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Acid-catalysed Cyclisations: Structures of Novel Products
isolated in the Reaction of 2-[3-(2,6-Dimethoxyphenyl)but-
2-enyl]-2-methylcyclopentane-1,3-dione with MeOH-HCI

Tirumalai R. Kasturi,* Sathavaram Madhava Reddy,' and Parvathi S. Murthy
Department of Organic Chemistry, Indian Institute of Science, Bangalore 560012, India

Reaction of the title compound (1a) with anhydrous MeOH—-HCI gave 2-endo-(2,6-dimethoxyphenyl)-2-

exo-methyl-5-methylbicyclo[3.2.1]octane-6,8-dione (3a),
1,6-dimethoxy-5,8-seco-6,7-dinorestra-1,3,5(10),8,14-pen-
and 3,4,5,6-tetrahydro-2,7-dimethoxy-3,6-dimethyl-3,2,6-(13-oxopropan{1]yl-

tra-1,3,56(10),9(11)-tetraen-17-one (4),
taen-17-one (5),

1.5,14B-trimethoxy-5,8-seco-6,7-dinores-

[3]ylidene)-2H-1-benzoxocin (6). Structures assigned to compounds (3a), (4), and (6) are based
on spectral data. The exo-tricyclic acetal structure (6) was further confirmed by the analysis of the 'H
n.m.r. spectra of the isomeric alcohols (11) and (12), obtained by sodium borohydride reduction of (6).

Kasturi and co-workers 2 have prepared a number of novel
C-2 isomeric aryl and alkyl substituted exo- and endo-5-
methylbicyclo[3.2.1]octane-6,8-diones (2) and (3) by reaction
of the seco-diones of the type (1) (R1,R4,R?® = H or OMe,
R* = Me, Et, CH=CH,, CH,CH,0Me, CH=CMe,, or CH,-
CHMe,) with anhydrous MeOH-HCI. In all the reactions
studied so far,! it has been found that the endo-aryl-exo-alkyl
isomer (3) predominates over the exo-aryl-endo-alkyl isomer
(2) in the product, in keeping with the expectation that the
bulky axial aryl group in (2) would be less stable than the
equatorial aryl group in (3). Also, these isomeric bicyclo-
[3.2.1]octane-6,8-diones exhibited certain systematic trends in
the change of chemical shifts of the bridgehead and the keto-
methylene protons with the change in aryl substitution at C-2.
To gain a better insight of the mechanism of this reaction and
to understand the steric and electronic factors affecting the
chemical shifts of the said protons, we attempted the synthesis
of the isomeric bicyclic compounds (2a) and (3a) from the
corresponding seco-dione (1a) and investigated their n.m.r.
spectra. In this paper, we describe the results of this investig-
ation.

The reaction of anhydrous MeOH-HCI with the seco-
dione (1a)® gave a mixture which could be separated into
four fractions. The most polar fraction (15%) was the un-
changed seco-dione (1a). The major second, fraction (35%)
was a mixture of two compounds (A) and (B) which showed
two angular methyl signals at 8 1.16 and 1.05 in their n.m.r.
spectra, in the ratio 6: 5; these could be separated by careful
fractional crystallisation. Compound (A) (M*" 316) pos-
sessed a carbonyl function (v,,, 1 740 cm™) and one aliphatic
methoxy-group in addition to the 2,6-dimethoxyaryl group
(n.m.r.). In the mass spectrum, the presence of an abundant
fragment at m/z 190, resulting from the loss of a neutral
fragment of 126 mass units followed by further loss of a
methyl radical to give the base peak at m/z 175, is very sig-
nificant. This ion (m/z 190) could only arise from structure (4),
by a retro Diels—-Alder fragmentation ¢ with the loss of a
neutral species (9). Further confirmation of this structure (4)
was provided by the 3C n.m.r. spectrum, in particular the
signal for C-14 at § 82.59 p.p.m. (vide Table 1). The 14-
methoxy-group in the methoxy-ketone (4) is tentatively
assigned *~7 the B-configuration on the basis of the chemical
shift of the angular methyl signal (8 1.15).

