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PREFACE 

Although cyclopentanes (quinanes) have been known in 

chemical literature for over a century and in Nature from 

time immemorial, interest in their syntheses and reactions 

has remained on a low key until recently. Strange as it may 

seem, this could be traced to the fact that till 1960, rela­

tively few cyclopentanoids of reaeonable complexity were 

known that could constitute challenging targets and the 

practicing organic chemists in this era were largely pre­

occupied and fascinated by the steroidal systems and annu­

lated six membered rings. However, discoveries and develop·· 

ments of the past decade in the chemistry of natural and 

unnatural products have rekindled interest in the synthetic 

design of polycyclopentanoids (polyquinanes) and a flurry of 

activity is currently underway in this area. The main focus 

of this high intensity effort, around the world, has been 

the design of synthetic strategies for the rapid and effi­

cient acquisition of polycyclopentanoid frameworks, adorned 

with different functionalities and stereochemical patterns. 

The present thesis entitled 'TRIQUINAJffiS: SYNTHESES AND 

TRANSFOru.~TIONS' is a topical investigation in an area of 

high contemporary interest and describes a novel and speedy 

synthesis and transformations of linearly fused tricyclopen­

tanoid ring system. The thesis is divided into two chapters: 
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1. A Novel Synthetic Approach to Linearly Fused Tricyclo·· 

pentanoids ~~ Photo-thermal Olefin Metathesis; 2. Synthesis 

of Pentacyclo[o.4.0.02 ,6.03,IO.04,8]undecanes: A Novel Tris­

homocubane System, and an appendix. The subject matter 

of each chapter has been organised under the headings; 

Abstract, Introduc tion , Results and discus sion and Experi·· 

mental. 

The first chapter delineates a simple and expeditious 

synthetic approach to the functionalised triquinane system . 

The key concept in this synthetic sequence is the photo­

thermal olefin metathesis of cheap, abundantly available 

Diels-Alder adducts of 1,3-cyclopentadiene and p-benzoqui­

nones. Thus, the Diels-Alder adduct of l,3-cyclopentadienc 

and p-benzoquinone on photolysis and thermolysis was smoothly 

transformed to £!!, ~, ~-triquinane bis-enone in just 

two steps and in excellent yield. Several examples that 

demonstrate the generality of this theme have been worked 

out and are described. Some interesting transformations of 

the triquinane bis-enone, involving olefin isomerisation, 

functional group transposition and intramolecular cyclisa­

tions are also incorporated in this chapter. An up-to-date 

account of the currently available synthetic methodologies 

for the triquinane systems provides the backdrop to the 

present investigation and forms the introductory part of the 

first chapter. 
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The second chapter of the thesis describes a novel 

photochemical (intramolecular n2s + n2s cycloaddition) entry 

to the pentacyclo[5.4.0.02 ,6.03,1O.04,8]undecane, a diffi­

cultly accessible trishomocubane ~erivative. An interesting 

observation made during this study was the facile acid cat'­

lysed reversal of the photochemical cyclisation. This obser· 

vation suggested the possible role of the considerably s·~r:Jim.c 

pentacyclic trishomocubane system in the reversible storage 

of solar energy. 

During the course of the main investigation, time was 

available during late nights and weekends to make exploratory 

forays into another arena. These meanderings provided 

delightful diversions and proved rewarding. For example, c 

simple, preparatively useful method for the synthesis of 

pentacyclo[4.4.0.02 ,5.03,8.o4,7]decan-9-one (basketanone) 

and its congeners from COT was devised. Some interesting 

photochemical reactions and chemical transformations \¥ere 

also encountered enroute to the basketanone ring system. 

These results are briefly reported in the appendix to this 

thesis. 



1.1 ABSTRACT 

CHAPTER I 

A NOVEL SYNTHETIC APPROACH TO 
LINEARLY FUSED TRICYCLOPENTANOIDS 

via PHOTO-THERMAL OLEFIN METATHESIS 

A new, speedy and efficient approach to linearly fus3d 

tricyclopentanoids bearing the tricyclo[6.3.0 .02 ,6]undecane 

(triquinane) frame of high contemporary interest is delineated. 

The key concept in 'this synthetic sequence to triquinane 

system is the novel photo-thermal metathesis of cheap, abun­

dantly available, Diels-Alder adduct of 1,3-cyclopentadiene 

and p-benzoquinone. Thus, photolysis of endo-tricyclo[6.2. 

1.02,7]undeca-4,9-diene-3,6-dione (71) furnished the known 

pentacyclo[5. 4.0 .02 ,6.03 ,10.0 5 ,9]undeca-8, ll-dione (12), which 

on regiospecific thermal fragmentation of the cyclobutane ring 

gave ~, ~, £!i-tricyclo[6.3.0.02 ,6]undeca-4,9-dien-3,11-

dione (]2) as the sole product in quantitative yield. The 

~, syn, ~-triquinane based bis-enone ]2, with stereo-
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chemical integrity and adequate functionality is rendered 

available in just three steps and in exceptionally high yield. 

Some examples that demonstrate the generality of the photo­

thermal metathetic sequence enumerated above are also docUL.c:n'.cd. 

Several interesting transformations of readily available 

bis-enone ~, which establish its structure unambiguously and 

indicate its wider uses in synthesis, are described. Fore~o~t 

among these is the smooth thermal isomerisation of the £!§. 

syn, £!!-bis-enone ~ to the £!!, anti, £!!-isomer ~ and 

tho tetrasubstituted bis-enone~. This adds to the versa­

tility of our triquinano synthesis as both the £!!, ~, ~­
and s!!. anti, £!§-isomers can be obtained from the same pre­

cursor. Another useful theme emanating from~ involved 

alkylative enone transposition and formation of £!!, syn. £!!­
bis-enone Jll. Finally, inter- and intramolecular Michael 

additions, in tandem, to triquinane based bis-enone ~ provide 

a facile entry to the difficultly accessiblo tetracyclo[5.4. 

o.o3,lO.o4,8]undecane system l2Q. 

In order to put the main theme of this chapter in its 

proper perspective, an up-to-date account of the existing 

methodologies for assembling linearly fused tricyclopenta­

noids has been provided and forms the introduction to this 

chapter. 
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1.2 INTRODUCTION 

The past decade has witnessed an upsurge of interest 

in the development of synthetic methodologies for the rapid 

and efficient acquisition of a wide variety of polycyclo­

pentanoids (Polyquinanes+).l This high level of interest and 

activity has been stimulated and sustained by the unravelling 

of many new and interesting cyclopentanoid carbon skeleta 

from plant, marine and fungal sources on one hand and by the 

organic chemist's quest for exotic, symmetric, all carbon 

polyhedra, e.g., Woodward's triquinacene,2 Eaton's peristy-
3 4 lane and Paquette's dodecahedrane, on the other. A partial 

list of naturally occuring polyquinanes,5-14 highlighting 

Nature's ingenuity in creating five membered rings with 

generous sprinkling of functionalities and stereochemical 

delicacies is displayed in Chart 1.1. The Chart 1.2 depicts 

some enchanting cyclopentanoid frames,1-4,15-2l which are 

manifestations of organic chemist's sense of imagination and 

creativity, lure of symmetry, and fascination for molecular 

architecture of common geometrical objects. Together, the 

representative polyquinane formulations in Charts 1.1 and 1.2 

+Poly+quin+anes (quin, abbreviation of quintet or quintuplet, 
meaning five, fL. quintus). We find the colloquial name, 
polyquinane, both pleasant and convenient in conversational 
chemistry for the rapidly growing family of polyfused cyclo­
pentanoids. l 
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CHART 1.2 

Bisnoradamentane15 [3.3.3]proPcllane16 Triquinacene2 

Diademane17 [3]peristylane18 Trishomocubane19 

[4]peristylane20 [5]peristylane3 

Hexaquinacene21,lb Dodocahcdrane4 
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provide not only a veritable feast of tantalising and 

challenging synthetic targets but also reflects on the highly 

ovolved state and degree of sophistication that synthetic 

organic chemistry has roached. Indeed. most of the targets 

in Charts 1.1 and 1.2 have either already succumbed to some 

brilliant synthetic assaults or are on tho threshold of 

boing tamed. 

Among the various polyquinanes. the two stereoisomeric 

Cll-triquinanes + (.!:l!,. .!.l!!. • .!:l!,-l, and:.!!!.. anti. :.!!!.-a). 
representing three linearly fused cyclopentane rings. have 

1 

received relatively greater attention due to tho fact that 

the £l!. anti. ~-isomer l embrdcos the basic carbocyclic 

framework of biologically important sosquiterpenoids of the 

hirsutane family (o.g •• hirsutene~. coriolin~. hirsutic 

+We have frequently used this colloquial torm for tho linoarly 
fusod tricyclopentanoids. In tho von Baoyor system of nomen­
claturo: trieyclo[6.3.0.o2•6)undecane; IUPAC nomenclature: 
docahydro-lH-cyclopenta(a)pentalene. Sep. footnoto 2 in 
reference 3. 
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acid ~)22-24 and marine natural products,25 capnellane £ 
The folded form, the £1!, ~, ~-isomer 1 can, in another 

arena (see Chart 1.2) function as the basic building block 

for elaboration and evolution towards dodecahedrane l and ito 

immediate, logical precursors+. The two parent tricyclo­

pentanoid hydrocarbons.! and 02., to our information, have no'~ 

been synthesised and characterised. However, their ~ H~ 

values have been calculated26 employing both Engler (E) and 

Allinger (A) force fields and~, £)H~ -24.96 (E), -20.45 (A), 

has been shown to be marginally more stable than the hindered, 

folded form 1, £)H~ -23.24 (E), -19.23 (A). 

In the recent past, quite a few, new and orderly 

synthetic strategies have been worked out for assembling the 

linearly fused tricyclopentanoid frames. However, many of 

these approaches have been targot oriented endeavours and the 

+Among the early and efficient pathways conceived to conquer 
dodecahedrane l were the bipartite approaches involving union 
of two complementary polyquinanes. The polyquinane fragments 
in i! and 1!! should be quite readily accessible from the ciS, 
~, £!.!-triquinane of the type 1. 

'13 ' . . :,~ " 

~
.: .: " . . . . , 12QtBC ) , 15Ct5C 

.~. . , . 
• , I • • 

~ 
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6 .... 

generality of most of them remains to bo firmly ostablished. 

Boforo delineating the general theme developed in tho present 

study for the rapid acquisition of tricyclopentanoids, it 

will be useful and instructive to mako a quick, schematic, 

survey of the existing methodologies for the synthosis of 

this ring system. For the convenience of presentation, we 

will discuss the known synthetic routes to linearly fused 

tricyclopentanoids in the following sequence. To start with, 

wa look at the different approaches that directly lead to the 

tricyclopentanoid ring system. Some of these were clearly 

accidental or unanticipated encounters while others ware 
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planned, thoughtful endeavours. Vie, then move to the tailor 

made strategies that have been specifically evolved to 

achieve a particular objective. Finally, we consider the 

5,5 --- 5,5,5 ring routes in which a cyclopentane ring is 

annulated to the preformed and suitably functionalised bicyclo 

[3.3.0]octane moiety. It is this particular approach, that 

has been widely employed for the synthesis of biologically 

important sesquiterpenes of the hirsutene family. 

One of the earliest approaches to tricyclopentanoid 

framework 1 was by Casals 27 involving reductive coupling and 

cyclisation of l-acetyl cyclopentene with sodium amalgam. 

This serendipitious discovery has been somehow relegated to 

o 

110 
Na-Hg ) 

1 

obscurity inspite of the fact 1 is obtained in ~;. yield in 

a single step operation from a readily available starting 

material. 

Several entries into the triquinaneshave emanated from 

the exploitation of the l,3-photocycloaddition products of 

aromatics to ole fins . Morrison2B employed the intramolecular 

variant of the arene - olefin photocycloaddition reaction 
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M. 

1'12) 6. ) 
) 

~ fi 
Ito 

!l. .2 10 -
followed by stereoselective thermal reorganisation to gain 

access to the tricyclopentanoid system. Thus, photolysis of 

~-6~phenyl-2-hexcne ~ yielded tetracyclic olefin~, which 

on thermolysis furnished 12. Srinivasan29 utilising the more 

SCHEME I.1 
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conventional intermolecular arenc - olefin photoaddition 

described a fairly general approach to both the £!!, syn, ~­

and £ili, anti, £ili-triquinanes 11 and ~ (Scheme 1.1). The 

~£LQ- and g~-tetracyclic compounds ~ and ~, obtained from 

arene-cyclopentene photocycloaddition, underwent smooth acid 

catalysed cyclopropane cleavage to furnish 11 and ~, respec­

tively. However, the exacting reaction conditions, insta­

bility of tetracyclic products and capricious yields (1-111-) 

are limiting factors to its wider synthetic utility. A 

further example30 of this approach is the synthesis of tetra­

cyclic propellane 1£ incorporating three linearly fused five 

membered rings ~ the photocycloadduct 12 of tetralin and 

cyclopcntene (Scheme 1.2). 

SCHEIIE 1.2 

+ o • 

II 

fC1 
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The first set of systematic approaches to tha ci~, 

~, .!:.!!!,-triquinane system came from Eaton's laboratory. 31 

Although classical in conception, the first Eaton methodolo( ',' 

appears to be preparatively efficient and of general appli­

cability. The key to this approach is the Nazarov-type 

cyclisation of the cross conjugated ketone .!1 to the tri­

cyclic system 18. Catalytic hydrogenation of l§ furnished 

!!Cl!!!!lIE I.' 
0 0 

I 

1. 2Br2 
~ 

2.L1llr/Li2CO, 

II 

iPPA 

0 0 
H H H --;, f 

R2-Pd/C ~ 
« , -R 

U 18 -
the folded.!:.!!!" syn, .!:.!!!,-ketane 19 (Scheme 1.3), whose 

s+.ructure and Cs symmetry followed from the incisive analysis 

of l3C NMR resonances • . Another approach by Eaton,3l directed 

towards the all ~-tricyclic . triketone ~ starts with readily 
• 

availal?l'e bicyclo[4.2.0]oct-3-en-8-one l! as the starting 

material and the steps arc outlined in Scheme 1.4. Oxidative 
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SCBEIlE I.4 

o n 

o o 
Il , coono 

J 
20 -

degradation of 2! and homologation led to the diester ~, 

whose ~-disposed functionality ensured the generation of 

requisite all cis-stereochemistry after the base catalysod 

cyclisation. 

The third approach of Eaton,lb elegant in conception 

and immaculate in execution, was primarily designed to syn­

thesise the hexaquinacene ~ enroute to dodecahedrano. The 

salient features of this theme starting from 5,5-dimethoxYJ 

tetrachlorocyclopentadiene-I,5-cyclooctadiene Diels-Alder 
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adduct 2d are depicted in Scheme 1.5. Tho most pleasing p~rt 

is the creation of roquisite storeochemical array in the tri­

quinano derivative l2. 

1100, __ 

C 

.100 .pl!e 

noo 

nO°l;~i~!~ 
H H 

1 .l!B-1IBuOH 

~.KOAC/ ACZO 

i·HCl 

II:> plIo 

SClIEIlE 1.5 

o 

, 

BOOC 

BOOC 

- ) 

lIeO" 

MeO 

!IOO",r', 

HcO-l...,./Cl 

L1/TIIF ) 

cr; 
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A potentially useful route to~, syn, £!!-triquinanes 

involving intramolecular n2s + n2s photocycloaddition of 

dicyclopentenylmethane ~ to 2l and in situ nucleophilic 

ring opening of the strained central bond of the bicyclo[2.1. 

O]pentane moiety present in 27 to~, has been delineated by 

\"IV • U=b 
110 n 

o 
n . 

, . 

Ollu 
; 

No R 

Pattenden and coworkers. 32 In an apparent bid to build the 

hirsutane skeleton the same strategy was applied to the C15 
precursor a2, but the resulting product ~ possessing the 

unwanted £!!, syn, £!!-stereochemistry thwarted further 

efforts towards sesquitcrpene hydrocarbon hirsutene ~ 

(Scheme 1.6). 

somIS 1.6 

0 

tf:rxoH~n 
0 n ~o 

~ 

Mo h'" 
~ ~ , 

0 =l!oD lIo ~o il 
~Io l~o »0 

l2 ~ 

0 
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33-35 Little has described a novel and general approach 

to triquinanes involving intor- and intramolecular capture 

of 1,3-diyl's related to trimethylenomethane. In the inter­

molecular version,33 the bicyclic azo compound ~ (derived 

from fulvene-azocster Dicls-Alder adduct) is thermally decom­

posed in the presence of a 1,3-diyl trapping agent, like 

cyclopentene to furnish the tricyclopcntanoid skeleton ~ 

SCIlEHE 1.7 

R 1 

li ~ 

~cheme 1.7). In the intramolecular version,34 the 1,3-diyl 

precursor moiety and the diylophile are custom built into 

the same substrate. Thus, thermal docomposition of bicyclic 

BCIIEIIll 1,6 

COOKo 

U \~. 
/ 
.~ 

~ ~~ --
II 

.J 

)10 

-110 
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azo compound ~ resulted in the direct formation of ~ ~ 

the l,3-diyl intermediate ~ (Scheme 1.8). The intramolecu­

lar reaction is notable for its high degree of stereoselec-­

tivi ty compared to tho intermolocular reaction. As would ')C 

expected, the intramolecular diyl trapping theme has ~een 

further applied to a total synthesis of sesquitorpone hydro­

carbon (±)-hirsutene ~ employing appropriately functionaliscti 

substrato.35 

Recently, a cyclopentene annulation methodology 

involving intramolecular carbenoid insertion to l,3-dienas 

followed by thermal vinylcyclopropane-cyclopentane raarranga-

SCIlEIIl'l I • 9 

H 

o 

11 o"c"'uT:(",,=ac""c-
2
+' - -110 H 

o 

2.W1ttig 
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ment has been evolved by HudliCky36 for the synthesis of 

tricyclopontanoid framework. For example, decomposition of 

diazoketone ~ (prepared in five steps from cyclopentene 

aldehyde) in presence of Cu(acac)2 furnished the vinylcyclo­

propane ~ which on thermal activation or transition metal 

catalysis was transformed into epimeric tricyclopentanoids 

~ and 12. The tricyclic ketone 12 has been further trans­

formed into (±)-hirsutene ~ through routine functional group 

manipulations (Scheme 1.9).36 

Tatsuta et.al., have developed a new stereocontrolled 

approach to the cis, anti, ~-triquinane system that has 

culminated in the total synthesis of (±)-coriolin~. Indeed, 

both the hydrocarbon ~ and the highly functionalised anti­

biotic ~ have boen synthesised37 ,38 from the same tricyclic 

precursor ~2. The key step of the Tatsuta synthesis is the 

unique solvolytic rearrangement of the 6,4,5-fused ring 

system ~ to tho desired 5,5,5-ring system ~ in the requi­

site~, anti, £!!-ster~ochemical pattern. The initial 

6,4,5-ring system~ was readily obtained via tho photo­

chemical ~2s + ~2s cycloaddition of pre-assembled precursors 

~ and 41. The entire synthetic sequence leading to (±)­

hirsutene ~ and the first total synthesis of (±)-coriolin ~ 
• 

is summarised in Scheme 1.10. 
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Yonemitsu's group39 has reported a two step entry 

into ~, anti, ~-triquinane derivative 47 employing the 

photochemical oXR-di-n-methane rearrangement of the tricyclic 

~,y-unsaturated ketone ~ followed by hydrogenolytic cleavage 

of the cyclopropane ring 1n ~ (Schemo 1.11). 

SCIIJ:MJl 1.11 
n 0 

o B 

h» 
Bcetono'> 

The most commonly employed and conceptually stra~ght­

forward approach to the triquinanes is through the cyclo­

pentane annulation of the preformed ~-biCyclo[3.3.0]octane 

framework.+ Lansbury40 was the first to exploit this theme 

for the synthesis of triquinanes related to hirsutane family, 

utilising his chloro-olefin annulation4l sequence for append­

ing a cyclopentnne ring on the ~-bicyclo[3.3.0]octane system • 
• 

Thus, bicyclic ketone ~ was transformed to tricyclics 49, 

+This approach is particularly suited for~, anti, £!!­
f~sed triquinanes as the incoming cyclopentane ring will be 
formed preferentially on the ~-face of the folded ~­
bicYclo[3.3.0]octane moiety. 
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50 and 51 as indicated in Scheme 1.12. Further refinement - -
of the same theme has lad to the synthesis of biologically 

active isohirsutic acid ~ (hirsutic acid N)42 starting from 

bicyclic ketone ~ as depicted in Scheme 1.13. The notable 

feature is the stereo- and regioselective Claisen alkylation 

of ~ with substituted trans-p-chloro-crotyl alcohol. 



H)(CH2R 

Ii> rCH20ll, 

R=Cl,SMe, 
SPr 

SCREIlE I. 13 

\\ 

cf 

tDuOH 

22 

Concurrently with the efforts of Lansbury in USA, 

Matsumoto and his group43 in Japan achieved the first total 

synthesis of (±)-hirsutic acid ~ employing the s1!-bicyclo 

[3.3.0]octane route and the steps involved in their success­

ful endeavour are revealed in Scheme 1.14. The starting 

material in the Matsumoto approach was, quite predictably, 

same as the Lansbury ketone "~, but in this case the stereo­

chemically homogeneous ~ was employed. 

OO~lo 
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Trost and coworkers44 have also recently reported a 
. 

'10 

doon 

stereocontrolled synthasis of (±)-hirsutic acid 3' The high-

light of the Trost theme is the imposition of steric control 

on four chiral centres by building them into a rigid bridged 

template ~ and then unravelling them at an appropriate 

time (step 55 - 3!! involving oxidative cleavage of double 

bond, Scheme I.15). Readjustment of functional groups in 
, 

56 leads to the tricyclic enone 32. The earlier approaches 

of Matsumoto43 and Lansbury42 as well as of Trost converge 
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on this tricyclic enone~. The task of building the key 

bridged tricyclic system 2§ in the Trost synthesis was accom­

plished from cyclohexanone derivative ]d in a series of 

synthetic operations involving two intramolecular Michael 

additions (Scheme I.15). 

Research groups led by Nozoe and Shibata22 were the 

first to report the synthesis of tricyclic hydrocarbon (±)­

hirsutene isolated by them from the hydrocarbon fraction of 

the fermentation broth of Co~iolus consors. The underlying 

theme of their synthetic effort was the regioselective intro­

duction of the side chain on to the bicyclic ketone ~ and 

SCIIEMll I,16 

C1 ~ !! 
I 

• He 1 .nns I (( • \ 
'lie 2, lIi ttiR 

0 I 0 Ii 
2§. 

000 -
4 

110 

1 UBI0
4 

S ~ 
1,J.g20 

JI 1,l!i/Im, 2,C:OC1)2 
~ \ ,0 III .eo( 

I.... • 2,PDC .. ,,5IIC1
4 

. 
'flo KO 3, lIitti(: 110 CRO e ii 

0 

l 



26 

formation of the third five membered ring through an intra­

molecular acylation reaction. The steps leading to ~ from 

2§ are schematically presented in Scheme 1.16. 

The most pleasing illustration of the bicyclo[3.3.0] 

octane route to the tricyclopentanoids is the Greene's45 

synthesis of {±)-hirsutene ~, employing reiterative halo­

ketene cycloaddition-diazomethane ring expansion sequence. 

Starting from 4,4-dimethyl cyclopentene {±)-hirsutene ~ was 

obtained in a short, economical sequence (Scheme 1.17). 
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Two fine syntheses of coriolin~, the biologically 

important metabolite from Coriolus consors, reported recently 

by Danishefsky46 and Ikegami,47 follow the bicyclo[3.3.0] 

octane approach and the third five membered ring is appended 

~ aldol condensation-dehydration steps. While the key 

i-
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starting bicyclic ene-dione ~ in the Danishefsky route 

(Scheme l.lB) is prepared from p-keto ester 60 and cyclo­

pentenone ~ ~ Michael addition, the bicyclic enone ~ of 
. 

lkegami approach (Scheme l.19) is obtained from 1,3-cycloocta-

diene. The outstanding feature of these approaches is the 

methodology adopted for the creation of high degree of func­

tionality on the tricyclic frame in a stereoselective manner. 

Particularly fascinating aspect of these strategies is the 

introduction of the secondary hydroxyl group at C7 on the 

central five membered ring. 

Finally, a few interesting and biogenetically patterned 

transformations to hirsutane ring system have been reported, 

that provide new entry into the cis, anti, £1§-triquinane 

framework. For example, Lewis acid catalysed rearrangement4B 

of protoilludene epoxide 1@ furnishes, among other products, 

tricyclopentanoids £d and~. Similarly, acid catalysed 

rearrangement of tricyclic olefin ~ yields the double bond 

isomer 2Z of hirsutene. 49 These transformations not only 

provide further avenues for synthetic exploitation but shed 

light on the close biogenetic relationship of these humulene 

derived sesquiterpenoid carbon skeletons.+ 

+Total syntheses of (±)-hirsutene ~ and corio lin ~ has also 
been achieved in our laboratory.69,70 The details of this 
synthesis will be reported in the forthcoming Ph.D. disser­
tation of Mr. A. Veera Reddy. 
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In the foregoing pages and schemes, an attempt has 

been made to provide an up-to-date account of the known 

methods for the construction of the triquinane framework. 

Most of these synthetic studies appeared in literature dur­

ing the past four or five years as a result of burgeoning 

interest in the synthesis of polycyclopentanoids. When the 

present studies were initiated (1977-78) on a general synthe­

tic approach to triquinanes, in pursuance of objectives 

enumerated above, the only preparatively exploitable routes 

available to this ring system were those by Eaton31 and 

these too were multistep ventures. It was also the time 

when the biological potential of coriolins e . g., ~ 

was attracting attention and dodecahedrane had already 
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emerged as one of the prized synthetic targets in organic 

chemistry. Consequently, there was a timely need and ample 

scope for the development of convenient, reliable and versa­

tile route to both cis, syn, cis-l and cis, anti, cis-2 - - -- - --
linearly fused triquinane ring systems. 

In our quest for simple, general method for the synthe­

sis of tricyclo[6.3.0.02 ,6]undecane (triquinane) system, we 

conceived of a novel two step photo-thermal metathetic se­

quence+ (Scheme I.2O}50 that involves a symmetry allowed and 

-
+The classical olefin metathesis reaction (eq.l) involves 
interchange of two alkylidene moieties between two olefins 
and is usually brought about by special catalytic recipes 
derived from W, Me., Ta lie Al. The mechanism of this reaction 
is a subject of much current effort and is quite complex. 51 

a 0 

> < b + f 

:>==<: 
eq.l 

The overall transformation ~--+lQ in Scheme 1.20 is essen­
tially an intramolecular olefin metathesis sequence brought 
about in a stepwise manner. Since the two discrete steps 
involved in the overall metathetic change ~-->1Q are a photo­
chemical cycloaddition and a thermal cycloreversion, we coin 
the name PHOTO-THERMAL, metathesis for such transformations. 
The stepwise photo-thermal metathetic sequence is full of 
interesting possibilities and it is hoped that many neVI syn­
thetic applications will omerge from this idea. Some 
notable successes have already been achieved. 52 ,69,70 
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BCHI:rITI 1.20 

hl> 
I) 

facile photochemical n2s + 2 n s 

• 

cycloaddi tion (~_~) and 

a regiospecific thermal fragmentation of the saturated four 

membored ring ~--70). The short, straightforward strategy 

depicted in this scheme has many attractive and advantageous 

features: (i) the tricyclic system 68, with requisite endo­

geometry, can be obtained from cheap, readily available 

starting materials, e.g. 1,3-cyclopentadiene (n-l) and p­

benzoquinone (X=O) via the standard Diels-Alder reaction;53 

(ii) the yields in the Diels-Alder reaction leading to ~ 

and its photochemical cage cyclisation54 to ~ ar6 generally 

good to excellent and thereby enhance the overall preparative 

value of this strategy; (iii) the thermal cyclobutane frag­

mentation in rigid, bridged pentacyclic template ~ ensures 

storooselective formation of £!!, syn, £!!-triquinano system , 

adequately and appropriately functionalised; (iv) the overall 

three step conversion of diene and dienophile to the triqui­

nane JQ employs, quite remarkabl~only heat and light as the 
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reagents and (v) the scheme has the flexibility for the 

structurnl manipulations that can provide convenient entry 

into other tricyclic systems of current interest. Further­

more, as the si!, ~, cis-triquinano systom has folded shape 

and is sterically crowded, it should be amenable to isomeri­

sation to the less hindered and thermodynamically more stable 

si!, anti, cis-form and thus the strategy outlined in Scheme 

1.20 is capable of providing entry to both the stereoisomeric 

forma of triquinane frame-work. 

In this chaptor of tho thesis, we delineate a general 

preparative routo to several functionalised si!, syn, si!­
triquinar.es and describe some useful synthetic transformations 

of th~se syste~s. Some of those transformations have provided 

novel and purposeful routes to new polycyclic systems. Further­

more , adding to the versatility of our approach is the des­

cription of a thermal isomerisation of £!!, syn, £!!-triqui­

nanes to si!, anti, cis-form, endowod with the requisite 

stereochemical pattern of hirsutene~, coriolin~, hirsutic 

acid 2 and capnellane ~ group of natural products. 

1.3 RESULTS AND DISCUSSI~ 

Implementation of the strategy outlined in Scheme 

1.20 for the syntheses of triquinanes required the selection 

of n suitable endo-tricycloI6.2.l.02 ,7]undeca-4,9-diene 
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derivative for the contemplated photo-thermal metathesis 

sequence. The first choice was automatically the readily 

obtainable and well characterised Diels-Alder endo-adduct 71 

of 1,3-cyclopentadiene and p-benzoquinone. 55 Photolysis of 

11 is known to proceed smoothly in Sunlight or on UV irradia­

tion to the pentacyclic dione lZ (Scheme 1.21).54 The crucial 

SCHEME I.21 

o 

• 

71 ..... 72 ..... 

step then was tho thermal fragmentation of the pentacyclic 

dione lZ. However, it is recorded in literaturo54a that lZ 
is recalcitrant towards thermal activation. Cookson et.al. 54a 

during their pioneering stUdies on i~tramolecular n2s + n2s 

type of photocycloadditions had attempted thermolysis of 7" 

and cryptically observed that ,' ••••• undor mild heating it 

sublimed unchanged while at higher temperature a black tar 

was formed. However, on one occaSion, tracos of yellow 

needles, smelling of p-benzoquinone were formed accompanied 

by cyclopentadieno". Heating 22, either noat or in solution 

uptON4QOOC, essentially corroborated Cookson's observations 



35 

and no trace of the expected cycloreversion product was to 

be found. But, undeterred by the thermal refractoriness of 

]g, we decided to subject it to flash thermolysis conditions 

at r:levated temperatures. 

Sublimation of ~ through a quartz tube at 5600C (1 torr) 

led to its quantitative conversion to the triquinane system 

~, mp.l07-SoC (silky flakes from carbon tetrachloride). 

