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ABSTRACT  

In the first part of this work, cyclisation reactions 
• 

of medium ring dienes and related compounds are reviewed, 

with emphasis placed upon the relation of the conformations 

adopted by the molecules to the cyclisation products. 

The reactions are classified according to the mechanisms 

involved. 	A brief review is included of the importance 

of these reactions in biosynthetic pathways. 

In the second part the synthesis of a cis, trans  

cyclononadiene, by a cyclopropyl to allyl ring expansion 

of a bicyclo (6,1,0) nonene, is described. 	The ring 

expansion reaction is discussed in.some detail, particularly 

with reference to the possible role of silver ion as a 

catalyst. 	The cyclopropyl to allyl rearrangements of the 

oxides of the bicyclic olefin are also discussed. 
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The cyclisation of the cyclononadiene to a trans—

hydrindane system and the proof" of-  this structure by 

degradation methods, is described, along with the preparation 

of possible intermediates in a synthesis of a trans—

hydrindane system containing an angular methyl group. 
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PART 1 



CYCLISATION REACTIONS OF MEDIUM RING DIENES  

Introduction  

• Medium ring dienes and related compounds readily 

undergo a variety of intramolecular cyclisation reactions 

which exhibit marked stereospecificity. 	The ease of 

reaction is due both to the conformations adopted and to 

the strain present in the molecules. 	The strain is made 

up of "Pitzer" or torsional strain, strain due to bond 

angle bending, and non—bonded interactions. 	Cyclodecane 

has a strain energy of 12.0 Kcal/mole68, made up of 4 Kcals 

due to torsional strain, 5 Kcals due to bond angle bending, 

and the remainder due to non—bonded interactions. 	The 

importance of the stable conformation may be illustrated 

by considering Pregeijerene (1)1'2, in which sp2  bonded 

carbon atoms on opposite sides of the ring are only 2.91A°  

apart:- 

9 

(I) 

10 

C. 	C
5 
 = 2.91A°  

C10 
— C5 

= 3.13A
o 

Conformations have in a number of cases been 

determined t by X—ray diffraction of the crystalline silver 

nitrate adducts of the dienes 



0 

These adducts have been shown to closely resemble 

the coneormations adopted by the molecules in solution 

prior to reactions. 	The close proximity of the double 

bonds is also illustrated by the anomalous u.v. spectra 

due to transannular7r—bond interactions. 	Compounds in 

which this effect has been observed include Germacrol(2), 

Germacrone
7
(3), Constunolide

8
(4), Pregeijerene9(1) and 

Germacrene D
10
(5). 

10 

(2) (3) 

( 4 ) 
	

( 5 ) 



(6) 

The observed u.v. spectra are as shown below:— 

Compound max E 	- 

1 251 	n.m. 9,100 

2 210 n.m. 14,500 

3 213 	n.m. 12,600 

4 213 	n.m. 16,200 

5 259 	n.m. 4,500 

Both Pregeijerene (1) and Germacrene D(5) contain a 

conjugated 1.3 cyclodecadiene system, the u.v. spectrum 

of which has been reported11 to have i'max 222 n.m. and 

E5,000 -910,000. 	Thus both these compounds show the 

transannular interaction with the isolated double bond. 

This transannular effect enables a carbonium ion derived 

from an unconjugated system to be stabilised e.g. in the 

reaction of cis, cis-1,5—cyclooctadiene (6) with 

electrophilic reagents12 

11 

H20Me 



•• 	 12 • 

The interaction will either be C+4Cfor a stepwise 

reaction, or jt—IT Per a concerted reaction, and will be 

favoured by the double bonds being close together. 

Whereas this reaction yields the 2—endo—substituted (3,3,0) 

bicyclooctane, radical additions to (6) give only 2—exo-

products13. 

The trans, trans-1,5—cyclodecadienes, apart From 

the Germacrenes, which exhibit anomalous u.v. absorptions 

at approx. 210 n.m. include Tamaulipin14—A(7) at 207 n.m. 

and 19,400, dihydromethoxy 	Eupatoriopicrin15(8) at 

210 n.m., and Isabelin
16(10) 

HO' 

 

(7) 

(9) 

at ?1 ax211  n.m. and E. 18,900. m 



13 

These trans, trans—1,5—dienes can adopt conformations 

in which the double bonds are either parallel or in a 

crossed spatial arrangement!  

The conformation of dihydro—tamaulipin—A acetate (11) 

has been determined by Nuclear Overhauser Effects17, and 

has the crossed arrangement. 

Ac0-- AcO 

IParallel double bonds refer to sets of bonds whose p 
orbitals lie in the same plane i.e, when the molecule is 
viewed side—on they appear:- 

--- 

Crossed double bonds refer to sets of bonds whose p 
orbitals lie in different intersecting planes i.e. when 
viewed side—on they appear:— 



OR 

0 

AcO' 
(13) 

14 	• 

X-ray diffraction experiments have shown that the 

'double bonds are also crossed in Germacrene
3
(12) and 

Pregeijerene
2
(1). 	Also the mono-epoxides Shiromodiol 

acetate p-bromobenzoate
18(13) and Elephantol 

• 
p-bromobenzoate

19
(14) have conformations

2 
which suggest 

that their diene precursors have this arrangement. 

 

Isabelin (10) has been shown 
 to exist as a 10:7 

mixture of two conformers at room temperature, with the 

major isomer (a) having the crossed arrangement. 	The 

dihydro derivative (15) however has been shown to exist 

exclusively in the crossed orientation
20
. 

(a) 
	

(b) 



A 'crossed' double bond conformation for 

Germacrene-A (16) has been inferred
21 

due to its Cope 

rearrangement to (+)-12-elemene (17) via the quasi chair 

transition state.
22 

(16) ( 17 ) 

Germacrene D (5) has been suggested to exist in the 

parallel double bond conformation
10 (18), and evidence 

cited is the photolysis of (5) 

15 

(18) 
	

(1.9) 

to (-)-p-bourbonene. 	Acid catalysed rearrangement of .  

(5) however gives the cis-decalin system (20), and it is 

difficult to see how this could be formed from (18)1 	The 

excited triplet state of olefins is produced by rotation 

of 90°  about the - carbon-carbon bond to give an orthogonal 

system
23 and on the basis of this it is reasonable to • 



suppose that the acid—catalysed cyclisation product will 

bear a closer resemblance to the starting conformation 

than the photolysis product. 	Thus the crossed spatial 

conformation (21) is a more probable conformation:— 

16 

	

H 
	

; 

	

(21) 	 (20) 

The greater reactivity of medium ring double bonds, 

trans in particular, than those in acyclic systems24 is 

due to the steric- strain involved. 	Garbish et al
25 

carried out a series of reactions of olefins with di—imide 

and .succeeded in seperating the strain into a bond—angle 

factor and a torsional angle factor. 	Sutherland et al
5 

furthered this work by studying the rates of epoxidation 

of the double bonds of Germacrene (12) and Humulene (22). 

They concluded that sp—sp
2 

torsional strain (due to 

twisting about the axis of the double bond so that the 

planes of substituents are not parallel) made a more 

significant contribution to reactivity than the sp3—sp
2 

torsional strains. 	Thus they explained the greater 



reactivity of the 8,9 double bond in (12) and the 7,8 

bond in (22). 

17 

(12) 
	

(22) 

The greater reactivity of, trans double bonds has 

been illustrated by the reaction of 1,5—cis, trans— 
, 

cyclodecadiene with dibromo carbene and dichloro carbene  

and also with di—imide
27
. 

In the carbene additions, the.trans cycloPropane 

to cis cyclopropane ration was 3:1:— 

,;>'Br 
Br 

3 
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Perhaps the most striking illustration of the greater 

reactivity of the trans double bonds is provided by the 

epoxidation of cis, trans—cyclodoca—1,5—diene. which 

gives exclusively the oxide of the trans bond:-42  

The cyclisations may be classified by considering 

the mechanisms involved into five groups i.e.:— 

(i) Acid—catalysed 

(ii) Electrophilic additions 

(iii) Thermal Rearrangements 

(iv) Radical and photolysis reactions 

(v) Miscellaneous 

(i) 	Acid—Catalysed  

In the case of ten—membered ring sesquiterpenes 

these reactions generally yield the decalin system e.g. the 

cyclisation of (5) referred to earlier. 	The cyclisation 

of the acid (23)
28 

derived by reduction of dihydro—

costunolide (24) to the bicyclic acid (25) has been used 

to -confirm the stereochemistry of the 0—C4—methyl group 

in (23):— 



19 

(24) 

COOH 

( 23) 

(26) 

The Cormation of santanolide 'C' (26) indicates 

the IS-orientation of the methyl group, and also that 

trans, trans-1,6-cyclodecadienes undergo stereospeciCic 

transannular cyclisation to give trans-selinane compounds, 

in common with their 1,5 isomers e.g. dihydrocostunolide 

(24)29  and its derivatives. (27)30, (28)30:- 



20 

H 

   

  

  

(24) 

 

H
9 

 

CH20Me Cyme 

(27) 

H
e 

(28) 



An example of a cyclisation reaction yielding the 

cis—ring fused decalin derivative is provided by the 

cis, trans, cis diketo triene (29)31. 	The -reaction 

probably proceeds via a keto—enol tautomerism:- 

21 

0 

 

0 

 

 

 

  

 

HO 

The naturally occurring sesquterpene caryophylene (30) 

readily undergoes cyclisation upon treatment with acid to 

give caryolan—l—ol (31) and clov-2—ene 
(32)32. 	Experi—

ments with D2SO4 showed that these two products were 

formed by trans addition of a proton to the endo double 

bond in the two different conformations (30)(a) and 

(30)(b)33 



(30) 

HO 

(32) 

(a) 
	

(b) 

22 



Recently reported has been the acid—catalysed 

cyclisation of isocaryophylene (33) to the tricyclic 

compound (34)34 :— • 

23 

(33) 

(34) 



He  

 

 

AcO 

(37) 

AcO 

The only simple acid-catalysed cyclisation of a 

trans, trans-1,5-decadiene system to the 5,7 ring system 

is that of bicyclogermacrene (35)
35 to (36), 	The 

compoUnd containing the 6,6 ring system is also formed:- 

24 

A 5,7 ring system•is also obtained From the 10 • 

membered ring ketone (E)-3(6 hydroxy-5,10-seco-cholest-

1(10)-en-5-one acetate (37)
36:- 



(a) 

25 

The product ratio is 9:1 a:b, and thermal cyclisation 

yields (a) only in 45-50% yield. 

The authors postulate that the two products (a) and 

(b) arise from two different conformations i.e. 1. and 2., 

Obviously the cis product (b) cannot form from 2 by a 

thermal mechanism, as the methyl group is not adjacent 

to the carbonyl:— 

  

(a) AcO 

 

Ac0--- 5>f<2  

Ca 

I. 

  

(b) 

AcO 

 



A reaction of interesting synthetic value is that 

of methyl— 4,3—trans. trans  cyclododecadiene—l—carboxylate 

(33)37 with formic acid to give 2,3,6,7,3,9—hexahydro--

1H—benz(e) indene (39). 

