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Abstract: The aromatlization process of g, 8,8, §'-tetraoxo-
alkanedioates, which were synthesized by the BFS—promoted
Claisen condensation, was examined.

Poly ketides are one of the important intermediates in the biosynthesis of
naturally occurring aromatic compounds. It is consfidered that the intramolecular
condensation of these linear molecules constructs the aromatic nuclei.l) wWe have
been studying a new synthetic method of aromatics, which consists of the Clajisen-
tvpe condensation of dicarboxylic acid derivatives with acetoacetate dianion and
the aromatization by the intramolecular condensation of the g, 8,8, 8'-tetraoxo-
alkanedioates (Scheme 1). The methodology turned out to be useful for the
synthesis of linear volycyclic aromatic compounds such as anthracenes, naphthacenes,
or pentacenes starting from glutaric acicd derivatives.z' 3) when we started the
work only a few examplesd) of this type of the arene synthesis were known, and

5)

~he aromatlzation procedures of the polyketo esters had to be estapblished. In

tnis report, we wish to descripe our results of the studies on the intramolecular

condensation reactions of s.s'.c.6'—tetraoxoalkanedioates.a) which are synthesized
by a novel BFa-promoted Claisen condensation of acetoacetate dianion.7) The scope
and the limitation of this Claisen reaction are also included,.
condensation  § S condensaton QS
CCOX L CO,Me é,jcozm
————————e- e —————
CO,M
cox CO,Me 2Me
o o Scheme 1

At first, succinic acid derivatives were selected as the precursor of the
8)

20

tertiary amides reacted with organolithium compounds quite effectively, tertiary

tetraoxoalkanediocates. Since we were aware that, in the presence of BF3'0£t

amide of succinic acid was chosen as the substrate. The BFa—promoted Claisen

condensation of N,N,N',N'-tetramethylsuccinamide (1) with 1fthium sodium
4767
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dianion proceeded smoothly, and the crude product was treated with 1M hydrochloric
acid at r.t. for 3 h for the aromatization. The expected 7-hydroxy-6-methoxy-
carbonyl-5-methoxycarbonylmethyl-1-indanone (2) was obtained in 67% yield

(Scheme 2).

o)
-BF,
)\,COQMO 3 0 O 1M HCI (o} OH
CONMe, < = CO,Me b@:ozm

C02 Me

CONMe, THF, -78°C 0 COzMe rt. 3h

(0]
1 Scheme 2 2 67%

N,N,N' ,N'-Tetramethylglutaramide (3) was also treated with the dianion. The
six-membered ring formation, however, did not proceed under the acidic (pH 1) or
basic (pH 10) condition. The aromatization occurred only in neutral region, and
8-hydroxy-6-methoxycarbonyl-7-methoxycarbonylmethyl-1-oxo-1,2,3,4-tetrahydro-
naphthalene (4) was isolated in 53% yield at pH 4 for 3h; 61% yield at pH 6
for 3 h, and 25% at pH 8 for 3 h (Scheme 3). It is considered that the cyclo-

hexenone formation requires both acidic and basic species wich activate carbonyl

and active methylene groups, respectively.

o) 0 0 O OH
_X_COMe BF; CO,Me PH 4 CO,Me
oonve: %3 CO,Me | rt,3h CO,Me
CONMe, 78 2
THF, -78°C 4 g
3 Scheme 3

The attention was next turned to the seven-membered ring formation. The BF3-
promoted Claisen condensation of N,N,N',N'-tetramethyladipamide (S) gave dimethyl
3,5,10,12-tetraoxotetradecanedioate (g), which was isolated by silica gel chromato-
graphy (71 % yield). Since 6 did not aromatize by simply adjusting the pH of the
agueous solution, the effect of the metal salts was examined. Of various salts
tested, Mn(OAc)2-4H20 was found to catalyze the reaction in refluxing methancl,
and l-hydroxy-2-methoxycarbonyl-3-methoxycarbonylmethyl-9-0x0-6,7,8,9-tetrahydro-
SH-benzocycloheptene (7) was obtained in 40% yleld. Interestingly, other
manganase salts such as MnC12-4H20, Mn(NO3)2-6H20. Mn(acac)z, or Hn(H2P04)2-4H20
was not effective at all. The yield was raised to 78% with Ca(OAc)2 (Scheme 4).

