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BRIDGED RING SYSTEMS—XIII!
THE SYNTHESIS OF CYCLOHEPTENE CARBOXYLIC ACIDS

G. L. BUCHANAN, A. C. W. CURRAN, J. M. McCrate and G. W. McLay
Department of Chemistry, University of GGlasgow

(Received 21 March 1967 ; accepied for publication 3 April 1967)

Abstract—$-(2-Oxocyclopentyl)ethylaryl ketones are transformed under acd conditions via a 2-aryl-
bicyclo(3.2.1Joct-2-en-8-one intermediate 1nto a mixture of arylcycloheptenc carboxylic acids. The scope
and the mechanism of the reaction are both discussed.

RECENTLY? we reported the acid catalysed conversions of the 1,5-diketone I into the
carboxylic acid 111 and the lactone 1V, and identified as the reaction intermediate
the unstable bicyclic ketone II which could be isolated only under special conditions.
No mechanism which we could visualize would account for the formation of
only these products: indeed, we had cxpected. on mechanistic grounds, that the main
product would be V. A recxamination of the reaction product has now shown that
although the (oily) acid appeared to be homogeneous it is in fact a 1:1 mixture.

Ph Ph AN
Ph Ph 0 Ph
. ‘O,H CO,H
1l 1t v v

I

It has not been possible to isolate either component by GLC or TLC, but the structure
V of the second product can be inferred (assuming skeletal integrity) from the UV
of the mixture,? which shows typical styrene absorption (¢ 10,000). Experimental
confirmation of structures 11l and V has now been obtained (vide infra).

The true course of the reaction is therefore I — [1I]— 111 + IV + V, and it is
now possible to visualize the mechanism as a fragmentation of the bicyclic inter-
mediate as in VI, followed by equilibration of the C=C. Presumably the hydration?
step (I — VI)and the subsequent fragmentation, result from ring strain; the absence
of strain in the related bicyclo [3.3.1] nonenone and bicyclo [4.3.1] decenone systems
accounts for their stability.? This being so. it would be expected that the corresponding
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! Part XII J. Martin, W. Parker and R. A. Raphacl, J. Chem. Soc. in press.
? G. L. Buchanan. C. Maxwell and W. Henderson, Tetrahedron 21, 3273 (1965).
3 of H O. Housc. P. P. Wickmann and H. C. Muller, J. Am. Chem Soc. 84. 3139 (1962).
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bicyclo [3.1.1] heptenone system would be even less stable and more readily frag-
mented. In fact chrysanthenone (VII), a member of this class, occurs in nature and
fragments under acid conditions yielding not a carboxylic acid but piperitenone
(VIII).* It is now clear that this behaviour is atypical, and is promoted by the gem-
dimethyl group. for the cyclobutanone derivative IX behaved as expected under
acid conditions, giving the phenylcyclohexene carboxylic acid (X).

As visualized above, the transformation VI — V is initiated by protonation of the
C=C and in turn. ease of protonation must be influenced by substituents in the
aromatic ring. In order to test this feature. as well as to explore the scope of the reaction,
the aryl ketones XI have been treated under standard conditions and the yields of
mixed acids are recorded in Table 1. Even this crude measure of the effect of substi-
tuents shows that the ease of protonation is an important factor and is consistent with
the postulated mechanism. From a practical standpoint. it should be noted in case e
where standard conditions gave a poor yield, forcing conditions (Experimental)
gave a 75, yield. An o-hydroxyl on the other hand obstructs the reaction. probably
by H-bonding at the initial aldol step (I — II).

TanLe |
X1l a b ¢ d e s/ g h
R Ph 4BrPh 4 MeOPh 4 McPh 4 NO,Ph 2-Naphth 2 MeOPh 2HOPH
% yield 75 80 88 82 26* 75 70 0°

¢ Starting matenal returned.
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That the reaction produces a mixture of carboxylic acids reduces its usefulness as a
synthetic route to cycloheptene carboxylic acids. However, there are exceptions; the
chalconc adduct X111 gave only one acid (X1V). together with small amounts of the
y and 8 lactones.* The reason for this is not clear, but the location of the C=C in
X1V follows from its NMR spectrum (1 x H triplet 3-85 1. J = 6¢/s). In particular
a substituent on the 3 or S positions stabilizes the C=C; thus the dionc XV gives only
the lactone XVI, and its isomer XVII gives only the cycloheptene carboxylic acid
XVIIL® This process is therefore eminently suited to the construction of tricyclic

¢ M. Kotake and H. Nonaka. Liebigs Ann. 607, 153 (1957); E. P. Blanchard, Chem. & Ind. 293 (1958).

