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4,5-Dihydro-3H-naphtho[1,8-bcJfurans 4 and 6 which have various substituents (R* and R?) have been syn-
thesized from 8-0x0-5,6,7,8-tetrahydro-1-naphthyloxyacetic acids 1 and 3 or their ethyl esters 2. The reaction
of acids 1 and 3 with sodium acetate in acetic anhydride gave a mixture of furans 4 and 6 and lactones 5 and
7. The ratios of the products were varied according to the types of substituents (R* and R?) in acids 1 and 3.
As the substituent R* (R? = hydrogen) in acids 1 was changed from hydrogen to a methyl, ethyl or isopropyl
group, production of furans 4 became more difficult. However, when a phenyl group was used as the substi-
tuent, furan 4 was obtained in good yield. Similarly, as the substituent R* (R' = hydrogen) in acids 1 was
changed from hydrogen to a methyl, ethyl or isopropyl group, furan formation was more difficult. In con-
trast, acids 3 which had electron-withdrawing substituents such as chlorine, bromine or a nitro group at the
4-position afforded furans 6 in good yield. 4,5-Dihydro-3H-naphtho[l,8-bc]furans 4 and 4,5-dihydro-3H-
naphtho[1,8-bc]Jfuran-2-carbocylic acids 8 were synthesized from the reaction of esters 2 and potassium
hydroxide in dioxane. When the substituents R* or R? in esters 2 were varied from hydrogen to a methyl,
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ethyl or isopropyl group the total yields of furans 4 and furancarboxylic acids 8 were reduced.
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Introduction.

Benzofurans may be readily synthesized by the treat-

various types of substituents. Initially, the substituent R'
in acids 1 and esters 2 was changed from hydrogen to a

ment under reflux with sodium acetate in acetic anhydride RICHOOZH R GHCO2C 2Hs ¢ H2COH o —R'

o E . : 0 0 ¢ 0 0 o |
[2] of 2-acylphenoxyacetic acids or by heating of their es- R2 R2 r2
ters with bases such as potassium carbonate [3] or potas- O‘
sium hydroxide [4]. We recently applied the methods to OCH3 OCH3 Rl OCHj
the synthesis of 4,5-dihydro-3H-naphtho[l,8-bc]furans. (1) (2) - "
The reaction of naphthyloxyacetic acid la with sodium
acetate in acetic anhydride gave a 1:1 mixture of naphtho-
[1,8-bc]furan 4a and lactone 5a [5]. Furthermore, naph-
tho[1,8-bc]furan 4a and naphtho[1,8-bc]furan-2-carboxylic er_ro 5—50 o—02H
acid 8a were obtained in good yield from the reaction of o 0 07 ! R!
ethyl naphthyloxyacetate 2a with potassium hydroxide in O‘ R
dioxane [6]. The lactone formation is attributed to re- . o M
stricted rotation of the carbonyl group around the single OCH3 R }
bond between the benzene ring and the carbonyl group [7] (5) (8) (7 (8)
since such lactones are not produced in benzofuran syn-
the51§ from 2-acylphenoxyacetic acids. There were only a (1) (2,6).(5) (3).08) (7 (8)
few literature reports on naphtho[1,8-bc]furans [8] before, 1

a; Rl:H RZ:H a‘R)=H a;R=H

but recently there appeared several reports on natural pro- ' ' b Rl
ducts having the naphtho[l,8-bc}furan structure [9] or b Rl=cHy, RZ=H b: RlzCl '_RI'CHa
about preparation of naphtho[l,8-bc]furans [10]. There- ¢ ; Rl=CaHg, R2=H c; RlzBr ¢ i R=CaHs
fore, we examined the two synthetic methods mentioned d 5 R=CH(CH3)2 RZ:H d: R'=NO2 d; Rl=C"'(CH:3)2

above and they were generally applicable to synthesis of e Rl=Ph. R2:=H
naphtho[1,8-bc]furans 4 and 6 which had various substi- f . R'=H. R2=CHj
tuents (R' and R? in the molecule, and we investigated the 9 Rl=H,RZ:CyHg
relationship between facility of furan-ring formation and h: Rl=H, RZ=CH(CH3)2
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methyl, ethyl, isopropyl or phenyl group. Secondarily, the
substituent R? in acids 1 and esters 2 was changed from
hydrogen to a methyl, ethyl or isopropyl group. Thirdly,
the substituent R? = methoxyl in acids 3 was replaced by
chlorine, bromine or a nitro group.

Results and Discussion.

Starting acids la-e and esters 2a-e were prepared from
the reaction of 8-hydroxy-5-methoxy-1,2,3,4-tetrahydro-1-
naphthalenone [11] with ethyl bromoacetate, ethyl 2-bro-
mopropionate, ethyl 2-bromobutyrate, ethyl 2-bromo-3-
methylbutyrate or ethyl 2-bromo-2-phenylacetate respec-
tively. Similarly, acids 1f-h and esters 2f-h were obtained
from the reaction of 2-alkyl(methyl, ethyl or isopropyl)-8-
hydroxy-5-methoxy-1,2,3,4-tetrahydro-1-naphthalenone
and ethyl bromoacetate. Acids 3b-d were synthesized star-
ting from 8-hydroxy-1,2,3,4-tetrahydro-1-naphthalenone
[12). The detailed procedures are described in the experi-
mental.

Initially, the substituent R? in acids 1 was taken as hyd-
rogen and R! was varied from hydrogen to a methyl, ethyl,
isopropyl or phenyl group. When acids la-e were refluxed
with sodium acetate in acetic anhydride a mixture of fu-
rans 4a-e and lactones 5a-e was obtained and the results
are summarized in Table 1. In the case of R' = hydrogen
furan 4b and lactone Sb were obtained in a 1:1 ratio [5],
while the ratios were 1:2.8 and 1:5.1 for R' = methyl and
R! = ethyl respectively. When an isopropyl group was us-
ed as the substituent R! furan 4d was obtained in trace
amounts. In contrast, using a phenyl group as the substi-
tuent R! furan 4e was predominantly produced. For furan-
ring formation it is necessary that an anion such as 9 at-
tacks the carbonyl carbon atom from above the plane of
the carbonyl group [7,13]. For lactone formation an eno-
late ion such as 10 must attack the carbonyl carbon atom
of the acid anhydride. As the substituent R' was varied
from hydrogen to a methyl, ethyl or isopropyl group acidi-
ty of the methyne hydrogen become weaker by the induc-
tive effect of alkyl groups [14], that is, the anion 9 is more
unstable. In contrast, a phenyl group would make the
anion 9 very stable by the inductive and mesomeric ef-
fects. Therefore, the more stable is the anion 9 the more
furan-ring formation becomes favourable. The steric effect

Q Q Q
R'EEococH; R'cHEOCOCH3 RICHEOCOCH;
o o o o 0o o
R2 < R? R
Ay
OCH3 OCH3 OCH3
(9) (10)

of R* appears not to be so important at the cyclization step
of the furan ring because the phenyl group is very useful
for furan-ring formation. Furthermore, lactone formation

Vol. 23

Table 1

Reactions of the Carboxylic Acids la-h and 3a-d with
Sodium Acetate in Acetic Anhydride [a}

Compound Product (Yield %) Ratio of Total
furan and yield (%)
lactone
la 4a (43) 5a (42) 1:1 85
1b 4b (25) 5b (71) 1:2.8 96
1e 4c (16) 5c (82) 1:5.1 98
1d 4d ( 3) 5d (95) 1:32 98
le 4e (64) 5Se (6) 11:1 70
1f 4f (12) S5£(79) 1:6.6 91
1g 4g (9) 5g (87 1:9.7 96
1h 4h (1) Sh (96) 1:96 97
3a 6a (35) 7a (50) [b] 1:1.4 85
3b 6b (70) 7b (16) [b] 4.4:1 86
3c 6c (75) Tc (11) [b] 6.8:1 86
3d 6d 86) 7d ( 2)[b] 43:1 88

{a] A mixture of acids (2.0 mmoles), sodium acetate (2.3 g, 28.0 mmoles)
and acetic anhydride (7.5 ml) was heated at 150° for 1 hour. [b] Lac-
tones 7a-d were initially produced, but they were hydrolyzed to the cor-
responding starting materials 3a-d during the isolation procedure.