o BF. O O O OH
CONMe, AL COMe =P CO,Me Ca(OAc), CO,Me
CONM CO,Me  MeOH COzMe
62 _7q° 2
THF, -78°C g vy 7 e
5 6
71% Scheme 4

As a model for the aromatization process of polyketides, the reaction was
examined further. The effect of the solvent and metal acetate are summarized
in Table 1. In general, alkali or alkallearth metal acetates gave good results.
Several transition metal acetates such as Mn{(II), Co(Il), or Ni(ll) were also
effective. An interesting solvent effect was cbserved. Sodium, potassium, or
zinc acetate promoted the reaction in methanol or water, and were not effective
in acetic acid. Wwhile Ni(I1) or Co(Il) acetate catalyzed the reaction in acetic
acid. Presumably, the requirement of both acidic and basic species is playing
an important role in these phenomena. It was also noted that the use of the
protic solvents was essential and 7 was not detected in methylene chloride, THF,
or toluene with Mn(OAc)z. Although we are not fully able to explain these results,
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Table 1. The Effect of Metal Acetate and
Solvent on the Aromatization of 6.

O O O OH
M(OAc
CO,Me (OAC), CO,Me
CO,Me
g CO,Ms solvent, 80°C, 3h
6 7
Yield of 7 (%)%
”(OAC)\\\\SOIVGHt methanol water acetic acid
n
NaQAc 47 35 _
KOAc a2 ag —_
ﬂg(OAc)2 8 18 30
Ca(OAC)2 78 31 41
Ba(OAc)2 54 38 21
Mn(OAc)2 40 39 ag
Co(OAc)2 8 33 15
Ni(OAc)2 — —_— 63
Cu(OAc)2 —_— —_ 26
Zn(OAc)2 9 15 —
Cd(OAc)2 19 21 22

none — p—— —_—

a) When 7 was not detected, they are shown by —.

the use of Ca{OAc)2 in methanol gave a satisfactory result from the synthetic

standpoint of view, and it was used in the synthesis of polycyclic aromatic

compounds.e’ 3)
N,N,N' ,N'-Tetramethylheptanamide (8) and octanamide{1Q) were also subjected

to the Claisen condensation, and the corresponding tetraoxoalkanedioates 9 and

11 were isolated in 69 and 43% yields, respectively (Scheme 5). However, 9 and 11

did not aromatize under various reaction conditions.

o o 0
—*; CO;Me - BF, CO,Me

CONMe,
{CHalq SN CO,Me
o 0

r
(CHalo~~ conme, THF, -78°C
n= = o,
10.(1-3) Scheme 5 " (na3) 4
As the BFa—promoted Clalsen condensation worked well for the synthesis
of 8,8',8 ,8'-tetraoxoalkanedioates, the reaction was examined in detail. As shown
in Table 2, various 3,5-dioxoalkancates were obtained by the treatment of tertiary
amides with acetoacetate dianion in the presence of the Lewis acid. The method
is also applicable to esters {(Table 3), although amides gave a higher yield of
the products. In conventional method, ester exchange or hydrolysis of the
products were observed for certain substratea.7) However, these by-products
were not detected in the present reaction.

In spite of the use of the Lewis acid, ethylene acetal was not affected.
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Table 2. Synthesis of 3,5-Dioxocalkancates from Tertiary Amides.

0
J_CO,Me - BF;

0O O
RCONRR" A COMe
THF, -78°C
Amides Yields (%)

CH,CONMe,, 77
n-C.H, CONMe, 73
n-CgH, ;CONMe , 74

Ph(CH, ) ;CONMe,, 85

Ph(CH, )3CON:] 57

CHaBC{)(CHZ)ZCONMez 62

e
PhCONMe , 84

!
0”~ CONMe , 77
i

s 7~CONMe , 86

Keto acetal 12, synthesized from N,N-dimethyl-4-oxopentanamide, was treated with
acid for the deprotection. The intramolecular condensation proceeded under the
aclidic condition, and 2-(2-methoxycarbonyl-l-oxoethyl)-3-methyl-2-cyclopentenone(13)
was obtained (70% yield) as shown in Scheme 6. Cyclopentenone 13 existed as a
mixture of keto- and enol-tautomers {n CDC13. The treatment of 2-(5-methoxy-