> This is the only case in which any & lactone bas been detected.

¢ The presence of a substituent at position § in the cyclopentanonc ring inhibits the transformation and
the yield is low but good yields (79 ) are achieved under forcing conditions.
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compounds of type XX. and indeed the diketones XIX derived from indan-!-one,
a-tetralone and 2.3-benzosuberone readily afford the carboxylic acids XX’ together
with traces of the related y-lactones. The use of a methoxylated benzosuberone has
also been studied and will be reported later.

Although the mixture of isomeric acids (XII) could not be separated in any of the
cases investigated, it was frequently possible to isolate a pure isomer of unknown
orientation by repeated sacrificial crystallization. It was of interest to identify this
isomer. It was also desirable to establish rigorously that the components of the
mixture XII were in fact the 3-ene and 4-ene carboxylic acids. and these problems were
tackled concurrently.

The mixed cycloheptene acids (111 and V) were esterified and hydroborated. The
resulting mixture of diols was oxidized, and after esterification could be separated
into a liquid and a solid ester. These were identified as XXI and XXII by reaction,
separately with MeMgBr and subsequent hydrolysis and dehydration. when they
yielded. respectively, the lactone XVI and the unsaturated acid XVIII. The liquid
keto-ester (XXI) was also obtained from the y-lactone (IV) by LAH followed by
oxidation and esterification.

Ph Ph p-MePh
~0,Me "0, Me CO,H

XX1 XX xxm

aRe

XXV XXV

Thus the structures I11, IV and V are all verified. In the p-tolyl case (XIId), a solid
acid isolated by repeated recrystallizations was correlated with the isomeric lactone
by the hydroboration procedure outlined above and was thus identified as XXIII.

" These acids showed the appropriate styrene chromophore (UV) but no vinyl proton (NMR).
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Any attempt to extend the fragmentation reaction to a wholly aliphatic system such
as XX1V is frustrated by the alternative aldol reaction leading to the hydroindanone
XXV. Nevertheless. evidence is available from studies® on a related system that such
reactions proceed via a kinetically favoured bridged bycyclic intermediate. analogous
to XXVI. Therc are also indications® speculative but significant— that a completely
aliphatic bicyclo[3.2.1]Jocten-8-onc is capable of fragmentation in the fashion
described above for the aromatic analogues. However, although the formation of either
bridged (e.g. XXVI) or fused (c.g. XXV) aldol products depends on reaction con-
ditions® '° rather than on stercochemical factors, as was once suggested.'' the

HO, R
(a) R = Me,C. R
()R = Me,CH ‘O.M
{c) R = Me¢,CH-CH,

(d)R = Me
XXVI XXVII XXVII
X XIX XXX XXXI

conditions necessary for the fragmentation step are precisely those which would lead
to the thermodynamically favoured enone XXV. Accordingly. we can only hope to
observe the fragmentation process dominant in cases where enone formations is
impossible, or under special conditions.

The t-butyl ketone (XXVIla) was completely unaffected under the usual reaction
conditions, but the isopropyl ketone (XXVIIb) afforded 15° of the mixture of acids
XXVIIIb as well as the unconjugated enone XXIX, and even the isobutyl analogue
XXVIlc gave a 24°; yield of XXVIlIc in addition to XXX. More convincingly the
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' W.S. Johnson, J. J. Korst, R. A. Clement and J. Dutta, J. Am Chem Soc. 82, 614 (1960).
° W. G. Dauben and ). W. McFarland, J. Am. Chem Soc. 82, 4245 (1960).

