IR spectrum: 1725 c:m_1 (C=0). Found: C 69.2; H 10.3%; MRp 43,35, CoH,60,. Calculated: C
. 69.1; H 10.3%; MRp 43.22. The 2,4~dinitrophenylhydrazone had mp 177-178°C. Found: N 16.7%.
C15H2 oNqos - Calculated: N 16.7%. . .
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1-METHOXY-3,5~DIARYL-2-OXABICYCLO[4.4.0]DEC-3-ENES FROM "SEMICYCLIC"
1,5-DIKETONES

L. V., Vliasova, T. I, Tyrina, UDC 547.814:543.422
S. K. Klimenko, and V. G. Kharchenko

It was established that "semicyclic" 1,5~-diketones are capable of reacting with
methanol by the catalytic action of hydrogen chloride and are capable of forming 1-
methoxy-3,5-diaryl-2~oxabicyclo[4.4.0]dec~3-enes — cyclic acetals that include an
alkoxydihydropyran ring. In addition, 2,4-darylbicycle{3.3.1]non-2-en-9-ones, which
are formed from 1,3-diaryl-3-(2-oxocyclohexyl)propan-l-ones by an intramolecular con-
densation of the erotonic type, are detected as side products. The possible mecha-
nism of the reaction of 1,3-diaryl-3-(2-oxocyclohexyl)propan-l-ones with methanol

in the presence of hydrogen chloride is discussed.

It is well known that "semicyclic" 1,5-diketones that contain a methyl or methylene
group in the « position with respect to one of the carbonyls easily undergo intramolecular
condensation of the aldol-crotonic type under conditions of both basic and acid catalysis
{1, 21.

1,5-Diketones that contain aryl groups in the o positions are capable of undergoing con-
version to pyrylium salts under the influence of acids [3, 4].

LY,
\Cﬂz 0 g Or OH OH _H!o [+ i R

H

Allen and Sallans [2] have observed that under the influence of sulfuric acid 1,3-
diphenyl-3-(2~oxocyclohexyl)propanone (I) reacts with methanol to give a cyclic acetal, i.e.,
1-methoxy-3,5-diphenyl~2-oxabicyclo[4.4.0]dec-3~ene (VIII).

During a study of the reaction of diketone I with hydrogen sulfide in methanol under the
influence of hydrogen chloride we observed that diketone I underwent reaction with methanol
rather than with hydrogen sulfide to give acetal VIII, which is identical to the substance
obtained by Allen and Sallans [2].

N. G. Chernyshevskii Saratov State University, Saratov 410026. Translated from Khimiya
Geterotsiklicheskikh Soedinenii, No. 4, pp. 470-473, April, 1979. Original article submitted
August 9, 1977; tevision submitted August 1, 1978.
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TABLE 1. l-Methoxy-2-oxabicyclo[4.4.0]}dec~3-enes

IR spectrum, cm™! Found, Cale,,
%o %
mp, °C (crystalliza- L" . Empixi-
B ; o - cal for-
g tion solvent) 7 z s
53 & 2 ¢ {H|mula c |ui{¥®
’ = 1 )
5 T 191 7 3
Q W o Q b=
ViIil| 169—170 (benzene) 1027, 1087 11650 2832 {82,118,01CpHp0, 182,517,670
1X| 134—136 (benzene) 1025, 1087 { 1650 12830, 2840{78,717,1 {CoaH3603 {78,87.5] 75
X} 109—110 (benzene) 1038, 1080 {1650 2840 178,6]7,01C3H2603 178,817,560
XI{ 152,5-—153,5 (benzene— |1027, 1083|1653 2835 (75,6(7,3|CysHas0y4 (75,917,411 70
acetone | : 2)
XII iﬁeqtoh-eifi] peuoleum— 1032, 1087 1648 2835 183,917,0|CosHas0, 184,317,133
T
XII 1565-1538 (petroleum— 1035, 1070 11646 2845 [81,017,2|CoHas05 181,047,113
ether ?
XiV{ 152—153 (chloroform— |1030, 10851650 2830 {77,917,3|CysHa00y |78,217,0] 66
methanol)

We attempted to ascertain the behavior of other "semicyclic" 1,5-diketones (II-VII),
which differ with respect to the aryl substituents attached to the C: and Cs atoms, toward
the simultaneous action of methanol and hydrogen sulfide under similar conditions and also
their behavior with respect to methanol in the absence of hydrogen sulfide, as well as to
ascertain the effect of electronic and steric factors on the character of the transforma-
tion. It was found that diketones I-VII, including those that contain methoxyphenyl (II-
IV, VI, VII) and naphthyl substituents (V-VII) attached to the C, or Cs atoms at 5-15°C and
under the influence of hydrogen chloride or the latter and sulfuric acid, react with methanol
to give bicyclo[4.4.0]dec~3-enes VIII-XIV (see Table 1). In all cases the reaction mixture
was a suspension of the diketone in methanol saturated with hydrogen chloride.

