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Abstract: The aromatization process of 6. 8',6, b'-tetraoxo- 
alkanedioates, which were synthesized by the BF3-promoted 
Clalsen condensatjon, was examined. 

Polyketides are one of the jmportant intermediates ln the biosynthesis of 

naturally occurring aromatic compounds. It is considered that the intramolecular 

condensation of t3ese llnear molecules constructs the aromatic nuclei. 11 We have 

been studying a new synthetic method of aromatics, which consists of the Claise?- 

type condensation of dicarboxylic acid derlvatlves with acetoacetate dlanlon and 

the aromatization by the intramolecular condensation of the 6, B’,b, b’-tetraOXO- 

alkanedioates (Scheme 1). The methodology turned out to be useful for the 

synthesis of linear polycycllc aromatic compounds such as anthracenes, naphthacenes. 

or pentacenes starting from glutaric acid derivatives. 2, 3) When we started the 

work only a few examples 41 of this type of the arene synthesis were known, and 

+.he aromatization procedures of the polyketo esters had to be establlshed. 5, In 

this report, we wlsh to describe our results of the studies on the intramolecular 

condensation reactions of 0, 6l.6, 6' -tetraoxoalkanedioates. 6) which are synthesized 

by a novel BF3-promoted Claisen condensation of acetoacetate dianion. 71 The scope 

and the limitation of thls Clalsen reaction are also included. 

Claisen Intramolecular 
condensation condensation 

G 
cox CO&le 
cox COP Me 

At first, succlnic acid derivatives were selected as the precursor of the 

tetraoxoalkanedloates. Since we were aware that, in the presence of BF 3'OEt2. 
8) 

tertiary amides reacted with organolithium compounds quite effectively, tertlary 

amide of succlnlc acid was chosen as the substrate. The BF3-promoted Clalsen 

condensation of N,N,N' ,N'-tetramethylsucclnamide (1) with lithium sodium 
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dlanlon 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-me thoxy- 

carbonyl-5-methoxycarbonylmethyl-l-indanone (2) was obtained In 67% yield 

(Scheme 2). 0 f ‘I 

1M WI 

( 

CoNMe, - - 

CONMe, r.t.. 3h 

1 Scheme 2 2 67% 

N,N,N’,N’-Tetramcthylglutaramlde (2) was also treated with the dlanion. The 
six-membered ring formation, however,did not proceed under the acldlc (pH 1) or 

basic (pH 10) condition. The aromatization occurred only in neutral region. and 

8-hydroxy-6-methoxycarbonyl-7-methoxycarbonylmethyl-l-oxo-l,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 with activate carbonyl 

and actfve methylene groups, respectively. 
0 OH 

r.t., 3h 

3 Scheme 3 - 
The attention was next turned to the seven-membered ring formation. The BF3- 

promoted Clalsen condensation of N,N,N’,N’-tetramethyladipamide (2) gave dimethyl 

3,5,10,12-tetraoxotetradecaedloate (51, which was isolated by silica gel chromato- 

graphy (71 I yield). Since 2 dld not aromatize by simply adjusting the pH of the 

aqueous solution, the effect of the metal salts was examined. Of various salts 
tested, Mn(OAc)2 .4H20 was found to catalyze the reaction in refluxlng methanol, 

and l-hydroxy-2-mcthoxycarbonyl-3-methoxycarbonylmethyl-9-oxo-6.7,8.9-tetrPhydro- 

SH-benzocycloheptene (:I was obtalned in 40% yield. Interestlngiy, other 
manganase salts such as MnC12 .4H20, Mn(N03)2*6H20, Mn(acacj2, or Mn(H2P04)2-4H20 

was not effective at all. The 
0 

CONMe ‘LL ‘OzMe 
-BF, 

L 
w 

CONMe 
THF, -78’C 

5 

yield was raised to 78% with Ca(OAc), (Scheme 4). 