o 0 0 o
Or—‘o 1M HCl C02M9 COQMG
)\/YY‘(;OzMa 9] I
O O
12 rt., 3n Scheme 6 13 70%

carbonyl-2,4-dloxopentyl ¥2-nonyl-1,3-dioxolane with 2M HCl at r.t. gave 2-methoxy-
carbonylmethyl-6-nonyl-4-pyrone. It was reported in a literature that the acid
treatment of 3,6,9-trioxodecancate resulted in the pyrone and not the benzoate.g)
After the examination of the reaction conditions, the presence of sodium
perchlorate was found to give the carbon-carbon bond formation product in acetic

acid, The examples of the synthesis of benzoates from dioxcacetals are shown

in Scheme 7. HO
NaClO,
Or—\o O 0 O QCO? Me
W CO,Me
H R
R AcOM, rt, 2h O
R=nCgH,g 53%
= Ph(CH,) 49%
NaCiC, OH 212
o 09 © ¢ MeO,C =C,Hg(CH;)CHCH,  65%

G)’\)\,COzMe = CH,=CH(CH,), 34%
ACOH, rt., 2h OH

Scheme 7 54%
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Table 3. Synthesis of 3,5-Dioxocalaknoates from Esters,

&)
M _co,Me - BF;

O O
RCO,R' aAA CO-Me
THF, -78°C
Esters Yields (%)
n-C5H11CO2Et 44
n~C9H19C02£t 50
PhC02Et 72

!
L co,re o
i
[:]‘COQEYZ 52

n‘cgﬁlg-p;cnzcozne 71
00
| -
Ph(CHz)zprCH2C02Me 55
00
b 43
02H5(CH3)CHCHQBCECHQCOQMe
[
CH2=CH(CH2)28pSCH2002Me 45
L2
CICHECOZHe 43
CH3CHC1C02He 74
n—C3H7CHBrCO2Me 56

| —
00
é.—cozz, 81

As the present BFa-promoted Clalsen condensation proceeds under mild reaction
conditions, halogen was also not affected. 6-Halo-3,5-dioxoalkanocates were
obtained from a-haloesters in good ylelds (Table 3). In contrast, the reaction of
a-haloesters with acetoacetate dianion at 0 °C in the absence of the Lewis acid
gave a complex mixture., With DBU in methylene chloride, 6-~halo-3,5-dioxoalkanoate
was converted to 2-alkyl-3(2H)-furanone by the intramolecular alkylation {Scheme 8).

o]
o o DBU
R AL CO;Me “-?;‘5\« CO Mo
X CH,Cl,, rt.,2h
R=H X=Cl 61%
Me Cl 74%
Scheme 8 n-Pr Br 80%

A variety of 3,5-dioxoalkancates are synthesized by employing the present
method starting from amides or esters. The reaction, however, is not quite
effective for rather hindered substrates. For example, the treatment of N,N-
dimethyl-o-(N,N-dimethylcarbamoyl jphenylacetanide with dianion in the
presence of BFS'OEt2 gave N,N-dimethyl-{o-N,N-dimethylcarbamoylphenyl 3,5~
dioxohexanamide (14) in 49% yield (Scheme 9). While, the reaction of the
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corresponding diester with acetoacetate dianion in THF-HMPA at r.t. in the absence

of BF3 gave the dual condensation product, which was converted to the anthracene

2, 3)

derivatives by the {ntramolecular condensation. In spite of the drawback,

the Lewis acid promoted Claisen condensation is useful; it proceeds under mild

reaction conditions, which minimize the formation of the by-products — hydrolysis
or ester exchange — and it tolerates the sensitive functional group such as
halogen. 0 BF

AL CO,Me 3 CONMe,

CONMe, - - O O
CONMe, . CO;Me
THF, -78°C
14 49%
Scheme 9

In summary, several g,g',y,y'-tetraoxoalkanedioates were synthesized by the
BF

acetoacetate dianion. The aromatization of the polyketoesters was examined and

3—promoted Claisen condensation of N,N,N',N'-tetramethylalkanediamides with

metal acetates were found to catalyze the i{ntramolecular condensation effectively.
The scope and the limitation of the Lewis acid promoted condensation reaction was
also studied.

