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SUMMARY 

The pr1noipal methods for the generation of arynes, 

and the Diels-Alder reactions of steroidal dienes are 

briefly reviewed. 

Tetrafluorobenzyne (generated from pentafluorophenyl-

11 thium and pentafluorophenyl magnesium chloride) reacts 

with simple models for steroidal diene systems to g1ve 

mainly l,4-addition products. 

Benzyne (generated from £-bromofluorobenzene and 

anthranilio acid), tetraohlorobenzyne (from tetra­

chloroanthranilic acid) and tetrafluorobenzyne react with 

steroidal-5,7-dienes to give products of the ene-reaction. 

In addition, tetrafluorobenzyne forms a 5,8-adduct with a 

5,7-diene and with a 5,7,9(11)-triene. 

Cholesta-2,4-diene gives 1,4-adducts with benzyne and 

tetrafluorobenzyne which undergo retro-Diels-Alder reactions 

on pyrolysis. Steroidal-l(lO),9(11)-dienes also give l,ll-adducts 

with benzyne and tetrachlorobenzyne. 

The adducts of tetrafluorobenzyne with mOdels for the oestrogen 

steroids, and with oestradiol dimethyl ether are reported. An 

unsuccessful attempt to synthesise an adduct from a steroidal 

styrene is described. 

Finally the photoisomerisation of 5,6,7,8-tetrafluoro-

1,4-dihydro-l,4-ethanonaphthalene is reported and a 

mechanism~oposed. 
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INTRODUCTION 

(1) Generation and Reactions of Arynes. 

Althougn arynes have been postulated as intermediates 

since 1870,1 it is only during the last sixteen years, 

following the decisive results of Roberts,2 that they have 

been thougnt of as a worthwhile subject for study for tha 

sake of their own potential chemistry. During this period 

many reviews have appeared. 3 

The existence of the parent aryne, variously referred 

to as benzyne, dehydrobenzene, ortho-phenylene or 1,3-

cyolohexadien-5-yne, has been demonstrated. Its bond lengths 

4 have been calculated, its half life measured by time-of-

flight mass spectrometry5 and by flash IXlotOlYSiS6 and Hs 

ultra violet spectrum examined.7 It is generally agreed 

that benzyne is a short lived, (t~lO-4sec) ground state 

singlet with its two extra electrons in a lower symmetrical 

orbital which slightly overlaps.8 The molecule behaves as a 

strained olefin and the reactive site resembles another 

(partial) 11" -bond. Thus benzyne, which will undergo 1,2-

cycloaddit1ons, prefers to act as a dienophile and adds 

1,4 in a Diels-Alder fashion when offered the opportunity. 

Both benzyne and tetrafluorobenzyne have now been stabilised 

as their nickel carbonyl complexes.9 

Arynes and substituted arynes have been generated both 

in solution and in the gaseous phase in a number of different 

ways, all of which inVOlve the elimination of simple, thermo-

dynamically stable molecules from suitable ortho-disubstituted 

benzenes. The first method, which was the only one known 

during the development period of benzyne chemistry, was from 
1. 



ortho-halogenophenyl anions (Scheme I). 

The most efficient methods are the decomposition of the 

ortbO-mono-organometallio compounds derived from halogeno­

benzenes by the use of alkyl metal reagents 10-13 (Scheme II), 

or the treatment of aryl halides with a metal amide, either 

in an inert solvent11-15 (e.g. ether, toluene) or in the 

presence of a free amine16,17 (e.g. liquid ammonia, piperidine) 

(Scheme III). 

18 Metal-halogen interconversion, which may compete with 

the metallation of the aryl halide and so produce side 

reactions, can also be applied as a method for generating ortho-
19-21 .. 

halogenophenyl anions. For example, alkyl lithium compounds 

have been Widely used with 1,2-dihalogenobenzenes for the 

production ofbE.nzyne.(Scheme IV). 
'~" , 

Unfortunately the choice of reaction partnerS is very 

limited using the above techniques since they all require the 

use of strong organometallic reagents. Wittig22 provided the 

first means of getting round this problem by reacting 1,2-

dihalogenobenzenes with magnesium or lithium amalgam (Scheme V). 

In this manner the Diels-Alder reactions of benzyne with 

23 24 25 various dienes, amines, sulphides, and phosphorus 

derivatives24 was demonstrated. 

One of the simplest methods for generating arynes 
~ 26 

involves the diazotisation of anthrantlickin aprotic media 

(Scheme VI). The explosive intermediate, benzenediazonium-

2-carboxylate is not always isolated. Friedman has isolated 

the hydrochloride salt and used it to generate benzyne. 27 

The use of this method has meant that arynes can now be 

2. 
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genereted in the presence of molecules with reactive 1iulOt!.onal 

groups. For example in these laboratories, tetrachlorobenzyne 

has been made by this technique and reacted with a variety 

of unsaturated carbonyl compounds.28 Eenzenediazonium-2-

carboxylate does not eliminate nitrogen and carbon dioxide 

sirnultaneously.29 

Another 1mportant procedure for the production of 

benzyne is the decomposit10n of 1,2,}-benzothiadiazole-l,l­

dioxide30 in solution at 20°C (Scheme VII). The loss of 

nitrogen and-sulphur dioxide is thought to be concerted 

in this case. 

An oXidative method frequently used is the treatment 

of l-aminobenzotriazole with lead tetraacetate or nickel 

peroxide.3l The reaction 1s thought to proceed via a 

nitrene intermediate (Scheme VIII). 

Other less important methods involve the flash photolysis 

of benzenediazonium-2-carboxylate and the photolytic decomposition 

of l,2-diiodobenzene32 and 2-iodophenylmerourio iodide.33 

The latter two radical reactions produce only small quantities 

of benzyne. 

Finally a few pyrolytic methods exist for the generation 

of arynes, the most important of which is the thermal 

decomposition of diphenyliodonium-2-carboxylate34 in diglyme 

at 160°C (Scheme IX). 

For several years it was thought that the different 

methods of generation of the reactive inter.mediate resulted. 

in "different" benzynes being produced (1.e. singlet or­

triplet benzyne). It has been shown conclusively by Huisgen35 
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and Qy Klanderman)6 that benzyne was the same when produced 

from a number of different preoursors. provided there were 

no elements (e.g. iodine. silver) present which could 

modify the mode of reaction of the intermediate by use 

of their d-orbitals.37 

The reactions of benzyne and substituted benzynes 

are well known.) It is an extremely electrophilic 

intermediate and adds by a concerted. one-step process 

to ~.3_dienes38 and even to benzenes.39 naphthalenes,)9 

and anthracenes40 in a Diels-Alder fashion. It will also 

add 1,2 to olefins but the reaction is not stereospeoific 

and therefore two-step. Calculations suggest that there 

is no allowed concerted thermal pathway available.4l It 

will also undergo insertion or ene reactions with suitable 

6ubstrates. Some examples of its mode of reaction are 

shown in Scheme X. 
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(2) Ster01dal Diels-Alder Reactions. 

The Diels-Alder reaction42 has always attracted a 

Qonsiderable amount of attention and the field has been 

extensively reviewed during the past fifteen years.43 

It was recognised very early that the steric arrangement 

of substituents in the dienophile and in the diene was 

preserved in the one-to-one adduct, i.e. the diene addition 
44 

was always "cis". This was formulated by Alder and Stein 

as the cis principle. Woodward and Hoffmann have established 

the theoretical mechanistic principles of the reaction45 in 

which orbital symmetry controls the stereochemical consequenCes 

in an easily discernable manner. Thus the universal cis 

addition can now be readily explained as a concerted 4+2 

cycloaddition reaction between the two components. 

The total number of dienes that haVe been reacted with 

dienophiles is countless. The 'scope of this synthetic reaction 

is now so wide that this introduction will be limited to a 

discussion of the Diels-Alder reactions of some steroidal 

dienes and trienes. It is noteworthy that no reactions of 

arynes with steroldal dienes had been reported prior to the 

commencement of the work reported in this thesis. 

There are a relatively small number of steroldal dienes 

which are suitable for a Diels-Alder reaction slnce there are 

only a limited number of places in which two double bonds can 

be put in a cisoid configuration (Scheme XI). Most of these 

dienes have homoannular dOUble bonds except (a,5) and ~XI,6) v/hlch 

span 3 rings. 
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Before 1935. when ultra violet spectroPhotometers 

were few in number, the establishment of the presence of 

eis-conjugated double bonds in a molecule, was frequently 

attempted by heating the compound with a d1enophile and 

isolating a one-to-one adduct. Thus in the period of 1930 to 

1938, there' were several reports of adducts of maleic anhydride 
46 

and steroidal dienes. These included cholesta-2,4-diene, 

47 48 7-dehydrocholester,yl acetate, lumisteryl acetate, and 

ergosterol.49 The first adduct of this kind was obtained 

from 9(ll)-dehydroergoster,yl acetate by Windhaus50 in 1950. 

Laterreports, first by \~indhaus and Luttringhaus 49 and 

then by Inhoffen51 and by Hicks, Bere;, and Wallis52 shol1ed 

that ergosterol itself could be made to react when forcing 

conditions were used. The reported products, although they 

were different in all three cases, were important in the 

determination of the structure of ergosterol.53 Although , 

no rigorous proof was presented and the structures of the 

adducts 11ere unknown, it was assumed that they resulted 

from attack of maleic anhydride on the less hindered', rear 

face of the steroid to give the 5a, Ba, 
6···· 

6· -derivative. 

This Nas a reasonable assumption since the photooxidation 

of cholesta-2,4-diene in which oxygen functions as a dienophile 

and adds 1,4 was shown to give the 2a, 5a_peroxide54 and o~ly 

the 5a, 8a-peroxide has bGen isolated after the reaction of 

oX'Jgen with ergosterol.55 Maleic anhydride presumably 

has even greater steric requirements than oxygen and would 

ll. 



react exclusively with the a-face of the steroid. In many 

cases, the melting points of the same adducts varied and 

the yields, if they were reported, were very small. This 

is not surprising since 1,4-tetrasubstituted dienes are 

known to possess only a low reactivity towards 1,4-addition 

of compounds containing an activated double bond. 

In 1960, Schubert and B8hme56 studied the reaction 

of ergosterylbenzoate with maleic anhydride and obtained 

five one-to-one adducts, but four years later a reinvestigation 

by Sones and Thomas,57 using n.m.r and thin layer chromatographic 

techniques, presented evidence which indicated that ergosteryl 

acetate gave four adducts which were the result of a- and 

~-attack on the sterOid faces. This result turned out to be 

also incorrect and in a later pUblication58 they revised their 

structures, indicating that only one 1,4-adduct was isolated 

which was a result of a-side attack on the steroid. The other 

three products were formed by an Alder 'ene' 59 reaction. 

