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~~-(2-Oxocyclopenryl)ethylaryl ketones arc transformad under acd condwons IW a 2-aryl- 

blcyclo[3.2.1 jocr-2-cn-8+ne mrermcdtarc mlo a mlxturc of arylcyclohcptmc carboxylr acids The scope 

and the machanlrJn of the rcactlon arc bolh dwussal 

RECEF~~Y’ we rcportcd the acid catalysed conversions of the 1.5diketone I into the 
carboxylic acid III and the lactone IV. 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 
on/y these products: indeed, WE had expected. on mechanistic grounds. that the main 
product would be V. A reexamination of the reaction product has now shown that 
although the (oily) acid appeared to be homogeneous it is in fact a I : I mixture. 

‘R ~~ 1 p~~.~~~t:~ciz” ‘“oc.cj;” 

I II II1 IV V 

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 (E lO,CClO). Experimental 
confirmation of structures 111 and V has now been obtained (uide infro). 

The true course of the reaction is therefore I + [II] --, 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 (II -* VI) and the subsequent fragmentation, result from ring strain; the absence 
of strain in the relatal biqclo [3.3.1] nonenone and bicycb [4.3.1] decenone systems 
accounts for their stability.* This being so. it would be expected that the corresponding 
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’ Pan XII J MartIn. W. Parka aad R. A. Raphael 1. Chem. Sot. in pras. 

* G t_ Buchanan C Maxwell and W. Henderson, Tcaahc&m 21. 3273 (IWS). 
’ d H 0 House. P P. WiCkIllaM and H. C. Mullcr. 1. Am Chcm Sot. 84. 3132 (1962). 

4729 



4730 G. L. B~:(I~AF;AH. A. C. W. CURRAS. J. M McCu~~and G. W. McL\v 

bicycle [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 recordal 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 shoukl 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). 

XII 0 b C d c / 9 h 
.--_ _~_ _- -.. .~._. .-- 

R Ph 4BrPh 4McOPh 4McPh 4NOIPb 2-Naphth 2McOPh 2HOW 
9; yield 75 SO RR 82 26. 75 70 0. 

l Starting mattrial returned 

pP@ pyJo*,, yq “ot.?.” 
IX X XI XII 

That the reaction produces a mixfure of carboxylic acids reduces its usefulness as a 
synthetic route to cycloheptene carboxylic acids. However. there are exceptions; the 
chalcone adduct XIII gave only one acid (XIV). together with small amounts of the 
y and 6 lactones.’ The reason for this is not clear, but the location of the C=C in 
XIV follows from its NMR spectrum (1 x H triplet 3.85 z. J = 6 c/s). In particular 
a substituent on the 3 or 5 positions stabilizes the c----C; thus the dione XV gives only 
the lactone XVI. and its isomer XVII gives only the cycloheptene carboxylic acid 
XVIII.6 This process is therefore eminently suited to the construction of tricyclic 

’ M Kotake and H. Nonaka Ucbigs Ann. bO7. 153 (1957); E. P. Blanchard. Chew. & Ind. 293 (19%). 
’ This ts the only case in wtucfi my d Lctone has ken detatai. 

6 The pmcnoe d P subti1wll111 posltml 5 io the cyclopelltaoonc ring Inhibits lbc rmnsforImricm and 

the yield s low but good yiel& (79 “/d arc achmved undu forcing coaditioas. 
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XIX n - 1.2ood3 xx 

compounds of type XX. and indeed the diketones XIX derived from indan-lone. 
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 3ene and 4ene 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 esterilication. 

Ph 

XXIV 

Thus the structures 111, IV and V are all verilied. In the p-tolyl GWZ (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 styrcne chromopborc (UV) but no vinyl prom (NMR). 
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Any attempt to extend the fragmentation reaction to a wholly aliphatic system such 
as XXIV is frustrated by the altemativc aldol reaction leading to the hydroindanonc 
XXV. Nevertheless. evidence is available from studies’ on a related system that such 
reactions proceed oiu a kineticlIly favoured bridged bycyclic intermediate. analogous 
to XXVI. There are also indications’ speculative but significant-. that a completely 
aliphatic bicyclo[3.2.1]octen-8onc is olpahle of fragmentation in the fashion 
described above for thearomaticanalogues. However.although the formation ofeither 
bridged (e.g. XXVI) or fused (c.g. XXV) aldol products depends on reaction con- 
ditions’ lo rather than on stereochemical factors, as was once suggested.” the 

