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stirred at r.t. for 3 hr. The reaction mixture was evaporated and the resulting residue was treated with
5%, Na,CO, aq. (1800 ml) and extracted twice with ether (500 ml). The ether extract was dried (Na,SO,)
and evaporated. The residue was purified by vacuum distillation to give IIT (33.6 g,24.59%,) as colorless oil,
bp 78—86° (18—20 mmHg). Anal. Caled. for C;;H,,05: C, 65.31; H, 10.96. Found: C, 65.40; H, 10.69.

2-Ethoxy-5-propyl-1-pyrroline (XVI) A solution of triethyloxonium tetrafluoroborate (114 g) and
XIII (63.5 g) in anhyd. CH,Cl, (100 ml) was stirred at r.t. for 24 hr. To the mixture, 20% K,CO; aq. (400 ml)
was added with stirring and the mixture was extracted with ether, and the resulting extract was dried (Na,-
SO,) and evaporated in vacuo. The residue was purified by vacuum distillation to give XVI (75.0 g, 979%) as
colorless oil, bp 55—56° (0.9 mmHg).

2-Ethoxy-3,4,5,6-tetrahydropyridine (XVII) According to the method of Pilotti, ef al.9 XVII was
obtained as colorless oil, bp 64—66° (22 mmHg) (Yield: 81.5%).

Oudenone (I) A mixture of IT (3.0 g) and IIT (12.5 g) was heated in an oil bath at 95—100° for 6 hr
and low boiling fraction was distilled off. The resulting residue was purified by column chromatography
(CHC1;-MeOH=10: 1) te give I as colorless plates, which was identified by comparison of its IR and NMR
spectra (CDCl,) with those of an authentic sample obtained by the method of Ohno, ¢t al.®) In this reaction,
the additions of Ac,O and anhyd. ZnCl,, which are usually employed in the condensations of orthoesters
with active methylene compounds,'”? did not affect the reaction time and yield of I.

Other compds. in Table I were also prepared from materials A and B by the similar procedures.
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Chromones have been prepared by many investigators, some of the more important
synthetic methods being: condensation of phenol with ethyl acetoacetate in the presence of
phosphorus pentoxide (Simonis reaction),? condensation of ethylacetate® or diethyl oxalate®
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with acetophenone, and condensation of aldehyde® or acid chloride® or acid anhydride”
with enamines. We prepared chromones by mild aldol condensation® according to the synthe-
tic route outlined in Chart 1. This method has the advantages that the starting materials
are readily available and inexpensive and the few steps involved are simple.
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Chart 1

Salicylaldehyde methoxymethyl ether (I; R=CH,0CH,)?” was condensed with cyclo-
hexanone by the method reported by Billimorial® to yield a-hydroxybenzylcyclohexanones
(ITa and IIb; R=CH,0OCHj;). The alcohols were obtained in lower yield when the reaction
was carried out with tetrahydropyranyl ether (I; R=THP), while salicylaldehyde (I; R=H)
or its acetate (I; R=Ac) gave no aldol condensation product. The two isomeric alcohols,
IIa and IIb were separated by column chromatography, and their configurational assignments
were made on the basis of their infrared (IR) absorption and proton magnetic resonance (PMR)
spectra. The stretching frequencies of the hydroxyl groups in the IR spectra of Ila (n=2)
and IIb (n=2), were not affected by the concentrations of materials (3xX10-2m, 6X 10*m,
3% 10-*m in CCl,), indicating the presence of intramolecular hydrogen bonding. The PMR
spectra of Ila (n==2) and IIb (n=2) showed signals of benzylic methylene protons, coupled
with methyne protons, at ¢ 5.72 (d, /=3 Hz) and 5.40 (d, /=8 Hz), respectively. In the
conformation fixed with intramolecular hydrogen bonding (Fig. 1), the observed values can
be reasonably explained by supposing that the coupling constants between the benzylic
methylene proton and methyne proton are 3 Hz in II’'a, and 8 Hz in II'b. The other possible
conformation (i) for Ila seems less likely because of the two steric interactions between the
phenyl group and the carbonyl and methylene groups, and because of the electrostatic in-
teraction between the phenyl and carbonyl groups. Compound (IIa; #=2) formed colorless
crystals and was recrystallized from #-hexane, whereas IIb (n=2) was an oil and was reconvert-
ed to the starting materials via refro-aldol condensation on heating or treatment under the
conditions for gas chromatography. In the case of =3, but not »=1, the epimeric alcohols,
IIa and IIb, were separated.
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II'a I'b ;
Ph=phenyl
Fig. 1