0 0 
C02Me eY 

Ca(OAc), 
* 

co, Me MeOH 
0 0 ret!. 

6 71% Scheme 4 

0 oh 
C4Me CCL c0&40 

7 78% 

As a model for the aromatlzatlon 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 alkaliearth metal acetates gave good results. 

Several transition metal acetates such as Mn(IT), Co(II), or NI(II) were also 

effective. An interesting solvent effect was observed. Sodium, potassium, or 
zinc acetate promoted the reaction In methanol or water, and were not effective 

in acetic acid. While Ni(I1) or Co(II) 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 

protlc solvents was essential and 7 was not detected in methylene chloride, THF, - 
or toluene with Mn(OAc12. Although we are not fully able to explain these results, 



A novelBF,-promowlCturnconden~tion 4769 

Table t. The Effect of Metal Acetate and 

Solvent on the Aromatization of 2. 

0 0 
CO~hkl e-6 CO#e 0 0 

WW, 
0 OH 

solvent, 8O’C, 3h 

6 
7 

Yield of 1 (Wja) 

M(OhC)" 
\ 

solvent methanol water acetic acid 

NaOhc 

KOhc 

!Q(OhC I2 

Ca(Ohc)2 

Ba(Ohc)2 

Mn(Ohc j2. 

Co(Ohc)* 

NI(OAC)~ 

C~(0hc I2 

Znf Ohc I2 

Cd(Ohcf2 

none 

4-J 

42 

8 

78 

54 

40 

8 

- 

9 

19 

- 

35 

35 

18 

31 

38 

39 

33 

- 

- 

15 

21 

- 

30 

41 

21 

38 

15 

63 

26 

22 

al When 7 was not detected, they are shown by -. 

the use of Ca(Ohc)2 in methanol gave a satisfactory result from the synthetic 

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

compounds. 2, 3) 

N,N,N*,N'-Tttramethylheptanamldt (2) and octanamfde(~j were also subjected 

to the Clalsen condensation, and the correepondlng tetraoxoalkantdioatts 2 and 

Ll_ were isolated in 69 and 43% yields, respectively (Scheme 5). However, 2 and 11 

did not aromatize under various reaction conditions. 

_A CO,Me - BF3 

r 
CONMe 

(CH2)n e CONMe, THF. -78’C 

8 (n = 2) 
10 (n -3) Scheme 5 9 (n =2) 69% 

11 (n=3) 43% 
As the BF3-promoted Clalsen condensation worked well for the synthtsla 

of %,a',6 ,a'-tetraoxoalkanedioates. the reaction was examined in detail. he shown 

in Table 2, various 3,5-dioxoalkanoates were obtained by the treatment of tertiary 

amides with acetoacttate dianfon in the presence of the Lewis acid. The method 

is also applicable to esters (Table 31, although amides gave a higher yield of 

the products. In conventional method, ester exchange or hydrolysis of the 

products were observed for certain substrates. 7) However, these by-products 

were not detected in the present reaction. 

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

co$le - BF3 

RCONR’R” - - c 

THF. -78X 

Amides Yields (Y) 

CH3CONMe2 

n-C5H11CONMe2 

n-C9H19CONMe2 

Ph(CH2)3CONMe2 

Ph(CH213CONJ 

CH -C-(CH212CONMe2 
3dtf 

PhCONMe2 

E$ CONMc2 

CONMe 

77 

73 

74 

85 

57 

62 

84 

77 

86 

Ke to acetal E, synthesized from N.N-dimethyl-4-oxopentanamfde. was treated with 

acid for the deprotection. The intramolecular condensation proceeded under the 

acidic condition, and 2-(2-methoxycarbonyl-l-oxoethy1)-3-methyl-2-cyclopentenone(~~ 

was obtained (70% yleldl as shown in Scheme 6. Cyclopentenone 13 existed as a - 

mixture of keto- and enol-tautomers In CDC13. The treatment of 2- (!+methoxy- 

0 0 

on0 
1M HCI COz Me 

~CO&le - 

O0 12 r.t., 3h 
Scheme 6 l3 

70% 

carbonyl-2,4-dioxopentyl~2-nonyl-1,3-dloxolane 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-trioxodecanoate resulted in the pyrone and not the benzoate. 91 