HO 

B (a) R = Me,<: 
(b) R = Me,CH 

W R - Me,CH*CH, u 

(dlR = Me 

XXVIII 

xxx1 

conditions necessary for the fragmentation step are precisely those which would lead 
to the thermodynamically favoured enonc 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 (XXVlIa) was completely unaffected under the usual reaction 
conditions. but the isopropyl ketone (XXVIlb) afIordaI IS“<, of the mixture of acids 
XXVIIIb as well as the unconjugated enone XXIX, and even the isobutyl analogue 
XXVIIc gave a 241(, yield of XXVIIlc in addition to XXX. More convincingly the 

XXXVI 

’ W. S. Johnso~~, J. J. Kora. R. A. Clcmco~ and J. Duttr 1. Am Chcm Sot. 82 614 (19t0. 
’ W G. Dauba~ and J W. McFarland. I Am Chum Sot. 82 4245 (1960). 

lo For a pertiocot exampk xc E J Corey and S. Now J Am Chem Sot 87.5728 ll%5). 
I’ R D Sand&J Org Ch a. 1710(1963): S Julia. EufISoc Chfm. Fr 78Of1954) 

xxxv 
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diketone XXX1 yielded. according to conditions. the lactone XXX11 or the methyl 
ester XXXIII. The homologous diketone XXXIV. which can alford either a bicyclo- 
[3.3.l]nonenone (XXXV) or a bicyclo[3.2.1]octenone XXXVI” intermediate. gave 
rise to a mixture of both plus the lactone XXXVII which arises from fragmentation 
of the latter. Unexpectedly, the isopropyl ketone XXVlIb was observed to give a 73 S’, 
yield of acid (XXVIIlb) under forcing conditions, and thus encouraged we re- 
investigated the isobutyl (XXVIlc) and methyl (XXIV) ketones. Under forcing con- 
ditions. these alforded respectively 73”, and 60”/, yield of the acids XXVIIIc and 
XXVIIld. 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 isomeriration to XXV. 

O)i( 

a 

XXXVlll 

fygzE, hOk, phyc+Me pee 
,Er2 

XLS XLle XLII XLIII 

Another species which should afford fragmentation products is the aldchyde 
XXXVIII. In practice, acid treatment of this molecule was complicated by retro- 
Michael products, but the bicyclic keto-ester XXXIX behaved as expected. yielding. 
after esterification. a mixture of the esters XL and XLI. The latter was identilied by 
comparison (IR; GLC) with an authentic specimen;13 its isomer was shown to 
possess the same carbon skeleton by reduction of both products to diethyl cyclo- 
heptane-I.1 dicarboxylate, and its structure XL was inferred spectroscopically and 
by analogy with the foregoing results. Interestingly. the ratio of isomers XL and XL1 
was 4: I and when a pure sample of the latter” was re-subjected to the reaction 
conditions. the same ratio was reestablished. We suggest that this is a conformational 
effect. In the preferred chair conformation “a Saxial substituent experiences two non- 
bonded interactions (XLla) whereas in the isomer XLa there isonly one. This argument 
also explains our observation that under standard conditions. the diketone XL11 

yields mainly1 the lactone XL111 (vg’, 1777 cm ’ ; y -..{a 5.18 T as subsplit 
doublet ; H-C---Ph 7.25 T unresolved). 

” S. Julia and D Varcch, Bull. Sot. Chim. Fr. I I27 (1959). 

” G L Buchanan and G W. McLay. Tetrahedron 22 1521 (1966). 

” G. L. Buchanan and J. M. McCraq Trfrahcdron 23,279 (1967); S K&u& H. Fricbolin and H. Schrmd. 

