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Synthesis of 2,3-Dihydro-1,4-benzodioxin Derivatives. I1."
S(or 6)-Acyl 2,3-Dihydro-1,4-benzodioxin Derivatives:
New Phenoxyacetic Acid Diuretics
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5{and 6)-Acyl-7,8-dichloro-2,3-dihydro-1,4-benzodioxin-2-carboxylic acids (VI) and related
compounds were synthesized and tested for diuretic and antihypertensive properties. These
compounds (VI) were prepared by the reaction of 3,4-dichloro-1,2-dihydroxybenzene (2) with
epibromohydrin (EBH) in the presence of a base and the Friedel-Crafts acylation, or by acylation
of 2 and reaction with EBH, followed by oxidation. Acylation of 7,8-dichlorodihydrobenzodioxin-
2-ylmethanol (15a) gave the corresponding 5- and 6-acyl compounds, (17 and 10). Diuretic activity
was generally observed when a S-acyl substituent was present in the molecule. Compound 20e
showed strong diuretic and antihypertensive activities, like indacrinone (II).

Keywords diuretic; thiazide; phenoxyacetic acid; 5(or 6)-acyl-2,3-dihydro-1,4-benzodioxin;
antihypertensive; uricosuric

Diuretic thiazides*® which show moderate antihypertensive activity on oral adminis-
tration have been used for many years as first-choice drugs. However, a severe problem is that
they generally cause uric acid retention and may result in hyperuricemia. In trying to
overcome this problem, studies have been conducted on phenoxyacetic acid diuretics such as
tienilic acid (I),% indacrinone (I1)*? and other related compounds (II1,>¥ IV,?® and V*"), but
few drugs have been marketed. As we are interested in the biological activity of these new
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Fig. 1. The Phenoxyacetic Acid Family

NII-Electronic Library Service



No. 9 3405

phenoxyacetic acid diuretics, we synthesized a series of novel 6(or 5)-acyl-7,8-dichloro-1,2-
dihydro-1,4-benzodioxin-2(or 3)-carboxylic acids (VI), as shown in F ig. 1.

Chemistry

We tried to synthesize 6-aroyl-2,3-dihydrobenzodioxins from 5-aroyl-3,4-dichloro-1,2-
dihydroxybenzenes (3). As shown in Chart 1, 5-aroyl-1,2-dihydroxybenzenes (3a, b, and ¢)
were obtained in good yield (75—83%) by Friedel-Crafts acylation of 3,4-dichloro-1,2-
dihydroxybenzene (2), which was prepared in 90% yield from 3,4-dichloro-2-hydroxy-
acetophenone on treatment with hydrogen peroxide in aqueous sodium hydroxide (Dakin
oxidation®”), with aroyl chloride in the presence of aluminum chloride,2® followed by hy-
drolysis of the esters with 2N sodium hydroxide. Next, regioselective construction of the
dihydrobenzodioxin ring was done as described in the previous paper.” On treatment of 3,4-
dichloro-5-(2-fluorobenzoyl)-1,2-dihydroxybenzene (3¢) with benzyl bromide (1.1eq) in the
presence of sodium hydride (2.0 eq) in N,N-dimethylformamide (DMF) at room temperature
for 10 min, the 1-benzyl ether (5¢) was obtained in 71.49; yield along with the dibenzyl ether
(5d) in 7% yield. On the other hand, 3¢ was heated at 100°C for 2h in DMF with benzyl
bromide (1.1eq) in the presence of sodium hydride (1.2¢eq) to give the 2-benzyl ether (4¢) in
527; yield together with 5d in 14.49% yield. Other aroyl regioisomers (4a, 5a and 4b, 5b) were
obtained by the same method. The structures of 5a and Sc¢ were determined unequivocally by
X-ray crystal analysis.*

The reason for this regioselective reaction may be that the phenoxy anion derived from a
less acidic hydroxy group is more reactive than the corresponding one from a more acidic
hydroxy group. Under the former conditions, both the more acidic 2-hydroxy group and the
less acidic 1-hydroxy group of 3¢ react with sodium hydride to form the disodium salt.
Therefore, the 1-benzyl ether (5¢) is obtained almost exclusively. When one equivalent of
sodium hydride is used as in the latter case, the more acidic 2-hydroxy group tend to form the
sodium salt, which gives the 2-benzyl ether (4c).

Chart 2 depicts how the dihydrobenzodioxin ring is constructed from both monobenzyl
ethers (4 and 5) by the conventional method.®) The 2-benzyl ether (4) was alkylated with EBH
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in the presence of a base, the benzyl ether (6) was then cleaved by acid, and finally, ring closure
was effected with a base to afford 6-aroyl-7,8-dichloro-2,3-dihydrobenzodioxin-2-ylmethanol
(10) in 60—709; overall yield. The 1-benzyl ether (5) was converted into the 3-hydroxymethyl
analogue (11) by the same method.

For the preparation of various acyl dihydrobenzodioxins, acylation of dihydroben-
zodioxin is apparently effective and simple. 2-Benzyloxy-3,4-dimethylacetophenone was
subjected to Baeyer-Villiger oxidation®” using peracetic acid to give 2-benzyloxy-3,4-
dimethyl-1-hydroxybenzene in good yield. However, the reaction of 2-benzyloxy-3,4-
dichloroacetophenone with peracetic acid gives 2-benzyloxy-3,4-dichloro-1-hydroxybenzene
(12a) in a poor yield of only 8.7%.

Therefore, 3,4-dichloro-1,2-dihydroxybenzene (2) was treated with benzyl bromide
(1.3eq) and sodium hydride (2.0 eq) in DMF at room temperature similarly to 5-aroyl-3,4-
dichloro-1,2-dihydroxybenzenes (3), giving the 1-benzyl ether (12b) in 64% yield along with
the dibenzyl ether (12¢) in 16.59; yield, whereas 2 was heated with benzyl bromide (1.1 eq) and
sodium hydride (1.1eq) in DMF at 100 °C for 2 h to afford the 2-benzyl ether (12a) in 40.19;
yield along with the dibenzyl ether (12¢) in 21.1%, yield. These monobenzyl ethers (12a and
12b) were converted into the corresponding dihydrobenzodioxin-2(or 3)-ylmethanols (15a and
16a) in the same way as described above for the preparation of 10 and 11. 3,4-Dichloro-1,2-
dihydroxybenzene (2) was directly treated with EBH (1.2eq) in the presence of sodium
hydride (2.1eq) in DMF at room temperature for 30min, giving the 2-hydroxymethyl
compound (15a) in 549 yield along with 15b in 10% yield. When 2 was refluxed with EBH
(1.5eq) in the presence of potassium carbonate in acetone for 10h, the 3-hydroxymethyl
compound (16a) was obtained in 80% yield along with a small amount of the 2-hy-
droxymethyl compound (15a) (ca. 5%) as shown in Chart 3.

7,8-Dichloro-2,3-dihydrobenzodioxin-2-ylmethanol (15a), when treated with benzoyl

TaBLE 1. Friedel-Crafts Acylation: Proportions of Reagents

Cl 1. RCOCV/AICI, Cl cl
m@o CH,OR, at 9095 °C of O._CH,0H c|:<j[o CH,OH
B S S RIS ¢ 6
2. aq. NaOH R—-C=0 él)
15a: R=H
15c: R=COCH, 17: R=()- 10b: R=
15d: R=COC,H; 17e: R=C,H;, 10e: R=C,H;
Reagent (Ratio, eq) Product (Yield %)*
No. Compound 5 ¢y AICI, 17 10b
1 152 2.5 3.0 <5 725
2 15a 4.0 3.0 45.0 43.0
3 15a 5.0 4.0 45.0 43.0
4 15a 10.0 4.0 45.0 45.0
C,H,COCI AICI, 17e 10e
5 15a 2.5 3.0 (25) (75)
6 15a 4.0 3.0 57.0 31.0
7 152 5.0 5.0 (29) (60)
8 15¢c 4.0 4.0 (56) (44)
9 15d 4.0 4.0 52.0 (60) 34.0 (40)
10 154 6.0 5.0 51.3 31.2

a) The product ratio in parentheses was determined from the 'H-NMR spectrum (Ar-H, &, 17e 7.34, 10e
7.07).
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TaBLE II. Solvent Effect in Friedel-Crafts Acylation

Cl. t ,O]/CHQOH Cl O_ _CH,0OH Cl: t :O CH,OH
0] EtCOCI (5.0) O:I/ + Et—C Oj/
AlCl, (4.0) Et—-C=0 il
. refluxed for 2h O
15a 17e 10e
o Yield (%)*
Run Solvent (Temp. °C) » 17e 10e 15a (Recovered)
1 CH,Cl, (40—50) 41 36 23
2 CH,Cl, (80—90) . 60 40 —
3 CCl, (76) 50 50 —
4 Cyclohexane (81) 41 49 _
5 (CH,C)), (81) 6 — 94
6 CH;NO, (101) 40 60 —

a) The products ratio was determined from the 'H-NMR spectrum.

chloride or propionyl chloride (2.5eq) and aluminum chloride (3.0 eq) in dichloromethane at
95°C, gave the 6-acyl compound (10b or 10e) as the major product and a small amount of the
5-acyl compound (17b or 17e). As 5-acyldihydrobenzodioxins showed stronger diuretic effects
than 6-acyl compounds, we investigated the optimal conditions of acylation in order to
prepare more 5-acyl compounds. Tables I and II show the results under various reaction
conditions, the proportions of benzoyl chloride (or propionyl chloride) and aluminum
chloride employed (Table I), and the solvent effect (Table II) in the Friedel-Crafts acylation
of 15a. The ratio of the 6-acyl compound increased when the proportion of aluminum
chloride employed was more than that of acyl chloride.

In general, 15a was treated with acyl chloride/aluminum chloride (4:3 eq) or (5:4 eq) in
dichloromethane at 90—95 °C for 2h.

The results of Friedel-Crafts acylation of 15a are summarized in Table III. Formylation
was carried out by treatment of 15a with dichloromethyl methyl ether® (in place of acyl
chloride) and aluminum chloride.

The structures of the 5-aroyl compounds (17a, b and c) were easily confirmed by
comparison with the corresponding 6-aroyl compounds (10a, b and ¢) shown in Chart 2.
Moreover, the structures of acyl regioisomers (10e and 17e) were determined from the proton
and carbon-13 nuclear magnetic resonance (‘H- and *C-NMR) spectra as shown in Table IV.
The C-6 proton signal of 5-acyl compounds (17) was shifted to lower field than that of the C-5
proton of 6-acyl compounds (10). In the case of acyl compounds (10d, 17d and 10e, 17e),
moreover, the signal of carbon-13 carrying the acyl group is moved to lower field.

On acylation of the 3-hydroxymethyl compound (16), the 5-acyl compound (18) was
obtained as a minor product and the 6-acyl compound (11) as the major one, as shown in
Table V.

In place of the 2-hydroxymethyl compound (15a), the 2-carboxyl ester (19b), which was
obtained by oxidation of 15a followed by esterification, was found to be unreactive for
acylation. However, this was formylated with dichloromethyl methyl ether in the presence of a
Lewis acid such as aluminum chloride or titanium(IV) chloride® and gave a mixture of the 5-
formyl and 6-formyl compounds (24e and 25e) as shown in Table VI.