Ar

i Ar'
CH,0H 1

OCH, Ar
-vii VHI-XIV XV=XVIl

I VIII Ar=Ar=CgHy II, IX Ar=CsHj;, Ar'=4-CH;OC:H. [I X Ar=4-CH,OCsH,,

Ar=CeHs: IV. XI, XV Ar=CgHs. Ar'=34-(CH;0)sCeHz: V, XII. XVI Ar=2-CyoHy,

Ar=CeHs; VI, XII, XVII Ar=2-CioHs Ar'=4.CH;OCiH, VII, XIV Ar=2-CyHy,
Ar'=3,4-(CH;0),CsHs ‘

As in the case of diketone I, reaction with hydrogen sulfide was not observed in the case
of action of hydrogen chloride on hydrogen sulfide-saturated suspensions of diketones II,
IV, and VIT in methanol. Instead of the expected 3,5-diaryl-2-thiabicyclo[4.4.0]dec~3-enes
[5, 6], one observes the formation of their oxygen analogs IX, XI, and XIV; when hydrogen
sulfide is introduced into the reaction mixture, the yields of methoxydihydropyrans IV, XI,
and XIV increased sharply: from 29 to 75% in the case of diketone II (no explanation was
found for this fact). In addition, the addition of concentrated sulfuric acid (107 of the
amount of methanol) promotes the formation of methoxydihydropyrans: The yield of methoxydi~
hydropyran X increases from 29 to 60%.

In addition to XI-XII, diketones IV~VI under the conditions presented above give 9-oxo-
2 4~diarylbicyclo{3.3.1]lnon-2-enes (XV-XVII) — the products of intramolecular crotonic con-
densation, The addition of sulfuric acid to a methanol solution of the diketone saturated
with hydrogen chloride promoted the formation of XV-XVII. Thus, the yield of bicyclononene
XVI from diketone V increased from 25 to 477 when sulfuric acid was added.

The starting diketones exist inthe diketone form in the solid state, as evidenced by
their IR spectra. It may be assumed that protonation of the more active alicyelic carbonyl
group of the diketone to give carbonium ion A occurs in acidic media. The stabilization of
the latter may probably take place via pathway (1) through cyclic carbonium ion B or via path~
way (2) through hemiacetal C, leading to methoxydihydropyrans. Pathway (2) seems most likely
to us, since it is well known that cyclohexaneone and its derivatives under similar condi- -
tions give hemiacetals [7, 8]. In addition, the ability of bicyclanes to undergo conversion
to cyclic hemiacetals is well known [9]. '
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Under acid-catalysis conditions the intramolecular condensation of the crotonic type
evidently proceeds via pathway (3) and leads to the formation of bicyclononenes.

The IR spectra of VIII-XIV contain the absorption band of a double bond at 1648-1653
cm~® and in the 1000-1100 cm™' region one should note the two most intense absorption bands

at 1025-1038 and 1070-1087 cm~*, which are characteristic for the C—0~C—0-C grouping in

cyclic acetals {lQ].
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The PMR spectra of VIII-XIV contain signals of heteroring protons with an integral in-
tensity of one proton: 5.34-5.8 (d, 4-H), 3.26-3.68 (dd, 5-H), and 2.33-2.50 ppm (m, 6-H)
(334,5 = 2,5-2.,6; 3J5;5 = 10.5-11.0 Hz)., The protons of the methoxy groups here give sig-
nals at 3.2-3.35 ppm, whereas in the case of aryl substituents they are found at weaker field
at 3.67-3.76 ppm. The multiplets at 1.45-1.60 and 6.60-7.68 ppm correspond to the alicyclic
and aromatic protoms.

The interpretation of the PMR spectra of VIII-XIV presented above, which was made with
the use of the methods of total and inverse double resonance, makes it possible to identify
them as 2-oxabicyclo{4.4.0}dec-3-enes and to refine the structure of VIII, which was pre-
viously described [2] as 2-methoxy-2,4-diphenyl-2,3,5,6,7,8-hexahydrochromene.

The use of the angular correlation of the SSCC of the vicinal protons of the heteroring
and the effect of an aromatic solvent on the chemical shifts of the protons made it possible
to establish the configuration of VIII-XIV [6]:

OCH,

In the case of X the configuration was also confirmed by the results of x-ray diffraction
analysis [11].