Tctmhdron Lcmrs 469 (IWS). 
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EXPERIMENTAL 

UV and IR Spectra were mcasural on Unicam SP 800 and SP 100 Spectrophotometcrs respectively and 

NMR Spcc~ra (m CDCI,) on a Pertm-Elmer (R S IO) 60 mc mrtnrmcnt. Mas&pcctra were masurai on 

an AL.1 MS9 

2-Dunethyfaminomethylhydrindan- I une 

A soln of a-hydnndone (24 gh paraformakkhydc (I 14 g) and dtmethylamine hydrochloride (16.2 g) 

in EtOH (100 ml) containmg amc HCI (3 ml) was boiled under refhrx for 2 hr. When the soln had coolal 

it was poured mto excess acetone and allowal to crystallize overnight The Man&t hart hydrochbrkfe 

~&I 86”,)was rccrystalhzod from EtOH acetone m p I48 150‘. (Found: C.636; H. 74; N. 6.1. C,,H,, 

ONCl rquira. C. 63.8; H. 7 I ; N. 6.2”; ) The free base was hbcrarul by alkali and used rmmaiiately. 

A soln of o-methoxyaatophcnone (47 g). drmcthylammc hydrochloride (33 g) and pxrafonnaklehyde 

(I2 g) m I50 ml EtOH contaunng cone HCI (0.5 ml) was bo~lcd under reflux for 2 hr. drlutcd wcth water. 

washed with ether, bas~liai and retxtracral with ether The crude Mannrch base (75 a0 yield) was charactcr- 

tml as its ptcrate m.p. 138 139’ from EIOH (Found: C. 49.5: H. 46; N. 12-g C,aHs,,O,N, rquircs: 

C.494:H.48;N. 131”“). 

IS-DJteroncs 

Exccp~ rn a few cases whrch arc scpararcly dcscrtbai. the I.5dtketoncs were prepared from cyclopenta- 

none and the approprratc Mannrch base by the thermal Mrchael proca~ whrch has already been dcscribai” 

for Xla In each case, the crude product was distillad to separate it from di-condarsation product and 

crystalhsal to purrty The data arc hstai m Tabk 2 

2~3’-Pknyl-3’~,xoprvpyf)cyclohuranorv (IX) 

Cycbbutanone (I6 g) and Bdrmethylammoproprophcnone (1.23 g) wcrc refluxal with surnng br 

I hr. ncutrahrad with A&H and extrac~al with ether The extract alforded the d&me 0.7g. 60”,) b.p 

I25 130 003mm v$,u 1783 and 1693cm-‘; m.e 202 (Found: C. 77-3. H, 70 C,,H,,O* rqurra: 

C. 77 2. H. 70”: ) 

2-@-Benzolyethyf) 2-methylcyclopenrne (XLII) 

An ice-cooled ethereal sohr of 2-methylcyclopentanone (392 n) was treatod with KOH (@I7 a) in I.5 ml 

EtOH. followed by slow (30 min) additron of phcnylvmyl ketone (30 g) drssolvcd tn ether (IO ml) to the 

stirred reaction mixture. The I~-bath was then ranovcd and the heterogeneous mrxture was strrrcd for a 

further hr After dilutron with water and aaditicatron (6NHCI). the mrxture was ether extractal and the 

ethereal soln was washed with brine. dried and concentrated. The dikfone was ~sohted by distillation 

(I21 13S’:M)I mm) and thereafter solidified m.p. 40 42’. (Found: C. 779. H. 7.8 C,,H,,Os rqurra: 

C. 78 2; H. 79” ) tis’* 1736 and 1689 cm 0 ‘. The NMR showal a 3H srngkt 81 R98 T. 

Cyclohepprene Carboxylic Acids 

The prcvrously dcscrrbed’ general procedure was usal throughout. wrrh refhrx time varymg (g-24 hrJ 

accordmg IO convenience exapt in the case of XVI. where an 8day refhu was used. The and mixture was 

exrractcd by alkali. and the neutral fmctron. which sometimes contamal starting mamnal and oaas~onally 

a u-ace of the bicyclo[3.2 I] ocmnone intermediate as well as y-lactonc, could be purrhad by treatment with 

NaBH, followed by chromatography,’ when rs afforded cbe y-lactone (vga - 1778an-‘) In view of 

recent comments” on the xco of certain &lactones. the lactone structure was confirmed. where posstble. 

by the prcscncc of a H 4 signal at - 5 2 r in the NMR Results are shown m Table 3. Analytical 

figures and m ps quoted for carboxylr acids relate IO pure rsomcrs ~soktcd by repeated rccrystaihzatrons. 