26 

OMe 

 

  

(33) 
	

(39) 

(40) 
	

(41) 



Since the parent diene (40) yielded the bicyclic 

olefin (41) under the same conditions the authors 

postulate a mechanism proceeding via such an.olefin:- 

27 

‘ 

  

 

(39) 



So Ear we have only considered medium ring dienes, 

but the oxides o2 these compounds also readily undergo 

acid—catalysed cyclisations. 

Again the reactions are stereospecific, with the 

conformation of the products closely resembling that of 

the parent oxides, e.g. in pyrethrosin (42)38 

28 

 

 

 

OAc OAc 

 

(42) 
	A c 0 

"Old  
OAc 

Other sesquiterpene oxides which have been cyclised 

in 	this manner include dihydrocostunolide-10,1 —oxide 

(43)
39

, dihydroparthenolide (44)
40

, and both the 4,5 and 

10,1 oxides of germacrene (45a) and (45b)
41 

OH 

(43) 



 

29 

  

(44) 

(45h) 

(45a) 



HOB 

(46) (47) 

Treatment of the trans monoepoxide of cis, trans-

1,5-cyclodecadiene (46) with aqueous acid yielded the 

cis decalin diol (47)
42 

30 

Recently the cyclisation of humulene oxide (48)
43 

has been reported. 	The tricyclic diol (49) is formed, 

presumably by the route shown:- 

 

	 H 

 

  

ÒH 

(48) 
	 (49) 

The biosynthetic significance of this reaction will 

be mentioned later. 



r 

(ii) Electrophilic Additions  

One very common reaction in this category is the 

addition oE hypobromous acid, generated Prom N—bromo— 

succinimide in aqueous solvent. 	Two examples are the 

reactions or humulene (22)44 and germacrene (12)45 with 

NM in aqueous acetone:— 

A reaction analogous to the humulene (22) reaction 

is 	the bromination oE cis, cis —1,4—cyclooctadiene (50), 

presumably via the cation (51)46:— 

31 

(22) 

(12) 

' 	(50) 
	

(51) 



Me OH 

A 
CaA 

PbOAc 
(53) 
	

OAc 

32 

An example of electrophilically—induced cyclisation 

of a cis, cis—l,G—cyclodecadiene system is the bromination 

of (52) in methanol solution47:— 

(52) 

Treatment of cis, trans—cyclodeca—1,5—diene (53) 

with a variety of electrophilic reagents yields a series 

of substituted cis decalins27:— 

Oxymercuration followed by demercuration in situ 

  

of (53) yields cis, cis—l—decalol by the same mechanism. 

The reaction of cis, cis—l,5—cyclooctadiene (6) with 

electrophilic agents
12 

has already been discussed with 

reference to the transannular double bond interaction. 



(12) 

 

 

( 54) 

The reaction went via an acid-catalysed cyclisation 

33 

The bromination of germacrene (12) gave the dibromide 

(54)41,45 with the trans-selinane skeleton as one product:- 

to the diene mixture, followed by bromination of the 

tetra substituted double bond. 

(iii) Thermal Rearrangements  

These reactions are electrocyclic transformations 

as defined by Woodward and Hoffmann
48 

and so the products 

may be rationalised in terms oe the now familiar orbital 

symmetry conservation rules
48. 	Two simple examples are 

provided by the thermal cyclisations of cis, trans-1.3- - 

cyclooctadiene (55) and cis, trans-1,3-cyclononadiene 

(56)
49
. 	These systems contain 47Telectrons and so their 



(56) 

(55) 

ground state i.e. thermal, cyclisations should be 

conrotatory, and in Pact this process is observed:— 

' 34 

 

>•• 

 

Neither of the corresponding all cis dienes undergo 

thermal cyclisations, and this is readily understood since 

this would involve the formation of a trans fused 

cyclobutene system by the conrotatory process. 	Cis, 

cis, cis-1,3,5—cyclononatriene (57)
50 
 cyclises to cis— 

bicyclo (4,3,0) nona-2,4—diene (58), whilst the cis, cis, 

trans isomer (59) yields the trans bicyclo product (60), 

both reactions being disrotatory transformations of a 

671- electron system:— 



 

55 

  

(57) 
	

(58) . 

(59) 
	

(60) 

On heating at 230°C for 6 hours dihydrocostunolide 

(24) rearranges to give the two dienes obtained by acid—

catalysed cyclisation
29 plus '—santanolide (61). 

  

(24) 

 

 

  

  

(61) 



Germacrene-4,5—oxide (45a) has been cyclised 

thern.ally, the 5,7—guaiane derivative being formed41,51 

36 

(45a) 

 

 

In this reaction the ketone (62) is also formed, 

possibly via:— 

(62) 

(iv) Radical and Photolysis Reactions- 

The attempted thermal cyclisation of cis, cis—

cycloocta-1,3—diene (63),referred to earlier was 

unsuccessful, but the compound has been cyclised photo—

lytically
52 

to give cis bicyclo (4,2,0) oct-2—ene:— 



h Y  

37 

  

(63) 

Since the cyclisation proceeds via the excited state 

it will be disrotatory as shown. 	Photoisomerisation of 

the (11-i3 unsaturated ketone (64) gave a mixture of tricyclic 

products
53, with the major one being that predicted by 

Srinivasan's
54 

'Rule of Five' i.e. (65) 

(65) 

The formation of (65) is similar to the photolysis 

of Germacrene D (5). 

As mentioned earlier, radical additions to C.O.D.(6) 

give only the 2-exo cis bicyclo products 



CI) 

CCI 

(66) 

• 

Dowbenko55 studied the addition of carbon 

tetrachloride, chloroform and several other reactants to 

(6). 	He found that no choice could be made between the 

two possible modes of reaction, i.e. a concerted trans—

annular addition as in (66), or stepwise, as in (67). 

38 

(67) 



A similar reaction is that with dimethyl—Formamide 

or t—butylEormamide to give the 2—exo cis—(3,3,0) 

bicyclooctanes (68) and (69) 

39 

(68) 
	

(69) 

Gregonio and Pregaglia
56 have added acetic acid to 

cyclooctadiene by a radical reaction to obtain (70) 

(70) 



(6) 	1 (63) 

H 

allylic proton i • e • 

H 

(71) 

As support for this mechanism 

( v) 	Mis cella neous  

On treatment of cis, cis-cycloocta-1,5-diene(6) 

or -1,3-diene (63) with phenyl potassium, the cis-(3,3,0) 

bicyclo-octene (71) is formed57, and the mechanism shown 

is postulated:- 

40 

abstraction, followed by transannular addition, the 

base-catalysed cyclisation of the epoxides (72) and (73)58  

is cited:- 

HO 

 

 

Hi  

. (7.2) 
B 

 



 

41 

  

(73) 

Recent work however has cast some doubt upon the 

base—catalysed ;proton abstraction_ step postulated above. 

When the ketol (74) is treated with lithium in liquid 

ammonia, the tricyclic diol (75) 59 is formed, possibly 

by the radical mechanism shown. 

 

 

OH 

 

(74) 

 

 

 

OH 
OH 

(75) 



The sesquiterpene neolinderalactone (76) cyclises 

to ujacazulene (77) upon being dehydrogenated over 

palladium/charcoal60:— 

42 

(77) 



(79) 

OH 

(78b) 

(78a) 

43 • 

Biosynthetic Significance  

That cyclisation reactions of medium rings could 

be of biosynthetic significance was first proposed by 

Barton and de Mayo
61 when considering the cyclisation 

reactions of pyrethrosin (42). 	Later Hendricks.on62•  

proposed a scheme derived from both cis and trans farnesol 

(78 a & b). 



The 	trans, trans —cyclodecadiene (30) could then be 

hydrated and undergo either Markownikofe or anti—

Markownikofe addition to the double bonds to give either 

the trans selinane skeleton (a) or the guaiane type (b):— 

44 

OH 

(a) 
	

(b) 

OH 



45 

More recently, van Tamelin
63 

has carried out a 

cyclisation of trans—farnesol derivatives using hypobromous 

acid:— 
CTA e 

 

COMe C3Me 

B r 

 

This reaction proceeds by direct terminal oxidation 

and cyclisation, analogous to the schemes suggested for 

• 
the terpene biosynthesis64. 

Direct evidence supporting biosynthesis via medium 

ring sesquiterpenes has been provided by the incorporation 

of tritium in dihydrocostunolide (24) into o(—santonin (81) 

in Artemisia maritima
65
. 

The trans—Earnesol cyclisation scheme has been 

postulated to give rise to the heterocyclic sesquiterpene 

occidenol (82)
66:— 



• 

 

›- 

 

V 

(82) 

A sesquiterpene lactone with a trans, cis double 

bond arrangement, presumably derived from cis,—farnesol 

i.e. chamissonin (83), has been postulated to be the 

biosynthetic precursor to the pseudoguainolide (84):— 



47 

(83) 

(84) 



Sutherland
46 

has suggested that humulene (22) may 

be a biosynthetic precursor of caryophyllene (30). 

Chemically (30) has been formed from (22) by .the.path 

shown:— 

48 

    

 

 

   

Br 

  

     

Br 

LAH 
(22) 

     

       

(30) 

More recently McKervey
43 

has postulated the 

intermediacy of the oxide (85) in this biosynthesis, and 

has based this upon the fact that both (85) and the diol 

(86) occur naturally. 	This is in line with the known 

importance of oxide cyclisations elsewhere in 

biosynthesis i.e. the sequence shown
67
. 



49 

HO' 

HO 

CFOOM 	 I CHOQMe 2 	 2 

OH 
85 
	

86 
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The synthesis of trans—hydrindane systems (1) has 

presented problems in steroid synthesist. 	Unsubstituted 

cis—hydrindane (2) is less thermodynamically stable than 

the trans compound, up to approx. 200°C, when the greater 

entropy of the cis compound, renders it more stable. 

This is due to the cis being fused by axial, equatorial 

bonds, and thus the 6 membered ring can invert (3), whereas 

in the trans compound the e,e, system cannot invert. 	The 

Fact that the enthalpy and entropy terms are in 

opposition in these systems leads to small modifications 

in structure reversing the relative stabilities e.g. 

cis—l—hydrindanone is more stable than the trans by a factor 

of 3
2
• 
	

Also the introduction of an angular methyl group, 

or any change which interferes with the mobility of the 

cis system will also change this picture
2
'
3 	

Thus it 
 

appears that in steroid systems, the cis is the more 

thermodynamically stable isomer1. 

  

  

  

  

(3) 
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The high stereospecificity of the cyclisations of medium 

ring dienes alrea1y discussed suggested that an appropriate 

cyclononadiene might cyclise to such a trans-hydrindane 

system. 	Cis, trans—cyclodeca-1,5-diene is known, from 

X-ray studies of its silver nitrate adduct
4
, to exist in 

the conformation (4), and consequently it is reasonable to 

(4) 
	

(5) 

suppose that cis, trans—cyclonona-1,5-diene could exist in 

the conformation (5). 	A possible synthesis of (5) would 

involve subjecting a suitable (6,1,0) bicyclononene to a 

cyclopropyl to allyl rearrangement. 	A suitable compound 

is 9,9 dibromo (6,1,0) bicyclon:Ot-4-ene (6), which is 

prepared conveniently by addition of dibromo carbene to 

1,5 cyclooctadiene (7)5. 