Table 2

Reactions of the Esters 2a-h with Sodium Hydroxide in Dioxane [a]

Compound Product (yield %) Total Recovered
yield (%)  acid (%)

2a 4a (71) 8a (22) 93 1a (0)
2b 4b (84) 84 1b (11)
2¢ 4c (42) 42 1c (53)
2d 4d (13) 13 1d (86)
2e 4e (90) 90 le (8)
2f 4f (44) 8b (39) [b] 83 1f (12) [b}
2g 4g (52) 8c (21) [b] 73 1g (21) [b]
2h 4h (32) 8d(15)[b) 47 1h (49) {b]

[a] A mixture of 2 (3.6 mmoles), potassium hydroxide (1.0 g, 17.5 mmoles)
and dioxane (20 ml) was refluxed for 1 hour. [b] The yields of acidic pro-
ducts were determined by use of the 'H nmr spectra of the mixture.

would not be affected so by the substituent R'.
Secondarily, the substituent R' in acids 1 was taken as
hydrogen and R? was varied from hydrogen to a methyl,
ethyl or isopropyl group. In the case of R? = hydrogen the
ratio of furan 4 and lactone 5 was 1:1 as mentioned above,
while that of the products was 1:6.6 for R> = methyl. Re-
placement of R? by an ethyl or isopropyl group made
furan-ring formation much more difficult. In particular,
furan-ring formation was in trace amounts when an
isopropyl group was used as the substituent R% As the
substituent R? was changed from hydrogen to an alkyl
group lactone formation would be suppressed because of
the instability of the anion 10 by the inductive effect [14]
of R?, however, furan-ring formation was more difficult
than lactone formation. The results might be explained by
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steric effects of the substituent R? at the cyclization step of
the furan ring, that is, the anion 9 could not easily attack
the carbonyl carbon atom of the six-membered cyclic
ketone because of steric repulsion between acid anhydride
residue and R2 Though lactone formation is also sup-
pressed by the inductive effect of the substituent R?
furan-ring formation appears to be much more strongly
controlled by the steric effect.

Thirdly, the substituent effect of R! on the benzene ring
in acids 3 was examined. In the case of R' = hydrogen fu-
ran 4a and lactone Sa was obtained in a 1:1.4 ratio [5],
while the ratios of the products were 4.4:1 and 6.8:1 for R!
= chlorine and R* = bromine respectively. When a nitro
group was introduced as the substituent R?, furan 6d was
exclusively produced. The results show that electron-with-
drawing groups make furan-ring formation favourable be-
cause the carbonyl carbon atom of the six-membered cyc-
lic ketone is activated toward anoin attack. Thus, furan-
ring formation is difficult in some cases compared with
benzofuran synthesis, however, the method using sodium
acetate and acetic anhydride is still useful for the synthesis
of naphtho[l,8-bc]furans.

Finally, the reaction of esters 2a-h and potassium hyd-
roxide in dioxane was examined as a synthetic method of
naphtho[1,8-bc]furans. The results are summarized in
Table 2. The substituent R? was taken as hydrogen and R*
was varied from hydrogen to a methyl, ethyl, isopropyl or
phenyl group. When R in esters 2 was hydrogen or a me-
thyl group furans 4a-b were obtained in yields above
84%. However, in the cases of R' = ethyl and R' = iso-
propy! the yields of furans 4c-d were poor because of sa-
ponification of the starting esters 2¢-d. In contrast, using
a phenyl group as the substituent R' furan 4e was obtain-
ed in 90% yield. Next, the substituent R' was taken as
hydrogen and R? was varied from hydrogen to a methyl,
ethyl or an isopropyl group. In the cases of R? = hydro-
gen, methyl and ethyl the total yields of furans 4a and
4f-g and furancarboxylic acids 8a-c were above 73%. In
contrast, when an isopropyl group was used as the substi-
tuent R? the yields of furan 4h and furancarboxylic acid
8d were low (47%) probably due to saponification of the
starting ester Zh prior to cyclization. The results show that
the acidity of the methyne proton in esters 2 is the most
important factor to determine facility of furan-ring forma-
tion and that the steric effect of R? in esters 2 is also ope-
rative at the cyclization step of furan ring. The trend of
the results obtained in naphtho[l,8-bc]furan synthesis us-
ing sodium acetate in acetic anhydride are in accordance
with those employing potassium hydroxide in dioxane.
The latter method is better in naphtho[1,8-bc]furan syn-
thesis than the former.
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EXPERIMENTAL

The melting points were uncorrected. Column chromatography was
performed on silica gel (Wakogel C-200). Unless otherwise stated anhyd-
rous sodium sulfate was employed as the drying agent. The ir spectra
were determined on a Hitachi EPI-G grating ir spectrophotometer. The
nmr spectra ('"H and '*C nmr) were determined at 90 MHz on a JEOL
JNM-FX 90Q FT NMR spectometer, using tetramethylsilane as the inter-
nal standard. Ether referes to diethyl ether.

2{4-Methoxy-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxy)propionic Acid (1b).

A mixture of 8-hydroxy-5-methoxy-1,2,3,4-tetrahydro-1-naphthalenone
11 [11] (3.0 g, 15.6 mmoles), ethyl 2-bromopropionate (6.0 g, 33.1
mmoles), potasium phosphate (8.0 g, 37.7 mmoles) and dimethyl sulfo-
xide (20 ml) was stirred at 60° for 6 hours. The mixture was extracted
with ether. The extract was washed, dried, and evaporated. The residue
was dissolved in ethanol and saponified with 1M aqueous potasssium
hydroxide. The alkaline solution was acidified with 6M hydrochloric acid
and the resulting precipitates were extracted with ether. The extract was
washed, dried, and evaporated to give 1b (3.3 g, 80%); it formed color-
less needles from acetone, mp 141-142°; ir (potassium bromide): 1760
(CO.H), and 1650 ¢cm™* (CO); 'H nmr (deuteriochloroform): 6 1.72(d, J =
7 Hz, 3H, CH,CH), 2.08 (1t, ] = 6 and 6 Hz, 2H, C.H,), 2.60-3.00 (m, 4H,
Cy-H, and C,-H,), 3.84 (s, 3H, OCH,), 4.79(q,] = 7 Hz, 1H, CH,CH), 6.85
(d,J = 9 Hz, 1H, C,-H or C,-H), 7.05(d, ] = 9 Hz, IH, C,-H or C,-H) and
11.75 (br s, 1H, CO,H); ** C nmr (deuteriochloroform): & 18.8 (g), 22.2 (t),
23.5 (1), 40.3 (1), 56.2 (q), 76.6 (d), 114.0 (d), 116.9 (d), 123.2 (s), 136.3 (s),
151.4 (s), 152.1 (s), 172.8 (s) and 200.7 (s).

Anal. Caled. for C, ;H,,0;: C, 63.62; H, 6.10. Found: C, 63.39; H, 6.27.

2-4-Methoxy-8-0x0-5,6,7,8-tetrahydro-1-napththyloxy)butyric Acid (1c).