The actdic product obtamcd from I (I e. Xlla) was atenticd (dtaromctbane) yreldmg a yellow 011 b p 

IM”.O I mm vge 1730 cm ’ (Found, C. 786; H. g.1. C,,H,,O, rqurra: C. 78.2; H. 79’4). which was 

” N. S Gill. K. B. James F Lyons and K T POII~ J. Am Clam Sot. 74.4923 (1952). 

” K. K Cheung K H. Ovmon and G A. Sin Chem Coma 634 (IWS). 
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T~m.e 2. I .5-DBXTONB 

Manaicb 
Compound box 

Xlb 

Xlc 

Xld 

XlC 

Xlf 

Xl8 

Xlh 

xv 

XVII’ 

XIX 
(n = I) 
XIX 
(n = 3) 

XXVlla 

XXVlld 

XXVllc 

Found Requires b.p. 

c 569 569 

H 5.15 5.1 

Br 27.2 27.1 

c 73.3 73.1 

H IQ 7.3 

C 78.5 78.2 
H 79 79 

c 644 64.1 

H 5.8 56 

N 59 5.2 

c 809 81.2 

H 6.8 6.8 

c 72.5 73.15 

H 7.1 Id 

c 726 729 

H 665 69 

C 77.8 78.2 

H 8.2 79 

C 78.2 78 2 

H 805 79 

C 78.7 780 

H 70 7.1 

c 57.7 574 

H 6.2 6d 

N 14.8 149 

c I24 72.5 

H 99 995 

c 740 73.5 

H 104 IO.3 

166 176”r0*mm 

1% 198”fJS mm 

I 60 17O”P.3 mm 

19&200”1oO2 mm 

Is0 155”10~15mm 

140”,!302 mm 

125 127”0.15 mm 

13&14O”flOS mm 

176’:QOI mm 

84~86”1002 mm 

94-98 *x).5 mm 

lO2-104”,@.3 mm 

7tS72” 62.5 
pctr0l 

78-79’ 76 
EtOH 
72 74” 16 

petrol 
75 77‘ 65 

petrol 

75-76’ 50 
petrol 

59 

105 106‘ 63 
petrol 

50 

68-70’ 76 
EtOH 
60-64” 42 

petrol 

80 

- 31 

75 

’ E. B. Knott. 1. Chcm. Sot. 1190 (1947) ‘C. Mannicb and D. Lammcring. Chem. Bet. 55.3510 (1922k c D. W. Adamso 

and J. W. Blllingbunt. 1. Chm. Sot. 1039 (195Or OH. F. Ginsburg, 1. Ladennan and D. Pap4 J. Am. Chm. SOC 75. 458 
(1953). x F. F. Blicke and C E Maxwdl 1. Am C&t Sot. 64 428 (1942) ’ vide supa ’ E M. Par&&l and M. L Tomlir 
son. J Chem Sot. 2272 (1950). 1, Org. Syndwris Coil. Vol. ; 3,305. ’ D. S. Tarbell H. F W~lsoa and E. 011. J. Am. Chm 
Sot 74,6263 (1952). ’ A. N. KOSI and V. V. k’&OV. Zh. Obsh Khim. 27. 1722 (1957) [Chrm. Abe. % 3789 g]. ‘G. I 

Buchanan and A. C. W. Cunm. Chcm. Comm. 773 (1966). 

‘Mono-D.N.P .m.p. 127 129”(McOH).‘For structuresaG. L. Bucbacmn and G. W. Mchy. Chtm. Comm. 504 (1965 
’ For structure see G. L. Buchanan and A. C. W. Curmn, Chem. Comm. 773 (19661’ Fr& base obtainal by trcatmmt wit 
Na,CO, solution at 0”. picroft m.p 16&161” (T.H.F./ErOH) (Found: C. 45.2; H. 3.8. C,,H,,O,,N, raquiru: C 45.; 
H. 39%., ’ Cnrde product used. 

found by GLC analysis (1:: PEG-A ; I SOO’ ; 45 mllmin) to be a 45/5S ‘/; mlxlure of two components with 
retention lima cd 54 mm. and 6 min. On I “/. Fa al 140’. tbcy had R, I20 and 12.8 min rcspcctlvely. 