EXPERIMENTAL

NMR spectra were obtained on a JEOL JNM-FX-60. Chemical shift values are
given in ppm relative to internal Me,Si. IR spectra were recorded on a Shimadzu
IR-408. High resolution mass spectra were taken with JEOL JMS-DX-300. Distilla-
tions were performed by Kugel-rohr using Shibata Glass Tube Oven GT0-250, and
bath temperatures were recorded. Melting points were not corrected. Chromato-
graphies (silica gel) were conducted on Wako gel BSF or C-200 (Wako Pure Chemical
Industries LTD.).

7-Hydroxy-6-methoxycarbonyl-5-methoxycarbonylmethyl-1-indanone (2). Under a
nitrogen atmosphere, methyl acetoactate (290 mg, 2.5 mmol) in THF (2 ml) was added
to a suspension of sodium hydride (66 mg, 2.75 mmol) in THF (1 ml) at O °c.
After 10 min, a hexane solution (1.6 ml) of n-butyllithium (2.5 mmol) was added,
and the mixture was stirred for 10 min at O °C. On cooling to -78 °C, a THF (2 ml)
solution of N,N,N',N'-tetramethylsuccinamide (1) (50 mg, 0.3 mmol) and BF,-OEt, (0.4
ml, 2.9 mmol) were added successively. The mixture was slowly warmed to 8 °c %or 1
h, and 1M hydrochloric acid was added. After stirring for 3 h at room temperature,
organic materails were extracted with ethyl acetate, washed with aqueous sodium
bicarbonate and brine, dried over sodium sulfate, and concentrated. The residue
was chromatographed over silica gel with ethyl acetate-benzene to give 2 (37 mg,
67%). NMR (CDCl1,) & 2.5-2.8 (2H,m), 3.0-3.2 (2H,m), 3.69 (3H,s),,3.85 TeH,s), 3.02
(3H4,s8), 6.81 (1H,s), 10.91 (1H,s). IR (KBr) 1740, 1700, 1610 cm ~. Exact mass
calcd for C H1 O.: 278.0789. Found: 278.0763. Mp 129-131 °C (ether-hexane).

8-Hydr&§y—g—aethOXycarDOnyI—7—methoxycarbonylmethyl—1—oxo-1,2,3J4—tetrahydro-
naphthalene {4). Synthesized as above except that the reaction mixture was
treated with IM hydrochloric acid and 1M aqueous sodium hydroxide to pH 4.
H-NMR (CDCl.) ¢ 1.9-2.3 (2H,m), 2.60 (2H,t,J=6Hz), 2.83 (QH,t,J=6Hz), 3.70 (5H,8),
6.66 (1H,s)y 13.04 (1H,s). IR (KBr) 1730, 1715, 1620 cm ~. Exact mass calcd for
c15“16° : 292,0945. Found: 292.0920. Mp 92.5-93.0 °C (ether).

?methyl 3,5,10,12-Tetraoxotetradecanedioate (6). To a THF-hexane (20410 ml)

D
solution of acetoacetate dianlon (16 mmol), generated from methyl acetoacetate
as above, was added a THF (2.5 ml) solution of N,N,N',N'-tetrametnyladipamide (5)
(1.0 g, 5 mmol) and BF,-0Et, (2.0 mil, 15 mmol) at -78 °C. The mixture was warmed
to 0 °C for 1 h, and aaded @o 2M hydrochloric acid. Organic materials were
extracted with ethyl acetate, washed with aqueous sodium bicarbonate and brine,
dried over sodium sulfate, and concentrated, The product 4 (1.22 g, 71%) was
isolated by silica gel chromatography (ethyl acetate-hexane), H-NMR (CDCL,-CCl,) &
1.0-1.6 (4H,m), 1.6-2.3 (4H,m), 3.3l (4H,s’, 3.73 (6H,s), 5.52 (2H,s), 14.;8 (ZQ,
br). IR (neat) 3500-2300, 1730, 1600 cm ~. Exact mass calcd for C16H2208:
342,1304. Found: 342.1269.

Dimethy! 3,5,12,14-tetraoxohexadecanedioate (9). H-NMR (CDC13—CC1 ) § 1.1~
1.9 (6H,m), 2.0-3.0 (4H,m), 3.32 (5?,5). 3.74 (6H,8), 5.56 (2H,s), 14.9f (2H,br).