(6) 
	

(7) 
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Such a concerted cyclopropyl-allyl rearrangement is 

governed by the Woodward-Hoffmann orbital symmetry con-

servation rules6 , which state that for such a rearrangement, 

the bonds involved will undergo disrotatory fission, and 

the groups cis to the leaving group will rotate inwards. 

If one examines the system with regard to a leaving group 

'X', it can be seen that when 'X' is endo i.e. cis to the 

allyl groups R, then a cis allyl system will result, 

whilst for exo 'X', the allyl system formed will be trans :- 
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Thus the ring opening of (6) will depend upon whether 

the exo or the endo bromine ionises. 	It has been found?  

that the rates of solvolysis of endo-bicyclo-(n,1,0)-(n+3)-

tosylates decrease with increasing ring size, whilst the 

converse is true for the exo series, and in fact the. exo- 

bicyclo (6,1,0) octane rearranged to give trans cyclooctene
8 

6,000 times faster than the solvolysis of the endo. 	This  

suggested that (.6) should react to give the trans double 

bond. 	In fact reaction of (6) with silver acetate in 

acetic acid at room temperature gave the cis, trans acetate 

(8), a crystalline compound, whose n.m.r. spectrum had the 

(8.) 
	

( 9 ) 

following low field signals:- I(CCL4)4.08(IH,t,J=7.5Hz), 

4.96(2H,m), 5.0(IH,Wi-18Hz). 	The signal at Z5.0 was 

assigned to the proton geminal to the acetate function, 

and the half-width indicated that it had an 'axial'-like 

configuration. 	Assuming the conformation (5) is adopted, 

then it was possible to assign to the acetate the 

p-orientation. 	The cis, trans configuration (9) was 



—Br 

X 

(10) X = OAc 

(14) X 	Br 
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confirmed by comparison of the 100MHz n.m.r. spectrum of 

(9) with spectra of the authentic cis, cis acetate (10)14 

These showed (9) to be not identical to the cis, cis 

compound. 	This proof was dependant solely upon physical 

properties, and consequently a chemical means of support— 

ing thecanfiguratianwas sought. 	The trans monoene (11) 

is a known compound, and so attempts were made to relate (9) 

Br 

and (11). 	Lithium in liquid ammonia reduction was not 

successful, and consequently (9) was hydrolysed to the 

crystalline alcohol (12). 	Treatment of (12) with 

phosphorus tribromide gave the cis,trans dibromide (13). 

(12) X =OH 

(13) X=Br 
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This compound was not identical to the cis, cis dibromide 

(14)14. 	When (12) was catalytically hydrogenated the only 

result appeared to be hydrogenolysis of the bromine atom. 

Reduction of (12) using sodium in liquid ammonia gave an 

alcohol whose n.m.r. showed four vinyl protons. 	This  

alcohol could be oxidised to an oW—unsaturated ketone, 

from which the alcohol was regenerated on sodium boro— 

hydride reduction. 	Whilst these two compounds were 

assigned the structures (15) and (16), their n.m.r. spectra 

were of little help in determining the configurations of th!e 

double bonds, since all four protons were included under 

the same envelope. 	Treatment of dihydro (6) with silver 

OH 	 / 	0 

(16) (15) 	• 

acetate under identical conditions gave no reaction, and 

after stirring for 11 days starting material, was recovered 

in 100% yield, indicating that the dihydro compound reacted 

at least 200 times slower than the olefin. 	When the 

mixture was refluxed the ring opened to give the cis 

double bond as in (17). 	This result was unusual since 

it implied that the double bond in (6) played some part 

in the reaction, either by chelating the silve.r ion, or 



by providing a greater relief of steric strain in going 

from the eight membered ring to the cyclononadienes. 	The 

configuration of (17) was verified by hydrolysis to the 

(17) X = OAc 

(18) X = OH 

(19) X = Br 

crystalline hydroxide (18), and comparing this with an 

authentic sample of (18) prepared by acetolysis followed 

by hydrolysis, of cis —2,3—dibromocylononene (19), 

prepared" by the method of Reese9• . The reactions of the 

oxides (20) and (21) with silver acetate were studied to 

determine the effect of substituting the double bond by 

an oxide. 
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(20) 
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On treatment with excess peracetic acid in methylene 

chloride solution, (6) gave the crystalline oxide (20). 

The cis stereochemistry was assigned by analogy with the 

peracetic acid oxidation of (7) to the cis bis oxide 
 

and the dichlorocarbene addition to (7) to give again 

the CiF bis adduct
11 

as the major product. 	Treatment of 

(6) with N.B.S. in aqueous solution gave a mixture of 

bromohydrins 	(22) , from which (21) was prepared by 

treatment with potassium carbonate in methanol solution. 

OH Br 

(22) 

Upon reaction with silver acetate both (20) and (21) 

gave a mixture or.  three crystalline products, which were 

assigned the structures (23),(24), and (25). 	The yields 

of each product are given in Table I.. • 



Br 
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X 

 

Br 
(23) 
	

(24) X = Br 

(25) 	= OAc 

Reaction Yield of 
(23) 

Yield of 
(24) 

Yield of 
(25) 

cis(20)+1mole AgOAc 38 — 46% 32 — 39% 14 — 29% 

trans(21)+lmole AgOAc 22% 47.5% 31% 

trans(21)+0.lmole AgOAc 22% 66% 12.5% 

trans(21)+lmole AgOAc for 3 23% 7% 70% 
days 

The yields were obtained from the n.m.r. spectra of the 

crude mixtures by measuring the integrals of the vinyl 

protons and the protons geminal to either bromine or 

acetate. 	Consequently the yields are expressed as 

percentages of reacted material. 	The cis, cis dibromo 

oxide (23) had 23.41(1H,t.,. J=8Hz), Z75.12(1H,m., W-1-8Hz), 
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and the trans, trans acetoxy bromo oxide (25) had 

7-3.95(1H,d.d.):r4.9(11I,m.). 	As can be seen from Table I 

- these are the kinetic products of the reaction, and in fact 

a pure sample of (24) could be quantitatively converted to 

(25) by reacting with silver acetate under the reaction 

conditions. 	The stereochemistry of (24) and (25) was 

elucidated by the fact that (25) was identical to the 

compound obtained by reacting the cis, trans diene (8) 

with peracetic acid i.e.:— 

Br 
OAc 

(8) 

 

 

That (23) and (24) were dibromides .was confirmed by 

examining their mass spectra. 	Both showed the characteristic 

triplet produced by a molecule containing 2 bromine atoms 

in the parent ions at m/e 294,296,298. 	When an authentic 

sample of cis, cis—l,9—dibromocyclo—l,5—diene(14)9 was 

treated with peracetic acid, a crystalline oxide which was. 

not identical to (23) was obtained. 	This supports the 

stereochemistry postulated for (23) since X—ray crystallo—

graphic studies12 suggest that (14) is the stable conformation 

of cis,'cis—cyclonona-1,5—dienes, and as the n..m.r. of (14) 



(14a) 

13r 

(26) 

indidated that the proton is axial—like, then attack by 

the peracid must give the stereochemistry (26). 

Also when an authentic sample of'the cis, trans  

dibromide (13)13 
• 

was treated with perncetic acid, 

crystalline (24) was obtained in good yield:— 
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(13) 

 



Ag9_ 	Br  

cis 
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Control experiments with acetic acid alone and with 

sodium acetate in acetic acid have shown that the reaction 

is not a simple solvolysis, and that silver ion is 

necessary for reaction. 	Another control experiment has 

established that (26) is not converted to (23) under the 

reaction conditions. 

At first sight these results would seem to support 

the chelation of the silver ion to the oxygen atom, as 

a 1,2 bromide migration has occurred in the presence of 

Ag+ . 	If we accept that in such a process the silver ion 

is chelated to both the oxygen atom, and to the migrating 

bromine atom, then :at once-  certain restrictions are 

placed on the reaction, since this will only be possible 

in certain conformations or the oxides, namely those shown:— 
€1.  - _ _ 

H 
gr 

0 	
Ag  

• trans (i) 

trams (ii) 
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It is possible that the product to which was assigned 

the stereochemistry (23) is in fact epimeric with the cis, 

trans compound (24) or the cis, cis (23). 

Also if the trans double bond in (24) is incapable 

of rotating through the ring, then diasterioisomers of (24) 

will exist. 	Since the mirror—image forms of the 

diasterioisomers will also be present, the possible pairs of 

enantiomers with the allylic bromine trans to the oxide 

ring are:— 
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The reaction products could thus be diasterioisomers 

of (24). 	Reese has reported
14 that silver perchlorate 

in methanol ring opens (6) to a mixture of the diasterioisomers 

of (27) 

-0M¢ 

(27) 

This system is more attractive in that it does not require 

the migration of an endo bromine in the rearrangement contrary 

to the predicted pattern. 	The endo mono bromide (29) was 

prepared by zinc/acetic reduction of (6) to (28) , followed 

by peracid oxidation. 	The bromine was shown to be endo by 

(28) 	• (29) 
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the position of the ri.m.r. signal of the cyciopropane 

proton at Ilcc14)6.8(111,t,J=7.511z), in agreement with 

published values15. 	(29) did not react with silver acetate 

in acetic acid, in spite of the fact that chelation of Ag+  

to the endo bromine should be possible. 

All attempts to interconvert (24) and the other 

dibromide (23) formed in the ring—openings failed. 	Also 

when a sample of the cis, trans dibromide (13) was refluxed 

in benzene for 3 hours and then oxidised with peracetic 

acid, only (24) was obtained. 

In view of these results it seems unlikely that the 

dibromides formed by rearrangement of (20) and (21) are 

related by diasterioisomerism. 

Several attempts to elucidate the configuration of 

these compounds by degradation procedures were unsuccessful. 

These included various reduction reactions, and reactions 

designed to open the oxide ring. 	In all cases there was 

either no reaction, or the reaction did not proceed in the 

desired manner e.g. in some cases it appeared that intra—

molecular cyclisation was occurring. 

To investigate the role of steric strain in the-

rearrangement, the tricyclic dibromide (31) was prepared 

by Simmons—Smith carbene addition to (7), to give (30), 

followed by addition of dibromocarbene in the usual manner.  
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(30) 

 

When (31) was treated with silver acetate under the 

standard conditions, reaction occurred to give an oil, the 

n.m.r. of which indicated that two acetates were present, 

one with an 'axial—like' proton at2'4.9(Wr=18Hz), and the 

other with an 'equatorial—like' proton at-14.55(WI=8Hz), in 

roughly equal proportions. 	The compound with the 'axial= 

like' proton crystallised from the mixture, and was 

characterised and assigned the structure (32). 	The pro— 

portions of the two compounds were not altered significantly 

'by heating at 80°C. 	IC the starting material (31) was a 

(-32) 
	

(33) 
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mixture of cis and trans isomers, then the formation of a 

mixture of acetates is explained, whereas if (31) was a 

single isomer then attack by acetate ion on either face of 

the intermediate must be possible, and the site of attack 

i.e. either cis or trans to the cyclopropane ring, must 

determine the conformation of the acetate. 	This is 

analogous to attack of the oxide intermediates by the AgBr-

ion-pair, where attack on the face cis to the oxide should 

give a different conformation from attack trans to the 

oxide. 

