8, 0.19(s, 9H), 1.56(d, J= 6.3 Hz, 3H),
3.75-401(m, 1H), 7.12-805(m, 11H). IR(film);
1261.5, 861.5 cm ™.

2,2-Dimethyl-3-(trimethylsilyl)-2,3-dihydronaph-
tho (1, 2-b} furan (3d)

A yellow visocse liquid after chromatography. 'H-
NMR(CDCly), &, 0.15(s, 9H), 1.60(s, 6H), 3.60(s,
1H), 6.80-7.62(m, 6H). 1R(film); 1261.0, 853.8 cm ™",
Caled. for C;H,,08i; C, 75.50, H, 8.20. Found; C,
75.11, H, 8.50.

3-Methyl-3- (trimethylsilyl)-2,3-dihydronaphtho
[1,2-b] furan (3g)

A yellow viscose liquid after chromatography. 'H-
NMR(CDCLy), 8, 0.2(s, 9H), 1.51(d, J= 5.9 Hz, 3H),
3.05-3.46(m, 1H), 4.80-5.15(m, 1H), 7.10-7.80(m, 6H).
IR(film); 1253.8, 8153 cm™'. Caled. for C,;H,,OSi;
C, 74.95, H, 7.86. Found; C, 74.51, H,'7.33.

RESULTS AND DISCUSSION
One of the important method developed during
the past several decades for C-C bond formation

through highly ordered cyclic transition state,
involves the Claisen rearrangement. The Claisen
rearrangement of naphthyl propargyl ethers and
naphthyl allyl ethers in high boiling solvents has
found useful applications as a method for the
synthesis of naphthofurans and naphthopyrans. The
course of the rearrangement is markedly dependent
upcen the solvent, Lewis acid catalyst and the
presence or absence of added base [14].

Treatment of 1-naphthot or 2-naphthol with
alkenyl or propargyl halide, gave the corresponding
napthyl ethers L{a-f) by the known methods [11,13].
Heating of naphthyl ethers 1(a-f) in N,N'-diethyl-
aniline in (N,N-DEA) afforded naphthofurans and
naphthopyrans 2(a-f), Scheme 1. The reaction
conditions and the yields of the products are shown
in the Table 1. The mechanism for these type of
transformation was reported before [3,15].

In order to prepare trimethylsilyl-substituted
naphthofurans, compounds 2h, 2d and 2g were tre-
ated with n-BuLi and then with chlorotrimethyl-
silane (TMS-Cl). After normal work up, TMS-substi-
tuted naphthofurans 3b, 3d and 3g were isolated
with moderate yields. The results are shown in
Table 2.
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Table 1 : Synthesis of naphthofurans and naphthopyrans
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a : The sterochemisiry of these compounds stablished by comparison of their 'H NMR with

those reported in ref. [9).
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