H 11 
{:j. . ~/ '" 

, 
/ -• -- «Ii h:v 

0 

1Z.. 73 -
The bis-enone .12 could be conveniently prepared in 5-10 g 

lots, required no separation manoeuvre and was obtained pure 

from the pyrolysate simply by direct crystauisation! Its 

infrared spectrum (Fig.I.l) showed conjugated enone absorp­

tion at 1725 sh, 1715, 1695 sh and 1590 cm-l diagnostic of 

2-cyclopentenone substructure. The ultraviolet spectrum 

had A max at 219 nm (£ = 10,500) and supported the presence 

of 2-cyclopentenone chromophore (A max = 2l5±5 nm). The lH 

and l3C NA~ spectra of ~ further confirmed the presence of 
56 2-cyclopentenone moiety (characteristic p-proton resonance 

at 67.44, Fig.I.2 and strongly deshielded p-carbon resonance57 
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at 6165.9, Fiy.I.3) and established the elements of mirror 

plane symmetry (Cs) in the molecule with five discrete proton 

resonances centered at 67.44, 5.86, 3.48, 3.2,2.1 (1:1:1:1:1) 

and six carbon resonances at 6207.4(s), l65.9(d), l33.5(d), 

53.l(d), 5O.4(d) , 3l.5(t) (2:2:2:2:2:1). Complete ~ and 

l3C NMR ilssignments for ~ aro displayed in Fig.1.2 and 1.3 

and also sunmariscd in experimental soction. The l3C NMR 

resonancos of ~ shOVlod3 ,57,58 expected similarity with the 

other structurally relatod quinanes ~, 1§ and 1£ as indi­

cated in Scheme 1.22. The triquinane basod bis-enone struc­

ture ~ for tho sole thermolysis product of pentacyclic 

diono zg was thus rigorously established. 

o 
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The assignment of ~, ~, cis-stereochemistry (Cs 
symmetry) to 12 was strongly suggested on tho basis of its 

genesis from penta cyclic dione 16 and received further support 

from the incisive analysis of the forogoing spectral data. 

For example, the infrared carbonyl absorptions of 12 at l7~5. 

1715 and 1695 in KBr dispersion were reduced to a single 

absorption at 1722 in chloroform solution and led to the 

inference that some solid state interactions exist between 

the two carbonyl groups which are apparently relaxed in 

solution. Similar indication of through space interaction 

between carbonyls is revealed by small blue shift in the UV 

spectrum of ~ (~max = 219 nm) compared to bicyclo[3.3.0] 

oct-3-en-2-one l§ (>'max = 221nm) 59 and tetrocyclic bis-

enone 1§ (A max = 228 nm}3 and the carbonyl shielding in the 

l3C NMR spectrum of ~ at 6207.4 (cf. 12 and 1§, Scheme I.22). 

However, a firm, unambiguous decision in favour of all ~­

stereostructure 12 was arrived at on the basis of its facile 

and quantitative intramolecular n2s + n2s cycloaddition 

back to pentacyclic dione ~ on exposure to either UV light 

or more economically and conveniently to the abundant sub­

tropical Sunlight. Subscquent chemical transformations of 

~ (vide infra) were fully consonant with its all cis-folded 

geometry. 

Having demonstrated the efficacy of the photo-thermal 
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matathesis sequenca for creating the £!!, syn, £!!-bis-enonc 

~ from]2, attantion was turned towards establishing the 

generality of the key thermolysis step leading to tha uncag­

ing of the penta cyclic frame to the triquinane derivatives.+ 

Three more examplas are described here to fortify confidence 

in the Scheme 1.20 and its preparative utility. Two exnmpl . 5 

are of halo-substituted darivatives of 72, while tha thir~ 

is of a homologous system. 

Diels-Alder adducts X2 and~ were readily prepared60 ,6l 

from cyclopantadiana and 2,3,5,6-tetrachlorobenzoquinone 

(chloranil 77) and 2,3-dichlorobenzoquinone 78. Irradia-

tion of tha tricyclic endo-adducts 1!1 and ~ using 450 VI 

Hanovia UV lamp in ethyl acetate yieldad the pentacyclic 

SCHEME I.23 

0 

0 
R ..- R 

6. R h'll + • R~ R RJ. 'I 0 

1:1.. R=R1=Cl 12.. R=R
1

=Cl !ll.. R=R1=Cl 

1§.. R=H,. R
1

=Cl §Q. R=H. R1..cl jg. R=H. R1=Cl 

+More than 20 axamples of the thema depicted in Schema 1.20 
and leading to various triquinanas have baen successfully 
worked out in our laboratory; 
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diones 1! and ~ (Scheme 1.23).54a 

Thermal activation of tetrachloro pentacyclic diono 

Bl in diphenyl ether (OPE) at 2400C for 30 min led to near -
quantitntive formation of the bis-onone ~, mp.149-5OoC 

(off-white needles from benzene-hexane). Stereostructure 

, ) 

h'l> 

of ~ and its inhorent symmetry was clearly revealod by its 

spectral characteristics. The UV spectrum showing ).. max at 

244 nm and 1R bands at 1750, 1603 and 1585 cm-l indicated 

the presenco of 2-cyclopentenone substructure bearing halogen 

substituents on tho olofinic bond and in the vicinity of the 

carbonyl group. Tho ~ NMR spectrum (F1g.1.4) showed only 

four sets of signals at 67.3, 3.73, 2.B4, 2.04 in a ratio 

of 2:2:1:1. The l3C NMR spectrum (Fig.1.5) had signals at 

6l90.2(s), l54.2(d), l33.7(s), 76.7(s), 56.6(d) and 3O.4(t) 

in a ratio of 2:2:2:2:2:1. More comp~lling ovidence in 

support of formulation B3 flows from its extremely facile 
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and quantitative photocyclisation to ~ in ethyl acetate 

(pyrex) on oxposure to Sunlight for a few minutes. In moro 

or 10s8 id~ntical manner, tho related pentacyclic diane ~ 

on heating in DPE (220oC, 1 hr) furnished tho bis-enono ~, 

mp.186-70C in over ~/. yield. Assignment of stereostructuro 

to ~ was readily accomplished on the basiS of its spectral 

characteristics (vide experimental). The dichloro bis-enone 

84 also reverted bock to the pentacyclic diono ~ on exposure 

to Sunlight. Finally, the bis-enonos ~ and ~ could be 

correlated directly as dechlorination of ~ with zinc in 

boiling acetic acid furnished ~ in 80¢ yield. 

U B ~ ~ ~ ; < 
Zn 

~ / \ A~H 

cr Cl Cl a s = C1 H H 
0 0 0 

~ 84 .... 
Tho last examplo of tho photo-thermal metathosis 

reported hore is of the Diols~ldor adduct ~ of l,3-cyc10-

hoxadiene and p-bonZoquinone. 62 Photolysis of 85 readily 

furnishod the known ponto cyclic diane ~ (Schome I.24).54a 

Sublimation of tho dione 86 through a quartz column at 6OO0C 

(1 torr) furnishod the tricyclic bis-onono ~, mp.104-50C 

in ~ yield along with substantial amounts of p-benzoquinono. 
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SCHEME I,24 

• hV 

o 0 

Tho structuro of ~ follows from its spoctral paramoters. 

The UV spectrum showing Amax at 218 nm (£ = 15,200) and 

infrared bands at 1100 and 1585 em-I indicated the presonco 

of 2-cyclopontenone moiety. The 1H NMR spectrum (Fig.I.6) 

A 
+ 

displayed four sots of resonances at 67,42, 6.22, 2.6-3.3 

and 1.0-2.0 in a ratio of 1:1:2:2 with characteristic chemical 

shift and multiplicity of 

pentenono part structuro. 

the a and P protons of the 2-cyclo-
13 Tho C NMR spectrum (Fig.I.7) 

showed the clements of mirror plano symmetry and the six 

resonances at 6209.3(s), 163.9(d), 133.7(d), 45,3(d), 40.9 

(d) and 22.4(t) fitted eminently with tho assigned structure. 
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Although the l,3-cyclohexadiene-p-bcnzoquinone adduct ~ 

\Vas not isolated, its formation could be inferrod from the 

high yields (70-8}~) of benzoquinone obtained from the pyro­

lysate. Whl.le tho yield of !!1 in this reaction was 'not very 

heartening, still the photo-thermal strategy provided a con­

venient and useful entry to a functionalised cis, syn, cis-- ---
tricyclo[7.3.0.02 ,6]dodecane derivative. 

Attention was now turned to the exploration of chemistry 

of the readily and quite abundantly available all ~-bis­

enone~. While the symmotrical disposition of functionality 

in tho bis-enone ~ proved advantageous for its explOitation 

in one arena, efforts in another direction necessitated 

chemodifferentiation and relocation of two enone moieties. 

Towards the latter objectives, sevoral reactions of ~ Viere 

studied. 

The bis-enone ~ could be catalytically hydrogenated 

either partially to dihydroderivotivo 88, mp.59-60oC or 

EtOAc 

o 

Ii • 

: . = H H o 0 

m!. 

EtOAc 

o o 
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fully to the tetrllhydrodione .!l.2. mp.93-4°C. The ~ NldR 

spectrum of 89 WllS quite felltureless but its l3C NMP. spectrum 

(Fig.I.8) showed its symmetry llnd its close spectrlll resemb­

lance58 to ~is-bicyclo[3.3.0]octan-2-one 2Q (Schemo I.25). 

The cnrbonyl resonance at 6218.0 Vias once again indicntive 

of some through space interllction between the two cllrbonyls 

41.1 26.4 

! J 
.... 38 . 0 

in an all £!!-tricyclic frame. 

Sodium borohydride reduction of dione .!l.2 in methanol 

furnished a 6: 5:3 mixture of homillcetals .2! and .22 llnd trnn.s,­

diol~. The three v~re elloily separated by column chromato­

graphy and thoir structures doduced from thoir spectral 

chllrllcteristics. In case of the lactol.2!. the presence of 

11 carbon signals in the 13C NlrtR spectrum (Fig.I.9) and in 

particular the resonance at 6118.4 (singlet in off resonance 

spectrum) due to -O~-OH functionality was particularly 

revealing. Formation of .2! from.!l.2 further showed the proxi­

mity of two carbonyl groups in the all cis-triquinane fromo. 
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Unfortunataly, this proximity provad to be an impadiment 

53 

in the many functionalisation reactions of ~ with nucleo­

philos and basa due to intervention of intramolecular reac­

tions e.g. 94 and 95. Protonation of these species led to 

SCHEME: I, 26 

H H H H H .., - < .. '< • 
H+ H+ • • • • .. "- • B H Nu • '""CIH CH 0 NIl 

94 ~ 2.5. -



the recovery of starting material ~ (Scheme 1.26). 

In order to relocate the olefinic bonds in the bis­

enone 73, rhodium (III) catalysed isomerisation63 was attemp­

ted. ~/hen on ethanolic solution of 73 in presence of cata­

lytic amounts of RhC13 .3H20 was heated in a scaled tube, 

jsomerisation of one of the disubstituted double bonds in 

~ to the fully substituted position was observed and a 

6:2:1 mixture of ~, ~ and 97 was obtained in 7a/- yield. 

H I:!.. lJ 
-= " .:-1 + \ 

." H Ii 
o 

73 -

!:I -

o 

I 
o 

.2.§ 

+ 

~y ~ - t( i! 
0 0 0 

88 --

o 

o The structure of the new bis-enone ~, mp.102-3 C, emerged 

mainly from the 13C Nh~ data (Fig.I.10) which at once indi­

cated the presence of tetrasubstituted olefinic C's of on 

enone moiety at 6185.1(s) and 143.8(s) and were very remi­

niscent of the corresponding C's in structurally related 

.-
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SCHEME I.27 148.6 
187.4 24.5 25.7 185.1 

201.8 1 
1 i \ 1 0) 
I 40 . 6 ~ \ '\ 0 . 

"- -- \ ! ~1.' , I o 0' . 9 /0 0 r '180.5 148.9 40.4 201.7 
14'.8 24.6 

2.!!. 96 22 -
polyquinanes 2§ and ~ (Scheme 1.27).3,58 The minor products 

~ and 21 were formed through partial reduction and Michael 

addition of ethanol to~, respectively. There is precedenc",63 

for these side reactions during rhodium catalysed isomeri­

sations. 

A few useful functional group transformations of ~ 

arc summarised in Scheme 1.28. These were probing experi­

ments undertaken with a view to generate functional group 

pattern suitable for natural product synthesis. For excmpl~, 

partial hydrogenation of ~ to lQQ and selective protection 

of the saturated carbonyl group furnished the enone lQ!, 

that could be transformed ~ cuprate addition to lO~ having 

an angular methyl group. Similarly, ~ was transformed to 

103, mp.109-l0oC in a two step sequence (vide infra)64 

involving Grignard addition and pyridinium chlorochromate 

(Pee) oxidation. 65 
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SCHEME I,28 
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. 
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o 0 o 
100 -
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Me H H 
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/. ~ 

H 
0 0 

CH3 

ill 102 -
Since the isomerised bis-enone ~ had a strategic 

double bond that would enable introduction of an angular 

methyl group (see, capnellane framework, ~)25 ~ conjugate 

addition or could be oxidatively cleaved to a bicyclo[6,3,OJ 
66 67 undecane system (e,g, precapnellane, fusicoccin etc,) 

the need for a better and more efficient preparation of ~ 

from 73 was felt, Towards this end, it was observed that -
12 underwent smooth thermal isomerisation (260oC, diphenyl 
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ether, 20 min) and ~ could be isolated in about ~;. yield 

as the only new product of the raaction along with starting 

all cis-bis-enone~. Attempts to dr1va the reaction to 

completion indicated that the two bis-enones ~ and ~ were 

in thermal equilibrium. This observation encouraged us to 

carefully scout the reaction mixture for the missing £.~, 

anti, £i§-isomer~. When either the all qis-bis-cnone 73 

or the tetra substituted bis-enone 2§ were thermally activ~t_d 

under more stringent conditions (3050 C, benzyl benzoate, 5 ~in) 

and the resulting reaction mixture carefully analysed by GLC, 

l!, fI 
H H 

-. , 

/ 
. \ • 

\ ~ 
~ 

• - If H H 0 0 • 
0 0 0 0 

11 2E. ill 
it showed the presence of three components in an approximnt . 

ratio of 1:3:27. The mixture was resolved on a silica gel 

column and all th& three products were obtained pure. The 

minor and the major products Vlere readily identified as 73 

and~, raspcctively. The third compound, mp.99-100oC, to 

out great dalight, turnad out to be the £i§, anti, £i§-tri­

quinana based b~s-enone~. The structure of 104 folloY/oct 

from its W spactrum: Amax 222 nm (£ = 12,5(0) and IR 

;pactrum: 1715 sh, 1695 cm-l , both of which showed the 

\ 
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presence of a 2-cyclopentenone moiety. The IH NAm (Fig.l.ll) 

and l3C ~MR (Fig.I.12) spectra of the cis, anti, cis-isomer 

104 were not only similar to the all ~-73 but had very 

distinctive, diagnostic features that clinched its structure 

unambiguously. For example, the IH NAm spectrum showed the 

expected presence of five resonances at 67.62, 6.08, 3.45, 

2.93, 1.88 in a ratio of 1:1:1:1:1. However, the presence 

of a clean triplet at 61.88 (J=8Hz) due to the C7 methylene 

Vias decisive in showing the: equivalence of C7 exo- and C7 
en do- protons (due to C2 symmetry)3l and thus establishing 

the £i§, anti, ~-stereochemistry of~. The l3C NAm reso­

nances, 6209.6{s), l66.3{d), l32.2{d), 52.9{d), 48.l{d), 

34.9{t), of ~ when compared with 12 further reinforced 

its formulation 

The thermal equilibration of bis-enones 12 and 2§ 

can be considered either proceeding through thermal [1,5] 

sigmatropic shifts in l,3-cyclopentadiene intermediates 

(Scheme 1.29) or through a series of symmetry disallowed 

thermal [1,3] shifts. 68 The concerted [1,5] shifts, a 

priori, should be favoured and occur even at lower tempera­

ture if sufficient concentration of the enol form can be 

generated. However, we find that the presence of base (~ide 

infra) e.g. sodium methoxide, did not generate detectable 

amounts of cis, anti, ~-isomer 104. It is, therefore, 

reasonable to favour a series of [1,3] shifts to account 
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for the observed equilibrium (Scheme 1.29). 

SCHEME :1:,29 

1I ~ ~ 
: -(1.3) 

• 
(1,3) , 

• < 
.: • 

H -H H Ii H 
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(:.3H H1.3) 96 -
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~ , 

\ \ 73 104 , \ - -~ 
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0 0 
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OH 0 OH 

The formation of the ~, anti, ~-isomer ~ x!2 
the thermal isomerisation of ~ was a very useful and satis­

fying observation as it provided to us a simple method for 

generating the stereochemistry present in naturally occurr­

ing triquinanes. Indeed, parallel studies in our laboratory 

have culminated in tho total syntheses of (±)-hirsutene ~ 

0 

0 

0 

\ 
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and (±)-coriolin ~ employing this thermal isomerisation as 

the control step.69,70 

Another set of manipulations with 73 that Llppeared 

promising were to transpose the enone moieties, in a s~quen­

tial manner, first to the single transposed system lQ2 and 

then to the fully transposed system~. Transposed bis­

enones lQ2 and ~ can serve as potential precursors of novel 

systems .!Q1 a' id 108 via intramolecular photochemical ,,25 + 

,,2s cyclisation (Scheme 1.30). Our successful preparLltion 

of 107 is described in the next chapter of this thesis but 

~ and lQ§ have alluded us so far. To us, lQ§ appears to 

SCHEME I,30 

H .. H o 
I • • 

• 
H H 

o o 

o o 



be the most promising and logical precursor for [4]-peri­

stylane (Chart 1.2). 

64 

Several efforts at this enone transposition employing 

the variants of Wharton7l reaction proved abortive. Howover. 

partial success could bo achieved utilising the alkylative 

enone transposition sequonce. 64 Thus reaction of ~ with 

methylmagnesium iodide (1.3 molar equivalent) in THF and 

chromatography led to the isolation of crystalline hemi­

kotal 109, mp.lOO-30 C. which from its spoctral data (yidq 

oxperimental) appeared to be in equilibrium with its open 

H -; 
« 

o o 

109 -
~etol form 110. PCC oxidation65 of lQ2 resulted in the 

formation of the single transposed bis-enone Jl!. mp.105-6oC. 

The alkylated bis-enono 111 could bo preparod from ~ in 

about 3Q1- yield witho~t isolation of the intermediate lQ2. 

The reaction was not very clean and several minor products 

were formed in this sequence but were neither isolated nor 

characterised. The structure of 111 rests secured on its 



65 

PCC 

111 

lH ~m spectrum (Fig.I.13) which exhibited three diagnostic 

olefinic proton resonances at 67.47, 5.84 and 5.7, only one 

of which (67.47) was due to the p-proton of the 2-cyclopen­

tenone moiety. In addition, the olefinic methyl resonated 

down field at 62.24 being placed on a p-carbon of an a,p­

unsaturated ketone. The l3C NMR spectrum (Fig.I.14) confirmed 

these assignments through four olefinic carbon resonances 

at 6l78.4{s), l68.l{d), l33.6{d), l29.6{d) with appropriat~ 

multiplicities. Like the bis-enone ~, the transposed b1s­

enone !!! also underwent thermal 1somerisation {benzyl benzo-

111 - 103 -



H5 
7·47 

7 

A 
o 

111 -

H4 
5·84 

Hl0 
6 5·7 

6 

J45 :611z 

J46 : 2Hz 
J 56 : 3Hz 

35 
I 

.: P (6) 

3·0 
I 

3 2 

FIG ~13 : '1H NMR(100MHz) spectrum of 111 

66 



67 

(b) S'OZ 

O)L'LZ .... 
u 

~ 

.:g 
m 

;:1 ..,. 
(P)E: '~S 

LO 

(P)S'ZS .... 
(P)LLS 0 

E 
::l .... ..... 

~{ 
u 
Q.o 
a. 
(/) 

~ 

(P)9 'SZL N 
:r: 

(P) 9'E:n 2 
0 
LO 
N 
~ 

a: 
2 
z 
u 

C"") 
~ 

(PH' 89~ .. 
,. ...: 

~ 

::::;;- ..... 
0 

(5)'78L~ t!) 

"III 
:=1 

ll.. 

'IICI: 
C"") 

:r: 
'" /J - u~ 

0 0 -
~ (5)O'60Z 
u (5)'7'0 ~Z 



ate, 300oC, 30 min) to the tetrasubstituted compound 103 

(vide supra). 

6£ 

Attempts at complete a1ky1ative transposition of ]; 

to 112 ~ reaction with large excess of Grignard reagentr 

under a variety of time, temperature, solvent and concentr, -

tion regimes followed by PCC oxidation led only to u complex 

mixture of undesired products. In a typical run with 6-8 

fold excess of Grignard reagent followed by PCC oxidation, 

compounds 113, 1ld and l12 could be fished out from the reac-

Ij 

" 

0 

.~ 

I 
,< 

CH' 3 

0 Jj -. 

~ 

C 3 

H 
~ 

\ 
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0 
73 -
lCH3MgI 

}l 

! 
R ~ 

~CH3 H HO 

tee 

A • H 

112 H3 

-

SCHEME 1.31 
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tion mixture in 8, 7 and 601- yields, respectively (Scheme 

1.31). The structures of products ~-ll2 were arrived at 

on the basis of complementary spectral (lH and l3C NMR) data 

summarised in the experimental section. Formation of the 

tetracyclic ether ~ in the excess Grignard reaction did 

indicate the formation of the desired bis-tertiary diol, the 

likely precursor of l!a but apparently it is too labile and 

forms the stable ether~. Attempts to oxidise 113 directly 

to the doubly transposed bis-enone l!a with Jones reagent,72 

Kiliani's reagent73 and in chromic acid-ether reagent64b were 

of no avail. 

Consequently, transposition of the second enone moiety 

in the half transposed bis-enone 111 was attempted through 

the addition of alkyllithium reagents, known for their pre­

ference for l,2_additions. 64b ,74 Reaction of 111 with ethe­

real methyllithium resulted in initial 1,2-addition and 

concomitant intramolecular Michael addition to furnish the 

o 
"f-' --''( 1. MeLi . )( 
; - ,0 2. PCC 

H H o 

ill 
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5-oxntetrnquinnne ill in 4W- yield. Structure of 116 wnl) 

revealed through the presence of cyclopentnnone absorption 

in the IR spectrum (1740 cm-l ) nnd the presence of two qu<..·· 

ternary methyl singlets in the lH NMR spectrum (Fig.I.15) ~t 

61.54 nnd 1.4. In confirmity with this assignment, the l3C 

NMR spectrum (Fig.I.16) showed two quaternary carbon singlets 

nt 696.1 and 85.2 for the carbon atoms bearing the ether 

bridge. In a manner similar to the formation of l!§, the 

sodium borohydride reduction and PCC oxidation65 of 111 fur­

nished the 5-oxatetraquinane 111. In this case, 1,4-addition 

H 
'CH 3 

H 
o 

\ 
2.PCC 

117 -
of hydride to the enone had obviously preceded the reduction 

of the carbonyl group and intrnmoleculnr Michnel nddition. 

There is ample precedence for the 1,4-hydride additions to 

2-cyclopentenones. 75 

Two explanations can be offered for our inability to 

effect complete nlkylative transposition of ~ to 112. 
Firstly, the addition of Grignnrd reagent or alkyllithium 

reagent to l!! generates an intermediate that is sterically· 
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well disposed for thCl facilCl intramolClcular Michael addition 

(5 £!Q trig ring closure)76 to form thCl 5-oxatCltraquinane 

system (e.g. ll2). Secondly, the dialkylated transposed bis­

enonc 112 is considerably hindered due to the steric intClr­

ference between the ~ - 'o methyl groups in the folded all cis­

geometry. That the two explanations offered above are indeed 

v~lid is borne out by thCl fact that whCln dimethyl~, anti, 

~-bis-enone llB+ was subjected to the two step alkylative 

transposition, fully transposed tetramethyl £!§, anti, £!§­
bis-enone 112 was obtained in ~;. yiClld. The structure of 

119 followed from its lH NMR spectrum (Fig.I.17) which was 

froe from olefinic proton resonances and from the simple 

eight line l3C NMR spectrum (Fig.I.1B) with resonances at 

6209.B(s), l6B.7(s), l35.0(s), 52.l{d), 51.7(d), 29.9{t), 

l5.7(q) and B.2(q). 

+Prepared by Mr. A. Veera Reddy of our laboratory in 
connection with some other project. We thank Mr. Veera 
Reddy for the generous gift of 118. 
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While considering various options for the relocation 

of double bonds in the bis-enone 73, it was considered 

reasonable to study its base catalysed isomerisations. F- r 

example, such base catalysed isomerisations have proved thL ~r 

worth in the prostanoid area for effecting useful PGA~PGE 

~PGB type conversions. 77 Consequently, reaction of ~ 

with sodium methoxide was explored and this provided a nov~l , 

unanticipated entry into difficultly accessible tetracyclo 

[5.4.0.03 ,lO.04,B]undecane system.+ On hind sight, such a 

reaction course did not appear unexpected in view of the all 

£i!-folded shape of ~. 

Exposure of ~ to excess of sodium methoxide in 

methanol furnished a 4:3 mixture of two products. The minol 

product was readily recognised as the isomerised bis-enonc 

2§. The major product, mp.14B-90 C, analysed for C12H1403' 

+To our knowledge, only one multistop approach to the tetra­
cyclo[5.4 .0.03 ,lO.04,B]undecane (2,9-ethanonoradamentane) 
system II has 
adamentanol .! 
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H~ -. 

o o 

73 -
and indicated incorporation of methanol into the molecule. 

The 1H NMR spectrum (63.29, 3H, s, Fig.I . 19) confirmed the 

surmise and showed the absence of any olefinic protons. 

Only other clearly discernible resonance 1n the iH NMR 

spectrum was the presence of a singlet at 63.52 due to the 

proton attached to the carbon bearing methoxy group. This 

was corroborated by the l3C NMR spectrum (Fig.I.20) which 

show a resonance at 683.l(d) due to the methoxy bearing 

carbon and at 655.5(q) due to the methoxy carbon. The l3C 

NMR also demonstrated the absence of olefinic C's and thus 

established the tetracyclic nature of the molecule. Lastly, 

the IR spectrum: 1750 cm-l (broad) and 13C NMR resonances 

at 62l4.5(s) and 2l1.4(s) showed the remaining two oxygen 

atoms in the molecule to be present as part of cyclopenta­

none substructure. All the foregoing spectral data in con­

junction with mechanistic consideration firmly established 

the tetracyclic structure l2Q. The plausible mechanism 

H 
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SCHEME I.32 
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o 0 0 

III 

o 

o 

120 ....... 

involving sequential inter and intramoler.ular Michael addi­

tions is depicted in Scheme 1.32. 

, 

The tandem Michael additions (Scheme 1.32) to bis­

enone ~ seems to be a general reaction of this type of 

cis,syn, £!!-tricyclopentanoid ring system. For example, 

tetrachloro bis-enonc ]@ on treatment with methanolic sodium 

methoxide yielded a single crystalline compound, mp.2070C 

in 65¢ yield. The elemental analysis C13H14C1404 indicated 

addition of two molecules of methanol. The 1R spectrum was 

devoid of any carbonyl absorption but had a broad discrete 

absorption at 3390 cm-l due to hydroxyl group. The addition 

0 



Ij .,. , 

o 

83 -

ji . 

o 
Cl 

121 
R=H. R1 =CH3 or 

R=CH3• R1"H 
of two moles of methanol ~s clearly shown in the lH NAffi 

01 

spectrum (Fig.I.21) which had methoxyl singlets at 63.63 

and 3.55. The lH Nb~ spectrum further exhibited a singlet 

at 65.06 (lH, exchangeable with °2°), a doublet at 64.09{lH) 

and a singlet at 63.25{lH). The three resonances were 

assigned due to the proton at the hydroxyl, proton attached 

to the carbon bearing chlorine and the proton attached to 

the carbon bearing methoxyl group, respectively. The 13C 

N~ffi spectrum (Fig.I.22) confirmed the presence of all these 

functionalities and in addition shovrod quaternary carbon 

singlets at 6109.6 and 105.2. The signals were character-
, 

istic of carbon atoms bearing hydroxy-ether (-D-y-oH) and 
, 13 

methoxy-ether (-D-r-QCH3) functionality. The C NMR spec-

trum was devoid of any carbonyl carbon resonances . The 

spectral data summarised above in conjunction with the 

absence of carbonyl groups and the fact that two molecules 

of methanol have added,led to structural formulation 121. 
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SCHEME I,33 

L 

Cl Cl 

121 -

It seems that initially formed product ~ of inter-and 

intra-molecular Michael addition of methanol to ~ further 

adds methanol transannularly to the proximate carbonyl groups 

(Scheme 1.33). Inspection of molecular models reveQls close 

proximity between the two carbonyl groups at C2 and C5 for 

a facile transannulor ketalisation. Indeed, a dioxa-analog 

124 of 121 has been reported recently79 which involves trons-

SCHEME I,34 

NaOH , 

124 
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annular nucleophilic cyclisation of 123 as shown in 5chem~ 

1.34. 

In view of the relative case with which tetracyclo 

[5.4.0.03 ,lO.04,8]undecane system is obtained from bis­

cnones 22 and 83, the method reported here should be of 

preparative value in gaining entry to this interesting anel 

scarcely accessible ring system. There is much current 

interest in the chemistry of compounds related to l2!. 

In conclusion, the protocols of a three step photo­

thermal metathetic sequence leading to linearly fused tri­

cyclopentanoid (triquinane) framework, efficiently and 

expeditiously, employing cheap, abundantly available storti 

materials have been established. A fair sampling of int~­

resting chemical transformations of the triquinane based 

bis-enone 22 have been reported. These transformations 

open new avenues for the design and construction of more 

enchanting synthetic targets of current interest. 

1.4 EXPERIMENTAL 

All melting points were recorded on a Buchi 5MP-20 

apparatus and arc uncorrected. Boiling points refer to both 

temperatures. UV, IR, lH NMR (100 MHz), ~ NMR (270 MHz) 

and l3C NMR (25.0 MHz) spectra were recorded on SUmadzu 2005 



spectrophotometer, Perkin-Elmer 297 spectrophotometer, Jeol 

MH-IOO spectrometer, Brucker 270 MHz spectrometer (Bangalo1 

NA~ facility) and Jeol FX-loo spectrometer, respectively. 

~ NA~ and 13C N~ chemical shifts are given in /) sc .. le 

using Me4Si as internal standard. In the 13C NI.\a spectrn, 

o~ Jesonance multiplicities, when recorded, are given in 

parentheses. The standard abbreviations s, d, t, q and n 

refer to singlet, doublet, triplet, quartet and multiplet, 

respectively. Elemental analyses were carried out on a 

Hewlett-Packard 185-8 CHN analyser. GLC analyses were per­

formed on a Hewlett-Packard 5830 A analytical instrument 

using Apiezon-L(6' x 1/8" stainless steel) column at oven 

temperature in the range of 200-2500C. High resolution 

mass measurements were carried out on AEI MS-5076 mass-

spectrometer. Hydrogenations were carried out on Parr hydro­

genation apparatus in 250 ml pressure bottles. 

Analytical thin layer chromatographies (TLC) were 

performed on (lOx5 cm) glass plates coated (250 ~) with 

Acme's silica gel G (containing l~ calcium sulfate as 

binder). Visualisation of the spots was achieved by exposure 

to iodine vapor. Acme's silica gel (100-200 mesh) was used 

in the column chromatography. Moisture sensitive reactions 

Vlere carried out using standard syring:>-septum techniques. 

Dry dicthyl ether and tetrahydrofuran(THF) were prepared 

by distillation over sodium and stored over pressed sodium 
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wire. Oichloromethane was distilled over P205. Oiphenyl 

ether (OPE) was purified and dried through filtration fro m 

a neutral alumina column. The pet ether r e f ers to fracti on 

boiling between 60 and 800 C. All solvent extracts wer e 

washed with brine, dried over Na2S0 4 and concentrated on a 

Buchi-EL rotary evaporator . 