These acyl-2(or 3)-hydroxymethyl compounds (17, 10, 18 and 11) were easily oxidized
with Jones reagent to give the corresponding carboxylic acids (20—23) in good yields as
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TaBLE III. Friedel-Crafts Acylation of 7,8-Dichloro-2,3-dihydro-
1,4-benzodioxin-2-ylmethanol

Cl RCOCI (4¢q) o] . cl
Cl\@[OTCHon AICI, (3eq) Cl OTCHZOH CIﬁOTCHZOH
— +
O O R-C (@]
R-C=0 S
15a 17a—s 10a—s

Reagent (Ratio) Yield (%)

Method

R RCOCI: AlCl, 17 10
a [ 4:3 B 457 450
S
b @ 4:3 B 450  43.0
F
¢ <:& 4:3 B 494 332
d CH, 4:3 A 39.6 58.6
e C,H; 4:3 B 57.0 31.0
f n-CH, 4:3 A 50.7 382
g is0o-C;H, 4:3 B 36.8 —
h »nC,H, 4:3 B 171 22.1
i D 4:3 B 83  —
j Q 4:3 B — 275
k PhCH,- 4:3 InCS, r.t. 12h 21.0 5.6
1 0-ClI-CiH,- 4:3 B 51.4 40.3
m m-Cl-C;H,— 4:3 B 21.0 30.6
n p-Cl-C.H,~ 4:3 B 46.6 424
o 0-CH;-CiH,~ 4:3 B 38.0 43.8
p m-CH;-C,H,~ 4:3 B 40.9 38.9
q p-CH,-CH,~ 4:3 B 231 278
r |Ol 4:3 B 47.0 48.0
s H 3 (CI,CHOCH,):3 (AICL) r.t. 33.3 22.3
s H 3 (C1,CHOCH,): 3 (TiCl,) r.t. 200 423
A: In CH,Cl,, reflux for 2—3h. B: At 90—95°C for 2—3 h.
Cl Cl
Jones oxidation
C'\@[O?CH#)H in acetone Ci O_2 COOH
6 3 Y:70-95% 6 23/
5 O 5 (0}
R-C=0 R-C=0
17 a—r (5-COR, 2-CH,0H) 20a—r
10a-—r (6-COR, 2-CH,0H) 21a-—r
18 a, b (5-COR, 3-CH,0H) 22a, b
11a—e(6-COR, 3-CH,OH) 23a-—e

Chart 4

shown in Chart 4.
According to the method reported by Coudert et al.,” 5(or 6)-aroyl-7,8-dichloro-1,4-
benzodioxin-2(or 3)-carboxylic acids (30—32) were synthesized from the corresponding
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TaBLE IV. 'H- and '3C-NMR Data for 5- and 6-Acyl-7,8-dichloro-
2,3-dihydro-1,4-benzodioxin-2-ylmethanols

Cl 1 1
Cl\_X__0.2,CH,0H
7 9
10 3
R*76N7 O
Rl
Compound 17a 17b 17¢ 17d 17e 17s
Ar-H 7.14 7.07 7.23 7.45 7.34 7.40
Compound 10a 10b 10c 10d 10e 10s
Ar-H 6.97 6.89 6.99 7.10 7.07 7.33
6 in CDCl; or acetone-d,.

Compound 15a 17s 10s 17d 10d 17e 10e
R! H CHO H CH,CO H C,H,CO H.
R? H H CHO H CH,CO H C,H;CO

Cc-2 74.3 74.2 75.1 73.9 74.7 73.9 74.7
C-3 64.8 65.3 64.8 65.2 64.9 65.1 65.0
C-5 115.8 123.1 115.7 125.5 116.3 125.5 115.5
C-6 121.7 120.3 129.8 122.1 132.4 122.0 132.9
C-7 125.3 127.2 126.2 126.2 123.2 126.5 122.5
C-8 120.8 126.0 122.1 125.3 122.4 124.8 122.3
C-9 140.7 145.0 145.8 142.5 143.0 142.0 142.5
C-10 142.6 141.6 142.7 141.4 142.1 141.3 142.2
C-11 61.4 61.2 61.2 61.2 61.2 61.3 61.3
ppm in CDCl,.

TasLeE V. Acylation of 7,8-Dichloro-2,3-dihydro-1,4-benzodioxin-2-ylmethanol

Cl ol cl
o} O RCOCI Cl @] Cli O ,
)} 1.+ 1
07 ~CH,OH 0" CH,0H R-C O " ~CH,0H
R-C=0 S
16a 18a,b : 1la—e
Reagent (Ratio) Yield (%)
Run R RCOCI: AICI, Method 18 1
1 C,H, 3: 25 B — 64.5
2 C,H, 6: 4 B 20.0 55.3
3 C,H, 6: 5 B 27.0 60.0
4 C,H, 3: 25 B — 64.5
5 Q 3: 25 B — 72.6
6 4: 3 B 16.8 44.1

Q

B: In CH,Cl, at 90—95°C for 2—3h.
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TABLE VI. Formylation of Ethyl 7,8-Dichloro-2,3-dihydro-
1,4-benzodioxin-2-carboxylate

cl cl
c:@orcoza o],cozet i OTCOZEt
OHC
CHO
19 25¢
o Yield (%)
Reagent Reaction conditions 24d 25¢
Cl,CHOCH,/AICL, At 0°C—r.t. 3h 48 47
Cl,CHOCH,/TiCl, At 0°C—r.t. 3h 19 39
ol 1. NBS/(PhCOO0), cl
in CCl
o) 2 CO,CoHs A' 8h4 3/c;ozvst aq. NaOH C! O/BZ/COOH
Nal/acetone S o 3
Ar-G=0 A'Qh Ar-C=0 Ar-C=0
24a, b (5-ArCO, 2 -CO,Et) 27a,b 30a,b
25a, b (6-ArCO, 2 -CO,Et) 28a,b 31a,b
26a—c (6 -ArCO, 3-CO,Et) 29a—c 32a-c¢
F
N c, @»
a) [Sj- b! O_
Chart 5
(GH,0)/p~TsOH ¢l
o 2 COOH 2 dioxane ol 032/000"*
6 reflux, 24'h 6 0”2
Y : 32-47% >
—CH,—-C= o : Ry=G-C=0
CH»
20 e,f (5-acyl, 2-CO,H) 33 a,b a:R;=CHg
21 e,f (6-acyl, 2-CO,H) ' 34 ab b :R,=CyHs
23 d (6-acyl, 3-CO,H) 35:Ry=CyHs
Chart 6

dihydrobenzodioxin-2(or 3)-carboxylates (24—26) as shown in Chart 5. Compounds 24 were
heated with N-bromosuccinimide (NBS) in the presence of benzoyl peroxide in carbon
tetrachloride followed by sodium iodide in acetone to obtain the ethyl esters (27). Hydrolysis
of 27 with base afforded the corresponding benzodioxin (30) in good yield.

As ethacrynic acid has strong diuretic activity like indacrinone, 2-alkylacryloyl com-
pound (33—35) were synthesized by treatment of 5(or 6)-acyl-2,3-dihydrobenzodioxin car-
boxylic acids (20, 21 and 23) with paraformaldehyde and p-toluenesulfonic acid in dioxane ac-
cording to the reported method® as shown in Chart 6.

As racemic 7,8-dichloro-5-propionyl-2,3-dihydrobenzodioxin-2-carboxylic acid (20e)
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showed strong diuretic activity, resolution of 20e was carried out as follows; namely treatment
of the acid chloride of 20e with p-(—)-phenylglycinol gave amide diastereoisomers (36a and
36b), which were separated on a Lobar column, followed by hydrolysis of each diaster-
eoisomer with aqueous sulfuric acid to yield one (+) enantiomer (37a) [«]3>° +83.8° and

another (—) enantiomer (37b) [x]3*° —83.5° according to Obase et al.”) (Chart 7).

cl Ci -

cl 0 COH 1 soCl,,in benzene  © oj%,Cor\u-lccl;;:csH5
o]/ 2. 9~(-)-CgHs-CH-CH,OH o 2OH

CaHg=C=0 EtsN, in dioxgnzz CaHg-C=0

20e 36a,b

Ci
H,S0,, in dioxane © 0¥ COH
90°C, 15h O]/
CoHs-C=0
37a,b
Chart 7

TaBLE VII. Diuretic Activity of 5-Acyl-7,8-dichloro-2,3-dihydro-1,4-benzodioxin-
2(or 3)-carboxylic Acids in Rat and Mouse

Diuretic activity”

Compound No. H

Q
o

Rat Mouse
20a 2 2.042/0.45 4.63/0.85
20b 2 1.36/0.46 4.56"/0.93
20c 2 1.02%/0.46 3.367/0.93
20d 2 2.087/0.92 1.98%/0.85
20e (racemic) 2 3.049/0.71 5.689/0.78
37a (—) 2 4.119/0.69 4.627/0.96
37b (+) 2 1.20/0.69 1.93/0.96
20f 2 2.20/0.75 4.31/0.64
20g 2 3.549/0.75 5.789/0.82
20h 2 1.839/0.75 1.67/0.82
20i 2 3.907/0.59 1.67%/0.82
20k 2 2.952/0.59 7.439/0.74
201 2 0.96”/0.49 3.159/0.92
20m 2 0.979/0.49 1.739/0.92
20n 2 0.69 /0.49 1.48 /0.92
200 2 1.429/0.50 3.582/0.54
20p 2 1.499/0.50 4.10V/0.54
20q 2 1.67/0.50 1.48%/0.54
20r 2 1.619/0.64 2.107/0.82
33a 2 0.85 /0.75 8.87%/0.64
33b 2 1.06 /0.50 7.319/0.85
30a (benzodioxin) 2 1.98%/0.51 2.562/0.69
30b (benzodioxin) 2 0.919/0.51 2.039/0.69
22a 3 0.64 /0.56 1.02 /0.69
22b 3 1.289/0.59 1.16 /0.99
Indacrinone (reference) 1.26"/0.55 6.44%/0.77

a) Na meq/kg body weight; treated/control. b) Statistically significant. Dose: rat, 50 mg/kg; mouse,
30 mg/kg, p.o.
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TaBLE VIII. Diuretic Activity of 6-Acyl-7,8-dichloro-2,3-dihydro-1,4-benzodioxin-
2(or 3)-carboxylic Acids in Rat and Mouse

Diuretic activity”

Compound No. CO,H Rat Mouse
21a 2 0.60 /0.63 —
21b 2 0.84 /1.03 —
21c 2 0.95 /0.61 0.77 /0.65
21d 2 0.82 /0.94 0.68 /0.62
21e 2 0.93 /0.54 0.37 /0.81
21f 2 0.62 /0.69 —
21r 2 0.61 /0.64 0.87 /0.69
21s 2 1.01 /0.94 0.58 /0.85
23a 3 0.59 /0.57 —
23b 3 1.53/0.55 " 1.12 /0.69
23¢ 3 1.7290.61 0.74 /0.69
23d 3 0.77 /0.76 0.55 /0.30
34a 2 0.54 /0.76 2.519/0.64
34b 2 0.82 /0.54 0.71 /0.78
35 3 0.78 /0.52 0.38 /0.30
31a (benzodioxin) 2 1.05%/0.43 1.18/0.69
31b (benzodioxin) 2 1.359/0.65 0.83 /0.60
32a (benzodioxin) 3 1.54 /1.02 —
32b (benzodioxin) 3 1.352/0.65 0.83 /0.60
32¢ (benzodioxin) 3 1.119/0.65 0.94 /0.60

a) Na meq/kg body weight; treated/control. b) Statistically significant.