The spectral data of compound (B) were similar to those of
the isomeric exo and endo bicyclic compounds reported -2
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earlier. Structure (3a) for compound (B) was confirmed by
X-ray analysis.t

The third fraction (4%) was shown to be the extra-penta-
enone (5) by comparison with an authentic sample.?

The least polar, fourth fraction (2.5%, M** 302, v_.. 1740
cm™) showed the presence of two methyl singlets (8 1.03 and
1.56), one aliphatic methoxy- (3.32) and only one aromatic
methoxy-group (3.79) in its n.m.r. spectrum. The *C n.m.r.
spectrum (vide Table 1) indicated the dissymmetric substitu-
tion on the aromatic ring. The appearance of the two low-
field aromatic carbon singlets at & 156.28 and 159.85 p.p.m.
were indicative of the attachment of these carbons to oxygen
atoms. One of them was a methoxy-substituent (‘H n.m.r.)
while the other was involved in the cyclisation with the ketonic
function. This is also borne out by the low-field quaternary
carbon at § 105.49, attached to two oxygen functions.®

On the basis of the above data, two probable structures, (6)
and (7) were considered for this compound. The involvement
of an 8-ketone [for (6)] or 6-ketone [for (7)] would be re-

1 The results of the X-ray crystal structure analysis, carried out by
K. Venkatesan and co-workers, will be published later.
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Table 1. **C Chemical shifts of compounds (4), (6), (11), and (12)
Compound
Atom T w@ ©) (1) (12)
C-1 157.98 (s) ¢ 105.49 (s) 107.05 (s) 107.05 (s)
C-2 104.50 (d)
C3 128.25 (d) 156.28 (s) 156.40 (s) 156.00 (s)
C4 104.50 (d) 117.50 (s) 117.40 (s) 118.00 (s)
C-5 157.98 (s) 38.44 (s) 38.19 (s) 39.15 (s)
C-6 31.40% (1) 31.25% (1) 29.05°% (t)
C-7 31.96 % (t) 33.14% (1) 32.12°% (1)
C-8 32.70% (t) 55.46 (s) 49.10 (s) 49.14 (s)
C9 129.12 (s) 38.87 (d) 40.64 (d) 40.64 (d)
C-10 121.15 (s) 38.22 (1) 35.40 (t) 33.67%(t)
C-11 121.83 (d) 215.61 (s) 74.74 (d) 75.11 (d)
C-12 33.35% (1) 158.85 (s) 159.20 (s) 158.94 (s)
C-13 51.61 (s) 104.47 (d) 104.22 (d) 104.61 (d)
C-14 82.59 (s) 128.16 (d) 127.78 (d) 127.63 (d)
C-15 24.24 (t) 109.06 (d) 108.90 (d) 108.97 (d)
C-16 34.28 % (1) 48.64 (q) 48.20 (q) 48.61 (q@)
C-17 219.36 (s) 24.95 (q) 24.25 (q) 24.30 (q)
C-18 13.45 (q) 12.06 (q) 13.55 (q) 16.31 (q)
C-19 49.01 (q) 55.46 (q) 55.46 (@) 55.49 (q)
C-20 and C-21 56.11 (q)

2Letter in parentheses indicates the nature of signal. ® Assignments could be interchanged.

flected in the chemical-shift value of the bridgehead or the
ketomethylene protons. The appearance of a two proton
multiplet around 3 2.45, as observed in other bicyclic com-
pounds,? indicates that the two ketomethylene protons were
not affected, while the bridgehead proton was considerably
shielded (8 2.50) compared to that in the starting material (&
3.80—4.06). This clearly established that the 8-keto-group was
involved in the acetal formation. Hence, structure (6) was
tentatively assigned for this tricyclic acetal. Further con-
firmation of this assignment was obtained from the sodium
borohydride reduction of the acetal (6) which gave two iso-
meric alcohols (11) and (12) (Scheme 1). From the chemical

shifts and multiplicity of the a-proton (1-H), the configuration
of the hydroxy-groups in the two isomers could be deduced *~1!
(vide Table 2). Furthermore, it can be seen from Table 2
that the chemical shifts of the ketomethylene protons in the
epimeric alcohols (11) and (12) are altered, while that of the
bridgehead proton remains unchanged. On this basis, only
structure (6) can be assigned to the tricyclic acetal.