Compound le (73%) was prepared from the reaction of 11 with ethyl
2-bromobutyrate in a manner similar to the synthesis of 1b; it formed co-
lorless needles from ether-hexane, mp 67-69°; ir (potassium bromide):
1740 (CO,H) and 1660 cm™' (CO); 'H nmr (deuteriochloroform): & 1.08 (t,
J = 7 Hz, 3H, CH,CH,), 1.98-2.29 (m, 4H, CH,CH, and C,-H,), 2.60-3.00
(m, 4H, C;-H, and C,-H,), 3.84 (s, 3H, OCH,), 4.79 (t, ] = 5 Hz, 1H,
CHCO,H), 6.85(d, ] = 9 Hz, 1H, C,-H or C,-H), 7.05 (d,] = 9 Hz, 1H,
C,-H or C,-H) and 11.60 (br s, 1 H, CO,H); 1*C nmr (deuteriochloroform):
8.8 (q), 22.1 (1), 23.4 (1), 26.1 (1), 40.1 (1), 56.1 (q), 80.9 (d), 113.8 (d), 116.7
(d), 123.0 (s), 136.0 (s), 151.5 (s), 151.8 (s), 172.8 (s) and 201.3 (s).

Anal. Caled. for C;;H,,0;: C, 64.73; H, 6.52. Found: C, 64.49; H, 6.59.

2-(4-Methoxy-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxy)-3-methylbutyric
Acid (1d).

Compound 1d (59%) was prepared from the reaction of 11 with ethyl
2-bromo-3-methylbutyrate in a manner similar to the synthesis of 1b; it
formed colorless needles from ether-hexane, mp 123-124°; ir (potassium
bromide): 1750 (CO,H) and 1660 cm™ (CO); 'H nmr (deuteriochloroform):
$1.10(d,J] = 7 Hz, 3H, CH,CH,CH), 1.15(d,J] = 7 Hz, 3H, CH,CH,CH),
2.02-2.93 (m, 7H, CH,CH,CH, C;-H,, C,-H, and C,-H,), 3.83 (s, 3H,
OCH,), 4.74(d, J = 4 Hz, 1H, CHCO,H), 6.85(d,J = 9 Hz, 1H, C,-H or
CsH), 704 (d, J = 9 Hz, 1H, C;H or C,/H); "“C nmr
(deuteriochloroform): 8 17.1 (q), 18.8 (g), 22.1 (1), 23.3 (1), 31.9 (d), 40.1 (1),
56.1 (q), 84.4 (d), 113.8(d), 116.6 (d), 123.2 (s), 135.9 (s), 151.5 (s), 151.8 (s),
172.2 (s) and 201.6 (s).

Anal. Caled. for C, ;H,,04: C, 65.74; H, 6.90. Found: C, 65.55; H, 6.72.

2-(4-Methoxy-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxy)-2-phenylacetic Acid
(1e).

Compound le (18%) was prepared from the reaction of 11 with ethyl
2-bromo-2-phenylacetate in a manner similar to the synthesis of 1b; it
formed colorless needles from acetone, mp 163-164°; ir (potassium bro-
mide): 1750 (CO,H) and 1650 cm™' (CO); 'H nmr (deuteriochloroform): &
1.92-2.21 (m, 2H, C,-H,), 2.61-2.96 (m, 4H, C,-H, and C,-H,), 3.78 (s, 3H,
OCH,), 5.52 (s, 1H, CHCO,H), 6.61 (d, ] = 9 Hz, C,-H or C,-H), 6.88 (d, J
= 9 Hz, 1H, C,-H or C,-H) and 7.31-7.59 (m, SH, Ph-H,); *>C nmr (deute-
riochloroform): § 22.2 (t), 23.6 (1), 40.5 (1), 56.1 (q), 81.5 (d), 114.0 (d), 116.5
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(d), 122.9 (s), 126.8 (d), 128.9 (d), 135.8 (s), 136.3 (s), 151.1 (s), 152.1 (s),
170.4 (s) and 200.6 (s).
Anal. Caled. for C,,H,,0,: C, 69.92; H, 5.56. Found: C, 69.73; H, 5.36.

4-Methoxy-7-methyl-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxyacetic Acid
@af.

Compound 1f (67%) was prepared from the reaction of 8-hydroxy-5-
methoxy-2-methyl-1,2,3,4-tetrahydro-1-naphthalenone 135 and ethyl bro-
moacetate in a manner similar to the synthesis of 1b; it formed colorless
needles from acetone, mp 119-120°; ir (potassium bromide) 1790, 1700
(CO,H) and 1670 cm™* (CO); 'H nmr (deuteriochloroform): 6 1.23 (d, ] =
7 Hz, 3H, CHCH,), 1.55-3.25 (m, 5H, C;-H,, C(-H, and C,-H), 3.85 (s, 3H,
0OCH,), 4.67 (s, 2H, OCH,CO,H), 6.80 (d,J] = 9 He, 1H, C,-H or C;-H, and
7.04 (d, ] = 9 Hz, 1H, C,-H or C,-H); ** C nmr (deuteriochloroform): 6
15.3 (q), 22.9 (1), 30.3 (1), 43.4 (d), 56.0 (q), 68.6 (1), 114.1 (d), 116.0 (d),
122.7 (s), 135.4 (s), 151.5 (s), 152.1 (s), 170.1 (s) and 203.3 (s).

Anal. Calcd. for C,H,O: C, 63.62; H, 6.10. Found: C, 63.76; H, 6.24.

7-Ethyl-4-methoxy-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxyacetic Acid
(g).

Compound 1g (61 %) was prepared from the reaction of 8-hydroxy-5-
methoxy-2-ethyl-1,2,3,4-tetrahydro-1-naphthalenone (obtained [15] from
5,8-dimethoxy-1,2,3,4-tetrahydro-1-naphthalenone) with ethyl bromoace-
tate in a manner similar to the synthesis of 1b; it formed colorless
needles from ether, mp 93-94°; ir (potassium bromide): 1780, 1760
(CO;H) and 1660 cm™ (CO); 'H nmr (deuteriochloroform): 6 0.98 (t,J = 7
Hz, 3H, CH,CH,), 1.17-3.23 (m, 7H, C;-H,, C-H,, C,-H and CH,CH,), 3.84
(s, 3H, OCH,), 4.68 (s, 2H, OCH,CO,H), 6.80 (d, ] = 9 He, 1H, C,-H or
C,-H) and 7.04 (d, ] = 9 Hz, 1H, C,-H or C,-H); '*C nmr (deuteriochloro-
form): & 11.5 (q), 22.3 (1), 22.6 (1), 26.9 (1), 49.9 (d), 56.0 (g), 68.7 (1), 114.2
(d), 115.9 (d), 122.8 (s), 135.2 (s), 151.6 (s), 152.1 (s), 170.1 (s) and 203.2 (s).

Anal. Caled. for C, H,,0;: C, 64.73; H, 6.52. Found: C, 64.98; H, 6.58.

7-Isopropyl-4-methoxy-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxyacetic Acid
(1h).

Compound 1h (46%) was prepared from the reaction of 8-hydroxy-5-
methoxy-2-isopropyl-1,2,3,4-tetrahydro-1-naphthalenone  (obtained [15}
from 5,8-dimethoxy-1,2,3,4-tetrahydro-1-naphthalenone) with ethyl bro-
moacetate in a manner similar to the synthesis of 1b; it formed colorless
needles from ether, mp 88-89°; ir (potassium bromide): 1780, 1750
(CO,H) and 1670 (CO); 'H nmr (deuteriochloroform): 6 0.94(d,J = 7 Hz,
3H, CHCH,CH,), 0.96 (d, ] = 7 Hz, 3H, CHCH,CH,), 1.84-3.22 (m, 6H,
C,H,, C-H,, C,-H and CHCH,CH,), 3.84 (s, 3H, OCH,), 4.69 (s, 2H,
OCH,CO,H), 6.80(d,J] = 9 Hz, 1H, C,-H or C,-H) and 7.04 (d,] = 9 Hz,
1H, C,-H or C,-H); **C nmr (deuteriochloroform): 6 18.9 (d), 20.8 (g), 21.8
(1), 23.1 (1), 26.8 (d), 54.8 (d), 56.0 (q), 68.8 (1), 114.2 (d), 115.9(d), 123.2 (s),
135.1 (s), 151.5 (s), 152.1 (s), 170.1 (s) and 203.5 (s).