Whilst the reaction of (31) implies that relief of 

steric strain may be important in this rearrangement, it 

must be balanced against the fact that the bis dibromocarbene 

adduct (33) did not react under the same conditions. 

Cyclisation of 1-bromo-trans,• cis-cyclonona-1,5-diene-

9-acetate (8)  

(8) was treated with 1 mole of hypobromous acid, since 

this reagent has been used previously in medium-ring 

cyclisations
16
. 	The crystalline bicyclic ketone (34) was 

obtained in 55% yield, probably by the mechanism shown:- 
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Br 

  

AcO 

  

AcO 

AcO AcO 

(34) 

The carbonium ion formbd will be stabilised by the 

mesomeric effect of the bromine atom, and electrophilic 

attack by the bromonium ion at the carbon indicated will 

give the hydrindane system, whereas attack at the other sp2 

carbon would result in the more highly strained cyclobutane 

system. 	Attempts to increase the yield-oE (34), both by 

varying the reaction conditions, and by using excess HOBr, 

were unsuccessful. 	(34) could be hydrolysed to the 

alcohol (35) using a 4:1 mixture of NaHCO3
:N
a2CO3' 

and (34) 

was regenerated upon treatment of (35) with acetic anhydride/ 

pyridine. 



(35) 

HO 

HO 

Br 

A characteritic reaction of V,ketols is their 

oxidation to the corresponding diosphenols by bismuth. 

trioxide
17
. 	When (35) was treated with 1 mole of 3i203

in acetic acid, the crystalline diosphenol (36) was formed 

in only c.a. 5% yield. It showed f%Etoh 
N;ax 271 nm (613,000), 
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Br 

m Nu jol 
3400, 1680, 1645 cm-1. mmax 

OH 
— (37) 

On treatment with ethanolic 

base the U.V. absorption shifted first to A max 335 nm, and 

then rapidly changed to 362 nm. 	Acidification of this 

solution shifted this to 319 nm (65,500), suggesting 

conjugation of a double bond with the diosphenol. 	This is  

possible, since (36) can also exist in form (37), which 

could eliminate bromine to give (39). 
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OX 

(39) X == H 

( 39) X == Ac 

In an attempt to isolate a solid derivative of (38), an 

ethanolic solution of (36) was treated with ethoxide ion, 

and when the ?\. 	reached 360 nm, excess acetic anhydride max 

was added, and the solution was immediately worked up. 

An oil was obtained with 	293 nm and T 	1760, 
max 	max 

1670 cm—l. 	These data suggested the formation of the 

enol acetate (39), but as j..t could not be obtained in 

quantities sufficient for n.m.r., .this conclusion must 

only be tentative. 

Attempts to synthesise (36) with higher yields were 

unsuccessful. 	The Bi203 oxidation did not proceed in 

higher yields when either the conditions or the solvent 

were varied. 	Treatment of (35) with the oxidants C0
3 

•or dichlorodic Yanobenzoquinone (DDQ) did not give (36) 

and a reported
30 

procedure for the oxidation of secondary 

alcohols using acetic anhydride in DNS° gave no identifiable 

products. 	When treated with dicyclohexylcarbodiimide 



(DCC) and phosphoric acid in DMSO, the only reaction 

appeared to be simple dehydration to the corresponding 

DT—unsaturated ketone. 

These results confirmed that the cyclisation 

product of (8) was an o(—ketoacetate, but they did not 

distinguish between (34) and the other possible 

a—ketoacetate (40):— 

Br 
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Ac0 

 

(8) 
	 Ac0 0 (40) 

In order to prove that the structure was in fact 

(34) and not the more strained (40) a series of degradation 

reactions were attempted. 	The tosylhydrazone .(41) of the 

ketone was prepared, but when treated with sodium borohydride 

under mild conditions no reaction occurred, and under more 

vigorous conditions a complex mixture was obtained. 

   

Br 

TsO AcO 

  

  

NNHTs 
(41) 

 

(42) 
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The tosylate (42) was prepared from (35), but 

various attempts to reduce it failed. 	Upon treatment 

of (34) with sodium borohydride in ethanol, an oil con— 

taining a hydroxyl group was obtained. 	The t.l.c. of 

the oil showed it to consist of two compounds, and this 

was confirmed by the n.m.r., which had two acetate 

signals, at t( CCU7.95 and 8.0. 	These two products were 

probably the C4. and (3 epimers of (43). 	This reaction was 

repeated on (35), and again two epimers were obtained. 

Br 

(43) X = Ac 

(44) X 7-1-  H 
OH 

The major one crystallised as a white solid, with m.pt. 

111-4°C. 	The relative stereochemistry of this crystalline 

epimer of (44) was not established. 	When treated with 

acetic anhydride, it gave a mixture of acetates which 

could not conveniently be seperated. 

If the original cyclisation product of (8) was the 

(5,2,0) bicyclononane (40), then the diol would have the 

structure (45), and it should have been possible to 

eliminate Mr from it,to form one or both of the cyclic 

ethers (46) or (47). 
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HO 

 

OH 
OH 

 

OH 

(45) . 	 (46) 
	

(47) 

In fact the diol did not react with ethoxide ion, 

and upon stirring with sodium hydride the only result was 

equilibration to a mixture of two epimers. 

Treatment of (34) with excess lithium in liquid 

ammonia yielded a complex mixture containing small amounts 

of hydroxylic material, but when calcium in liquid ammonia 

was used, the reaction proceeded cleanly, and a semi— 

crystalline major product was obtained. 	The i.r. spectrum 

indicated the absence of acetoxy and carbonyl functions, 

and had 'film  3400 cm—l. 	The n.m.r. no longer had a max 

signal at :- 5.5 due to a proton geminal to bromine. 

Attempts to characterise this alcohol by preparing the 

benzoate were unsuccessful, since although the ester formed, 

it could not be crystallised. 	Reaction with 3,5—

dinitrobenzoyl chloride gave a mixture of epimers, From 

which the major one separated as a crystalline solid 



(54) 
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showing m.pt. 100-3°C. 	On the basis of the spectral 

evidence, the alcohol was probably trans—hydrindan-4-01 

(48). 	Proof of this would best be provided by comparison 

with an authentic sample of (48), but as no convenient 

synthesis was available, and cis—hydrindan-4—one (49) 

had been equilibrated to a cis, trans mixture19, an 

authentic sample of (49) was prepared according 

schemes (I) and (II) 

H 

Fi 
OH 

(48) 

SCHEME I 

   

02N 

 

V 

(49) 



This scheme proved cumbersome due to difficulties 

encountered in getting rid oC by—products e.g. 

5—nitroindan and consequently scheme (11)20 was adopted. 

SCHIME 11 

CrOH 

CN 
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OH 

   

   

   

(49) 



A 
OH 

(50) 

. 	H 
H 

(52) 	
OH 

(53) 

The alcohol mixture obtained by calcium/ammonia reduction 

H 
OH 

(51) 
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The alcohols and ketones obtained were analysed by.g.l.c. 

using a Carbowax column. 	Using this method, and knowing19  

that the retention times of the Four possible alcohols 

increased in the order trans—cis(50) > trans—trans(51)> 

cis—trans (52) > cis, cis (53), the Following Facts were 

determined. 

consisted mainly of trans, trans hydrindan-4—ol, and on 

oxidation with Cr0
3 in acetone, a single ketone (54) was 

obtained, having an identical Re  value to (49), in 
• 

keeping with published results19. 	After reFluxing with 

methoxide ion in methanol there was no change in the g.l.c. 

of either (49) or (54). 	When the equilibrated ketones 

were reduced with lithium aluminium hydride, the amount oF. 

(51) in the Ca/NH
3 derived mixture decreased, and a peak 

corresponding to (52) and (53) appeared. 	The complete 

data are shown in Table II. 
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TABLE II  

Source 
of 

Mixture 

% of 	(50) 
and 

Rf 	in mms 

% of 	(51) 
and 

R 	in mms Rf  

% of cis 
and 

Re in mms 

Ca/NH3  reduction 20% 	81 48% 99 - 

Ca/NH
3 

reduction 6% 	83 62% 99 - 

Ca/NH3  alcohols, 8% 	81 18.5% 97 55.5% 127 

Ca/NN after 
equilibration 	. 

7% 	89 20% 101 73% 	131 

Authentic cis Not 	85 
deter- 
mined due 
to presence 

15% 100 

, 

60.5% 128 
alchols after 
equilibration 

of ketone 

55 71 90 

The semicarbazones of both (49) and (54) were prepared. 

Both were white crystalline solids, and analysed correctly 

for C
10
H
17

N
3
0. 	Also their mass spectra were identical, 

but their melting points differed, the authentic cis 

_ 
semicarbazone showing m.pt. 186-8°C (Literature

21 
190

o  C), 

whilst the other compound showed m.pt. 184°C (trans Liter-. 

ature
21 
 183°C). 	The i.r. spectra of the two semicarbazones 

in potassium halide discs were obtained on a Grubb-Parsons 

'Type S4 spectrometer, and these showed several differences, 

notably in N-H.stretching region at 3200-3500cm
-1, and in 
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the carbonyl and —C=N— region at ca 1600cm
-1

. • 

These results were accepted as proof that the ketone 

in question was in fact trans—hydrindan-4—one (54), and 

(54) 

therefore the alcohol mixture from which (54) was derived 

was also trans. 	From an equilibrated sample of (54), 

Followed by LAH reduction, the acid—phthalate of cis, trans—

hydrindan-4—ol (52) was prepared
22

, and this was taken as 

additional proof of structure. 	Before these results 

could be used to support the cyclisation of (8) to the 

trans compound (34), the possibility of isomerisation 

during the Ca/NH
3 

reduction had to be considered. 

The cis ketone (49) was stirred with calcium in liquid 

NH
3 

in the presence of a few drops of acetone for 2. hours, 

and the g.l.c. of the reaction mixture showed that only 

the cis alcohols were formed. 	Thus the structure and 

stereochemistry of (34) are established by these results 

in conjunction with the n.m.r. data. 
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Recently the alcohol (12), the tosylate (55), and 

the bromide (13) have all been cyclised in these laboratories 

using NBS23. 	In all cases the trans (4,3,0) bicycyclonon—
. 

anes are formed. 

(55) 

Reactions of 1—bromo-9—acetoxycyclonona-1,5—diene-

5,6—epoxide (25) 

The preparation of (25) by peracid oxidation of the diene 

(9) has already been described. 