The major products obtained in the reaction of MeOH-HCI
with compound (1a) were the normal cyclisation products (4)
and (5) rather than the bridged systems (3a) and (6). The two
o-methoxy-substituents on the aromatic ring evidently caused
steric hindrance to the pathway (a) leading to the bicyclic
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Table 2. Chemical shift and coupling constants of selected protons 1- to 5-H in the exe and endo tricyclic alcohols (11) and (12) ¢

Coupling constants (Hz)

Chemical shift p §
ind (&p.m.) 11?® (12)°
Proton ’(11) (12)‘ ° Ji2 J1a Jia Js Jss‘ r-’u Jis Jia Ja Jasﬁ
1-H 3.56 4.08 12.50¢ 294 8.09 10.29 3.31
2-H 2.53 12.50
3-H 1.58 2.24 2.94 15.07 7.35 10.29 14.52 7.35
4-H 2.45 1.66 8.09 15.07 3.31 14.52
5-H 2.14 2.06 7.35 7.35

* Chemical shifts and coupling constants of 1- to 5-H inclusive were obtained by first-order analysis. ® J4s = 0 Hz in both alcohols (11) and

(12) (see ref. 11). © See ref. 6, p. 299.
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(3a) + (6) = (1a) » (4) + (5)
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compounds, rendering the competing cyclisation pathway (b)
more feasible. Although some amount of the endo bicyclic
compound (3a) was isolated, no exo bicyclic compound (2a)
could be traced in the reaction mixture. The formation of the
exo tricyclic acetal (6), however, was observed only in this
case. Probably, the exo-isomer (2a), formed in small quantities,
gave rise to this compound (6) by a facile neighbouring-group

participation to release the excessive buttressing effect as
shown in Scheme 2.*

Experimental

All m.p.s are uncorrected. U.v. spectra were determined for
solutions in 95%; ethanol using a Shimadzu double beam u.v.
spectrophotometer. Lr. spectra (Nujol) were recorded with a
Perkin-Elmer 397 spectrophotometer. *H N.m.r. spectra
(CDCl;) were taken on a Britker WH 270 FT n.m.r. spectro-
meter and *C n.m.r. spectra (CDCl;-CHCI;) were recorded
on the same instrument operating at 67.89 MHz. Chemical
shifts (both !H and !3C) are quoted in & values (p.p.m.) relative
to Me,Si as internal standard.

Reaction of  2-[3-(2,6-Dimethoxyphenyl)but-2-enyl}-2-
methylcyclopentane-1,3-dione (1a) with Anhydrous MeOH-
HCI.—To a solution of the seco-dione (1a) (3.70 g) in anhy-
drous methanol (45 ml) was added anhydrous methanol (40
ml) saturated with dry hydrogen chloride and the mixture
was left at room temperature for 4 h. The methanol was then
removed under reduced pressure and the residue was extracted
with diethyl ether. The ether extract was washed successively
with water, aqueous sodium hydrogen carbonate, water, and
dried (Na,SO,). The residue obtained after removal of the
solvent was subjected to column chromatography over
neutral alumina (70 g), followed by preparative layer chrom-
atography, and separated into four fractions.

Fraction 1. The most polar fraction (0.53 g) was the un-
changed seco-dione (1a).