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 dioxoacetals are shown 

in Scheme 7. 
NaCIO, 

HO 

o”oo 0 0 

F?- CO$le - 
AcOH. r.t., 2h 

R = nC,H,g 53% 

NaCIO, OH = Ph(CH& 49% 

= C2H,(CH,)CHCH, 65% 
CO&M = CH,-CH(CH,), 34% 

A&H. r.t.. 2h 

Scheme 7 
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Table 3. Synthesis of 3,5-Dioxoalaknoates from Esters. 

_;;r CO2Me - BF3 

RCO,R' c $&O,Me 

THF, -78-C 

Esters Yields (95) 

n-C5HlIC02Et 

n-C9Hl9C02Et 

PhCO2Et 

QL- CO2Et 

@I$ C02Et 

n-C9H19-,C;CH2COZMe 

Od 
Ph(CH2)2-$-$H2C02Me 

C2H5(CH3GCH -C-CH CO Me 
'dVo 2 2 

CH2=CH(CH2)2-,C~ti2C02Me 

“2 
C1CH2C02Me 

Cii3CHC1C02Me 

n-C3H7CHBrC02Me 

07 
C02Et 

44 

60 

72 

55 

52 

71 

55 

43 

45 

43 

74 

56 

81 

As the present BF3-promoted Clalsen condensation proceeds under mild reaction 

conditions. halogen was also not affected. 6-Halo-3,5-dloxoalkanoates were 

obtained from a-haloesters in good yields (Table 31. In contrast, the reaction of 

a-haloesters with acetoaeetate dianion at 0 'C in the absence of the Lewis acid 

gave a complex mixture. With DBU in mcthylene chloride, 6-halo-3,5-dioxoalkannoate 

was converted to 2-alkyl-3(2H)-furenone by the intramolecular alkylation (Scheme 8). 

DBU 

CH,CI,, r.t., 2h 

Scheme 8 

0 

C02h4e 

R=H X=CI 61% 
Me Cl 74% 
rl-Pr Br 60% 

A variety of 3,5-dfoxoalkanoates are synthesized by employing the present 

sethod starting from amides or esters. The reaction, however, is not quite 

effective for rather hfndered substrates. For example, the treatment of N,N- 

d~met~yl-o-(N,N-dimethylcarb~oyl)phenylacet~n~de with dfanion in the 

presence of BF3*0Et2 gave N,N-dimethyl-(o-N.N-dimethylcarbamoyIphenyl>-3,5- 

dioxohcxanamIde (14) In 49% yield (Scheme 9). - While. the reaction of the 
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corresponding dicstcr with acetoacetate dianlon In THF-HMPA at r.t. ln the absence 

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

derivatives by the Intramolecular condensation. 2, 3) In spite of the drawback, 

the Lewis acid promoted Claisen condensation Is useful; It proceeds under mild 

reaction conditions, which mlnlmlze the formation of the by-products - hydrolysis 

or ester exchange - and it tolerates the sensitive functional group such as 

halogen. 

\ CONMe 

a 

-A 
C02Me - BF3 CONMel 

0 CONMe * (J&&02h4e 
THF, -78’C 

14 49% 

Scheme 9 

In summary, several E,E',T,I '-tetraoxoalkanedloates were synthesized by the 

BF3-promoted Clalsen condensation of N,N,N', N'-tetramethylalkanedlamldes with 

acetoacetate dlanlon. The aromatization of the polyketoestere was examlned and 

metal acetates were found to catalyze the intramolecular condensation effectively. 

The scope and the llmltatlon of the Lewis acid promoted condensation reaction was 

also studied. 