Anal. Caled. for € H,,04: C, 65.74; H, 6.90. Found: C, 65.50; H, 6.78.

4-Chloro-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxyacetic Acid (3b).

Compound 3b (65 %) was prepared from the reaction of 5-chloro-8-hyd-
roxy-1,2,3,4-tetrahydro-1-naphthalenone (obtained from 5-nitro-8-hydro-
xy-1,2,3 4-tetrahydro-1-naphthalenone [12]) with ethyl bromoacetate in a
manner similar to the synthesis of 1b; it formed colorless needles from
benzene, mp 135-136°; ir (potassim bromide): 1775 (CO,H) and 1660
cm™! (CO); 'H nmr (deuteriochloroform): 6 2.06-2.20 (m, 2H, C-H,), 2.71
(t, J = 6 Hz, 2H, C,-H,), 3.02 (1, ] = 6 Hz, 2H, C-H,), 4.7t (s, 2H,
OCH,CO,H), 6.83 (d, ] = 9 Hz, 1H, C;-H), 7.56 (d, ] = 9 Hz, 1H, C,-H)
and 11.20 (br s, 1H, CO,H); **C nmr (deuteriochloroform): 6 21.8 (t), 28.0
(1), 40.0 (1), 67.9 (1), 114.7 (d), 123.6 (s), 127.8 (s), 135.5 (d), 144.5 (s), 156.9
(s), 169.1 (s) and 199.1 (s).

Anal. Caled. for C,H,,CIO,: C, 56.60; H, 4.35. Found: C, 56.78; H,
4.30.

4-Bromo-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxyacetic Acid (3¢).

Compound 3c (63 %) was prepared from the reaction of 5-bromo-8-hyd-
roxy-1,2,3 4-tetrahydro-1-naphthalenone (obtained from 5-nitro-8-hydro-
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xy-1,2,3,4-tetrahydro-1-naphthalenone [12]) with ethyl bromoacetate in a
manner similar to the synthesis of 1b; it formed colorless needles from
benzene, mp 131-132°; ir (potassium bromide): 1760 (CO.H) and 1670
cm™" (COY); 'H nmr (deuteriochloroform): § 2.06-2.27 (m, 2H, C.-H,), 2.71
(t,] = 6 Hz, 2H, C,-H,), 3.01 (t,] = 6 Hz, 2H, C;-H,), 4.71 (s, 2H, OCH,-
CO,H), 6.78 (d, ] = 9 Hz, 1H, C,-H), 7.74 (d, ] = 9 Hz, 1H, C,-H) and
10.75 (br s, LH, CO,H); *C nmr (deuteriochloroform): 6 22.2 (t), 31.6 (t),
40.4 (1), 68.2 (t), 116.3 (d), 117.3 (s), 124.8 (s), 138.9 (d), 146.5 (s), 158.5 (s),
169.2 (s) and 198.9 (s).

Anal. Caled. for C,H,BrO,: C, 48.19; H, 3.71. Found: C, 48.02; H,
3.65.

4-Nitro-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxyacetic Acid (3d).

Compound 3d (41 %) was prepared from the reaction of 5-nitro-8-hyd-
roxy-1,2,3,4-tetrahydro-1-naphthalenone [12] and ethyl bromoacetate in a
manner similar to the synthesis of 1b; it formed pale yellow needles from
benzene, mp 134-135°; ir (potassium bromide): 1730 (CO,H) and 1665
cm™' (CO); 'H nmr (deuterioacetone): § 2.05-2.26 (m, 2H, C,-H,), 2.71 (t,J
= 6 Hz, 2H, C,-H,), 3.18 (1, ] = 6 Hz, 2H, C-H,), 4.93 (s, 2H, OCH,-
CO,H), 7.22 (d, ] = 9 Hz, 1H, C,-H), 8.13 (d, ] = 9 Hz, 1H, C,-H) and
9.40 (br s, 1H, CO,H); '*C nmr (deuterioacetone): 6 22.2 (1), 31.6 (1), 40.4
(1), 68.2 (1), 116.3 (d), 117.3 (s), 124.8 (s), 138.9 (d), 146.5 (s), 158.5 (s), 169.2
(s) and 198.9 (s).

Anal. Caled. for C,,H,,NO,: C, 54.34; H, 4.18; N, 5.28. Found: C, 54.51;
H, 4.10; N, 5.43.

Ethyl 2-(4-Methoxy-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxy)propionate
2b).

An ethanolic solution (50 ml) of 1b (2.0 g, 7.58 mmoles) was refluxed
for 6 hours in the presence of a few drops of sulfuric acid. After removal
of the ethanol the residue was extracted with ether. The extract was
washed with 1M aqueous potassium carbonate then with water, dried and
evaporated. The residue was distilled under reduced pressure to give 2b
(2.1 g, 95%), colorless oil, bp 176-177° (1.2 Torr); ir (neat): 1750
(CO,C,H,) and 1690 cm™' (CO); ‘H nmr (deuteriochloroform): 4 1.26 (¢, J
= 7 Hz, 3H, CO,CH,CH,), 1.66 (d, ] = 7 Hz, 3H, CH,CH), 1.90-2.18 (m,
2H, C.-H,), 2.61 (t,J = 6 Hz, 2H, C;-H, or C,-H,), 2.86 (1, ] = 6 Hz, 2H,
C,-H, or C;-H,), 3.81 (5, 3H, OCH,), 4.21 (q, ] = 7 Hz, 2H, CO,-CH,CH,),
4.58(q,J] = 7 Hz, 1H, CH,CH), 6.83 (d, ] = 9 Hz, 1H, C,-H or C,-H) and
6.94 (d, J] = 9 Hz, 1H, C,H or C,-H);, *C nmr (deuteriochloroform): 6
14.2 (q), 18.5 (q), 22.3 (1), 23.6 (1), 40.6 (1), 55.9 (), 60.8 (t), 76.4 (d), 117.6
(d), 125.2 (s), 135.0 (s), 151.4 (s), 152.0 (s), 172.5 (s) and 197.1 (s).

Anal. Caled. for C,,H,,0,: C, 65.74; H, 6.90. Found: C, 65.47; H, 6.85.

Ethyl 2{4-Methoxy-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxy)butyrate (2c).

Compound 2¢ (95%) was prepared by esterification of 1c in a manner
similar to the synthesis of 2b, colorless oil, bp 182-183° (1.3 Torr); ir
(neat): 1760, 1730 (CO,C,H;) and 1690 cm™ (CO); 'H nmr (deuteriochlo-
roform): 6 1.12 (t,] = 7 Hz, 3H, CH,CH,CH), 1.25 (t,] = 7 Hz, 3H, CO,-
CH,CH,), 1.90-2.20 (m, 4H, C,-H, and CH,CH,CH), 2.61 (1,] = 7 Hz, 2H,
Cs-H, or C,-H,), 2.86 (1,] = 6 Hz, 2H, C;-H, or C,-H,), 3.80 (s, 3H, OCH,),
4.21(q,] = 7 He, 2H, CO,CH,CH,), 449 (t,] = 6 Hz, 1H, CH,CH,CH),
6.72(d,J = 9 He, IH, C,-H or C,-H) and 6.91 (d,J = 9 Hz, 1H, C,-H or
C,-H); ** C nmr (deuteriochloroform): 8 9.3 (g), 14.2 (g), 22.3 (v), 23.7 (1),
26.2 (1), 40.7 (1), 55.9 (q), 60.8 (1), 80.2 (d), 115.0 (d), 124.6 (s), 135.1 (s),
151.4 (s), 151.9 (s), 171.7 (s) and 196.9 (s).