Forcing condirwns 
The diketone (2 g) and tolucncp-sulphonic acid (2 g) in etbylme glycol (ca. 3 g) was bollal lor I hr. 

ooolal and made alkaltne with KOH (3 8) m - IO ml water The soln was lhrn boiled for a furlha 2 hr. 
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and flooded with wamr Neulral products were cxrracrai ar lhts surge and. afra acrdrlicauon, aads were 

exrracrcd wnh erher 

Methyl 4-phenyl-3 and hxocyclohepme carhoxy&res XXI and XXII 
(a) The mrxturc of cslers (24 g) derived from the rsomenc ac& Xlla (i.c Ill + V) was addal LO a suspcn- 

sron of NaBH. 084 g) m anhyd diglyme (I2 ml) and irca~cd dropwrsc with a soln of rai~s~~llcd BF, emcram 

(5 ml) rn diglyme (6 ml) The rcaclron mrxrure was slured ar room icrnp for I hr. then IrcauxJ cauriously 

wrlh 8 ml H,O followal by 4N NaOH (6 ml) and 3OO”, H ,O, (6 ml). surrcd for a further I hr ai room imp 

and tinally cxlracrcd WA ether. The ether soln was washed wnh FeSO,aq and rhcn with bnne. dnad 

(MgSO,) and evaporated The raulrmg oil (I.5 gk which was a mtxiure of dials. was drssolvcd in acetone 

and stirrat ovemrghi with an cxcus of Jones’ rcagcnr ” The soln was flooded wirh waler (IO0 ml) and 

cx~rac~d wrrh ether The acds wcrc ~solatcd from rhc cx~rac~ c10 a N NaOtt extractton and csrcrilial 

(draxomerhanc) yteldmg 065 g 011 This 011 was chromarographal on line mesh s~hca (IO g) and rhc fractrons 

eluded wrrh 40.45 and 50”; erhcr In pcrrol. were rechromarographai affording the 3*x0 csrer b p 136 138. 

002mm (Found.C.72.6:11.74 C,,H,,O,rcquires:C.731;H.7-4”,)v~~~1740an~’andl7llun ’ 
GLC R, IX I mm on 7”” F-6&l “” 2 ai MO’ followal by rhe 5-0x0 csrpf m p 72- 73. (pcrrol) (Found. 

C. 730. H. 70 C,,tllaO, requires: C. 73 I ; 11.74”,,) vtcrcI 1739 and 171Ocm- GLC R, 20.2 mm under 

&n~cal condruons. 

(b) A soln of (he y-lacrone IV, (100 mg) In dry THF (I ml) was addad IO a sbrrcd suspcnsron of LAH 

(2 mg) In dry THF (2 ml) and rhe mrxture was rcfluxed for 7 5 hr Thercafmr (NH,), SO,aq was addal 

fo)lowat by enough drl HCI IO drssolvc sahs Exrraciron wrrh Ad)Ei allordcd an 011 which was oxrdrzcd 

for 20 hr rn acetone soln wuh excess Jones’ rcagmr The acidic matenal ~sohad by the normal workup 

was es~mlicd (dtazomerhanc) and shown by GLC and IR IO be ldcnrrlted with rhc liquid 0x0 ata (R, J&I 

mm) dcscrmal in (a) above 

By an rdcntual process. rhe mrxiure of acids Xlld was iransformcd mio the oxo-4srer XXI @-iolyl for 

phcnyl) bp 174 176’ I2mm v%;~ 1743 and 1712cm ’ (Found: C. 73 55; il. 78 C,,H,,O, rqurros: 

C.73X;tl.77~,,)Gl.CR, = 206mtnon7”, F-60. I “A Z ar XK)“. and XXII@-rolyl for phcnyl) m p 80 RI. 