This was addition at C-7 and abstraction of either the 9a- or 

the 14a-hydrogen to give 7a-succinic anhydride derivatives of 

3P-acetoxYergosta-5,8,22-triene and 3P-acetoxYergosta-5,8(14),22-

triene. 

This ene·reaction had previously been observed by 

Huisman and his co-workers while attempting to obtain 

60 61 1,4-adducts using esters of azodicarb0xYlic acid, ' 

and dimethylacetylene dicarboxYlate62,63 with a variety of 

steroidal-5,7-dienes (Scheme XII). They found that they 

had only products of ene - reactions involving the 7,8-

double bond and the allylic 9a- or 14a-hydrogens. 

12. 
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It had been reported in 193,64 that the introduction of 

an additional double bond 1n the 9,11- position in the 

~rgpsterol series, resulted in an increase in reactiv1ty 

towards addItion to the 5.7-diene system. This was found 

to be true in the cholesterol series also,. when a-1.4-adducts 

of maleic anhydride, diethyl diazodicarboxylate and dimethyl 

acety1ened1carboxy1ate were readIly obtained from cholesta-

5,7,9(11)-triene.65 

More recently, in order to determine the steric require-

ments for l,4-cycloaddition, the reactions of steroidal 

5.7-dienes with a number of dienophlles have been investigated. 

These include tetracyanoethylene. 66 aCrylonitrile,67 and 

a-acetoxy acry10nitrile.67 In all these cases, whether the 

dienophile was symmetrical or unsymmetrical, the only products 

isolated Were those of an enersynthesis rather than the Diels-

Alder addUcts. These results are perhaps to be expected on 

consideration of the steriC factors involved. The i3-face of 

the sterOid is almost completely blocked out by the 0-18 ~le 

and 0-19 Me groups and on the a-face, although considerably 

less croWded, the a-hydrogens at 0-3, 0-4 and C-15 will 

interact with any approaching dienophile making an ene-

reaction more likely. 

It is of interest to note that maleic anhydride adds 

to the a-face of lumisteryl acetate to give a l,4-adduct under 

forcing cOnd1tions68 but no ene.,products (Scheme XIII). The reverse 

stereochemistry of the O-l9Me and 0-9 hydrogen does not 

allow the dienophile to align itself correctly for a 

14. 
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ooncerted ene -reaction involving the double bond at C-7 

and the C-14 a-hydrogen. At the same time the C-IBMe does 

not allow addition at C-7 and the removal or the C-9 ~-hydrogen. 

The above reasoning does not apply to ster01dal-14,16-

dienes. These have been extensively studied by Solo and 

his co-workers. 69-72 The two double bonds in ring D 

are particularly react1ve and readily form 1,4-Diels-Alder 

adducts with maleic anhydride,69 acrolein,69 methyl aCrylate. 69 

4-phenyl-l,2,4-triazoline-J,5-dione,69 ethylene,70 and 

hexafluoro-2-butyne7l Irrespective or the dienophile used. 

only one addition product was isolated to whioh the 

l4~.17~-stereochemistry was assigned. In one case this was 

confirmed by X-ray analYSis. 72 However in a recent 

reinvestigation by Popper and his co-workers,73 both a- and 

~-adducts have been isolated although the former was present 

in very small quantities. Observations or models or this 

diene system make it clear that there is little staric 

interaction to an approaching dienophile on the ~-face as 

compared to the a-face. in spite of the proximity or the 

C-1SMe group. 

Little work has been done on the preparation of adducts 

from the heteroannular diene systems (SchemeXI, 5 and 6), 

although a maleic anhydride adduct of J~.6~-acetoxY-513-methyl-19- .,: 

norcholesta-l(lO), 9(11) diene has bee.1 reported. 74 

16. 



SECTION 1 

Reactions of Arynes with model compgunds and with 

steroidal-5,Z-dienes and trienes. 

1. Ca) Introduction 

1. Cb) Discussion 

1. (c) Experimental 

17. 



1. (a) Introduction. 

~e reactions of conjugated steroids! dienes 10 Diels-

Alder and ana-reactions are well }mown. It has also been 

shown that carbenes and dihalocarbenes react with steroidal 

olefins and dienes.75 Fbr example on heating 3-benzylcholest-

7-ene with phenyltrichloromethyl mercury a good yield of the 

expected cx-gemdihalocycloproWl adduct is obtained. 76 

Reactions of this nature have been used to introduce new 

angular methyl groups into the steroid skeleton.77 

Surprisingly no reactions of arynes with similar systems have 

been reported, and three factors justified an investigation 

into this research area. ~ese were: 

(1) Only Maleic anhydride has ever been found to form a 

S,8-adduct with ster01dal-5,7-dienes and even then forcing 

conditions were used. It was hoped to prepare adducts from 

arynes using mild conditions. 

(2) By varying the s1ze of the aryne, i.e. using benzynes with 

large groups ortho to the active site, the stereochemical 

requirements of the 5,7-diene system could be determined. 

~s might provide an answer to the question why do strong 

d1enophiles exclusively form ene-derivatives instead of the 

expected 5,8-adducts. 

(3) The adducts might possess some biological activity. 

The arynes to be used in these reactions were benzyne, 

tetrafluoro- and tetrachloro-benzyne. ~e halogenoarynes were 

chosen because it was thought that they would have greater 

dienophilic properties than benzyne itself, and therefore 

give higher yields of adducts. Three reasons supported 

18. 



this hypothes15. Primarily the balogeno-Gl'ignard 78 and 

-11 thium 79 reagents are known to be more stable than ortho­

fluorophenyl-Grignard and -lithium reagents.So suggesting a 

higher aotivation energy for the formation of tetrahalogeno-

benzynes. Seoondly. it is known that dienes and aromatio 
81 

hydrocarbons form charge-transfer oomplexes with fluorinated 

and chlorlnated82 aromatic compounds. This could result 

in a high reactivity of halogenated benzynes (partioularly 

towards aromatic compounds). Finally the inductive effects 

of the halogens would increase the electrophlliclty of the 

aryne and 

oonfirmed 

so 1ncrease its react1vity. Experiments have now 

8} 84 the higher reactivity of halogenated benzynes. • 

compared with benzyne. in reaotions with l.3-dienes and 

aromatio compounds. 

In view of the high cost of steroidal starting materials. 

models of the appropriate parts of the steroid ring system 

were first synthesised and reaoted with the arynes in order 

to find out the conditions and general trends of the 

reaotion. 

1. (b) Discussion 

The first model system chosen was cyclohexa-1.}-diene 

which represents the 'B'-ring of 7-dehydrocholesterol or 

ergosterol or the 'A'-ring of cholesta-2.4-diene. Several 

attempts to prepare the model compound were made by 

dehydrating cyclohexane-1.2-diol using formic and ortho-

phosphoric ac1d but w1thout sucoess. A modification of the 

known85 preparation using N-bromosuccinimide and 

19. 



~<llohexene tollowed by dehydrobroml~tlon was used. 

Tetrafluorobenzyne generated from pentafluorophenyl 

magnesium bromide and from pentafluorophenyl lithium reacted 

with cyclohexa-1.3-diene (Scheme XIV) to give a mixture 

(64i~ and 48% respectively) of three products. The major 

* compound. the adduct (XIV,l) (77%) was isolated in pure 

form by preparative gas~11quid chromatography and its 

structure assigned on the follo~rlng evidence. Elemental 

analysis indicated a molecular formula Cl~8F4 and the 

1a n.m.r. spectrum showed absorptions at~ 3.3-3.7 (m. 

olefinic H). 't:: 5.4-5.9 (m.2 me thine H), and 1:::8.1-8.9 

(m.4 methylene H). It absorbed one mole of hydrogen to 

give 5.6.7.8-tetrafluoro-1.4-ethanotetralin (XIV,7) and 
. 0 

on pyrolYSis at 300 C gave 1.2.3,4-tetrafluoronaphthalene. 

both compounds being identified by comparison with authentic 

samples.83 A small quantity of an isomeric mixture of 

dihydro-1',2',3',4'-tetrafluorobiphenyls (XIV,2,3 and 4) 

was also isolated. These latter products, formed by the 

ene _ reaction, partially dehydrogenated during chromatography 

to 2,),4,5-tetrafluorobiphenyl (XIV.5), identified by 

comparison with an authentic sample prepared by an alternative 

route.83 The third fraction (l~) which was isolated only 

from the Grignard method of generation of the aryne was 

identified as 5-bromo-6,7,8-trifluoro-l,4-ethenotetralin 

(XIV,6). This is thought to arise by the mechanism outlined 

in Scheme XV. Similar brominated products have been observed 

in many of the reactions of tetrafluorobenzyne with aromatic 

* The photoisomerisation of this adduct is described in the 
Appendix. 20. 
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.------------------------------------------------------------------------- -

compounds.S} The expected higher l'l'OPDl!"t1on of 1.4-adduct 

ver~us ene-product and the higher overall yield compared 

to the reaction of benzYlle with cyclohexa-l.3-diene 

reported by otherworkers86 was thus obtained. 

The first steroid chosen for reactions with arynes 

was 7-dehydrocholesteryl methyl ether. This was prepared 

in almost quantitative yield from 7-dehydrccholesterol using 

n-butyl lithium followed by methyl iodide in dimethyl 

sulphoXide. Attempted methylation with silver (Il) oXide 

and methyl iodide87 and with diazomethane in the presenoe 

or absence of borontrifluoride dietherate or fluoroboric 

aOid88 gave only poor yields. while the use of trimethylortho­

formate and perchloric acid89 gave largely the 3a.5a-

cyclosteroid (XVI,3). This produot is analogous to that 

obtained by solvolysis of ergosteryl tosylate,90 and is 

probably formed by way of a mixed orthoester and a 3-homoallylio 

oarbonium ion (Scheme XVI).89 

Benzyne, generated from ortho-fluorophenylrnagnesium 

bromide in tetrahydrofuran has been shown in these laboratories, 

91.92 to reaot with 7-dehydrooholesteryl methyl ether (Scheme 

XVII) to give two dienes (XVII.l) (22%) and (XVII.2) (~~), 

both of which are formed by an . ene - reaction involving 

addition at C-7 and abstraction of the allylio C-9 and C-1.4 

a-hydrogens. The positions of the 8,9- and 8.14- doublo bonds 

1 followed from an examination of the H n.m.r. speotra. These 

were analogous to the ene - produots reported by other workers. 

53.63.66.68 Compound (XVII,l) showed absorptions at 

22. 

I 

I 

I 

I 

I _____________ J 



; . 