Anal. Caled. for C,;H,,0;: C, 66.65; H, 7.24. Found: C, 66.40; H, 7.18.

Ethyl 2(4-Methoxy-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxy)-3-methylbuty-
rate (2d).

Compound 2d (95%) was prepared by esterification of 1d in a manner
similar to the synthesis of Zb, colorless oil, bp 183-184° (1.2 Torr); ir
(neat): 1750, 1730 (CO,C,H,) and 1690 cm™' (CO); 'H nmr (deuteriochlo-
roform): § 1.12 (d, J = 7 Hz, 3H, CH,CH,CH), 1.17 (d, ] = 7 Hz, 3H,
CH,CH,CH), 1.24 (t,] = 7 Hz, 3H, CO,CH,CH,), 1.90-3.00 (m, 7H, CH,
CH,CH, C;H,, C-H, and C.-H,), 3.79 (s, 3H, OCH,), 421 (g, J = 7 Hz,
2H, CO,CH,CH,), 4.36 (d, ] = 7 Hz, 1H, OCHCO,), 6.61 (d,] = 9 Hz,
1H, C,-H or C,-H) and 6.89 (d, ] = 9 Hz, 1H, C,-H or C;-H); *C nmr (deu-
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teriochloroform): & 14.2(q), 17.7 (q), 18.6 (q), 22.3 (1), 23.7 (1), 31.9 (d), 40.8
(t), 55.9 (q), 60.6 (t), 82.9 (d), 112.6 (d), 115.0 (d), 124.0 (s), 135.2 (s), 150.8
(s), 152.2 (s), 171.0 (s) and 196.5 (s).

Anal. Caled. for C ;H,,0;: C, 67.48; H, 7.55. Found: C, 67.35; H, 7.54.

Ethyl 2-(4-Methoxy-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxy)-2-phenylace-
tate (2e).

Compound 2e (95%) was prepared by esterification of le in a manner
similar to the synthesis of 2b; it formed colorless needles from benzene-
hexane, mp 92-93°; ir (potasium bromide): 1730 (CO,C,H;) and 1670 cm™*
(CO); 'H nmr (deuteriochloroform): 8 1.18 (1, ] = 7 Hz, 3H, CH,CH,),
1.90-2.16 (m, 2H, C,-H,), 2.63 (t,] = 6 Hz, 2H, C;-H, or C.-H,), 2.86 (1, )
= 6 Hg, 2H, C;-H, or C,-H,), 3.77 (s, 3H, OCH,), 4.18 (4, ] = 7 He, 2H,
CH,CH,), 5.56 (s, 1H, CHCO,), 6.70 (d, ] = 9 Hz, 1H, C,-H or C,;-H), 6.86
(d,J = 9 Hz, 1H, C,-H or C,-H), 7.24-7.40 (m, 3H, Ph-H,) and 7.62-7.74
(m, 2H, Ph-H,); **C nmr (deuteriochloroform): 6 14.0 (q), 22.2 (1), 23.6 (1),
40.6 (1), 55.8 (q), 61.2 (1), 81.2 (d), 114.8 (d), 115.8 (d), 124.9 (s), 127.3 (d),
128.5 (d), 135.2 (s), 136.0 (s), 150.9 (s), 151.8 (s), 170.1 (s) and 197.0 (s).

Anal. Caled. for C,,H,,0,: C, 71.17; H, 6.26. Found: C, 71.39; H, 6.17.

Ethyl 4-Methoxy-7-methyl-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxyacetate
(2f).

Compound 2f (95%) was prepared by esterification of 1f in a manner
similar to the synthesis of 2b, colorless oil, bp 173-174° (1.1 Torr); ir
(neat): 1760, 1740 (CO,C,H;) and 1690 cm™' (CO); 'H nmr (deuteriochlo-
roform): 6 1.20 (d, ] = 6 Hz, 3H, CHCH;), 1.29(1,] = 7 Hz, 3H, CO,CH,-
CH,), 1.50-3.22 (m, 5H, C;-H,, C,-H, and C,-H), 3.81 (s, 3H, OCH,), 4.25
(q,J = 7 He, 2H, CO,CH,CH,), 4.54 (d, ] = 9 Hz, 1H, C,-H or C,-H) and
6.93 (d, ] = 9 Hz, 1H, C,-H or C,-H); *C nmr (deuteriochloroform): 6
14.2 (q), 15.3 (g), 23.1 (1), 30.4 (), 43.3 (d), 55.8 (q), 61.0 (1), 68.6 (1), 114.4
(d), 115.5 (d), 124.9 (s), 134.5 (s), 151.9 (s), 169.3 (s) and 200.0 (s).

Anal. Calcd. for C,(H,,04: C, 65.74; H, 6.90. Found: C, 65.52; H, 6.78.

Ethyl 7-Ethyl-4-methoxy-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxyacetate
2g).

Compound 2g (95%) was prepared by esterification of 1g in a manner
similar to the synthesis of 2b, colorless oil, bp 179-180° (1.4 Torr); ir
(neat): 1760, 1740 (CO,C,H,) and 1690 cm™' (CO); 'H nmr (deuteriochlo-
roform): 8 0.98 (t,J] = 7 Hz, 3H, CH,CH,), 1.29(t,J = 7 Hz, 3H, CO,CH,-
CH,), 1.44-3.20 (m, 7H, C,-H,, C,-H,, C,-H and CH,CH,), 3.81 (s, 3H,
OCH,), 4.25 (q, ] = 7 Hz, 2H, CO,CH,CH,), 4.64 (s, 2H, OCH,CO,), 6.81
(d,J = 9 Hz, 1H, C,-H or C,-H) and 6.93 (d, ] = 9 Hz, 1H, C,-H or C,-H);
'3C nmr (deuteriochloroform): 8 11.6 (q), 14.2 (q), 22.6 (1), 27.1 (1), 50.0 (d),
55.9 (q), 61.0 (1), 68.8 (1), 114.4 (d), 115.6 (d), 125.2 (s), 134.4 (s), 151.9 (s),
169.3 (s) and 199.7 (s).

Anal. Caled. for C,;H,,0,: C, 66.65; H, 7.24. Found: C, 66.37; H, 7.17.

Ethyl 7-Isopropyl-4-methoxy-8-0x0-5,6,7,8-tetrahydro-1-naphthyloxyace-
tate (2h).

Compound 2h (95%) was prepared by esterification of 1h in a manner
similar to the synthesis of 2b, colorless oil, bp 182-183° (1.2 Torr); ir
(neat): 1760, 1740 (CO,C,H;) and 1690 cm™' (CO); 'H nmr (deuteriochlo-
roform): 6 0.93 (d, J = 6 Hz, 3H, CHCH,CH,), 0.96 (d, ] = 6 Hz, 3H,
CHCH,CH,), 1.28 (1, }] = 7 Hz, 3H, CO,CH,CH,), 1.76-3.20 (m, 6H, C,-H,,
CsH,, C,-H and CHCH,CH,), 3.81 (s, 3H, OCH,), 4.24 (q,J = 7 Hz, 2H,
CO,CH,CH,), 4.65 (s, 2H, OCH,CO,), 6.79 (d, ] = 9 Hz, 1H, C,-H or
C,-H)and 691 (d,J = 9 Hz, 1H, C,-H or C,-H); '*C nmr (deuteriochloro-
form): 6 14.2 (q), 18.9 (q), 21.0 (q), 22.1 (1), 23.2 (1), 26.7 (d), 55.0 (d), 55.8
(q), 61.0 (1), 68.5 (1), 114.3 (d), 115.1 (d), 125.4 (s), 134.2 (s), 151.7 (s), 169.3
(s) and 199.9 (s).