Fraction 2. The second fraction (1,58 g) afforded, on frac-
tional crystallisation from ethanol-hexane, 1,5,14B-trimethoxy-
5,8-seco-6,7-dinorestra-1,3,5 (10), 9(11)-tetraen-17-one (4),
m.p. 130—132 °C; v, 1740 cm™; &, 218 (e 17 650) and
278 nm (1900); & 1.15 (3 H, s, CH3), 1.90—2.50 (8 H, m),
3.18 (3 H, s, aliphatic OCH,;), 3.78 (6 H, s, 2 X ArOCH,;),
5.41 (1 H, dd, J 2.21, 8.82 Hz, vinylic H), 6.57 2 H, d, Joreho
8.09 Hz, ArH), and 7.20 (1 H, t, J,.14o 8.09 Hz, ArH); m/z 316
M+, 45%), 190 (M ** — C;H,40,, 60) and 175 [(8) — CH,,
100] (Found: C, 72.05; H, 7.9. C;4H,4,0, requires C, 72.12;
H, 7.65%).

After fractional crystallisation, the remaining compound
was purified by repeated short-path distillation [200 °C at 2
mmHg (bath temperature)] followed by crystallisation from
hexane-benzene to give 2-endo-(2,6-dimethoxyphenyl)-2-exo-
methyl-5-methylbicyclo[3.2.1]octane-6,8-dione (3a), m.p. 114—
115 °C; v,,,, 1765 and 1728 cm™; & 1.07 (3 H, s, CHj,),
1.49 3 H, s, CH,), 1.87—1.95 (2 H, m), 2.19—2.32 (1 H, m),

* The authors wish to thank the referee for suggesting a modific-
ation of the earlier mechanism.
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2.54—2.59 (2 H, m, COCH,), 2.64—2.70 (1 H, m), 3.77 (6 H,
s, 2 X ArOCH,;), 4.06 (1 H, d, J 5.28 Hz), 6.57 2 H, d,
Joreno 8.09 Hz, ArH), and 7.17 (1 H, t, Joru1o 8.09 Hz, ArH);
mjz 302 (M**, 6%), 191 (M** — CsH,0,, 100), 163 (87) and
149 (70) (Found: C, 71.2; H, 7.0. C;sH,,0, requires C, 71.50;
H, 7.33%).

Fraction 3. The third fraction (0.12 g) afforded on crystal-
lisation from hexane—benzene, light orange crystals of 1,5-di-
methoxy-5,8-seco-6,7-dinorestra-1,3,5(10),8,14-pentaen-17-one
(5), m.p. 120—121 °C (lit.,> m.p. 120 °C; m/z 284 (M **, 25%)
(Found: C, 76.3; H, 7.2. Calc. for C;sH,05: C, 76.03;: H,
7.09%).

Fraction 4. The least polar fourth fraction afforded 3,4,5,6-
tetrahydro-2,7-dimethoxy-3,6-dimethyl-3,2,6-(13-oxopropan-
[1)yl[3)ylidene)-2H-1-benzoxocin (6) (0.09 g) readily on
crystallisation from hexane-benzene, m.p. 170 °C; v, 1 740,
1 605,and 1 590 cm™; 8 1.03 (3 H, s, CH,), 1.56 (3 H, s, CHj,),
1.30—1.72 (4 H, m), 2.42—2.53 (3 H, ABC multiplet, COCH,-
CH), 3.32 (3 H, s, aliphatic OCH3), 3.79 3 H, s, ArOCH,),
6.49 (1 H, d, Jorso 8.82 Hz, ArH), 6.65 (1 H, d, J,., 8.82 Hz,
ArH), and 7.13 (1 H, t, J,ms, 8.82 Hz, ArH); m/z 302 (M *+*
100%), 287 (M ** — CHi,, 40), and 85 (80) (Found: C, 71.6; H,
7.2. CsH,,0, requires C, 71.50; H, 7.33%).