A C 0 

(25) 

Attempts to induce intramolecular cyclisation of 

(25) using a wide variety of acidic conditions were 

unsuccessful. 	These included use of mineral acids and 

Lewis acids. 
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Further Reactions of the dibromide (6) 

As well as the silver acetate promoted cyclopropyl 

to allyl rearrangement, several ring opening—type reactions 

were attempted using dimethyl sulphoxide (DMSO). 	Dihydro 

(6) upon treatment with sodium methylsulphinylmethide gives 

the allene (56) in 66% yield
27
. 	However when (6) was 

reacted under similar conditions only a small quantity 

of allene was formed. 	Since DMSO is known to enhance the 

rates of various nucleophilic displacements, a series of 

experiments was carried out using DMSO as solvent to 

investigate the possibility of another route to cyclo— 

nonadione derivatives. 	When (6) was reacted with 

sodium bicarbonate in DMSO at 100°C, the recovered 

material consisted of mainly (6) with some carbonyl 

compound, which could not be isolated as a derivative. 

When the reaction was repeated in the Presence of 2 moles 

of silver nitrate, the crystalline trans, cis alcohol (12) 

(56) 
	

( 57) 
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was formed. 	This was indentical in all respects with the 

alcohol obtained by hydrolysis of the acetate 48)— 	Silver 

carbonate in DMSO reacted with (6) to give thely4g—un- 

- saturated ketone (57), showing y max 1695cm-1,1615cm-1. 
ofilm 

 

Using silver perchlorate instead of silver carbonate gave 

a mixture of (12) and (57). 	Conversion of the alcohol 

directly to the ketone using Jones' reagent was unsuccessful • 
a complex mixture being formed, and there was no reaction 

when Cr0
3 in pyridine was used. 	Oxidation of (12) was 

eventually accomplished by treating with manganese dioxide, 

but the yield of ketone was low. 	Cyclonona-1,2,6—triene 

(58) was prepared by treatment of (6) with magnesium in 

ether
24
. 	All attempts to cyclise this allene using acid 

catalysis were unsuccessful. 	Also experiments aimed at 

addition of bromine across the double bonds gave incon—

clusive results. 
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Introduction of Angular Methyl Group  

Since the overall aim of synthesising a trans—

hydrindane system conveniently was to incorporate it into 

a steroid synthesis, some thought was given to the problem 

of insertion of a C—I3 type angular methyl group. 	In 

effect, a synthesis of (59) was required, and this could 

then cyclise on treatment with hypobromous acid to the 

ketone (60). 

  

AcO 

( 59) 
	

(60) 

As described previously, the (6,1,0) bicyclononene 

(6) reacts with NBS in aqueous acetone to give a mixture 

of bromohydrins (22). 	When this mixture was oxidised 

with Jones' reagent, a mixture of two ketones was obtained, 

namely the 0( and p epimers of (61). The two compounds were 

(61) " 
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seperated by chromatography into a major crystalline ketone 

,t film 1700 cm-1
, with V nujol max 	1715 cm-1, and an oil with y 

max 

This difference in frequencies was attributed to the fact 

that in cyclic ketones an o(—equatorial halogen causes a 

shift of +20cm-1, whilst an axial substituent has no 

effect 
	

When the ketone mixture was methylated with 

either methyl magnesium iodide or methyl lithium, as well 

as forming a tertiaryalcohol, 	 film 1700cm-1 alcohol, the ketone with y 
max 

was still present. 	An additional drawback in the methyl 

lithium reaction was the formation of allene (although the 

reaction of methyl lithium with gem dibromocyclopropanes 

to give allenes is well known
5
, the olefin (6) did not 

react to give the 1,2,6—triene (58) in a satisfactory manner). 

The methylation was presumably being hindered by the et—bromine, 

more especially the 'axial'—like bromine, since this was 

the ketone remaining. 	The ketone. mixture was reduced 

using zinc in acetic acid, and the reaction proceeded cleanly 

to give an oil containing nooc—bromine. 	The n.m.r. of this 

oil had -L(CDC13)6.75(1H,t,J--7.5Hz). 	Comparison with spectra 

of monobromocyclopropanes provided by Reese
9
'
15 

established 

that this triplet was due to an exo proton on the cyclo— 

propane ring, i.e. the reaction produced was (62). 	This 

on treatment with methyl Grignard gave the crystalline 

alcohol (63). 	Work on this compound was then discontinued, 

as the endo bromine would cause ring opening to the cis 
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olefin which could not then cyclise to the trans hydrindane 

system. 

(62) 

Obviously what is required is a synthesis of either 

the dibromide (64) with noo(bromine, or of (65) with the 

bromine exclusively in the 'equatorial'—like configuration. 

Since (65) appeared to be the more convenient of the two 

possibilities, the oxide—ring opening of the cis oxide (20) 

was investigated. 

(64) 
	

(65) 
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On treatment with 25% HBr in acetic acid (20) gave 

the crystalline acetate (66), which could not be hydro— 

lysed under mildly alkaline conditions. 	When 1% HBr 

OX 	,Br 

(66) X = Ac 

(67) X == H 

in methylene chloride was employed, the bromohydrin (67) 

which could not be crystallised, was formed, and on 

oxidation with Jones' reagent it gave a crystalline ketone 

with y maxm  1720cm
-1
. 	This ketone was identical to the 

compound isolated from the oxidation products of the 

directly obtained bromohydrins (22). 	This ketone was 

assigned the stereochemistry shown (63). 	Treatment with 

(68) 
	

(69) 
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methyl Grignard reagent gave a colourless oil containing 

a tertiary hydroxy function. 	Since the methyl group will 

presumably enter trans to the pc-bromine, the alcohol was 

assigned the structure (69). 	The next step was concerned 

with the removal of the pt-bromine atom. 	It was hoped to 

accomplish this by converting the bromohydrin to the 

epoxide, which could then be reduced to the corresponding 

olefin (70). 	Upon refluxing with sodium iodide in acetone 

there was no reaction, and also when the alcohol was 

treated with potassium carbonate in methanol there was no 

formation of epoxide. 	This was probably due to the 

bromine and hydroxy groups being cis, thus preventing.a 

trans elimination of HBr. 	This was why an effort was made 

to produce the iodohydrin, since an SN
2 reaction would dive 

an iodine atom trans to hydroxy, which could be readily 

reduced to (70). 	It was not possible to remove the 

(70) 
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bromine using DABN (diazobicyclononene), as starting 

material was obtained when the reaction was carried out 

in DMSO. 	Since the brominated ketones were proving 

troublesome, it was decided that the ketone (64), mentioned 

previously, should be prepared. 	In fact (64) was prepared 

in 700 overall yield from (6) by an oxymercuration—

demercuration
29 
 reaction to the alcohol (71), followed by 

Jones' oxidation to the crystalline ketone. 

OX 

(71) X = H 

(72) X = Ac 

The crystalline acetate (72) was obtained from (71) 

by treatment with acetic anhydride in pyridine. 	When 

the endo.monobromo alcohol (63) was dehydrated using 

phosphoryl chloride in pyridine, the olefin mixture formed 

had the double bond in the exocyclic position in the major 

product:— 



Consequently the ketone (64) was not treated with 

methyl Grignard, but was instead converted directly to 

the olefin (74) by a Wittig reaction with triphenylmethyl 

phosphonium bromide. 	On treatment of (74) with silver 

acetate under the standard ring—opening conditions there 

was no reaction, and when the conditions were made 

sufficiently vigorous to react the olefin, the result was 

a complex mixture from which no pure single compound could 

be isolated. 	Neither the alcohol (71) or the ketone (64) 

reacted with silver acetate, and when treated with silver 

perchlorAte in aqueous methanol or aqueous acetone 

(conditions used by Reese
14 

for cyclopropyl—i›.ally1 re— 

arrangement), there was no reaction. 	Reaction of (74) 

with peracetic acid gave a mixture of compounds, with two 

predominant components which were probably the epoxides' 

(75) and (76). 
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(74) 
	

(76) 
	

(75).  

Again this route did not seem very promising, and 

at present no further work has been carried out. 	However 

it seems probable that the most convenient method of . 

introduction of the methyl group will prove to be in the 

initial manufacture of C.O.D. 	Then the methyl trans 

hydrindanes could be formed as in scheme (III). 

94 

   

Ac0 

 

AcO 
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PART III 
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EXPERIMENTAL SECTION. 

Melting points were determined on a ICofler block 

and are uncorrected. 	Infra—red and Ultra—violet spectra 

were recorded on Unicam SP200 and SP800 spectrophotometers, 

unless otherwise stated. 	Nuclear magnetic resonance 

spectra were recorded on a Varian A60 instrument operated 

by Mrs A. I. Boston. 	The 100MHz spectra were recorded 

on a Varian HA100 instrument operated by members of Imperial 

College Chemistry Department. 	Elemental analyses were 

carried out by the staff of The Imperial College Micro— 

analytical Laboratory. 

Gas—liquid chromatograms were obtained using a Perkin 

Elmer F.11 instrument. 

Chloroform and ether extracts were dried over 

magnesium sulphate and the solvent was removed by evaporation 

under reduced pressure. 

Thin layer chromatography plates were prepared 

using silica gel GF254  by Mr E. Pilch, and preparative 

plates used were 1 mm thick. 	The plates were developed 

with iodine vapour. 

The following abbreviations are used in describing 

n.m.r. spectra:— s, singlet; d, doublet; d.d., doublet; 

m, multiplet; t, triplet; q, quartet. 
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Jones' reagent used in chromium trioxide oxidations 

consisted of 1 gm of Cr03  dissolved in 3 mis of distilled 

water, followed by the addition of 1 ml of conc. H2
SO4. 

Anhydrous ether was prepared by distillation of 

sodium—dried ether from L.A.H. 

Pyridine was dried by refluxing with, and distilling 

from, solid potassium hydroxide. 	It was stored over 

Linde type 4A molecular sieves. 
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9,9—Dibromobicyclo(6,1,0)non-4—ene (6) 

This was prepared by the method of Skattebol5  

Trans,cis—l—bromo-9—acetoxycyclonona-1,5—diene (9) 

The dibromide (6) (2.0 gms) was dissolved in glacial 

acetic acid (20 mls), and silver acetate (1.2 gms, 1 mole) 

was added. 	The mixture was stirred in the dark at room 

temperature overnight, then filtered, and after addition 

of water (50 mis), was ether extracted (2x25m1 portions). 

The ethereal layer was washed with saturated sodium bi— 

carbonate, water, and dried. 	Evaporation of ether, 

followed by crystallisation Prom benzene, gave (9) 

(1.8 gms, 97%), m.pt. 44-8°C. 