Anal. Caled. for C H,,0,: C, 67.48; H, 7.55. Found: C, 67.29; H, 7.42.

General Procedure for Reaction of Acids la-h with Sodium Acetate in
Acetic Anhydride.

A mixture of the acid (2.00 mmoles), acetic anhydride (7.5 ml) and so-
dium acetate (2.3 g, 28.1 mmoles) was refluxed at 150° for 1 hour. The
mixture was poured into ice-water (200 ml), stirred for 5 minutes to de-
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compose excess of acetic anhydride and extracted with ether. The extract
was washed with aqueous 1M potassium carbonate (30 ml X 3) and then
with water, dried and evaporated. The resulting oil was chromato-
graphed and eluted with benzene. The first fraction gave a furan and the
second fraction afforded a lactone.

6-Methoxy-2-methyl-4,5-dihydro-3H-naphtho[1,8-bc]furan (4b).

Colorless needles from methanol, mp 43-44.5°; 'H nmr (deuteriochlo-
roform):  1.80-2.06 (m, 2H, C,-H,), 2.33 (s, 3H, CH,), 2.54-2.84 (m, 4H,
C,-H, and C;-H,), 3.82 (s, 3H, OCH,), 6.69 (d,] = 9 Hz, 1H, C;-H or C,-H)
and 7.06 (d, ] = 9 Hz, 1H, C,-H, or C,-H); '*C nmr (deuteriochloroform):
5 12.2 (q), 19.9 (1), 21.7 (1), 23.6 (1), 56.6 (q), 107.2 (d), 107.9 (d), 111.5 (s),
118.5 (s), 130.3 (s), 147.6 (s), 148.2 (s) and 151.3 (s).

Anal. Caled. for C,H,,0,: C, 77.20; H, 6.98. Found: C 76.95; H, 7.02.

2-Ethyl-6-methoxy-4,5-dihydro-3H-naphtho[1,8-bc]furan (4c).

This compound was obtained as colorless oil, bp 133° (1.5 Torr);, 'H
nmr (deuteriochloroform): 6 1.29 (t, J = 7 He, 3H, CH,CH,), 1.80-2.08 (1t,
J = 5and 5 Hg, 2H, C,-H,), 2.60-2.86 (m, 6H, CH,CH,, C,-H, and C,-H,),
3.82 (s, 3H, OCH,), 6.70 (d, J] = 9 Hz, 1H, C,-H or C-H) and 7.07(d,J =
9 Hz, 1H, C,-H or C,-H); °C nmr (deuteriochloroform): § 12.4 (q), 20.1 (1),
20.8 (1), 21.8 (1), 23.7 (1), 56.7 (q), 107.3 (d), 108.0 (d), 110.6 (s), 118.7 (s),
130.4 (s), 147.6 (s), 151.3 (s) and 153.3 (s).

Anal. Calced. for C H,(0,: C, 77.25; H, 7.46. Found: C, 77.53; H, 7.39.

2-Isopropyl-6-methoxy-4,5-dihydro-3H-naphtho[1,8-bc]furan (4d).

This compound was obtained as a colorless oil, bp 136° (1.4 Torr); 'H
nmr (deuteriochloroform): é 1.33 (d, ] = 6 Hz, 6H, CHCH,CH,),
1.80-2.06 (m, 2H, C,-H,), 2.73 (t, ] = 6 Hz, 2H, C,-H, or C,-H,), 2.79 (¢, ]
= 6 Hz, 2H, C,-H, or C;-H,), 2.90-3.20 (m, 1H, CHCH,CH,), 3.82 (s, 3H,
OCH,), 6.71 (d,J = 9 Hz, 1H, C,-H or C;-H) and 7.08 (d, ] = 9 Hz, 1H,
C,-H or C-H); ** C nmr (deuteriochloroform): § 20.6 (1), 21.2 (q), 21.8 (1),
23.7 (1), 28.1 (d), 56.9 (q), 107.3 (d), 108.1 (d), 109.5 (s), 118.9 (s), 130.4 (s),
147.4 (s), 151.2 (s) and 156.7 (s).

Anal. Caled. for C;;H,,0,: C, 78.23; H, 7.88. Found: C, 78.01; H, 7.70.

6-Methoxy-2-phenyl-4,5-dihydro-3H-naphtho[1,8-bcjfuran (4e).

This compound was obtained as colorless plates from methanol, mp
84-85°; 'H nmr (deuteriochloroform): 6 1.86-2.14 (m, 2H, C,-H,), 2.83(t,J
= 6 Hz, 2H, C,-H, or C;-H,), 2.98(t, ] = 6 Hz, 2H, C;-H, or C;-H,), 3.82
(s, 3H, OCH,), 6.77(d,J] = 9 Hz, 1H, C,-H or C,-H), 7.16 (d, ] = 9 Hz, 1H,
C,-H or C4-H) and 7.10-7.80 (m, SH, Ph-H;); *C nmr (deuteriochloro-
form): & 21.5 (t), 22.1 (1), 23.5 (1), 56.6 (q), 107.6 (d), 109.3 (d), 113.1 (s),
119.2 (s), 125.3 (d), 127.3 (d), 128.5 (d), 130.5 (s), 131.8 (s), 147.5 (s), 148.6
(s) and 151.2 (s).

Anal. Caled. for C ;H,,0,: C, 81.79; H, 6.10. Found: C, 81.58; H, 6.02.

6-Methoxy-3-methyl-4,5-dihydro-3H-naphtho[1,8-bc|furan (4f).

This compound was obtained as a colorless oil, bp 122° (1.5 Torr); 'H
nmr (deuteriochloroform): 6 1.33 (d, ] = 7 Hz, 3H, CH,), 1.44-3.16 (m,
5H, C;-H, C,-H, and C,-H,), 3.85 (s, 3H, OCH,), 6.80 (d, ] = 9 Hz, 1H,
C,-Hor C;-H),7.16 (d,J = 9 Hz, 1H, C,-H or C,-H) and 7.28(d,J = 2 Hz,
1H, C,-H); *C nmr (deuteriochloroform): § 19.7 (q), 21.6 (1), 27.1 (d), 32.6
(t), 56.7 (q), 108.0 (d), 109.3 (d), 119.3 (s), 122.9 (s), 128.6 (s), 138.4 (d),
148.5 (s) and 151.3 (s).

Anal. Caled. for C,H,,0,: C, 77.20; H, 6.98. Found: C, 77.07; H, 6.87.

3-Ethyl-6-methoxy-4,5-dihydro-3H-naphtho[1,8-bc]furan (4g).

This compound was obtained as a colorless oil, bp 130° (1.4 Torr); ‘H
nmr (deuteriochloroform). 6 1.05(1,J = 7 Hz, 3H, CH,CH,), 1.20-3.00 (m,
7H, CH,CH,, C,-H, C-H, and C;-H,), 3.85 (s, 3H, OCH,), 6.80 (d,] = 9
Hz, 1H, C,-H or Ci-H), 7.16 (d,J = 9 Hz, 1H, C,-H or C;-H) and 7.31 (d,J
= 1 Hg, 1H, C,-H); 1*C nmr (deuteriochloroform): § 11.8 (q), 20.9 (1), 27.1
(1), 29.5 (1), 33.9 (d), 56.7 (q), 107.9 (d), 109.3 (d), 119.3 (s), 121.3 (s), 128.7
(s), 138.6 (d), 148.4 {s) and 151.2 (s).