NaBH, Reduction of the exo-Tricyclic Acetal (6).—A solu-
tion of the exo-tricyclic acetal (6) (0.12 g) in methanol (20
ml) was treated with NaBH, in portions with stirring at
0 °C during 30 min. The mixture, after being stirred at room
temperature for a further 4 h was diluted with cold water.
The product was extracted with diethyl ether and the ether
extract was washed with water and dried (Na,SO,). The residue
obtained after removal of the solvent was subject to prepar-
ative layer chromatography (CHCI; as eluant) and separated
into two fractions.

Fraction 1 (less polar; 0.046 g), on crystallisation from
hexane-benzene, afforded 3,4,5,6-tetrahydro-2,7-dimethoxy-
3,6-dimethyl-3,2,6-(13-exo-hydroxypropan[11y/[3]ylidene)-2H-
1-benzoxocin (11), m.p. 116 °C; v, 3580, 3 480sh
(OH),!°4-/:12 1 605 and 1 590 cm™; 6 1.04 (3 H, s, CH5), 1.46
(3 H, s, CH,), 1.15—1.66 (5 H, m), 2.14 (1 H, d, J 7.35 Hz),
2.45 (1 H, dd), 2.53 (1 H, d, J 12.50 Hz, OH, exchangeable
with D,0), 3.32 (3 H, s, aliphatic OCH,), 3.56 (1 H, sept.),
3.77 3 H, s, ArOCHs), 6.45 (1 H, dd, Jeta 1.10 Hz, J .1, 8.09
Hz, ArH), 6.60 (1 H, dd, Jyers 1.10 Hz, J,,.;, 8.09 Hz, ArH),
and 7.09 (1 H,t, Jorho 8.09 Hz, ArH); m/z 304 (M**, 48%)
(Found: C, 70.55; H, 8.2. CgH,,04 requires C, 71.02; H,
7.95%).

Fraction 2 (more polar; 0.064 g) crystallised from hexane—
benzene to give 3,4,5,6-tetrahydro-2,7-dimethoxy-3,6-di-
methyl-3,2,6-(13-endo-hydroxypropan[11yl[3]-ylidene)-2H-1-
benzoxocin (12), m.p. 106—112 °C; v_, . 3 520sh, 3 240br,
3 340sh,1°-/:12 1 605, and 1590 cm™; & 1.00 (3 H, s, CH,),
1.49 3 H, s, CH;), 1.22—1.80 (6 H, m), 2.06 (1 H, d, J 7.35
Hz), 2.18—2.30 (1 H, m), 3.25 (3 H, s, aliphatic OCH3;), 3.77
(3 H, s, ArOHG;), 4.08 (1 H, dd), 6.45 (1 H, dd, Jyews 1.10
Hz, Jono 8.45 Hz, ArH), 6.60 (1 H, dd, Jieta 1.10 Hz, J 10
8.45 Hz, ArH), and 7.08 (1 H, t, J,,mo 8.45 Hz, ArH); m/z
304 (M**, 65%) (Found: C, 71.25; H, 7.8. CsH,0, requires
C, 71.02; H, 7.95%).

J. CHEM. SOC. PERKIN TRANS. I 1982

Acknowledgements

We thank Prof. L. Jaenicke, University of Koln, West Ger-
many, for the mass spectra and Bangalore n.m.r. facilities for
the 'H and 3C n.m.r. spectra reported herein. Two of us
(S. M. R. and P. S. M.) thank U.G.C., India, and the
authorities of the Indian Institute of Science, for financial
help.

References

1 Abstracted from Ph.D. Thesis of S. Madhava Reddy, submitted
to Indian Institute of Science, Bangalore, 1981.

2 (a) T. R. Kasturi, S. Madhava Reddy, R. Ramachandra, and
E. M. Abraham, IndianJ. Chem., Sect. B, 1980, 19, 433; (b)) T. R.
Kasturi and S. Madhava Reddy, Indian J. Chem., Sect. B, 1981,
20, 64; (c) T. R. Kasturi, Parvathi S. Murthy, S. Madhava Reddy,
Mohan M. Bhadbhade, and K. Venkatesan, J. Org. Chem.,
1981, 46, 5007.