IR (neat) 3500-2300, 1735, 1600 cm ~. Exact mass calcd for C17H2408: 356.1471.
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Found: 356.1%519.

Dimethyl 3 14,16-Tetraoxooctadecanediocate (11). H~-NMR (CDC1.,-CCl,) &
1.1-17 H,mJ, ,m), 3. »_3-74 T6H,s), 5.60 (21,3), 18.0
(2H,br). IR (Neat) 3500-2300, 1740, 1630 cm .

1-Hydroxy-2-methoxycarbonyl-3-methoxycarbonylmethyl-9-0x0-6,7,8,9-tetrahydro-
S5H-benzocycloheptene . A mixture of Ca(OAc),‘H 113 mg, 4 mmol), 6 (88 mg,
0.26 mmol), and methanol (3 ml) was stirred undgr ?eflux for 3 h. On cooling, IM
hydrochloric acid was added and organic materials were extracted with ethyl
acetate, washed with brine, dried over sodium sulfate, and concentrated. The
product 7 (61 mg, 78%) was isoclated by silica gel chromatography (ethyl acetate-
hexane).” H-NMR (CDCl,) & 1.6-2.0 (4H,m), 2.6-3.0 (4H,m), 3.79 (5H,s)113.92 (3H,s),
6.06 (1lH,s), 12.90 (la,s). IR (KBr) 3500, 2900, 1720, 1630, 1610 cm . Exact
mass calcd for C 6H 806: 306.1103. Found: 306.1112. Mp 114-6 °C (benzene-hexane).
N,N-Dimeth 1—(6-N N-dimethylcarbamoylphenyl )-3,5-dioxohexanamide (14). H-NMR
(CDC1 $ 2.82 (3H,s), 3.09 (3H,s), . 2 ,8), 5.63 (1H,s), 7.0-

7.5 (QH.m). IR (neat) 3600, 1740, 1620 cm ~. Exact mass calcd for CIGHIQNOS:
305.1262. Found: 305.12%2.

Synthesis of Methyl 3,5-Dioxcalkancates from Amides. A Typical Procedure.
Under a nitrogen atmosphere, a THF-hexane (2 and 1.3 ml) solution ol methyl
acetoacetate dianion (2.0 mmol) was prepared as above. The mixture was coocled
to -78 °C, and a THF (2 ml) solution of N,N-dimethylhexanamide (72 mg, 0.5 mmol)
and BF ~O£t2 (0.4 ml, 2.9 mmol) were added successively. The mixture was warmed
to O °8 for“2 h, and poured on silica gel (10 g), which was allowed to stand over-
night. Organic materials were eluted with ethyl acetate, concentrated, and
chromatographed on silica gel (ethyl acetate-hexane) to give methyl 3,5-dioxo-
decanoate (78 mg, 73%). H-NMR (CDC1.) 8 0.91 (3H,t,J=5Hz), 1.0-2.0 (6H,m), 2.1-2.5
(2§1m), 3.31 (2H,s}), 3.74 (3H,s), 5.36 (1H,s), 15,0 (1H,br). IR (neat) 1740, 1600
cm ©. Exact mass calcd for C,.H 04: 214,1204. Found: 214.1204. Bp 100 °C/ imm.
In cases of larger scale syntﬂés}g, the same workup with the preparation of 6 was
conducted, which gave a slmllar7¥1eld of the product.

Methyl 3,5-Dioxohexancate. H-NMR (CDCl.,-CCl,) ¢ 2.06_{3H.s), 3.30 (2H,s),
3.73 .8), 5.58 (1H,s). IR (neat 3600-2200,°1730, 1600 cm .

Methyl 3,5-Dioxotetradecanocate. H-NMR (CDC13-CC1 ) § 0.7-1.1 (3H,m), 1.1-2.0
(144,m), 2.0-3.0 (2H,m}, 3.35 (2H.§ , 3.74 (3H,s8); 5.53 (1H,s), 14.85 (1lH,br).

IR (neat) 3600-2300, 1740b 1600 cm ~, Exact mass calcd for 015H2604: 270.1831.
Found: 270.1854, Bp 150 "C/ 1mm.