Anal. Calcd. for C,,H,,0,: C, 77.75; H, 7.46. Found: C, 77.50; H, 7.38.

3-Isopropyl-6-methoxy-4,5-dihydro-3 H-naphtho[1,8-bc]furan (4h).
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This compound was obtained as a colorless oil, bp 140° (1.3 Torr); 'H
nmr (deuteriochloroform): & 1.03 (d, J = 7 Hz, 6H, CHCH,CH,),
1.74-3.02 (m, 6H, C,-H, C,-H,, C,-H, and CHCH,CH,), 6.79 (d, ] = 9 Hz,
1H, C,-H or C¢-H), 7.16 (d,J = 9 Hz, 1H, C;-H or C;-H)and 7.29(d,J = 2
Hz, 1H, C,-H); '*C nmr (deuteriochloroform): 6 19.7 (q), 20.4 (q), 21.0 (1),
26.2 (1), 30.3 (d), 39.0 (d), 56.8 (q), 107.9 (d), 109.3 (d), 119.5 (s), 119.9 (s),
129.1 (s), 138.9 (d), 148.3 (s) and 151.2 (s).

Anal. Caled. for C (H,,0,: C, 78.23; H, 7.88. Found: C, 77.98; H, 7.83.

6-Chloro-4,5-dihydro-3H-naphtho{1,8-bc]furan (6b).

This compound was obtained as colorless needles from methanol, mp
43-44°; 'H nmr (deuteriochloroform): 6 1.84-2.10 (m, 2H, C,-H,), 2.74 (dt,
J = 1 and 6 Hz, C,-H,), 2.85 (1, ] = 6 Hz, 2H, C;-H,), 7.14 (s, 2H, C,-H
and Cg-H) and 7.29 (1, J = 1 Hz, 1H, C;-H); *C nmr (deuteriochloro-
form): & 19.7 (1), 23.5 (t), 24.6 (1), 109.4 (d), 116.8 (s), 124.8 (s), 124.8 (d),
129.0 (s), 130.1 (s), 138.7 (d) and 151.5 (s).

Anal. Caled. for C,,H,CIO: C, 68.58; H, 4.71. Found: C, 68.43; H, 4.61.

6-Bromo-4,5-dihydro-3H-naphtho[l,8-bc]furan (6c).

This compound was obtained as a pale yellow oil, bp 93° (0.7 Torr); 'H
nmr (deuteriochloroform):  1.86-2.12 (m, 2H, C,-H,), 2.74 (dt,J = 1 and
6 Hz, 2H, C,-H), 2.82(t,] = 6 Hz, 2H, C,-H,), 7.08(d,] = 9Hz, 1H,C,-H
or C,-H), 7.27 (t,] = 1 Hz, 1H, C,-H), and 7.31 (d,J = 9 Hz, 1H, C,-H or
C,-H); °C nmr (deuteriochloroform): 6 19.7 (1), 23.7 (1), 26.9 (1), 109.9 (d),
114.0 (s), 116.7 (s), 127.5 (d), 129.2 (s), 132.2 (s), 138.4 (d) and 151.9 (s).

Anal. Caled. for C, H,BrO: C, 55.72; H, 3.83. Found: C, 55.92; H, 3.70.

6-Nitro-4,5-dihydro-3H-naphthol[1,8-bc)furan (6d).

This compound was obtained as colorless needles from methanol, mp
108-109°; 'H nmr (deuteriochloroform): 6 1.90-2.16 (m, 2H, C,-H,), 2.81
(dt,J = 1 and 6 Hz, 2H, C,-H,), 3.31 (t,] = 6 Hz, 2H, C;-H,),7.26 (d,] =
6 Hz, 1H, C,-H or C,-H), 7.43 (1,J = 1 He, 1H, C;-H) and 8.07(d,]J = 6
Hz, 1H, C,-H or C,-H); *C nmr (deuteriochloroform): 19.4 (1), 23.5 (1),
26.1 (1), 109.1 (d), 118.4 (s), 121.9 (d), 128.9 (s), 131.2 (s), 140.3 (d), 141.6 (s)
and 155.2 (s).

Anal. Caled. for C,,H,NO,: C, 65.02; H, 4.46; N, 6.89. Found: C, 64.81;
H, 4.62; N, 6.98.

Lactone 5b.

This compound was obtained as colorless needles from benzene-he-
xane, mp 76-77°; ir (potassium bromide): 1760 cm™ (CO,); 'H nmr (deu-
teriochloroform): 6 1.56 (d, J = 7 Hz, 3H, CH,), 2.12-3.21 (m, 4H, CH,-
CH,), 3.79 (s, 3H, OCH,), 4.76 (q, J = 7 Hz, 1H, CH,CH), 5.80-5.92 (m,
1H, C=CH) and 6.78 (s, 2H, Ph-H,); *C nmr (deuteriochloroform): 6 16.5
(q), 21.3 (1), 56.1 (q), 73.5 (d), 112.6 (d), 114.5 (d), 116.9 (d), 118.7 (s), 127.4
(s), 145.3 (s), 148.8 (s), 151.3 (s) and 168.7 (s).

Anal. Caled. for C,,H,,0,: C, 68.28; H, 5.73. Found: C, 68.10; H, 5.72.

Lactone 3c.

This compound was obtained as colorless needles from benzene-he-
xane, mp 83-84°; ir (potassium bromide): 1770 cm™ (CO.); 'H nmr (deu-
teriochloroform): 6 1.05 (t, } = 7 Hz, 3H, CH,CH,), 1.97(dq,J] = 7and 7
Hz, 2H, CH,CH,), 2.30-3.20 (m, 4H, CH,CH,), 3.79 (s, 3H, OCH,), 4.47 (t,
J = 7 Hz, 1H, OCHCO,), 5.80-5.90 (m, 1H, C=CH) and 6.80 (s, 2H,
Ph-H,); 3C nmr (deuteriochloroform): § 9.3 (q), 21.2 (1), 21.3 (1), 24.0 (1),
56.1 (q), 78.6 (d), 112.6 (d), 114.5 (d), 116.7 (d), 118.9 (s), 127.4 (s), 145.4 (),
149.1 (s), 151.4 (s) and 168.3 (s).

Anal. Caled. for C,;H,0,: C, 69.21; H, 6.20. Found: C, 69.01; H, 6.08.

Lactone 5d.

This compound was obtained as colorless needles from benzene-
hexane, mp 79-80°; ir (potassium bromide): 1780 cm™ (CO,); 'H nmr
(deuteriochloroform): 4 1.04 (d,J] = 5 He, 3H, CH,CH,CH), 1.11(d,] = 5
Hz, 3H, CH,CH,CH), 2.12-3.20 (m, SH, CH,CH, and CH,CH,CH), 3.79 (s,
3H, OCH,), 4.19 (d, J] = 8 Hz, 1H, CHCO,), 5.78-5.90 (m, 1H, C=CH),
6.74 (d, ] = 9 Hz, 1H, Ph-H), 6.85(d, J = 9 Hz, 1H, Ph-H); **C nmr (deu-
teriochloroform): 8 17.4 (q), 18.8 (q), 21.2 (1), 21.3 (t), 29.2 (d), 56.1 (q), 82.2
(d), 112.7 (d), 114.4 (d), 116.6 (d), 119.1 (s), 127.4 (s), 145.4 (s), 149.2 (s),
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151.4 (s) and 167.6 (s).
Anal. Caled. for C, ;H,,0,: C, 70.05; H, 6.61. Found: C, 69.90; H, 6.66.