Biological Activities

5-Acyl-7,8-dichloro-2,3-dihydro-1,4-benzodioxine-2-carboxylic acids (20) showed strong
diuretic activity in rat and mouse and antihypertensive activity in rat,'® whereas the cor-
responding 3-carboxylic acids (22) were less diuretic than the 2-carboxylic acids, as sum-
marized in Table VII.

6-Acyl-2(and 3)-carboxylic acids (21 and 23) displayed little or no diuretic activity as
can be seen from Table VIII. :

The excretion of urine, Na™, and K* were measured in experiments conducted with rats
and mice. For brevity, only the data on Na* excretion are reported here. The excretion of
urine and K * generally paralleled that of Na*, and any of these parameters could be used for
relative potency comparisons.

Experimental

Melting points were determined on a Yanagimoto micromelting apparatus and are uncorrected. Infrared (IR)
spectra were recorded in Nujol with a Hitachi 260-10 IRS spectrophotometer, unless otherwise noted. Wave numbers
are expressed in reciprocal centimers. 'H-NMR spectra were taken in CDCI,; solution on a Varian EM-390 or T-60
spectrophotometer, unless otherwise noted. Chemical shifts are expressed as J values (ppm) from tetramethylsilane.
Column chromatography was conducted using silica gel (E. Merck, 70—230 mesh ASTM) or a Lobar column (E.
Merck). The general procedure for isolating products by solvent extraction consisted of extracting the aqueous layer
with two or three portions of the indicated solvent, washing the organic layer with saturated NaCl-H,O or H,0,
drying it over Na,SO, or MgSO,, and evaporating the solvent in vacuo.

2-Benzyloxy-3,4-dichloro-1-hydroxybenzene (12a}——A mixture of 2-benzyloxy-3,4-dichloroacetophenone
(1.0 g), and 409 peracetic acid (1 ml) in AcOH (2ml) was heated at 50 °C for 23 h. The cooled reaction mixture was
mixed with water and extracted with CH,Cl,. The residue obtained from the extract was recrystallized from
petroleum ether (PE), giving 3,4-dichloro-2-hydroxyacetophenone (1) (276 mg, mp 113—114°C, yield 39.7%) and a
crystalline residue (361 mg). A mixture of the crystalline residue and Na,CO; (100 mg) in EtOH (2 ml) was refluxed
for 10min and allowed to stand for 1h at room temperature. The mixture was acidified with aqueous HCI and
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extracted with CH,Cl,. The residue (320 mg) was separated by chromatography on a Lobar column with benzene as
the eluent. The first fraction gave 1 (81 mg) and the second fraction gave 2-benzyloxy-3,4-dichloro-1-hydroxybenzene
(12a) (79 mg, mp 61 °C, from pentane, yield 8.7%). Anal. Caled for C,3H,,Cl1,0, (M, 269.135): C, 58.02; H, 3.75; Cl,
26.35. Found: C, 57.38; H, 3.82; Cl, 26.35. IR cm™!: 3400, 1590, 1570. 'H-NMR &: 7.40 (5H, m), 7.12, 6.72 (each 1H,
d, J=9Hz), 5.41 (1H, s, OH), 5.05 (2H, s, CH,Ph).

Preparation of 5-Aroyl-3,4-dichloro-1,2-dihydroxybenzene (3a, b and c)

General Procedure A mixture of 3,4-dichloro-1,2-dihydroxybenzene (2) (0.01 mol), ArCOCI (0.03—0.04 mol)
and AlCl; (0.025—0.03 mol) in dry 1,2-dichloroethane (350 ml) was refluxed for 20—24h. The cooled reaction
mixture was poured into ice water/concentrated HCI, and then the reaction mixture was extracted with ether or
EtOAc. The extract was concentrated and the residue was mixed with 2N NaOH (250 ml) and EtOH (200 ml), then
the mixture was refluxed for 30min, followed by conventional work-up to give the S5-aroyl-3,4-dichloro-1,2-
dihydroxybenzene (3a, b or ¢) in 75—83%; yield.

3,4-Dichloro-1,2-dihydroxy-5-thenoylbenzene (3a): mp 202—204°C (from acetone—ether, yield 80%(). Anal.
Caled for C,;H¢Cl,0,S (M, 289.140): C, 45.69; H, 2.09; Cl, 24.53; S, 11.09. Found: C, 45.48; H, 2.38; Cl, 24.60; S,
11.09. IR cm ™~ !: 3360, 1720, 1710. '"H-NMR (acetone-dg) 6: 8.97 (2H, br), 7.97 (1H, dd, J =5, 1 Hz), 7.53 (1H, dd, J =
5, 1 Hz), 7.17 (1H, t, J=5Hz), 6.97 (1H, s).

5-Benzoyl-3,4-dichloro-1,2-dihydroxybenzene (3b): mp 178—180 °C (from CH,Cl,—PE, yield 83%). Anal. Calcd
for C,3H,Cl,0; (M, 283.118): C, 55.15; H, 2.85; Cl, 25.05. Found: C, 55.05; H, 2.98; Cl, 25.30. IR cm ™' 3425, 3100,
1655, 1595, 1580. 'H-NMR (acetone-dy) é: 6.95 (1H, s), 7.93—7.50 (5H, m).

3,4-Dichloro-5-(2-fluorobenzoyl)-1,2-dihydroxybenzene (3¢c): mp 164—165 °C (from benzene, yield 75%). Anal.
Calcd for C,;H,CLFO, (M, 301.108): C, 51.86; H, 2.34; Cl, 23.55; F, 6.31. Found: C, 51.88; H, 2.47; Cl, 23.49; F,
6.28. IR cm™!: 3400, 3170, 1665, 1655, 1610. 'H-NMR §: 9.50—8.40 (2H, br), 7.78—7.10 (4H, m), 7.03 (1H, s).
Preparation of 7,8-Dichloro-6-(2-fluorobenzoyl)-2,3-dihydro-1,4-benzodioxin-2-ylmethanel (10c)

1) 2-Benzyloxy-3,4-dichloro-5-(2-fluorobenzoyl)-1-hydroxybenzene (4c)——A mixture of 3¢ (3.217g), NaH
(282 mg, 1.1eq) and PhCH,Br (1.919 g, 1.05eq) in dry DMF (100 ml) was heated at 100 °C under stirring for 2h. The
cooled reaction mixture was poured into ice water and acidified with aqueous HCl. The reaction mixture was
extracted with ether. The residue (4.124 g) was chromatographed on SiO, (100 g) with CH,Cl, to afford the dibenzyl
ether (5d) from the first fraction and the 2-benzyl ether (4¢) (2.257 g) from the later fraction. The former was
recrystallized from hexane, giving the dibenzyl ether (5d) (766 mg, mp 84—=85 °C, yield 14.4%), and the latter gave the
2-benzyl ether (4¢) (2.189 g, mp 109—110°C, from cyclohexane, yield 52%). Anal. Calcd for C,oH,;CL,FO; (M,
391.233): C, 61.40; H, 3.35; Cl, 18.13; F, 4.86. Found: C, 61.41; H, 3.50; Cl, 18.34; F, 4.81. IR cm ~*: 3210, 1670, 1610.
"H-NMR §: 7.86—7.00 (4H, m), 7.45 (5H, m), 6.93 (1H, s), 5.64 (1H, s), 5.14 2H, s). -

The Dibenzy! Ether (5d): Anal. Caled for C,,H,Cl,FO, (M, 481.358): C, 67.37; H, 3.98; Cl, 14.73; F, 3.95.
Found: C, 67.28; H, 3.95; Cl, 14.61; F, 3.90. IR cm ™~ '; 1645, 1605. '"H-NMR ¢: 7.83—6.99 (4H, m), 7.39 (1H, br,
OH), 7.04 (1H, s), 5.13 (2H, s), 5.10 (2H, s).

2-Benzyloxy-3,4-dichloro-1-hydroxy-5-thenoylbenzene (4a): mp 159—160 °C (from ether-PE, yield 39%,). Anal.
Caled for C;3H,,Cl,0,S (M, 379.265): C, 57.00; H, 3.19; Cl, 18.70; S, 8.45. Found: C, 56.74; H, 3.26; CI, 18.71; S,
8.46. IR cm ™ !: 3300, 1640, 1581. '"H-NMR 6: 7.78 (1H, dd, J =5, 1 Hz), 7.43 (5H, s), 7.42 (1H, dd, J =5, 1 Hz), 7.18
(1H, t, J=5Hz), 6.93 (1H, s), 5.68 (1H, s), 5.15 (2H, s).

5-Benzoyl-2-benzyloxy-3,4-dichloro-1-hydroxybenzene (4b): mp 111—112°C (from ether-PE, yield 349%). Anal.
Calcd for C,0H, ,CL,0, (M, 373.243): C, 64.36; H, 3.78; Cl, 19.00. Found: C, 64.34; H, 4.00; Cl, 18.79. IR cm ™ ': 3350,
1665, 1597, 1580. 'H-NMR §: 7.93—7.45 (5H, m), 7.45 (5H, s), 6.87 (1H, s), 5.73 (1H, br, OH).

2) 2-Benzyloxy-3,4-dichloro-1-(2,3-epoxypropoxy)-5-(2-fluorobenzoyl)benzene (6c)——A mixture of the 2-ben-
zyl ether (4¢c) (2.60g), NaH (192mg, 1.2eq) and EBH (1.16 g, 1.23eq) in dry DMF (60 ml) was heated at 80 °C with
stirring for 5h. The cooled reaction mixture was poured into ice water and extracted with benzene. Treatment of the
organic layer in a conventional manner gave a residue (3.46 g), which was purified by chromatography on SiO, with
CH,Cl, to afford 6c (2.68 g, oil, yield 90.1%). IR (CHCI;) cm™*: 1665, 1610. 'H-NMR §: 7.84—7.08 (9H, m), 6.99
(1H, s), 5.26 (2H, s), 4.38—3.85 (2H, m), 3.35 (IH, br), 2.93—2.67 (2H, m).

3) 3,4-Dichloro-1-(3-chloro-2-hydroxypropoxy)-5-(2-fluorobenzoyl)-2-hydroxybenzene (8c) A solution of 6¢
(2.68 g) in concentrated HCl (100 ml) was refluxed for 6h. The reaction mixture was cooled and the resultant
precipitate (2.484 g) was collected by filtration. Recrystallization from benzene gave the 2-hydroxy compound (8c)
(1.626 g, mp 144—146°C, yield 69%). Anal. Calcd for C;sH,,Cl;FO, (M, 393.637): C, 48.82; H, 3.07; Cl, 27.02; F,
4.83. Found: C, 48.46; H, 3.16; Cl, 26.80; F, 4.86. IR cm ™ ': 3470, 3230, 1630, 1603. 'H-NMR (acetone-dg) 6: 7.81—
7.11 (4H, m), 7.23 (1H, s), 7.5—6.2 (2H, br), 4.33—4.14 (1H, m), 4.24 (2H, m), 3.81 (ZH).