Compound (IT) was converted to III by oxidation with Collins reagent' or with CrO,-
acetone. On treatment of III with hydrochloric acid, the corresponding chromones (IV)
were obtained and shown to be identical with authentic samples?1%13 (mp, IR). Further
physical data (Mass, UV, PMR) are given in the experimental part. The yields of IV from
salicylaldehyde methoxymethyl ether (I) were 15%, (n=1), 82% (n=2) and 49%, (n=3).

Experimental

Melting points were determined with a Mitamura one visual field micro melting point apparatus and
are uncorrected. IR spectra were recorded on a JASCO-DS-701-G spectrophotometer, using 0.1, 0.5, 10,
20 mm NaCl cells, and a Hitachi Model 215 spectrophotometer. UV spectra were recorded with a Hitachi
Model 200-10 spectrophotometer, mass spectra with a Shimazu LKB-9000 mass spectrometer, and PMR
spectra with a JEOL C-60HL spectrometer with tetramethylsilane as internal reference in CDCl;. Extracts
were dried over anhyd. Na,SO,. Column chromatographies were carried out on silica gel (Mallinckrodt)
using a mixture of CHCl; and MeOH as eluent.

2-(0o-Methoxymethoxy-a-hydroxybenzyl)cycloalkanones Cycloalkanone (5mmol) and salicylaldehyde
methoxymethyl ether (I; R=CH,0CH,, 5 mmol) were suspended in H,O (20 ml), and NaOH (5 mmol) in
H,0 (5 ml) was added dropwise. The mixture was stirred at room temperature for 4 hr, and extracted
with CHCl;. The extract was dried and distilled and the residue was subjected to chromatography to give
2-(0-methoxymethoxy-«-hydroxybenzyl)cycloalkanone. The following compounds were obtained.

2-(0-Methoxymethoxy-a-hydroxybenzyl)cyclopentanone (II; R=CH,0CHj,, #n=1); Yield: 470 mg (38%).
IR »fim cm—1: 3450 (OH), 1730 (C=0).

2-(0-Methoxymethoxy-a-hydroxybenzyl)cyclohexanone (II; R=CH,0CHj, n=2); Yield: 1.30 g (98%).
threo-Form (Ila; R=CH,0CHj, »=2); mp 83° (from n-hexane). Anal. Calcd. for C;;H,,0,: C, 68.16; H,
7.63. Found: C, 68.36; H, 7.72. IR »gX cm~1: 3580 (OH), 1698 (C=0). PMR ¢: 5.72 (d, /=3 Hz, Ph-
CH(OH)), 5.29 (s, OCH,OCH,), 3.50 (s, OCH,OCH,). erythro-Form (IIb; R=CH,0CH,, »=2); IR »iiz cm~*:
3520 (OH), 1700 (C=0). PMR ¢; 5.40 (d, /=8 Hz, Ph-CH(OH)), 5.25 (s, OCH,OCHj,), 3.53 (s, OCH,OCHy,).

2-(o-Methoxymethoxy-a-hydroxybenzyl)cycloheptnone (II; R=CH,0CH;, »=3); Yield: 1.02 g (73%).
threo-Form (I1a; R=CH,0CHj,, n=3); IR »35¢ cm~1: 3540 (OH), 1960 (C=0). PMR d: 5.55 (d, J=3 Hz,
Ph-CH(OH)), 5.29 (s, OCH,OCH,), 3.53 (s, OCH,OCH,). erythro-Form (IIb; R=CH,0CH,, n=3); IR »%5}
cm—1: 3500 (OH), 1690 (C=0). PMR ¢: 5.31 (d, /=6 Hz, Ph-CH(OH)), 5.27 (s, OCH,OCH;), 3.52 (s,
OCH,0CH,).