@clrol)v~:’ 1742and 1712cm- (F0und.C. 738; H. 79 C,,H,,O, rqurrcs:C. 73~g;H.77”,)GLCR, 

234mm on Ihe same column The hqurd 0x0 csrer was rdcnuficd as the 3~x0 Isomer by mdcpcndcnt 

synrhars from the y-ketone by-product of Xlld (see Table 3). by LAH ralucuon as in (b) above Moreover. 

a pure sample of rhc aad Xltd. m p 127..I 29’ (Table 3) rsolaral by rcpcarcd rccrysralltraranr. was idcnufrat 

as the A’ Isomer XXIII by srenhcauon-hydroborarronoxrdabon as dcrarlal m (a) above 

G’trgrwrd rcacrion on oxo-esrer 

The liquid XXI (66mg) In anhyd clcr (5 ml) was rreaicd. under N,. wrrh ethereal McMgl [from Mg 

(29 mg) and MCI (22Omg) in ether (7ml)] and surrcd under rellux for 45mm After cooling 6N HCI 

(I 2 ml) was added and rhe 2-phase system was surrcd and refluxal ovanighr . during (his lime the ether 
evaporated The rcacrron mrxrurc was Ihen exrracrsd wilh ether and the larrcr. re-exuacred wnh 4N NaOtt 

The bawc cx~ract y~eldcd I8 mg of aad on acidrficarton. and this was shown (GLC on mcrhy) ain) IO be 

slarrtng oxo-eslcr The ethereal soln y~eklat 38 mg of XVI. m.p. 90 92’ (bcnxenc petrol) idcnucal in all 

rcspccrs wrrh rhe producr already dcscnbcd (Table 3) 

A surral erhercal soln of solid XXII (60 mg) was srmrhrly rcacicd wrrh MeMgl lor 2.5 hr. and worked 

up as before, yrcldmg 45 mg of a complex mtxrure of ncurra) producrs and 20 mg of an acrd which was 

a)enficd (diaxomcrhane) The resuhrng csmr was idcnucal IGLC ad IR) w~lh rhar derived from rhe and 

XVIII 

4-lw,prcJpyLycloh~pr-3 and 44nr curbox~lrc or& (XXVlllb) 

(a) The drkerone XXVllb (2 6 g) and cone HCI (6 ml) rn I8 ml glacial Ad311 was refluxcd for A. nr. 

concen)rarcd m LIICUO. flooded with waler and extraclad with ether ‘The ethereal soln was washed wrth 

KaOHaq and evaporated. alTordmg an orl (1.78) wnraunng lracc amounis of the drone (GLC‘) II was 

chromarographa! on slhcx from which the enone XXIX was elu~al with 4”; AcOEt pcrrol. (vgu 1717 cm ’ 
i, end abosrprron) and charaaerrzrd as IIS 2,4-DNP. m p 142 144’ from EtOH. (Found: C. 596: It. 
54. N. 16.6 C,,Hx,O.N, requires: C. 593, Ii. 5.8. N. 16 3 “,.) On acrdrficarton. rhe alkahne washings 

allordcd 400 mg acrdic marenal which was ateriliai (dlaromerhane) (vz- 174Ocm ‘) and shown ro be a 

” K. Bow&n, I. M. Halbron E R H. Jo= and B C. L Weedon 1. Chin. Sot 39 (1946). 
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3: I mixture (GLC) of methyl cs~crs of XXVlllb (Found: C. 73.6; H. 10.1. C,,H,,O, rqmrcs: C, 734; 

H. 10.3”;.) The NMR showed a 6H doubler ar 89 r (J = 6c.s) and a poorly resolved tnple~ (I x H) ar 

407 r 

(b) The drkerone (3 g), tolucne-p-sulphomc acK1 (3 g) and crhylcnc glycol (5 g) alfordcd 2.2 g (73 “,.,) of me 

same acrd mrxrurc when subJectad IO (he forcrng expcnmcnral procedure previously dcacnbed (ride arpm) 

Eflecr ojcctd on 2~5’morhyl-3’+xohrxyI) cyclopentanone (XXVllc) 

(a) On sumdard (rcatmcnrz wtrh cone HCI (8 ml) m glaaal A&H (24 ml) the drkcrone (4.2 g) gave 34 g 

ncurralorlb.p.9094’. I mm(i.~w247~r lO.OOOM:e 178,v’~‘l678cm ‘)and 100mgofac~I~ma~enal 

The neutral CMW XXX was charactcnti as IIS 2.4-D&P m.p. I55 157’ mm EtOH (Found: C. 602; 