4) A solution of 8c (2.30g) in 2N NaOH (23.5ml) and EtOH (47 ml) was refluxed for 10 min. The cooled
reaction mixture was neutralized with aqueous HCI, concentrated in vacuo and extracted with CH,Cl,. The residue
(2.16 g) obtained from the extract was passed through an SiO, column with CH,Cl,/acetone (95:5) to afford 7,8-
dichloro-6-(2-fluorobenzoyl)-2,3-dihydro-1,4-benzodioxin-2-ylmethanol (10¢) (1.829 g, yield 87.6%). Recrystalliza-
tion from isopropyl ether gave a pure substance (mp 109—110°C). Anal. Caled for C,¢H;;CL,FO, (M, 357.172): C,
53.80; H, 3.10; Cl, 19.85; F, 5.32. Found: C, 53.87; H, 3.18; Cl, 19.86; F, 5.10. IR cm™*: 3420, 1665, 1610. '"H-NMR
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d:7.80—7.08 (4H, m), 6.99 (1H, s), 4.46—4.11 (1H, m), 4.33 (2H, m), 3.95 (2H, m), 2.20 (1H, t, J=6Hz).
Preparation of 7,8-Dichlore-6-(2-fluorobenzoyl)-2,3-dihydro-1,4-benzodioxin-3-ylmethanol (11c)

1) 1-Benzyloxy-3,4-dichloro-5-(2-fluorobenzoyl)-2-hydroxybenzene (5c)——A mixture of 3¢ (3.01g), NaH
(480 mg, 2eq), and PhCH,Br (1.88 g, 1.1eq) in dry DMF (50 ml) was stirred at room temperature for 15 min. The
reaction mixture was poured into water, acidified with aqueous HCI, and then extracted with ether. The residue
(4.227 g) was passed through a column of SiO, with CH,Cl,, and the eluted fraction (2.99 g) was recrystallized from
benzene, affording 5S¢ (2.791 g, mp 156—157°C, yield 71.4%). Anal. Caled for C,oH,;CL,FO, (M, 391.233): C, 61.40;
H, 3.35; Cl, 18.13; F, 4.86. Found: C, 61.41; H, 3.40; Cl, 18.24; F, 4.73. IR cm™': 3200, 1655, 1615. 'H-NMR &
7.78—6.98 (4H, m), 7.41 (5H, m), 7.07 (1H, s), 6.34 (1H, s), 5.12 (2H, s). The structure of 5¢ was unequivocally
determined by X-ray erystal analysis.

1-Benzyloxy-3,4-dichloro-2-hydroxy-5-thenoylbenzene (5a): mp 146—148 °C (from ether—PE, yield 70%). Anal.
Caled for C,4H,,Cl,0,S (M, 379.265): C, 57.00; H, 3.19; Cl, 18.70; S, 8.45. Found: C, 56.87; H, 3.30; Cl, 18.56; S,
8.44. IR cm™": 3450, 1648, 1600. 'H-NMR é: 7.73 (1H, dd, J=5, 1 Hz), 7.32 (1H, dd, J=5, 1 Hz), 7.08 (1H, t, J=
5Hz), 7.38 (SH, s), 6.95 (1H, s), 6.40 (1H, br), 5.13 (2H, s). The structure of 5a was determined by X-ray crystal
analysis.

5-Benzoyl-1-benzyloxy-3,4-dichloro-2-hydroxybenzene (5b): mp 171—173°C (from CH,Cl,—ether, yield 77%).
Anal. Caled for C,0H,,Cl,0; (M, 373.243): C, 64.36; H, 3.78; Cl, 19.00. Found: C, 64.31; H, 3.77; Cl, 19.05. IR cm ™!
3455, 1668, 1598, 1573. '"H-NMR 6: 7.90—7.40 (5H, m), 7.40 (5H, s), 6.97 (1H, s).

2) 1-Benzyloxy-3,4-dichloro-2-(2,3-epoxypropoxy)-5-(2-fluorobenzoyl)benzene (7¢)——A mixture of Sc
(2.789 g), NaH (205mg, 1.2eq) and EBH (1.20 g, 1.23¢eq) in dry DMF (60 ml) was heated at 80 °C with stirring for
23 h. The reaction mixture was diluted with water and extracted with ether. Passing the residue (3.0 g) obtained from
the extract through SiO, with CH,Cl, gave 7c (2.931 g, yield 91.9%). This was recrystallized from cyclohexane to
afford a pure substance (mp 81—82 °C). 4nal. Calcd for C,3H,,CL,FO, (M, 447.297): C, 61.76; H, 3.83; Cl, 15.85; F,
4.25. Found: C, 61.64; H, 4.01; Cl, 15.79; F, 4.15. IR (CHCl;) cm™!: 1665, 1607. 'H-NMR §: 7.83—7.07 (4H, m),
7.38 (SH, m), 7.03 (1H, s), 5.09 (2H, s), 4.38—4.03 (2H, m), 3.45—3.27 (1H, m), 2.86—2.59 (2H, m).

3) 3,4-Dichloro-2-(3-chloro-2-hydroxypropoxy)-5-(2-fluorobenzoyl)-1-hydroxybenzene (9¢) A mixture of 7¢
(2.80 g) in concentrated HCI (100 ml) was refluxed for 6 h. The cooled reaction mixture was extracted with CH,Cl,.
Passing the residue (3.0 g) obtained from the extract through SiO, with benzene/AcOEt (9: 1) gave the 1-hydroxy
compound (9¢) (1668 mg, yield 67.8%). IR (CHCI;) cm™": 3600—2700 (br), 1675, 1610. 'H-NMR &: 7.83—7.08 (4H,
m), 6.96 (1H, s), 6.5—4.8 (2H, br), 4.31—4.01 (3H, m), ca. 3.73 (2H, br).

4) A mixture of 9¢ (1668 mg) and NaOH (600mg) in EtOH (50ml) was refluxed for 15min under an
atmosphere of nitrogen. The cooled reaction mixture was mixed with water and acidified with aqueous HCI, and then
extracted with CH,Cl,. Passing the residue (1738 mg) obtained from the extract through an SiO, column with CH,Cl,
gave 1lc (1478 mg, oil, yield 97.5%).

Preparation of 7,8-Dichloro-2,3-dihydro-1,4-benzodioxin-2-ylmethanol (15a)

Method A-1 A suspension of NaH (609 in oil, 4.25g, 2.1 eq) was added to a solution of 3,4-dichloro-1,2-
dihydroxybenzene (2) (9.04 g) in dry DMF (190 ml) under cooling on an ice bath and under nitrogen gas flow. The
temperature of the mixture was raised to room temperature, then a solution of EBH (8.30g, 1.2eq) in dry DMF
(10ml) was added. After stirring at room temperature for 1 h, the reaction mixture was poured into ice water and
extracted with ether. Chromatography of the residue on a Lobar column with CH,Cl, afforded an oily material
(1.60 g) (oil from NaH) as the first fraction, 7,8-dichloro-2-(2,3-epoxypropoxymethyl)-2,3-dihydro-1,4-benzodioxin
(15b) (1.22 g, yield 109;) as the second fraction, and compound 152 (6.41 g, mp 53—54°C, from hexane-ether, yield
54%;) as the last fraction. Anal. Caled for C,HgCl,05 (M, 235.074): C, 45.99; H, 3.43; Cl, 30.16. Found: C, 46.07; H,
3.53; Cl, 29.53. IR (CHCl3) em™*: 3580, 3400, 1590, 1570. '"H-NMR & 6.94, 6.72 (each 1H, d, J =9 Hz), 4.38—4.03
(3H, m), 3.96—3.83 (2H, m), 2.13 (1H, t, J=6 Hz, OH).

15b: Oil. '"H-NMR (CDCl,) 6: 6.91, 6.70 (each 1H, d, J =10 Hz), 4.50—3.70 (6H, m), 3.54—3.28 (1H, m), 3.23—
3.03 (1H, m), 2.77 (1H, t, J=4Hz), 2.53—2.63 (1H, m).

Method A-2. 1) 2-Benzyloxy-3,4-dichloro-1-hydroxybenzene (12a)——A solution of PhCH,Br (9.4¢g, 1.1eq)
in dry DMF (30 ml) was added to a suspension of 2 (8.95g) and NaH (609 in oil, 2.2 g, 1.1eq) in dry DMF (300
ml). The mixture was stirred at 100 °C for 2h, then poured into ice water and extracted with ether. The ether layer
was washed with aqueous 2N NaOH, water, dried and then evaporated. The residue (5.9g) was recrystallized
from hexane, affording the dibenzyl ether 12¢ (3.79 g, mp 74—75.5°C, yield 21.1%)). The above alkaline layer was
acidified with concentrated HCI and extracted with ether. The residue (8.37g) obtained from the extract was
passed through a column of SiO, with benzene as an eluent. Recrystallization of the product from pentane afford-
ed 12a (5.464 g, mp 61 °C, yield 40.1%).

2) 2-Benzyloxy-3,4-dichloro-1-(2,3-epoxypropoxy)benzene (13a) A suspension of NaH (609 in oil, 480 mg,
l1.1eq) and EBH (1.685g, 1.1eq) were added to a solution of 2-benzyl ether (12a) (2.69 g) in dry DMF (100 ml) and
the mixture was stirred at 80 °C for 6 h. Next, it was poured into ice water and extracted with ether. Recrystallization
of the residue (3.5 g) from hexane afforded 13a (2.569 g, mp 65°C, yield 79%). Anal. Caled for C,6H,,CL0; (M,
325.199): C, 59.09; H, 4.34; Cl, 21.81. Found: C, 58.87; H, 4.24; CI, 22.06. IR cm~!: 1581. 'H-NMR §: 7.59—7.23
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(5H, m), 7.13, 6.78 (each 1H, d, J=9Hz), 5.05 (2H, s), 4.33—3.81 (2H, m), 3.32 (1H, br), 2:90—2.64 (2H, m).

3) 3,4-Dichloro-1-(2,3-epoxypropoxy)-2-hydroxybenzene (14a)——A mixture of 13a (5.595 g) and 57, Pd-C in
AcOEt (140 ml) was hydrogenated in the conventional way with absorption of 625 ml of hydrogen gas in 20 min.
After removal of the catalyst by filtration, evaporation of the solvent gave 14a (4.3 g, yield 1007;). 'H-NMR 4: 6.93,
6.74 (each 1H, d, /=9 Hz), 4.41—3.91 (2H, m), 3.47—3.30 (1H, m), 3.01—2.79 (2H, m).

4) A solution of 14a (4.3 g) in 2N NaOH (10 ml) and EtOH (50 ml) was heated at 80 °C for 5 min. The reaction -
mixture was concentrated and mixed with water, and then extracted with ether. The residue (3.16 g) obtained from the
extract was passed through a column of SiO, (20 g) and eluted with CH,Cl, to afford 7,8-dichloro-2,3-dihydro-1,4-
benzodioxin-2-ylmethanol (15a) (3.16 g, mp 53—54 °C from hexane, yield 76.7%;).