EXPERIMENTAL 

NMR spectra were obtained on a JEOL JNM-FX-60. Chemical shlft values are 
given In ppm relative to Internal Ue Si. JR spectra were recorded on a Shlmadzu 
IR-408. High resolution mass spectr ii were taken wlth JEOL JNS-DX-300. Dlstllla- 
tlons were performed by Kugel-rohr using Shibata Glass Tube Oven GTO-250, and 
bath temperatures were recorded. Melting points were not corrected. Chromato- 
graphles (silica gel) were conducted on Wako gel B5F or C-200 (Wako Pure Chemical 
Industries LTD.). 

7-Hydroxy-6-methoxycarbonyl-5-methoxycarbonylmethy1-l-lndanone (2). Under a 
nitrogen atmosphere, methyl acetoactate (290 mg, 2.5 mmol) in THF 12 zl) was added 
to a suspension of sodium hydride (66 mg, 2.75 mmol) in THF (1 ml) at 0 "C. 
After IO‘mln, a hexane solution (1.6 ml) of n-butyllithlum (2.5 mmol) was added, 
and the mixture was stirred for 10 mln at 0 'C. On cooling to -78 'C, a THF (2 ml) 
solutlon of N,N,N',N'-tetramethylsucclnamlde (1) (50 mg. 0.3 mmol) and BF .OEt (0.4 
ml. 2.9 mmol) were added successively. The mixture was slowly warmed to d Oc 3or 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 (CDCl?) 6 2.5-2.8 (2H,m), 3.0-3.2 (2H,m), 3.69 (3H.~):~3.85 72H,s). 3.32 
(3H,s), 6.81 (lH,s), 10.91 (lH,s). IR (KBr) 1740, 1700, 1610 Cm Exact mass 
calcd for C H 0 : 278.0789. Found: 278.0763. Mp 129-131 'C (ether-hexane). 

8-Hydr~dy~%-~etho~ycarbdny1-7-methoxycarbonylmethyl-l-oxo-l,2,3,4-tetrahydrO- 
naphthalene (4). Synthesized as above except that the reaction mixture was 
treated with iH hydrochloric acid and 1M aqueous sodium hydroxide to pH 4. 
H-NMR (CDC13) 6 1.9-2.3 (2H,m), 2.60 (2H,t,J=6Hz). 2.83 i$H,t,J=6Hz), 3.70 (5H,s), 
6.66 (lH,s), 13.04 (1H.s). IR (KBr) 1730, 1715, 1620 cm . Exact mass calcd for 

Found: 292.0920. Wp 92.5-93.0 'C (ether). 
c15H16~~~ef~~io,“4~~lo 12-Tetraoxotetradecanedloate(6). 
solution of acetbaketite dlanlon (16 mmol), 

To a THF-hexane (20*10 ml) 
generated from methyl acetoacetate 

as above, was added a THF (2.5 ml) solutlon of N,N,N'.N'-tetrametnyladlpamlde (5) 
The mixture was warmed’ 

:A'", it sfoy(:lA a~dB~~&~","~o(~~oh~~~o~~l~~f)a~~d~780~~lc materials Were 

extracted with ;t.hyl acetate, washed wlth aqueous sodium bicarbonate and brine, 
dried over sodium sulfate, and concentrated. The product 4 (1.22 g, 71%) was 
isolated by eillca gel chromatography (ethyl acetate-hexane). H-NHR (CDCl -CC1 ) 

14.38 (24, 
6 

1.0-1.6 (4H.m), 1.6-2.3 (4H,m), 3.31 (4H,q>. 3.73 (6H,s), 5.52 (2H,s), 
br). IR (neat) 3500-2300, 1730, 1600 cm . Exact mass calcd for C16H2208: 
342.1304. Found: 342.1269. 