Scheme XVI 

I 

\-I 

/ 
1-10 

(XVIii) 

Scheme XVII 

MeO ····0 
(XVII/l) 

+ 0 1 > + 
MeO 

MeO ~ ····0-;:/ I 
(XVII,2) ............ 

23 • 

• '--'. -0 ' 



't'2.8-).1 (m, 5 aromatic H), ~ 4.7-4.9 (rn, c-6 olefiIl1c H), 

"1:6.1-6.4 (m. Ph.CH). ~ 6.8-7.4 (m. OCH)."t: 6.82 (s, 0Me) 

1:"8.74 {s,C-l9Me),1: 9.0-9.2 (d, side chain methyls), and 

'l::9.:;O (s, C-1BMe). The 'l)9-double bond shields the C-1BMe 

but deshields the C-l9Me grouP. Compound (XVII,2) showed 

absorptions at 1: 2.8-).0 (m. 5 aromatic H), ~ 4.6-4.8 

(m,C-6 olefinic H). 't:: 6.1-6.) (m. Ph.CH) and ~ 6.8-7.4 

(m, O.CH). The signals due to the C-18Me, C-l9Me. and side 

chain methyl groups appeared at the same chemical shift 

':9.0-9.). '1l:l1s is because the 8,14 -double bond deshields 

the C-l8!>le but shields the C-l9Me. 

No 5,8-adduct was isolated from the reaction, its 

absence being explained in part by steric crowding in the 

transition state. 

The reaction of tetrafluorobenzyne, generated from penta-

fluorophenyl lithium in light petroleum, with 7-dehydrocholesteryl 

methyl ether gave a complicated mixture (80% on steroid) of 

several products (Scheme XVIII). The Diels-Alder adduct 

(XVIII,l) (22%) and the ene-product (XVIII.2) (51%) were 

separated by t.l.c. on silica which had been impregnated with 

silver nitrate (10%).93 Several attempts were made to separate 

a third fraction, containing at least one ene-product (observed 

by 1H n.m.r. spectroscopy of the mixture) by t.l.c.. A 

number of different impregnated silica layers and a variety 

of elution solvents were tried but without success. 

The ~ n.m.r. spectrum of the Diels-Alder adduct 

(XVIII,l) showed absorptions at ~3.7-3.9 (m,2 olefinic H), 
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t6.62 (s,OMe), 1:: 9.01 (s,C-l9Me), 'l: 9.15 (d,side chain Me) 

and "t: 9.16 (s,C-IBMe). On hydrogenation of the double bond, 

the IH n.m.r. spectrum sho~led that the signals due to the C-laMe 

and the C-l9Me groups had both moved downfield tot' 8.89 and 

1:' 9.10 respectively. This shift is only compatible with a 

5,8~-bridging double bond and hence the tetrafluorobenzyne must 

have attacked the steroid on its less sterically hindered 

a-face. Four multiplets were also observed in the 19F n.m.r. 

spectrum of the adduot. 

The ~ n.m.r. spectrum of the ene-product (XVIII,2) was 

identical, except in the aromatic region, with the 

5,8(S')-diene product obtained from the reaotion of benzyne 

with the same steroid.91 The 8,9-double bond again shields 

the C-laMe butd.esh1'elds the C~l9Megroups' with' the result that 

they appear at or 9.3<) (s,C-lSMe) and 1:. 8.74 (C-l9Me). Since 

the product was formed by the symmetry-allowed conoerted59b 

addition at C-7 and removal of the 9a-hydrogen, the 7-tetrafluorophenyl 

group must have the a-configuration. 

observed in the ,l9F 'ri..m.r. spectrum. 

": <,"f.": '; 

Four multiplets were also 

TetrachlorobenzYne, generated from tetrachloroanthranilic 
'·,c ..•.. ': " 

acid by aprotic diazotisation with 3-methylbutyl nitrite in 

82,83 
methylene chloride, reacted with the 5,7,22-triene 

ergosteryl acetate, prepared hy acetylation of ergosterol, 

to give only one product (Scheme XIX). The compound (XIX,l) 

(24%) was isolated from the reaction mixture by t.l.c. Its 

~ n.m.r. spectrum showed a singlet at 't 2.92 (CEfl4H) ~lhich 
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ind.:l.cated that it was an ene-product, and the chemical shifts 

<If the C-lgMe ( 1;' 8.70) and C-l8Me (1:' 9.28) groups confinned 

the presence of an 8,9 -double bond. Neither the ene- product 

derived from abstraction of the C-l4 hydrogen, nor the Dials­

Alder adduct were detected. although the reaction mixture and 

the de-acetylated reaction mixture were examined by t.l.c. on 

various impregnated silica layers. 

The absence of the 8,14- ene~product is probably due 

to the interaction between the ortho-chlorine atoms on the 

tetrachlorobenzyne and the c-4 a-hydrogen. Similarly no 

Dials-Alder adduct is formed because of a large interaction 

of the same chlorine atoms with the C-3, C-4 and C-l5 a-hydrogens. 

In the three cases examined SO far a pattern may be 

observed. Only very reactive arynes with small groups ortho 

to the active site (e.g. tetrafluorobenzyne) giVe 5,8a-adducts 

with a steroidal 5,7-diene. No ~-adducts are formed. Thus 

there are two factors preventing the formation of an adduct; 

these are the electrophilicity of the aryne and the size (of 

the aryne). 

Furthermore, when an ene':product is formed from a 

benzyne with large ortho-groups, the C-9 hydrogen is abstracted 

in preference to the C-l4 hydrogen because the aryne cannot 

align itself for concerted removal of the C-14 hydrogen. 

In the hope that more information could be obtained 

about the nature of these effects, it was decided to react 

the arynes with a 5,7,9(11)-triene. It had previously ~een 

reported that this olefiniC system has a greater reactivity 



towards dienophiles than the corvesponding 5.7-dienes.64•65 

FOr example 5,8-adducts of cholesta-5,7,9(1l)-trienyl acetate 

with a variety of dienophiles have been veported by Huisman 

and his co_workers65 as mentioned in the introduction. 

Accordingly cholesta-5,7,9(1l)-trienyl acetate (XX,3) 

was prepared (Scheme XX) in 15% yield overall by reacting 

7-dehydrocholesteryl acetate with diethyl diazodicarboxYlate 
60 

and separating the 5,8(9)-diene product (XX,l). pyrolysis 

o of the latter at 240 gave a mixture of an aromatic B-ring 

steroid (XX,4) and the required triene which was separated 

by t.1.c •• 

Tetrafluorobenzyne, genera ted from pentafluorophenyl 

lithium in light petroleum, reacted with the triene (Scheme 

XXI) to give, after re-acetylation and separation by t.l.c., 
1 

two adducts, (XXI,l) (3%) and (XXI,2) (9%). The H n.m.r. 

spectrum of (XXI,l) showed absorptions at 't' 3.70 (q,CH=CH), 

t' 4.5-5.1 (m,:oCH and AcO.CH), ~ 6.8-7.3 (m, 4aH), 1:: 8.01 

(s, AcO), ~ 8.81 (s, C-19Me), 1: 9.11 (d, side chain methyls), 

and 1<: 9.30 (s,C-lSMe). On reduction only one mole of hydrogen 

1 was taken up and the H n.m.r. of the reduced compound showed 

that both the C-l9Me and C-lSMe group signals had moved 

down field to 1: 8.70 and ~ 9.18 respectively and the C-ll 

olefinic hydrogen remained. These chemical shifts are 

consistent with a ~-br1dging double bond indicating (XXI,I) 

was an a-adduct. 

1 The H n.m.r. spectrum of (XXI,2) showed absorptions at 

1:: 3.71 (q, CH=CH), 1: 4.5-4.8 (m, =CH and AcOCH), 
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"l: 4.8-5.4 (m,AcOCH), 't: 7.98 (s,AcO), ~ 9.08 (s,C-1SMe and 

C-l9Me), and ~ 9.12 (d, side chain). On reduction the adduct 

1 
absorbed one mole of hydrogen and the H n.m.r. spectrum of 

the reduced compound this time showed that both the C-l9Me 

and C-laMe groups moved upfield to ~ 9.08. This shift is 

consistent with an a-bridging double bond indicating that 

the tetrafluorobenzyne had reacted with the ~-face of the 

steroid. The formation of a ~-adduct across positions -5 and 

-8 has not previously been reported. It is apparent from 

observations of models of the steroid that the 9,!l1·-double 

bond opens up the ~_face of the 5,7-diene and there is much 

less interaction between the ortho-substituent on the aryne 

and the C-laMe group. 

Attempts were made to reduce the 9,ll -double bond of 

the a-adduct (XXI,l) in order that its ~ n.m.r. spectrum 

could be compared with that of the reduced tetrafluorobenzyne-

7-dehydrocholesteryl methyl ether adduct (XVIII,3) which 

should be identical (apart from the acetate group). However 

the trisubstituted double bond could not be reduced at room 

temperature with platinum in the presence of either glacial 

acetic or perchloric acid. 

The low yield of the adducts (l~j) with the 5,7,9(11)-

triene steroid as compared to the 5,7-diene (22%) may be 

due to a decrease in the reactivity of the triene system l1hich 

is contrary to expectation. It is more likely to be due to 

the method of generation of the aryne since pentafluorophenyl 

lithium would react with the 3-acetate group at a lower 
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temperature than 1 t would eliminate to form tetrafluorobenzYlle. 

However this method of aryne generation had to be used because 

of the unavailability of tetrafluoroanthranilic aoid, or any 

other suitable precursor. 

~Ihen tetrachlor'obenzyne was generated in the presence of 

cholesta-5,7.9(1l)trienyl acetate, no 5,8-adduct or ene-produot 

was isolated. in spite of a thorough search of the reaction 

mixture. The interaction between the C-4a-hydrogen and the 

ortho-chlorine atoms on the aryne must presumably prevent the 

formation of a 5.8(14) ,9(11 )-triene product, in a similar 

fashion to that suggested in the reaction of tetrachlorobenzyne 

with ergosteryl acetate, and since there is no hydrogen atom 

at C-9, no ene-products can be formed. The fact that no 

5,8-adduct either is formed implies a large interaction of 

the ortho-chlorine atoms in the adduct transition state 

although inspection of models suggests that the converse is 

true. Thus either other factors must be operating, or the 

steric interactions must be much larger than was originally 

envisaged. 