TriCyclo[6.2.1.02 ,7]undeca-4,9-dien-3,6-dione(71):55 

To an ice cold solution of freshly prepared p-benzo­

quinone (20 g, 0.18 mol) in dry benzene (50 ml) was added 

freshly cracke d cyclopentadiene (12.3 g, 0.18 mol) with 

gentle swirling of the flask. After the addition was comp10t c, 

the reaction flask was left aside a t room t emper a ture fo r 

2 hr for crystallisation. Filtration gave 2B g (8~~) of 

the adduct 11, pale yellow crystals, mp.760 C (Lit55 75-60 C) . 

IR spe ctrum (KBr) , llmax: 1670 cm- l (ca rbonyl) . 

Pentacyclo[5.4.0.02,6.03,lO.05,9]undeca-8,ll-dione(72):54a 

A solution of the adduct 11 (35 g, 0.2 moles) in 

ethyl acetate (850 ml) was purged with a slow stream of dry 

nitrogen for 20 min. The solution was then irradiated with 

a Hanovia 450 W medium pressure mercury vapor lamp in a 

quartz immersion well using a pyrex filt er for 2 hr. Eva­

poration of the solvent and dire ct crystallisation from 

benzene-pet ether furnished 31 . 5 g (~~), stout, white 



crystals of the pentacyclic dione ~, mp.243-44oC (Lit54a 

2450 C). 

IR spectrum (KBr) , 2) : 1750 cm- l (carbonyl) . max 

8S 

IH NMR spectrum (100 MHz, CDC13): 62.2- 3.0(BH,m,ring 

CH), 1 . 7(2H,AS quart~t, -CH2-). 

13C NMR spectrum (22.64 MHz, CDC13): 6211 . 9(s,C=O), 

54.S(d), 44. 7(d) , 43.9(d), 4O . 5(t,CH2), 3S .9(d). 

Tricyclo[6.3 .0.02 ,6)undeca-4,9- dien-3,ll- dione(73): 

Pentacyclo[5.4.0.02 ,6.03,lO .05,9)undeca_8,ll_dionc 

(~, 2 g, 11.5 mmoles) was slowly sublimed (l50oC/l mm) 

through a quartz tube [1 . 5x30 cms, packed with quartz chips, 

connected to a vacuum line and provided with a collection 

flask and liquid nitrogen trap. The quartz tube was heated 

with a nichrome wire wound a r ound it and was insulated wi t h 

asbestos padding. The tempe rature was controlled by a varit c 

and was measured by a Chrome l-Alumel thermo couple on a 

Keithley digital multimeter. The quartz tube was prehea t ed 

and equilibra ted a t 5600 C). The solid condensat e in the 

r eceiver was collected and directly crystallised from carbop 

tetrachloride t o furnish 1.92 g (961-) of the bis- enone ~ 

as white silky flakes, mp.107- SoC. 

UV spectrum, ),:~H: 219 nm (£ _ 10,500). 
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IR spectrum (Kar, Fig.I.l), 1> : 1725 sh, 1715, max 
1695 sh and 1590 cm-l (cyclopentenon~). 

~ NMR spectrum (100 MHz, CDC13 , Fig.I.2): 67.44 
• (2H,dd,Jl;5.7Hz,J2=2.5Hz,-~=CH-C=O), 5.B6(2H,dd,Jl =5.7Hz, 

• J 2=2Hz,-CH=CH-C=O), 3.4B(2H,m,Hl and H2), 3.2(2H,m,H6 on,: 

HS)' 2.3(lH,td,Jl =14Hz,J2=9Hz,H7exo), 1.90(lH,td,Jl =14HZ, 

J2=lHz,H7~ndo). 

13 C NMR spectrum (25.0 MHz, CDC13 , Fig.I.3): 6207.4 
• • (s,C=O), 165.9(d,~H=CH-C=O), l33.5(d,-CH~-C=O), 53.1(d, 

Cl and C2). 5O.4(d,C6 and CB)' 3l.5(t,C7). 

Analysis for CllH1002 Calcd: C,75.S4; H,5.79. 

Found: C,75.74; H,5.90. 

Sunlight photolysis of tricyclo[6.3.0.02 ,6]undeca-4,9-dien-
3,ll-dione(73): 

A solution of bis-enone ~ (35 mg, 0.2 mmole) in 10 ml 

of acetone was prepared in a pyrex RB flask and carefully 

purged with a slow stream of drynitrogen for 10 min. The 

flask was then exposed to Sunlight for 12 hr. The solvent 

was removed and the residual solid was identified as the 

pentacyclic dione 1£ by comparison (TLC, IR spectrum) with 

the authentic sample. 
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2,4,5,7-Tetrachloro tricyclo[6.2.l.02,7]undeca-4,9-dien-3,6-
dione(79}: 

A benzene (200 ml) solution of chloranil (12, 24.6 g, 

0.1 mole) and freshly cracked cyclopentadiene (10 g, 0.15 

mole) was refluxed for 30 min. Evaporation of the solvent 

and crystallisation from dichloromcthane-methanol furnished 

30 9 (96V-) of the adduct 12 as light brown needles, mp.146oC 

(LitOO l46oC). 

IR spectrum (KBr), J)max: 1700 (carbonyl), 1565 cm-l 

(olefinic) • 

lH NMR spectrum (100 MHz, CDC13): 66.l3(2H,m,olefinic}, 

3.62(2H,m,bridgehead CH}, 2.47(lH,d,J=lOHz,H-C-H}, 2.06(lH, 

d,J=lOHz ,H-C-H}. 

l,7,9,lO-Tetrachloro pentaCYClo[5.4.0.02 ,6.03,lO.05,9]undeca­
B,ll-dione(Bl}: 

A solution of the adduct 12 (20 g, 0.06 mole) in ethyl 

acetate (B5O ml) was purged with a slow stream of dry nitrogen 

for 20 min. The solution was then irradiated with a Hanovin 

450 W medium pressure mercury vapour lamp in a quartz immer­

sion well using a pyrex filter for 20 min. Evaporation of 
. 

the solvent and crystallisation from chloroform-pet ether 

furnished 19 9 (9~) of a mixture of the pentacyclic diketon~ 

~ and its symmetrical hydrate ~, mp.2ll-4oC dec. (Lit54a 

2l50 C dec.). On repeated sublimation, the hydrate free 
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dione ~, could be obtained from this mixture. However, 

for the present investigation the symmetrical hydrate ~ 

was employed as such and was duly characterised. 

IR spectrum (Kar), 2>max' 3520, 3480 cm-l (hydroxyl). 

IH NMR spectrum (100 MHz, CDC13)' 63.88(2H,s,exchan()~t' 

with D20,-oH), 3.l2(2H,m,ring CH), 2.98(2H,m,ring CH), 2.34 
(lH,d,J=12Hz,H-G-H),1.82(lH,d,J=12Hz,H-G-tl)· 

l3C NMR (25.0 MHz, DMSO-d6), 6107.5(>C<g~), 87.0 

(C-Gl), 74.9(C-Gl), 51.8, 46.5, 4O.8(CH2). 

81 

C1·-"---/-'.A 

OR 
ill 

4,5-Dichloro tricyclo[6.2.1.02 ,7]undeca-4,9-dien-3,6-dione 
(80),61 

A solution of 2,3-dichlorobenzoquinone (1Q, 5 g, 28 . 2 

mmoles) and freshly cracked cyclopentadiene (3 g, 45.5 

mmoles) in 20 ml of benzene was magnetically stirred at room 

temperature for 30 min. Concentration and crystallisation 

from benzene-hexane furnished 6.2 g (911-) of the adduct ~, 

mp.106-8.50 C (Lit61 109-10oC). 

IR spectrum (KBr), 2)max' 1685 (carbonyl), 1560 cm-l 

(olefinic). 



~ NMR spectrum (100 MHz, CDC13): 66.16(2H,s,olcfini 

3.62(2H,brs), 3.4(2H,m), 1.6(2H,m,CH2). 

1,7-Dichloro pentacyclo[5.4.0.02 ,6.0 3,10.05,9]undcca_B,11_ 
dione(~#): 

A solution of the adduct ~ (5 g, 20.6 mmoles) in 30C 

ml of ethyl acetate was carefully purged with a slow stream 

of dry nitrogen for 10 min. The solution was then irradiated 

with a Hanovia 450 W medium pressure mercury vapour lamp in 

a pyrex immersion well for 30 min. Evaporation of the solvent 

and crystallisation from benzene-hexane furnished 4.5 9 (~/) . 
of the penta cyclic diketone ~, which was sublimed at 130oC/ 

o 1 mm. , mp.203-5 C. 

IR spectrum (KBr), l'max: 17B2, 1760 cm-l (carbonyl). 

IH NMR spectrum (100 lMiz, Acetone-d6): 62.5-3.1(6H,m, 

ring CH), 1.52-2.1(2H,AB quartet,J=11Hz,CH2). 

13C NMR spectrum (25.0 MHz, DMSO-d6, mixture of dione 

and its symmetrical hydrate): 6202.7(s,C=D), 109.0(s,>c<g~), 
77.3(s,£-Cl), 7O.6(s,£-Cl), 55.5(d), 51.5(d), 5O.0(d), 4B.7 

(d), 43.3(d), 42.0(d), 2 methylene signals were merged in 

DI~0-d6 resonances. 

Analysis for CIIHBC1202 Calcd: C,54.35; H,3.2. 

Found: C,54.72; H,3.52. 
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1,2,4,10-Tetrachloro tricyclo[6.3.0.02 ,6]undeca-4,9-dien-3, 
il-dione(S3): 

A solution of 1,7,9,10-tetrachloro pentacyclo[5.4.0. 

02,6.03 ,10.05,9]undeca_s,11_dione (~, 5 g, 16 mmoles) in 2~ 

ml of diphenyl ether was refluxed (260oC) for 15 min. The 

reaction mixture was charged on a silica gel (100 g) columr. 

and was thoroughly eluted with pet ether to remove diphenyl 

ether. Further elution of the column with benzene furnish -d 

4.S g (9&/0) of tetrachloro bis-enone ~, which was recrysta­

llised from benzene-pet ether as white needles, mp.l50oC. 

uv spectrum, A~:~H: 244 nm (Extinction coefficient 

could not be calculated as the absorption dropped too fast 

on exposure to the UV lamp, perhaps due to facile intramole­

cular cage cyclisation. This could be readily confirmed by 

time scan). 

IR spectrum (KBr), ~max: 1750, 1603 and 1585 cm-l 

(cyclopentenone). 

lH Ntm spectrum (100 MHz, CDC13 , Fig.I.4): 67.3(2H,d, 
I 

J=2.5Hz,-CB=C(Cl)-C=O), 3 . 73(2H,dd,Jl =10Hz,J2-2.5Hz,H6 and 

Hs ), 2.S5(lH,td,Jl =14Hz,J2=lOHz,H7exo), 2.05(lH,d,J=14Hz, 

H7endo). 

l3C N~m spectrum (25.0 MHz, CDC13 , Fig.I.5): 6190.2 
I I 

(s,C=O), l54.2(d,~=C(Cl)-C=O), l33.7(s,-CH~(Cl)-C=O), 

76.7(s,Q-Cl), 56.6(d,C6 and Cs ), 3O.4(t,CH2). 
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Analysis for CllH6C1402 Calcd: C,42.3; H,1.92. 

Found: C,42.45; H,2.03. 

10-tetrachloro 
]undeca-4,9-dien-3,11-dione(83): 

A solution of tetrachloro bis-enone 83 (100 mg, 0.32 

romole) in 20 ml of ethyl acetate was carefully purged with a 

slow stream of dry nitrogen in a pyrex RB flask. The solution 

was then exposed to Sunlight for 30 min. The solvent was 

removed and the product was identified as pentacyclic dione 

~ by comparison (TLC, IR spectrum) with an authentic sample. 

4,10-Dichloro tricyclo[6.3.0.02 ,6]undeca-4,9-dien-3,ll-dione(84): 

A solution of l,7-dichloro pentacyclo[5.4.0.02 ,6.0 3,lO. 

05,9]undeca-8,ll-dione (~, 0.5 g, 2 mmoles) in 5 ml of di­

phenyl ether was magnetically stirred at 2200 C for 50 min. 

The solution was diluted with benzene (10 ml) and charged on 

a silica gel (15 g) column and chromatographed. The diphenyl 

ether was first eluted with benzene. Elution with l5V- ethyl 

acetate-benzene furnished 150 mg of the starting dione ~. 

Further elution of the column with ~;. ethyl acetate-benzene 

furnished 340 mg (6~) of the dichloro bis-enone ~, which 

crystallised as white, sugary crystals from dichloromethane­

pet ether, mp.186-7oC. 

\M~H UV spectrum, ~max : 235.5 nm (e = 5,700). 
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IR spectrum (KBr), ~max: 1730 and 1595 cm-l (cyclo­

pcmtenone) • 

~ NMR spectrum (100 MHz, CDC13): 67.35(2H,d,J=2.5Hz, , 
~=C(Cl)-C=O), 3.16-3.7(4H,m,bridgehead CH), 2.34(lH,td, 

J l =14Hz,J2=8Hz,H,exo), 1.9(lH,td,Jl =14Hz,J2=2Hz,H7endo). 

13 C NMR spectrum (25.0 MHz, CDC13): 619S.4, 161.1, 

132.2, 51.9, 47.5, 30.6. The assignments and multiplicities 

are displayed on the structure shown below. 

:50.6(t) 
! 47.5 (d) 

1 ..-'6'.1 (d) 

'/ '\ _':52.2(8) 

t ~ o 51.9(d) 0 198.4(9) 

01 

!!! 

Analysis for CllHSC1202 Calcd: C,54.35. H,3.32. 

Found: C,54.S5. H,3.58. 

Sunlight photOlysis of 4,10-dichloro tricyclo[6.3.0.02 ,6] 
undeca-4,9-dien-3,ll-dione(~4) : 

A solution of dichloro bis-enone ~ (100 mg,0.4 

mmole) in 20 ml of ethyl acetate was carefully purged with 

a slow stream of dry nitrogen in a pyrex RB flask. The 

solution was thon exposed to Sunlight for 5 hr. The sol­

vent was removed and the product was identified as penta-



cyclic dione ~ by comparison (TLC, IR spectrum) with an 

authentic sample. 
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Dechlorination of l,2,4,lO-tetrachloro 
undeca-4,9-dien-3,ll-dione(83): 

tricyclo[6.3.0.02 ,6} .. --

To a refluxing solution of tetrachloro bis-enone ~ 

(0.5 g, 1.6 mmoles) in 15 ml of glacial acetic acid was a~ , ~~ , 

in small portions, zinc dust (228 mg, 3.5 mmoles) over a 

period of 5 min. The reaction mixture was refluxed for 1 h=, 

cooled and neutralised by carefully pouring in aqueous 

NaHC03 solution. The reaction mixture was extracted with 

dichloromethane (30 ml x 3), the extract was washed and 

dried. Evaporation of the solvent furnished 315 mg (811-) 

of the crystalline dichloro bis-enone ~, mp.186-7oC. This 

was found to be identical (TLC, IR spectrum) with the sample 

obtained earlier from the thermal fragmentation of penta cyclic 

dione ~. 

Tricyclo[6.2.2.02 ,7]dodeca-4,9-dien-3,6-dione(85):62 

A solution of freshly sublimed p-benzoquinone (2 g, 

18.5 mmoles) and l,3-cyclohexadiene (3.5 g, 43.7 mmoles) in 

20 ml of benzene was refluxed for 5 hr. Benzene wa"s removed 

under reduced pressure and the adduct ~ was crystallised 

from pet ether (2 g, 581-), mp.85-6oC (Lit62 86oC). 

IR spectrum (KBr), 2)max: 1665 cm-l (carbonyl). 
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Pentacyclo[6.4.0.02,7.03,ll.06,lO]dodeca_9,12_dione(86):54~ 

A solution of the adduct §§ (2 g, 10.6 mmoles) in 

ethyl acetate (120 ml) was purged with a slow stream of puri­

fied nitrogen for 20 min. The solution was then irradiated 

with a 450 VI Hanovia medium pressure mercury vapour lamp in 

a quartz immersion well using a Vycor filter for 7 hr. 

Removal of solvent gave a white amorphous solid. Crystalli­

sation from pet ether furnished 1.5 g (751-) of white crysta­

lline Q§, which was twice sublimed at 160oC/l mm, mp.2550 C 

(Li t 54a 2560 C). 

IR spectrum (KBr) , ~max: 1745 cm-l (Carbonyl). 

lH NMR spectrum (60 MHz, CDC13): 62.0-3.0(SH,m), 

1.8(4H,m) • 

13C NMR spectrum (22.64 MHz, CDC13): 6211.4(s), 48.2 

(d), 47.5(d), 35.6(d), 31.5(d), 16.7(t). 

Tricyclo[7.3.0.02 ,6]dodeca-4,lO-dien-3,12-dione(87): 

Pentacyclo[6.4.0.02 ,7.03,ll.06,lO]dodeca_9,12_dione 

(~, 1 g, 5.32 mmoles) was slowly sublimed (1400 C/l mm) 

through a quartz tube at 6000 C (:150
), as doscribed earlier. 

The yellow condensate in the liquid nitrogen trap was 

dissolved in dichloromethane. Removal of solvent gave 400 

mg (~;.) of a yellow solid and was identified as benzoqui­

none by comparison (mp," IR spectrum) with an authentic 
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sample. The condensate in the delivery tube was charged on 

a small silica gel (5 g) column and chromatographed. Elution 

with 40'/0 ethyl acetate furnished 00 mg (6"/0) of the bis-enone 

~, which was crystallised from dichloromethane-pet ether 

as colorless plates, mp.104-50 C. 

W \ MeOH. ( ) spectrum, ~max • 21B nm & = 15,200 • 

IR spectrum (KBr), 2>max: 1700 and l5B5 cm-l (cyclo­

pentenone). 

lH NMR spectrum (100 MHz, CDC13 , Fig.I.6): 67.42(2H, 
, 

dd,Jl =6Hz,J2=3Hz,-CH=CH-C=O), 6.22(2H,dd,Jl =6Hz,J2=2Hz,-CH= , 
Ctl-C=o), 2.9-3.3(2H,m,H6 and H9), 2.B4(2H,dd,Jl =5Hz,J2=2Hz, 

Hl and H2), 1.0-2.0(4H,m,CH2)· 

l3C NMR spectrum (25.0 MHz, CDC13 , Fig.I.7): 6209.3 
, , 

(s,C=o), l63.9(d,~=CH-C=O), 133.7(d,-CH~-C=O), 45.3(d, 

Cl and C2), 4O.9(d,C6 and C9), 22.4(t,C7 and CB)' 

Analysis for C12H1202 Calcd: C,76.57; H,6.43. 

Found: C,75.BO; H,6.55. 

TricYClo[6.3.0.02 ,6]undeca-3,11-dione(89): 

A solution of bis-enone 1] (4 g, 23 mmoles) in 20 ml 

of ethyl acetate was hydrogenated over 10/0 Pd-C (250 mg) 

catalyst at 2 atmospheres in a 250 ml pressure bottle using 

a Parr-hydrogenation apparatus for 30 min. The catalyst 
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w~s filtered ~nd the filtrate was concentrated. Crystalli­

sation of the oily residue from dichloromethane-pe t ether 

furnished 4 g (9~;') of the tetrahydro dione ~ as stout, 

colourless prims, mp.92-30 C. 

IR spectrum (KBr), ~max: 1735 cm-l (cyclopantanonc). 

lH NMR spectrum (100 MHz, CDC13): 62.B(4H,brs,bridg~ · 

head CH), 1.0-2.6(10H,m,ring CH). 

13C NMR spectrum (25.0 MHz, CDC13 , Fig.I.B): 621B.0 

(s,C=O), 56.1(d,Cl and C2), 43.6(d,C6 and CB), 3B.9(t,C7), 

37.1(t,C4 ~nd C10)' 26.2(t,C5 ~nd C9). 

Analysis for CllH1402 Calcd: m/e 17B.0994. 

Found: m/e 17B.0961. 

Controlled hydrogen~tion of tricyC1o[6.3 . 0.02,6]undeca-4,9-d~ 
3,11-dione(73) : 

A solution of bis-enone 73 (1 g, 5.75 mmoles) in 15 ml 

of ethyl acetate was hydrogenated over 10;' Pd-C (45 mg) , 

catalyst at 1 atmosphere for 15 min. The c~talyst w~s fil­

tered and the filtrate was concentrated. Column chromato­

graphy of the product ·on a silic~ gel (25 g) column and 

elution with 20;' ethyl acetate-benzene furnished 550 mg 

(54~) of the tetrahydro compound ~, which was identi fied 

by comp~rison (TLC, IR spectrum) with the sample obtained 

earlier. 



Further elution of the column with ~/ ethyl aceta ' 

benzene furnished 360 mg (3~/) of the partially hydrogen,1. 

compound 88, which was bulb to bulb distilled (150oC/O.6 

and then crystallised from carbon tetrachloride-pet ether, 

mp. !l9-600 C • 

W spectrum, ~~:~H: 22!l nm (e: = 7,480). 

IR spectrum (Kar) , ~max: 

and 1!l8!l cm-l (cyclopentenone). 

1740 (cyclopentanone), l70!l 
• 

lH N"R spectrum (100 MHz, CDC13): 67.!l8(lH,dd,Jl =6HZ. 
I I 

J 2=3Hz .-<:!!,=CH-G=O), !l.86( lH,dd ,J 1 =6Hz ,J2=2HZ ,...QI=C.!:!-G=O) , 

3.48(lH,m), 1.2-3.2(9H,m,ring CH) • 
• 

l3C NMR spectrum (2~.0 111Hz, CDC13): 6217.4, 208.7, 
. 

166.8, l32.!l, !l!l.!l, !l2.8, 48.7, 4!l.7, 37.3, 33.!l, 2!l.8. The 

aSSignments and multiplicities are displayed on the structure 

shown below. 
".5 (t) 

45.7(d)! 48.7 (d) 

25.B(t)--.,. ~ .j. ~166.B(d) 

\ ~( -1,2.5(d) 

.§.!l 

Analysis for CllH1202 Calcd: C,74.98; H,6.a6. 

Found: C,74.63; H,6.9!l. 
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Finally, elution of the column with ~/o ethyl acetntu­

benzene furnished 80 mg of the starting bis-enone ~. 

Sodium borohydride reduction of tricyClo[6.3.0.02 ,6]undeca-
3,11-dione(li2): 

To a magnetically stirred solution of the dione li2 

(500 mg, 2.81 mmoles) in 10 ml of methanol was added sodium 

borohydride (190 mg, 5.1 mmoles) over a period of 5 min. 

The reaction mixture was stirred for 30 min at room tempe­

rature and then quenched by addition of few drops of dilute 

HC1. Most of the methanol was removed under reduced pressure 

and the mixture was diluted with water (20 ml) and extracte 1 

with dichloromethane (20 ml x 3). The dichloromethane 

extract was washed and dried. Evaporation of the solvent 

furnished 500 mg of crude viscous material and was charged 

on a silica gel (15 g) column. Elution with ~/o ethyl ace­

tate-benzene furnished 150 mg (27/0) of the methoxy compoun~. 

4-methoxy 5-oxatetracyclo[7.2.1.04 ,11.06,10]dodecane (~) 

as an oil, and was bulb to bulb distilled (l20oC/l mm). 

IR spectrum (neat), -1 
~max: 1090 cm • 

~ NMR spectrum (100 MHz, CDC13): 64.62(lH,t,J=4Hz, 

tiC-o-), 3.26(3H,s,-OCH3), 2.3-3.2(4H,m, bridgehead CH), 

1.3-2.3(10H,m,ring CH). 

13C NMR spectrum (25.0 MHz, CDC13): 6121.3(s,>c<g:H3), 
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87.8(d,QH-<l-), 6O.8(d), 50.4(0), 47.2(d) and 45.2(d), bridge­

he"d C's, 5O.7(q,-<lCH3), 37.9(t), 35.l(t), 34.5(t), 32.6(t), 

32.l(t). 

Further elution of the column with 20;' ethyl "cetate­

benzene furnished 180 mg (35V-) of the lactol, 5-oxatetra­

cyclo[7.2.l.04 ,ll.06,lO]dodecan_4-ol (91), which was crysta­

llised from pet ether as colourless, stout prisms, mp.96-7oC. 

IR spectrum (KBr) , ~max: 3380 cm-l (hydroxyl). 

lH NAIR spectrum (100 MHz, CDC13): 1i4.79(lH,dd,Jl =5Hz, 

J 2=3Hz,HC-<l-), 3.3l(lH,s,exch"nged with D20,-<lH), 2.3-3.3 

(4H,m,bridgehe"d CH), 1.3-2.2(10H,m,ring CH). 

l3C NMR spectrum (25.0 MHz, CDC13 , Fig.I.9): 1i118.4 

(s,>c<g~), 87.9(d,QH-<l-), 6O.9(d), 56.5(d), 47.3(d) and 46.2 

(d), bridgehead C's" 39.7(t), 38.l(t), 34.6(t), 32.7(t), 

32.3(t). 

Fin"l elution of the column with 301- ethyl acet"te­

benzene furnished 80 mg (16V-) of the endo, ~-tricyclo 

[6.3.0.02 ,6]undec,,-3,ll-diol (~), which cryst"llised from 

dichlorometh"ne-pet ether "s white needles, mp.88oC. 

IR spectrum (KBr) , ~m"x: 3250 cm-l (hydroxyl). 

~ NMR spectrum (100 MHz, CDC13): 1i4.84(2H,brs,-<lH), 

4.24(2H,dd,Jl =16Hz,J2=8Hz,Ctl-<lH), 1.0-2.9(13H,m,ring CH), 
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0.96{lH,dd,Jl =20Hz,J2=11Hz). 

13C NMR sp~ctrum ~5.0 MHz, CDC13): 676.8{d,gH-OH), 

73.9{d,gH-OH), 56.4{d), 49.0{d), 45.9{d) and 43.4{d), . bridge­

head C' s, 43.8{t), 35.5{t), 35.0{t), 28.3{t), 26.8{t). 

Analysis for CIIH1802 Calcd: mle 182.1307. 

Found: mle 182.1306. 

Isomerisation of tricyclo[6.3.0.02 ,6]undeca-4,9-dien-3,ll­
dion~(73) with Rhodium chloride trihydrate: 

A solution of bis-~non~ B (530 mg, 3 .05 mmol~s) and 

rhodium chloride trihydrate (37 mg, 0.15 mmole) in 10 ml of 

absolute ethanol was heated in a sealed corning glass tube 

(capacity 20 ml) to 105°C (±30) for 20 hr. The sealed tube 

was cooled, car~fully opened and filtered through a short 

celite column. Th~ GLC analysis of the crude mixture indi­

cated 7~;' conversion to a mixture of three products in the 

ratio of 12:2:1. The total mixture was charged on a silica 

gel (15 g) column and chromatographed. Car~ful elution with 

l~;' ethyl acetate-benzene and pooling of appropriate frac­

tions (monitored by TLC) furnish~d the two minor products. 

The first product (35 mg, ~;.) was bulb to bulb'dis­

tilled (1200Cjl mm) and characterised as tricyclo[6.3.0.02 ,6] 

undec-4-~n-3,ll-dione (~) by comparison (TLC and IR spectrum) 

with the partially hydrogenated product of bis-~none B. 
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The second minor product (20 mg, 41-) was bulb to bulb 

distilled (lSOoC/l mm) and characterised as 9-ethoxy tricyclo 

[6.3.0.02 ,6]undeC-4-en-3,11-dione (21) · 

IR spectrum (neat), ~max: 1745 (cyclopentanone), 

1705 and 1585 cm-l (cyclopentenone). 

lH NMR spectrum (100 MHz, CDC13): 67.57(lH,dd,Jl =6Hz, 
• I 

J 2=3Hz,-C!i=CH-C=O), 6.03(lH,dd,Jl =6Hz,J2=2Hz,-cH=C!i-C=O), 

3.78(lH,td,Jl =6Hz,J2=5Hz,!iC-oEt), 3.43(2H,q,J=7Hz,-DCtl2CH3)' 

1.3-3.6(8H,m, ring CH), 1.18(3H,t,J=7Hz,-OCH2C!i3). 

l3C NMR spectrum (25.0 MHz, CDC13): 6213.9, 208.0, 

165.8, 132.8, 78.1, 64.8, 54.2, 52.8, 52.2, 48.2, 43.9, 32.3, 

15.4. The assignments and multiplicities are displayed on 

the structure shown below. 

32.3(') 

6.4·Y(t) 48.2(d) ! 52.2(d) 
15.4(111 _ .... CR CR

2
0 1 1 ~165.8(d) 

78.1(d5· \ 
4'.9(t) • • 132.8 (d) 

213.9(0)'-----" 0 I· 1 Q "'-----208.0(0) 
54.2 d) 52.8 (d) 

!.II. 
Analysis for C13H1603 Calcd: C,70.89; H,7.32. 

Found: C,70.63; H,7.34. 

Elution of the column with ~~ ethyl acetate-benzene 

furnished 150 mg of the starting bis-enone 73, which was 
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identified by comparison (TLC, GLC and lR spectrum) with 

authentic sample. Final elution of the column with ethyl 
, 

acetate furnished 240 mg (701-) of the isomerised bis-enone, 

tricyclo[6.3.0.02 ,6]undeca-l(8),4-dien-3,ll-dione (22), which 

was crystallised from carbon tetrachloride, mp.102-30 C. 

UV spectrum, A~~H: 218 (£ = 13,100), 242(sh) nm 

(£ - 5,640). 

lR spectrum 

1695 and 1625 cm-l 
(KBr), 2)max: 

, , I 

I 

1708, 1595 (-CH=CH-C=o), 

(-C=C-C=O) • 

~ NMR spectrum (100 MHz, CDC13): 67.58(lH,dd,Jl =6HZ, 
I , 

J 2=3Hz,-C!:!=CH-C=O), 6.l(lH,dd,Jl =6Hz,J2=2Hz,-CH=C!:!-C=O), 

4.04(lH,m,H2), 3.56(lH,m,H6), 1.9-3.l5(6H,m,ring CH). 

l3C NMR spectrum (25.0 MHz, CDC13 , Fig.I.10): 6205.5 
1 '" Itt 

(s,-CH=CH-~=O), 20l.7(s,-C=C-£=O), l85.l(s,-~=c-C=O), 165.1 
I • , • I 

(d,-£H=CH-C=O), l43.8(s,-C~-C=O), l32.2(d,-CH~H-C=O), 

50.4(d,C2), 49.7(d,C6), 4O.6(t,clO)' 35.3(t,C7), 25.7(t,C9)· 

Analysis for CllHlQ02 Calcd: C,75.84; H,5.79. 

Found: C,75.49; H,5.45. 

Tricyclo[6.3.0.02 ,6]undec-l(8)-en-3,ll-dione(100): 

A solution of isomerised bis-enone 22 (350 mg, 2 

mmoles) was hydrogenated over l~;' Pd-C (15 mg) catalyst 

at 1 atmosphere for 20 min. Catalyst was removed by fil-
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tration and the filtrate concentrated. Crystallisation 

from carbon tetrachloride furnished the partially hydroge­

nated compound lQQ (350 mg) in quantitative yield, mp.74-6 0
; 

w spectrum \ MeOH . 
t {\max • 242 nm (e = 7,000). 