Methyl 8-Phenyl-3,5-dioxooctancate. H-NMR (CDC1 —CClA) § 1.8-2.0 (6H,m),

3.33 TZH s), 3.72 !§H,35, .57 (1H,s8}, 7.21 (5H,s). ?R (neat) 3600-2400, 1740,
1600 c¢m™ . Exact mass calcd for C15H1804: 262.1204. Found: 262.1159. Bp 200 °c/
1mm,

2-(2-Methoxycarbonyl-l-oxoethyl)-3-methyl-2-cyclopenten-i-one (12)

(CDCla— 1 § 1.35 (3H,s), 1.8-2.2 ,m), 2.2-2.8 ,m), 3.36 _fH.m)
s), 3797 (3H,s). 5.64 (1H,s). IR (neat) 3600-2300, 1740, 1600 cm . E
calcd for C1 H 80 : 258.1103, Found: 258 3046.

Methyl 3 é—D?oxo—s— henylpentancate. 'H-NMR (CDCl1.,-CCl,) & 3.43 (2H,s), 3.73
(3H,s7, 6.24 le,s$, 7.2:?.5 15H,m$, 7.6-8.0 (2H,m), 13.53 1H,br). IR (neat)
3500-2200, 1740, 1600 cm . Bp 170 °C/ 1mm.

Methyl 3,5-Dioxo-5-(2-furyl)pentanoate. H-NMR (CDC13-CC1 }) ¢ 3.40 (2H,s),
3.75 (3H,s}, 6.16 (1H,s), 6.5-6.6 (1H,m), 7.1T7.2 (1H,m),%7.5-7.6 (1H,m), 13.0
(1H,br). IR (neat) 3600-2300, 1730, 1600 cm . Exact mass calcd for C10H1005:
210.0528. Found: 210.0552. Bp 150 °C/ 0.8 mm.

Methyl 3,5-Dioxo-5-(2-thienyl)pentancate. H-NMR (CDC1.,-CCl,) s 3.42 (2H,s),
3.76 T3H,s), 6.14 (2H,s¥, 7.0-7.3 (iH,m), 7.5-7.8 (2H,m), 13.85 f1H.br). IR
(neat) 3600-2300, 1740, 1600 cm °. Exact mass calcd for ClO“lOOdS: 226.0300.
Found: 226.0308. Bp 200 °C/ 2 mm.

Synthesis of Methyl 3,5-Dioxoalkancates from Esters. A Typical Procedure.
Under a nitrogen atmosphere, a THF-hexane (20 and 12.8 ml) Solution of acetoacetate
dianion (20 mmol) was prepares as above. On cooling to -78 °C, methyl 3-oxo-
dodecanoate ethylene acetal (1.3 g, 4.8 mmol) in THF (5 ml) and BF3'OEt (1 ml,

7.7 mmol) were added successively. The mixture was warmed to O °C”for 50 min, and
poured on 2M hydrochloric acid. Organic materials were extracted with ethyl
acetate, washed with aqueous sodium bicarbonate and brine, dried over sodium
sulfate, and concentrated. 2-(5-Methoxycarbonyl-2,4-dioxopentyl)-2-nonyl-1,3-
dioxolane (1.2 g, 71%) was obtained by silica gel chromatography (ethyl acetate-
hexane). H-NMR (CDC13) § 0.7-1.0 (3H,m), 1.0-1.8 (14H,m), 2.61 (2H,s), 3.37 (3H,
s), 3.77 (3H,§{. 3.967(4H,s), 5.72 (iH,s), 14.3 (1H,br). IR (neat) 3400-2300,
1740, 1600 cm .

2-{5-Methoxycarbonyl-2,4- dioxopentyl )-2-(2-phenylethyl)-1,3-dioxolane. H-
NMR ( s 1,9-2. ,m), 2.5-3. ’ s 3.3 H,s), 3.71 (3H,
8), 3.99 ?4H,s}. 5.68 (1H,s), 7.18 (5H,s), 14.5 (1H,br). IR (neat) 3600-2200,

1740, 1600 cm~ ', Exact mass Calcd for C18H2206: 334.1416. Found: 334.1403.