Dlmethyl 3,5,12,14-tetraoxohexadecanedloate (2). H-NMR (CDCl -CC1 ) 6 l.l- 
1.9 (6H.m). 2.0-3.0 (4H,m). 3.32 3.74 (6H,s), 5.56 
IR (neat) 3500-2300, 1735, 1600 cm (ir,s), . Exact mass calcd for 

(2H.s). 314.9f (ZH,br). 
C17H2408: 356.1471. 
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Found: 356.1519. 
Dimethyl 3,5,14,16-Tetraoxooctadocanedioate (11). 

1.1-1.9 (BH,m), 2.0-2.7 (4H.m). 3.36 (4H,s) 
H-NMR (CDCl -cc1 ) 

(ZH,br). IR (Neat) 3500-2300, 1740, 1630 &I- 
f.74 EH,s), 5.60 (2H.a). le.0 

6 

. 
l-Hydroxy-2-methoxycarbonyl-a-methoxycathyl-9-oxo-6,7,B,Q-tetrahydro- 

5H-benzoc clohe 
0.26 nunow (7)' * mixture Of ca’oAc’2’H~,of~::3~~‘30;1P4 ~:bbl!,:“l;g’ and me hanzl (3 ml) wa8 stirred und r 
hydrochloric acid was added and organic materials were extracted with ethyl -. 
acetate, washed with brine, dried over sodium sulfate, and concentrated. The 
product z (61 mg, 78%) was Isolated by silica gel chromatography (ethyl acetate- 
hexane). H-NMR (CDCl ) 6 1.6-2.0 (4H.m), 2.6-3.0 (4H,m). 3.79 (5H,s),l3.92 (3H,s), 
6.06 (1H.s). 12.90 (l&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-Dlmethyf-(b-N,N-dimethylcarbsmoylphenyl~-3,5-dloxohexanamide (14). H-NMR 

:"F:~H.m). 
) 6 2.82 (3H,s), 3.09 (3H.s). 3.32 (~Ls), 3.72 (5H,s), 5.63 (lH.3, 7.0- 

IR (neat) 3600. 1740. 1620 cm . 
305.1262. Found: 305.1252. 

Exact mass calcd for C16HlgN05: 

xnthesis of Methyl 3,5-Dioxoalkanoates from Amides. A Typical Procedure. 
Under a nltrogen'atmosphere, a THF-hexane (2 and 1.3 ml) solution of methy- 
acetoaceotate dianlon (2.0 mmol) was prepared as above. The mixture was cooled 
to -70 C, and a THF (2 ml) solution of N,N-dimethylhexanamide (72 mg, 0.5 nxnol) 
and BF *OEt (0.4 ml, 
to 0 ‘2 for22 h, 

2.9 mmol) were added successively. The mixture was warmed 
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 (CDCl 1 8 0.91 (3H,t,J=SHz), 1.0-2.0 (6H,m), 2.1-2.5 
(2_Hlm), 3.31 (2H.s). 3.74 (3H,s), 5.36 (lH,s), 15.0 (lH,br). IR (neat) 1740. 1600 
cm . Exact mass calcd for C H 0 : 214.1204. 

Aks&0,4 
Found: 214.1204. Bp 100 oc/ lmm. 

In cases of larger scale synt the same workup with the preparation of 6 was 
conducted, which gave a similar7~leld of the product. 

Methyl 3,5-Dloxohexanoate. H-NMR (CDC13-CC14) 6 2.06_{3H,s), 3.30 (2H.s). 
3.73 73H.s), 5.58 (1H.s). IR (neat 3600-2200, 1730, 1600 cm 

Meth 1 3 5-Dloxotetradecanoate. 
(1411,&$.0 (2H.m) 3.35 (2H.sj. 

H-NMR (CDCl -CC1 ) 6 0.711.1 (3H,m), 1.1-2.0 

IR (neat) 3600-2300, 17iO 1600 cm- . 
3.74 (3H.s): 5.54 (lH.s), 14.85 (lH,br). 