2-(0-Methoxymethoxybenzoyl)cycloalkanones. CrO;—Acetone Oxidation——A mixture of equal amount of
the keto-alcohol (II) and CrO; in 20 parts of acetone was stirred for 1 hr at room temperature. The reaction
mixture was poured into 5 volumes of H,O and extracted with ether. The extract was dried and distilled,
and the residue was subjected to chromatography to give the diketone.

2-(0-Methoxymethoxybenzoyl)cyclopentanone (III; R=CH,OCH,, n=1); Yield: 206 mg (44%) from II
(R=CH,0OCH,, n=1, 470 mg). IR »4 cm~*: 1690 (C=0).

2-(0-Methoxymethoxybenzoyl)cyclohexanone (III; R=CH,0CH,, »=2); Yield: 186 mg (93%) from
threo-alcohol (Ila; R=CH,OCH,, #=2, 200 mg). IR #in cm~1: 1685 (C=0). "

11) J.C. Collins, W.W. Hess, and F.J. Frank, Tetrahedron Lett., 1968, 3363.
12) M. Miyano, J. Am. Chem. Soc., 87, 3958 (1965).
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2-(o-Methoxymethoxybenzoyl)cycloheptanone (III; R=CH,0CH,, »=3); Yield: 170 mg (73%) from
erythro-alcohol (IIb; R=CH,0CH,, n=3, 230 mg). IR »{i% cm-1: 1678 (C=0).

Chromones A solution of the diketone (III) in conc. HCI-AcOH (3:5) was heated at 60—70° for
1hr. The reaction mixture was cooled and poured into 3 volumes of H,0, and extracted with CHCl;. The
extract was dried and distilled, and the residue was subjected to chromatography. Cycloalkenochromone
(IV) was eluted as the first fractxon and recrystallized from pet. ether.

2,3-Dihydro-benzo[b]cyclopentale]pyran-9(1H)-one (IV; #=1); Yield: 123 mg (89%) from the diketone
(I11; R=CHZOCH3, n=1, 206 mg). mp 113.5—115.5°. Anal. Calcd. for C;,H;,0,: C, 77.40; H, 5.41.
Found: C, 77.40; H, 5.62. UV AZ% nm (¢): 227 (22900), 270 (6500), 294 (7100), 301 (7200). PMR §: 1.9—
N \ CH: )
2.4 |m, /H\/—Hz , 2.8—3.2 {m, \l >, 1.37—17.72 (m, 6-, 7-, 8-H), 8.35 (d d, 5-H). MS m/e (relative
2

in.): 186 (M*) (72.9), 185 (100), 121 (14 3), 92 (11.4), 65 (11.4).
1,2,3,4-Tetrahydro-xanthen-9-one (IV n=2); Yield: 95 mg (90%) from the diketone (III; R=CH,-
OCH,, n=2, 140 mg). mp 91—92°. Anal. Caled. for C;;H,,0,: C, 77.98; H, 6.04. Found: C, 77.83;

\/\/Ez)

H, 5.99. UV A2 nm (s): 228 (27400), 269 (7300), 297 (8200), 304 (8300). PMR §: 1.7—2.1 (m, i
‘ N He
/CI;I2\

N

2.5—2.9 (m, [l |>, 7.29—7.93 (m, 6-, 7-, 8-H), 8.33 (d 4, 5-H). MS m/e (relative in.): 200 (M*) (100),

7N\ __2/ g

199 (97.6), 185 (64.8), 121 (26.4), 92 (20.8), 65 (13.6). C :
7,8,9,10-Tetrahydro-benzo[b]cyclohepta[elpyran-11(6H)-one (IV; %=3); Yield: 85 mg (90%) from the

diketone (I1I; R=CH,OCH,, n=3, 50 mg). mp 79—80°. Anal. Calcd. for C,,H,,0,: C, 78.48; H, 6.59.

Found: C, 78.61; H, 6.63. UV vﬁf,ﬁ* nm (g): 230 (24300), 272 (4600), 297 (6900), 305 (7000). PMR é:

H.
1.5—2.2 [ m, @Hz , 2.7—3.1 jf H> 7.28—7.90 (m,2 3-, 4-H), 8.31 (dd 1-H). MS
H.

mle (relative in.): 214 (M*) (69.4), 213 (19.4), 199 (38.9), 186 (83.3), 185 (100), 121 (22.2), 92 (19.4), 65 (19.4).
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