11. 60; N. 15.7. C,,H,,O,N, requires: C. 60 3; H. 6.2. N. I5 6”,). the acrdrc product was a(errfied (dta- 

rnmcrhane) and shown by GLC IO be a I : I mrxrurc of cslers derived from (he iropropyfryclohrprenr 

curbcrxylic UC& (XXVlllc) (Found. C. 73 R; H. IO.7 C, ,tI,,O, rcqurrcs. C. 74 2, tl. 10,5”, ) 
(b) The dIketone (I .5 g) and tolume-p-sulphomc sod (I -5 g) m ethylene glycol (2.5 g) was boded under 

rcflux for I hr. cooled and after addmg KOlt (2 5 g) m 8 ml waler. bo~lcd for a furlher 2 hr Fmally the 

mrxmre was flooded with waler. washed with ether. acrdrfiaf and rc-exrracrcd wuh ether The neurral 

producr (200 mg) was rdcnuca) (GLC and 2.4.DNP) with char dcrrmai above The acrdrc product (I I g) 

was also rdcnrrcal (GLC on methyl cs~ers) m namrc and m composrrron wcth that descnbcd above 

Methyl 1.2.4.5.6.7.3.8-0crohydmoIulmP-S-carbxyfure (XXXIII) 

The drkcrone XXX1 (3 g) m M&H (60 ml) contammg 6 ml cone HISO, was borlcd under rcfhrx for 

2 days, conccnrrated. drrsolval m cthcr and washed with sa~uraral hrmc On evaporarron. (he e(hercal 

soln allorded rhc methyl esrer XXXIII. b p 85 90‘025 mm (Found: C. 74 2; H. 89 C,,H,sO1 rqutrcs: 

C.74.‘.H.92”,)v:‘l738cm ‘.y~cld 2,6g(87”,) GI.Canalysrs(lO”,APL. 175 ; 5Oml:mm)showai II IO 

bc a ingle substance R, 7.75 mm and alkaline hydrolyses followed by acrdrficanon gave XXXII. already 

dcscnbcd (Table 3) The posrnon of rhc double bond follows from the ahscnce of NMR srgnab m the 4 r 

rcgron 

Acid veanent ~~~2~2bxocyclopmryi~~hy~ cyrlohexanone (XXXIV) 

The drkcrone” XXXIV (4 g) m AcOlt (25 ml) conrammg cone HCl (8 ml) was botlcd under rcflux for 

24 hr. aoncenrramd in uacuo.drlu(ad wrth waler and ex~racrcd wcth crher.Thccrhcrcal soln was washed with 

4N NaOH. (hen bnnc A&rficarlon afforded a negligible amounr of acid from the washmgs: the e(hercal 

soln y~eldcd 3-6 g of ncu(ral orl whtch was shown (G1.C) to comprrsc srarlmg marenal (3’:,) and three orher 

componcnrs A. B and C (R, 4 25. 7.25 and 170 mm rapccrrvely on IO”, PEG-A af 175 ; 45 ml mm) m 

32”,.24”, and 40”,, yrelds 

The mrxrure (2 g) was chromatographcd on lo0 g srlica and elu~cd wrth petrol Ac0t.1 mrxrurc THIS 

opcrauon afforded A t B as an mscparable mrxrurc. and pure C (750 mg b.p 80 0 5 mm) (Found: 

C. 744; H. 9.6 C,Jlt,sO, requua: C. 74 2; H. 9 3”. I Y$ 1776cm ’ The NMR spcc~rum showed no 

absorpnon below 8 3 r and this product IS therefore (he &croru XXXVII The mrxturc (A + B) showed 

v{\~l75Oand 172Ocm” II was bo~lrxi for 2 days m Me011 (25 ml) comammg cone HrSO, (2 ml). drlurcd 

wrrh waler and conccntrarcd Erhcr exrracnon gave a colourless 01l(750 mg) which was chromarographcd 

as above. and so y~eldcd L~CIOIK (C: 400 mg) and XXXV (205 mg) b p 60’001 mm (Found: C. X1.2; 

tt. 9 65. C,Itl,,O requires: C. X1.7: H. 9 IS”, I vg* 1722cm ’ The NMR spccrrum showed rhrce un- 

resolved muluplcrs 2H ar 7 5 r (CH-CO), 6H a( 8 2 r (allyhc) and 811 at 8 57 GLC analysis showal rhar 