Lactone Se.

This compound was obtained as colorless plates from benzene-hexane,
mp 191-192°; ir (potassium bromide): 1760 cm™* (CO,); *H nmr (deuterio-
chloroform): 6 2.20-3.20 (m, 4H, CH,CH,), 3.79 (s, 3H, OCH,), 5.66 (s, 1H,
OCHCO,), 5.86-6.00 (m, 1H, C=CH), 6.75 (d, ] = 9 Hz, 1H, Ph-H), 6.87
(d,J = 9 Hg, 1H, Ph-H) and 7.42 (s, 5H, Ph-Hs); **C nmr (deuteriochloro-
form): & 21.3 (1), 21.5 (t), 56.3 (q), 79.9 (d), 113.1 (d), 114.6 (d), 117.5 (d),
119.3 (s), 127.7 (d), 128.4 (d), 129.0 (d) 134.3 (s), 145.6 (s), 148.7 (s), 151.8
(s) and 167.4 (s).

Anal. Caled. for C,;H,,0,: C, 74.01; H, 5.23. Found: C, 74.08; H, 5.31.

Lactone 5f.

This compound was obtained as colorless needles from benzene-
hexane, mp 61-62°; ir (potassium bromide): 1770 ¢cm™ (CO); 'H nmr
(deuteriochloroform): 6 1.97 (s, 3H, CH,), 2.18-2.80 (m, 4H, CH,CH,), 3.79
(s, 3H, CH,), 4.63 (s, 2H, OCH,CO,), 6.68 (d, J] = 9 Hz, 1H, Ph-H) and
6.80 (d, J = 9 Hz, 1H, Ph-H); **C nmr (deuteriochloroform): 6 16.8 (g),
21.0 (t), 28.6 (1), 56.0 (q), 69.1 (1), 111.6 (d), 116.8 (d), 119.4 (s), 124.8 (s),
126.6 (s), 139.0 (s), 148.3 (s), 151.3 (s) and 167.8 (s).

Anal. Caled. for C,,H,,0,: C, 68.28; H, 5.73. Found: C, 68.12; H, 5.72.

Lactone 5g.

This compound was obtained as colorless needles from benzene-
hexane, mp 59-60°; ir (potassium bromide): 1780 c¢cm™ (CO,); ‘H nmr
(deuteriochloroform): 5 1.08 (t, ] = 7 Hz, 3H, CH,CH,), 2.18-2.80 (m, 4H,
CH,CH,), 2.60-2.80 (m, 2H, CH,CH,), 3.79 (s, 3H, OCH,), 4.64 (s, 2H,
CH,CO,), 6.68 (d,] = 9 Hz, 1H, Ph-H) and 6.80 (d,J = 9 Hz, LH, Ph-H);
13C nmr (deuteriochloroform): 8 12.4 (q), 21.4 (1), 23.7 (1), 26.3 (1), 56.0 (q),
69.0 (1), 111.7 (d), 116.9 (d), 119.5 (s), 126.8 (s), 130.6 (s), 138.5 (s), 148.5 (s),
151.3 (s) and 167.9 (s).

Anal. Caled. for C;;H,,0,: C, 69.21; H, 6.20. Found: C, 69.08; H, 5.96.

Lactone 5h.

This compound was obtained as colorless needles from benzene-
hexane, mp 114-115°; ir (potassium bromide): 1770 cm™* (CO.); 'H nmr
(deuteriochloroform): 6 1.06 (d, ] = 7 Hz, 6H, CHCH,CH,), 2.10-2.76 (m,
4H, CH,CH,), 3.30 (m, 1H, CHCH,CH,), 3.80 (s, 3H, CH,), 4.66 (s, 2H,
OCH,CO,), 6.68 (d, ] = 9 Hz, 1H, Ph-H) and 6.80 (d, ] = 9 Hg, 1H,
Ph-H); '*C nmr (deuteriochloroform): 8 20.3 (q), 21.5 (1), 21.7 (1), 27.1 (d),
56.1 (q), 68.8 (1), 111.8(d), 116.8 (d), 119.5 (s), 126.9 (s), 134.5 (s), 137.5 (s),
148.6 (s), 151.2 (s) and 168.0 (s).

Anal. Caled. for C,H,,0,: C, 70.05; H, 6.61. Found: C, 69.94; H, 6.48.

General Procedure for Reaction of Esters 2a-h with Potassium Hydro-
xide in Dioxane.

A mixture of the ester (3.60 mmoles), powdered potassium hydroxide
(1.00 g, 18.0 mmoles) and dioxane (20 ml) was refluxed for 1 hour. Water
(40 ml) was added to the mixture and it was poured into 2M hydrochloric
acid (200 ml). After 15 minutes the mixture was extracted with ether. The
extract was washed with aqueous 1M potassium carbonate (30 ml x 3)
then with water, dried and evaporated to give a furan. Hydrochloric acid
(6M) was added to the alkaline solution and the resulting precipitates
were extracted with ether. The extract was washed, dried and evaporated
to give a mixture of a furancarboxylic acid and a naphthyloxyacetic acid.
The ratio of the acidic products was determined by ‘H nmr spectrometry.

6-Methoxy-3-methyl-4,5-dihydro-3H-naphtho[1,8-bclfuran-2-carboxylic
Acid (8b).

This compound was obtained as colorless needles from acetone, mp
220-221°; ir (potassium bromide): 1700 ¢m™ (CO H); 'H nmr (deuterio-
acetone): 6 1.31(d,J = 7 Hz, 3H, CH,), 1.86-2.08 (m, 2H, C,-H, or C;-H,),
2.72-2.92 (m, 2H, C,-H, or C,-H,), 3.40-3.70 (m, 1H, C,-H), 3.87 (s, 3H,
OCH,), 7.11 (d, ] = 9 Hz, 1H, C,-H, or C;-H) and 7.27(d, J = 9 Hz, 1H,
C,-H or C,-H).

Anal. Caled. for C,H,,0,: C, 68.28; H, 5.73. Found: C, 68.01; H, 5.62.
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3-Ethyl-6-methoxy-4,5-dihydro-3H-naphtho[l ,8-bc)furan-2-carboxylic
Acids (8c).

This compound was obtained as colorless needles from acetone, mp
205-206°; ir (potassium bromide): 1700 cm™ (CO,H); 'H nmr (deuterio-
acetone): 8 1.03 (1, J = 7 Hz, 3H, CH,CH,), 1.48-3.40 (m, 7H, C,-H, C,H,
and CH,CH)), 3.87 (s, 3H, OCH,), 7.10 (d, ] = 9 Hz, 1H, C;-H or C,-H)
and 7.28 (d, J = 9 Hz, 1H, C,-H or C,-H).

Anal. Caled. for C,;H,,0,: C, 69.22; H, 6.20. Found: C, 68.98; H, 6.27.

3-Isopropyl-6-methoxy-4,5-dihydro-3H-naphtho[1,8-bcJfuran-2-carhoxylic
Acid (8d).

This compound was obtained as colorless needles from acetone, mp
181-182°; ir (potassium bromide): 1680 cm™ (CO,H); 'H nmr (deuterio-
acetone): & 0.97 (d, ] = 6 Hz, 3H, CHCH,CH,), 1.04 (d,J] = 6 Hz, 3H,
CHCH,CH,), 1.54-3.26 (m, 6H, C,-H, C,H,, C;-H, and CHCH,CH,), 3.87
(s, 3H, OCH,), 7.10 (d,J = 9 Hz, 1H, C,-H or C,-H) and 7.28 (d,J = 9 Hz,
1H, C,-H or C;-H).

Anal. Caled. for C,;H,,0,: C, 70.06; H, 6.61. Found: C, 70.15; H, 6.70.
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