In view of the fact that on pyrolysis the benzyne-

cyclohexa-l,3-diene adduct underwent a retro-Diels-Alder with 

elimination of ethylene and formation of tetrafluoronaphthalene, 

it was of interest to examine the pyrolysis of the tetra­

fluorobenzyne-7-dehydrocholesteryl methyl ether adduct 

(XVIII,l). It was hoped that this might also undergo a 

retro-Diels-Alder reaction with expansion of the B-ring 

(Scheme XXII) to give the large macrocyclic molecule (XXII,l). 
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However the adduct was virtually unchanged after prolonged 

o pyrolysis in vacuo at 250-.300 C. (At higher temperatures 

the adduct rapidly carbonised). The only pure product 

isolated is formulated as the isomer (XXII,Z) (14%). Its 

mass spectrum is very similar to that of the adduct 

(XVIII,l) and shows that they are isomeric (molecular 

weight 546) and very similar in structure. 1 The H n.m.r. 

spectrum shows an extremely high field C-l9Me group at 

"C 9.56, and indicates that the .}-methine proton is in an 

equatorial oonformation (~1~ 8-9Hz). These data are 

consistent with a C-l9Me group in the lOa-configuration, 

with the high field position due to the anisotropic shielding 

by the benzene ring. 

The mechanism of the reaction leading to (XXII,Z) is 

unknown but may involve homolysiS of and reformation of the 

9,10- bond. 
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1. (c) Experimental. 

All reactions w1 th organoli thturo and Grignal'd reagents 

were carried out under dry nitrogen in apparatus dried over-

o night at 120. Solvents were redistilled and dried over 

sodium wire. Tetrahydrofuran was, in addition, freshly 

distilled from aluminium 11 tlu.wn hydride, and dilllethyl. 

sulphoxide was dried by stirring for 24 hours with calcium 

hydride and distilling onto activated molecular sieve 

(type 4A), Hydr0lyseswere effected with aqueous hydrochloric 

acid (4M) unless otherwise specified. Solutions of products 

were dried with anhYdrous sodium sulphate and the solvents 

were removed,in vacuo using a rotary evaporator, Light 

petroleum refers to that fraction having a boiling range of 

60_800
• Column chromatography was carried out with 

deactivated (grade Ill) Camag or Woelm neutral alumina. 

Merck Kieselgel OF254 silica gel was used for analytical 

t.l.c. (0.25 mm. thickness). Plates were activated by 

drying for 2 hours at 1200 and compounds were detected by 

spraying with chlorosulphonic acid (5%) in acetic acid 

o followed by heating for 10 minutes at 200. Compounds on 

silica impregnated with silver nitrate (10%) were detected 

by spraying with aqueOus ammonium sulphate (20 g. in 100 ml. 

of water) containing sulphuric acid (4 ml.) followed by 

o heating for 20 minutes at 200. Preparative t.l.c. was 

carried out on Im. plates with Merck Kieselgel PF254 (0.5 mm. 

thickness unless otherw~se specified). Compounds were 

deposited in thin lines on warm plates as ether or chloroform 

solutions using a modified Desaga streaker. 
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Analytical gas chromatography was ca~ed out using 

pye 104 series gas chromato~pha fitted with flame 

ionisation detectors. Preparative scale gas chromatography 

was oarried out using \{ikens Aerograph models 700 and 705 

chromatographs, both fitted with flame ionisation detectors. 

Infrared spectra were determined as potassium bromide 

discs for solids, as thin films in the case of liquids and 

as carbon tetrachloride or chloroform solutions for gums, 

with Perkin-Elmer 237 and 257 spectrophotometers. Ultraviolet 

spectra were determined for hexane solutions with a Unicam 

S.P. 800 spectrophotometer. 

1 19 
H n.m.r. (60 MHz) and F n.m.r. (56.4 MHz) spectra 

were determined for carbon tetrachloride solutions unless 

otherwise specified, with a Perkin-Elmer mo spectrometer. 

Mass spectra were determined on A.E.I. M.S.9 and 

M.S.l2 spectrometers. 

Cyclohexa-l,3-diene. Cyclohexene (82 g.) and carbon 

tetrachloride (400 ml.) were warmed to 700 in a flask fitted 

with an efficient reflux condenser. N-bromosuccinimide 

(178 g.) was slowly added in small portions and the 

exothermic reaction contrOlled using an ice bath. The 

o temperature of the reaction mixture had to be kept near 70 

or the reaction stopped. After the addition was completed. 

the mixture was heated under reflux for 30 minutes, cooled, 

the succinimide filtered off, and the filtrate distilled 

through a 2 ft. Widmer column. The brown residue was 
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dj.stilled at hish vacll.UPI, am 3-bromocyclohexene (113 g., (m), ,. 

b.p. 50-540 (10 mm» was oolleoted. Dehydrobromination was 

achieved by heating 3-b:romocyolobelCene (113 g.) and quinoline 

(260 g.) to its boiling point When cyolohexa-l.,3-diene slowly 

distilled from the reaction flask. The orude distillate was 

washed with hydroohloriO aoid (2N, 100 ml.), water (100 ml.), 

dried, and red1st1lled throush a short fraotionating oolumn 

to give oyolohexa-l,3-diene (48 g., b.p. 80_81°). Analysis 

by g.l.o. (3 ft., trioresyl phosphate (30%) on Chromasorb ~ 

at 1000
) showed the product was 99% pure, (impurities were 

cyolohexene and benzene). 

Tetrafluorobenzyne and cyolohexa-l.3-diene (Soheme XIV), (A) 

generated from pentafluorophenylmaenesium chloride. A 
• 

suspension ot magnesium turnings (4.86 g.) in a solution ot 

chloropentafluorobenzene (20.2 g.) in ether (100 ml.) was 

ma1ntained at 300 under nitrogen by cooling in an ice bath 

during the slow addition of 1,2-dibromoethane (18.7 g.). 

A solution of cyclohexa-l,3-diene (50 g.) in oyclohexane 

(200 ml.) was added and ether was removed from the milCture 
. 0 

by distillation until the liquid temperature reaohed 78 • 

The mixture was heated under reflux for 6 hours and after 

cooling was hydrolysed. Extraction with ether gave a orude 

product Which was filtered in l1sht petroleum through a 

short column of alumina. The resultant pale yellow solid 

(17 g.) (74%) was shown by g.l.c. (5 tt., S.E.30 (10%) on 
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firebrick at 120°, programmed to 1800 after 35 m1nutes at 

a rate of 48°/min.) to oonsist of the adduot (XIV,l) (77%), 

mixed dihydro-1' ,2',}',4'-tetrafluorobiphenyls (XIV,2 13, and 4) 

(11%) and brominated adduct (XIV I 6) (12%). Preparative g.l.c. 

(5 ft., S.E.30 (30%) on firebrick at 200°) gave the adduct 

(XIV,l) m.p. 84_85° (from ethanol), V 720, 1040, rnax. 

6 -1 1 1 30, and 3070 cm. , H n.m.r. see discussion, (Fbund: 

C, 63.1; H, 3.55; F, 33.5. C12HSF4 requires C, 63.15; 

H, 3.55; F, 33.35%), and the mixed d1hydro-1',2',3',4'. 

tetrafluorobiphenrls, a liquid, V 1040, 1630, and rnax. 
3030 cm.-

l
, A 217 (€ 3,060), and 259 (E390) nrn., 

malt. 

1H n.m.r., "" 3.0-3.6 (rn, aromatic H), 3.8-4.6 (m, Olefinic 

H's), 5.9-6.2 (rn, methine) 7.1-8.5 (m. methylenes). The 

latter compound dehydrogenated during chromatography to give 

some l,2,3,4-tetrafluorobiphenyl m.p. 63_64° (sublimed), 

)\ 242 (E. 14,000) nm., ~ n.m.r. 1:: 2.62 (s,5H), . maxi 
83 

2.79-3.25 (rn, lH), identical to an authentic sample. 

5-Bromo-6,7,8-trifluoro-1,4-dihydro-l,4-ethanonaphthalene(XIV.6) 

(12%) pyrolysed in the injection port during chromatography 

to 1-Bromo-2,3,4-trifluoronaphthalene, m.p. 98_100°, 

(Fbund:, C, 45.9; H, 1.60; F, 22.0. C10H4BrF3 requires 

C, 46.0; H, 1.55; P, 21.8%), identical to an authentic 

sample. 
83 

(B) generated from pentafluorophenyl lithium. A solution of 

n-butyl lithium (19.5 ml. of a 2.5 M solution in hexane) 

was added to a stirred solution of the diene (40 g.) and 
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bromopentafluorobenzene (22.35 g., 1. equJ.v&lent) in light 

petroleum at _700 under nitrogen. After 2 hours the 

solution was allowed to slowly warm to room temperature and 

set aside overnight. The mixture wa~ hydrolysed and extracted 

with ether. The solution was dried and the ether removed 

to give a mixture of compounds (11 g.) (48%). These were 

separated by preparative S.l.c. to give the products 

described in (!). 

I-Dehydrocholesterol methyl ether (A) from silver oxide and 

methYl iodide. A suspension of freshly prepared dry silver 

oxide (15.0 g.) (made by mixing a hot solution of silver 

nitrate (23.8 g.) in water (200 ml.) with a solution of 

potassium hydroxide (5.6 g.) in water (200 ml.» in methyl 

iodide (35 ml.) containing 7-dehydrocholesterol (5.0 g.) 

was heated under reflux in the dark for 12 hours after which 

further methyl iodide (10 ml.) and silver oxide (5.0 g.) 

were added. After a total reflux time of 48 hours, the 

silver oxide was filtered off and washed thoroughly ~Iith 

ether. Removal of the solvents gave 7-dehydrocholesteryl 

methyl ether (3.2 g.) m.p. 120_1210 (from aqueous acetone) 

( 95 0) lit. m.p. 123-125 • The yield tended to vary from 60 

to 95% depending on the batch of Silver oxide used. 

(B) from diazomethane and fluoroboric acid. A solution 

of diazomethane (15 ml. of O.3M in methylene chloride)was 

added to a stirred solution of 7-dehydrooholesterol (0.5 g.) 

in methylene chloride (15 ml.) containing fluoroboric aoid 
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(2.2 mole %). After 3 }lo'urs the mixture was diluted with 

more meth¥lene chloride (50 ml.), filtered, wa.shed with 

aqueous sodium bicarbonate solution followed by water) and 

dried. Removal of the solvent gave a pale yellow solid 

(0.514 g.) which was chromatographed on Florisil (15 g.). 

Elution with benzene: light petroleum (1: 4) gave 1-dehydro-

cholesteryl methyl ether (50 mg.) (10%) followed by 

1-dehydrocholesterol (100 mg.). The yield of methyl ether 

was not improved by the use of borontrifluoride diethyletherate 

instead of fluoroboric acid catalyst. 