19 For a pertinent example sec E. J. Corey and S. Nozoe, J. Am. Chem. Soc. 87, $728 (1965).
'' R. D. Sands, J. Org. Chem. 28, 1710 (1963). S. Julia, Bull Soc. Chim. Fr. 780 (1954).
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diketone XXXI yielded. according to conditions, the lactone XXXII or the methyl
ester XXXIII. The homologous diketone XXXIV. which can afford either a bicyclo-
[3.3.1Jnonenone (XXXV) or a bicyclo[3.2.1]Joctenone XXXVI'? intermediate, gave
rise to a mixture of both plus the lactone XXXVII which arises from fragmentation
of the latter. Unexpectedly, the isopropyl ketone XXVIIb was observed to givea 739,
yield of acid (XXVIIIb) under forcing conditions, and thus encouraged we re-
investigated the isobutyl (XXVIIc) and methy! (XXIV) ketones. Under forcing con-
ditions. these afforded respectively 73%, and 60°, yield of the acids XXVIlIc and
XXVIIId. These results illustrate convincingly how the ultimate fate of a ketone such
as XXIV is governed by two equilibria, for under high temperature conditions. the
kinetically favoured bicycle XXVI appears to undergo fragmentation (to XXVIIId)
more rapidly than isomerization to XXV.

OHC
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XXXVII XXXIX
/ co Et N@(m
0,! t
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Another species which should afford fragmentation products is the aldchyde
XXXVIIL In practice, acid treatment of this molecule was complicated by retro-
Michacel products, but the bicyclic keto-ester XXXIX behaved as expected. yielding.
after esterification, a mixture of the esters XL and XLI. The latter was identified by
comparison (IR; GLC) with an authentic specimen;'? its isomer was shown to
possess the same carbon skeleton by reduction of both products to diethyl cyclo-
heptane-1,1-dicarboxylate, and its structure XL was inferred spectroscopically and
by analogy with the foregoing results. Interestingly. the ratio of isomers XL and XLI
was 4:1 and when a pure sample of the latter!? was re-subjected to the reaction
conditions, the same ratio was re-cstablished. We suggest that this is a conformational
effect. In the preferred chair conformation'* a 5-axial substituent experiences two non-
bonded interactions (XLIa) whereas in the isomer XLa there is only one. This argument
also explains our observation that under standard conditions, the diketone XLII

|
yields mainly, the lactone XLII (v§" 1777cm '; H-C—O 5187 as subsplit
doublct; H—C---Ph 7-25 t unresolved). !
I

2. S Julia and D. Varech, Bull. Soc. Chim. Fr. 1127 (1959)..
'3 G L Buchanan and G. W. McLay, Tetrahedron 22, 1521 (1966).

!4 G. L. Buchanan and J. M. McCrae, Tetrahedron 23, 279 (1967); S. Kabus, H. Fnebolin and H. Schmud,
Tetrahedron Letters 469 (1965).
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EXPERIMENTAL

UV and IR Spectra were measured on Unicam SP 800 and SP 100 Spectrophotometers respectively and
NMR Spectra in CDCl,y) on a Perkin-Elmer (R.S.10) 60 mc instrument. Mas¢-spectra were measured on
an AEl MS9.

2-Dimethylaminomethylhydrindan-1-one

A soln of a-hydrindone (24 g), paraformaldehyde (114 g) and dimethylamine hydrochloride (16-2 g)
in EtOH (100 m]) containing conc HC! (3 ml) was boiled under reflux for 2 hr. When the soln had cooled
it was poured into excess acetone and allowed to crystallize overnight. The Mannich base hydrochloride
{yiekd 86°,) was recrysiallized from EtOH aceione m.p. 148 1507 {(Found: C.636.H.74;N,61.C,;H,,

ONCI requires: C. 638 H. 71; N, 6:2°,.) The frec base was liberated by alkali and used immediately.

3-Dimethylamino-o-methoxypropiophenone

A soln of o-methoxyacetophenone (47 g). dimethylamine hydrochloride (33 g) and paraformaldehyde
(12 g} in 150 m! EtOH containing conc HC1 (0-S ml) was boiled under reflux for 2 he, diluted with water.
washed with ether, basifiad and reextracted with ether. The crude Mannich base (75°, yield) was character-
1zed as its picrate m.p. 138 139° from EtOH. (Found: C.49'5; H, 46, N. 128 C,,H,;,04N, requires:
C.494 . H. 48, N, 13:1°)).