Found: 270.1854. BD 150 bC/ lmm. 
Exact mass calcd for C15H2604: 270.1831. 

Methyl &Phenyi-3,5-dioxooctanoate. 
3.33 ?2H.s), 

H-NMR (CDCl -CC1 ) b 1.8-2.0 (6H,m), 
3.72 5.57 

1600 cm-'. 
(3H.S). (1H.s). 7.21 (5H.s). ?R 

Exact mass calcd for C15H1804: 262.1204. 
(njatl 3600-2400. 

Found: 262.1159. 
1740. 

Bp 200.?/ 
lmm. 

2-(2-Methoxycarbonyl-l-oxoethyl)-3-methyl-2-cyclopenten-l-one (12). H-NNR 
2.2-2.8 (2H 1 3.36 ({Hz), 3.77 (3H, 

17461: i600 cm- . Exact mass 
calcd for C.,H._O,: 258.1103. Found: 258-1046. 

Methy1'~,5~D?oxo-5-phenylpentanoate.') 
3500-2;OO: (3H,s) 6 

H-NMR (CDCI -CC1 ) 6 3.43 (2H,s), 3.73 
2 4 (lH,s), 1600 7 cm-l. .2- . 6 (3H,m) 7.6-8.0 (2H,m), 12.53 flH,br). IR (neat) 
1740. BD 17O"C/ lmm. 

Methyl 3,5iDioxo-5-(2-furyl)pentanoate. H-NMR (CDCl -CC1 1 6 3.40 (2H,s), 
3.75 73H.s). 6.16 (1H.s) 6.5-6.6 (lH,m). 7.1i7.2 (1H.m). 37.5-9.6 (lH,m), 13.0 
(lH,br). IR (neat) 36OOL2300, 1730. 1600 cm 
210.0528. Found: 210.0552. Bp 150 'C/ 0.6 mm: 

Exact mass calcd for C10H1005: 

Methyl 3,5-Dioxo-5-(2-thienyl)pentanoatc. H-NMR (CDCl -CCL ) 6 3.42 (2H,s), 
3.76 73H,s), 6.14 (2H,s), 7.0-7.3 (lH,m), 7.5-7.8 (2H,m), 
(neat) 3600-2300, 1740, 1600 cm- . 

lg.85 ?lH.br). IR 
Exact mass calcd for C._H._O.S: 226.0300. 

Found: 226.3308. Bo 200 'C/ 2 mm. 1u 1u 4 

Synthesis of Methyl 3,5-Dioxoalkanoates from Esters. A Typical Procedure. 
Under a nitrogen atmosphere, a THF-hexane (20 and 12.8 ml) solution of acetoacetate 
dlanlon (20 mmol) was prepares as above. On cooling to -70 'C. methyl J-oxo- 
dodecanoate ethylene acetal (1.3 g, 4.8 mmol) ln THF (5 ml) and BP *CEt (1 ml 
7.7 mmol) were added successively. The mixture was warmed to 0 'C3for 30 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. 
dioxolane (1.2 g, 

2-(5-Methoxycarbonyl-2,4-dioxopentyl)-2-nonyl-l,3- 

hexane). 
71%) was obtalned by silica gel chromatography (ethyl 

6 0.7-1.0 (3H,m), 1.0-1.8 
IR (neat) 3400-2300. 

1740, cm . 
H- 

NMR (FbCl ) 1.9-2.2 ) 2.5-3.0 (2H.m). 2.61 ( 
8). 3.99 ?4H,s]. 5.68 (1"::): 

2H,s), 3.32 (2H.s). 3.71 (3H, 
7.18 (5H,s), 14.5 (lH,br). 