Found; C. 50.98%; H. 5.69%; 0, 12.51%; C11H1502Br  

requires C, 50.98%; H, 5.83%; 0,. 12.34% 

Y/Illic°1  1740,1650,305,740 cm-1  

T(CC14)4.08(1H.t,J=7.5Hz),4.69(2H,m).5.0(1H,14-i-18Hz),7.95 

(3H,S),7.5-8.5(all remaining protons) 

Hydrolysis of (9) 

The acetate (9) (700 mgs) was dissolved in dimeth— 

oxyethane (25 mis), and NaOH(3.0 mis, IN) was added. 	The 

solution was left at room temperature overnight, and then 
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worked up by removal of solvent under reduced pressure, 

followed by extraction with ether (20 mis). 	The etheral 

solution was washed with water and dried, and the solvent 

was removed to give an oil from which 1-bromocyclonona-1, 

5-diene-9-ol (12) was obtained by preparative t.l.c. in 

chloroform. 	Recrystallisation from benzene gave pure (12) 

(330 mgs, 56%), m.pt. 78-8D°C 

Found; C, 49.94%; H, 6.08%; C9H130Br  requires C, 49.79%; 

H, 6.03%) 

.dnujol 3700,1045,740cm-1  Ymax 

jt(CC1!4
)4.18(1H,t,J=8.5Hz),4.65(2H.m,t4.16Hz),5.95(1H.m), 

7.5-8.6(all remaining protons) 

Trans,cis-1,9-dibromocyclonona-1,5-diene (13) 

The alcohol (12) (600 mgs) was dissolved in anhydrous 

ether (10 mis) at 0°C, and a solution of PBr3  (450 mgs, 

0.33 moles) in ether (10 mis) was added. 	The reaction was 

allowed to come to room temperature, and after standing 

overnight, was washed with water, dried, and the solvent 

was removed. 	The non-polar product was purified by 

preparative t.l.c., giving (13) (200 mgs, 34%) as a solid 

which was recrystallised from ethanol, m.pt. 47-9°C 

Found; C, 38.62%; H, 4.33%; C 91112Br2  requires C, 38.604%; 

H, 4.32% 
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1650,758,720cm-1  max 

bCDC13)4.05(1H,t,J..7.5Hz),4.62(211,m,WiT.15Hz),5.4(1H,dd), 

7.5-8.4(all remaining protons) 

Sodium/ammonia reduction of (12) 

A solution of the alcohol (12.) (500 mgs) in anhydrous 

ether (15 mls) was added dropwiSe to sodium (310 mgs) 

dissolved in liquid ammonia (100 mis). 	After stirring 

for 1 hour solid ammonium chloride was added to destroy 

excess sodium, the ammonia was allowed to evaporate, and 

water (30 mis) was added. 	The aqueous solution was ex—

tracted with ether (50 mis), and after drying, the ether 

was, removed to give (15) (188 mgs, 59%) as a clear colour—

less oil with 

Y 	5750,1075,1040,1020, 700cm-1 • max 

T(CDC13)4.4(4H,m),5.8(1H,t,J=1011z),6.92(1H,S),7.5-9.1 

(all remaining protons) 

Oxidation of (15) 

The alcohol (15) (180 mgs) was dissolved in acetone 

(10 mis), and Jones' reagent was added dropwise until 

there was no further precipitation. 	Water (15 mis) was 

added, the solution was ether extracted, and after drying 

• 

• 
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and removal oE solvent, crude (16) was obtained. 	Pre—

parative t.l.c. gave pure (16) (120 mgs), a colourless oil 

with 

vfilm 

	

	—1 1695,1650,740cm 

2Et0h 
max 

It(CDC13
)4.05-4.65(4H,m),7.5-9.1(all remaining protons) 

Sodium borohydride reduction of (16)  

The ketone (16) (100 mgs) was dissolved in ethanol 

(10 mis) and sodium borohydride (excess) was added. 	After. 

stirring at room temperature for 18 hours, the reaction was 

worked up by careful addition oE water, followed by ether 

extraction. 	The t.l.c. of the dried etheral solution 

showed the presence of (15). 	This was confirmed by the 

i.r. spectrum. 

Dihydro (6) 

This was prepared by the method of Gardner 
24 

Reaction of dihydro (6) with silver acetate  

Dihydro (6) (240 mgs) was dissolved in glacial. acetic 

acid (10 mis) and the solution was refluxed for 18 hours 

max 

233. nm, and -  - 
-: 7  
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with silver acetate (142 mgs, 1 mole). 	The usual work- 

up procedure gave (17), a clear oil with 

'max 1740.1240,1040cm-1  and 

".(CC14)3.8(1H,t,J=9Hz),4.3(1H,m),7.95(311,$),7.6-9.0 

(all remaining•protons)- 	•-- • 

Hydrolysis of (17) 

The material recovered from the previous reaction 

was dissolved in dimethoxyethane (10 mis), and stirred for 

4 days with NaOH(1 ml, 10%). 	Water (15 mls) was added, 

the solution was ether extracted, and after drying and 

removal of solvent, crude (18) was obtained. 	After 

purification by preparative t.l.c. (18) was recrystallised 

from nitromethane, m.pt. 73-5°C, 

max ol 3250,1060cm-1 

1(CC14)7.88(1H,t,J=9Hz),5.4(1H,t,J=6.5Hz),7.5-9.0 

(all remaining protons) 

Cis,cis-1,9-dibromocyclonona-1,5-diene (14) 

This was prepared by the method of Reese 
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Cis-1,9—dibromocyclonene (19) 

This was prepared by hydrogenation of (14) as in 

Ref. (9) 

Cis—l—bromo-9—acetoxycyclonene (17) 

The dibromide (19) (100 mgs) was dissolved in..  

glacial acetic acid (10 mis) and treated with silver 

acetate (65 mgs, 1 mole) at room temperature Por 18 hours.. 

After the usual work—up procedure (17) (85%) was obtained 

pure. 

The cis—oxide (20)  

The dibromide (6) (200 mgs) was dissolved in 

methylene chloride (10 mis) , and freshly standardised 

peracetic acid (5 - moles) was added. 	After standing at 

room temperature for 18 hours the mixture was ether ex—

tracted and washed successively with water, saturated 

sodium bicarbonate solution, and water. 	The ethereal 

solution was dried, the solvent was removed, and (20) 

(190 mgs) was obtained as a crystalline solid. 	The oxide 

was recrystallised from ethanol, and showed m.pt. 63-5°C, 

Found; C. 36.66%; H. 4.09%; C9H120Br2  requires C, 

36'.52%; 11,4.09% 
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.0nujol 1120,915,760cm-1  vmax 

21CDC13)7.0(2H, broadened s),7.4-9.1(all remaining protons) 

The bromohydrin (22) 

The dibromide (6) (1.3 gms) was dissolved in acetone 

(25 mls), and water was added to the limit of miscibility. 

N—bromosuccinimide (830 mgs, 	mole) was added, and the 

solution was allowed to stand at room temperature, being 

tested at regular intervals with starch—iodide paper for 

the presence of Br
+
. 	After 3 days the test was negative, 

and the reaction was worked up by ether extraction, 

followed by washing with 10% sodium hydroxide solution and 

water. 	Drying of the solution followed by removal of 

solvent gave (22) (1.2 gms) 

max 3450,1125,1110cm-1 

j5(CDC1
3)5.1-5.9(1H,m),5.9-6.35(111,m),7.1-8.8(all remaining 

protons) 

The trans—oxide (21) - 

The bromohydrin (22) (980 mgs) was dissolved in 

methanol (10 mis), and treated at 20°C for 18 hours with 

solid potassium carbonate (500 mgs, 1 mole). 	Water was 
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added, followed by ether extraction, and the organic layer 

was dried to give, after removal of solvent, (21) (500 mgs, 

66%)as a solid which had, on recrystallisation prom 

ethanol, m.pt. 80-5°C, 

Found; C, 36.52%; H, 4.13%; C9H120Br2 requires C, 36.52%; 

H, 4.09% 

.unujol 
1200,1010,890,840,760cm-1  'max 

7'(CDC1
3)7.0(2H, broadened s).7.4-9.2(all remaining protons) 

Reaction of (20) with silver acetate  

The cis-oxide (20) (5.7 gms) was dissolved in glacial 

acetic acid (30 mls) and treated with silver acetate 

(3.2 gms, 1 mole) under the conditions previously described. 

The product oil contained 3 components which were seperated 

using preparative t.l.c. 	Seperation of the least polar 

compound gave (23), which crystallised from either ethanol 

or nitromethane, m.pt. 94-96°C, 

Found; C. 36.62%; H, 4.11%; Br, 53.76%; C9H 120Br2  

requires C, 36.52%; H, 4.09%; Br 54.00%, 

))nujol 
1150-1130,1010,390,740cm-1 max, 

-Nuc13)3.41(1H,t,J=811z),5.12(1H,m,W=8Hz),6.85-9.2(all 

remaining protons) 

The second component on the t.l.c. plate was the cis, 

trans-dibromide (24). 	It was recrystallised from alcohol, 
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and had m.pt. 75-8°C, 

Found; C. 36.68%; H, 4.15%; C9H 120Br2  requirements as 

above 

ljnujol 
1635,1130,890,860.740,710cm-1  /max 

T(CDC13)4.02(1H,dd),5.48(1H,m,Wk.20Hz),6.85-9.3(all . 

remaining protons). 

(23) and (24) had identical mass spectra, with a parent 

ion peak at ii/e 298, and P-2 and P-4- peaks. 

The most polar component was the crystalline acetate 

(25), m.pt. 69-73°C, 

Found; C, 48.23%; ,H, 5.61%; C11111303131 requires C. 48.01%; 

H.5.50% 

max 
vnujol 1730,1260,1050,900,865,750cm-1 and 

T3.95(1H,dd),4.90(1H.m,141.23Hz),6.8-8.3(all remaining 

protons). 

The yields were as quoted in the discussion. 

Reaction of (21) with silver acetate  

The trans—oxide (21) (500 mgs) was dissolved in 

glacial acetic acid (10 mis) and treated with silver- 

acetate (300 mgs, 1 mole) as described in the previous 

experiment. 	The products (23),(24) and (25) were obtained 

in the yields quoted earlier. 	The experiment was 

repeated once using 0.1 moles of silver acetate, and once 
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using 1 mole over 3 days. 	Again the yields were as 

quoted. 

Reaction of (24) with. silver- acetate  

The dibromide (24) (60 mgs) was dissolved in glacial 

acetic acid (5 mis) and treated with silver acetate (40 

mgs, 1 mole) as above. 	The acetate (25) was obtained in 

100% yield. 

Oxidation of the bromoacetate (9)  

(9) (100 mgs) was dissolved in methylene chloride 

(10 mis), and treated at 200C for 90 hours with peracetic 

acid (0.1 mis of 11.4N, 1 mole). 	The solution was ex—

tracted with ether, and after washing the ethereal solution 

with saturated sodium bicarbonate solution and water, 

drying and removal of solvent gave (25) (100%) 

Oxidation of the dibromide (14)  

(14) (600 mgs) was dissolved in methylene chloride 

(20 mis) and treated with peracetic acid (slight excess) as 

described in the previous experiment. 	The oxide (26) 

(600 mgs) was obtained as a solid crystallised from 
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nitromethane, m.pt. 67-63°C, 

Found; C, 36.54%; II, 4.14%; C
9
H
12

OBr2 requires C, 

36.52%; H, 4.09% 

Tfilm 1130,920,870cm 1 
max 

1(CC14)3.70(1H,t,J=9Hz),4.90(1H,dd),6.9-7.4(2H,m),7.4-9.1 

(all remaining protons) 

Oxidation of the dibromide (13)  

(13) (142 mgs) was treated with peracetic acid 

(slight excess) in methylene chloride (10 mis) as described 

above. 	(24) (100 mgs, 70%) was obtained. 

endo-9—bromobicyclo(6,1,0)non-4—ene (28) 

The dibromide (6) (100 mgs) was dissolved in glacial 
• 

acetic acid (10 mis) and stirred with zinc dust (excess) 

for 18 hours at room temperature. 	The solution was 

filtered, water was added, and after ether extraction, the 

organic layer was washed successively with water, sat— 

urated sodium bicarbonate solution, and water. 	Drying  

and removal of solvent gave (28) (60 mgs), a clear oil with 

))
max
film  1250,800,770cm-1  

2"(CC14)4.40(211, broadened S),6.8(1H,t,J7.5Hz),7.5-9.4 

(all remaining protons) 
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endo-9—bromobicyclo(6,1,0)nonane-4,5—oxide (29) 

.The olefin (28) (100 mgs) was dissolved in methylene 

chloride (10 mis) and treated with peracetic acid (1 mole) 

in the usual manner. 	The oil obtained was purified by 

preparative t.l.c., giving (29) (80 mgs), a clear oil with 

film 1250,780cm-1 'max 
."t( CC14)6.3 (1H, t , J.7.5117,) 7.05 (2H ,m) 7.5-9.4 ( a 11 

protons) 

Bicyclo(6,1 0)non-4—ene (30) 

This was prepared from cycloocta-1,5—diene using 

the Simmons—Smith reaction as described by Cope
31
. 