1,5-Diketones

Except in a few cases which arc separately described, the 1,5-diketones were prepared from cyclopenta-
nonc and the appropriatec Mannich base by the thermal Michael process which has already been described **
for Xla. In each case, the crude product was distilled to separate it from di-condensation product and
crystallized to purity. The data are listed in Table 2.

243'-Phenyl-3'-oxopropylicyclobutanone (1X)

Cyclobutanone (1-6g) and B-dimethylaminopropiophenone (123 g) werc refluxed with stirring for
1 hr, neutralized with AcOH and extracted with cther. The extract afforded the dione 0-7g. 60°,) bp.
125 130°003 mm &5 1783 and 1693 cm™'; m.e 202. (Found: C, 773, H, 70. C,,H, O, requires:
C. 772, H.70°,)

24B- Benzolyethyl) 2-methylcyclopentanone (XLII)

An ice-cooled ethereal soln of 2-methylcyclopentanone (392 g) was treated with KOH (0-17 g)in 1'S ml
EtOH, followed by slow (30 min) addition of phenylvinyl ketone (30 g) dissolved in ether (10 ml) to the
stirred reaction mixture. The ice-bath was then removed and the heterogencous mixture was stirred for a
further hr. After dilution with water and acidification (6NHCI), the mixture was cther extracted and the
cthereal soln was washed with brine, dried and concentrated. The diketone was isolated by distillation
(121 135°001 mm) and therealter solidified m.p. 40 42°. (Found: C. 779, H, 78. C,4H,,0O; requires:
C.782,H.79°,)vE§" 1736 and 1689 cm ' The NMR showed a 3H singlet at 898 .

Cycloheptene Carboxylic Acids
The previously described? general procedure was used throughout, with reflux time varying (8-24 hr)
according to convenience except in the case of XVI, where an 8-day reflux was used. The acid mixture was
extracted by alkali, and the neutral fraction, which sometimes contained starting matenal and occasionally
a trace of the bicyclo[3.2.1] octenone intermediate as well as y-lactone, could be purified by treatment with
NaBH, followed by chromatography,? when is afforded the y-lactone (v&5'* ~ 1778 cm ™!} In view of
recent comments'® on the vy of certain 4-lactones, the lactone structure was confirmed. where possible,

|
by the presence of a H ﬁ,‘ -0 signal at ~52 1t in the NMR. Results are shown in Table 3. Analytical

figures and m ps quoted for carboxylic acids relate 1o pure isomers isolated by repeated recrystaihzations.
The acidic product obtained from I (i.e. XIla) was estenified (diazomethane) yielding a yellow o1l b.p.
134°.0-1 mm v&§* 1730 cm ! (Found: C, 78+6; H, 81. C,H,,0, requires: C. 782; H, 79 %). which was

'S N.S Gill. K. B. James, F. Lions and K. T. Potts, J. Am Chem. Soc. 74, 4923 (1952).
‘¢ K. K. Cheung K. H. Overton and G. A. Sim, Chem. Comm. 634 (1965).
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H o
Compound M;::eld) Found Requires bp m.p Yi:old

XIb A C,H,;O,Br C 569 569 166 176°/04 mm 70-72¢ 625
H 515 51 petrol
Br 272 271

Xlc B C,4H,,0, C 733 731 196 198°/0-S mm 78-79° 76
H 70 73 EtOH

XId C C,sH,,0,; C 7185 782 160- 170°0-3 mm 72 74° 76
H 79 79 petrol

Xle D! C,H,;ON C 644 64-1 - 75 17° 65
H 58 56 petrol
N 54 52

XIf E C,4H,,0, C 809 812 190-200°002 mm 75-76°
H 68 68 petrol

Xig F C,4H,40, C 725 7315 150 155°0-15 mm -
H 71 74

XTh G C,H,0, C 726 724 140°/002 mm 105 106° 63
H 665 69 petrol

XV A C,sH,,0,; C 778 782 125 127°/0-15S mm - 50
H 82 79

XviIre H C,3H,,0,; C 782 782 130-140°005 mm 68 -70° 76
H 805 79 EtOH

XIX F C,4H,,0,; C 7187 780 176°007 mm 60-64° 42

(n=1) H 70 71 petrol

XIX 1 ‘

(n = 3)