. H-NMR
» 3.77 (3H,
xact mass
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2-(2-Methylbutyl)-2-(5-methoxycarbonyl-2,4-dioxopentyl )-1,3~dioxolane. H-
NMR (CDC1.) & 0.7-1.0 (6H,m), 1.0-1.8 (5H,m), 2.58 (2H,s), 3.33 (2H,s), 3.73 (3H1
s), 3.94 ?4H,s). 5.69 (iH,s), 13.6 (1H,br). IR (neat) 3600-2400, 1740, 1600 cm .
2-(3-Butenyl)-2-(5-methoxycarbonyl-2,4-dioxopentyl)~1,3-dioxolane. H-NMR
3 ’ ’ B, , , 3.95 (4H,s),
4,8-571 (2H,m), 5.7-6.4 (1H,m), 5.68 (2H,s), 15.0 (1H,br). IR (neat) 3600-2400,
1740, 1600 cm ~, Exact mass calcd for C15H2 O,: 298.1120. Found: 298.1170.

Methyl 6-Chloro-3,5-dloxohexanoate. “HeRMR (CDC1.-CC1,) s 3.38 (2H,s), 3.75
(3H,87, 4.04 (2H,s), 5.96 (1H,s). IR (neat) 3400-2308, 1740, 1600 cm '.

Methyl 6-Chloro-3,5-dioxoheptanoate. H-NMR (CDC1.-CCl,) & 1.69 (3H,d,J=7HZ),
3.40 T?ﬂ,s77_§;73_T§ET§TT7T:RT7%%E?ETZ7H2). 5.95 (1H,8). ¢R (neat) 3400-2200,
1740, 1600 cm .

Methyl 6-Bromo-3,5-dioxodecanocate. H-NMR (CDCla—CCl ) § 0.7-1.1 (3H,m), 1.1~
1.7 (2H,m), 1.7-3.0 {(2H,m), 3.36 (2H,s), 3.74 (3H,?). 3.9-4.3 (1H,m), 5.58 (1H,s),
13.5 (1H,br). IR (neat) 3400-2600, 1720, 1615 cm .

6-(4-Methoxycarbonyl-1,3-dioxobutyl )}-1,4-dioxaspiro{4,4 lnonane. H-NMR (€cDC1,)
& 1.6-2.1 [6H,m), 2.87 (1H,t,J=8Hz}, 3.35 (2H,s), 3.74 (3H,s)}, 3,7-4.0 (4H,m),

5.69 (1H,s), 15.08 (1H,br). IR (neat) 3600-2400, 1730, 1600 cm . Zxact mass
calcd for C, H ,O.: 270.1103. Found: 270.1125.
2—(2—Mé§h6§ygarbony1—1-oxoethyl)-3—methy1—2—cyc10penten—l—one (13). A mixture
of 2-{Z-methoxycarbonyl-1-oxoethyl)-2-methyl-1,3-dioxolane {12) {99 mg, 0.38
mmol), THF (3 ml), and 1M hydrochloric acid (3 ml) was stirred for 3 h at room
temperature. Then, it was diluted with water, extracted with ethyl acetate, washed
with brine, and dried over sodium sulfate. After the removal of the solvents, 13
(52 mg, 70%) was isolated by silica gel chromatography (ethyl acetate-hexane).
H-NMR (CDCl,) ¢ 2.4-2.8 (4H,m), 2.48 (3H,s), 3.27 and 3.76 (3H,s and s), 3.92
(1.6H,s), 5797 (0.2H,s). 12.21 (0.2H,s). C-NMR (CDCl,) g 20.2, 32.9, 33.4, 34.9,
35.3, 48.6, 51.3, 52.1, 91.9, 132.3, 1§?.8, 165.4, 168.4, 181.1, 189.2, 190.9,
204.7, 205.2. IR (neat) 1700, 1630 cm . Exact mass calcd for C10H120A:
196.0735. Found: 196.0747,