(C) from trimethylorthoformate and perchloric acid. A 

suspension of I-dehydrocholesterol (3.0 g.) in trimethyl­

orthoformate (20 ml.) and perchloric acid (60% aqueous 

solution, 0.35 ml.) was stirred at room temperature for 

20 minutes and poured into cold saturated sodium bicarbonate 

solution. The mixture was extracted with ether and the 

product was chromatograp\'led on alumina. Elution with 

benzene:light petroleum (1:9) gave 3a,5a-cyclocholesta­

-6,8(14)-diene (XVI,3) (1.85 g.) (60%) m.p. 48_49
0 

(from 

ethanol), ~ n.m.r. -t 4.43 (q. CH=CH, JPJ39.1 Hz), 9.14 

(d, side chain), 9.11 (5, C-l9Me); 9.24 (5, C-18Me), and 

9.4-9.1 (m, cyclopropane), I\~. 262 nm. (e 24,400). 

(Found: C, 88.3; H. 11.6. e2f4~ )requires C.' 88.45; 

H, 11.55%). Elution with benzene:light petroleum (1:1) 

gave 1-dehydrocholesteryl methyl ether (1.2 g.). 
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(D) from n-butyl 11 thium and methyl iodide. n-Butyl 11 thium 

(6 ml. of a 2.5M solution in hexane) was slowly added to a 

stirred sUspension of 7-dehydrocholesterol (5.0 g.) in dry 

dimethyl sulphoxide (SO ml.) cooled to near its freezing 

point under nitrogen. After 10 minutes, methyl iodide (5 ml.) 

was added and the resultant mixture poured into water. The 

precipi tated methyl ether (5.0 g.) was isolated by filtration. 

Reaction of benzyne with 7-dehydrocholesteryl methyl ether. 

A suspension of magnesium (0.9 g.) in a solution of 

7-dehydrocholesteryl methyl ether (2.6 g.) in tetrahydrofuran 

(50 ml.) and dibromoethane (2 drops) was gently warmed and 

stirred. A solution of o-bromofluorobenzene (5.8 g.) in 

tetrahydrofuran was added dropwise at a sufficient rate to 

keep the solution boiling under reflux. After the addition 

was completed, the mixture was heated under reflux for 1 hour, 

and poured into an ammonium chloride/ice mixture. Extraction 

with ether gave a crude product which was chromatographed on 

alumina. Elution with benzene removed aromatic by-products 

and elution with ether:benzene (1:3) gave a mixture of compounds 

(1.8 g.). Preparative t.l.c. on silica impregnated with 

silver nitrate (lO%heluting (x3) with benzene :11ght petroleum 

(l:lt gave 3@-methoxy-7a-phenyl-cholesta-S,8(9)-dlene (XVII,l) 

(675 mg.), m.p. 133-134 (from aqueous acetone) y 665, max. 
702, 760, ll05, and 1602 cm.-l , A 219 run., molecular max. 

. 1 
weight (mass spectrum) 474, H n.m.r. see discussion, 
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(Found I c. 85.7; H. 10.85. C)4HSOO requires C. 86.0; 

H, 10.6%). and 3a_methoxy_7a_~enyl_cholesta_5l8(14)_diene 

(XVII,2) (1.1 g.), m.p.l02-104° (from aqueous acetone). 

V 667-702. 772. 1102, and 1602 cm.-l , A 217 nm .. mu. max. 

molecular weight (mass spectrum) 474, 
1 H n.m.r. see discussion. 

(Found: C, 85.85; H, 10.5. C)4H500 reqUires C, 86.0; H, 10.6%). 

Reaction of tetrafluorobenzyne with 7-dehydrocholesteryl methyl 

ether .. n-Butyl lithium (5 ml. of a 2.5M solution in hexane) 

was added to a stirred solution of 7-dehydrocholesteryl methyl 

ether (2.55 g.) and bromopentafluorobenzene' (3.16 g.) in light 

petroleum (200 ml.) cooled to _)00 under nitrogen. After 30 

minutes the mixture was allowed to warm to room temperature 

and was left overnight. Hydrolysis followed by ether 

extraction gave a crude product (4.7 g.) shown by g.l.c. 

(5 ft .. QFl (2%) on Chromosorb W at 2400 ) to be composed of 

the adduct (XVIII,l) (17%), ene-product (XVIII,2) (4)%), an 

unidentified mixed fraction (19%) and starting material (21%). 

Preparative t.l.c. on silica impregnated with silver nitrate 

(10%) Or urea (10%) eluting with benzene:light petroleum (3:7), 

gave 3@_meth0xY_7a_2,3,4,5_tetrafluorophenyl-Cholesta-5,8(9)-

diene (XVIII,2), m.p. 119-1200 (from ethanol). ~ 700, _ max. 

1100, 1620, and 3040 cm.- l , A 217 and 26) (inflexion) max. 

nm., ~ n.m.r. "C 3.1-3.7 (m, C6F4H), 4.75-4.9 (m,=CH), 5.7-5.9 

(m, C6F
4
H.CH), 6.78 (s, OMel, 6.85-7.35 (m. OCH). 8.74 

(s, C-l9Me), 9.14 (d, Side chain), and 9.)0 (s, C-lSMe), 

19F n.m.r. 0 139.8 (m. IF). 157.0 (t. IF). and 160.3 (m.2F). 
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(Fbund: C. 74.55: H, 8.45: F, 14.1. C34H46F40 requires 

C, 74.65: H, 8.S; F, 14.2%). and ~ adduct (XVIII,l) 

m.p. 172-1750 (from ethanol), Y 710, 76S, 1095, max. 
1 . 

1630, and 3060 cm.- , A 217 (£ 6,800), and 270 max. 

( E..S50) n.m., ~ n.m.r. L ).78 (q, CH=CH, JAB-8.6 Hz), 

6.1-6.6 (m, OCH), 6.63(s,OMe), 6.8-7.3 (m. 4aH), 9.01 

(s, C-l9Me), 9.1S (d, side chain), and 9.16 (s, C-1SMe). 

19 . F n.m.r. f6 144.4 (m, IF), 146.6 (m, IF), 160.1 (m, IF), 

and 161.3 (m, IF). (Fbund: C, 74.8; H, 8.4S; F, 1).9. 

C)4H46F40 requires C, 74.65; H, 8.S; F, 14.2%). Attempts 

were made without suocess to separate the miXture isolated 

by preparative t.l.c. using silica and alumina impregnated 

with mercuric chloride or caffeine. Solvents tried included 

mixtures of pyrid1ne and N,N'-dimethylan1line with light 

petroleum, chloroform, benzene and diethyl ether. 

Ergosteryl acetate. Ergosterol (S.O g.) was warmed with acetic 

anhydride (S.O ml.) in pyridine (50 ml.) then left for 12 

hours. The resultant miXture was poured onto ice/water 

(250 g.), left for) hours, then filtered to give ergosteryl 

( 0" acetate 4.6 g., 92%) m.p. 180-181 (from ethanol), (Lit. 

181°). 

Reaction of tetrachlorobenzyne with ergosteryl acetate. A 

solution of tetrachloroanthrantlic acid (2.8 g.) in acetone 

(SO ml.) was added over 15 minutes to a stirred solution of 

ergosteryl acetate (4.4 g.) and )-methylbutyl nitrite () ml.) 

in methylene Chloride (100 ml.) which was heated under reflux. 
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After one hour octachloroa=idone was removed by filtration 

and the solvent removed from the filtrate to give a pale 

yellow solid which was chromatographed on alumina. Elution 

with light petroleum gave a small fraction which was not 

investigated further. and elution withbenzene:light 

petroleum (1:19) gave a white solid which crystallised 

from alcohol to give 3@-acetoxy-7a-2,d,4.5-tetrachlorophenyl­

c:holesta-5,8'{9l,22-t.riene(XIX,lX(l..35 g.) m.p. 202_2040
• 

V 750. 1030. 1240. 1740. and 3050 cm.-l • ~ 217 n.m •• 
~. rn~. 

~ n.m.r. ~ 2.92 (s. C6C14H). 4.5-5.0 (m. 3=CH). 5.2-5.9 

(m. AcOH and C6C14H.CH). 8.08 (s. OAc) 8.69 (s. C-l9Me). and 

9.0-9.4 (m. side chain and C-l8Me). (Fbund: C. 66.6; H. 7.10; 

Cl. 21.8. C35H46C1402 requires C. 66.3; H. 7.10; Cl. 21.8%). 

Ergosteryl acetate (1.04 g.) was recovered from the mother 

liquors. 

3@-acetoxy-cholesta-5.7.9(11)-triene. Diethyl azodicarboxylate 

(4.8 g.) was added to a solution of 7-dehydrocholesteryl 

acetate (4.8 g.) in light petroleum (25 ml.) and the mixture 

heated under reflux until all the steroid starting material 

had reacted (analysed by t.l.c.). (~. 8 hours). Removal 

of the solvent gave a yellow gum which was chromatographed on 

an alumina column. After the initial decomposition of excess 

diethylalilodicarboxylate • elution with benzene:light petroleum 

(1:19) gave a yellow oil which slowly crystallised from 

acetone/water to give the ene-product (XX.l). (2.1 g.). 



Compound (XX.l) (2.0 g.) was heated for 3 hours at 240
0 

at 

0.3 mm. of Hg. During the pyrolysis, l,2-dioarbethoxyhydrazine 

condensed on the colder parts of the apparatus. The residual 

brown 011 was chromatographed on an alumina column. Elution 

with light petroleum gave a yellow oil containing two compounds 

(XX.3) and (XX.4). 'lh1n layer chromatography (eluting (x2) 

with benzene:l1ght petroleum (1:1» gave pure 3~-acetoxy-

o 
cholesta-5.7,9(1l)-triene (XX/3) (300 mg., 15%), m.p. 97-98 

(l1t.60 m.p. 96-98°), A 310 (1:. 10,100), 323 (ell,500), max. 

and 339 (E. 7,050) nm. 

Reaction of tetrafluorobenzyne with 2~-acetoxy-cholesta-

5,7,9(11)triene. n-Butyl lithium (3.9 ml. of 2.5M solution 

in hexane) was added to a stirred solution of bromopenta-

fluorobenzene (2.47 g.) and 3~-acetoxy-cholesta-5,7,9(1l)-triene 

(1.3 g.) at _600 in light petroleum (100 ml.). 'lhe solution 

was allowed to warm to room temperature and left for 16 hours. 