XXVila J CeH,ON C 57117 574 84 -86°/002 mm - 80
H 62 64
N 148 149

XXVIIb K C,,H,,0; C 724 725 94-98°0-S mm - 31
H 99 995

XXVilc K C,;H;,0,; C 740 735 102-104°20-3 mm 75
H 104 103

4 E.B.Knott,J. Chem. Soc. 1190 (1947). * C. Mannich and D. Lammering, Chem. Ber. 85,3510 (1922) € D. W. Adamso
and J. W. Billinghurst, J. Chem. Soc. 1039 (1950). ® H. F. Ginsburg. |. Lederman and D. Papa, J. Am. Chem. Soc. 78, 458
(1953). ® F. F. Blicke and C. E Maxwell, J. Am. Chem. Soc. 64, 428 (1942} ” vide supra. © E. M. Padfield and M. L Tomlir
son, J. Chem. Soc. 2272 (1950). ® Org. Synthesis Coll. Vol.; 3, 305. ' D. S. Tarbell, H. F. Wilson and E. Ott, J. Am. Chen
Soc. 74, 6263 (1952). 7 A. N. Kost and V. V. Ershov, Zh. Obsh. Khim. 27, 1722 (1957) [Chem. Abstr. 52,3789g). *G.1
Buchanan and A. C. W. Curran, Chem. Comm. 773 (1966).

*Mono-D.N.P. mp. 127 129°(MecOH).* For structure see G. L. Buchanan and G. W. McLay, Chem. Comm. S04 (1965
‘ For structure see G. L. Buchanan and A. C. W. Curran, Chem. Comm. 773 (1966). ¢ Free base oblained by treatment wit
Na,CO, solution at 0°, picrate mp. 160-161° (T.H.F./EtOH). (Found: C,452; H, 38. C,,H,,0,,N; requires: C, 45
H.399%.) ¢ Crude product used.

found by GLC analysis (1°, PEG-A; 150°; 45 ml/min) to be a 45/55° mixture of two components with
retention times of 54 min, and 6 min. On 1°, F-60 at 140°, they had R, 120 and 128 min respectively.

Forcing conditions
The diketone (2 g) and toluene-p-sulphonic acid (2 g) in ethylene glycol (ca. 3 g) was boiled for 1 hr,
cooled and made alkaline with KOH (3 g) in ~ 10 ml water. The soln was then boiled for a further 2 br,
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and flooded with water. Neutral products were extracted at this stage and. after acidification, acids were
extracted with ether

Methyl 4-phenyl-3 and S-oxocycloheptane carboxylates XXI and XX11

(a) The mixture of esters (24 g) derived from the isomeric acids X1la (i.c. 11l + V) was added to a suspen-
ston of NaBH, (0-84 g) in anhyd diglyme (12 ml) and treated dropwise with a soln of redistilled BF , etherate
(5 ml) in diglyme (6 m)). The reaction mixture was stirred at room temp for 1 hr. then treated cautiously
with 8 ml H,0 followed by 4N NaOH (6 ml) and 30°, H,0, (6 ml). stirred for a further 1 hr at room temp
and finally extracted with ether. The ether soln was washed with FeSO,aq and then with brine, dried
(MgSO,) and evaporated. The resulting oil (1S g). which was a mixture of diols, was dissolved in acetone
and stirred overnight with an excess of Jones' reagent.!” The soln was flooded with water (100 ml) and
extracted with ether. The acids were 1solated from the extract via a N NaOH extraction and esterified
(diazomethane) yielding 065 g o1l. This oil was chromatographed on fine mesh silica (10 g)and the fractions
eluted with 40,45 and 50°,, cther in petrol, were rechromatographed affording the 3-oxo ester b.p. 136 138
002 mm (Found:C.72:6. H.74. C,(H,,0, requires: C. 73.1; H. 74°_) v&§" 1740 cm "' and 1711 cm *.
GLC R, 181 minon 7°, F-60:1°, Z at 200° foliowed by the S-oxo ester mp. 72- 73" (petrol). (Found:
C. 730, H.70.C,{H,,0, requires: C. 731 ; H. 74°_} v&§* 1739 and 1710 cm ™' GLC R, 20-2 min under
wentical conditions.