5,5—dibromotricyclo(7,1,0,04 '6 )decane (31) 

This was prepared using the same method as for the 

preparation of (6), using (30) in place of cycloocta-1,5— 

diene. 	(31) (35%) was obtained with 

vfilm 1035,860,740cm-1  
'max 

7(CC14
)9.25(3H,m),10.2(1H, broadened S),7.4-9,25(all 

remaining protons) 

remaining 
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Reaction of (31) with silver acetate 

(31) (100 mgs) was treated with silver acetate (60 

mgs, 1 mole) in glacial acetic acid (10 mls).  as previously 

described. 	Preparative t.1.c. of the product oil gave 

(32) (45%), a solid recrystallised from'ethanoi' with m.pt. 

83-5°C, 

Found; C. 52.59%; H, 6.32%; C
12
H
1702Br requires C, 

52.76%; H. 6.27% 

.11
max
CHC1 

	

	—1 3 1725,1045cm Y  

11(CDC13)4.0(111,dd),4.9(111,m.14-1=18Hz),7.85(3H,s) ,10.45(1H,m) 

Reaction of (9) with N—bromosuccinimide  

The diene (9) (1 gm) was dissolved in acetone (20 

mls), and water was added to the limit of miscibility. 	The 

solution was treated with N.B.S. (715 mgs, 1 mole) at 20°C 

for 5 hours. 	The procedure was as described for the 

reaction of (6) with N.B.S. 	Preparative t.l.c. of the 

product oil gave (9) (210 mgs), and the more polar (34) 

(420 mgs). 	(34) crystallised from ethanol with m.pt, 

95,_soc,  

Found; C, 48.23%; H. 5.41%; C11111503Br requires C, 

48.01%; H, 5.49% 

o
max
ujol  1750,1725,1255cm-1  

I(CC14)4.98(1H,m,W,.18Hz),5.5(1H,m,11.1=9Hz),7.92(3H,$), 
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7.5-8.8(311 remaining protons). 

The mass spectrum had a parent ion at m/e 276, and peaks 

corresponding to P-2, P-42, and P-81. 

Hydrolysis of (34)  

The ketone (34) (1 gm) was dissolved in dimethoxy—

ethane (20 mis) and treated with an alkaline solution (2 

mis) made up by dissolving sufficient of a 4:1 14/W mixture 

of sodium bicarbonate:sodium carbonate in water to give a 

saturated solution. 	After 3 days the solution was ex—

tracted with ether, and the ethereal solution was washed 

with water and dried. 	Removal of solvent gave (35), an 

oil with 

Ymaxm 3450,1720,1110,1020,890,880,850cm-1 

l(CC1
4
)5.4(1H,m,111.11Hz),5.85(1H,m),6.55(1H,m,14=11Hz), 

7.4-9.2(all remaining protons) 

Treatment of (35) with acetic anhydride 

The alcohol (35) (50 mgs) was treated with acetic 

anhydride (5 drops) in dry pyridine (5 mis) at room 

temperature. 	After 18 hours the solvent was removed on 

an oil pump, and (34) (100M) was. obtained. 
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Oxidation of (35) 

The alcohol (35) (195 mgs) and bismuth trioxide 

(115 mgs, 1.15 moles) were reacted in reflux•ing glacial 

acetic acid (10 mis) for 1 hour, during which time a black 

precipitate of bismuth formed. 	The mixture was filtered 

through Celite 545, water was added, and the solution was 

ether extracted. 	After washing successively with water, 

saturated sodium bicarbonate solution, and water, the 

solution was dried; and removal of solvent gave an oil 

from which (36) (10 mgs) was seperated by preparative 

t.l.c. (36) was recrystallised from ethanol with m.pt. 

73-5°C 

Found; C, 47.04%; H, 4.73%; C9H1102Br requires C, 47.21%; 

H, 4.79% 

Etoh271 n.m. (6.13,000) 
'`max 

3400,1630,1645cm-1  max 

/-(CDC13)4.0(1H,m),5.45(111,m),7.0-8.3(all remaining protons) 

Reaction of (36) with acetic anhydride  

The diosphenol (36) (3 mgs) was dissolved in dry 

pyridine (0.5 mis) and treated with acetic anhydride (1 drop) 

for 13 hours at 20°C. 	Extraction into ether, followed by 

washing with water, drying, and removal of solvent gave 

an oil with 
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nL711 
 
290n.m. 

•))max 1760,1680,1640,1220cm
-1  

The 100MHz spectrum was not well resolved. the only 

identifiable signal being a singlet at (CDC13)7.9 

The tosylhydrazone (41) 

The ketone (34) (50 mgs) was treated with tosylhyd—. 

razide (35 mgs) in reCluxing ethanol (10 mis) for 15 

minutes. 	Removal of the ethanol gave crystalline (41), 

m.pt. 106-8°C, 

Found; C, 43.965; N, 5.45%; 
C18H13

0
4
N
2SBr requires 

C. 48.76%; H. 5.23%

ol  

	• 

3350,1750,1240,1170,835cm —1 Ymax 

I1CDC13)2.1-28(4N,m),4.65(1H,m,W1f=11Hz),5.5(111,m,14.811z), 

7.58(31I,$).7.85(3H,$)7.4-8.5(all remaining protons) 

The tosylate (42)  

The alcohol (35) (144 mgs) was dissolved in ether 

(10 mis) at 0°C, solid potassium hydroxide (500 mgs) and . 

p.—tosyl chloride (120 mgs) were added, and the mixture 

was stirred vigorously for 18 hours at room temperature. 

The solution was filtered and after removal of ether the 

tosylate (42) was separated from (35) by prepa.rative 
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Recrystallisation from ethanol gave (42) (194 mgs), m.pt. 

125-8°C, 

Found; C, 49.82%; H, 4.98%; C16 H19 04  SBr requires C, 

49.88%; H, 4.94% 

T maim  1740,1600,1200,1010,870cm-1 

T(CDC13)2.05-2.85(4H,m),5.05(11I,m),5.48(1H,m,14-1.8Hz)7.58 

(3H,$),7.3-8.4(all remaining protons) 

Reduction of (34) 

The acetate (34) (170 mgs) was stirred for 1 hour 

with sodium borohydride (100 mgs) in ethanol (20 mis). 

Excess borohydride was then destroyed by careful addition 

of water, and the solution was ether extracted. 	Drying 

and removal of solvent gave an oil, from which (43) (67 mgs) 

was obtained by preparative t.l.c.. 

)film 3450,1720,1260,1120,760cm-1 max 

t(CDC1
3
)4.7(s),5.55(m),5.95(m),7.95(s),8.0(s) 

Reduction of (35) 

The alcohol (35) (200 mgs) was, treated with sodium 

borohydride (100 mgs) as in the previous experiment. 

Preparative t.1.c. of the oily product gave (44), which 

crystallised from ether, m.pt. 111-4°C 



'115 

Found; C, 46.16%; H, 6.52%; C9H1502Br requires 

C, 45.97%; H, 6.43% 

sonujol 3400,1100,1040,930,830cm —1 max 

T(CDC13)5.45(1H,m)5.95(1H,m)6.4(1H,m,W7=15Hz),7.4-8,75 

(all-remaining protons).  

Calcium/ammonia reduction of (34) 

A solution of the ketone (34) (600 mgs) in ether 

(10 mis) was added dropwise with stirring to a solution 

of calcium (1.5 gms) in liquid ammonia (100 mis). 	After 

2 hours excess calcium was destroyed by addition of 

ammonium chloride, and the ammonia was allowed to evaporate. 

Water was added, and after ether extraction, followed by 

washing, drying, and removal of solvent, an oil was 

obtained from which (48)(115 mgs) was isolated by.  preparative 

t.l.c. 

3400,1120,1070cm-1 
max 

1(CDC13)6.65(1H,m),7.5-9.5(all remaining protons) 

Oxidation of (48) 

The alcohol (48) (40 mgs) was oxidised using Jones' 

reagent in the usual manner. 

film 1716,1210,1170cm 
mmax 

(54) (100%) was formed 
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t(CDC1
3)7.5-9.2(a11 protons) 

3,5—dinitrobenzoate of (48) 

(48) (75 mgs) was dissolved pyridine (5 mis) and 

treated at room temperature for 18 hours with 3,5—dini— 

trobenzoyl chloride (100 mgs). 	The pyridine was removed 

under reduced pressure, the residues were dissolved in 

ether, and after washing with water and drying, removal 

of solvent gave the ester (60 mgs) which was recrystallised 

from 60/80 petroleum ether, m.pt. 100-3°C 

vujol 
1720,1550,1290,1180,740cm-1  'max 

Nitroindan  

Indan (20 gms) was cooled to. ca-5°C and a 3:1 W/W 

mixture of H2SO4:HNO3 (40 gms) was added over a period of 

1 hour. 	Water was then added and the solution was ether 

extracted, followed by removal of the ether and steam 

distillation of the residue. 	The distillate crystallised 

to a yellow solid (8.4 gms), which was not sharp melting. 

film 1535,770,760cm-1 'max 

1(CC14
)2.25(3H,m),2.8(3H,m),7.0(8H,m),7.95(4H,m) 



117 

4—aminoindan  

Stannous chloride dihydrate (41.5 gms) was dissolved 

in concentrated HCI (74 mis) at 	—5°C, and the nitroindhn 

mixture (7.4 gms) was added slowly, and the mixture was 

then heated to 100°C and maintained at this temperature 

until it became completely homogeneous (ca 1 hour). 

After cooling to room temperature the mixture was neutralised 

with sodium hydroxide solution (10%) and ether extracted. 

A mixture of 4—aminiondan and 5—aminoindan (7.0 gms, 1001) 

was obtained, and pure 4—aminoindan was isolated by 

seperating the less polar component by preparative t.l.c. 

using a 50:50 benzene:chloroform solution and multiple 

elution. 

cis—hydrindan-4—ol (48) 

The alcohol (48) was prepared in 66% overall yield 

from 4—aminoindan by diazotisation and preparation of 

indan-4—ol, followed by catalytic hydrogenation over Adam's 

catalyst. 

cis—hydrindan-4—one (49) 

The alcohol (48) was oxidised using Jones' reagent 

following the established ProCedure, and (49) was obtained 
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as a colourless oil. 

film 1710,1240,1140cm —1 • "max 

. Indan-4—ol prepared by Scheme II- 

This was prepared from p—phenoxypropionitrile as 

described by Loudon and Razdan20. 