IR spectrum (KBr), "'max: 1735 (cyclopentanone), 

1695 and 1625 cm-l (cyclopentenone). 

lH NMR spectrum (100 ~~z, CDC13): 63.4(2H,brs,bridge­

head CH), 1.6-3.5(10H,m,ring CH) • 

l3C NMR spectrum (25.0 MHz, CDC13): 6214.5, 201.8, 

187.8, 144.0, 52.2, 44.6, 40.9, 38.7, 37 . 5, 28.4, 25.7. The 

assignments and multiplicities are displayed on the structure 

shown below. 

~7.5(t) 

25.7(t) ~87.8is) 1 4t(d) ~.4(t) 

40.9(t) • 

201.8(Dr 

'I .... ---:~.7(t) 
1 1 0 --214.5(s) 

144.c4Il 52.2 (d) 

Analysis for CllH1202 Calcd: C,74.98; H,6.86. 

Found: C,74.69; H,6.85. 



Tricyclo[6.3.0.02 ,6]undec-l(8)-en-3,11-dione_3_ethylene 
ketal( 101) : 

A solution of partially hydrogenated compound lQQ 
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(350 mg, 2 mmoles), ethanediol (O.~ ml) and p-toluenesul­

phonic acid (~mg) in 30 ml of benzene was refluxed with a 

Dean-5tark water separator for l~ min. The reaction mixture 

was diluted with benzene (30 ml), washed with aqueous NaHC03 
and dried. Evaporation of the solvent furnished 37~ mg (8~;') 

of the monoketal lQ!, and was crystallised from pet ether, 
o mp.68-9 C. 

IR spectrum (KBr), ~max: 1690 and 1640 cm-l (cyclo­

pcn tenone) • 

IH NMR spectrum (100 MHz, CDC13): 63.6-4.2(4H,m, 

-DCtl2Ctl20-), 2.8-3.~(3H,m), 2.2-2.8(~,m), 1.0-2.2(4H,m). 

13C NMR spectrum (2~.0 MHz, CDC13): 6203.3, 186.4, 

146.9, 116.9, 6~.1, 64.~, ~1.4, 46.1, 41.0, 39.1, 3~.6, 30.6, 

2~.~. The assignments and multiplicities are displayed on 

the structure shown below. 

35.6(t) 
186.4(0) l 46.1 (d) 

25.5(t) --... 1 1 __ 30.6(t) 

41.0(t) > 

203.3(9)-----
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Analysis for C13H1603 Calcd: C,70.89; H,7.32. 

Found: C,70.67; H,7.37. 

II-Methyl triCYClo[6.3.0.02 ,6]undeca_2(6) ,lO-dien-3,9-dionu 
(103): 
~ 

To D magnetically stirred suspension of magnesium 

(61 mg, 0.0025 g atom) in 7 ml of dry ether was added dro~lise 

a solution of methyl iodide (500 mg, 3.5 mmole) in 3 ml of 

dry ether. The mixture wns stirred until all the mngnesium 

had dissolved. The methylmagnesium iodide was syringed out 

and injected into a magnetically stirred solution of tricyclo 

[6.3.0.02 ,6]undeca-l(8) ,4-dien-3,ll-dione (~, 350 mg, 2 

mmoles) in 5 ml of dry THF and 15 ml of dry ether. The reac-

tion mixture was stirred vigorously for 30 min at room tempe·· 

rature and then quenched by careful addition of saturated 

NH4Cl solution. The organic layer was separated and the 

aqueous phase was extrDcted with dichloromethane (20 ml x 2). 

The combined organic extrDcts were washed and dried. Eva po·· 

ration of the solvent furnished 500 mg of crude material, 

which was taken in ~ ml of dichloromethane and added to a 

magnetically stirred suspension of pyridinium chlorochromate 

(·l30 mg, 2 mmoles)65 in 5 ml of dichloromethDne. The hetero­

geneous reaction mixture WDS stirred vigorously for 4 hr at 

room temperature and then charged on a silica gel (20 g) 

column and chromatogrDphed. Elution with 201- ethyl acetate­

benzene furnished 82 mg (30/0) of transposed bis-enone 103 
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and was crystallised from dichloromethane-pet ether as white 

needles, mp.108-100C. 

UV spectrum, A ~~H: 223 (£ = 23,400), 2~~ nm (merged, 

£ = 8,700) • 

IR spectrum (K13r), ";max: 168~ (carbonyl), 1638 and 

161~ cm-l (olefinic). 

IH NMR spectrum (100 MHz, CDC13): 6~.8(lH,s,01efinic) , 

3.88(lH,brs) and 3.~2(lH,m), bridgehead CH, 2.0B-3.1(6H,m, 
• • ring CH), 2.3(3H,s,Ctl3-C=CH-C=O). 

13C NMR spectrum (2~.0 lliHz , CDC13): 6210.4, 202.~ , 

186.~, lBO.4, 146.8, 129.3, ~4 .7, ~l.l, 40.7, 33.7, 2~.8, 

19. 4 . The assignments and multiplicities are displayed on 

structure shown below. 

:n.7(t) 
166.5(,,) I 51.1(d) 

25.8(t) -...... ! 'jl;"-J.{°._--21 0.4 (D) 

40.7(t) -_. '\ /-" 129.3(d) 

1 I ... --180.4 (a) 

° CH ( ) 146.8(0) 3 19.4 q 
54.7 (d) 

202.5(0) ---

Analysis for C12H1202 Calcd: C,76.~7; H,6.43. 

Found: C,76.18; H,6 . 23. 
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TriCYClo[6.3.0.02 ,6)undeca-l(S),?-dien_3,11_dione(2§): 

A solution of bis-enone 12 (1 g, 5.75 mrnoles) in DPE 

(10 ml) was refluxed (260oC) for 30 min. The solution was 

diluted with benzene (10 ml), charged on a silica gel (20 g) 

column and chromatographed. Diphenyl ether was removed first 

by eluting with benzene. Elution of the column with 401-

ethyl acetate-benzene furnished 100 mg (l~;') of starting 

bis-enone 73. -
Final elution of the column with ethyl acetate furnishQd 

720 mg (721) of the isomerised bis-enone 96, which was identi­

fied by comparison (TLC, GLC and IR spectrum) with the sample 

obtained in the RhC13 .3H20 isomerisation of bis-enone 12. 

Thermal equilibration of t~iCYC1o[6.3.0.02,6)undeca-~,9-
dien-3,11-dione(12); Isolation of ~i~, ~p~, £l&-tricyclo 
[6.3.0.02,6)undeca-4,9:diien-3,11-dione(_~): 

A solution of bis-enone 12 (1 g, 5.75 mrnoles) in 5 ml 

of benzyl benzoate w.s maintained at 3050 C in a salt bath 

for 3 min. GLC analysis of the mixture indicated the presence 

of three components in the ratio of 1:2:12. The reaction 

mixture was diluted with dichloromethane" (10 ml) and char9~d 

on a silica gel (20 g) column and chromatographed. Benzyl 

benzoate was eliminated by elution with dichloromethane. 

Further elution of the column with ~~ ethyl acetate-benzene 

furnished 20 mg (21-) of the cis, anti, £l&-bis-enone 104, 
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which was crystallisad from dichloromathana-haxana, mp.99-

lOOoC. 

uv spactrum \ MeOH. 222 ( , 1\ max ~ nm £ = 12,500). 

IR spactrum (KBr), 1)max: 1715 sh, 1695, 15S0 cm- l 

(cyclopentanone). 

IH NMR spectrum (100 MHz, CDC13 , Fig.loll): 67.62(2P., 
, 

dd,Jl =6Hz,J2=3Hz,-Cg=CH-C=O), 6.0S(2H,dd,J l =6Hz,J2=2HZ, , 
-CH=C.!:!-G=O), 3.45(2H,m,H6 and HS)' 2.93(2H,d,J=6Hz,H l and 

H2), 1.SS(2H,t,J=SHz). 

l3C NIIiR spectrum (25.0 11Hz, CDC13 , Fiq.I.12): 6209.6 . , 
(s,C=O), 166.3(d,-£H=CH-C=O), 132.2(d,-CH~H-C=O), 52.9(d, 

Cl and C2), 4S.1(d,C6 and CS), 3.1.9(t,C7). 

Furthar alution of tha column with 40;1. athyl <1cata te · 

benzene furnishad 10 mg of the starting bis-enona 12 and 

final elution of tha column with ethyl acetate furnishad 

720 mg (7~) of tha isomerised bis-enona 9.6, which was idonti-· 

fied by comparison (ILC, IR spectrum, GLC) with the sampla 

obtainad earliar. 

II-Methyl tricyclo[6.3.0.02 ,6]undoca-4,10-dien-3,9-dione(1ll): 

Io a magnatically stirred suspansion of magnasium (365 

mg, 0.015 g atom) in 15 ml of dry ether was addad dropwisa a 

solution of mathyl iodide ( .•• 54 g, 32 mmoles) in 5 ml of dry 
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ether. The mixture was stirred at room temperature until ~ 1 

the magnesium had dissolved. The methylr.mgnesium iodid~ w ••• 

syringed out and injected slowly into a magnetically sti~r ~ 

solution of the bis-enone ~ (2 g, 11.5 mmoles) in 20 ml of 

dry THF. The reaction mixture was stirred for 20 min at rOOM 

temperature and quenched by careful addition of saturated 

NH4Cl solution. The organic layer was separated and the 

aqueous phase was extracted with dichloromethane (50 ml x 2) • 

The combined organic extract was washed and dried. Evapora­

tion of the solvent furnished 3 g of crude material contain­

ing approximately ~;. of the lactol 109. An analytical 

sample of the lactol 102 (in equilibrium with its open ketol 

form llQ) was prepared by chromatographing the crude lactol 

on a silica gel column and elution with 151 ethyl acetate-· 

benzene. The product was crystallised from dichloromethane·­

pet ether, mp.IOO-30 C. 

IR spectrum (KSr), 2>m&x: 3".00 (hydroxyl), 171O(weak), 

1690(weak) (cyclopentenone), 1620 cm-l (olefinic). 

IH NMR spectrum (100 MHz, CDC13 , mixture of .!.!Q and 
• 102 in the ratio of 1:7): 67.6(dd,Jl =6Hz,J2=3Hz,-CH=CH-C=O), 

• 6.l8(brs,-DH), 5.96(dd,Jl =6Hz,J2=2Hz,-CH=CH-C=O), 5.68(lH, 

iAB,J=6Hz), 5.5(lH,tAB,J=6Hz), 5.3'~(lH,tAB,J=6Hz) and 5.14 

(lH,tAB,J=6Hz), olefinic, 3.88(lH,brs,-Dtl), 2.7-3.3(4H,rn, 

bridgehead CH), ~.76(2H,brs,CH2)' 1.46(3H,s,CH3), 1.33(s, 
• -oi=CH-C(OH)-CJ:!3) • 
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l3C NAIR spectrum (25.0 trliz. CDC13): 6l39.l{d). 136.3 

(d). l34.7{d) and l33.0{d). olefinic C' s .. 119.9{s,)C<g~), 

97.0{c,CH3-£-O), 6O.2{d), 57.9{d), 5l.4{d) and 5O.3{d), 

bridgehead C's, 34.3{t.CH2). 26.S{q.CH3). 

The crude lactol 109 (3 g) obtained above was taken 

in 15 ml of dichloromethane and added to a magnetically 

stirred suspension of pyridinium chlorochromate {3 g. 14 

mmoles)65 in 10 ml of dichloromcthane. The heterogeneous 

reaction mixture was stirred vigorously for 4 hr at room 

temperature and filtered through a silica gel (20 g) column 

with large volume of dichloromethane. Evaporation of the 

solvent furnished 650 mg (~;.) of the single transposed bis­

cnone .!.!1. and Vias rccrystallised from dichloromethanc-pet 

ether as white flakes. mp.105-6oC. 

\ IAcOH. 3 ( ) 3 ( 40) UV spectrum. 1\ max' 22 c = 14,900. 15 nm E: = 1 • 

lR spectrum (C~C12)' :l>max: 1710 (carbonyl), l61S 

(trisubstituted olefin). 1590 cm-l (disubstituted olefin). 

lH NA:R spectrum (loo I .... z. CDC13 , Fig.I.13): 67.46{lH • 
• dd.Jl=6Hz.J2=3Hz.-tlC=CH-C=O). 5.S4{lH,dd,Jl =6Hz,J2=2Hz,-HC= 

• • • ~-C=O), 5.7{lH,brs,CH3-C=Ctl-C=O). 3.2-3.65{2H,m,bridgehead 

CH). 2.7-3.2{2H,m.bridgehead CH), 1.S-2.4{2H,m.CH2), 2.24 
• • (3H.s,Ctl3-:=CH-C=O). 

l3c ~; r.l.'l. spectrum (25.0 1.lHz, CDC13 , Fig.I.14): 6210.4 



11<1 

(5) and 209.0(5). )C=O • 17S.4(S.CH3-£=cH-C=o), 16S.1(d,-fH= . , . , 
CH-C=O) , 133.6(d,-CH~-C=O), 129.6(d,CH3-C~-C=O), 57.1(d) 

52.5(d), 51.9(d) and 51.3(d). bridgehead C's. 27.7(t,Oi2)' 

20.5(Q,CH3) • 

Analysis for C12H1202 Calcd: C,76.57; H,6.43. 

Thermolysis of ll-methyl 
!!!.en-3, 9-dione (,111) : 

Found: C,76.5<1; H,6.6. 

, 2 6 
tricyclo[£.3.0.0 ' )undeca-4,10-

A solution of single transposed bis-enone 111 (15 mg, 

O.OS mmole) in 1 ml of benzyl benzoate was maintained at a 

temperature of 2900 C in a salt bath for 30 min. The reaction 

mixture was diluted with benzene (5 ml) and charged on a 

Silica gel (5 g) column. Benzyl benzoate was removed by 

elution with benzene. Further elution of the column with 20; 

ethyl acetate-benzene furnished 12 mg (~~) of the isomerisnc 

bis-enone ~, which was identified by compari'son (TLC, IF: 

spectrum) with the sample obtained by the alkylative trans­

position of the isomerised bis-enone 96. 

Alkylative transpOSition reaction of tricyclo[6.3.0.02 ,6) 
yndeca-4,9-dien-3,ll-dionc(2~) with excess methylmagnesium 
iOdide and PCC oxidation: 

To a magnetically stirred suspension of magnesium 

(S5O mg, 0.035 g atom) in 10 ml of dry ether was added drop­

wise a solution of methyl iodide (7.1 g, 50 mmoles) in 10 ml 
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of dry ether. The mixture was stirred until all the magne­

sium had dissolved. To this solution of cethylmagnesium 

iodide VIas added dropYlise a solution of bis-enone B (1 g, 

5.75 mmoles) in 10 ml of dry TliF over a period of 10 min. 

The reaction mixture was stirred vigorously at room temper~ . 

ture for ~O min and then quenched by careful addition of 

s~turated NH4Cl solution. Extraction with ether (25 ml x 3), 

washing, drying and evaporation of the solvent furnished 1.2 g 

of crude material which was directly used for the next oxi­

dation step. 

The crude mixture obtained above (1.2 g) was dissolved 

in 10 ml of ~ichloromethane and added to a magnetically 

stirred suspension of pyridinium chlorochromate (1.5 g, 7 

rnmoles)65 in 10 ml of dichloromethane. The heterogeneous 

reaction mixture was stirred vigorously at room temperature 

for 4 hr and filtered through a silica gel (10 g) column. 

Evaporation of the solvent furnisheti 1 g of crude material 

which showed the presence of several components (TLC). This 

material was charged on a silica gel (25 g) column and chro­

matographed. Elution with benzene furnished BO mg (a1-) of 

4,6-dimethyl 5_oxatctracyclo[7.2.l.04 ,11.06,lO]dodecane ~, 

and was bulb to bulb distilled (950 C/0.5 mm) • 

lR spectrum (neat), ~)max: 3050, 1620 and 750 cm-l 

(olefinic). 
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lH NMR spectrum (100 liHz, CDC13): 65.42(2H,!AB,J=611::. 

tiC:CH), :>.19(2H,tAB,J=6Hz,HC=Cll), 3.04(4H,brG,bridgehe"d C: ; 

1.75(2H,m,CH2), 1.37(6H,s,CH3)· 

. l3C NMR spectrum (25.0 Ulz, CDC13): 6l36 •• l, 135.6, 

96.4, 60.4, 51.0, 34.3, 27.1. Assignments and rnultiplicit~eG 

are displayed on structure shown below. 

3~ .. 3(t) 
1 · 51.0(d) 

I ".)i0.4(d) 

}---<V I -- 136.4 (d) 

-- 1'5.6(d) 

(""on, .... --27.1 (q) 

96.4 (0) 

lU 

Analysis for C13H160 Calcd: C,B2.94; H,B.57. 

Found: C,B2.7B; H,B.73. 

Elution of the column with lO~ ethyl acetate-benzene 

and careful pooling of appropriate fractions (monitored by 

TLC) furnished two more purified products. The less polar 

product 80 mg (?/) was bulb to bulb distilled (l~~oC/l mm) 

and characterised as 5,9-dimethyl tricyclo[6.3.0.02 ,6] 

undeca-3,11-dione (llA) (GLC indicated only 80~ purity). 

IR spectrum (neat), i>max: 1745 cm-l (cyclopentanonc) 

lH Nl . .R spectrum (100 MHz, CDC13): 6l.0-3.2(l2H,m, 

ring CH), 1.08(6H,d,J=6HZ,CH3). 
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l3C NMR spectrur.l (25.0 MHz, COC13): 6218.2, 55.6, 51. ' 

46.1, 37.2, 35.2, 21.1. Assignments arc displayed on the 

structure shown below 

37.2 
1 51.5 

CH3iQ- 1 'jl_-;-;<;:..c.:.,:li:23:.-· 3 ~. / 
1 

• 1 

_--',6.1 

o I 0 --216.2 
I 

55.6 

ill 

The more polar, major product 760 mg (65'/0) was also 

bulb to bulb distilled (16OoC/l mm), and solidified on rpfri­

geration. This compound was characterised as 5,ll-dimethy1 

tricyclo[6.3.0.02,6]undec-10-en-3,9-dione (ll2) on the basis 

of spectral data. 

UV spectrum, \ 1.leOH: 234 nm (c = 8 300) Amax ' • 

IR spectrum (neat), :l)max· 1738 (cyclopentanonc), 

1700 and 1615 cm-1 (cyclopcntenone). 

1Ii NMR spectrum (100 MHz, CDC13): 65.84(lH,brs,ole­

finic), 3.56(lH,dd,J1=llHz,J2=7Hz,Hl ). 3.04(2H,m,bridgehead 
I , 

CH), 1.6-2.8(6H,m,ring CH), 2.2(3H,s,C.tb-C=CIi-C=O), 1.04 

(3H,d,J=6Hz,CH3)· 

13C NIAR spectrum (25.0 MHz, COC13): 6218.7(s,cyc1open-, , 
tanone), 211.4(s,cyc1opentenone), 179.5(s,CH3-£=CH-C=O), 
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, , 
l30.9(d,CH3-C=£H-C=O), 55.0(d), 54.6(d), 54.0(d) and 53.~ 

(d), bridgehead C's , 46.7(t,C4), 34.5(d,C7), 3O.6(t,C5), 

2O.l(q,CH3), 19.8(q,CH3)· 

Analysis for C13H1602 Calcd: C,76.44; H,7.90. 

Found: C,76.46; H,7.42. 

4,6-Dimethyl 5-oxatetracYClo[7.2.l.04,11.06,10]dodec_7_en_ 
2-one ( 116) : , 

To a magnetically stirred suspension of lithium dust 

(8.4 mg, 0.0012 g atom) in 3 ml of dry ether was added a 

solution of methyl iodide (200 mg, 1.6 mmoles) in 3 ml of 

dry ether. The reaction mixture was stirred until all the 

lithium had dissolved. The methyllithium solution was syrin­

ged out and injected into an ice cold solution of single 

transposed bis-enone 111 (95 mg, 0.5 mmole) in dry THF (2 ml)­

dry ether (2 ml) mixture with magnetic stirring. The cooling 

bath was removed and the reaction mixture was stirred for 

30 min at room temperature. The reaction was quenched by 

addition of 1 ml of 201- HC1, diluted with water (10 ml) and 

extracted with ether (20 ml x 2). The ether extract was 

washed and dried. Evaporation of the solvent furnished 80 

mg of a crude material, which on filtration through a short 

Silica gel (5 g) column in · ~~ ethyl acetate-benzene followed 

by bulb to bulb distillation (120oC/l mm) furnished 46 mg 

(45V) of the oxatetraquinane 116. 
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IR spectrum (ncat), ~max: 1740 (carbonyl), 3050 and 

1620 cm-l (olefinic). 

IH Nl.iR spectrum (100 11Hz, CDC13 , Fig.I.15): 65.46(2H, 

ABquartet,J=6Hz,olefinic), 3.1(3H,m,bridgehead CH), 1.8-2.9 

(5H,m,ring CH), 1.55(3H,s,CI!3)' 1.4(3H,s,CH3). 

13 C NMR spectrU'1I (25.0 I.IHz, CDC13 , Fig.I.16): 6220.9 

(s,C=O), l38.8(d,H£=CH), l35.9(d,CH;£H), 96.l(s,C6), 85.2(s, 

C4), 6O.6(d), 6O.l(d), 54.8(d) and 5O.l(d), bridgehead C's, 

53.9(t,C3), 37.5(t,C12), 30.0(q,Cfl3), 25.8(q,CH3)· 

Analysis for C13H1602 Calcd: C,76.44; H,7.90. 

Found: C,76.12; H,8.23. 

4-1.',ethyl 5-oxatetracyclo[7. 2.1.04 ,11.0 6, 10] dodecan-2-one (11 12.: 
To a magnetically stirred solution of single transposed 

bis-enone ill (47 mg, 0.25 mn,ole) in 5 ml of methanol was 

added, in small portions, sodium borohydride (27 mg, 0.73 

mmole) over a period of 3 min. The reaction mixture was 

stirred overnight. Most of the methanol 'Was removed under 

reduced pressure and the contc!Ots of the flask were diluted 

with water (10 ml) and extracted with dichloromethane (15 T, 1 

2). The organiC extract was washed and dried. Evaporation 

of the solvent furnished 48 mcr of a crude hydroxy compound. 

IR spectrum (neat), 2,)max: 3420 cm-l • 

The above alcohol was taken in 3 ml of dichloromethane 
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and added to a magnetically stirred suspension of pyridiniu,l 

chlorochromate (100 mg, 0.48 mmole)65 in 4 ml of dichloro­

methane. The suspension was stirred vigorously at room temoe­

rature for 2 hr and filtered through a sm~ll silica gel (5 ,) 

column. Evaporation of the solvent and bulb to bulb distil ". il­

tion (lOooC/l mm) furnished 40 mg (80'/) of thc ox~tctraquil" nc 

117. -
IR spectrum (neat), ~max: 1740 cm-l (c~rbonyl). 

~ NMR spectrum (100 MHz, CDC13): 64.4(lH,brs,!!C-O-), 

1.2-3.4(12H,m,ring CH), 1.35(3H,s,CH3). 

13C Nlm spectrum (25.0 WHz, CDC13): 6218.5(s,C=O), 

87.3(s,CH3-£-O-), 84.4(d,£H-O-), 58.0(d), 57.5(d), 55.8(d) 

and 46.5(d), bridgehead C's, 52.6(t,C3), 34.7(t), 34.2(t), 

3O.9(t), 23.8(q,CH3). 

Analysis fOl' C12H1602 Calcd: C,74.97; H,8.39. 

Found: C,75.03; H,8.37. 

~,4,lO,ll-Tetramethyl fj§., ant~, ~-tricyclo[6.3.0.02,6] 
yndec~-3,10-dien-5,9-dione(119): 

To a magnetically stirred suspension of magncsium 

(100 mg, 0.0041 g atom) in 5 ml of dry ether was added a 

solution of methyl iodide (850 mg, 6 mmoles) in 5 ml of dry 

ether. The reaction mixture was stirred at room tempcr~ture 

until all the magnesium had dissolved. To this solution of 

methylmagnesium iodide was added, dropwisc, a solution of 
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4,lO-dimethyl ill, anti, ill-tricyclo[ 6. 3.0 .02 ,6]undeca-4, ',-, 

dien-3,ll-dione (ill, 100 mg, 0.5 mmole) in 3 ml of dry T: . 

The reaction mixture was stirred at room temperature for _-' 

min and quenched by careful addition of saturated NH 4Cl so It­

tion. The organic layer I'las separated and thc aqueous la ycr 

was extracted with dichloromethane (15 ml x 2). The combina~ 

organic extract was washed and dried. Evaporation of the 

solvent furnished 120 mg of a crude alcohol. 

IR spectrum (neat), ~max: 3400 cm-l • 

The crude alcohol was taken in 5 ml of dichloromethane 

and added to a magnetically stirred suspension of pyridinium 

chlorochromate (215 mg, 1 mmole) in 5 ml of dichloromethane. 

The heterogeneous reaction mixture was stirred vigorously at 

room temperature for 2 hr and filtered through a short silica 

gel (10 g) column. Evaporation of the solvent furnished 57 

mg (:0;') of the double transposed bis-enone 119, which was 

crystallised from dichloromethane-pet ether, mp.112-13 0C. 

UV spectrum, A ~:~H: 238 nm (£ = 21,000). 

IR spectrum (KBr) , i)max: 1695 and 1640 cm-l (cyclo­

pentenone). 

lH Nl.IR spectrum (100 MHz, CDC13 , Fig.I.17): 62.6- 3.1 , , , 
(4H,en,bridgehead CH), 2.14(3H,s,CH3-G=C(C~3)-G=O), 2.07(2H, 

I I I 

t,J=8Hz,CH2), 1.68(3H,s,CH3-G=C( CH3)-G=O)· 
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13C Nl.1R spectrum (25.0 MHz, CU::l3 , Fig.I.18): 6209.S 

( '" It' (s,C=O), 168.7 s,CH3~=C(CH3)-C=O), 135.0(s,CH3-C~(CH3)-C=O)' 

52.1(d,C6 and CS), 51.7(d,C1 and C2), 29.9(t,C7), 15.7(q, 
'" II, £rl3-C=C(CH3)-C=O), S.2(q,CH3-C=C(£H3)-C=O). 

Analysis for C15H1S02 Calcd: C,7S.23; H,7.SS. 

Found: C,77.92; H,S.Ol. 

Reaction of_~ricYClo[6.3.0.02'~]undeca-4,9-dien-3,ll-dione(73) 
with sodium methoxide: 

To an ice cold magnetically stirred solution of bis­

enone 11 (175 mg, 1 mmole) in 5 ml of absolute methanol was 

added sodium methoxide (200 mg, 3.6 mmoles) in small portions 

over a period of 5 min. The cooling bath was romoved and the 

reaction mixture was stirred at room temperature for 10 min. 

Most of thi! methanol VlilS removed under reduced pressure and 

the reaction mixture was rliluted with water (15 rnl). Acidi­

fication with dilute HC1, extraction with dichloromethane 

(15 ml x 3) and usual work-up furnished 170 mg of crude mate­

rial. This material was charged on a silica gel (10 g) column 

and chromatographed. Careful elution uith 201- ethyl acetate­

benzene furnished 65 mg (321-) of ll-methoxy tetracyclo[5.4.0. 

03,10.04,S]undeca_2,5-dione (!2Q), and was crystallised from 
o dichloromethane-pet ether, mp.14S-9 C. 

In spectrum (KBr) , Vrnax: 1745 cm-l (carbonyl). 

lH NMR spectrum (100 iHz, COC13 , Fig.I.19): 63.52(lH, 



123 

s,tlC-OCH3) , 3.29(3H,s,-OCtl3), 2.84(3H,brs,bridgehead CH), 

2.65(3H,brs,bridgehead CH), 2.3(2H,r.\,C!i2-C=o), 1.9-2.2(2H, 

m,CH2) • 

13C Nj,;R spectrum (25.0 !.1Hz, CDC13 , Fig.I.20): 6214.5(s) 

and 211.4(s),)C=O , 83.1(d,£H-DCH3), 64.6(d), 57.7(d), 55.5 

(q,-OCH3), 51.7(d), 47.3(d), 45.6(t,-:<;;H2-C=o), 41.0(d), 39.6 

(d), 36.1(t,C9). 

Analysis for C12H1403 Calcd: C,69.89; H,6.84. 

Found: C,69.95; H,6.74. 

Further elution of the column Vii th 40'/. ethyl acetate­

benzene furnished 35 mg of the unreacted starting material. 

Final elution of the column with ethyl acetata furnished 

42 mg (~/.) of tricyclo[6.3.0.02 ,6]undeca_l(8) ,4-dien-3,11-

dicne (29) Vlhich was identified by comparison (TLC, GLC and 

In spectrum) with the sample obtained in the RhC13.3H20 

isomerisation of starting bis-enone 73. 

~~3,8!lO-Tetrachloro, l(or 11) ,7-dimethoxy l2-oxapentacyclo 
16.~.02,6.03,11.o4,9]dodecan-ll(or-l)-01(J=~): 

To an ice cold magnetically stirred solution of tetra­

chloro bis-enone 83 (500 mg, 1.6 mmoles) in 15 ml of absolute -
methanol was added in small portions sodium methoxide (200 mg, 

3.6 mmoles) over a period of 5 min. Most of the methanol was 

removed under reduced pressure, diluted with water, acidified 

with dilute HCl and extracted with dichloromethane (30 ml x 2). 
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The organic extract was washed and dried. Evaporation of the 

solvent and filtration through a small silica gel (5 g) column 

using ~;. ethyl acetate-benzene furnished 400 mg (65V-) of 2,3, 

8,lo-tetrachloro, l(or 11) ,7-dimethoxy 12-oxapentacyclo[6.4. 

0.02,6.03,11.04,9]dodecan_ll(or_l)_ol (121), and was crysta· 

llised from dichloromethane-pet ether, mp.207oC. 

IR spectrum (KBr),)) : 33'X) cm-l (hydroxyl). max 

IH NI.IR spectrum (270 MHz, CDC13 , Fig.!. 21): /) 5.06( 111, 

s,cxchanged with D20,-D!:!), 4.0«lH,d,J=3.3Hz,!:!C-Cl), 3.63(3H, 

s,-OCH3), 3 . 55(3H,s,-DCH3), 3.25(lH,s,liC-DCH3), 2.82(lH,t, 

J=3.3HZ,H9), 2.75(lH,dd,Jl =7Hz,J2=2.5HZ), 2.5-2.7(lH,m), 2.54 

(lH,m), 1.89(lH,dd,Jl =12.5Hz,J2=1.lHZ). 

13c NIMl spectrum (25.0 101Hz, Acetone-d6 , Fig.I.22): 

6109.6(s,>C<g:H3), 105.2(s,>C(g~), 91.2(d,£H-DCH3), 86.9~. 838 

(s) and 69.9(s},,£-Cl , 59.9(d), 59.1(d), 55.1(q?), 52.8(q, 

-DCH
3
), 51.1(d), 5O.4(d), 35.5(t,CH2). 

Analysis for C13H14C1404 Calcd: C,41.49; H,3.72. 

Found: C,41.46; H,3.69. 