Preparation of 7,8-Dichloro-2,3-dihydro-1,4-benzodioxin-3-ylmethanol (16a)

Method B-1 A mixture of 2 (5g), K,CO, (15.5g, 4eq) and EBH (5.75g, 1.5¢q) in acetone (150 ml) was
refluxed for about 10 h with stirring until the starting material had disappeared on thin layer chromatography (TLC)
(CH,Cl,-acetone, 20 : 1). The reaction mixture was filtered in order to remove the insoluble material, and evaporation
of the filtrate gave a residue, which was extracted with CH,Cl,. The organic layer was washed with 2N NaOH
followed by water, dried and evaporated. The residue (6.95g) was passed through a column of SiO, (10g) with
CH,Cl, to decolorize it, giving 16a (6.30 g, yield 80%). IR (CHCl;) cm ™! 3590, 3380, 1580. 'H-NMR §: 6.96, 6.75
(each 1H, d, J=9 Hz), 4.72—4.01 (3H, m), 3.93—3.80 (2H, m), 2.04 (1H, t, /=7 Hz).

Method B-2. 1) 1-Benzyloxy-3,4-dichloro-2-hydroxybenzene (12b)——Benzyl bromide (10.25g, 1.3eq) was
added to a suspension of 3,4-dichloro-1,2-dihydroxybenzene (2) (8.95g) and NaH (509 in oil, 4.80g, 2eq) in dry
DMF (250 ml) and the mixture was stirred for 10min at room temperature, then poured into water. Sparingly
soluble crystals were collected by filtration and recrystallized from hexane, giving the dibenzyl ether (12¢) (2.096 g,
mp 74—75°C, yield 21.1%). The filtrate was acidified with concentrated HCI and extracted with ether. The residue
(10.40 g) obtained from the extract was chromatographed on a column of SiO, (30g) with CH,Cl, to afford 12b
(8.637 g, yield 64.2%) as an oil. IR (CHCl;) cm ™ *: 3520, 1600, 1580. *H-NMR &: 7.40 (SH, m), 6.92, 6.73 (each 1H, d,
J=9Hz), 6.00 (1H, s, OH), 5.09 (2H, s).

The Dibenzyl Ether (12¢): Anal. Caled for C,oH,sC1,0, (M, 359.260): C, 66.87; H, 4.49; Cl, 19.74. Found: C,
67.49; H, 4.75; Cl, 19.44. IR cm ~*: 1585. 'H-NMR 4: 7.36 (10H, m), 7.12, 6.78 (each 1H, d, J =9 Hz), 5.07, 5.04 (each
2H, s).

2) 1-Benzyloxy-3,4-dichloro-2-(2,3-epoxypropoxy)benzene (13b)——A mixture of 12b (9.73 g), NaH (507 in oil,
1.91g, 1.1eq) and EBH (5.45g, 1.1 eq) in dry DMF (150 ml) was stirred at 80 °C for 4 h. The cooled reaction mixture
was poured into water and extracted with ether. The residue (11.5 g) obtained from the extract was passed through a
column of SiO, (40 g) with CH,Cl, to afford 13b (9.64 g, mp 59—61 °C, from hexane, yield 82.0%). Anal. Calcd for
Cy6H,,CL0; (M, 325.199): C, 59.09; H, 4.34; Cl, 21.81. Found: C, 59.06; H, 4.27; Cl, 21.86. IR cm~': 1580. 'H-NMR
8:7.36 (5H, m), 7.08, 6.78 (each 1H, d, J=9Hz), 5.05 (2H, s), 4.28—3.93 (2H, m), 3.41—3.23 (1H, m), 2.81—2.53
(2H, m).

3) 3,4-Dichloro-2-(2,3-epoxypropoxy)-1-hydroxybenzene (14b)y——Compound 13b (1.626 g) in EtOAc (50 ml)
was catalytically hydrogenated with 5% Pd—C (500 mg) under atmospheric pressure with absorption of 153 ml of
hydrogen gas in 2 h. After removal of the catalyst by filtration, evaporation of the solvent gave 14b (1.151 g, mp 92—
94 °C from cyclohexane, yield 98%,). Anal. Caled for CgHgCl,0, (M, 235.074): C, 45.99; H, 3.43; Cl, 30.17. Found: C,
45.36; H, 3.54; Cl, 29.78. IR cm ™*: 3270—3210 (br), 1590. 'H-NMR é: 7.12, 6.78 (each 1H, d, /=9 Hz), 7.9—6.3
(1H, br), 4.62—3.98 (2H, m), 3.43—3.30 (1H, m), 3.36—2.96 (2H, m).

4) A mixture of 14b (1.128 g), EtOH (10ml), and 2N NaOH (4 ml) was heated at 80 °C for 5 min. The cooled
reaction mixture was diluted with water and extracted with ether. Recrystallization of the residue from hexane gave
7,8-dichloro-2,3-dihydro-1,4-benzodioxin-3-ylmethanol (16a) (1.120 g, mp 72—74°C, yield 99%).

Friedel-Crafts Acylation: General Procedure Method A: A mixture of 15a or 16a (8 mmol) in CH,Cl, or
CCl, (25—30ml) and acy! halide/aluminum chloride (4.0:3.0 or 5.0:4.0eq) was stirred at room temperature for
30 min and refluxed for 2h on an oil bath. The cooled reaction mixture was poured into ice/concentrated HCI, and
extracted with CH,Cl,. The organic layer was washed with 2N NaOH, then with water, and saturated NaCl, dried
and evaporated to obtain 5(and 6)-acyl-2-(or 3)-hydroxymethyl ester. Subsequently, the ester was refluxed in 2N
NaOH/EtOH for 10 min, and the reaction mixture was extracted with CH,Cl,, giving a mixture of 5(and 6)-acyl-7,8-
dichloro-2,3-dihydro-1,4-benzodioxin-2(or 3)-ylmethanol. The mixture was, if necessary, separated into 5(and 6)-acyl
compounds after acetylation.

Method B: A mixture of 15a or 16a (8 mmol) and acyl chloride/aluminum chloride (4.0:3.0eq) in dry CH,Cl,
(10—30ml) was stirred at room temperature for 30 min, then placed on an oil bath and kept at 90°C for 2.5h to
remove the solvent. The 5(and 6)-acyl compounds were obtained by the same work-up procedure. See Tables IX, X
and XI.

7,8-Dichloro-5(and 6)-propionyl-2,3-dihydro-1,4-benzodioxin-2-ylmethanol (17¢ and 10e)——Method A: A mix-
ture of 15a (20 g) in CH,Cl, (150 ml), propionyl chloride (39.4 g, 5eq) and aluminum chloride (45.3 g, 4 eq) was stirred
at room temperature for 30min and then refluxed for 2h. The cooled reaction mixture was poured into ice/
concentrated HC! and extracted with CH,Cl,. The organic layer was washed with saturated NaCl, 2N NaOH, and
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then saturated NaCl, and evaporated. The residue (30.0 g) was immediately taken up in EtOH (200 ml) and 2N NaOH
(150 ml), and the mixture was refluxed for 30 min. The concentrated reaction mixture was diluted with water and
extracted with CH,Cl,. The residue (24.6 g) was crystallized from CH,Cl,~ether, giving the 5-propionyl compound
17e (10.930 g, mp 124—126°C, yield 44.2%) and another residue (14 g). This residue was mixed with dry pyridine
(80ml) and Ac,0O (50 ml), and left standing overnight at room temperature. The reaction mixture was concentrated
and extracted with CH,Cl,. The residue obtained from the extract was separated into two fractions using two columns
of Lobar B with hexane/acetone (4: 1) as the eluent. Recrystallization of the former fraction from ether—hexane gave
the 5-propionyl-2-acetoxymethyl compound (17e-2) (4.11 g, mp 67—70°C, yield 14.5%,). The later fraction afforded
the 6-isomer (10e-2) (9.10 g, mp 74—77 °C, yield 32.1%) upon recrystallization from the same solvent. Deacetylation
of these acetates with 2N NaOH afforded 17e and 10e, respectively, in quantitative yield.

7,8-Dichloro-5(and 6)-thenoyl-2,3-dihydro-1,4-benzodioxin-2-ylmethanol (17a and 10a)——Method B: A mixture
of 15a (3.0 g), thenoyl chloride (7.5 g, 4 eq) and aluminum chloride (5.2 g, 3eq) in CH,Cl, (100 ml) was stirred at room
temperature for 30 min, and then refluxed to 90 °C on an oil bath. The solvent was removed and the resultant mixture
was kept at the same temperature for 2.5h. A residue (9.50 g) was obtained by conventional work-up. A mixture of
the residue and 2N NaOH (50 ml) in EtOH (100 ml) was refluxed for 30 min, and then concentrated and extracted
with CH,Cl,. The residue was separated into two fractions by chromatography on a Lobar column B with CH,Cl,/
acetone (20: 1) as an eluent. The first fraction (1.99 g) was recrystallized from EtOH-hexane to afford the 6-thenoyl
compound (10a) (1.86 g, mp 113—114°C, yield 42%) and the second fraction (2.01 g) gave the 5-thenoyl compound
(17a) (1.985g, mp 122—125°C, yield 45%).

Compound 19b was prepared from 15a.

7,8-Dichloro-2,3-dihydro-1,4-benzodioxin-2-carboxylic acid (19a): mp 159-—161 °C (from CH,Cl,~hexane, yield
52.1%). Anal. Caled for CoHCl,0, (M, 249.057): C, 43.40; H, 2.43; Cl, 28.47. Found: C, 43.20; H, 2.55; Cl1, 28.57. IR
cm™': 3040, 1747, 1600, 1580. 'H-NMR (acetone-dg) 6: 7.88 (1H, br), 7.02, 6.80 (each 1H, d, J=9 Hz), 5.20 (1H, t,
J=3Hz), 4.70—4.23 (2H, m).

Ethyl 7,8-Dichloro-2,3,-dihydro-1,4-benzodioxin-2-carboxylate (19b): mp 92—94°C (from CH,Cl,-PE). Anal,
Calcd for C,; H,,Cl,0, (M, 277.111): C, 47.68; H, 3.64; Cl, 25.59. Found: C, 47.54; H, 3.72; C1,25.71. IR cm ~*; 1742,
1600, 1580. '"H-NMR §: 7.00, 6.72 (each 1H, d, J=8 Hz), 4.98 (1H, t, J=8 Hz), 4.67—4.17 (2H, m), 4.27 2H, q, J =
8Hz), 1.27 (3H, t, J=8 Hz).

Preparation of 5(or 6)-Acyl-7,8-dichloro-2,3-dihydro-1,4-benzodioxin-2(or 3)-carboxylic Acids (20—23) by Oxidation
of 5(or 6)-Acyl-7,8-dichloro-2,3-dihydro-1,4-benzodioxin-2(or 3)-ylmethanols (17, 10, 18 and 11)

General Procedure——Jones reagent (8 N chromic acid/sulfuric acid solution) was added dropwise to a solution
of a 2(or 3)-dihydrobenzodioxinylmethanol (17, 10, 18 or 11) (2.0g) in acetone (100ml) over a 2h period. (The
reaction solution was red immediately after the addition, and the reagents was added when the color turned green.)
The reaction mixture was allowed to stand overnight at room temperature. The excess chromic acid was decomposed
with MeOH, and the resulting precipitate was removed by filtration. The organic solvent of the filtrate was
evaporated off in vacuo, giving a solid, which was collected by filtration or extraction with EtOAc or CH,Cl,. The
collected solid or residue obtained from the extract was recrystallized from an appropriate solvent to afford the
corresponding 2(or 3)-carboxylic acid (20—23). See Tables XII, XIII and XIV.