EXPERIMENTAL

The IR spectra of suspensions of the compounds in mineral oil and hexachlorobutadiene
were recorded with a UR-20 spectrometer. The PMR spectra of 0.3 m solutions of the compounds
in CDCls were obtained with Tesla BS—447 (60 MHz) and RYa-2306 (60 MHz) spectrometers at room
temperature with hexamethyldisiloxane as the interpal standard. The chemical shifts are pre-
sented on the § scale with an accuracy up to 0.02 ppm. The resonance signals were identified
by the method of total and inverse double regonance (INDOR).

1-(4-Methoxyphenyl)-3-phenyl-3-(2-oxocyclohexyl)propanone (III). A 12-g (0.05 mole)
sample of benzylidene-p-methoxyacetophenone was added to a refluxing mixture of 50 m1 (0.5
mole) of cyclohexanone and 150 ml of a 0.3 N solution of sodium hydroxide in ethanol. Dike-
tone III was removed by filtration after cooling and partial evaporation of the reaction mix-
ture. The yvield of product with mp 135-137°C (from ethanol) was 10.8 g (65%). IR spectrum:
1680, 1720 cm™' (C=0). Found: C 78.2; H 7.3%. Cz2H2.0s. Calculated: C 78.6; H 7.1%.
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1-(2-Naphthyl)-3-(3,4-dimethoxyphenyl)propanone (VII). This compound was similarly ob-
tained from 0.24 mole of cyclohexanone and 0.08 mole of chalcone in 180 ml of a 0.3 N solu-
tion of sodium hydroxide in ethanol. The yield of product with mp 140.5-141.5°C [from etha-
nol—benzene (1:1)] was 13.7 g (51%). IR spectrum: 1680, 1720 cm™' (C=0). Found: C 77.6;
H 6.8%7. Ca27H260,. Calculated: C 77.9; H 6.8%.

1-Methoxy-3,5-diaryi-2-oxabicyclo[4.4.0]dec~-3-enes (VIII-XIV). A suspension of 0.0l mole
of the diketone in 30-50 ml of absolute methanol was saturated with dry hydrogen chloride in
the course of 4-12 h at 5-15°C, and the mixture was then allowed to stand at room temperature
for 12 h. The precipitated cyrstals were separated, washed with water and methanol, and re-
crystallized from an appropriate solvent (Table 1).

9~0x0-2,4-~diarylbicyclo[3.3.1]non~2-enes (XV-XVIIL) were obtained in addition to methoxy-
dihydropyrans XI-XIII from diketones IV-VI. The reaction products were separated and puri-
fied by chromatography with a column filled with aluminum oxide [petroleum ether—ethyl ace-
tate (10:1)].

9-0x0-2-phenyl-4-(3,4-dimethoxyphenyl)bicyelo[3.3.1]non-2-ene (XV). This compound was
obtained in 65% yield and had mp 125-127°C. IR spectrum: 1700 (C=0); 1635 (C=C); 1605, 1595,
and 1502 cm~' (C=CAr). PMR spectrum: 6.70-7,20 (m, Ar), 6.30 (d, 3-H), 4.05 (dd, 4-H), 3.76
(d, OCHz), 1.90 ppm (m, CHz), Found: C 79.4; H 7.1%. C2sH2,05. Calculated: C 79.3; H 6.9%.

9—Oxo—2—(2—naphthyl)—4—phenylb1cyclo[3 3.1]non-2-ene (XVI). This compound was obtained
in 477 yield and had mp 160-162°C. IR spectrum: 1732 (C=0); 1640 (C=C); 1605, 1590, and 1505 cm™ -t
(C=CAr). PMR spectrum: 7.35-8.08 (m, Ar), 6.30 (d, 3-H), 4.20 (dd, 4~H), and 2.08 ppm (m,
CHz). Found: C 88. 0 H 6.8%. Ca2H220. Calculated: C 88. 9 H 6.67%.

9-0x0-2-(2-naphthyl)-4- (4-methoxyphenyl)bicyclo[3.3.1]non-2-ene (XVII). This compound
was obtained in 20% yield and had mp 133-134°C. IR spectrum: 1734 (C=0); 1642 (C=C); 1622,
1597, and 1520 cm™' (C=CAr). PMR spectrum: 6.72-7.70 (m, Ar), 6.50 (d, 3-H), 4.25 (dd, 4-H),
3.80 (s, OCHs;), and 2.02 ppm (m, CH;). Found: C 85.0; H 6.9%. CaeH270,. Calculated: C 84.8;
H 6.6%.
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