125 

1. 5 REFERENCES 

1. (a) L.A. Paquette, 'Topics in Current Chemistry', Springer­
Verlag, 12,43 (1979); (b) P.E. Eaton, Tetrahedron, ~, 
2189 (1979); (c) G. Mehta, J. Sci. Ind. Res. (India), 
37,256 (1978). -

2. R.B. I/oodward, T. Fukunaga and R.C. Kelly, J. Am. Chern. 
Soc., ~, 3162 (1964). For a practical synthesis of tri­
quinacene, see, I.T. Jacobson, Acta Chern. Scand., ~, 
2235 (1967); C. I"ercier, P. Soucy, W. Rosen and P. Deslong­
champs, Synth. Commun., ~, 161 (1973); P. Des10ngchamps, 
U.O. Cheriyan, Y. Lambert, J.-C. Mercier, L. Ruest, R. 
Russo and P. Soucy, Can. J. Chern., ~, 1687 (1978); h.J 
l'lyvratt and L.A. Paquette, Tetrahedron Lett., 2433 (1974). 

3. P.E. Eaton, R.H. ~ue11er, G.R. Carlson, D.A. Cullison, 
G.F. Cooper, T.-C. Chou and E.-P. Krebs, J. ~. Chern. 
Soc., .2.2, 2751 (1977). 

4. L.A. Paquette, 0.11. 

Christoph, Science, 
Balogh, R. Usha, 
211, 575 (1981). -

D. Kountz and G.G. 

5. Structure: N.H. Andersen, C.W. Tseng, A. I.oore and Y. Chta, 
Tetrahedron, 34, 47 (1978) and references cited therein; 
Syntheses: (a) R.M. Coates, S.l~. Shah, f1..~I. I.~ason, J. Am. 
Chern. Soc., 1Q!, 6765 (1979); (b) G. Buchi and P.-S. Chu, 
J. Am. Chern. Soc., 1Q!, 6767 (1979); (c) Y.-K. Han and 
L.A. Paquette, J. Org. Chen., ~, 3731 (1979); JAm. 
Chem. Soc., .!Q2, 1831 (1981); (d) /.\. Kodama, T. Kurihara, 
J. Sasaki and S. Ito, Can. J. Chern., ~, 3343 (1979); 
(e) S.C. IIe1ch, S. Chayabunjong1ard and A.S.C.P. Rao, 
J. Org. Chern., ~, 4086 (1980). 

6. Structure: D.G. Martin, G. Slomp, S. Mizsak, D.J. Duchamp 



126 

and C.G. Chidester, Tetrahedron Lett., 4901 (1970); 
Syntheses: (a) S. Danishefsky, H. Hirama, K. Gombatz, 
T. Harayama, E. Berman and P. Schuda, J. Am. Chem. Soc., 
,illQ, 6536 (1976); (b) VI.H. Parsons and n.H. Schlessinger, 
Bull. Soc. Chim. Fr., II-327 (1900), I'I.H. Parsons, R.H 
Schlessinger and M.L. Quesada, J. Am. Chem. Soc., 126, 
669 (1960). 

7. X.A. Dominguez, G. Cano, R. Franco, A.M. Villarreal, 1'1. B 
Ilatson and V. Zabel, Phytochemistry, 1.2, 2476 (1960). 

6. Structure: R.L. Ranieri and G.J. Calton, Tetrahedron 
Lett., 499 (1978); SyntheSis; S. Danishefsky, K. Vaughan, 
R.C. Gadwood and K. Tsuzuki, 
(1960); ~, 4136 (1981). 

J. Am. Chem. Soc., 102, 4262 -

9. Structure: L.B. Za1koVl, R.N. Harris III and D. Van Derveor, 
J. Chem. Soc., Chem. Commun., 420 (1976); F. Bohlmann, 
C. Zdero, R. Bohlmann, R.M. King and H. Robinson, Phyto­
chemistry, 19, 579 (1960); Syntheses: (a) M. Karpf and 
A.S. Drieding, Tetrahedron Lett., 4569 (1960); He1v. Chirn. 
Acta, ~, 1123 (1981); (b) A.B. Smith III and P.J. Jarris, 
J. Am. Chem. Soc., ~, 194 (1961). 

10. F. Doh1mann and J. Jakupovic, Phytochemistry, 1.2, 259 
(1960). 

11. Structure: L.H. Zalkow, R.N. Harris III, D. Van Derveer 
and J.A. Bertrand, J Chem. Soc., Chem. Comrnun., 456 
(1977); F. Bohlmann and C. Zdero, Phytochemistry, l§, 1747 
(1979); Syntheses: (a) II. Oppo1zer, K. Battig and T. 
Hud1icky, Helv. Chim. Acta, £g, 1493 (1979); (b) s. Chu­
tterjee, J. Chem. Soc., Chern. Commun., 620 (1979); (c) 
L.A. Paquette and Y.K. Han, J. Org. Chem., ~, 4014 (1979), 
J. Am. Chem. Soc.,~, 1835 (1981); (d) I.I.C. Pirrung, 
J. Am. Chem. Soc., 1Ql, 7130 (1979); ~, 62 (1981); 



127 

(e) VI.G. Daub en and 0 .~I. ila1l:er, J. Org. Chern. ~, 1103 
(1981). 

12. R.E. Corbett, O.R. Lauren, R.T. _:eavers, J. Chern. Soc., 
Per1;in Trans. I, 1774 (1979). 

13. 1.1. Kaneda, R. Takahashi, Y. Iitaka and S. Shibata, Tetra­
hedron Lett., 4609 (1972). 

14. Structure: E. Ayanog1u, T. Gcbreyesus, C.lt.. Beechan, C. 
Ojerassi and M. Kaisin, Tetrahedron Lett., 1671 (197(,. 
Synthesis: R.O. Little and G.L. Carroll, Private communi·­
cation. 

15. (a) P.K. freeman, R.B. Kinne1 and T.O. Ziebarth, Tetruhe­
dron Lett., 1059 (1970); (b) W.T. Borden and T Ravindru­
nathan, J. Org. Chern., ~, 4125 (1971) • 

• 
16. (a) U. Vleiss and J.M. Edwards, Tetrahedron Lett., 4885 

(1968), (b) R.L. Cargill and J.VI. Crawford, J. Org. Chen, , 
~, 356 (1970); (c) f. Leyendecker, J. Drouin and J.l_,. 
Conia, Tetrahedron Lett., 2931 (1974). 

17. A. de Meijere, O. Kaufmann and O. Schallner, Angew, Chen., 
Int. Ed. Engl., 12,417 (1971). 

lB. (a) A. Nickon and G.O. Pandit, Tetrahedron Lett., 3663 
(1968), (b) P.J. Garratt and J.f. I/hite, J. Org. Chen., 
~, 1733 (1977). 

19. (a) G.R. Underwood and B. Ramamoorthy, Tetrahedro~ Lett. , 
4125 (1970); (b) P.E. Eaton, R.A. Hudson and C. Giordano, 
J. Chern. Soc., Chern. Commun., 978 (1974); (c) E.C. Smith 
and J.C. Barborak, J. Org. Chern., ~, 1433 (1976); (d) 
A.P. Marchand, T.-C. Chou, J.~. Ekstrand and O. Helm., 
J. Org. Che~., ~, 1438 (1976); (e) G. He1mchen and G. 
Staiger, Angew, Chern., Int. Ed. Engl., 12, 116 (1977), 



12C 

(f) G.J. Kent, S.A. Godleski, E. Osawa and P.v.R. Schlc':el', 
J. Org. Chem.,~, 3852 (1977); (g) M. Nakazaki, K. Nac.',ur; 
and N. Arashiba, J. Org. Chem., ~, 689 (1978); (h) G. 
Mehta and B. Chaudhuri, Indian J. Chem., lla, 421 (1979). 

20. Not yet synthesised. 

21. L.A. Paquette, R.A. Snow, J.L. 1.luthard and J. Cynkowsl:i, 
J. Am. Chem. Soc., 1QQ, 1600 (1978). 

22. Hirsutene: S. Nozoe, J. Furukawa, U. Sankawa ana S. Shihut. 
Tetrahedron Lett., 195 (1976). 

23. Coriolin: S. Takahashi, H. Naganawa, H. Iinuma, T. Takit?, 
K. Maeda and H. Umezawa, Tetrahedron Lett., 1955 (1979); 
H. Nakamura, T. Takita, H. Umezawa, M. Kunishima, Y. Naka­
yama and Y. Iitaka, J. Antibiotics, ~, 301 (1974). 

24. Hirsutic acid: F .~j. Comer, F. McCapra, I.H. Qureshi and 
A.I. Scott, Tetrahedron, ~, 4761 (1967). 

25. (a) lA. Kaisin, Y.IvI. Sheilth, L.J. Durham, C. Djerassi, B. 
Tursch, D. Daloze, J.C. Braekman, D. Losman and R. Karlsson, 
Tetrahedron Lett., 2239 (1974); (b) Y.AI. Sheikh, G. Singy, 
M. Kaisin, H. Eggert, C. Djerassi, B. Tursch, D. Da10ze 
and J.C. Braekman, Tetrahedron, ~, 1171 (1976). 

26. E. Osawa, K. Aigami, N. Takaishi, Y. Inamoto, Y. Fujikura, 
Z. Majerski, P.v.R. Schleyer, E.M. Engler and M. Farcasiu, 
J. Am. Chem. Soc., 22, 5361 (1977). 

27. P.-F. Casals, Bull. Soc. Chim. Fr., 253 (1963). 

2B. W. Ferree, Jr., J.B. Grutzner and H. Morrison, J. Am. Chem. 
Soc., ~, 5502 (1971). 

29. V.Y. Merrit, J. Cornelisse and R. Srinivasan, J. Am. Chern. 



129 

Soc., 22,8250 (1973); For some more examples, see, J. 
Cornelisse, V.Y. llierrit and R. Srinivasan, J. Am. Chern . 
Soc., 22,6197 (1973); J.A. Ors and R. Srinivasan, J. Org. 
Chern., ~, 1321 (1977). 

30. C.S. Angadiyavar, J. Cornelisse, V.Y. Merritt and R. Sri .. 
nivasan, Tetrahedron Lett., 4407 (1973). 

31. P.E. Eaton, C. Giordano, G. Schloemer and U. Vogel, J. Oro. 
Chern., ~, 2238 (1976). 

32. J.S.H. Kueh, M. Mellor and G. Pattenden, J. Chern. Soc., 
Chern. Commun., 5 (1978); J.S.H. Kueh, M. Mellor and G. 
Pattenden, J. Chern. Soc., Perkin Trans. I, 1052 (1981). 

33. R.D. Little, A. Bukhari and ~ .. G. Venegas, Tetrahedron 
Lett., 305 (1979). 

34. R.D. Little and G.W. Muller, J. Am. Chern. Soc., !Q.!, 7129 
(1979). 

35. R.D. Little and G.VI. ~iuller, J. Am. Chern. Soc., lQ.2 . 27~~ 
(1981). 

36. T. Hudlicky, T.M. Kutchan, S.R. Wilson and D.T. Mao, J. 
Am. Chern. Soc., 1Q2, 6351 (1980); T. Hud1icky, F.J. 
Koszyk, T.M. Kutchan and J.P. Sheth, J. Org. Chem.,~, 
5020 (1980). 

37. K. Tatsuta, K. Akimoto and 1.1. Kinoshita, J. Am. Chern. Soc., 
1Ql, 6116 (1979). 

38. K. Tatsuta, K. Akimoto and M. Kinoshita, J. Antibiotics, 
,22, 100 (1980). 

39. K. Hirao, S. Unno, H. Miura and O. Yonemitsu, Chern. Pharm 
Bull., aa, 3354 (1977). 



130 

40. P.T. Lansbury and N. Nazarenko, Tetrahedron Lett., 1033 
(1971). 

41. P.T. Lansbury, Ace. Chern. Res., ~, 311 (1972). 

42. P.T. Lansbury, N.Y. Wang and J.E. Rhodes, Tetrahedron 
Lett., 1829 (1971); 2053 (1972). 

43. F. sakan, H. Hashimoto, A. Ichihara, H. shirahama and 
T. Matsumoto, Tetrahedron Lett., 3703 (1971); H. Hashimoto. 
K. Tsuzuki, F. sakan, H. shirahama and T. Matsumoto. 
Tetrahedron Lett., 3745 (1974). 

44. 8.1.1. Trost, C.D. Shuey, F. DiNinno, Jr. and 5.5. McElvain 
J. Am. Chern. Soc., 1Ql, 1284 (1979). 

45. A.E. Greene, Tetrahedron Lett., 21,3059 (1980). 

46. S. Danishefsky, R. Zamboni, M. Kahn and s.J. Etheredge . 
J. Am. Chern. Soc., 1Q2, 2097 (1980). 

47. M. shibasaki, K. Iseki and S. II;egami, TetrahCldron LCltt , 
21, 3587 (1980). 

48. K. Hayano, Y. Ohfune, H. shirahama and T. Matsumoto, 
Tetrahedron Lett., 1991 (1978). 

49. Y. Ohfune, H. shirahama and T. Matsumoto, Tetrahedron 
Lett., 2795 (1976). 

50. (a) G. l/iehta, J. Chern. Educ., .E.!!, 000 (1981); (b) P.A. 
Wender and J.C. Lechleiter, J. Am. Chern. Soc., 1Qg. 6340 
(1980); (c) J.R. Vlilliarns and J.F. Callahan, J. Org. 
Chern., ~, 4475, 4479 (1980). 

51. (a) N. Calderon, Ace. Chern. Res., ~, 127 (1972); (b) 
N. Calderon, E.A. Of stead and \'I.A. Judy, AngeVi. Chern., 



131 

Int. Ed. Engl., .!§, 401 (1976); (c) n.H. Grubbs in 'NeVI 
Applications of Organometallic Reagents in Organic Syn­
thesis', D. S~yferth, Ed., American Elsevier, New York, 
1976, p.423; (d) T.J. Katz, Adv. Organomet. Chern., .!fl, 
283 (1977); (e) n.H. Grubbs and C.R. Hoppin, J. Am. Chern. 
Soc., lQl, 1499 (1979). 

52. G. Mehta, A. Srikrishna, A. Veera Reddy and 11.5. Nair, 
Tetrahedron Symposium in print, Ed. L.A. Paquette (in 
press). 

53. (a) A.S. Onishchenko: 'Diene Synthesis', Translation from 
the Russian by the Israel Program for Scientific Transla­
tions, Jerusalem, 1964; (b) K. Alder and H. Schumacher 
in L. Zeichmeister, 'Fortschritte dar Chemie Organischer 
Naturstoffe', 1953, vol-X, p.l. 

54. (a) R.C. Cookson, E. CrundVlell, R.R. Hill and J. Hudec, 
J. Chern. Soc., 3062 (1964); (b) W.L. Dilling, Chern. Rev., 
£2, 373 (1966); (c) P.E. Eaton, Ace. Chern. Res., 1, 50 
(1968). 

55. O. Diels, J .H. Blom and \/. Koll, Justus Liebigs Ann. Chern. 
443,242 (1925). -

56. L.M. Jackman and S. Sternhell, 'Applications of Nuclear 
Magnetic Resonance Spectroscopy in Organic Chemistry' , 
Pergamon Pr~ss, Oxford, 1969. 

57. (a) G.C. Levy and G.L. Nelson, 'Carbon-13 Nuclear /.Iagne· 
tic Resonance for Organic Chel:lis ts', ,Jiley-interscience, 
New York, 1972; (b) J.B. Stothers, 'Carbon-13 ~.m Spectro­
scopy', Academic Press, New York, 1972; (c) F.\'/. ','jehrli 
and T. Vlirthlin, 'Interpretation of Carbon-13 NI.iR spectra' 
Heyden, London, 1976. 



132 

58. J.K. Whitesell and R.S. I.lathews, J. Org. Chern • .1Z" 3878 
(1977) • 

59. ~1.E. Parham, R.II. Soeder, J.R. Throckmorton, K. Kunc1 ane! 
R.M. Dodson, J. Am. Chem. Soc., ~, 321 (1965). 

60. W. Albrecht, Justus Liebigs Ann. Chern., ~, 31 (1906). 

61. H. Rakoff and B.H. Miles, J. Org. Chern., ~, 2581 (196_) 

62. O. Dials and K. Alder, Ber., ~, 2337 (1929). 

63. P .A. Grieco, M. Nishizawa, N. Marinovic and li.J. Ehmann, 

J. Am. Chern. Soc., ~, 7102 (1976) • 
. 

64. (a) II.G. Dauben and D.M. Michno, J. Org. Chern., ~, 68'-

(1977); (b) G. Buchi and B. Egger, J. Org. Chern., ~, 
2021 (1971). 

65. E.J. Corey and J.I"I. Suggs, Tetrahedron Lett., 2647 (1075) 

66. (a) E. Ayanog1u, T. Gebrcyesus, C.M. Beechan and C. 
Djerassi, Totrahedron, ~, 1035 (1979); (b) A.IIl. Birch 
and G. Pattcnden, J. Cham. Soc., Chern. Commun., 1195 (J.9::'v 

67. K.D. Barrow, D.H.R. Barton, S.E. Chain, U.F.~I. Ohnsoroe 
and R. Thomas, J. Chern. Soc. £, 1265 (1971). 

68. R.B. Yloodward and R. Hoffmann, 'The conservation of orbi­
tal symmetry', Verlag Chemic, ';/einheim, 1970. 

69. G. Mehta and A. Veera Reddy, J. Chern. Soc., Chern. Commun., 

756 (1981). 

70. G. ~ehta, A. Veara Reddy and D.S.K. Roddy, unpublished 

results. 

71. (a) P.S. \1harton and D.H. Bohlen, J. Org. Chern., ~, 3615 



133 

(1961); (b) P.S. ~Iharton, J. Org. Chem., l§, 4781 (1961). 

72. K. Bowden, I.M. Heilbron, E.R.H. Jones <lnd B.C.L. We,-don , 
J. Chern. Soc., 39 (1946). 

73. H. Kiliani and B. I.,erk, Ber., ~, 3562 (1901). 

74. H.O. House, IV.L. Respess and G./.!. tlhitesides, J. Org. 
Chere., ~, 3128 (1966). 

75. A. Suzuki, A. Arose, !I. cdatsumoto, M. Itoh, H.C Bro\"' l 
M.M. Rogic and M.W. Rathke, J. ,',m. Chem. Soc., !!.2, 570) 
(1967). 

76. J.E. Baldwin, J. Chern. Soc., Chem. Commun., 734 (1976) . 

77. J.E. Pike in 'Progress in the Chemistry of Organic Natu­
ral Products', Vol.XXVIII, Springer-Verlag, 1970, p.313. 

78. S.A. Godleski, P.v.R. Schleyer, E. Osawa, Y. Inamoto Q~d 

Y. Fujikura, J. Org. Chem., ~, 2596 (1976). 

79. VI. Ammann, F.J. Jaggi and C. Ganter, Helv. Chim. Acta 
63,2019 (1980). Sec also C.W. Doeckc and P.J. Garratt , -
Tetrahedron Lett., ~, 1051 (1981). 



II.l ABSTRACT 

CHAPTER II 

SYNTHESIS OF PEllTACYCLO 

[5.4.0.02 ,6.03,lO.04,8]UNDECANES: 

A NOVEL mISHOMOCUBANE SYSTEM 

A novel synthetic approach to the pentacyclo[5.4.0.02 ,6. 

03,lO.04,8]undecane system is delineated. The key step in the 

synthesis is the efficient intramolecular ~2s + ~2s photocyclo­

addition of triquinane based bis-enones 2d, ~, ~ and ~ to 

2-substituted pentacyclic diones ~-~. The precursor alky­

lated bis-enones 24, ~, ~ and ~ were obtained in a two step 

sequence, involving alkylative enone transposition, from the 

symmetrical bis-enone 1. 

The 2-substituted pentacyclic diones ~, ~ and ~ 

undergo facile acid catalysed reversal to the bis-enones ~, 

~ and ~ in high yield and under gentle, ambient conditions. 
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The efficient photocyclooddition of the triquinone system 

gg to the considerably -strained pentacyclic framework ~ and 

its mild reversal bocl: to ~, points to the potential of this 

system for the storage of solar energy. 

II.2 INTRODUCTION 

Molecular design and rearrangements of strained poly­

cyclic compounds have been areas of intense activity and sus­

tained fascination in recent years. l This high level of 

interest in the bridged carbocyclic systems emanated from 

a variety of considerations. For example, many carbocyclic 

systems possess interesting shapes and symmetries, remini­

scent of familiar objects in daily life (e.g., cube,2 prism,3 
4 -window, etc.) and constitute an enticing arena for the crea-

tivity of synthetic organic chemists. Some of these bridged 

cyclic systems arc also strained, and highly prone to a variety 

of carbonium ion, thermal, photochemical and transition metal 

catalysed rearrangements. 5 These rearrangements have often 

provided mechanistic inSight into many intriguing reactions, 

served as probes for investigating 'structure-activity' rcla­

tionships6 and helped to complement, contradict or confirm 

the existing theoretical predictions. More recently, strained 

polycyclic frames have attracted attention as the 'storehouse' 

for storage of solar energy in the form of energy rich chemical 

bonds. 7 
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Among the various types of small strained curbocyclcs, 

those belonging to the cubane 'cage' fumily are of special 

interest on several counts. Besides cubane (1), other members 

of this fumily having B to 11 curbon atoms are simply derived 

through insertion of one or more carbon atoms into uny of the 

bonds of the parent cubane (1). Some representutive examplesB,9 

of homologous cubanes (1-£) derived in this manner are displa­

yed in Chart 11.1. Many of these homocubanes have been synthe­

sised in recent years, duly churacterised and several facets 

of their chemical reactivity exPlored. 5,B,9 However, for many 

years until the dawn of sixties, investigation of these inte­

resting systems was hampered due to the formidable synthetic 

challenge associated with the construction of these molecules. 

Indeed, construction of multiple cyclobutane bonds in a poly­

cyclic frame was an odious task and a major impediment to the 

conquest of these molecules. But, with the advent and dis­

covery of facile intramolecular n2s + n2s photocycloadditions,lO 

a way was cleared for the rational and expeditious ucquisition 

of these caged, space-enclosing polycyclic systems. The pre­

parative euse and efficacy, as well as apparent generality 

of these intramolecular photocycloadditions did much to re­

kindle interest in this exciting arena. 

In the previous chupter of this thesiS, a facile intra­

molecular n2s + n2s photocycloaddition of Cll-bis-enone 1 to 

the pentacyclic dione ~, formally u trishomocubane system, 
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pHART II.1 '-

2 3 - -

6 -
, 

Nomenc1.,turc: 

d. Cubane: Pentacyc1o[4.2.0.o2 ,5.o3,8.o4,7]octane.8 

~. Homocubane: Pentacyc1o[4.3.0.o2,5.o3,8.04,7]nonane. 8 

~. l,3-Bishomocubane: 

~. l,l'-Bishomocubane: 
decane. 8 

PentacYC1o[5.3.0.02 ,5.03,9.o4,B]decanc . B 

Pcntacyc1o[4.4.0.o2 ,5.o3,B.o4,7] 
, , 

~. l,l,3-Tri shomocubane: Pentacyc1o[5.4.0.o2 ,6.o3,9.o5,B] 
undecane. 

S. D3-Trishomocubane: Pentacyc1o[6.3.0.o2 ,6.03,lO.o5,9] 
undecane. 9 
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has been described. Several other examples of intramolecular 

photocycloaddition of £!!, syn, £!!-triquinanes with identi­

cal disposition of olefinic bonds, e.g. ,2-.!Q, have been 

encountered in this laboratory.ll A natural extension of 

I • ---
H H o 0 

1 8 -

h.D 
I 

2. 

these observations was the possibility of generating new 

pentacyclic Cll-trishomocubanes through intramolecular photo­

cycloaddition of triquinane based olefinic precursors having 
. 

different disposition of double bonds in tho £!!, ~, £!!-
tricyclic frame. For example, relocation of double bonds 

(~3 and ~9) in all cis-triquinane frame as in l-~ (Scheme 11.1), 

on photolysis would lead to PllntacYClo[5.4.0.02 ,6.03,lO.o4,8] 

undecane (12). Similarly, further relocation (~3 and ~lO) of 

olefinic bonds to ~ and intramolecular photocyclaaddition 
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SCHEI·lE I I! 1 

I\)- 9 B 

5 - L~ ~ 11 --;) 

II 12 -

6 

4 _. 

H , 

13 -
provides possible access to pentacyclo[5.4.0.03 ,lO.05,9.08,11] 

undecane framework 11 (Scheme 11.1). 

The pentacyclic trishomocubanc systems+ 12 and ~ have 

+The ell derived pentacyclic systems constitute an interesting 
family. The number of possible pontilcyclic structures, 
elucidated by the structure gcnerating programme JAL-30~ is 
a mind bogling 15,358. However, by applying Schleyer approxi­
mations12 and eliminating structures with tetrabridged carbon 
atoms, the numbc!r of structures can be reduced to 482. Further 
rejection of structures containing interwined bridges, cyclo­
propane ,rings and more than one cyclobutane ring reduced the 
possible pontacyclic frames to a manageable 6. Among these, 

contd. 
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been largely elusive and only few, chance encounters are 

recorded in literature. In 1976, ~.,archand and cOVlorl:ers13 

considered a possible trishomocubane formulation 15 for the -
product of bromination of their novel hexocyclic hydrocarbon 

16 (Scheme II.2). However, unambiguous structural proof for -
a pentacyclo[5.4.0.02 ,6.03,lO.04,8]undecone frame VlOS not 

furnished. 

!,CHEME II • 2 

+ 

16 15 - -

only 4 (l-~) arc trishomocubanes. 

i - 11 - 111 -Nomenclature: 
i pentaCYClo[5.4.0.02 ,6.03,1O.05,9]undecane . 
1! Pentacyclo[5.4.0.02 ,5.03,lO.o4,8]undecane. 
iii pentacyclo[6.3.0.02,6.03,1O.05,9]undecane~. 
~. pentaCYClo[5.4.0.02 ,6.03,lO.04,8]undecane 1&. 

Br 

" Br 
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More recently, tricyclic bromide 17 obtained from til 

hexachlorocyclopentadiene-l,3-cyclohexadiene Diels-Alder 

adduct has been shown14 to give pcntacyclic bromide l§. T; ~~ 

novel transformation has been interpreted as proceeding thro:' Jh 

an intermediate 19 and involves a l,2-bromine migration (Cch~" ' _ 

11.3). The preliminary account of this work docs not provid~ 

any definitive proof for the structural assignment to ~ as 

a pentacyclic trishomocubane derivative. 

SCHEME II. 3 

CJ..J,Y-...J Br 

L 
• ::;.t Br I 

J 

II 

The pentacyclic system 11 to our knowledge remains 

unknown. It has many alluring structural features. The fore­

most being its potential to serve as the precursor of [4)-

SCHEME :n.4 

• C' )II 

4-Peristylano 



142 

peristylane as shown in Scheme 11.4. 

In view of the lack of availability of reliable and 

authentic methods to gain access to the trishomocubane sys­

tems 12 and 11, it was considered interesting to attempt syn­

thesis of theso novel ring systems employing the intramolecular 

~2s + ~2s photochemical cycloaddition as the key step as depic­

ted earlier in Scheme II.I. The immediate task was then to 

(lcquire all m-triquinane dienes with 63 , t1 and d, 610 

transannularly disposed double bonds. For the preparation 

of these triquinane derivatives, the symmetrical £!!, syn, 

~-bis-enone 1, available readily and in quantity, appeared 

to be the starting material of Choice. Transposition of 

either or both of the enone moieties in 1 was then expected 

to furnish the requisite trishomocubane precursors ~ and a! 

for the contemplated photochemical cycloaddition (Scheme 11.5). 

SCHE~lE II.5 

H H 0 H H 
0 

H , - '" , . 
\ • ~ • 

'. ~ . ~ 
H , R 

o 0 

7 20 21 - - -
In this chapter of the thesis, we describe the synthe­

sis of several derivatives of th~ singly transposed bis-enone 

system 20 and their ready and efficient photochemical cycli--
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sation to the novel pentacyclo[5.4.0.02 ,6.03,lO.o4,8)undecane 

system 1l. In addition, we also unravel an interesting acid 

catalysed rearrangement of the pentacyclic trishomocubane 

system 1l, bacl{ to its precursor triquinane derivative. This 

facile acid catalysed reversal of the photochemical c~'clo­

addi tion, in a strained molecular frameworl{, points to the 

possibility of utilizing this system for the storage of solar 

energy. 

II.3 RESULTS AND DISCUSSION 

As already ~entioned above, the first objective in the 

contemplated synthesis of trishomocubane systems 1l and ~ 

was the tr.msposition of the enone moieties in the .E:!, syn, 

ili .. bis-enone 1. TowardS this end, several methodologies 

were explored. However, all of them, including the usually 

reliable Ilharton raaction, 15 provad unsuccessful. Recourse 

was then taken to alkylative enone transposition strategy16 

as outlined in Scheme II.6. In this manner, it was sought 

to carry out the transposition of bis-enone 1 in a sequen­

tial manner, first to the single transposed bis-enone ~ and 

then to the fully transposed bis-enone~. At the outset, 

four different alkyl groups (methyl, allyl, phenyl and p­

methoxyphenyl) were chosen for the alkylative transposition 

reactions on 1. The results of the alkylative transposition 

of bis-enone 7 arc reported first. -
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SCHEME II.6 

f{ Ji 
; 

RMgX, \ 
H 

0 

PCC ~ 

...--{). 
o 

7 - 2 

R11gX 

0 H 

Po.:: 

~ y • yr' -H H 1'. 
R R R HO R 

23 -
Reaction of 1 with 1.2 molar excass of methylmagnesium io­

': :('e cnc'pyridinium chlorochromate (PeC) oxidation17 furnished 

the requisite methyl substituted, single transposed bis-enone 

~ in 3010 yield. On the other han~reaction of 7 with excess -
methylmagnasium iodide followed by PeC oxidation took a more 

complicated course. These reactions have been described in 

the first chapter and arc summarised here in Schema II.7 for 

the sake of continuity. 

Reaction of bis-enone 1 with 1.2 molar oxcess of allyl­

magnesium chloride furnished Q mixture containing sevaral 

products (TLC). Careful chromatography on silica gol resulted 
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l.CH,lofgI 
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2,PCC 

,CH,MgI(excBaa) 
,PCC 
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+ , , -H H 
0 0 

~ 26 --
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24 -

PH
3 C 

11 

/~::'C·!3 

+ ~ . \ 

it • 
fi 

CH
3 

0 

£1 

in the isolation of a crystalline compound, mp.114-50C, in 

2!'¢ yield, The compound Vias devoid of any carbonyl absorp­

tion in the IR spectrum but had a hydroxyl absorption at 

3370 cm-l and could be readily assigned structure ~ on the 

basis of its lH and l3C NMR spectral data (vide experimen­

~).18,19 The l3C NAR spectrum of~, besides the usual 

expected signals, exhibited tViO diagnostic quaternary carbon 
• • Singlets at 6 119.9 and 99,3 due to -D-y-DH and -y-D- typo 
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of functionalities, respectively. PCC oxidation17 of ~ led 

to the allyl substituted single transposed bis-enone 22 . 
• 

Ij H .-/MgCl H Ij Ii >. .. 
II 

• 

/ I 
PCC • • 

! 1.2mole /; . 
: H H , 
H H 

. 
H H I 

0 0 ~· ......... o/ "OH U 

7 28 29 - - -
rite lH NMR spectrum (Fig.II.l) of ~ hild in all six olefinic 

protons, but more significantly, only one dcshiclded proton 

on the ~ carbon of an a,~-unsaturated ketone at 6 7.40. In 

conformity Vii th this observa tion the 13 e Nj,IR spectrum (F ig. 

11.2) had a singlet at 6100.1 due to the alkyl substituted 

~ carbon of an a,~-unsaturated cyclopentenone. lfuile allyl 

substituted bis-enone 29 could be obtained in two steps :lfter 

isolation of the intermediate hemi-ketal all. folloY/ed by pee 
oxidation, for pr:lctical purposes the crude product of Grig­

nard reaction was directly oxidised with pee and chroma to­

grilphed on a silica gel column. In this Wily, 29 could be 

consistently obtained in yields of >2~ from bis-enone 1. 