Synthesis of Methyl 2,4-Dihydroxybenzoates. A Typical Procedure. A mixture
of 2-{S-methoxycarbonyl-2,4-dloxopental)-2-nonyl-1,3-dioxolane (50 mg, 0.14 mmol),
Ssodium perchlorate (50 mg, 0.42 mmol), and acetic acid (2 ml) was stirred for 2 h
at room temperature. The mixture was diluted with water, and organic materials
were extracted with ethyl acetate., The organic layer was washed with aqueocus
sodium bicarbonate and brine, dried over sodium sulfate, and concentratea. Methyl
2,4-dihydroxy-6-nonylbenzoate (22 mg, 53%) was isolated by silica gel chromato-
graphy (ethyl acetate-hexane). H-NMR (CDCl.) 8 0.7-1.0 (3H,m), 1.0-1.7 (14H,m),
2.5-3.0 (2H,m), 3.91 (3H; ), 5.53 (1H,br), .24 (2H,s), 11.68 (1H,s). IR (KBr)
3400-2200, 1750, 1680 cm °. Exact mass calcd for C17H2604: 294,1830. Found:
294.1817. Mp 80-81 °C (hexane).

Methyl 2,4-Dihydroxy-6-(2-phenylethyl Jbenzoate. H-NMR (CDCl.,) § 2.5-3.3 (4H,

m), 3.94 (3H,s8), 4.6 IHLQr , 7.18 (5H,s), 11.66 ?IH.S). IR (neat)
3300-2500, 1740, 1650 cm °. Exact mass caled for C,_H,_.O,: 272.1049, Found:
272.1059. 1671674

Methyl 2,4-Dihydroxy-6-(2-methylbutyl)benzoate. H-NMR (CDCl,) ¢ 0.7-1 6H,

.1
m), 1.1-2.0 (3H,m), 2.0-3.2 (2H,m . , .67 (1H,br), 6.?4 (lH,d,JEf.S
Hz), 6.25 (1H,d,J=2.5Hz), 11.62 (1H,s). IR (neat) 3600-2200, 1710, 1600 cm .
Exact massclacd for C,.H 804: 238.,120%5. Found: 238.1191,
Methyl 6-(3—Butea 15—2,4—dih droxybenzoate. H-NMR (CDCl.) ¢ 1.1-3.0 (6H,m),
, 4,7-5.3 (2H,m), 5.§T6.O 1H,m), 6.0-6.3 (2H,m), ?1.65 (1H,s). IR
(neat) 3600-2400, 1710, 1600 cm ~. Exact mass calcd for C13H1604: 236.1047,
Found: 236.1041.
4,6-Dihydroxy-7-methoxycarbonylindan. H-NMR (CDCl.) & 1.9-2.3 (2H,m), 2.77
(2H,t,J=8HZ), 3.1% (2H,t,J-7Hz), 3.90 Z3H,§{. 5.31 (lH,g), 6.25 (2H,s), 11.33
(1H,s). IR (KBr) 3500-2700, 1740, 1710 cm . Exact mass Calca for C11H1304:
209.0813. Found: 209.0807. Mp 147-51 °C (CHCl.-hexane).
Synthesis of 2-Alkyl-3(2H)-furanones, A T¥pical Procedure. Under a nitrogen
atmosphere, 1,8-dfazabicyclo[5,4,0]Jundec~7-ene (DBU, 0.3 ml, 2 mmol) was added
to a THF (5 ml) solution of methyl 6-chloro-3,5-dioxohexanocate (195 mg, 1 mmol),
and the mixture was stirred for 2 h at room temperature. Acetic acid (0.6 ml)
was added, and the solvents were removed under reduced pressure. 3(2H)-Puranone
(128 mg, 74%) was isolated by silica gel chromatography (ethyl acetate-hexane).
H-NMR (CDC13—CC1 ) & 3.56 i H,s), 3.77 (3H,s), 4.51 (2H,s), 5.68 (1H,s). IR
(neat) 17407 1700, 1600 cm ~. Exact mass calcd for C,H,O0,: 156.0423. Found:
156.0416. 77874
2-Methyl-3(2H)-furanone. H-NMR (CDCl —CC14) s 1.44 (3H,d,J=7Hz), 3.55 (21-(11
s}, 3.16 (3H,s), 4.50 (1H,q,J=7Hz), 5.61 (?H.s). IR (neat) 1750, 1700, 1600 cm °,
2-Propyl-3(2H)-furanone. H-NMR (CDC1_-CZ1,) ¢ 0.7-1.1 (3H,m), 1.1-2.1 (4H,m),
3.54 (2H,s), 3.76 (3H,s), 4.3-4.6 (1H,m), 5.62 {1H,s). 1R (neat) 1750, 1700,
1600 cm .
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