After removal of the solvent and acetylation with aoetic 

anhydride in pyridine (1:10), the crude produot (2.0 g.) was 

filtered through alum1na 1n light petroleum. The resultant 

pale yellow oil (1.1 g.) gave, after preparative t.l.o. on 

silioa impregnated with sHver nitrate (10%), eluting (x3) 

with benzene:light petroleum (1:1), the <I-adduct (XXl,l) 

(50 mg.) (:%), m.p. 109-liOo (from ethanol), ~ n.m.r. see 

discussion, molecular weight (mass speotrum) 572, and the 

p-adduct (XXl,2) (150 mg.) (9%), m.p. 164-165° (from ethanol) 

60 -1 'I. Y max. 780, 1040, 1640, 1740, and 30 cm. ." max.220 

44. 



(f 9,5(0). and 268 (e 5(0) nm.,lH n.m.r. ""to discussion, 

molecular weight (mass spectrum) 572, (Found: C, 73.1; 

H, 7.65, C35H44F402 requires C, 73.4; H, 7.75%). 

Hydrogenation of adducts. A solution of the adduct in ethyl 

acetate was stirred with ~ palladium on charcoal catalyst in 

an atmosphere of hydrogen until the gas uptake ceased. The 

solution was filtered and removal of the solvent gave the 

dihydro-compound. 

Adduct (XIV,l) (100 mg.) gave the dihydrocompound (XIVa) 

(100 mg.) m.p. 113_1140 (from ethanol), (lit.83 m.p. ll3-11So). 

Adduct (XVIII,l) (80 mg.) gave the dihydrocompound (XVIII,?) 
o -1 (80 mg.) m.p. 169-170 (from acetone), y 880, 1100, 2930 cm. , max. 

~ n.m.r.~ 6.2-6.6 (m, OCR), 6.68 (s, OMe), 8.89 (s, C-l9Me), 

9.10 (s, C-1BMe), and 9.12 (d, side chain), (Found: C, 74.2; 

H, 8.65; F, 13.7. C;4H48F40 requires C, 74.4; H, 8.85; 

F. 13.6%). 

Adduct (XXI,l) (10 mg.) gave the dihydro-compound (XXI,3) 

(10 mg.) a gum, ~ n.m.r. "t' 4.4-5.2 (m = CH and AcOCH), 8.02 

(5, AcO), 8.70 (s, C-l9Me), 9.12 (d, side chain), and 9.18 

(5, C-1BMe), molecular weight (mass spectrum) 574. 

Adduct (XXI,2) (80 mg.) gave the dihydro-compound (XXI,4) 

(79 mg.) m.p. 162-162.50 (from ethanol) Y 880, 1040, 1630, max. 

1750, 2970 cm.-l , ~ n.m.r. ~ 4.5-4.75 (m, =CH), 4.75-5.2 

(m, AcOCH), 8.02 (s, AcO), 9.14 (s, c-18- and C-l9Me), and 

9.14 (d, side chain). molecular weight (mass spectrum) 
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Pyrolysis of adducts. 'llloe adduct was heated in a nit.rogen 

purged, evacuated Carius tube (.!l!' 500 ml. capacity) at 

the temperature and for the period of time specified. 

Adduct (XIV ,1) (100 mg.) after 12 hours at )000 gave 

1,2,3,4-tetrafluoronaphthalene (88 mg.) m.p. 106-107
0 

(from ethanol) (lit.83 m.p. 110_1110
). 

Adduct (XVIII,l) (80 mg.) 
o 

Gave, after 24 hours at 250 C, 

and after preparative t.l.c. on silica impregnated with silver 

nitrate (10%) (eluting (x2) with benzene:light petroleum 

(3:7», the adduct (XXII,2) 
1 (8 mg.), a gum, H n.m.r. 

1C3.40 (q, CH=CH, J
AB

-7.9 Hz), 6.2-6.5 (m, OCH), 6.64 

(5, MeO), 9.06 (5, C-l8Me), 9.11 (d. side chain), and 

9.62 (s, C-l9Me), molecular weight (mass spectrum) 546, 

and starting material (67 mg.). 
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Sec~on 2 

Reactions of Arynes with model compounds and with the 

A-ring of various steroids. 

2. (a) Introduction 

2. (b) Discuss1on. 

2. (c) Experimental. 



2. (a) Introduction. 

In view of the low yields of 5,8-adducts of ~B with 

stero1dal-5,7-d1enes, it was dec1ded to react arynes with 

steroid systems in which there was less steric crowding. 

An inspection of mOdels showed that there is considerably 

less steric interaction to an approaching dienophile in 

steroidal-2,4- and -1(lO),9(11)-dienes, compared with 

5,7-dienes, and it was therefore anticipated that arynes 

should react to give high yields of adducts with these dienes. 

The Diels-Alder reactions of these systems have been largely 

ignored in the past. Only maleic anhydride adducts, of 

46 unknown stereochemistry, of cholesta-2,4-diene and 

3~,6~-acetoXY-5~-methyl-19-norcholesta-l(lO),9(11)-diene74 

have been briefly reported as part of the str~ctural proof 

of the cisoid configuration of the olefins in these compounds. 

It has been known for several years that benzyne can add 

to benzene39 and its derivatives3 to give Diels-Alder 

adducts, and it has been shown in these laboratories during 

the course of this work that halogenated arynes are better 

83 84 than benzyne itself in these reactions.' It was therefore 

decided to react tetrafluorobenzyne with aromatiC A-ring 

steroids to obtain novel adducts with possible interesting 

physiological activity. In view of the extremely high cost 

of these steroids it was considered essential to prepare 

models of the aromatic parts of the ring system to determine 

the possible products and reaction conditions before carrying 

48. 



out the reaetion on the steroid itself. The modelscncrsen 

were tdralin (~.2,3,4-tetrahydronaphthalene), S,e-dimethyl­

tetralin, and 6-methoxytetralin whieh represent the A and 

B rings of the oestrogen steroids. 

Benzyne94 and tetrahalogenobenz:,rnes95 are also 

known to react readily with styrene, and substituted 

styrenes to give good yields of phenanthrenes and dihydro-

phenanthrenes, depending on the reaction conditions. It 

was decided to react tetrafluorobenzyne with 3,17~-dimethoxy-

oestra-l,3,5(lO),9(~)-tetraene, since the adduct from this 

steroidal styrene should be similar to the adduct obtained 

from the l(lO),9(ll)-diene system. 

2. (b) Discussion. 

Cholesta-2,4-d1ene (XXIII,l) was conveniently prepared 

in 50% yield by a modification of the method used by 

46 Bergman and his co-workers. Cholesterol was dehydrated and 

isomerised by stirring with alumina in boiling £-cymene 

(Scheme (XXIII). The co-product, cholesta-3,5-diene 

(XXIII,2) was removed by preparative t.l.c. using silver 

nitrate-impregnated silica. 

Benzyne, generated from ~-fluorobromobenzeneand 

magnesium, and by the aprotic diazotisation of anthranilic 

acid with 3-methylbutyl nitrite in methylene chloride, gave a 

mixture of 2,5-adducts in 4% and 8% yield respectively 

(Scheme XXIV). The lower yield in the case when benzyne 

was generated by the Grignard-reagent route 1s 

attributed to the high temperature ( .£!. 650 
) required 

for benzyne formation, which probably partly isomerised 
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the ~-diene before 1t reacted with tile aryne. Atter 

removal 01' the aromatic Qy-products from the crude 

product Qy steam distillation, and elution from alumina 

to remove polymeria material, preparative t.l.c. on 

silica followed by silver nitrate-impregnated silica 

gave the adducts (XXIV,1) and (XXIV,2) in the ratio 

4 to 1. In the 1H n.m.r. spectrum 01' compound (XXIV,1) 

the C-19 methyl showed as a singlet at -C 8.99. After 

reduction to the dibydrocompound (XXIV,') the signal 

moved downfield to ~ 8.85 due to the removal of the 

anisotropic shielding by the ~-brldg1ng double bond, thus 

proving that the benzyne had added to the Cl-face of the 

steroid. The IH n.m.r. spectrum of the ~-adduct (XXIV,2) 

showed a singlet C-19 methyl signal at ~9.62 which moved 

upfield to 1:: 9.69 on reduction. This high field position 

of the C-19 methyl signal in (XXIV ,4) is due to the shielding 

by the benzene ring, an effect which has previously been 

observed in compound (XXII,2) isolated from the pyrolysis 

of the tetrafluorobenzyne-7-dehydrocholesteryl methyl ether 

adduct. An attempt was made to form a IT -complex with the 

aromatic ring of the ~-adduct (XXIV,2) with tetrani tromethane, 96 

thereby modifYing its anistropic shielding effect and moving 

the C-19 methyl back downfield. However no such effects 

1 were observed in the H n.m.r. spectrum; on addition ~f the 

complexing agent the C-19 methyl remained at ~ 9.62. 
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A very small quantity of a thira oompound was isolated 

:from the ~I'\lde> reeetion mtxt1.lre l:I:Y pre para ti ve t .1.0 • 'l'lle 

~H n.m.r. speotrum indioated it was probably an inee!'Uon 

oompound, but it deoomposed before it oould be identified. 

Tetraf'l1.!orobenzyne, generated from pentafluorophenyl 

lithium, reaoted witn oholesta-2,4-diene to give the 

a-adduot (XXV,l) (15%) which was separeted f'!'om the reaotion 

mixture by preparative t.l.o. using silver nitrate :iJlIPl"Elsnated 

silioa. Hydrogenation of the adduot (XXV,~) gave the 

dihydrooompound (XXV ,2) and the downfield sh:l.f't of the 

C-l9 methyl signal in the ~ n.m.r. ('1.- 9.02 to 8.90) 

confirmed the a-stereochemistry of the tetrafluorophenyl 

group. TWo unidentified oompounds were also isolated from 

the reaction mixture. ']heir mass spectra showed they had 

very high molecular weights which indicated they were 

adducts in whioh tetraf'luorobenzyne had added more than 

once to the steroid. No ~-adduct was isolated as in the 

benzyne reaction. 

Pyrolysis of the adducts (XXIV,l) and (XXV,l) at 2500 

gave the naphthalene der1vatives (XXIV,S) and (XXV,3). At 

higher temperatures the retro-Diels-Alder reaotion was 

accompanied by others and several products were detected 

by t.l.c. These were not investigated further. ']he lH 

n .m.r. spectrum of compound (XXIV,S) showed the presence 

of 7-aromatic protons (m, ~ 1.8-2.8). 2 olefinic protons 

(broad :s, "'r 5.13) and a vinyl methyl group (broad s, 'l: 8.34) 
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and it had a typical naphthalene u.v. spectrum. The 

compound (XXIV ,5) was easily hydrogenated to the dihydro­

compound (xxrv,6). 