(he and-McOH rrca(mcnr had umverrcd compncnr A inro ~lvc lactonc XXXVII. and A IS rhercfore 

XXXVI 

Acid frt+amrPnr ojl-13’oxopropyl) cyclopentanone (XXIV) 

(a) The drone” (6 g) and cone HCI (IO ml) m A&H (30 ml) was haled under rcflux for 6 hr. conam(raraf 

under vacuum. flooded wr(h waler and cxrracrcd m ether The erha soln was washad wrrh NaOH and 

concenrralad.aNordlng~keenone XXV v(CCI,) 163Oand 1667 cm- ’ c 240~ (t I l.WO) bp 113 I IS’. 

I2 mm. whrch was further charactcruxd as ir_s 2.4-DNP.” m p 198 199’ Aadificarion of rhealkah washmgs 

gave a gram of acidic marenal. 

” A J Birch / Chum. Sot 430 (1944): G Srork. A. Brirzolara H. Landcsma~ J Szmusrkovia amt R. 

Terre1 1. Am. C/rem &xc lK. 2U7 (1963). 



4740 G. L. Bccn~s~s. A. C. W. CURRAS. J. M. MC-f-RAF and G. W. McL\u 

(b) Usmg 3g dtkcrone. the rolume-p-sulphomc aad-cthylene glycol proccdurc alTordad I8g adds 

which was convened IO a mixture of merhyl CSICIS (XXVllld) h p &MI8 mm @j’a 174Ocm ‘. (Found: 

C.710.H.94 C,oH,,O~requ~rcs~C. 7144HH.96”,) 

Erhyl bicyc&+13 2.1 j+cr-3-en-8-onc corl*~xylorc (XXXIX) 

The cplmcnc mtxture of ethyl 4-hydroxyblcyclo-[3.2.I)octan-(l-one carboxylarcs” (2 g) and poly- 

phosphonc actd (40 g) were s~~rra.i togethcr for I hr on rbc steam bath. dllutcd with ice-water and cx~rac~d 

with ether. The ethereal extract was washed wvlth NaHCO,aq and evaporated Distillahon ahorded the 

unsoturored~cro-esrcr b p. 70 75’.‘006mm, vg- 1735. 1763 cm-’ v~?68Ocm-’ (Found: C, 68.2; H, 79. 

C, ,H,,O, requires C. 680; H. 7-3”; ) NMR showad Z(vinyl) H 4.3 r (mull I and a 2H (allyhc) doubler 

al 788r 

Dterhyl cyclohtppr-3 (md 4-enc-I.Idic~thoxylurcs (XL cud XLI) 

The bicyclic keroata (0.33 g) was bolled overn& wlrh COIK: HCI (2 ml) in glacial A&H (6 ml), poured 

Inlo Ice-waler and ex~mc~al with ether The extract was rctxlracicd with 6N NaOH. and on acidllicadon 

a mm-sold product was obtained Esrcrificatlon (dlazomerhane) yielded 0.138 g of a pale yellow oil whrch 

was found (GLC) IO contain a trace of dlcthyl cyclohepl4_en-l,SJicarhoxylate” m addition lo lhe lwo 

main constltuenls These occurred m a 4: I ratlo [the less abundant bcmg ldenilfiai (GLC) as XLI] and 

were ~solatal by prcparatlvc TLC The slructurc of the mmor component was conIirm6d by hydrolysis 

and dccarboxylarion IO cyclohept4cne carboxylhz aad as prevtously dcscnbal ” Tbc maJor component. 

b.p 9597’~Olmm. vE* 1729cm ‘; vp& 685 cm-’ (Found: C. 64.X; H. 8.7. C,,Hl,,O, requires: 

C. 650; H. 8.4”,) showed only end absorption In the IJV and a 2H (vinyl) muluplct at 40 r. II is formulated 

as the A’ Isomer XL smcc catalytic reduction (5 “; Pd’C In ao%c acid) afforded the saturared dicer b p. 

70’001 mm vga l7Bcrn-’ (Found: C. 64 6. H. 9-3. C,,HI,O, requires: C. 644: If. 9 IS”;1 which 

was also formed by caralytlc rcductlon of XI.1 
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