(b) A soln of the y-lactone IV, (100 mg) in dry THF (1 ml) was added to a stirred suspension of LAH
2mg) in dry THF (2ml) and the mixture was refluxed for 7-5 hr. Thereafter (NH,); SO,aq was added
followed by enough dil HCI to dissolve salts Extraction with AcOEt afforded an oil which was oxidized
for 20 hr in acetone soln with excess Jones' reagent. The acidic matenal isolated by the normal work-up
was estenfied (diazomethane) and shown by GL.C and IR to be identified with the liquid oxo ester (R, }81
min)described in (a) above.

By an 1dentical process. the mixture of acids X1Id was transformed 1nto the oxo-ester XXI (p-tolyl for
phenyl) bp. 174 176" 1 2mm v&5'* 1743 and 1712 em ' (Found: C. 7355; H. 78. C,,H,,0, requires:
C. 738, H.77°,)GLCR, = 206minon 7°, F-60.1°_ Z at 200°. and XXIl(p-toly! for phenyl) m.p. 80 81°
(petrol) v&5'* 1742 and 1712 cm ™. (Found: C. 738 H, 79 C, H,,0, requires: . 738, H.77°, ) GLCR,
234 min on the same column. The liquid oxo ester was identified as the 3-0xo0 isomer by independent
synthesis from the y-lactone by-product of X11d (sce Table 3). by LAH reduction as in (b) above. Moreover.
a pure sample of the acid X11d. m.p. 127--129" (Table 3) isolated by repeated recrystallization, was identified
as the 4 1somer XX 111 by esterification-hydroboration-oxidation as detaiied in (a) above.

Grignard reaction on oxo-ester

The lhiquid XXI (66 mg) 1n anhyd cther (5 ml) was treated. under N,. with ethercal MeMgl [from Mg
(29 mg) and Mel (220 mg) in ether (7 ml)] and stirred under reflux for 45 min. After cooling. 6N HCI
(12 ml) was added and the 2-phase system was stirred and refluxed overnight; during this time the cther
cvaporated. The reaction mixturce was then extracted with ether and the latter. re-extracted with 4N NaOH.
The basic extract yielded 18 mg of acid on acidification, and this was shown (GLC on methyl ester) to be
starting oxo-cster. The ethereal soln yickded 38 mg of XVI. m.p. 90 92° (benzene petrol) identical in all
respects with the product alrcady described (Table 3)

A stuirred ethereal soln of solid XXII (60 mg) was similarly reacted with MeMgl for 25 hr, and worked
up as before, yickling 45 mg of a complex mixture of neutral products and 20 mg of an acid which was
estenfied (diazomethane) The resulting ester was identical (GL.C and IR) with that derived from the acid
XVIIIL

4-Isopropylcyclohept-3 and 4-ene carboxylic acids (XXV11Ib)

(a) The diketone XXVIIb (2:6 g) and conc HCl (6 m!)) in 18 ml glacial AcOH was refluxed for .« nr.
concentrated in vacuo. flooded with water and extracted with cther. The ethereal soln was washed with
NaOHaq and evaporated. affording an oil (1:7 g) containing trace amounts of the dione (GLC). It was
chromatographed on silica from which the enone XX1X was eluted with 4°, ACOEt petrol, (v&§“ 1717 ¢m !
imes €nd abosrption) and charactenized as its 24-DNP, m.p. 142 144° from EtOH. (Found: C. 596 H.
54 N. 166. C,,H ;50N requires: C. 59-3; H. 58, N, 163°_) On acidification. the alkaline washings
afforded 400 mg acidic material which was esterified (diazomethane) (v&5'* 1740 cm '} and shown to be a

!7 K. Bowden, I. M. Heilbron. E. R. H. Joncs and B. C. L. Weedon, J. Chem. Soc. 39 (1946).
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3:1 mixture (GLC) of methyl esters of XXVIIIb. (Found: C. 73:6; H. 10'1. C,,H,,0, requires: C, 734,
H. 10:3°,)) The NMR showed a 6H doublet at 89 ¢ (J = 6c¢:s) and a poorly resolved triplet (I x H) at
407 1.