In iln effort to prepare the fully transposed diallyl 

bis-enone ~, reaction of 1 with excess Grignard reagent Vias 

studied. Exposure of 1 to 6-8 fold excess of allylrnagnesium 

chloride in THF resulted in the formation of il very complex 

• 
\ 

• 
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o .IJ 

33 

m1xturo of products (TLC). Ho\Vovor, caroful column chromato­

graphy offoctod noat soparation of threo compounds 31, 32 and 

~ in 8, 33 and 2~ isolatod yiolds, respectively (Schemc 11.8). 

Structurcs to all tho threc products ~, 32 and 33 rost secured 

on tho basis of compclling ~ and l3C Nh~ data summarisod in 

the expcr1mcntal soction. Thc spectral parameters for all 

threo compounds indicated incorporation of two allyl rosiduos 

1n oach caso and 31, ~ were conspicuous by the symmetry ole­

monts (9 line l3C Nh~ spoctra) present in thorn. Structure of 
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~ was further fortified by its oxidation with PCC17 to the 

en~-dione 34. The transposed enone 34 exhibited both satura--
ted (IR: 1730 cm-l , l3C NW~: 6218.1) and a,~-unsaturated (IR: 

• 

1700 cm-1 , l3C NI.n: 6210.7) carbonyl absorptions besides the 

characteristic p-carbon singlet of the enone moiety at 6181 . 3 

in the l3C NMR spectrum. 

H 

"'- . . ,,-

" ") I PCC • 

It was particularly gratifying to have encountered 

the symmetrical bis-tertiary diol ~ in the excess Grignard 

reaction, for this was the anticipated precursor of the 

doubly transposed bis-enone~. However, the elation at 

being in possession of ~ turned out to be short lived,as 

it simply dehydrated to the stable tetracyclic ether~, on 

( 17 being contacted with any oxidising agent e.g., PeC, Jones 

reagent,20 PDC,21 etc.). The 5-oxatetraquinane ~ itself 

proved to be a stubborn customer, not amenable to either oxi­

dation or cleavage with a wide variety of reagents. 

Reaction of the bis-enone 1 with phenylmagnesium 

bromide (1.2 molar excess) and chromatography of the resulting 
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mixture led to isolation of hemi-ketal ~, mp.134-350C. 

Structure of ~ follows from tha lack of carbonyl absorption 

in the 1R spectrum, presence of hydroxyl absorption at 3410 

cm-l and the characteristic carbon resonances at 6l2O.5(s) 
13 , 

and loo.3(s) in the C NMR spectrum ascribable to -O-y-Oll 

and -6-0- type of functionalities. FCC oxidation17 of ~ , 
yielded the desired single transposed bis-enone ~, mp.111-2o: . 

o 

7 -

H 

\ 1.2mole 
PhMgBr • 

.(" 
o 

PCC • 

The ~ NI.\R spectrum (Fig.II.3) and l3C NMR spectrum (Fig.II.t,) 

fully accounted for the structural features present in ~. 

For practical purposes, the transposed bis-enone ~ was direc­

tly prepared fron 1, in two steps, without isolation of the 

intermediate hemi-ketal~. The yield of ~ was not very 

heartening from the preparative angle but it could be consis­

tently obtained, quite conveniently, in 20-25/ yield from 1. 

Once again, in a vain bid for the elusive, fully trans­

posed bis-enone ~, reaction of 1 with large excess of phenyl­

magnesium bromide was studied. The outcome of the reaction 

is shown in Scheme 11.9 and is very much reminiscent of the 
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0 ~ f! 0 1.PhMgBr . 
(excess) 

X 
~ 2.PCC 

o .. ~ 
+ 

39 -
response of 1 to excess methylmagnesium iodide and allylmag·· 

nesium chloride (vide supra). A 1: 5 mixture of diphenylated 

products 38 and ~ was realised. Structure of .38 followed 

from its symmetry, ~ and l3C M~R data and was found to be 

identical with an authentic sample available in our labo­

ratory.+ The hemi-ketal 39, mp.137-8oC, produced from 1,2 

and 1,4-Grignard additions to the tv~ enone moieties, was 

recognised from its spectral data and further through its 
---------------------+ See, footnote on next page. 
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transformation to diphenylated enone 40, mp.128-90 C, via 

PCC oxidation. 17 

Finally, reaction of bis-enone 1 with p-methoxyphe­

nylmagnesium bromide was investigated. Reaction of 1, even 

with controlled quantities of Grignard reagent, gave a highly 

polar, intractable product mixture. Careful chromatography 

yielded the hemi-ketal ~ in poor yield. PCC oxidation17 of 

~ furnished the required single transposed bis-enone ~, 

--------------------
5-O xatetraquinane ~ was readily available from the thermo­

lysis of the diphenyl oxa-birdcage compound! (prepared by 
Mangalam S. Nair).ll 

• 
Ph 

i 
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OCH3 

42 -
mp.134-50C and its structure followed from the analysis of 

its 1rI N:,.R (Fig.II.5) and l3C Nl.!R (Fig.II.6) spectral data. 

In spite of several experimental manipulations, employing 

different temperature and concentration regimes, the requi­

site p-methoxyphenylated bis-enone ~ could only be obtained 

in lamentably poor yield of Nl~;'. 

Having obtained all the four desired single transposed 

bis-enones 24, ~~, ~-and ~, the stage was set for the study 

of their intramolecular photocycloaddition to the projected 

trishomocubane system. As expected, photolysis of all the 

four bis-enones proved to be facile and efficient. Exposure 

of an ethyl acetate solution of ~, ~, ~ and ~ to irradia­

tion from either a 450 IV Hanovia UV lamp or Sunglight, through 

pyrex filter, resulted in their rapid depletion and emergence 

of a new spot on the TLC plate. The photolysis, in each case, 

was complete within 1 hr (see Table 11.1) and high, nearly 
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-....:.!.~-. o 
/ 0 

47 -
43. - R = methyl 

~. n - allyl 

~. R - phenyl 

.1§. R = p-methoxyphenyl 

quantitative yields of the photolysed products ~-46 could 

be realised. Photolysis in Sunlight, quite expectedly, 

required longer reaction times. 

The preparatively efficient photolysis of bis-enones 

~, 29, ~ and ~ to pentacyclic compounds ~-~ also exhibi­

ted high quantum efficiency. The quantum yields in the four 
22 cases, measured employing potassium ferrioxalatc actinometry 

were 0.80,0.82,0.92 and 0.48, respectively (Table 11.1). 

The quantum yields were measured at 360 nm employing corning 

7-60 filter (see, experimental section) . 

The structures of the pentacyclic diones ~A9 follow 

from complementary, unambiguous and overwhelming spectral 

evidence. To start with, the broad enone absorption around 

1700 cm-l in the starting bis-enoncs was noVi replaced by two 
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TABLE ILl -
Quantum yields and other data related to the photolysis of 
bis-enones 24, 29, 36 and 42. - - - -
--------------------------------------.-----------------.--~-

UV spectrum Irradiation 

Sub- >,MeOH nm(£) using UV lampu 
strate max -------------­

Time Yield;!. 

24 223~14,900) 20 • 97 mJ.n -- 315 140) 

29 222~15,350) 20 min 100 -- 328 100) 

36 220~15,500~ 15 min 100 -- 296 17,500 

42 222~15,500~ 45 min 90 -- 325 22,200 

Irradiation 
in sunlightb Quanturr 

. Yieldc 
Time Y ie Id;!. 

2 hr 95 0.80 

2 hr 97 0.82 

2 hr 94 0.92 

3 hr 85 0.48 

a. Irradiation was carried out in ethyl acetate (4-5 mmole) 
using a 450 Ii Hanovia medium pressure mercury vapor lanp 
in a quartz immersion vessel using a pyrex filter. 

b. Irradiation was carried out in ethyl acetate (6-8 mmolc) 
in a pyrex flask. 

c. Quantum yield Vias determined using standard potassium 
22 ferrioxalate actinometry method. 
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discrete absorptions in the carbonyl region at 1735 and 

1760 cm-l in the photolysed products. The tvro carbonyl 

groups in 43-46 are parts of bicyclo[2.2.l]heptan-7-one and 

bicyclo[3.2.l]octan-8-one substructure present in them23 ,24 

and therefore the two carbonyl vibrations in the IR spectra 

are in the appropriate and expected range. The 1rt NMR spectra 

of ~~~ were transparent in the olefinic proton region 

(except the olefinic and aromatic protons of substituents) 

and only exhibited overlapping multiplets in the region of 

62.0-3.5. The 1rt NMR spectrum (Fig.II.7) of the methyl sub­

stituted compound ~, however, reaffirmed the predicted course 

of the photolysis, as the methyl group now resonated as a 

sharp singlet at 61.1. The l3C NMR spectra of ~-~ are 

displayed in Figs.II.8-II.ll. Each compound exhibited two 

distinct l3C resonances due to the two saturated carbonyl 

groups (C5 and Cll) and was devoid of olefinic carbon signals 

except those of substituents (allyl and aromatic). Further­

more, the signal due to the quaternary carbon (C2) bearing 

the substituent was distinctive and readily identifiable. 

An interesting reaction, which not only placed the 

structures of penta cyclic trishomocubanes ~-~ beyond the 

realm of ambiguity but also opened new and exciting prospects 

for their meaningful utilisation in another arena, was now 

encountered . Exposure of the p-methoxyphenyl substituted 

pentacyclic dione ~ to catalytic amounts of p-toluenesul-
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o H ., r 
o • • h.v 

46 -
OCH

3 42 -
phonic acid in benzene solution at room temperature (30oC) 

resulted in its rearrangement to the bis-enone ~ within 2 hr 

and in near quantitative yield. The use of BF3-etherate as 

the catalyst was much better and 46 reverted to ~, almost 

instantly, at room temperature and in quantitative yield. 

Other protic acids could also be employed but they were less 

efficient and required longer reaction times. For example, 

i~~~ rearrangement required nearly 30 min in trifluoro­

acetic acid. 

Ij H 
0 H+ 

, F 

0 • • 1,.<) 

R 0 
43. R = methyl ll. R = methyl 

.45. R = phenyl ~. R = phenyl 
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In a similar manner, the phenyl and methyl substituted 

diones ~ and ~ also r~verted to the precursor bis-enones ~ 

and~, resp~ctively, but the reaction in case of methyl sub­

stituted pentacyclic dion~ ~, was less efficient and a regre­

ssion in r~activity in going from p-methoxyphenyl, phenyl to 

methyl was conspicuously discernible (Table 11.2). 

Two mechanistic proposals for this facile acid cata­

lysed rearrangement of 2-substituted penta cyclic diones to 

triquinane based bis-enones merit attention and are shown in 

SCHEME II.10 

'a' 

/ 
~ R \ 

0 
H Ji 

::.-:: 

::::::.." ~ +H 
0 

It ,} , a' 0 R 
I b' 

£\.- 22 / 0 
, b' 

H-
~, 

R = n-cthyl or phenyl or p-methoxyphenyl 
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TABLE II.2 

Acid catalysed rearrangement of 2-substituted pentacyclo 
2631048' • [5.4.0.0 ' .0' .0' )undeca-5,1l-diones (47) to ll-substi-

tuted tricyclo[6.3.0.02,6)undeca-4,lO-dien-~9-diones (~). 

p-Toluenesulphonic Boron trifluoride 
Substrate etherateb Product 

Time/Temp Yieldv. Time/Temp Yieldv. 

20 65 24 -
100 36 -
100 

a. 0.2 hi equivalent of acid in either benzene or toluene 
was used. 

b. 0.5 M solution of BF3-Et20 in benzene VIas used (4-5 mole 
equivalent). 
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Scheme 11.10. The two mechanisms differ in the site of initial 

protonation of the carbonyl group (C5 ~ Cll) and in the tempo·· 

ral sequence for the cleavage of Cl -C7 and C2-C6 bonds. Among 

the two mechanisms, the path 'a' is favoured at the moment, on 

following grounds. It would be reasonable to expect preferen­

tial protonation of the more strained C5-carbonyl group (7-

lcetonorbornane type) as compared to the Cll-carbonyl group. 

Rate determining cleavage of C2-C6 bond in protonated ~ would 

furnish the stabilised tertiary carbonium ion ~; which on 

charge neutralisation with concomitant Cl -C7 cleavage provides 

the triquinane derivative~. The profound effect of the 

carbonium ion stabilising substituents on the rate of ~ ~ 

~ rearrangement is fully consonant with this mechanistic 

deduction. 

The extremely mild and efficient acid catalysed iS01;!Clri­

sation of ~ to ~ indicated that the system ~ =~ may be 

a potential candidate for the reversible storage of solar 

energy.7 At the first sight, the various responses and attri­

butes of 47;:::::! 22 system acquiesces well Vii th the stringent 

norms for the reversible storage of light energy. For example, 
• 

there is large, positive ground state enthalpy difference 

between 47 and 22 (Table 11.3 gives data for parent systems - -
~ and ~ obtained from molecular mechanics calculation).12,25 

The quantum efficiency for the ~=~ is good, approaching 

unity in some cases (Table 11.1) and the photoreaction can be 
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Table II.3 

Calculated heats of formation of tricYClo[6.3.0.02 ,6]undecane 
~ and pentacyclo[5.4.0.02,6.03,l0.04,8]undecane lao 

-
QV cSD c::. 

c::.H~ of ,!g 6H~ of .12 LjH~ of 12-49 

(KCa1/mo1e)12 (KCa1/mo1e) 25 (KCal/mole) 

- - - ---
Engler Allinger Engler Allinger Engler Allinger 

" 

23.88 26.58 -23.24 -19.28 47.12 45.86 

carried out over a broad wavelength region . Lastly, the 

energy rich photoproduct ~ has good Kinetic stability and 

can be catalytically reversed at room temperature and in high 

yield. However, these are only preliminary indications and 

at best provide incentive for further detailed exploration 

in this arena of much contemporary interest. 

In conclusion, we have delineated the first authentic 

entry into the pentaCYClo[5.4.0.02 ,6.03,lO.04,8]undecane 

system ~ a photochemical ~2s + r.2s cycloaddition and des­

cribed the syntheses of several 2-substituted derivatives 

of this ring system. The presence of carbonyl functionality 

at C
5 

and C
ll 

provide opportunities for the preparation of 

several derivatives of this ring system through routine 
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functional group manipulations. The p~ntacyclic diones ~, 

~ and ~ readily undorgo acid catalysed r~versal to their 

tricyclic precursors. The mild reversal points to the possible 

role and potential of this ring syst~m in storag~ of solar 

energy. 

11.4 EXPERIMENTAL 

For a general write-up on the experimental section, see 

Chapter 1. 4. 

ll-Allyl tricyclo[6.3.0.02 , ~lundeca-4,lO-dien-3! 9-dione (3.9) : 

To a magnetically stirred suspension of magnesium (365 r,:g, 

0.015 g atom) in 5 ml of dry ether was added dropwise a solu­

tion of allyl chloride (2.8 g, 36 mmoles) in 5 ml of dry ether. 

The mixture was stirr~d at room temperature until all the 

magnesium had dissolved. The allylmagnesium chloride was 

syringed out and injected sloV/ly into a magnetically stirred 

solution of the bis-enone 7 (2 g, 11.5 mmoles) in 20 ml of -
dry THF. The reaction mixture was stirred for 20 min at room 

temperature, quenched by careful addition of saturated NH4Cl 

solution and extracted with ether (50 ml x 2). The ether 

extract was washed and dried. Evaporation of the solvent 

furnished 1.4 g of the crude material containing approximately 

~;. of th~ hemi-ketal 28. An analytical sample of the hemi-ketal 

was prepared by filtering th~ crude hemi-ketal through a silica 
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gel column with liJ/ ethyl acetate-benzene. Cry~tallisation 

from pet ether furnished the colourles~ needles of the hemi­

ketal ~, mp.114-50C. , 

IR spectrum (Kllr) , 1)mex: 3370 (hydroxyl), 1640 cnc 

1625 cm-l (olefinic) 

lJi Nl,lR spectrur:l (100 MHz, CDC13): 64.8-6.04(7H,cor:lple:; 

m,olefinic), 3.74(lH,s,-oH), 2.6-3.4(4H,m,bridgehead CH). 2.5 

(2H,dd,Jl =7Hz,J2=1.5Hz,allylic CH2), 1.76(2H,m,CH2)· 

13C NMR spectrum (25.0 MHz, CDC13): 6138.8(d), 137.5 

(d), 133.9(d) and 133.3(d,2c), olefinic C's, 119.9(s,>C<g~), 

l17.7(t,C~2)' 99.3(s,-CH2-£-o-), 59.8(d), 55.4(d), 51.6(6) 

and 5O.3(d), bridgehcad C's, 43.9(t,allylic C~), 34.3(t,CH?). 

The above crude hemi-ketal ~ (1.4 g) was taken in 5 ml 

of dichloromethane and added to a magnetically stirred susr0n­

sion of pyridinium chlorochromate (2 g, 9.2 mmoles)17 in e nl 

of dichloromethane. The heterogeneous reaction mixture VIas 

stirred vigorously for 7 hr at room temperature. The reaction 

mixture was filtered through a silica gcl (10 g) column with 

large volume of dichloromethane. Evaporation of the solvent 

furnished 615 mg (25/. overall in two steps) of the single 

transposed bis-enone~, and was crystallised from pet ether, 

mp.68oC. 

UV spectrum, ~~~H: ,222 (E _ 15,350), 328 run (E _ 100). 
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IR spectrum (KBr) , II : 1705 and 1685 (carbonyl), max 
1645, 1615 and 1590 cm-l (olefinic). 

IH NMR spectrum (100 MHz, CDCl3 , Fig.IL1): 07.48(lH, 
, , 

dd,J l =6Hz,J2=3Hz,-Cli=CH-C=O), 5.S4(lH,d,J=6Hz,-CH=Cli-C=O), 
, I 

5.68(lH,s,-CH2-C=Cli-C=O), 5.4-6.06(lH,m,-Cli=CH2), 5.2(lH,d, 

J=5Hz), and 5.07(lH,s), -CH=C~2' 2.8-3.8(6H,m,bridgehead CH 

and allylic CH2) , 2.3(lH,d with st,J=14Hz,H7endq), 2.03(lH,td, 

J l =14Hz,J2=10Hz,H7exo). 

l3C NMR spectrum (25.0 MHz, CDCl3 , Fig.II.2): 0209.7 

> ' I (s) and 209.0(5), C=O, lBO.l(s,-CH2-£=CH-C=O), 168.2(d, 
I I 

~H=CH-C=O), l33.5(d,-CH~H-C=O), l33.0(d,-£H=CH2), 128.5(d, 
I I 

-CH2-C~H-C=O), 118.l(t,C~H2)' 56.8(d), 51.S(d), 51.2(d) and 

5O.8(d), bridgehead C's, 3B.3(t,allylic CH2), 27.S(t,CH2). 

Analysis for C14H1402 Calcd: C,78.48; H,6.59. 

Found: C,78.27; H,6.S . 

~eaction of tricyclo[6.3.0.02 ,6]undeca-4,9-diene-3,11-dione(1) 
with excess allylmagnesium chloride: 

To a magnetically stirred suspension of magnesium (730 

mg, 0.03 9 atom) in 10 ml of dry ether was added dropwise a 

solution of allyl chloride (3 g, 39.2 mmoles) in 5 ml of dry 

ether. The mixture was stirred at room temperature until 

all the magnesium had dissolved. To this solution of allyl­

magnesium chloride was added a solution of bis-enone 1 (1 g . 

5.75 mmoles) in 6 ml of THF over a period of 15 min. The 
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reaction mixture was stirred vigorously at room temperature 

for 30 min, quenched by careful adc:ition of saturated NH4Cl 

solution and extracted with ether (25 ml x 3). The ether 

extract was washed and dried. Evaporation of the solvent 

furnished 1.1 g of crude material which Vias charged on a silica 

gel (25 g) column and chromatographed. Elution with benzen~ 

furnished 100 mg (~;.) of 4,6-diallyl 5-oxatetracyclo[7.2.l. 

04 ,11.0 6 ,10] dodeca-2, 7-diene (3l) and Vias bulb to bulb 

distilled (150oe/0.6 mm). 

IR spectrum (neat), ~max: 1642, 910 cm-l (olefinic). 

lH NI.oR spectrum (100 MHz, eOC13): 04. 7-6.l{ 10H ,m, ole­

finic), 3.06{4H,brs,bridgehead eH), 2.24{4H,d with st,J=6Hz, 

allylic eH2) , 1.8(2H,brs,H12)· 

l3e w.n spectrum (~5.0 MHz, crX::l3): 0137.2, 134.9, 

134.5, 117.1, 99.0, 57.4, 51.4, 44.0, 34.2. Assignments and 

multiplicities are displayed on the structure shown below 

34.2{t) 

57.4(d) 1 51.4(d) 

""," I .-134.9(d) 

_134.5(d) 

o I ~ .... , -117.1(t) 

() i "-- 137.2 (d) 
99.0 " 

44.0 (t) 
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Analysis for C17H2Q0 Calcd: C,B4.96; H,8.39. 

Found: C,84.80; H,8.l5. 

Careful elution of the column with ~;. ethyl acetate­

benzene furnished 500 mg (3~j.) of 3,11-diallyl tricyclo[6.3. 

0.02,6]undeca-4,9-dien-3,1l-diOl (~) which Vias crystallised 

from pet ether, mp.70-loC. 

In spectrum (Kar), l.~max: 3200, 1640, 905 cm-l (olefinic). 

lH NlllR spactrum (100 MHz, CDC13): 65.6-6.l(2H,m,-C!:!= 

CH2), 5.84(2H,dd,Jl=6Hz,J2=2.5Hz,-C~=CH-), 5.58(2H,dd,Jl = 

6Hz,J2 2Hz,-CH=C~-), 5.l5(~~,d,J=4Hz) and 5.02(2H,s), C=Ctl2, 

3.96(2H,s,-o~), 2.0-3.4(9H,m,ring CH), 1.24(lH,td,Jl =12Hz, 

J2-9Hz ,H7llQ) • 

l3C NIIJ\ spectrum (25.0 Il.Hz, CDC13): 6136.1, 135.6, 

134.6, 117.6, 84.3, 54.3, 53.9, 46.6, 39.3. Assignments and 

multiplicities arc displayed on the structure shown below. 

'9.' (t) 1 5,.9(d) 

j .,.--1'4.6(d) 

/ ~135.6(d) 

l 84.'(11) 
OR ;n0 117.6(t) 

54.,(d) r \ 
46.6(t) 1,6.1 Cd) 

:& 
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AnalYSis for C17H2202 Calcd: C,79.03; H,8.58. 

Found: C,79.56; H,8.65. 

Further elution of the column with the sarna solvent 

furnished 370 mg (25";') of the hcmi-ketal,4,8-diallyl 5-oxa·· 

tetracyclo[7.2.l.04 ,11.06,10]dodac_2_en_6_o1 (~) and was 

bulb to bulb distilled (160oC/0.6 mm). 

IR spectrum (neat), »max: 3400, 1640 and 915 cm-l 

(olefinic). 

~ NI,IR spectrum (100 MHz, CDC13): 65.2-6.0(2H ,m ,-C!:!= 

CH2) , 5.64(lH,d,J=5Hz,-C!:!=CH-), 5.42(lH,d,J=5Hz,-CH~-), 

4.6-5.2(4H,m,C=C~) ,4.4(lH,s,-DH), 3.l(3H,brs,bridgahead CIl), 

2.5(lH,d,J=7Hz), 1.0-2.2(OH,m), 0.84(lH,m). 

13C NI.!R spectrum (25.0 MHz, CDC13): 6l37.9(d,-£H:f:.I-) , 

l36.9(d,-£H=CH2), l34.4(d,-cH=£H-), 133.2(d,-£H=CH2), 117.0 

(s,)C<g~), 116.7(t,C=,gH2), 114.8(t,C=fH2), 102.0(s,CH2-,g-D··), 

6l.6(d), 55.6(d), 53.3(d) and 5l.9(d), bridgehead C's, 45.9 

(C7) , 44.1(t,allylic CH2), 42.8(d,C9), 38.3(t,allylic CH2), 

34.6(t,C12) • 

Analysis for Cl1H2202 Calcd: C,79.03; H,8.58. 

Found: C,79.l6; H,8.07. 

~,ll-Diallyl triCYClo[6.~.o.02,6]undec-lo-en-~.,9-dione(~): 

To a magnetically stirred suspension of pyridiniu!1 

chlorochromate (400 mg, 1.86 mmolcs)17 in 10 'ml of dichloro-



178 

methane was added the hemi-ketal ~ (200 mg, 0.75 mmole) in 

5 ml of dichloromethane. The heterogeneous reaction mixture 

was stirred vigorously for 4 hr at room temperature and fil­

tered through a short silica gel (10 g) column. Evaporation 

of the solvent furnished 160 mg (~;.) of the en-dione ~ as 

an oil, which was bulb to bulb distilled (1600C/l mm). The 

distilled material solidified on refrigeration. 

IR spectrum (neat), ~)max: 1730 (cyclopentanone), 

1700 and 1610 (cyclopentenone), 1640 cm-l (olefinic). 

lH NMR spectrum (100 j,iHz, CDC13): 65.5-6.2(3H,m,ole·· 

finic), 4.85-5.45(4H,m,C=Cli2), 1.6-3.8(13H,m). 

13C Nh,R spectrum (25.0 MHz, CDC13): 62l8.l(s,cyclo-
, , 

pentanone), 2l0.7(s,cyclopentenonc), l81.3(s,CH2-£=CH-C=O), 
I , 

l35.8(d,-£H=CH2), l33.3(d,-£H=CH2), l29.6(d,CH2-C~H-C=O), 

118.2(t,C~H2)' 116.9(t,C=£H2), 54.3(d), 53.9(d) I 52.0(d) 

and 5l.5(d), bridgehead C's, 43.6( t,C4) , 39.5( t,allylic C1I2) , 

38.2(d,C5), 37.8(t,allylic CH2) , 31.1(t,C7). 

Analysis for C17H2002 Calcd: C,79.65; H,7.86. 

Found: C,79.66; H,8.16. 

~eaction of ~,ll-diallyl tric~10[6.3.0.02,6]undeca-4,9-dien-
3,ll-diol(~) with PCC: 

To a magnetically stirred suspension of pyridinium 

chlorochromate (430 mg, 2 mmole)17 in 10 ml of dichloromethune 
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was added a solution of the diol l2 (260 mg, 1 mmole) in 5 ml 

of dichloromethane. The heterogeneous reaction mixture VIas 

stirred vigorously for 2 hr and filtered through a short 

silica gel (5 g) column. Evaporation of the solvent furnishod 

200 mg (841-) of 4,6-diallyl 5-oxatetracyclo[7.2.1.04 ,11.06,10] 

dodeca-2,7-diene (ill), which VIas identified by comparison (TLC, 

IR spectrum) with the sample obtained earlier. 

Il-P~enyl triCYClo[6.3.0.02,6]undeca-4!lO-dien-3,9-diono(l~: 

To a magnetically stirred suspension of magnesium (365 

mg, 0.015 g atom) in 15 ml of dry other was added dropwise a 

solL·tion of bromobenzene (2.35 g, 15 nunoles) in 7 ml of dry 

ether. The mixture was stirred at room temperature until all 

the magnesium had dissolved. The phenylmagnesium bromide was 

syringed out nnd injected slowly into a magnetically stirred 

solution of the bis-enone 1 (2 g, 11.5 nunoles) in 20 ml of 

dry THF. The reaction mixture was stirred vigorously at room 

temperature for 20 min and quenched by careful addition of 

saturated NH4Cl solution. The organic layer was separated 

and the aqueous layer was extracted with dichloromethane 

(50 ml x 2). The combined organic extract was washed and 

dried. Evnporation of the solvent furnished 3.2 g of crude 

mnterial containing approximately 2~;' of the hemi-ketal ~. 

An analytical sample of the hemi-ketal was prepared by fil­

tering the crude hemi-ketal through a silica gel column with 

10;' ethyl acetate-benzene, followed by crystallisation from 
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dichloromethane-hexane, mp.134-50C. 

IR spectrum 

(olefinic) • 

(KBr), l) : 3410 (hydroxyl), 1625 cm-l 
max 

~ N/.iR spectrum (100 MHz, CDC13): o6.75-7.5(5H,m,aro­

matic), 5.6(2H,m), 5.34(lH,d,J=6Hz) and 5.2(lH,d,J=6Hz) 

(olefinic), 4.02(lH,s,-Otl), 2.75-3.5(4H,m,bridgehead CH), 

1.74(2H,brs,CH2)· 

13C NMR spectrum (25.0 MHz, CDC13): o145.3(aromatic), 

13B.B, 137.6, 134.0 and 133.3 (olefinic), 12B.0(2C), 126.6 

and 124.7(2C), aromatic, l20.5(>C<gl~), lOO.3(Ph-£-O-), 60.7, 

59.B, 51.B and 50.3, oric!gehl.!ad C's, 34.1(CH2). 

Analysis for Cl~1602 Calcd: C,80.93; H,6.39. 

Found: C,Bl.64; H,6.54. 

The crude hemi-ketal 12 (3.2 g) was taken in 15 ml of 

dichloromethane and added to a magnetically stirred suspension 

of pyridinium chlorochromate (3 g, 14 mmoles)17 in 10 ml of 

dichloromethane. The heterogeneous reaction mixture was 

stirred vigorously for 7 hr at room temperature and filtered 

through a silica gel (10 g) column. The crude product (1.2 g) 

obtained was recharged on a silica gel (20 g) column and 

chromatographed. Elution with 20/ ethyl acetate-benzene 

furnished 650 mg (22.5/.) of the single transposed bis-enone 

~, which was crystallised from carbon tetrachloride, mp. 

111-20 C. 
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W spectrum, ~~:~H: 296 (c =17,500),220 nm (c = 

15,500) • 

In spectrum (CH2C12),:v : 1705 (carbonyl), 1602, max 
1595 and 1575 cm-l (olefinic). 

lH Nl.1R spectrum (100 MHz, CDC13 , Fig.II.3): 67.7(lH, 
. I 

dd,Jl =6Hz,J2=3Hz,-l:!C=CH-G=O), 7.3-7.8(~H,m,aromatic), 6.31 
I I I 

(lH,s,Ph-G=Ctl-G=O), 5.79(lH,dd,Jl =6Hz,J2=2.5Hz,-GH=Ctl-C=O), 

4.l6(lH,dd,Jl =11Hz,J2=7Hz,Hl ), 3.52(lH,m) and 2.9-3.3(2H,m), 

bridgehead CH, 2.42(lH,tAB,J-14Hz,H7endo), 2.1(lH,td,Jl = 

14Hz ,J2=lOHz ,Hr9xo) . 

l3C Nj"R spectrum (25.0 !.1Hz, CDC13 , Fig.II.4): 6209.0 
I I 

(s,C3), 206.9(s,C9), l72.9(s,Ph~=CH-G=O), l67.2(d,-£H=CH-
I I I 

C=O), l33.5{s,arom~tic), l33.0(d,-GH=£H-C=O), l30.5{d,Ph-C= 
I 

fH-C=O), l27.9{d,2C), l27.3(d,2C) and l24.6{d), aromatic, 

56.3(d), 5l.4{d), 5O.7(d) and 47.9(d), bridgehead C's,. 27.4 

(t,CH2) • 

Analysis for Cl,H1402 Calcd: C,8l.58; H,5.64. 