1740, 1600 cm- . 
IR 3600-2200, 

Exact Calcd for 334.1416. Found: 
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2-~2-Methylbutyl~-2-(5-methoxycarbonyl-2,4-dloxopentyl)-1,3-dioxolane. H- 
NMR (CDCl I 6 0.7-1.0 (6H,m), 1.0-1.8 (5H,m], 2.58 (2H.s) 3.33 (2H,s), 
s), 3.94 ?4H,s), 5.69 (lH,s), 13.6 (lH,br). IR (neat) 36;)0-3400, 

3.73 ($1 
1740, 1600 cm . 

2-~3-Butenyl~-2-~5-methoxycarbonyl-2,4-dioxopentyl)-1.3-dioxolanc. H-NMR 
(CDCl ) 6 1.0-2.3 (6H,m), 2.58 (2H,s!, 3.33 (2H,s) 3.74 (3H,s). 3.95 (4H,s), 
4.S5?1 (2H.m) 
1740, 1600 cm-1. 

5.7-6.4 (lH,m), 5.68 (2H,s), 15.0 {lH,br). IR (neat) 3600-2400, 
Exact mass calcd for C.,H,,O,: 298.1120. Found: 298.1170. 

Methyl 6-Chloro-3,5-dioxohexanoate. '"H'kn8 (CDCl -CC1 ) 6 3.38 ($H,s), 3.75 
(3H,s>, 4.04 (2H,s), 5.96 (lH,s). IR (neat.) 3400-2308, 1740, 1600 cm- 

Methyl 6-Chloro-3,5-dioxoheptanoate. H-NMR (CDCl -CC1 ) 6 1.69 (3;l.d J=7HZ), 
3.40 72H,s) 
1740. 1600 Em 21’6 ( 3H,s), 4.40 (lH,q,J=7Hz), 5.95 (lH,ib. fR (neat) 3400-;200. 

. 
'Methyl 6-Bromo-3,5-dioxodecanoate. 

1.7 (2H.m). 1.7-3.0 (2H,m). 3.36 (2H,s). 
H-NHR (CDC13-Ccl,) 6 0.7-1.1 (3H,m). l.l- 

13.5 (lH,br). 
3.74 (3HLq), 3.9-4.3 (1H.m). 5.58 (lH,s), 

IR (neat) 3400-2600, 1720, 1615 cm . 
6-(4-Hethoxycarbonyl-l,3-dioxobutyl~-l,4-d1oxaspiro~4,4]nonane. 

6 1.6-2.1 (6H,m), 2.87 (lH.t,J=SHz). 3.35 (2H,s), 3.74 (3H,s), 
H-NHR (CDCl,) 

5.69 (1H.s). 15.08 (lH,br). 
317-4.0 (4H.m). 

IR (neat) 3600-2400. 1730, 1600 cm . Zxact mass 
;;l;~2f~;_:le;~~Os: 270.1103 Found -210 1125 

y arbonyl-1-oxoethylj 3 mdthyll2-cyclopenten-l-one (13). A mixture 
~2-mathoxycarbonyl-l-oxocthyl~-2-methyl-l,3-dioxolane (12) (99 rg, 0.38 

Jnmol). THF (3 ml), and 1M hydrochloric acid (3 ml) was stirra for 3 h at room 
temperature. Then, it was biluted with water, extracted with ethyl acetate, washed 
wlth brine, and dried over sodium sulfate. After the removal of the solvents, 13 
(52 mg, 70%) was lsolated by silica gel chromatography (ethyl acetate-hexane). - 
H-NMR (CDC13) 6 2.4-2.8 (4H,m), 2.48 (3H,s), 3.27 and 3.76 (3H,s and s), 3.92 
(l.6~,5), 5.97 (o.~H,s). 12.21 (0.2H.S). C-NMR (CDC~ 1 6 20.2, 32.9, 33.4, 34.9, 
35.3, 48.6, 51.3, 52.1, 91.9, 132.3, 13p.8, 165.4, 16i.4. 181.1. 183.2. 190.9, 
204.7, 205.2. IR (neat) 1700. 1630 cm- . 
196.0735. Found: 196.0747. 