3 T. R. Kasturi and S. Madhava Reddy, Indian J. Chem., Sect. B,
1982, 21, 8.

4 F. W. McLafferty, ‘ Interpretation of Mass Spectra,” eds. R.
Breslow and N. J. Turro, W. A. Benjamin Inc., New York, 1967,
pp. 118, 126, 141.

5 E, M. Abraham, Ph.D. Thesis, Indian Institute of Science, 1974 ;
R. Ramachandra, Ph.D. Thesis, Indian Institute of Science, 1974.

6 L. M. Jackman and S. Sternhell, ‘Applications of Nuclear Mag-
netic Resonance Spectroscopy in Organic Chemistry,” Pergamon
Press, New York, 2nd edn., 1969, pp. 242, 320.

7 (a) H. Schick and G. Hilgetag, J. Prakt. Chem., 1970, 312, 483,
837; 1971, 313, 999; (b) J. Ruppert, U. Eder, and R. Wiechert,
Chem. Ber., 1973, 106, 3636; (¢) T. R. Kasturi, R. Ramachandra,
and K. M. Damodaran, Tetrahedron, 1974, 30, 3471; T. R.
Kasturi and R. Ramachandra, Indian J. Chem., 1975, 13, 206.

8 E. Breitmaier and W. Voelter, ‘!*C-N.m.r. Spectroscopy
Methods and Applications,” Verlag Chemie, Weinheim, 1974, pp.
146, 220.

9 L. M. Jackman and S. Sternhell, ‘Applications of Nuclear
Magnetic Resonance Spectroscopy in Organic Chemistry,’
Pergamon Press, New York, 2nd edn., 1969, pp. 84, 238, 288.

10 (a) G. Ceccarelli, B. Macchia, F. Macchia, and L. Montl,
Org. Magn. Reson., 1975, 7, 548; (b) J. C. Davis, jun., and T. V.
van Auken, J. Am. Chem. Soc., 1965, 87, 3900; (c) E. W. C.
Wong and C. C. Lee, Can. J. Chem., 1964, 42, 1245; (d) W.
Kraus, Chem. Ber., 1964, 97, 2719; () P. Laszlo and P. V. R.
Schleyer, J. Am. Chem. Soc., 1963, 85, 2709; (f) T. J. Flautt and
W. F. Erman, J. Am. Chem. Soc., 1963, 85, 3212; (¢) K. B.
Wibert and B. Andes Hess, jun., J. Org. Chem., 1966, 31, 2250;
(h) W. Kraus, W. Rothenwohrer and R. Chassin, Tetrahedron
Lett., 1969, 4581; (/) R. A. Appleton, J. C. Fairlie, R. McCrindle,
and W. Parker, J. Chem. Soc., 1968, 1716; (j) P. Brun and B.
Waegell, Bull. Soc. Chim. Fr., 1972, 1825.

(a) F. A. L. Anet, Can. J. Chem., 1961, 39, 789; (b) J. L. Musher,
Mol. Phys., 1963, 6, 93; (¢) A. C. Huitric, J. B. Carr, W. F.
Trager, and B. J. Nist, Tetrahedron, 1963, 19, 2145; (d) J.
Meinwald and Y. C. Meinwald, J. Am. Chem. Soc., 1963, 85,
2614; (e) E. L. Snyder and B. Franzus, J. Am. Chem. Soc., 1964,
86, 1166; (f) W. D. Kumler, J. N. Shoolery, and F. V. Brutcher,
jun.,J. Am. Chem. Soc., 1958, 80, 2533;(g) Z. G. Hajos and D. R.
Parrish, J. Org. Chem., 1974, 39, 1612; (h) W. C. Agosta and S.
Wolff, J. Org. Chem., 1975, 40, 1665.

12 H. L. Goering, R. W. Greiner, and M. F. Sloan, J. Am. Chem.

Soc., 1961, 83, 1391.

1

J—

Received 23rd December 1981 ; Paper 1/1975