Found: C,8l.14; H,5.72. 

,!!,eaction of tricyclo[ 6. 3.0.0
2

, 6] undec~-4,.9-dien-3, ll-dione(l) 
with ~xcess phenylmagncsium bromide: 

To a magnetically stirred suspension of magnesium (375 

mg, 0.015 g atom) in 15 ml of dry ether was addec! dropwise a 

solution of bromobenzenc (2.4 g, 15.5 mmoles) in 5 ml of dry 
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ether. The reaction mixture was stirred until all the mag­

nesium had dissolved. To this phenylmagnesium bromide solu·· 

tion Vias added a solution of bis-enone 1 (522 mg, 3 mmoles) 

in 10 ml of dry THF over a period of 15 min. The reaction 

mixture was stirred vigorously for 20 min at room t~mper~tur~ 

and quenched by careful addition of saturated NH4Cl solution. 

The organic layer v.as separated and the aqueous layer was 

extracted with dichloromethane (25 ml x 3). The combined 

organic extract was washed and dried. Evaporation of the 

solvent furnished 1.5 g of crude material which was charged 

on a silica gel (25 g) column and chromatographed. Elution 

with benzene afforded 100 mg (111-) of 4,6-diphenyl-5-oxa­

tetraCYClo[7.2 . 1.04 ,11.06,10]dodeca-2,7-diene (~), which 

was crystallised from pet ether, mp.145-60 C. 

IR spectrum (CC14), 2)max: 1600 cm-l (aromatic). 

IH NMR spectrum (100 MHz, CDC13): 67.0-7. 6( 10H ,m, 

aromatic), 5.7, 5.42(4H,AB quartet,J=5Hz,-HC=CH-), 3.0-3.48 

(4H,m,bridgehead CH), 1.86(2H,brs,CH2). 

13C NI.\R spectrum (25.0 101Hz, CDC13): 6146.1, 137.5, 

135.8, 128.0, 126.6, 124.9, 100.8, 62.9, 51.9, 33.9. 

ASSignments and multiplicities are displayed on the structure 

shown below. 
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Analysis for C23H2Q0 Calcd: C,88.43; H,6.45. 

Found: C,88.22; H,6.39. 

Further elution of the column with ~;. ethyl acetate­

benzene furnished 450 mg (5O.~;') of the hemi-ketal, 4,8-di­

phenyl-5-oxatetracyclo[7.2.1.04 ,ll.06,lO]dodec-2-en-6-01 (~), 

which was crystallised from dichloromethane-pet ether, mp. 

l37-80C. 

IR spectrum (KBr) , l)max: 3400 cm-l (hydroxyl). 

lH Nl • .R spectrum (100 MHz, CDC13): 67.0-7.6(10H,m,aro­

matic), 5.93, 5.69(2H,ABquartet,J=6Hz,-CH=CH-), 4.73(lH,s, 

-DH), 3.30(4H,m,bridgehead CH), 1.9-2.7(3H,m), 1.66(2H,brs, -

13C NMR spectrum (25.0 MHz, CDC13): 6145.9, 142.8, 

138.7, 134.3, 128.2(2C), l27.9(2C), 127 •• I(2C), 126.5, 126.0, 

125.2(2C), 117.7, 103.8, 62.1, 61.6, 54.6, 53.6,48.6,47.6, 

33.8. Assignments and multiplicities are displayed on 
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structure shown below. 

5,ll-Diphenyl tricyclo[6.3.0.02,6]~ndec-IO-en-3,9-dione(~); 

To a magnetically stirred suspension of pyridinium 

chlorochromate (215 mg, 1 mmole)17 in 5 ml of dichloromethane 

was added a solution of the hemi-ketal 39 (220 mg, 0.66 mmole) 

in 2 ml of dichloromethane. The heterogeneous reaction mix-­

ture was stirred vigorously at room temperature for 4 nr and 

filtered through a short silica gel (5 g) column. Evapora­

tion of the solvent furnished 190 mg (85;1.) of the transposed 

enone ~, which was crystallised from dichloromethane-pet 

ether, mp.128-9 0 C. 

uv spectrum, ),~:~H: 292 nm (£ = 15,250). 

IR spectrum (KBr), 1)max: 1740 (cyclopentanone), 1680 

(cyclopentenone), 1570 and 1590 cm-l (olefinic). 
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~ NMR spectrum (100 IfJ-lz, CDC13): 67.0-7 .8( 10H,m,aro­

matic), 6.48(lH,d,J=lHz,olefinic), 4.26(lH,dd,Jl =11Hz,J2=6Hz, 

Hl ), 2.7-3.35(4H,m,bridgehead CH and benzylic CH), 2.0-2.5 

(4H,m,CH2)· 

l3C Nl,1R spectrum (25.0 MHz, CDC13): 62l5.3(s,cyclo-

) 
, , 

pentanone , 210. 6( s, cyclopentenone) r 175.0( s ,Ph-G=CH-C=O) , -, , 
131.2(d,Ph-G~H-G=O), 142.6(5), 133.5(s), 128.5(d,2C), 128.3 

(d,2C), l27.4(d,2C), l27.2(d), 126.0(d,2C) and 126.6(d),aro­

matic C's, 55.2(d), 54.8(d), 54.1(d) and 48.9(d), bridgeread 

C's, 45.3(t,C4), 45.l(d,benzylic), 3D.5(t,C7). 

Analysis for C23H2002 Calcd: C,84.l2; H,6.l4. 

Found: C,83.78; H,6.65. 

ll-p-Methoxyphenyl tricYClo[6.3.0.02,6Jundeca-4,10-dien-3,~ 
dione(42): 

To a magnetically stirred suspension of magnesium 

(365 mg, 0.015 g atom) in 3D ml of dry ether was added drop·· 

Wise a solution of p-bromoanisole (2.8 g, 15 mmoles) in 15 ml 

of dry ether. The mixture was stirred at room temperature 

until all the magnesium had dissolved. The p-methoxyphenyl­

magnesium bromide solution Vias syringed out and injected 

slowly into a magnetically stirred solution of the bis-enone 

1 (2 g, 11.5 mmoles) in 20 ml of dry THF at room temperature. 

The reaction mixture was stirred vigorously for 20 min and 

quenched by careful addition of saturated NH4Cl solution. 
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The organic layer was separated and the aqueous layer was 

extracted with dichloromethane (50 m1 x 2). The combined 

organic extract was washed and dried. Evaporation of the 

solvent furnished 3.5 g of crude viscous material containing 

approximately l~. of the hemi-ketal~. An analytical sample 

(quite unstable) of the hemi-ketal was prepared by chromato­

graphy on a silica gel column. Elution with 20/ ethyl acetate­

benzene furnished the hemi-ketal as viscous material. 

IR spectrum (neat), l>max: 3400 cm-l (hydroxyl). 

lH NI.\R spectrum (100 MHz, CDC13): 1i7.26(2H,d,J=9Hz) 

and 6.8(2H,d,J=9Hz), aromatic, 5.7(2H,m), 5.43(lH,d,J=5Hz) 

dnd 5.26(lH,d,J=5Hz), olefinic, 3.75(3H,s,-oCH3), 3.22(4H,m, 

bridgehead CH), 1.82(211 ,m,CH2) . 

13C NM.1l. spectrum (25.0 MHz, CDC13): Ii 158. 5 (£-oCH3) , 

139.3, 137.6, 134.0 and 133.1 (olefinic), 128.4, l25.9(2C) 

and l13.5(2C), aromatic~ l20.5(>C<g~), 100.2(Ar~-o-), 60.8, 

60.1, 51.8 and 50.5, bridgehead C's, 55.2(-o£H3), 34.2(CH2). 

The crude hemi-ketal ~ (3.5 g) obtained above was 

taken in 8 ml of dichloromethane and added to a magnetically 

stirred suspension of pyridinium chlorochromate (3 g, 14 

mmoles)17 in 10 ml of dichloromethane. The heterogeneous 

reaction mixture was stirred vigorously for 5 hr at room 

temperature and then filtered through a silica gel (20 g) 

column. The product obtained was recharged on a silica gel 

(20 g) column and chromatographed. Elution with ~;. ethyl acetate-
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benzene furnished 320 mg (l~;') of the single transposed bis­

cnone ~, which was crystallised from dichloromethane-pet 

ether, mp.134-50 C. 

W spectrum, A~~H: 222 (E .= 15,500) and 325 nm 

(E = 22,200) • 

IR spectrum (CH2C12), "»max: 1710 (carbonyl), 1600, 

1590 cm-l (olefinic). 

lH NMR spectrum (100 MHz, CDC13 , Fig.II.5): 67.65(2H, 
, 

d,J=9Hz,H2,), 7.46(lH,dd,Jl =6Hz,J2=3Hz,-C!:!=CH-C=O), 6.95(2H, 
, , 

d,J=9Hz,H3,), 6.2(lH,s,Ar-C=Ctl-C=O), 5.78(lH,dd,Jl =6Hz,J2= 
, 

2Hz,-CH=C!:!-C=O), 4.l3(lH,dd,Jl =12Hz,J2=6Hz,Hl ), 3.86(3H,s, 

-QCH3), 3.5(lH,m) and 2.9-3.3(2H,m), bridgehead CH, 2.45(lH, 

tAB,J=12Hz,H7endo), 2.l3(lH,td,Jl =12Hz,J2-9Hz,H7exo). 

l3c N/ .. R spectrum (25.0 MHz, CDC13 , Fig.II.6): 6209.1 
, , 

(s ,C3), 207 .l( s,C 9 ), 172. 7( s ,Ar-f=CH-C=O), 167 .l( d ,-fH=CH-, , 
C=O), l6l.7(s,f-QCH3), l33.3(d,-CH=£H-C=o), l29.4(d,2C,C3,), , , 
l26.5(s,C l ,), l22.7(d,Ar-C~H-C=o), l13.5(d,2C,C2,), 55.0(q, 

-QfH3), 56.4(d), 5l.7(d), 5O.9(d) and 48.3(d), bridgehead 

C's, 27.6(t,CH2). 

2-Methyl pentaCYClo[5.4.0.02 ,6.03,lO.04,8)undeca-5,ll-dione(,i3): 

A solutiop of ll-methyl tricYClo[6.3.0.02 ,6]undeca-4,lO­

dien-3,9-dione (24, 500 mg, 2.66 mmoles) in 120 ml of ethyl 

acetate Vias carefully purged with a slow stream of dry nitrogen 
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for 15 min. The solution was then irradiated with a Hanovia 

450 W medium pressure mercury vapour lamp in a quartz immer­

sion well using a pyrex filter for 40 min. Alternatively, 

the photolysis can be carried out in a pyrex flask in Sunligh~ 

for 2 hr. After the completion of the photolysis, solvent \ 'na 

evaporated and the crude photolysate was crystalliaed fron 

dichloromethane-hexane. The pentacyclic dione 43 (485 Mg, 

9?/-) crystalliserl as heavy prisms, mp.200_1oC. 

IR spectrum (KBr) , llmax: 1760, 1730 cm-l (carbonyl). 

IH NI • .R spectrum (100 MHz, CDC13 , Fig.II.7): 62.6-3.1 

(4H,m), 2.0-2. 55{5H,m) , 1.1{3H,s,-CH3). 

13C NJyiR spectrum (25.0 MHz, CllC13 , Fig.II.8): 6213.0 

(s) and 212.9(s),>C=O ,57.0{d), 55.0(d), 51.1{d), 49.7(d), 

45.8(d), 43.7(t,CH2), 42.6(d), 42.1(s,£-CH3), 38.6(d), 22.0 

(q,CH3)· 

Analysis for C12H1202 Calcd:C,76.57; 1!,6.43. 

Found:C,76.21; H,6.09. 

2 6 3,10 4 8] ( ) ~-Allyl pentacyclo[5.4.0.0 '.0 .0' undeca-5,ll-dione A1 : 
A solution of ll-allyl tricyclo[6.3.0.02 ,6]undeca-4,lO­

dien-3,9-dione (29, 320 mg, 1.5 mmoles) in 120 ml of ethyl 

acetate was carefully purged with a slow stream of dry nitro­

gen for 15 min. The solution Vias then irradiated with a 

Hanovia 450 W medium pressure mercury vapour lamp in a quartz 
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immersion well using a pyrex filter for 25 min. Alternatively 

the irradiation can be carried out in a pyrex flask in Sunlight 

for 3 hr. After the completion of the photolysis, evaporation 

of the solvent and bulb to bulb distillation (120oC/0.6 mm) 

:urnished 320 mg (100/-) of the dike tone ~. Crystallisation 

from dichloromethane-pct ether furnished the crystalline com­

pou~cl, mp.69-70oC. 

In spectrum (KBr), <) : 1760 and 1735 (carbonyl), max 
1640 cm-l (olefinic). 

1ri Nil.R spectrum (100 MHz, CDC13): 65.2-5.B(lH,m,-C.!:!= 

CH2), 4.B-5.2(2H,m,-CH=CH2). 2.6-3.1B(5H,m,ring CH), 1.9-2.6 

(6H,m). 

13C NI.IR spectrum (25.0 l'iHz. CDC13 , Fig.II.9): 6213.0 

(s) and 212.B(s) .)C=O , 131.0(d,-£H=CH2), 119.3(t,-CH~H2)' 

55.1(d), 54.S(d), 51.1(d). 47.2(d), 44.6(s,C2), 43.8(2C,t 

and d), 42.7(d), 39.7(t), 3B.7(d). 

Analysis for C14H1402 Calcd: C,7B.48; H,6.59. 

Found: C,7B.24; H,6.65. 

2-Phenyl pcntacyclo[5~4.0.02,6.03.10.04,B]undeca_5111_dione(~~): 

A solution of ll-phenyl tricyclo[ 6.3.0 .02 ,6] undeca·4 ,JO-dim .• 

3,9-dione (~, 2!:U mg, 1 mmole) in 120 ml of ethyl acetate was 

carefully purged with a slow stream of dry nitrogen for 15 min. 

The solution was then irradiated with a Hanovia 450 VI medium 
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pressure mercury vapor lamp in a quartz immersion well USill~ 

a pyrex filter for 15 min. Alternatively the photolysis c~n 

be carried out in a pyrex flask in Sunlight for 2.5 hr. ".c'~r 

the completion of the photolysis, solvent was evaporated anu 

the crude photolysate was crystallised from carbon tetrachlo· 

ride to furnish 250 mg (lO~;', colourless needles) of the cage 

dione ~, mp.146-7oC. 

IR spectrum (KBr) , llmax: 1765, 1740 cm-l (carbonyl). 

IH NUl spectrum (100 MHz, CDC13): 67.3(3H,m) and 6.95 

(2H,m) (aromatic), 2.2-3.5(9H,m,ring CIi). 

13C NMR spectrum (25.0 MHz, CDC13' Fig.II.IO): 6213.1 

and 212.~ )C=D , 142.6, 128.8(2C), 127.2 and 124.2(2C), aro­

matic, 55.9, 54.7, 52.5, 51.2, 46.6, 45.7, 44.1, 42.8, 38.5. 

Analysis for Cl~1402 Calcd: C,81.58; H,5.64. 

Found: C,81.06; H,5.34. 

;!-p-~iethoxyphenyl pentacyclo[5. 4.0 .02 , 6.03 ,10 .04,8]undeca_ 

.5 ,ll-dione <'4.~) : 

A solution of Il-p-methoxyphenyl tricyclo[6.3.0.02 ,6] 

undeca-4,10-dien-3,9-dione(~, 280 mg, 1 mmole) in 120 ml of 

ethyl acetate was carefully purged with a slow stream of dry 

ni trogen for 10 min. The solution was then irradiated with a 

Hanovia 450 IV medium prassure mercury vapor lamp in a quartz 

immersion well using a pyrex filter for 50 min. Altarnatively, 
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the photolysis can be carried out in a pyrex flask in Sun·· 

light for 4 hr. After the completion of the photolysis, col­

vent was evaporated and the crude photolysate was filtereu 

through a short silica gel (10 g) column using 5"/. ethyl acE'" 

tate-benzene. Evaporation of the solvent furnished 255 mg 

(91;1.) of the pentacyclic dione ~, ant! was crystallised from 

dichloromethane-pet ether, mp.16B~90C. 

IR spectrum (KBr), ~max: 1760, 1735 (carbonyl), 

1615 cm-l (aromatic). 

~ NhR spectrum (100 MHz, CDC13): 66.5-7.0(4H,m,aro­

matic), 3.76(3H,s,-oCH3), 2.1-3.5(9H,m,ring CH). 

13C NMR spectrum (25.0 MHz, CDC13 , Fig.II,ll): 6213.3 

(s) and 213:2(s), )C=o , l5B.7(s), l34.9(s), l25.5(d,2C) and 

114.3(d,2C), ~roMatic, 56.l(d), 55.2(q,-oCH3)' 54.B(d), 

52.B(d), 51.3(d), <16.3(s,C2), 45.9(d), 44.2(t,CH2), 42.9(d), 

3B.4(d). 

Analysis for ClaH1603 Calcd: C,77.l2; H,5.75. 

Found: C,77.33; H,5.52. 

Photoreversion of 2-p-methoxyphenyl pcntacyclo[5.4.0.02,6. 
0'3,10 .04,B]undeca-5, ll-:cti~.1e) with PTSA: _.--=..:;.. . --

A solution of the dione ~ (5 mg, O.OlB mmole) and 

catalytic amount of p-toluenesulphonic acid in 3 ml of benzene 

was stirred at room temperature for 2 hr. The reaction 
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mixture was diluted with benzene, washed with aqueous NaHC03 
and dried. Evaporation of the solvent furnished 5 mg (10~f.) 

of the bis-enone ~, which was characterised by comparison 

(TLC, IR spectrum) with the authentic sample. 

~hotoreversion of 2-p-methoxyphenyl pentaCYClo[5.4.0.02 ,6. 
p3,10 .04,8Jundeca-5,ll-dioneJ.!l6) with boron trifluoride 
etherate: 

A solution of the pentacyclic dione ~ (100 mg, 0.36 

mmole) and boron trifluoride etherate (0.2 ml) in 5 ml of dry 

benzene was magnetically stirred at room temperature for 5 min. 

The reaction mixture was diluted with more benzene (15 ml), 

washed with aqueous tlaHC03 and dried. Evaporation of the 

solvent furnished the bis-enone ~ in quantitative yield and 

was identified by comparison (TLC and IR spectrum) with the 

authentic sample. 

E,hotoreversion of 2-p-methoxyphenyl pentaCyclo[5 •. 1.0.02 ,6. 

03 ,10 .04,8]undeca-5, ll-dione (46) Vii th trifluoroacetic acic': -
A solution of pentacyclic dione ~ (5 mg, 0.018 mmole) 

and trifluoroacetic acid (5 drops) in 3 ml of dichloromethane 

was stirred at room temperature for 30 min. The reaction 

mixture was diluted with dichloromethane (5 ml), washed with 

aqueous NaHC03 and dried. Evaporation of the solvent fur·· 

nished 5 mg (l~f.) of the bis-enone ~, which was identified 

by comparison (TLC, IR spectrum) with the authentic sample. 
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!'.hotorevex;s.ion of 2-methyl pentacyclo[5.t1.0.02 , 6.03 ,10 .04 ,Bl 
u,.deca-5, ll-c;!?..2.ne c'1.i) with PTSA: 

A solution of pentacyclic dione ~ (100 mg, 0.53 mmole) 

and p-toluenesulphonic acid (120 mg, 0.7 mmole) in 5 ml of 

toluene was refluxed for 6 hr. The reaction mixture was 

diluted with benzene (15 ml), washed with aqueous sodium bi­

carbonate and dried. Evaporation of the solvent and filtra­

tion through a small silica gel (5 g) column furnished 20 mg 

(20",1.) of the bis-enone ~, which was identified by comparison 

(TLC and IR spectrum) with the authentic sample. 

Photoreversion of 2-methyl pentacyclo[5.4.0.02 ,6.03,1O.04,B] 
undeca-5,11-dione(43) with boron trifluoride etherate: , - . 

A solution of pentacyclic dione ~ (loo mg, 0.53 mmole) 

and boron trifluoride etherate (0.4 ml) in 5 ml of dry benzene 

was refluxed for 2 hr. The reaction mixture was diluted with 

benzene (15 ml), washed with aqueous NaHC03 and dried. Evapo­

ration of the solvent furnished 65 mg (65V-) of the bis-enone 

a1, which was identified by comparison (TLC, IR spectrum) 

with authentic sample. 

thotoreversion of 2-phenyl peptaCyclo[5.4.0.02,6.03,10.04,B] 
undeca-5,11-dione(40~) with PTSA: 

A solution of pcntacyclic dione ~ (5 mg, 0.02 mmole) 

and catalytic amount of p-toluenesulphonic acid in 3 ml of 

benzene was refluxed for 2 hr. The reaction mixture was 

diluted with more benzene (5 ml), Vlashed with aqueous NaHC03 
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and dried. Evaporation of the solvont furnished 5 mg (100,) 

of tho bis-enone 36 which was idontified by comparison 

(TLC, IR spoctrum) with the authentic samplo. 

Photorevcrsion of 2-phenyl pentacyclo[ 5. 4.0.02 ,6 .03 ,10 .o·~, 8] 
... ... --~-

undoca-5,ll-dionc(45) with boron trifluoride ethorato: --,.. 

A solution of the pentacyclic dione .1? (100 r,19, 0.01 

mmole) and boron trifluoride etherate (0.2 ml) in 5 ml of 

dry bonzenc was magnetically stirred at room temperature for 

40 min. The yellow reaction mixturo was dilutod with more 

benzeno (15 ml), washod with aqueous NrulC03 and dried. Eva­

poration of the solvent furnishod tho bis-enone 36 quanti­

tatively and was identifiod by comparison (TLC, IR spectrum) 

with the authentic sample. 

Determination of quan.~UIT\ yield.::: 

For the measurement of quantum yields, potassium 

ferrioxalate actinometry22 was employed. All irradiations 

Vlere carried out, under idontical conditions (static), using 

a Hanovia 0150 II medium pressure mercury vapour lamp in a 

quartz Ufu~ersion well and tho light was filtered using a 

corning 7-60 filtor (300 nm to 390 nm with a maximum flux at 

360 nm). 

Determination of the intensity of light: 

A 3 ml solution of potassium ferrioxalate (rvO.006 I", 

made by dissolving 73.6 mg of potassium ferrioxalate in 
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22.5 ml of water and 2.5 ml of IN H2SO4 in daric) in a tC!st 

tubC! was irradiated for 5 min. After the irradiation, tf)r 

samplC! was transfC!rred into a 10 ml standard flask (protoc'~c' 

from light) and 0.8 ml of 0.1;1. 1,10-phenanthroline (w/v) so'u­

tion, 1.5 ml buffer (prepared by mixing 15 ml of IN NaOAc and 

9 ml of IN H2S04) wero successively added. The volumo was 

made-up to 10 ml with water. The flask was stored in dark 

for 1 hr along with a blank solution prepared in an identical 

mannC!r using a 3 ml solution of unirradiatC!d potassium ferri-­

oxalate. Finally, the optical density of the irradiated 

solution was determined (1.255) with refC!rence to unirradia­

ted solution at 510 nm. 

Intensity of the (A = absorbance, 

v = volume of the final solution, £ = molar extinction 

coefficiont of Fe2+-1,10-phenanthroline complC!x at 510 nm, 

~ = quantum efficiency of potassium ferrioxalate for the 

wavelength used, t = time of irradiation). 

L255xlO Hence, I = -.....!"'""~4r""--- -
L llxlO x1.23x5 

1.8384 Einsteins/min. 

Quantum efficiency of ll-methyl tricyclo[6.3.0.02 ,6)undeca--
4 ,lO-dien-3, 9-di,o,ne (&-.4) : 

A 3 ml solution of the bis-enone ~ (1.14xlO-~ in 

ethyl acetate) Vias irradiated for 20 min. After the comp­

letion of irradiation, the optical densities of irradiated 

(0.648) and unirradiated solutions (0. 175) were measured at 
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325 nm. 

Hence, number of moles of 24 reacted = 0.296xlO-2 -
cp = 0.296xlO-

2 = 0.805 
1. 8384x10-4x2O 

Quantum efficiency of II-allyl tricYClo[6.3.0.02 ,6]undeca-
4,10-dien-3.9-dione(29): 

A 3 ml solution of the bis-enone 12 (0.194xlO-2M in 

ethyl acetate) was irradiated for 20 min. After the comple­

tion, the optical densities of irradiated (0.548) and unirra­

diated solutions (0.816) were measured at 325 nm. 

-2 reacted = 0.301xlO Hence, number of moles of 29 -
O.301xlO-2 

cp = -1-". 8:":3~8::';4 X::';1:'::0=-411'"x-2O- = 0.82 

Quantum e~ficiency of ll-pheni:l, trici:clo[6.3.0.02,6]undeca­
~,lO-dien-3,9-dione(36): 

A 3 ml solution of the bis-enone 36 (0.412xlO-2M in -
ethyl acetate) was irradiated for 10 min. After the comple­

tion of the irradiation the optical densities of irradiated 

(0.506) and unirradiated solutions (0.862) were measured 

after a dilution of 100 times at 289 nm. 

Hence, number of moles of 36 reacted = 0.170xlO-2 

0.170xlO-2 
cp = --'<.~~;--

1. 8384xlO-4xlO 
= 0.92 



197 

Quantum effici~ncy of ll-p-methoxyphanyl tricYClo[6.3.0.02 '!1 
• 
~ndeca-4,10-dien-3,9-dione(A1): 

A 3 ml solution of the bis-enone 42 (0.346xlO-21~ in -
athyl acetate) was irradiatad for 10 min. After the comple­

tion of the irradiation the optical densities of the irradia­

ted (0.610) and unirradiated solutions (0.812) were measurad 

after a dilution of 100 times at 316 nm. 

Hence, number of moles of ~ reacted = 0.086xlO-2 

= 0.48 
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APPENDIX 

CONVENIENT SYNTHESIS OF 1,8-8ISHOMOCUBANONE 

(BASKETANGJE) AND ITS CONGENERS 

Among the various polycyclic molecules of current 

interest, the space-enclosing members of the cubyl cage family 

occupy position of special vintage as they are interesting 

substrates for a variety of theoretical, mechanistic and syn­

thetic studies. l In connection with a project, concurrently 

underway in this laboratory, on the novel carbonium ion re­

arrangements of cubyl systems, triggered ~ Schmidt fragmen­

tation of cubyl-ketones,2 the pentacyclo[4.4.0.02 ,5.03,8.04,7] 