Equilibration of (49) and (54) 

This was carried out as in Ref. (19) 

Semicarbazone of (49) 

Semicarbazide hydrochloride (40 mgs) and sodium 

acetate (60 mgs. 2 moles) were dissolved in water, ethanol_ 

was added, and the precipitated sodium chloride was filtered 

Off. 	The ketone (49) (50 mgs) was added, and after heating 

at 60°C for 10 minutes, the crystalline semicarbazone 

precipitated on cooling. 	On recrystallisation from aqueous 

ethanol it had m.pt. 186-8°C 	• 

Found; C, 61.56%; H, 8.62%; N, 21.66%; C H 
10 12ON  3 

requires C, 61.51%; H, 8.78%; N. 21.52% 

))KBr 3450,3300,3200,1680,1660,1280,1120,1000,900cm-1  
1.1  max 
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Mass spectrum had parent ion at m/e 195, and peaks at 

P-16, P-27, P-40. 

Semicarbazone of (54) 

This was prepared from (54) using the method 

described in the previous experiment. 	The semicarbazone 

had m.pt. 184°C 

Found; C. 61.54%; H, 8.59%; N. 21.61%; requirements as 

above. 

\Oar 
3450,3200,1680.1090cm-1  'max 

Mass spectrum identical to previous experiment. 

Reduction of (49) and (54) 

The equilibrated ketone (49) (100 mgs) was treated 

with lithium aluminiumhydride (excess) in anhydrous ether 

(10 mis) for 2 hours. 	The L.A.H. was destroyed, by 

cautious addition of water, and the organic layer was 

separated and dried. 	Removal of solvent yielded a mixture 

of hydrindan-4—ols (100%), which was analysed by g.l.c. 

using a 2 metre Carbowax column at 150°C. 	(54) was 

reduced in .the same manner. 
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Acid—phthalate of (52) 

This was prepared from the alcohol mixture-obtained 

by reduction of the equilibrated ketone (54) as described 

by Foote and Woodward 

Reaction of (6) with alkali in the presence of  

silver acetate  

The dibromide (6) (500 mgs) vas dissolved in dry 

DMSO (20 mis) and treated with silver nitrate (650 mgs) 

and sodium bicarbonate (300 mgs) for 24 hours at 60°C. 

After addition of water and ether extraction the alcohol 

(12) (150 mgs) was obtained. 

Reaction of (6) with silver carbonate in DMSO  

The dibromide (6) (500 mgs) was dissolved in DMSO 

(20 mis) and reacted at 110-120°C for 18 hours with silver 

carbonate (1.2 gms). 	After working up as in the previous 

experiment the product was purified by preparative t.l.c., 

giving (57) (60 mgs, 15%) 

Found; C. 50.26%; H, 5.18%; C
9
H
11OBr requires 

C, 50.28%; H. 5.16% 

film 1695,1120,1060,750,720cm-1 
max 
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Z(CC1
4
)4.02(1H,m),4.42(2H,m),7.4-8.25(all remaining protons) 

Oxidation of (12)  

The alcohol (12) (110 mgs) was stirred with manganese 

dioxide32 (1 gm) in benzene (20 mis) for 2 days. 	Filtration 

of the solution followed by removal of benzene gave an oily 

product, from which (57) (10%) was isolated- by - preparative 

t.l.c. 

Cyclonona-1,2,6—triene (58) 

This was prepared from (6) by treatment with 

magnesium in ether 

Oxidation of (22) 

The bromohydrin mixture (22) (200 mgs) was oxidised 

using Jones' reagent under the standard reaction conditions. 

The ketone mixture (61) (100%) was obtained, and the two 

epimers were separated by preparative t.l.c., using 

multiple elution with 40/60 petroleum ether. 	The less 

polar component was an oil, 

.film 1700,1180,1120,860cm-1  
max 

"C(CDC13)5.42(111,t,J=5Hz),7.1-8.8(all remaining protons) 
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The more polar component crystallised from ethanol, 

m.pt. 115-8°C 

Found; C, 28.77%; H, 2.90%; C
9
H
11
0Br

3 requires 

C, 28.84%; H, 2.95% 

max 
)inujol 1715,1180,1160,1120,870,760cm-1  '  

l(CDC13)6.66(1H,t,J=7Hz)7.2-9.0(all remaining protons) 

Reduction of (61) 

A solution of (61) (2 gms) in glacial acetic acid 

(20 mis) was stirred with zinc dust (excess) for 24 hours 

at 20°C. 	(62) (1 gm) was obtained as an oil with:— 

pmax film 1700,1250,1120,876cm-1 

1:(CC14)6.75(1H,t,7=7.5Hz),7.2-9.4(all remaining protons) 

Reaction of (62) with methyl Grignard  

A solution of methyl magnesium iodide (from magnesium 

81 mgs) in anhydrous ether under nitrogen (50 mis) was 

prepared, and to this a solution of (62) (700 mgs) in 

anhydrous ether (20 mis) was added dropwise. 	A vigorous 

reaction ensued, and after 30 minutes ammonium chloride 

solution (saturated, 20 mis) was added, the organic 

layer was washed with water, dried, and the solvent was 

removed. 	Preparative t.l.c. of the oily product yielded 
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(62) (70 mgs), and (63) (114 .mgs). 	The latter compound 

crystallised from 60/80 petroleum ether, m.pt. 81-2°C 

Found; C, 51.69%; H, 7.36%; C10H170Br requires C, 

51.52%; H, 7.34% 

film - .5450,1255,900cm -1 'max 

1(CDC13)6.8(1H,t,J=7.5Hz),8.75(3H,$),7.85-9.5(all remaining 

protons) 

Reaction of (20) with 25% HBr  

The cis-oxide (20) (200 mgs) was treated with a 

solution of HBr in glacial acetic acid (25%. 20 mls) for 

18 hours at room temperature. 	Water (30 mis) was added 

and the solution was extracted with ether, and after the 

usual treatment the ethereal solution yielded (66) (150 mgs) 

which crystallised from nitromethane, m.pt. 80-2°C 

Found; C, 31.59%; H, 3.77%; C11 H
1502Br3  requires 

C, 31.54%; II, 3.63% 

1740,1240,1125,1040cm-- 1 max 

(CC1
4
)4.85(111,m),5.75(1H,m),7.92(3H,$),7.5-8.6(all 

remaining protons) 

Reaction of (20) with 1% HBr  

A 1% solution of HBr was prepared by dissolving 
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50:50 W/W HBr:acetic acid solution in an appropriate 

weight 0 methylene chloride. 	The oxide (20) (1.1 gms) 

was then dissolved in this solution (40 gms) and allowed 

to stand at 20°C for 20 hours. 	Working up as before 

gave 67(1.4 gms), an oil with 

3450,1220,850,770cm-1 'max 

T(CDC13)5.2-6.2(2H,m),7.2(1H,$),7.3—S.7(all remaining 

protons) 

Oxidation of (67) 

The alcohol (67) (1.4 gms) was dissolved in acetone 

(20 mls) and oxidised to (68) (100%) using Jones' reagent 

and following established procedure. 	(68) was identical 

to the crystalline epimer oe (61) 

Methylation of (68) 

The ketone (68) (1 gm) was refluxed in ether (50 

mis) under nitrogen for 3 hours with methyl magnesium 

iodide (4 moles). 	The liquid tertiary alcohol (69). (800 

mgs) was obtained via the normal methods. 

yf film 3450,1100cm-1 Ymax 

/:(CDC1
3)6.4(1H,m),8.85(1H,$),7.5-9.0(all remaining protons) 
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Oxymercuration—demercuration of (6)  

The reaction procedure was as described by 

H.C. Brown29, with 2 hours being allowed before the 

addition of sodium borohydride. 	Purification of the 

product by preparative t.l.c. yielded the alcohol (71) 

(66%) 

film 3400,1080,1055,750cm-1 max 

t(CC14
)6.3(1H,$).6.65(1H,m),7.65-9.2(all remaining protons.) 

Oxidation of (71) 

This was carried out in the usual manner using Jones' 

reagent. 	The product ketone (64) (100%) crystallised from 

ethanol, m.pt. 60-2°C 

Found; C, 36.77%; H. 4.26%; C9H120Br2 requires C, 

36.52%; H, 4.09% 

v
max
nujol  1690,1150,1125,860,830,770.755cm

-1 

Z(CC14)7.0-9.0(allprotons) 

AetylatEdh of (71) 

(71) (200 mgs) was dissolved in pyridine (10 mis) 

and treated with acetic anhydride (0.5 mis) for 90 hours 

at 20°C. 	After normal work up the acetate (72) crystallised 

f rom the product, and was recrystallised from 'ethanol, 
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m.pt. 89-90°C 

Found; C. 38.82%; H. 4.79%; C101602Br2  requires 

C, 38.83%; H, 4.74% 

m film 
1720,1250,1040,760cm-1 Pmax 

1(CC14)5.62(1H,m,14.15Hz),8.05(1H,$).7.5-8.7(all remaining 

protons) 

Dehydration of (63) 

The alcohol (63) (20 mgs) was dissolved in dry 

pyridine (1 ml) and treated with phosphoryl chloride 

(1 mole) for 1 hour at 20°C. 	Water (5 mis) was added 

and the mixture was ether extracted. 	The organic layer, 

after washing with dilute HC1 and drying, gave upon 

removal of solvent, an oil, (73) and (74) 

Y
max 
film 1700,1640,1260,900cm-1 

T(CC14)4.6(114,m)5.2(2H.d,J=5Hz),6.8(111,2t.J.711z).7.3-9.5 

(all remaining protons) 

Preparation of (74) 

The standard Wittig procedure was employed. 

Triphenylmethylphoshonium bromide (240 mgs) was treated 

in anhydrous ether (30 mis) under nitrogen with butyl 
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lithium (13%, 0.43 mis), and after 4 hours (64) (200 mgs) 

in anhydrous ether (10 mis) was added dropwise to the 

orange/yellow solution, with resulting solution and white 

precipitate being stirred for 18 hours at 20°C. 	The 

precipitate was Filtered off, and after washing the 

filtrate, drying and removal of solvent yielded an oil 

from which (75) (84 mgs) was isolated using preparative 

t.l.c. 

Vfilm 1630,1155,900,750cm-1 max 

t(CC14)5.15(2H,d,J=611z),7.5-9.3(a11 other protons) 

Oxidation of (74) 

(74) (50 mgs), dissolved in methylene chloride 

(5 mis), was treated with peracetic acid (8N,0.11 mis) 

For 13 hours at 20°C. 	The normal. procedure yielded an 

oil, whose t.l.c. indicated two components. 

,film 	 —1 1155,1100,930,900,860,760cm 
max 

bCC14)7.4-9.0(a11 protons). 
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