1 The H n.m.r. spectrum of compound (XXV,3) was very 

similar to that of compound (XXIV,5) apart from the 

absorptions in the aromatic region. Irradiation of the 

vinYl methyl group in a double resonance experiment 

sharpened the olefiniC proton signal (w~ 7 to 4 Hz.), 

and similarly irradiation of the latter signal sharpened 

the vinYl methyl group (W! 4.5 to 2 Hz.). The sum of 

the coupling constants for spin-spin coupling between the 

olefinic protons and vinyl methy1sis thus 2.5 to 3 Hz. 

The u.v. spectrum of compound (XXV,3) was similar to that 

of compound (xxrv,5), and on hydrogenation it gave the 

dihydrocompound (XXV,4). 

3~,6~-D1acetoXY-5~-methyl-l9-norcholesta-1(lO),9(ll)­

-diene (XXVI,6) was prepared in 10% overall yield by the 
. .. . 4 

method outlined by Petrow and his co-workers.7 ,97 (Scheme 

XXVI). Cholesterol was epoxidised and the epoxide ring 

opened in situ to cholestane-3~,5a,6~-triol (XXVI,l). 

Acetylation gave 3~,6~-diacetoxycholestane-5a-ol(XXVI,2) 

which underwent the Westphalen rearrangement,98 on 

treatment with sulphuric acid in acetic anhydride and 

acetic acid, to give 3~,6~-diacetoxY-5~-methyl-19-norcholesta-

9(lO)-ene (XXVI,3). Treatment of the latter compound with 

monoperphthalic acid gave a mixture of a- and ~-epoxides 
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(XXITI,4), which rin.e: opened and doh,Y<lr<\ted in h¥dro<>hlo:ri<l 

aCid/ethanol sollltion to give a mixture of the required 

~-1(10),9{1l)-diene (xxvt,6), and the trans-diene; 

3~,6~-diacetoXY-5~-methyl-19-norcholesta-9(lO),ll-diene 

(XXVI,5). The mixture was separated by preparative t.l.c. 

on silica impregnated with silver nitrate. Brief treatment 

(5 minutes) of the trans-diene (XXVI,5) with dry gaseous -
hydrog~n chlor:!:4(l in chloroform at 00 partly isomerised the 

compound to the ~-1(10),9(1l)-diene. By repeated 

isomerisations followed by separation of the products, a 

small quantity of pUrecls'::1(10),9(1l)-diene was obtained. 

Prolonged treatment (20 minutes Hjf,' compound (XXVI, 5) wi th 

gaseous ~rogen chloride in chloroform gave a complex 

mixture of deacetylated steroids which were not investigated 

further. 

3~,6~-dimethoXY-5~-methyl-19_norcholesta-l(lO),9(1l)_ 

diene (XXVI,B) wasobtain.fudirectly from the 3~,6~-diacetate 

of the trans-9(lO),ll-diene by reacting it with an excess 

(5 equivalents) of ~-butyl lithium and methyl iodide in 

dimethyl sulphoxide. It was separated from its co-product 

3~,6~-dimethoXY-5~-methyl-19-norcholesta-9(lO),ll-dlene 

(XXVI,7) by preparative t.1.c. A small quantity of 

mono-methylated-9(1O),ll-diene was also isolated which was 

converted into its dimethyl derivative by retreatment with 

~-butyl lithium and methyl iodide in dimethyl sulphoxide. 
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It is of ~nte:t'E>"t to notG that the trans-steroidal diene 

was partly isomerised to the ~-diene under the strongly 

basic conditions of the methylation proeedl.ll'e. probably 

involving removal of a proton at C-1. 

Brief treatment of the trans-diene (XXVI,7) with 
o . 

dry gaseous hydrogen chloride in chloroform at 0 partially 

isomerised it to the cis-diene (XXVI,8), while prolonged 

treatment demethylated the steroid to give a complex 

mixture of products which were not investigated. 

Ben~e, generated from benzenediazonium-2-carboxylate 

reacted with 3~,6~-dlacetoXY-5~-methyl-19-norcholesta-1(10). 

9(11 )-diene in methylene chloride (Scheme XXVII) to g1 ve the 

adduct (XXVII,1) (20%) which was separated from the reaction 

mixture by preparative t.l.c.. The ~ n.m.r. spectrum of 

the adduct showed absorptions at ~ 2.98 (s, 4 aromatio H) 

'"t' 4.90-5.40 (m, 2AcO.CH),'l:: 6.10-6.90 (m, 2 C6H4CH), 

"r7.95 and 8.00 (s, AcO), "t: 8.78 (s, C-5/I1e), Y 9.03 

(s, 0-1BMe) and ~ 9.15 (d, side chain methyls). The 9.10. 

double bond strongly deshields the C-5 and 0-18 methyl groups 

and masks any slight anisotropic effects which might be 

observed from an 0:_ or ~-benzene ring. However, the 

a-configuration of the benzene ring is deduced from the 

fact that the C-)o: me thine is moved slightly downf'ield 

from its position in the starting material (from ~ 4.9-

5.4 to 1: 4.8-5.1). Inspection of models shows that this 
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de::lhielding can only be due to an a-configuration of the 

benzene ring in the adduot. Tetrachlorobenzyne. generated 

by the aprotic diazotisation of tetrachloroanthranilic 

acid. reacted with the steroidal-1(10).9(1l)-diene to give 

the adduct (XXVII.2) (7%). 
1 The H n.m.r. spectrum showed 

absorptions at 1:: 4.85-5.25 (m. 2AcO.CH).1: 5.80-6.50 

(m. 2C6C14CH), ~ 7.97 (s.2AcO), ~ 8.78 (s, C-SMe), 

1: 8.97 (s.C-l8Me). and 1;: 9.14 (d, side chain methyls). 

The a-configuration of the tetrachlorobenzene ring was 

assigned to the adduct because of the similarity. apart from 

1 the aromatic region, of the H n.m.r. spectrum to that of 

the benzyne adduct (XXVII ,1). 

In spite of the greater dienophil1c properties of 

tetrachlorobenzyne compared with benzyne. the yield of adduct 

was smaller with the former aryne than that obtained with 

benzyne. Inspection of models suggests that this could be 

due to steric interaction between the £-chlorine atoms on the 

aryne and the C-2- and C-13-a hydrogen atoms of the steroid. 

No ~-adduct was found in either reaction presumably because 

of the steric hindrance to an approaching aryne by the C-5 

and C-18 methyl groups. 

When 3~.6~-dimethOXY-5~-methyl-19-norcho1esta-1(10),9(1l)-

diene was treated with pentaf1uorophenyl lithium in an attempt 

to obtain an adduct with tetrafluorobenzyne, a mixture of 

at least twelve compounds (observed by t.l.c.) was obtained. 

Attempts to separate the products by preparative t.l.c. failed 

60. 



since most of .the OOlllpcrunds appeared to be uru.table. 

19F n.m.r. of mixtures of the products showed that fluorine 

was present. It is thought that un1er the strong basio 

conditions before the tetrafluorobenzyne is formed, the 

~-diene is isomerised to the trans-9(10),1l-diene (a 

reaction which has been observed previously with ~-butyl 

lithium). Tetrafluorobenzyne then reacts with the trans-

diene to give a number of ene-products whose double bonds 

might then isomerise into conjugation. 

This reaction could not be investigated further 

since no other method for generating tetrafluorobenzyne 

is available at present. 

The reactions of tetrafluorobenzyne with tetralin, 

5,8-dimethyltetralin, and 6-methoxytetralin were investigated. 

preparatory to the reactions of aromatic-A-ring-steroids with 

arynes. 

Tetrafluorobenzyne, generated from the pentafluorophenyl­

magnesium chloride, reacted with tetralin (Scheme XXVIII) to 

give the expected two adducts (XXVIII,l) and (XXVIII,2), 

in the ratio 2.7:1. Compound (XXVIII,I) 11as separated by 

preparative g.l.c. but the second component decomposed 

during chromato~aphy and was therefore isolated by 

preparative t.l.c. on silica impregnated with silver nitrate. 

On pyrolysis both adducts readily lost acetylene to give 

1,2,3,4-tetrafluoro-5,6,7,8-tetrahydroanthracene (XXVIII,3) 

and 1,2,3,4-tetrafluoro-5,6.7,8-tetrahydrophenanthrene{XXVIII,4) 
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.... spect1vely. In addition a small amount of 1,2,3,4~tetra~ 

fluoronaphthalene (2%) was obtained, ident:l.fied by 

comparison of its retention time by g.l.c. with an 

authentic sample. This could only have arisen by the 

loss of cyclohexyne. 

5,8-Dimethyltetralin, prepared from ~xylene 

and succinic anhydride in four steps,99 reacted with 

tetrafluorobenzyne (Scheme XXIX) to give only one 

adduct (XXIX,l) which was shown to have no methyl group 

at the bridgehead position. The absence of any other 

adducts may be due to steric strain in their transition 

states. 

The final model compound chosen was 6-methoxytetralin. 

Attempts to prepare the latter from ~-naphthyl methyl ether 

100 by high pressure hydrogenation using Raney nickel catalyst 

gave inseparable mixtures of 6-methoxy-tetralin and 

2-methoxy-l,2,3,4-tetrahydronaphthalene. The model 

compound was eventually prepared by methylation of 

5,6,7,8-tetrahydro-2-naphthol with dimethyl sulphate. 

Tetrafluorobenzyne reacted with 6-methoxytetralin to 

give three products (Scheme XXX). Examination of the 

infra-red spectrum of the crude product immediately 

after hydrolysis of the reaction mixture with water showed 

no carbonyl absorption. However after a few minutes an 

-1 absorption at 1745 cm. started to appear. This was due 

to the slow decomposition of the enol-ethers (XXX,l and 2.) 
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into their carbonyl compounds (XXX,4 and 5) respectively. 

Treatment of the crude mixture with mineral ao;id converted the 

enol-ethers into their corresponding ketones. Removal of 

the excess 6-methoxY tetralin by high vacuum distillation . 
followed by column chromatography gave adduct (XXX,) and 

a mixture of adducts (xxx,4 and 5). The two ketones were 

separated from each other by preparative t.l.c. on silica 

impregnated with silver nitrate. 

The mass spectra of the ketones (XXX,4) and (XXX,5) 

showed no molecular ion peaks even a low e.v. The loss of 

ketene in the mass spectrometer was by electron impact and 

was not a thermal loss, since on heating the ketones in vacuo 

for 48 hours at 2000 starting material was recovered 

quantitatively. On pyrolysis of (XXX,4 and 5) at )00
0 

ketene was slowly lost (65% after 24 hours) but on }:hotolysis 

in ether the conversion of (XXX,4) into (XXX,6) and 

(XXX,5) into (XXX,7) was greater than 95% after 1 hour. 