Exact mass calcd for C10H1204: 

Synthesis of Methyl 2,4-Dihydroxybenzoates. A Typical Procedure. A mixture 
of 2-~5-methoxycnrbonyl-2,4-dioxopental~-2-nonyl-l.3-dloxolane (50 mg, 0.14 mmol), 
sodium perchlorate (50 mg, 0.42 miol), 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 aqueous 
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 ) 6 0.7-1.0 (3H,m). 1.0-1.7 (14H,m), 
2.5-3.0 (2H,m). 3.91 (3H,?), 5.53 (lH,br), a.24 (2H,s), 11.68 (1H.s). IR (KBrl 
3400-2200, 1750, 1680 cm Exact mass calcd for C17H2604: 294.1830. Found: 
294.1817. Mp 80-81 'C (hexane). 

Methyl 2,4-Dlhydroxy-6-.(2_phenylethyl)benzoate. H-NMR (CDCl ) 6 2.5-3.3 (4H, 
m). 3.94 (3H.s), 4.6 (lHLqr). 4.7-5.0 (2H,m), 7.18 (5H,s), 11.66 ?lH,s). IR (neat) 
3300-2500, 1740, 1650 cm . Exact mass calcd for C16H1604: 272.1049. Found: 
272.1059. 

Methyl 2,4-Dihydroxy-6-(2-methylbutyljbenzoate. H-NMR (CDCl ) 6 0.7-1.1 (6H, 
m), 1.1-2.0 (3H.m). 2.0-3.2 (2H,m), 3.92 (3H,sl, 5.67 (lH,br). 6.64 
Hz). 6.25 (lH.d,J=2.5Hz), 11.62 (lH,s). IR (neat) 3600-2200, 1710. 

(lH,d,J=?.5 
1600 cm- . 

Exact massclacd for C H 0 : 238.1205. Found: 238.1191. 
Methyl 6-(3-Bute?i 1)-82:4-dihydroxybenzoate. H-NMR (CDCl 1 6 1.1-3.0 (6H,m), 

3.91 ‘(~H,s), 4.7-5.3 (2H,m), S.si6.0 (1H.m). 6.0-6.3 (2H,m), ?I.65 (lH.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 ) 6 1.9-2.3 (2H.m), 2.77 
(2H,t,J=8HZ) 3.18 (2H,t.J=7Hz), 3.90 (3H,_sj, 5.31 (lH,&, 6.25 (2H,s), 11.33 
(lH,s). IR {KBr) 3500-2700, 1740, 1710 cm . 
209.0813. Found: 209.0807. Mp 147-51 'C 

Exact mass Calca for CllH1304: 
(CHCl -hexane). 

Synthesis of 2-Alkyl-3(2H)-furanones. A T pica1 Procedure. Under a nitrogen 
atmosphere, 1,8-dlazabicyclo(5,4,0]undec-7-ene (DBU. 0.3 ml. 2 mmol) was added 
to a THF (5 ml) solution of methyl 6-chloro-3,5-dioxohexanoate (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 (CDCl 
(neat) 1740: 

-CC1 
1708, 1600 cm- . 

) 6 3.56 (fH,s). 3.77 (3H,s), 4.51 (ZH,s), 5.68 (1H.s). IR 
Exact mass calcd for C7H804: 156.0423. Found: 

156.0416. 
2-Methyl-3(2H)-furanone. H-NMR (CDCl 

5). 3.16 (3H.s). 4.50 (IH,a.J=7Hz), 5.61 ( 
-CC14) 6 1 

?H,sl. IR 
.44 (3H,d,J=7Hz). 3.55 (2Hll 
(neat) 1750, 1700, 1600 cm . 

H-NMR (CDCl -CT1 ) 6 0.7-1.1 (3H,m), 1.1-2.1 (4H,m), 
3.76 (3H.s). 4.3-4.6 (lH,m). 3.62 ?lH,sL IR (neat) 1750, 1700, 

1600 cm . 
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