Preparation of 5(or 6)-Aroyl-7,8-dichloro-1,4-benzodioxin-2(or 3)-carboxylic Acids (30—32)

General Procedure——A mixture of an ethyl S(or 6)—aroyl-7,8-dichloro-2,3-dihydro-l,4-benzodioxin-2(or 3)-
carboxylate (24—26) (1.5g), NBS (3.5¢eq) and benzoyl peroxide (230 mg) in dry CCl, (80 ml) was refluxed for 20 h.
The resulting precipitate was removed by filtration, and the solvent of the filtrate was evaporated off in vacuo at room
temperature. A mixture of the residue and Nal (3 g) in acetone (100 ml) was refluxed for 1 h. The resultant precipitate
was removed from the reaction mixture by filtration, the organic solvent was evaporated off, and the residue was
extracted with CH,Cl,. The organic layer was washed with aqueous Na,S,0;, then with water, and evaporated in
vacuo. Recrystallization of the residue from an appropriate solvent afforded the corresponding benzodioxin ethyl
ester (27—29). A mixture of the residue in 2N NaOH and THF or dioxane was heated at 70 °C for Smin, and then
allowed to stand at room temperature for 1 h. The reaction mixture was neutralized with aqueous HCI and diluted
with water, and then extracted with AcOEt. Recrystallization of the product from an appropriate solvent gave the
corresponding free carboxylic acid (30—32). See Tables XVI and XVIL
Preparation of S(or 6)-(2-Alkylacryloyl) Derivatives (33—-35)

1) 7,8-Dichloro-5-(2-ethylacryloyl)-2,3—dihydro-l,4-benzodioxin-2-carboxylic Acid (33b)——A mixture of the 5-
butyryl compound (20f) (1194 mg), paraformaldehyde (449 mg), and p-TsOH (710 mg) in dioxane (15 ml) was stirred
at 90°C for 27h. After completion of the reaction, the reaction mixture was concentrated and then mixed with
benzene. The acidic portion of the mixture was extracted into aqueous saturated NaHCO;, made acidic with aqueous
HCI, and extracted with benzene. The residue (1474 mg) was chromatographed on SiO, (30g) with CH,Cl,/ether
(9:1). The fraction obtained (748 mg) was recrystallized from isopropyl ether-hexane and afforded 33b (565mg, mp
142—143°C, yield 45.6%,). Anal. Calcd for C1aH,CLOs (M, 331.15: C, 50.78; H, 3.65; Cl, 21.41. Found: C, 50.60; H,
3.82; Cl, 21.33. IR cm™!: 3500—2800, 1765, 1630. 'H-NMR (acetone-dy) 6: 7.9—6.9 (1H, br, COOH), 6.97 (1H, s),
5.91,5.64 (each 1H, s), 5.25 (1H, t, J=3 Hz), 4.59, 4.37 (each 1H, dd, J=13,3Hz), 2.37 (1H, q, /=7 Hz), 1.06 (3H, t,

NII-Electronic Library Service



Vol. 36 (1988)

3418

L=r

9 ‘HE) €60 “(HTXT) STT—PL'T “9=r Y ‘HD 0£T ‘U=r 0091 ‘€691
1 ‘HD) 06T “(H?) v6'€ 02 “(HE) 11+—9% ¥ ‘(S “HI) L6'9 ‘00¥E “08S€ (z61°61€ "W) POD™HY™D 1T 10 00°H"D uoy
(areg #Sv  €0°19) (ouexoy
(8=r“ ‘HE) $6°0 ‘(W ‘HT) SL'T ‘(9= ‘HI) 0£°C ‘L=r YTET T9Y LIS ~Q%d-osD
9 ‘HT) 98°C ‘(HT) €6°¢ 2 ‘(W ‘HE) 80—ty ¥ ‘(S ‘HI) 969  S6ST ‘0691 “0bHE (191°50¢ ‘W) *ODTHED 78T 89—99 OD'H®O Jot
(az1c €Ty 6T0S) (suexay
(L=r 1 HE) L1'T (s ‘HE) 8561 8TIT ¥Tv  LYOS -093) (a183908-7)
01T “(L=r ‘b “HD) 06°C ‘(W ‘HS) 06'¢—L9'y ‘(S ‘HI) 00°'L “S6ST ‘8891 ‘THLI (s91°¢€€ ‘M) “OIDV'H"O €L—0L 0D°H®D 7901
(€rye 0ocy  0S°6h) (suexayopokd
(L=r 1 ‘HY) 6551 9%vT SI'v  IS'6Y —ouszZusy)
UL (L= D “HT) 06°C ‘(W “HI) 05'¢—0Lt ‘(S ‘HI) LOL o ‘S6ST ‘5891 ‘0TSE B€1° 167 ') YOUDYHD  0TE 001—96 0D°H*D 301
Lrze vL'e  T8'8Y) (suexay
0951 W 6L £6'8Y —oudzuag) (are1008-7)
(W ‘HE) 01°T (S “HE) 85°T ‘(W “HS) $6°¢—€9'v “(S ‘HI) LOL ‘0651 ‘0891 ‘ObLI 8v161€ ‘M) OO HTO 9%6—56 00fHD PO
(sssT OL'E thLY)
(L=r " ‘HD 6£7T (s 0$S1 65°ST  ¥9'€  89'L¥ (0tg-osp
‘HI) 09°C “(HT) v6'€ 2 “(W “HE) 01'v—Sb'v (S ‘HI) 01°L ‘8651 ‘0891 “09S€ 1Lz ‘W) O™ 98¢ €L—7TL 0DfHD 1]
(01's 9861 8I'E LYES)
(9=r " *HD 07T (HY) s6'¢ 22 “(HO) €€y s S86l o't 18'€S (01d-0sy) oo@
‘02 (W ‘HT) 110—9¢F (S ‘HI) 66°9 ‘(W ‘Hy) 80'L—08°L 0191 ‘991 ‘0tve  (891°LSE ‘W) TOAUD''H™D  Teg 011—601 | 301
(L=r 9" €T ‘HD $6S1 ‘6991
06'¢—€0¥ ‘(HE) €1'v—9tv (s ‘HID) 689 ‘(HS) 60'L—98'L ‘00VE “06S€ (o (157 no oo© q01
L=r9‘HD €17 ‘(W ‘HY) (1€6 50T 91 T98h)
$6°¢ ‘(W ‘HY) 0€p ‘(W “HI) 8T+—TL'€ (8 ‘HI) L6'9 (S=r 09SI 676 PS0T T6T IL8Y (053) 0D_S
9DHDLUL ‘O ‘s=r PP ‘HD S¥'L ‘(1 ‘S=r ‘PP ‘HI) €EL°L ‘0091 ‘0£91 ‘0THE (@sve ‘W) STOUD°'H™™D oS PII—¢11 /E L]
(DS 1D H o)
%) »(JUSA[OS)
¢ (F1DAD) YNN-H; (- o ([ofaN) A1 (PUnoD) porEs PIOIA .GOV du 1oy punodwio)

(%) sisAjeuy

SJOURY}OIA-Z-UIXOIPOZUG-}* [ -OIPAYIP-€ ‘Z-0IO[YOIP-8°L-[AOV-9 "X T8V

NII-Electronic Library Service



3419

No. 9

Sp-sucidoe uf (2 FDHO uJ (¢ Ad =1y wnsjonad ‘Qld-ost=10yle [Adoxdost ‘OUY = 15y10 [AY19 :JUsA[OS (P "ZH ur uaAlg a1e (r) siueysuod Jurdno))

(s ‘HE)
L0°T (W ‘HS) LOP—€LY (S ‘HID) €€°L (S ‘HI) €201 ¢

(w ‘HY) €8¢

—L0y ‘(W “HE) LIP—O0LY (S ‘HD) €€°L ‘(S “HI) 0£°01 &
(9=r 2 ‘HI) €£C ‘(HD €6°€

2 (HE) 80'v—¢v¥ “(0v ‘0C=r ‘PP ‘HI) 059 (S ‘HI)
$6'9 (0% ‘S0=r ‘PP ‘HI) LO'L (0T ‘S'0O=r ‘PP ‘HD) ¥9'L
(9=r Y ‘HI) §TT ‘(s “HE) 0¥'T ‘(HD) €6°€ p2

‘(HE) 80 v—¢by (s “HI) $8°9 (8=r ‘P ‘HTXT) TT'L ‘89°L

(HD) ¥T°T 2 “(s “HE) 8¢°T “(HY)

§6'¢ "2 ‘(HE) 60'v—bb ¥ (s “HI) 989 “(HY) €TL—T9'L
(9=r 1 ‘H1) 6£T (s ‘HE) 15T (HD

16 22 “(HE) LOY—Chy (s ‘HI) 16'9 “(HY) 90 L—L¥'L

(s “HD sLT “(HY) 06°¢ 2 “(HE)
LOY—9SY (s ‘H1) 96°9 (6=r P ‘HTXT) €S'L ‘SL'L o

(9=r 1 ‘HD ¢z7 ‘(HY)

v6'¢ 2 ‘(HE) 11'v—Sh v ‘(S “H1) £8°9 “(HY) ¥TL—SL'L

. (19 “H1) 6T

‘(H?) 26'¢ 02 ‘(HE) LOY—Tht ‘(S “HT) 00°L “(HY) 8€°L 02

(w ‘HI) 98'1—£L2°T ‘(W ‘“HY) €L'€—00

‘(s ‘HY) L1V ‘(W *HE) 00—Ly ¥ (s “HI) 06'9 (S “HS) €T°L
(HOD) T 1—S6°1 “(H1) 81'C p2

‘(H1) 0°¢ 2 (HT) ¢6'¢ 02 ‘(HE) 90'+—Cb v (s “HI) 789 ¢

8661

‘8LST “06ST ‘TELI

0951 “16S1

‘0L9T—0691 ‘0SPE

86ST ‘8491

‘001€ “0LTE—0TEE

7991 ‘09¢¢€
—0T¥€ ‘08S¢€ (g

$991 ‘0S€€
—O0ThE ‘08SE (¢
7991 ‘0S€€
—00VE ‘0LSE

€491 “(19) 0s¢€
—00bE ‘06S€ (

SS9T ‘0€S¢E
7891 ‘(19) oove
—0SHE ‘009€ (

T6S1

‘9091 ‘9891 ‘0TSE

0091 ‘0691

‘(19) 0LEE OLSE

(occz €T STLY)
veeT 0 vTLY
(1z1°50¢ ‘) “O%D°'HD
(68'9C 0Tc ovsh)
$6'9T LOE  99°SH
(920°€92 ‘A "OUDH"D
stz €1 vTI8)
SS'IT 90 60°1S
(er1°62€ ‘M) OTID°'H™™D