(b) The diketone (3 g). toluene-p-sulphonic acwd (3 g) and cthylene glycol (5 g) afforded 22 g(73°,) of the
same acid mixture when subjected to the forcing expenimental procedure previously described (vide supra).

Effect of acid on 2{5 -methyl-3 -oxohexyl) cyclopentanone (XXVllc)

(a) On standard treatment? with conc HCI (8 ml) in glacial AcOH (24 mli) the diketone (42 g) gave 34 g
neutral oilb.p.90-94°. 1 mm (AED¥ 247 my ¢ 10,000 M:c 178 ; vE5 1678 cm ') and 100 mg of acidic material
The neutral enone XXX was characterized as its 24-DNP mp. 155 157" mm EtOH. (Found: C. 60-2:
H. 60; N, 157.C,4H,;,;,0N, requires: C. 60-3; H, 62; N. 15:6°,); the aadic product was estenfied (dia-
zomcthane) and shown by GLC to be a 1:1 mixture of esters denved from the isopropyicycloheptene
carboxylic acids (XXV1llc). (Found: C. 73-8; H. 10-7. C,H,,0, requires: C. 74:2; H. 10:5°,)

(b) The diketone (1-5 g) and toluenc-p-sulphonic acd (15 g) in cthylene glycol (2-5 g) was boiled under
reflux for | hr. cooled and after adding KOH (25 g) in 8 ml water, boiled for a further 2 hr. Finally the
mixture was flooded with water, washed with cther, acidified and re-extracted with cther. The neutral
product (200 mg) was identical (GLC and 2.4-DNP) with that described above. The acidic product (1°1 g)
was also identical (GLC on methyl esters) in nature and in composition with that described above.

Methy! 1.24.5.6.7.3.8-Octahydroazulene-5S-carboxylate (XXXII1I)

The diketone XXXI (3 g) in MeOH (60 ml) containing 6 m! conc H,SO, was boiled under reflux for
2 days, concentrated. dissolved 1n cther and washed with saturated brine. On evaporation, the ethercal
soln afforded the methyl ester XXXIII, b.p. 85-90°0-2S mm (Found: C, 742; H. 89. C,;H,,0, requires:
C.742;H.92° W& 1738 cm . yield 26 g(87°,) GL.C analysis(10°, APL, 175 ; 50 mI 'min)showed it to
be a single substance R, 775 min and alkaline hydrolysis followed by acidification gave XXXII, already
described (Table 3). The position of the double bond follows from the absence of NMR signals in the d ¢
region

Acid treatment of 2{2'oxocyclopentylmethyl cyclohexanone (XXX1V)

The diketone'* XXXIV (4 g) in AcCOH (25 m) containing conc HCl (8 m]) was boiled under reflux for
24 hr, concentrated in vacuo. diluted with water and extracted with cther. The cthereal soln was washed with
4N NaOH. then brinc Acidification afforded a negligible amount of acid from the washings: the ethereal
soln yiekded 3-6 g of neutral oil which was shown (G1.C) to comprise starting matenal (3°,) and three other
components A. B and C (R, 425, 725 and 170 min respectively on 10°, PEG-A at 1757 45 ml‘min) in
32°,..24° and 40° yields.