decan-9-one (1,8-bishomocubanone, basketanone 1) was required 

in some quantity. Basketanone 1 has been prepared previously 

yia hydroboration and oxidation of basketene ~ (Scheme 1).3 
. 3 4 

The penta cyclic alkene ~ in turn was prepared' from cyclo-

octatetraene (COT, ~) via Diels-Alder cycloaddition with 
• 

maleic anhydride (g ___ ~),5 photochemical n2s + n2s ring clo-

sure (~-~) and oxidative bis-decarboxylation (~-.2). This 

methodology to 1 ~ basketene .2 is both circuitous and in­

efficient (25/ yield in each of the crucial steps, ~ -. ~ and 

~~~). Furthermore,COT is no longer available, for the ask­

ing, from BASF and its c~mmercial price has escalated sharply 
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SCHEl~ 1 

0 
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1. B2H
6
-H20 2 l,OH"' • , 

2, (0) a,LTA 

0 
1 5 4 - -

and quite disproportionately. Therefore, a need arose to 

develop a short, direct and preparatively useful route to 1. -
In the appendix to this thesis, convenient preparations of 

basketanone 1 and its congeners, snoutanone 12, basketane 1d 
and tricyclo[4 . 2.2.02,O]deca-3,7-dien-9-ones g and 11, are 

reported. Results of photochemistry of g, studied in connec­

tion with its transformation to 1, proved to be quite inte­

resting and are also described. 

Ideally, the shortest route to 1 would be ~ addition 

of ketene or more precisely ketene-equivalent,6 to COT to 

give tricyclic dienone g and further intramolecular photo-
. 

chemical ring closure to the pentacyclic ketone! (Scheme 2). 

However, this scheme is beset with practical difficulties. 

Firstly, COT either responds poorly7 to the commonly deployed 
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ketene equivalents (e.g., a-chloroacrylonitrile, a-acetoxy 

acrylonitrile, etc.) or reacts in an unwanted fashion (e.g., 

SCHEME 2 

~ )_. -~-(D + 
Ij 7I4s+7I2s 

II • I~-----
o 

• 
o 

6 -
nitroethylene8). Secondly, even if one were to obtain the 

dienone B (using an inconvenient procedure developed by 

Freeman, Scheme 3),7 its photochemical cycloaddition to! was 

expected to present some problems. Indeed, being a ~,y-unsa­

turated enone, B might undergo l,3-acyl shift and oxa-di-7I­

methane rearrangement in competition with the intramolecular 

7I2s + 7I2s cycloaddition.9 In order to circumvent the afore­

mentioned difficulties and evolve a straightforward route to 

SCHE~E 3 

1 

2.tMSO­
CN l<DH 

1, several different strategies were considered and pursued. 

The results of these studies are briefly described alongside 

the successfully evolved route to basketanone ! and its 

congeners. 
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Since COT is unresponsive to common ketene equivalents 

(vide supra),6 it was considered desirable to deploy a more 

reactive derivative of COT in the Diels-Alder reaction with 

the ketene equivalents. It is known that halogenated deriva­

tives of COT, e.g., dibromoCOT g, are much more reactive in 

cycloadditions than COT. 5 ,lO Also, as a double bond can be 

readily regenerated from vicinal dibromo compound, dibromo­

COT can in effect serve as a 'reactive COT equivalent'. A 

route depicted in Scheme 4 was therefore envisaged. This 

effort began on a promising note. Indeed, dibromoCOT, reacted 

with a-chloroacrylonitrile in a scaled tube (l050C, 8 hr) to 

furnish the adduct 9 in >~;. yield. However, attempts to -
debrominate 2 to 12 with zinc in dimcthylformamide, under a 

o 
SCHEME 4 

__ Br-,2~... ~r+ Jl 
~'ar Cl CN 

-'8 -

• 

o Cl 
.! 

• 

N 
CN 
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variety of conditions, led to simultaneous dechlorination and 

only 1 could be isolated as the reaction product (Scheme 5). 

Exposure of 2 to other dehalogenating agents (e.g., sodium 

phenanthrenide)ll led to similar results with little evidence 

of the presence of required compound lQ. Reaction of 9 with -
potassium hydroxide in DWSO at ambient temperature resulted 

• 
in facile unravelling of the carbonyl group7~together with 

concomitant dehydrobromination and tricyclic dienone 11 was 

obtained in good yield. Attempts to effect intramolecular 

photocycloaddition in 11 to bromobasketanone 12 proved un­

successful, but led to some interesting results and these are 

described later in this section. 

Br~_ 

IMSO­
KOH 

11. 

SCHEME: 5 

Zn-IlNF • 
,.. 
I 

CN 

7 -

12 -
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In the light of the experience gained in above experi­

ments, it was decided to pursue a slightly different approach. 

Attention was noVi turned towards the selection of ketene equi­

valent,6 which not only reacts readily with COT but in which 

the carbonyl unravelling step could be carried out either 

before or after photocycloaddition step. It is implicit in 

this strategy that the ketene equivalent must be photo-stable. 

A perusal of various ketene equivalents indicated that the 

Watt's oxidative decyanation strategy (Scheme 6),13 involving 

SCHEME 6 

( 
/CN 4 + 2 erCN 

LIllI (YN 
+ 1/ 1IS1ls) ~ 

1°2 
CN 0: 0° < olr 

OOH 
SD2+ I 0-
HCl 

the intermediacy of a-hydroperoxynitriles, could be conve­

niently exploited in the present case. In relation to the 

problem at hand, it meant that acrylonitrile could serve as 

a ketene equivalent and a straightforward route to basketa­

none 1 emerged (Scheme 7). -
The readily available7 COT-acrylonitrile adduct 1, on 
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SCHEME 7 

Q\ l,LDA-02 I ..--..... hi) )- 2.snC12!H+ . 
3.NaOH 

N 
o 

CN 
7 II -- 1 

photolysis, under high dilution conditions (yide experimental), 

furnished the intramolecular ~2s + ~2s photocycloaddition 

product ]din 70/0 yield. 14 \.hen subjected to \/att's oxidative 

decyanation sequence (a single pot operation), the caged 

cyano compound II furnished basketanone 1, mp.82-30 C in about 

~j. yield. The ketone 1 was fully characterised on the basis 

of its IR, ~ and l3C NMR spectral data. Its l3C NMR spectrum 

(Fig. 1) was particularly revealing and showed eight resonances 

at 62l1.4(s), 47.8(d), 44.5(d), 43.l(d), 4l.7(2C,d), 39.0(2C, 

d), 36.8(d) and 36.3(t) for the ten carbon atoms (C2 ,C6 and 

C3 'C7 are equivalent). Thus, a simple, practical, three step 

sequence from COT to basketanone 1 is established. 

The pentacyclic cyano compound ]d, quite readily avail­

able from COT, proved to be a versatile precursor for the pre­

paration of some useful compounds of this series. For exam­

ple, reductive decyanation15 of II with potassium in HAWA­

CH30H furnished basketane ld.in 6~j. yield (Scheme 8) in only 

three steps from COT. This constitutes a most direct and 
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SCHEME 8 

HMPA 

1.LDA-0z 
2.snCl~HCl 

3.NaOH 

, 
" 

14 -

• 

~ 0 

15 16 - -
convenient method to this caged hydrocarbon. In another 

series of transformations, snoutanone l§ was synthesised from 

the pentacyclic cyano compound 12. The key transition metal 

catalysed isomerisation of the basketane ring system to the 

snoutane system16 was simply effected by a passage of 12 
through a silver nitrate impregnated silica gel column. 17 

The nitrile ~ was thereby quantitatively transformed to lao 
Oxidative decyanation of 15, as described above, furnished 

snoutanonc l§ in 5~;' yield (Scheme 8). The identity of !§ 

was established through its IR and IH NMR spectral data and 

more convincingly through its 13C NMR resonances (Fig. 2'. 

As expected, 1£ exhibited seven resonances at 6214.4(s), 48.2 

(d), 38.1(t), 35.1(d), 31.6(2C,d), 31.4(2C,d) and 3O.4(2C,d) 
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with six cyclopropane C's appearing as three equivalent 

pairs of resonances. 
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The successful preparation of penta cyclic ketones ! 

and 1& from the corresponding nitriles ~ the Watt's proce­

dure
l3 

suggested the possibility of preparing the tricyclic 

dienone ~ from the COT-acrylonitrile adduct 1 in one step 

operation. Consequently. 1 was subjected to the protocols of 
• 

1 

l,LM-02 
2. SnC12/HCl 

• 3.NaOH 
N o 

oxidative decyanation and die none ~ was obtained in 75-00/~ 

yield. 

ble the 

The efficient transformation of 7 to 6 makes availa-- -
triCyclo[4.2.2.02 •5)deca-3.7-dien-9-one in two steps 

from COT and in good yield. The procedure is easier to exe­

cute and gives better yields of ~ in comparison to the earlier 

route of Freeman. 7 

The ready availability of P,y-unsaturated dienone 2 
and its bromo derivative!! (vide supra) provided the impetus 

to study their photochemical transformations. It was also 

anticipated that conditions could be delineated for their 

direct cage cyclisation to the basketane ring system. The 
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tricyclo[4.2.2.02 ,5]deca-3,7_dien_9_ones 6 and 11 , - -' being 

interesting ~,y-unsaturated ketones, bearing an additional 

double bond and cyclobutane ring, were also expected to show 

interesting photochemical transformations ~ 1,3-acyl shift 

and oxa-di~-methane rearrangement. 9 

Irradiation of ether solution of ~ in a quartz vessel 

with 450 W medium pressure mercury vapour lamp for 10 min led 

to the formation of three products in a ratio of 1:2:4 as 

indicated by GLC analysis. The product composition and yields 

showed marked susceptibility to the reaction time and concen­

tration. In a typical run, photolysis of ~ as indicated above 

and careful chromatography on silica gel led to the isolation 

of COT g (401-), tricyclic cyclopropane derivative 11 (l~/) and 

tricyclic cyclobutanone!§ (2~j.). COT was readily identified. 

I + + 

o 
6 - 2 - 11 

Compound 11 was not obtained pure and was contaminated with 

COT but its spectral parameters (vide experimental) and their 

close resemblance with bromo derivative ~ (vide infra) 

established its presence. structure of !§ was deduced from its 

IR absorption at 1785 cm-l (cyclobutanone), lH NMR signals 



217 

due to four olefinic protons at 66.2(2H), 6.0(lH) and 5.56 
13 . 

(lH) and C NMR resonances at 6206.2, 140.0, 139.2, 129.3 

and 119.0 due to five sp2 carbon atoms. 

Irradiation of 11 under conditions identical to that -
of ~ for 15 min furnished a mixture of products along with 

some starting material. The crude reaction mixture, which 

also contained somo polymeric impurities, was resolved by 

silica gel and alumina chromatography into four products, 12, 
~, 11 and ~. Structures for 19-22 were deduced on the --

Br 
Br 

h~ I • I + + 
lither 

20 -
basis of complementary spectral data 

Br + 
./-

21 - 22 -
(IR, ~ and 13C NMR) 

Br 

summarised in the experimental section, trans-p-Bromostyrene 

lQ encountered in this reaction is probably an artefact 

formed from the faCile rearrangement of bromoCOT .10 In a 

separate experiment, it was also shown that ~2 was the pre­

cursor of 12 and 11. 

Attention was now turned towards the sensitised photo-

1 ys is of.2 Photol ysis of .2 in a quartz vessel with 450 ;j 

lamp for 10 min resulted in the formation of a major volatile 
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product (6ev. by GLC analysis) along with some starting mate-

rial and polymeric impurities. The structure of 23 follol'ls -

o 
I hl> 

acetone 
) 

o 

6 23 -
from its IR 

6.l{lH) and 

spectrum, 1730 cm-l , lH NMR signals at 66.2{lH), 
13 

C NMR resonances at 6214.5, 140.1, 138.6, 58.7, 

50.9, 49.7, 37.4, 36.6, 35.9 and 32.7. In an identical fashion, 

photolysis of 11 furnished the tetra cyclic bromo ketone ~ 

in 441- yield after column chromatography. Spectral parame-

ters of ~, summarised in experimental section, fully suppor­

ted its formulation. 

B.....",,-

h<> • 0:: 
acetone 

o 

II 24 -
Formation of l,2-shift {oxa-di-n-methane 

products (2@ and ~) and l,3-shift products (~ 

Br 

rearrangement) 

and 22) from -
~,y-unsaturated ketones 2 and 11 on sensitised and direct 

photolysis, respectively, was mechanistically unexceptional. 9 

There is ample precedence for this mode of reactivity. The 
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hydrocarbon products could be accounted for via a diradical -
intermediate g§ which can either loose ketene or CO. The tri-

25 -
cyclic compounds 17, l§, ~ and ~~ obtained in this study are 

endowed with requisite functionality to serve as direct pre­

cursors of either annulated benzocyclopropeneslB and benzo­

cyclobutenes19 or a-homo benzene derivatives of current 

interest. 20 

In summary, simple, direct synthetic routes to baskcta­

none 1. basketane ld, snoutanone 1& and tricYClo[4.2.2.02 ,5] 

deca-3,7-dien-9-ones ~ and 11, have been delineated. In an 

effort to transform ~ directly to basketanone 1. its photo-­

chemistry was investigated and it provided a facile entry to 

several useful small ring polycyclics. 

EXPERIMENTAL 

For a general write-up on the experimental section, 

see Chapter 1.4. Some of the ~ Nhffi (60 MHz) and 13c NMR 

(22.64 MHz) spectra reported here were recorded on a Varian 

A-6O spectrometer and Brucker VIH-90 spectrometer, respectively. 
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The GLC analyses were performed on a Hewlett-Packard 5830A 

analytical instrument using Carbowax-20M (6' xl/8" stainless 

steel) column at oven temperature in the range of l50-200oC. 

7,8-trans-Dibromo bicyclo[4.2.0]octa-2,4-diene(8):5 ____ 2;:ax _ 

. 
To a solution of COT (~, 5.4 g, 0.05 mole) in 12 ml of 

dichloromethane, cooled in ice bath, was added a solution of 

bromine (8 g, 0.05 mole) in 16 ml of dichloromethane over a 

period of 2 hr. Ice bath Vias removed and the reaction mix­

ture was stirred at room temperature for 2 hr. The solvent 

was removed under reduced pressure at room temperature and 

the dibromoCOT (~) was distilled, bp.72-60 C/0.7 mm. Yield 

10 g (75V-). This material was solidified on refrigeration . 

3,4-Dibromo 9-chloro 9-cxano tricyclo[4.2.2.02,5]dec-7-ene(2): 

A solution of dibromoCor (~, 9.25 g, 0.035 mole), a­

chloroacrylonitrile (9.25 g, 0.105 mole) and 2,6-ditert. 

butyl phenol (0.1 g) was heated in a scaled corning glass 

tube (3.5 cms x 12 cms, N2 atmosphere) to 1050 C (±5) for 8 

hr. The sealed tube was cooled, carefully opened and the 

contents filtered through a silica gel (100 g) column using 

201- benzene-pet ether as eluent. Crystallisation of appro­

priate fractions (monitored by TLC) from carbon tetrachloride 

furnished 7.5 g (6~) of the adduct 2, mp.18l-20C. 

IR spectrum (KBr) , ~max: 3090 (olefinic), 2250 cm-l 

(cyano). 
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1 
H NMR spectrum (100 MHz, CDC13): 66.3-6.9(2H,m,01e-

finic), 4. 77('lH,dd,Jl =10Hz,J2=7HZ ,!!C-Br), 4.23(lH,dd,Jl -7Hz, 

J2=6Hz,tlC- Br), 2.8-3.7(4H,m,bridgehead C!!), 2.35(lH,dd,Jl = 

15Hz,J2=2Hz,!!-C-H), 2.14(lH,dd,Jl =15Hz,J2=4Hz,H-C-!!). 

Analysis for CI1H10Br2ClN Calcd: C,37.55; H,2.84; 

N,3.98. Found: C,37.58; H,3.04; N,4.04. 

3-(or 4-)Bromo tricyclo[4.2.2.02 ,5)deca-3,7-dien-9-one(lt,): 

To a magnetically stirred solution of the Diels-Alder 

adduct 2 (3.52 g, 10 mmoles) in 12 ml of dimethyl sufloxide 

was added a hot solution of KOH (1.5 g, 85V- assay) in 1 ml 

of water. After stirring at room temperature for 13 h~ th~ 

reaction mixture was poured in ice-water (40 ml) and extracted 

with hexane (25 ml x 3). The organic extract was washed well 

with water and dried. Evaporation of the solvent furnished 

2.1 g of crude ketone which on direct sublimation (700C/0.6 

mm) furnished 1.95 g (861-) of bromo ketone!!. The product 

appeared to be a regioisomeric mixture of tViO bromides from 

which the major bromide was crystallised from hexane, mp. 

83-40C. 

IR spectrum (KBr) , ~ax: 1730 (carbonyl), 1615, 1565 

cm-l (olefinic). 

lH NMR spectrum (60 MHz, CDC13): 65.9-6.5(3H,m,01efi­

nic) , 2.7-3.4(4H,m,bridgchead CH), 2.2(lH,dd,Jl =19Hz,J2=3Hz) 
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and 1.73(lH,dd,Jl =19Hz,J2=2Hz), Ctl
2

-C=O. 
13 

C W~ spectrum (22.64 ~~z, CFC13): 6139.1, 134.1, 

127.0 and 119.0 (olefinic), 53.5, 5O.~ 46.6, 37.4, 35.7 

(carbonyl carbon not seen). 

Analysis for C10H9BrO Calcd: C,53.33; H,4.0. 

Found: C,53.58; H,3.79. 

9-Cyano tricyclo[4.2.2.02 ,5]doca-3,7_diene (1):7 

A solution of cor (~, 2 g, 19.2 mmoles), acryloni.rile 

(2.1 g, 40 mmoles) and p-tert-butYl catechol (0.05 g) were 

sealed in a corning glass tube (10 cms x 1.5 cms, N2 atmos­

phere) and heated to lSOoC for 18 hr. The tube was cooled 

in ico, carefully opened and filtered through a silica gel 

(20 g) column 

(9OoC/0.l mm) 

using ~;. benzene-pet ether. Distillation 

furnished 900 mg (~;.) of the adduct 7 as an .... 
epimeric mixture. 

IR spoct~um (neat), <)max: 2245 (cyano), 3130, 3055 

and 1562 cm-l (olefinic). 

lH ~.ffi spectrum (100 MHz, CDC13): 65.8-6.2(4H,m,ole­

finic), 3.2(lH,t,J:4Hz,tlC-cN), 2.3-3.05(4H,m,ring CH), 1.45-

2.1(2H,m,CH2)· 

9-Cyano pontacyclo[4.4.0.02,5.03,8.04,7]docane(13):14 

A solution of the D1els-Alder adduct 1 (1.5 g, 9.56 

mmoles) in 850 ml of 210 acetone-benzene was carefully purged 
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with a slow stream of dry nitrogen for 20 min. The solution 

was then irradiated with a Hanovia 450 VI medium pressuro 

mercury vapour lamp in a quartz immersion well using a Vycor 

filter for 35 hr. Solvent was removed and the crude photo­

lysate (l.S g) was filtered through a silica gel (20 g) colu~n 

using 5Ot. benzene-pet ether as eluent. The product on bulb 

to bulb distillation (1200C/l.2 mm) furnished 1.05 g (~;.) of 
• 

cyano basketane 12. 

IR spectrum (neat), ;()max: 2240 cm-l (cyano). 

lH NMR spectrum (100 MHz, CDC13): o2.5-3.5(9H,m), 

1.S(2H,m). 

13C NI.IR spectrum (25.0 MHz, CDC13): o123.1(s,cyano), 

43.7(d), 43.2(d), 3S.9(d), 3B.5(d), 3S.4(d), 36.9(d), 33.3 

(d), 30.5(d), 22.0(t,£H2), 19.3(d,gH-CN). 

pentacyclo[4.4.0.02 ,5.03,S.04,7]decan_9_one(1): 

To a magnetically stirred cold (alcohol-liquid nitro­

gen bath, -70 to _SOoC) solution of lithium diisopropylamide 

(6 mmoles) in 10 ml of dry THF [prepared by the addition of 

5 ml of 1.6 M n-butyllithium in hexane to a stirring solution 

of diisopropylamine (605 mg, 6 mmoles) in 5 ml of dry THF 

at _7S0C] was added cyano basketane (12, 630 mg, 4 mmoles) 

in 3 ml of dry THF. Dry oxygen gas was bubbled at a mode­

rate flow rate into the lithionitrile solution at the same 
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temperature for 40 min. The reaction was quenched by the 

addition of 20 ml of 1 M stannous chloride in 2 M hydrochlo­

ric acid and the mixture was stirred at icc temperature for 

2 hr. The reaction mixture was diluted with water (50 ml) 

and extracted with ether (25 ml x 3). The ether extract was 

washed with 1 M aqueous sodium hydroxide (20 ml x 2) and 

dried. Evaporation of the solvent and direct sUblimation 

(80
o
C/5 mm) furnished 290 mg (50'/') of the basketanone ! leav­

ing behind a small uncharacterised residue. Recrystallisation 

of the sublimed solid from pet ether furnished the crystalline 

compound, mp.82-30C (Lit3 85-7oC). 

IR spectrum (CC14), ~max: 1728,1710 cm-l (carbonyl). 

lH NMR spectrum (100 ~lliz, COC13): 63.1-3.7(8H,m,ring , 
CH),2.13(2H,s,-CH2-G=O)· 

13C NMR spectrum (25.0 MHz, COC13 , Fig. 1): 6211.4 

(s,C=O), 47.8(d), 44.5(d), 43.1(d), 41.7(2C,d), 39.0(2C,d), 

36.8(d),36.3(t,CH2)· 

PentaCYClo[4.4.0.02,5.03,8.04,7]decane(.~): 

To an icc cold magnetically stirred suspension of 

finely cut potassium (156 mg, 4 mg atom) in 5 ml of dry ether, 

cyano basketane (~, 314 mg, 2 mmoles) in 2 ml of dry ether, 

dry methanol (70 mg, 2.2 mmole) and hexamethyl-phosphoramide 

(0.75 ml) were successively added. Stirring was continued 
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and the re<.ction mixture was allowed to warm upto room 

': 'mperature oV"r a period of 30 min. After stirring for 

.mot .... er 30 min tho reaction mixture was cooled in an icc 

~ath and quenched by careful addition of icc water (1 ml). 

:~1C: reaction mixture was diluted with ether (25 ml) and washed 

with water (10 ml x 3) and dried. Evaporation of the solvent 

anc direct sublimation (50oC!20 mm) furnished 170 mg (65V-) 

of basketane~. Recrystallisation from methanol furnished 

sugary crystals of tho hydrocarbon 11, mp.1050 C (Lit4 102.5-

104. 50 C) • 

IH N.lR spectrum (100 MHz, CDC13): 62.8-3.25(6H,m), 

2.6(2H,brs), 1.35(4H,t,J=1.5Hz). 

13C N/.lR spectrum (25.0 MHz, CDC13): 643.6(2C,d), 39.8 

(tlC?,d) , 32.6(2C,d), 16.8(2C,t,CH2). 

9-Cyano pentaCYClo[4.4.0.02,4.03,8.05,7]decane(l¥): 

A solution of cyano bas/cetane (~, 1.57 g, 10 mmoles) 

in 5 ml of benzene was charged on a silver nitrate (151-) 

impregnated silica gel (25 g) column and left overnight. 

Elution with benzene followed by bulb to bulb distillation 

(llOoC/l.O mm) furnished 1.57 g (l~f.) of cyano snoutane (12), 

which was solidified on refrigeration. 

IR spectrum (neat), ~max: 2240 (cyano), 3040, 795 

and 755 cm-l (cyclopropyl). 
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1 
H NI.IR spectrum (100 MHz, CDC13): 62.6(2H,m,CH2)' 

2.43(lH,brs,tlC-cN), 1.2-2.l(8H,m,ring CH). 

l3C NA~ spactrum (25.0 MHz, CDC13): 6124.2 (cYDno), 

34.5, 29.9, 29.7, 29.3, 29.2, 27.0, 26.2, 25.9, 25.7, 22.7. 

Analysis for CllHllN Calcd: C,84.04; H,7.05; N,8.9l. 

Found: C,84.22; H,7.l0; N,8.5l. 

Pantacyclo(4. 4.0 .02 ,4.03 ,8.05, 7) decan-9-one(,l;.~).: 

To D magnatically stirred cold (alcohol-liquid nitrogen 

bath, -70 to _80oC) solution of lithium diisopropylamide [3 

mmoles, praparad by the addition of 2.5 ml of 1.6 M n-butyl­

lithium~axan~ to a stirred solution of diisopropylamina 

(303 mg, 3 mmoles) in 2 ml of dry THF at -780C] was added 

cyano snoutane (12, 314 mg, 2 mmoles) in 3 ml of THF. Dry 

oxygen gas WDS bubbled at a moderate flow rate into tha li­

thionitrile solution at the same temperature for 1 hr. Tha 

reaction was quenched by the addition of 10 ml of 1 M stannous 

chloride in 2 M hydrochloric acid and the mixture WDS stirrad 

at ica tamperature for 2 hr. The reaction mixture was diluted 

with watar (20 ml) and extracted with ether (35 ml x 2). 

The ether axtract was washed with IN aqueous sodium hydroxide 

~ ml x 2) and dried. Evaporation of the solvent and bulb 

to bulb distillation (upto loooC/l.5 mm) furnished 148 mg 

(511-) of snoutanone (1£) as an oil leaving behind a small 

quantity of uncharacterised residue. Tha ketona solidified 
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on rafrigaration and could ba crystallisad from pet ether as 

a low malting solid. 

IR spectrum (neat), ~max: 1725 (carbonyl), 3045, 

795 and 750 cm-l (cyclopropyl). 

IH NMR spectrum (loa MHz, CDC13): 62.5-2.9(2H,m,CH2), 

1.9-2.3(4H,m,ring CH), 1.4-1.9(4H,m,ring CH). 

13 C NMR spectrum (25.0 MHz, CDC13 , Fig. 2): 62l4.4(s, 
, 

C=O), 4S.2(d,CS)' 3S.l(t,-£H2-C=O), 35.1(d,Cl ), 31.6(2C,d), 

31.4(2C,d) and 3O.4(2C,d), cyclopropyl C's, 

Tricyclo[4.2.2.02,5]daca-3,7-dian-9-ona(6): --
To a magnetically stirred cold (alcohol-liquid nitrogen 

bath, -70 to _BOoC) solution of lithium diisopropylamida 

[6 mmolas, prepared by adding 5 ml of 1.6 molar n-butyllithium 

in haxanc to a stirred solution of diisopropylamina (605 mg, 

6 mmoles) in 5 ml of dry THF at _7S0 C] was added 9-cyano 

triCYClo[4.2.2.02 ,5]deca-3,7-diene (1, 630 mg, 4 mmolas) in 

5 ml of dry THF. Orr oxygen gas bubbled at a moderate flow 

rate into tha lithionitrile solution for 30 min at the same 

temperature. The reaction was quenched by tha addition of 

12 ml of 1 M stannous chloride in 2 /.1 hydrochloric acid and 

stirred for 1 hr at ice temperature. The reaction mixture 

was dilutad with watar (50 ml) ~nd extracted with ethar 

(25 ml x 3). Tha ether extract was washed with 1 M sodium 
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hydroxide solution (25 ml x 3) and dried. Evaporation of 

the solvent furnished 600 mg of crude product which was 

filtered through a silica gel (20 g) column using benzene as 

eluent. The product on bulb to bulb distillation (9QoC/8 mm) 

furnished 4!'1J mg (77-/.) of the dienone ~ which was solidified 

on refrigeration. 

IR spectrum (neat), ~ : 3140,3060, 1620 and 1560 max 
(olefinic), 1720 cm-l (carbonyl). 

~ NAIR spectrum (100 MHz, CDC13): 65.7-6.3(4H,m,01e-

finic), 2.6-3.l5(4H,m,ring CH) , 

and 1. 75( lH, dd,J 1 =l6Hz ,J2=2Hz), 

2.1(lH,dd,Jl =16Hz,J2=3Hz) 
, 

-C!:!.2 -C..o • 

Photolysis of tricyclo[4.2.2.02 ,5]deca-3,7-dien-9-one(g) 
in ether: 

A solution of dienone ~ (100 mg, 0.654 mmole) in 120 

ml of dry ether was carefully purged with a slow stream of 

dry nitrogen for 10 min. The solution was then irradiated 

with a Hanovia 450 1/ medium pressure mercury vapour lamp in 

a quartz immersion well for 10 min. Solvent was evaporated 

and the crude photolysate was charged on a silica gel (15 g) 

column and chromatographed. _Elution with pet ether furni­

shed 45 mg (5~) of hydrocarbon mixture, which was analysed 

by GLC. GLC indicated the presence of 8}/. COT and another 

slightly higher retention time peak (l~) might correspond 
• 

to tricYClo[5.2.0.02 ,4]non-5,8-diene (11). 
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1 
H NMR spectrum (loo MHz, CCl4) :65.4-6.4(m,olefinic), 

5.8(COT), 3.4(m), 3.l(m), 2.4(m), 0.3(m,cyclopropyl). 

Elution of the column with 30)1. benzene-pet ether fur­

nished 30 mg (3~;') of the cyclobutanone !§, which was bulb 

to bulb distilled (loooC/l mm). 

IR spectrum (neat), ~max: 1785 cm-l (cyclobutanone). 

~ NMR spectrum (100 MHz, CDC13): 66.2(2H,d with st, 

J=2Hz, cyclobutene), 6.02(lH,m,gC=CH), 5. 56(lH,dd,Jl =lOHz , 

J2=4Hz,HC=Cg), 2.7-3.7(6H,m,ring CH). 

l3C NMR spectrum (25.0 MHz, CDC13): 6206.2(C=O), 

140.0,139.2, 129.4 and l19.0(01efinic), 58.2, 50.2, 42.9, 

39.8, 24.6. 

Analysis for CIOHIOO Calcd: C,82.l9; H,6.85. 

Found: C,82.48; H,7.0l. 

Photolysis of 3-(or 4-)bromo tricyclo[4.2.2.02,51deca-3.7-
dien-9-one(11) in ether: 

A solution of bromo ketone 11 (500 mg, 2.22 mmoles) 

in 120 ml of dry ether was carefully purged with a slow 

stream of dry nitrogen for 10 min. The solution was then 

irradiated with a Hanovia 450 Ii medium pressure mercury 

vapour lamp in a quartz immersion well for 13 min. The sol­

vent was evaporated and the crude photolysate was charged on 

a silica gel (15 g) column and chromatographed. Elution 
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with pet ether furnished 140 mg (~;.) of hydrocurbon mixture. 

further elution of the column with ~;. benzene-pet ether and 

careful pooling up of fractions (monitored by TLC) furnished 

200 mg (<<};.) of 9-(or 1O-)bromo tricyclo[6.2.0.02 ,5]deca-6,9-

dien-4-one (~), which on bulb to bulb distillation (l20oC/ 

0.6 mm) followed by refrigeration furnished the solid compound, 

mp.40-60C. 

IR spectrum (neat), ~max: 1790 (carbonyl), 1650, 

1590 cm-l (olefinic). 

~ NMR spectrum (60 Wlz, CDC13): 66.3(lH,d,J=1.5-lz, 

cyclobutene), 6.05(lH,qd,Jl=10Hz,J2=2Hz,tlC=CH), 5.72(lH,dd, 

J l =10Hz,J2=3Hz,HC=CH), 3.6(2H,m), 2.7-3.5(4H,m). 

l3C NMR spectrum (25.0 MHz, CDC13): 6205.0 (C=O) , 

137.9, 126.0, 122.2 and 121.0 (olefinic), 58.4, 50.2, 45.4, 

42.2, 24.2. 

Analysis for C10H9BrO Calcd: C,53.33; H,4.00. 

Found: C,53.36; H,4.08. 

Further elution of the column furnished SO mg (16v.) 

of starting bromo ketone 11. 

The hydrocarbon mixture was heated to 1000C for 10 min 

to convert all the bromoCOT to trans-~-bromostyrene and the 

mixture was charged on an alumina (15 g) column and carefully 

eluted with pet ether. The first two fractions furnished 
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45 mg (l~;') of 8-(or 9-)bromo tricyclo[5.2.0.02,4]nona-5,8-

diene (~). 

UV spec trum, \ MeOH 210 ( 7 ) "max : nm t = ,500. 

IR spectrum (neat), ~ : 1650 and 1590 cm-l (olefinic). max 

~ NMR spectrum (100 Mlz, CDC13): 66.4(lH,s,cyclobutene), 

6. 15(lH,brd,J=9Hz,tlC=CH), 5.46(lH,dd,Jl =9Hz,J
2

=4Hz,HC=Ctl), 

3.40(lH,d,J=5Hz,H7), 3.22(lH,t,J=4Hz,H
l
), 0.8-1.36(3H,m, 

cyclopropyl CH), 0.2(lH,m,cyclopropyl CH). 

Further fractions of the column furnished 40 mg (10/) 

of trans-P-bromostyrene. 

IH Nh~ spectrum (100 MHz, CDC13): 67.26(5H,s,aromatic), 

6.95 and 6.8(2H,ABquartet,J=14Hz,01efinic). 

TetracYClo[5.3.0.02 ,lO.03,6]dec_4_en_9_one(23): 

An acetone solution (120 ml) of tricyclo[4.2.2.02,5] 

deca-3,7-dien-9-one (~, 80 mg, 0.55 mmole) was carefully 

purged with a slow stream of dry nitrogen for 10 min. The 

solution was then irradiated with a 450 \'/ Hanovia medium 

pressure mercury vapour lamp for 7 min in a quartz immersion 

well. The GtC analysis indicated 8~;' conversion to the pro­

duct. Solvent was evaporated and the crude photolysate was 

charged on a silica gel (10 g) column and chromatographed. 

Elution with 5010 benzene-pet ether furnished 10 mg of starting 
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dienone~. Further elution of the column with ~;. benzene­

pet ether furnished 40 mg (50/) of the tetracyclic ketone ~, 

which was bulb to bulb distilled (900C/0.5 mm). 

IR spectrum (neat), i) : 1730 cm-l (carbonyl) max 

lH NMR spectrum (100 MHz, CDC13): c56 . 2(lH,d,J::3Hz, 

Ctl=CH), 6.l(lH,d with st,J=2Hz,HC=Ctl), 3.45(lH,brs,H3),2. 

2.4-3.0(3H,m,ring CH), 1.7-2.4(4H,m,ring CH). 

13 C NMR spectrum (25.0 MHz, ClJC13): c52l4.5(C=O), 140.1 

and 138.6 (olefinic), 58.7, 50.9, 49.7,37.4,36.6,35.9, 

32.7. 

Analysis for C10H100 Calcd: C,82.l9; H,6.85. 

Found: C,82.55; H,6.42. 

4-( or 5-) Bromo tetracYClo[5.3.0.0 2 , 10 .03, 6] dec-4-en-9-one ( 2.;:>.: 

A solution of bromo ketone l! (500 mg, 2.22 mmoles) in 

120 ml of acetone was carefully purged with a slow stream of 

dry nitrogen for 10 min. The solution was then irradiated 

with a Hanovia 450 ~I medium pressure mercury vapour lamp in 

a quartz immersion Vlell for 40 min. GLC analysis indicated 

85V- conversion. The solvent was evaporated and the crude 

photolysate was charged on a silica gel (15 g) column and 

chromatographed. Elution with ~;. benzene-pet ether furnished 

40 mg of starting bromo ketone l!. Further elution of the 

column with ~;. benzene-pet ether furnished 220 mg (441-) of 

the tetracyclic ketone ~, which on bulb to bulb distillation 
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(120
o
C/O.6 mm) followed by refrigeration furnished solid 

compound, mp.42-90C. 

IR spectrum (neat), ~max: 1735 (carbonyl) and 1585 

cm-l (olefinic). 

lH NI.iR spectrum (60 1:.Hz, CDC13): 66.2(lH,d,J=1.5Hz, 

olefinic), 3.6(lH,brs,allylic), 2.35-3.2(4H,m,ring CH), 1.75-

2.35(3H,m,ring CH). 

13C NI.IR spectrum (22.64 MHz, CFC13+CDC13): 62l3.6(s), 

138.6(d), 123.5(s), 59.0(d), 57.6(d), 51.3(t), 37.5(d), 36.4 

(2C,d), 32.9(d). 

Analysis for C10H98rO Ca1cd: C,53.33; H,4.00. 

Found: C,53.78; H,3.95. 
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