(b€'8C S0t ¥SIS)
V8T L6T EPIS
(1€9°¢LE 'W) YO IDM'H®™O

(600 L6C 6LLS)
80°0Z 00 18LS
(60Z°¢s€ ') TOUDTH D

(€cp)

14

08y

8'LT

6'8¢

8ty

vy

9'0¢

oy

€'LT

(09
26—06
(3d-09g
—3u0320Yy)

8CI—LTI
(suexay

—quozuag)
vi1—Clil

o

o

1o

I'o

(O%1d-os)
WI—h¥I

IO

(093)
TC—LI1

IO

(91e1008-7)
OOH

ODOH

00'HO_)

S01

S01

101

bor

dog

001

uo1

g

101

01

for

NII-Electronic Library Service



Vol. 36 (1988)

3420

(9=r ‘P ‘H9) 80'1 ‘(W ‘HI) LV'E

0851 ‘5891

(s “HT) SL°T “(HY) 06'€ 02 “(HE) €1'P—€9% (S “‘HI) €TL o (19) 00VE ‘009€ ¢ (s91°0€ ") TOUD™'H'D  8'9¢ o 0D HD-0s1 3L1
(L=r 9 ‘HE) (10cz 1Ly 11°18) (suexay
60 ‘(W ‘HY) Ly'1—88'1 “(9=r 1 ‘H1) 9€°C ‘(L=r 1 ‘HO ¥oeT 9v  LUIS —auazuog)
067 ‘(W “HY) 88°€—10% ‘(W ‘HE) 91 +—€Sy (S “HI) 6€°L  SLST ‘SS9 ‘OLYE (so1°s0€ ‘) *OUDT'HED 89 811—911 OD'HD YA |
(9517 STv 6T°0S)
(8=r 1 ‘HE) 60'1 (s ‘HE) 8TIT ¥t LYOS (suexoy) (a1€1908-7)
€0°C “(8=r ‘b *HT) 96°C ‘(W “HS) L1+—€L Y ‘(S ‘HD ¥E'L »  08ST “SLIT ‘0ELI (SL1°€EE ‘W) *OTID'H™D 9.—SL O0O°H® 7L
8svT LIV 9¢6h)
(8=r ‘1 ‘HE) 80°1 (s ‘HD LL'T ‘(8=r D ‘HD) 86C 9€vyT STt 1S°6Y (suszuag)
‘(W ‘He) $8°€—96¢ (W “HE) €TH—S9% ‘(S ‘HI) ¥€'L »  S8ST ‘SLIT “08¥E (8€1°16Z 'W) POUDT'™HY'D 009 821971 0D°H®D LT
11z 8¢ 698k (suexay
7851 Wi 6L'E T8 —dudzuag) (s183908-7)
(w “He) 11°C (s “HE) 95°T ‘(W “HS) 20 +—6S+Y ‘(S ‘HD vv'L  ‘T99T ‘S89T “0SLI (8p1°61€ 'W) “OYO'HTD 1L—69 OD'HO  T-PLI
SrsT ¥9¢  €S°LY)
(L=r Y ‘HD LyT (s 0561 6S'ST  v9€  89Lb (0%d-osn)
‘He) LST “(HT) 96'¢ P2 (W “HE) 81 +—9S% (S “HI) Sv°L  “08S1 ‘€891 ‘00S€ (1rLLe 'm) POUD'"HYD  9'6¢ Z01—101 0DHD pLI
(L=r 9 HI) ££T UL=r 0191 ‘s891 oo@
1 “HY) L8€ ‘(HE) 00'v—Th ¥ (s ‘HD) €T°L “(HY) ¥6'9—LLL ‘08€€ ‘06S€ ¢ (TLI'LSE ‘W) "OJIDM'H®D  v6b 1o | A
(8607 9L€ $S9S)
(L=r 9 ‘HI) $TT (W ‘HY) TSt 1607 LS 9995 (suozuag)
68°¢ P2 (W ‘HE) €0'—by ‘(5 ‘HI) LO'L ‘(HS) €TL—EY'L ‘0651 “EV9L “0EVE (z81°6€€ ‘W) TOUD*'H®D  O'SH 651—8S1 ou@ qLr
(L=r9HD SLT(9=r P ‘HI T6°€ (Q1'6  LE0OT vOE 6L'8Y) (suexay
(W ‘HE) 90'y—16% (s ‘HI) ¥1°L “(S¥ ‘S'S=r ‘PP ‘HID) 7861 ‘0€91 626  ¥SOT T6T L8P -0494) 0D S
€L S ‘S'1=r PP HI) TS'L (S°S ‘S'1=r PP ‘HI) SL'L  ‘(1Q) 0EpE—08¥E  (POT'SYE W) STOTDYHYD LSy LET—9E1 /D eLY
S D H D .
% H(JUSA[O
¢ (f1DAD) YNN-H, ;- wo (fofaN) A1 (PUno) parED m_aw ¢ Muov M% Aoy punodwo)

(%) sishreuy

S|OURYIAWA-Z-UIXOIPOZUSG-p* [ -OIPAYIP-€ ‘T-0I0[YAIP-§°L-}AOV-G "X dT8VL

NII-Electronic Library Service



3421

No. 9

p-oucioe ul (2 FIOHD Ul (¢ Fd=40Y1e wnajonad 1FOOV =21eI00E K10 ‘OId-0s! = 15710 1Adoadost ‘04 = 19y18 [KY12 JusA[og (P

(s ‘HE)
LOT (W HS) LT'—€LY (S ‘HI) OF'L (S “H1) STOI o

(w ‘H7) L8°€

—L0'p (W ‘HE) STH—LLY ‘(S ‘HD) 0¥'L ‘(s ‘HI) 0£°01 o
O=r1HD ¢v'7 S=r 1 ‘HY €6¢

‘(HE) 90'v—¢tv (0t ‘0T=r ‘PP ‘HI) 959 ‘(0 ‘SO=r
‘PP “HD €1°L ‘(S *HI) L1'L (0T ‘S’0=r ‘PP ‘HI) L9'L
(9=r 1 *HD 0£T ‘(s ‘HE) 0T “(HT) 68°€ v2

(HE) 66'€—6€+ (s ‘HI) €0°L “(8=r ‘P ‘HTXT) TTL ‘89°L

(HD 1€°C 92 (s ‘HE) 6€°T “(HY)
06°€ 22 ‘(HE) 86°¢—6€ ¥ (S ‘HI) S0°L “(HP) €TL—19°L

(s ‘HE) 9T ‘(19 “H1) £€T—9°C “(HD)

68'¢ w2 ‘(HE) T0v—<'y ‘(5 ‘HD 11°L “(HY) 81°L—6b'L
(s *H1) ¥L°C ‘(HY) $8°¢ 2 “(HE)

L6'€—0Sy ‘(s ‘HI) TI'L (6=r P ‘HIXT) TS'L ‘8L ¢

(9=r 9 HD L1'T ‘(HD
68°¢ 0 ‘(HE) €0v—9¢¥ (s ‘HD) LOL “(HY) TTL—EL'L

9=r1*HD TTC
‘(HT) $8°¢ w2 “(HE) L6'S—LEY ‘(S ‘HD) 6T°L “(HY) 95°L 02

(s ‘HI) L7 “(w ‘HY) L8'E D2 (S

‘HO) 9¢F ‘(W “HE) v1+—99% (s ‘HS) TTL (S “HI) LTL o
(H8) 65 1—98°1 ‘(s ‘H1) 68°C ‘(w

‘HI 0L°¢ “(HT) 88°¢ 02 “(HE) ¥1'+—€9% “(S ‘HI) vT'L (-
(L=r

9 'HE) 060 (HTX ) ST T—6L'1 “(O=r Y ‘HI) 0€T “L=r
1 *HT) 6°C ‘(HY) S6°€ 22 “(HE) SIP—¢€Sy (S ‘HI) 0b'L

08ST ‘8L91 ‘8SLI

$8ST ‘0891 ‘Opve

09¢1

‘88ST ‘TH9T ‘08TE

09971 ‘09¢€€
—O0TIYE ‘08SE

7991 ‘0S€€
—O0TVE ‘0LSE ¢

0991

‘(19) 0SEE—0IYE (g

091 “(19) 0s¢€
—00¥E ‘065€ (@

0991 “(19) 0s€€
—00vE ‘09S€ (g

SL9T ‘0S€€
—0SYE “009¢€ ¢

SLST ‘OL9T ‘08vE
78ST ‘00L1
‘00VE ‘065€ (o

8LST ‘€991 ‘00S€

(66CC 97°¢  90°Lb)
YTET 0 vTLY
(1z1°50€ ") *OTID°'HD
(L9°9T 61€  8S'SH)
$6'9T LOE  99°SH
¥80°€97 W) *OYID°H"D
8L1T  61¢  STIS)
§S'IT  90°€  60°IS
(ev1°62€ ‘W) *OD'HT'D

Sy or¢ €1°19)
LY'8T L6T €IS
(1€9°¢L€ “W) PO DM'H®D

(€861 80t 86LS)
80°0¢ 00 18°LS
(60T°¢s€ ‘W) *OYIDT'HLD

wizere ‘W) YO0 'HD
(Lecz S8y €5°T9)
W SOS 89T
(To1°61€ "W) *OUD°'™HYD

02)
vee

oLy

| %4

6°0¥

0°8¢

99

0'1¢

vis

01T

€8

I'LT

(093
—ou01a0Y)

wi—opl

(3d-093)

001—66
(suexay

—ouazuag)
SvI—¢evl

o

1o

L{e]

1o
(suexoy
~Q%d-0sT)
86—96

1{0)
(suexay
—1H0%V)
161—8%1

o
(suexay
—Q%g-osi)
18—08

(a183008-7)
OOH

000
h

00°H"D

TSLT

SLT

1Ly

bL1

dsy

oLl

uLy

Wy

LT

ALT

L

L7A

NII-Electronic Library Service



Vol. 36 (1988)