The mixture (2 g) was chromatographed on 100 g silica and eluted with petrol AcOEt mixture. This
operation afforded A + B as an inseparable mixture, and pure C (750 mg b.p 80" 0-Smm). (Found:
C.744 ,H.96 C,;H,,0, requires: C. 74-2; H.93°_) v{§* 1776 cm ' The NMR spectrum showed no
absorption below 83 1 and this product is therefore the lactone XXXVIIL. The mixture (A + B) showed
vigr 1750 and 1720 cm "' It was boiled for 2 days in MeOH (25 ml) containing conc H,SO, (2 ml) diluted
with water and concentrated. Ether extraction gave a colourless o0il (750 mg) which was chromatographed
as above, and so yielded lactone (C; 400 mg) and XXXV (205 mg) b.p. 60°001 mm. (Found: C. 81-2;
H. 9:65, C,;H,,O requires: C. 81-7: H.9-15°,) v&'* 1722cm ' The NMR spectrum showed three un-
resolved multiplets  2H at 75 1 (CH—CO), 6H at 82 ¢ (allylic) and 8H at 8-57. GLC analysis showed that
the acid-McOH treatment had converted component A into the lactone XXXVIIL and A is therefore
XXXVI.

Acid treatment of 2-(3'vxopropyl) cyclopentanone (XX1V)

(a) The dione'* (6 g) and conc HCI (10 m1) in AcOH (30 ml) was boiled under reflux for 6 hr. concentrated
under vacuum. flooded with water and extracted in ether. The cther soln was washed with NaOH and
concentrated. affording the enone XXV WCCl,) 1630 and 1667 cm ™! A%2H 240 mp (¢ 11.000) b.p. 113 115°
12 mm. which was further characterized as its 2.4-DNP.'"* m.p. 198 199°. Acidification of the alkali washings
gave a trace of acidic matenal.

‘¢ A J Birch J. Chem Soc. 430 (1944); G. Stork, A. Brizzolara, H. Landesman, J. Szmuszkovicz and R.
Terrel J. Am. Chem. Soc. 88, 207 (1963).
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(b) Using 3 g diketone. the toluene-p-sulphonic acid—ethylene glycol procedure afforded 18 g acids
which was converted 10 a mixture of methyl esters (XXVIIId) bp. 6008 mm v&S'* 1740 cm "', (Found:
C.710;,H.94.C,,H,,0; requires: C. 714, H. 96° )

Ethyl bicyclo-[3.2.1]-oct-3-en-8-one carboxylate (XXXIX)

The epimeric mixture of ethyl 4-hydroxybicyclo-[3.2.1Joctan-8-one carboxylates'® (2 g) and poly-
phosphonc acid (40 g) were surred together for | hr on the steam bath, diluted with ice-water and extracted
with ether. The ethereal extract was washed with NaHCO,aq and evaporated. Distillation afforded the
unsaturated keto-ester b.p. 70 75°006 mm, v 1735, 1763 cm ™' +vS3 680 cm ™' (Found: C, 68:2; H, 79.
C,;H,,0; requires C 680, H 7-3°,) NMR showed 2(vinyl) H 4-3 ¢ (mult) and a 2H (allylic) doublet

at 788 r.

Diethyl cyclohept-3 and 4-ene-1.1-dicarboxylates (XL and XL1)

The bicyclic keto-ester (0-33 g) was boiled overnight with conc HCI (2 ml) in glacial AcOH (6 ml). poured
into ice-water and extracted with cther. The extract was re-extracted with 6N NaOH, and on acidification
a semi-solid product was obtained. Estenlication (diazomethane) yiclded 0-138 g of 2 pale yellow oil which
was found (GLC) to contain a trace of diethyl cyclohept-4-en-1,5-dicarboxylate'® in addition to the two
main constituents. These occurred in a 4:1 ratio [the less abundant being identified (GLC) as XL1] and
were isolated by preparative TLC. The structure of the minor component was confirmed by hydrolysis
and decarboxylation to cyclohept-4-ene carboxylic acid as previously described.'®> The major component.
bp 95-97°001I mm. v&5'* 1729 cm ! vE3 68S cm™' (Found: C. 648 H, 8:7. C,,H,,0, requires:
C.650;H.84°,)showed only end absorption in the UV and a 2H (vinyl) multiplet at 40 r. It is formulated
as the 4° isomer XL since catalytic reduction (5%, Pd-C in acetic acid) afforded the saturated diester b.p.
70001 mm vE5* 1729 cm ™. (Found: C. 64:6; H. 93. C,,H;,;0, requires: C. 644; H, 9-15°,) which
was also formed by catalytic reduction of XLI.
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