3422

9p-auojoe U (0 fDHD Ul (¢ Fd =10yl wndjonad ‘QHg = 10412 [KY)d JUSA[OS v

(L=r

HE) ST'T “(L=r P ‘HY) €6'T ‘L=r 1 ‘HD L¥T—€9T
‘(W “HY) 08°€—S0'p ‘(W ‘HE) L1I+—09t ‘(S ‘HI) Ov'L
(p=r ‘P ‘HT) 89% ‘(W

‘HE) 91v—L9F ‘(S “HI) €1°L “(S'¥ ‘S'S=r ‘PP ‘HI) LT'L

9LST ‘8991 ‘0TS¢

891

S ‘S'T=r ‘PP ‘HD +9°L “(S'S ‘s'1=C ‘PP ‘HI) $6'L (> ‘(1Q) 00VE—0SYE (@

(L=r“‘HO
$6°0 ‘(W ‘HY) 05 1T—06'1 ‘(L=r V ‘H1) 07T “(L=r I 'HO)
98°7 ‘(W1 “HY) £8°€—¥6'€ ‘(W ‘HE) 60v—E€S v ‘(S ‘HI) 869

(L=r 9 HE) LT'T (L=r Y ‘HD 00T (L=r ‘D ‘HT)
L8°T ‘(W ‘HY) LS'€—L9°€ ‘(W ‘HE) LOP—SSy (S “HI) 00°L

(9=r 1 ‘HD) €07 “(H?) 68°¢ 22 ‘(W ‘HT) 61+—9S¥

‘W HD 21—$9p (s “HI) 00°L (W ‘Hy) 86'9—08'L

(1q “H1) €9°7—L6'C ‘(W ‘HT) 8L'E—€6€

‘(W “HE) LTP—O0LY (s “HI) 16'9 ‘(W ‘HS) LEL—LS'L ¢
(L=r " ‘H1) 07T (u

‘HY) 00'v—LL'E ‘(W “HE) 8S+—€1'y ‘(S ‘HI) $69 (S=r
VHD OT'L ‘(1 ‘S=r ‘PP ‘HD) s¥'L ‘(1 ‘s=r ‘PP ‘HD) €L'L

0691 ‘(19) 0L€€
—O0LYE ‘009€

SSST
‘86ST ‘8891 ‘00€E

LO9T ‘0S9T ‘0€SE

8651
‘TT9T ‘SL¥E “STse

ovrvc vIv
9¢vT  SIY  IS6h
(€116 ‘M) TOUDU'HED

(Syve
9EYT 0¢Y  IS'6h

(€1 16T W) YOUDT'HED
ov's L661 VpI'E
€S S861 01t 18€S
(891°L5€ ‘W) *OA4D' ' H'O

(zs1°6£€ ") YODF'HO
(0z6 S€0T T0€
676 ¥SO0T T6T IL8P
(Z'sve *'m) STOUD'HD

q81

€81

a1

PIT

Ml

qm

el

¢ (f1DAD) YNN-H;

;- ud (ToMmN) A1

DS D H D

(punoy) pored
(%) sishjeuy

punoduio))

S[ouBY}oWI[A-€-UIXOIPOZUIQ-H* [-OIPAYIP-¢ ‘T-010[YIP-§°L-[AOV-9 Pue - 'IX

ST6%)
Hd-0499)
11—l ($) 0O°H®
()
0O.S
10 1
1o (9) 0O'HD
1Ty  0T6h)
(34-099)
98—+8 (9) OO°H®
79°¢S) 9)
(043) 004)
601—801 d
9)
110 ou@
63°8) 9
(Hd-04939) 0D.S
6€1—LE1 ]
©(3USA[OS) £
©O,) dw v
g14v ],

NII-Electronic Library Service



No. 9 3423

J=THz).

7,8-Dichloro-5-(2-methacryloyl)-2,3-dihydro-1,4-benzodioxin-2-carboxylic Acid (33a): mp 160—162°C (from
benzene-hexane, yield 32%). Anal. Caled for C;3H,,CL,O5 (M, 317.132): C, 49.24; H, 3.18; Cl, 22.36. Found: C,
49.39; H, 3.36; Cl, 22.06. IR cm~': 3500—2300 (br), 1765, 1635, 1622. 'H-NMR (acetone-d,) 6: 9.4—8.3 (1H, br),
6.98 (1H, s), 5.64 (1H, m), 5.26 (1H, t, J=3Hz), 4.59, 4.35 (each 1H, dd, /=13, 3Hz), 1.92 (3H, d, J=1.5Hz).

7,8-Dichloro-6-(2-methacryloyl)-2,3-dihydro-1,4-benzodioxin-2-carboxylic Acid (34a): mp 155—158 °C (from
isopropyl ether-hexane, yield 21%). Anal. Calcd for C,3H,,Cl,0, (M, 317.132): C, 49.24; H, 3.18; Cl, 22.36. Found:
C, 49.35; H, 3.46; Cl, 21.82. IR (CHCl;) cm ™ ': 1754, 1710, 1560. '"H-NMR §: 8.53 (1H, s, COOH), 6.76 (1H, s), 5.99,
5.52 (each 1H, s, =CH,), 5.03 (1H, t, /=3 Hz), 4.63—4.22 (2H, m), 2.02 (3H, s).

7,8-Dichloro-6-(2-ethylacryloyl)-2,3-dihydro-1,4-benzodioxin-2-carboxylic Acid (34b): mp 134—135°C (from
isopropyl ether—hexane, yield 40%,). Anal. Calcd for C,,H,,Cl,0, (M, 331.15): C, 50.78; H, 3.65; Cl, 21.41. Found: C,
50.65; H, 3.56; Cl, 21.85. IR cm™*: 3500—2800, 1760, 1650. 'H-NMR (acetone-ds) &: 8.00-—5.30 (1H, br, COOH),
6.83 (1H, s), 6.00, 5.60 (each 1H, m), 5.27 (1H, t, J=3 Hz), 4.66, 4.42 (each 1H, dd, J=13, 3Hz), 2.42 2H, q, /=
7Hz), 1.11 (3H, t, J=7Hz).

7,8-Dichloro-6-(2-ethylacryloyl)-2,3-dihydro-1,4-benzodioxin-3-carboxylic Acid (35): mp 187—189°C (from
AcOEt~benzene), yield 47%. Anal. Calcd for C;,H,,Cl,05 (M, 331.15): C, 50.78; H, 3.65; Cl, 21.41. Found: C, 50.66;
H, 3.60; Cl, 21.49. IR cm ™ !: 3600—2200 (br), 1710, 1650. *H-NMR (acetone-dg) §: 7.6—6.9 (1H, br, COOH), 6.93
(1H, ), 6.01 (1H, t, J=1.5Hz), 5.63 (1H, s), 5.16 (1H, t, J=3Hz), 4.75, 4.53 (each 1H, dd, J=13, 3Hz), 2.43 (2H, q,
J=7Hz), 1.12 3H, t, /=7 Hz).

Optical Resolution of Racemic 7,8-Dichloro-5-propionyl-2,3-dihydro-1,4-benzodioxin-2-carboxylic Acid (20e)

1) A mixture of 20e (3.0 g) and SOCI, (6 ml) in dry benzene (20 ml) was refluxed for 1.5h and then the reaction
mixture was evaporated to dryness. The resulting residue was dissolved in dry dioxane (20 ml), and then the solution
was added to a mixture of D-(—)-phenylglycinol (1347 mg, 1.0eq) and triethylamine (1191 mg, 1.2eq) in dry dioxane
(20 ml). After being stirred at room temperature for 2 h, the reaction mixture was concentrated and mixed with 1 N
HCI and benzene. The resulting precipitate was collected by filtration and recrystallized from benzene, giving a
diastereomer (36a) (1058 mg, mp 122—123°C, yield 25.4%). The mother residue was mixed with the above filtrate
and the mixed filtrate was extracted with benzene. Chromatography of the residue (2.90 g) on a Lobar column B with
hexane/AcOEt (1:1) gave two fractions. Recrystallization of the first fraction (606 mg) from benzene provided 36a
(564 mg, mp 122—123°C, total yeild 38.9%;). The later fraction (1739 mg) was recrystallized from benzene and
afforded another diastereoisomer (36b) (1513 mg, mp 127—128 °C, yield 36.2%).

36a: [a]p —62.5°+0.7 (c=1.4, EtOH). Anal. Caled for C,oH,,Cl,NO, (M, 424.288): C, 56.62; H, 4.51; Cl, 16.71;
N, 3.30. Found: C, 56.41; H, 4.39; Cl, 16.51; N, 3.30. IR cm ™": 3400, 3370, 1680 (sh), 1670. 'H-NMR (acetone-d;) 6 :
7.40-—7.23 (6H, m), 5.13—4.93 (2H, m), 4.03 (1H, t, J =6 Hz), 3.80 (2H, d, J=6 Hz), 2.93 (2H, q, /=7 Hz), 2.75 (1H,
s), 1.07 (3H, t, J=7Hz).

36b: [a]p +35.2°+0.8 (c=1.0, EtOH). 4nal. Caled for C,oH,,CLLNQ, (M, 424.288): C, 56.62; H, 4.51; Cl, 16.71;
N, 3.30. Found: C, 56.49; H, 4.45; Cl, 16.85; N, 3.31. IR cm ~*: 3500, 3265, 1681, 1668, 1657. 'H-NMR ¢ : 7.43—7.09
(6H, m), 5.20—4.86 (2H, m), 4.70—4.20 (2H, m), ca. 3.94 (2H), 2.89 (2H, q, J =7 Hz), ca. 2.45 (2H), 1.10 (3H, t, J =
7 Hz).

2) (—)-7,8-Dichloro-5-propionyl-2,3-dihydro-1,4-benzodioxin-2-carboxylic Acid (37a)——A mixture of 36a
(1525 mg) and 2~ H,S0,/dioxane (12 ml) was heated at 90 °C for 1.5 h. The cooled reaction mixture was diluted with
water, and extracted with AcOEt. The acidic portion of the mixture was extracted into saturated NaHCO;, made
acidic with aqueous HCl, and extracted with AcOEt. Recrystallization of the product (839 mg) from AcOEt gave an
optically active compound (37a) (674 mg, mp 236 °C, yield 61.5%). [¢]5® —83.5°+0.5 (c=2.5, EtOH). Anal. Calced for
C,,H,,Cl,04 (M, 305.121): C, 47.24; H, 3.30; Cl, 23.24. Found: C, 47.05; H, 3.43; Cl, 23.24.

3) (+)-7,8-Dichloro-5-propionyl-2,3-dihydro-1,4-benzodioxin-2-carboxylic Acid (37b)}——Compound 36b (1462
mg) was hydrolyzed with 2N H,SO,/dioxane (12ml) and afforded another optically active compound (37b) (640
mg, mp 236 °C from AcOEt, yield 60.9%) [a]5* +83.8°+0.5 (c=2.5, EtOH) as in the above procedure. Anal. Calcd
for C;,H,,ClL,05 (M, 305.121): C, 47.24; H, 3.30; Cl, 23.24. Found: C, 47.18; H, 3.41; Cl, 22.77.

Diuretic Effect Diuretic Effect on Rats: Slc: SD 8-week-old rats (males, weighing about 250 g each) were used
for the test. On the morning of the day before the test, a few lumps of sugar were given in place of the ordinary diet,
and 59, glucose solution was given orally at a rate of 20 ml/kg on the afternoon (approximately at 4 p.m.). On the
morning of the test, the sample was prepared by suspending or dissolving a test compound in 2% gum arabic and
orally administered at a dose of 20 ml/kg. The control group was given an oral dose of 2% gum arabic alone at
20 mi/kg. Immediately after the administration, the test animals were put in plastic cages for the metabolic tests and
urine samples were collected for 5h. The cumulative urine volume, urinary sodium, and urinary potassium were
quantitatively determined.

Diuretic Effect on Mice: Slc:ddy S-week-old mice (females weighing about 20 g each) were used for the test.
From the morning of the day before the test day, the mice were made to fast but were allowed water. On the morning
of the test, the sample was prepared by suspending or dissolving a test compound in 2%, gum arabic and then orally
administered to each animal at 30ml/kg. The control group was given an oral dose of 2% gum arabic alone at
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30 ml/kg. Immediately after the administration, the metabolic tests were conducted and urine samples were collected
for 4h. The cumulative urine volume, urinary sodium, and urinary potassium were quantitatively determined.
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