If the reaction 11as a simple retro-Diels-Alder (a reverse 

2 + 4 cycloaddition) then the loss of ketene should be 

concerted and the reaction should go easily thermally.45 

This is clearly not the case since ketene was readily lost 

photochemically. Thus in concerted reactions when dealing 

with cycloadditions which involve carbonyl compounds, it is 

necessary to include the electrons of the carbonyl group 

in the electron count in order to be able to predict the course 

of the reaction.lOl 



The first aromatio-A-rlng steroid chosen for reaction 

with tetrafluorobenzyne was oestradiol dimethyl ether. 

This was best prepared from oestradiol using ~-butyl lithium 

and methyl iodide in dimethyl sulphoxide. Attempts to 

prepare the dimethyl ether using diazomethane and boron 

88 trifluoride diethyletherate succeeded in methylating the 

phenolic hydroxyl group only, while trimethyl orthoformate 

and perchloric acid89 gave a mixture of l7~- and ~-metboxy-

and l7~-formyl-oestra-l,3,5(lO)-triene-3-ol. 

The reaction of tetrafluorobenzyne, generated from 

pentafluorophenyl lithium, with oestradiol dimethyl ether 

(Scheme XXXI) gave, after acid hydrolysis, two adducts 

(XXXI,I) and (XXXI,2) in the ratio 6.5:3.5. These were 

separated with some difficulty by preparative t.l.c., since 

they readily photolysed in daylight and under the ultra-violet 

lamp used to detect the compounds on the t.l.c. plate. 

I 
The H n.m.r. spectrum of adduct (XXXI,I) showed 

absorptions at ~ 5.42 (m,C-IH), ~ 5.64(d,C-4H, 

JF_H= 3.0 Hz.), "1:'6.74 (s, OMe), 1:: 6.60-7.00 (m,MeOQg) 

and ~ 9.33 (s, C-IBMe). The tetrafluorophenyl group is 

too remote to have any Significant anisotropiC effect on 

the c-l8 methyl group. It is therefore impossible to tell 

if the adduct has the ~ or ~ stereochemistry, or even if it 

I is a mixture of both. The H n.m.r. spectrum of the adduct 

(XXXI,2) showed absorptions at ~ 3.85(d,C-IH, J
I

_
2

= 6.0 Hz.), 
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"'5.37 (d of d, C-2H •. T2_1.~ 6.0 lIz., J F_H-::.! 2.0 Hz.), 

1:6.75 (s, OMe), ~ 6.55-7.0} (m, I!!eOCH) and"t 9.25 

(s, C-l8Me). It was again impossible to ascertain the 

stereochemistry of the tetrafluorophenyl group for the 

reasons outlined above. Both adducts showed no molecular 

ion in the mass spectrum, losing ketene by electron impact, 

and they were readily photolysed in ether solution to the 

naphthalene derlvatlves (XXXI,3) and (XXXI,4). No adduct 

with a methoxyl group at the bridgehead position was isolated. 

This is surprising since tetrafluorobenzyne reacts with 

anisole (Scheme XXX) to give the adduct with a methoxyl-

group at the bridgehead in higher yield than the enol_ether,83 

and an adduct with a bridgehead methoxyl-group was obtained 

in a reaction of tetrafluorobenzyne with 6-methoxytetralin. 

The final steroid selected for reaction with tetra-

fluorobenzyne was 9(11)-dehydro-oestradiol dimethyl ether 

(3,l7~-dimethoxyoestra-l,3,5(10),9(1l)-tetraene). 

102 
Recent reports indicated that 9(11)-dehydro-oestrone 

methyl ether was easily prepared from oestrone methyl 

ether by dehydrogenation at room temperature in dioxan 

with the high potential quinone, 2,3-dichloro-5,6-dicyano­

l,4-benzoquinone (referred to as DDQ). Several attempts 

to prepare 9(11)-dehydro-oestradiol dimethyl ether from 

oestradiol dimethyl ether under identical reaction 

conditions gave a large number of products. It was 

eventually found that the required steroid could be obtained 
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by' tl'ea.t1ng small quantities o~ oestre.d.f.ol d1me'thTl 

ether (not more than 100 mg. at a. time) with DDQ (2 

equivalents) in chloroform. Separation of the steroidal 

styrene from unreacted starting material was achieved by 

preparative t.l.c. For some unknown reason, when the 

reaction was carried out on a larger quantity of the 

steroid (e.g. 2 g.) or in different solvents (e.g. 

benzene, ethel', D.M.F. etc.) a number of products were 

detected by t.l.c., and very small yields of the steroidal 

styrene were obtained. 

Tetrafluorobenzyne, generated from pentafluorophenyl 

lithium, reacted with 9(11)-dehydro-oestradiol dimethyl 

ether to give a number of products. T.l.c., immediately 

after hydrolysis with water, showed at least eight 

compounds and some starting material, to be present. 

It is thought that the major initial products were the 1,4- and 

2,5-adduots. After standing in contaot with dilute hydro­

ohloric aoid overnight four new products had appeared and 

four of the product detected immediately after hydrolysis 

had disappeared; also a oarbonyl-group absorption was found 

in the infra-red spectrum of the mixture. Presumably this 

was due to the conversion of the enol-ether adduots into 

their respeotive ketones. Attempts to separate the latter 

failed since they readily photolysed in daylight and under 

the ultra-violet lamp used to deteot the compounds. A 

thorough search of the reaction mixture was made for 



phenanthrene and d1hydrcpbenanthrene adducts but none 

were found. It would be useful to compare the reactions 

of methoxy-styrenes w1 th those of the 9(ll )-dehydro-oostradiol 

dimethyl ether. 
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2. (c ) Experimental. 

All experimental conditions are as in Section 1 (c). 

Cholesta-2,4-diene (Scheme (XXIII). A stirred solution 

of cholesterol (20 g.) in ~-cymeno (300 ml.), together with 

freshly activated alumine (40 g., heated for 24 hours at 

6000
) was he3.ted under reflux using a Dean and Stark 

apparatus, for 16 hours. The mixture was filtered and 

the crude produut was crystallised from acetone. 

Preparative t.l.c. on silica impregnated with silver nitrate 

(10%) (1.0 mm layer, eluting (x2) with benzene:light petroleum 

(1:9» ~~ve cholesta-2,4-diene (XXIII,2) (10 g.) m.p. 66_680 

(from acetone), ~ max. 266, 275 (~ 6,100) nm. (lit.103 

m.p. 68.50
, ~ 267, 275 (E. 6,300) nm.) max. 

Reaction of benzyne with cholesta-2,4-diene (Scheme XXIV). A.- A 

suspension of magnesium (0.9 g.) in a solution of cholesta-

2,4-diene (1.9 g.) in tetrahydrofuran (50 ml.) and 

dibromoethane (2 drops) )las gently warmed and stirred. 

A solution of £-bromofiuorobenzene (5.8 g.) in tetrahydrofuran 

was added dropwise, and after addition was completed the 

mixture was heated under reflux for 1 hour. After hydrolysis 

the crude product was chromatcgraphed on alumine and elution 

w1 th light petr.::>leum gave a fraction (300 mg.) from which 

aromatic by-products were removed by steam distillation. 

The residue (215 mg.), after t.l.c. on silica impregnated 

with silver nitrate (10%) (eluting (x3) ~lith benzene:light 

petroleum (1:1), gave the a-adduct (XXXIV,l) (60 mg.), 
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m.p. 99-100.5° (from acetone-methanol), V 100, 750. mu. 
-1 \. 1620, and 3050 cm. ,f\ 216 (£. 5,000), and 232 mu. 

(inflexion, ~ 1,600) nm., 1a n.m.r. see discussion, 

(Found: C, 88.9: H, 10.15%, M.':t. 444 (mass spectrometrY'). 

C
3J

'f48 requires C, 89.1; H, 10.9% M.Wt. 444), and the 

~-adduct (XXIV,2) (?O mg.), m.p. 125-1260 (from acetone, 

lH n.m.r. see discuSSion, M.Wt. 444 (mass spectrometry). 

~. A solutior. of anthranilic acid (5.5 g.) in 

methylene chloride (200 ml. was added over! hour to a 

stirred solution of cholesta-2,4-diene (3.1 g.) and 

isoamyl nitrite (14 g.) in methylene chloride (150 ml.), 

and was heated under reflux. After 4 hours, the solvent 

was removed and the crude product was extracted repeatedly 

with light petroleum. The resultant solution was filtered 

through alumina and gave a pale yellow syrup (1.0 g.). 

PreparatiVe t.l.c. on silica (eluting with benzene:light 

petroleum (1:19» gave a m~ture of a-adduct (XXIV,l) and 

@-adduct (XXIV,2) in the ratiO 4:1 (300 mg.), which was 

separated by preparative t.l.c. on silica impregnated with 

silver nitrate (10%) as in !. 

Reaction of tetrafluorobenzyne with cholesta-2,4-diene 

(Scheme XXV). ~-Butyl lithium (5.8 ml. of a 2.571>1 solut1on 

in hexane) was slowly added to a stirred solution of 

cholesta-2,4-d1ene (1.8g.) and bromopentafluorobenzen~ 

4.6g.) 1n light petroleum (200 ml.) at _300 under nitrogen. 

The solution was allowed to warm to room temperature and 

after 4 hours was hydrolysed and extracted with ether to 
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give a pale yellow syrup (3.5 g.). Preparative t.l.c. 

on silioa impregnated with silver nitrate (~O%) (eluting 

(x2) with benzene:ligjlt petroleum (~:19» gave the 

<x-adduot(XXV,~) (400 mg.) a gum. ')I 735, ~070, - max, 

1~25, 3060 cm.-l , X 217 (€. 6,800), and 265 max. 
(inflexion, "'. 770) nm .. ~ n.m.r. see discussion. 

(Found: C, 76.4; H, 8.55; F, 15.0%, M.ln. 516 (mass 

spectrometry). C3jI44F4 requires C, 76.7; H, 8.6; 

F, 14.7%, M."1t. 516), and two unidentified fraotions 

wi th moleoular weight 660 and 812 (mass speotrometry). 

3@,6@-Diacetoxy-5§-methyl-19-norcholesta-1(10),9(11)dlene. 

Scheme (XXVI). A suspension of cholesterol (40 g.) in 

formic acid (400 ml. 98% solution) containing hydrogen 

peroxide (30 ml. of .30% solution) was stirred oVernight. 

The resulting thick slurry was poured into water (~.ll.) 

and the preCipitated solid was separated and dissolved in 

methanol (600 ml.). Sodium hydroxide (25% aqueous solution) 

was added until the solution was alkaline followed by aCetic 

acid in order to preCipitate cholestane-3~,5a,6~-tr10l(XXVI,1) 

o I~ 104 40) (38 g.), m.p. 222-224 Vrom aq. acetone) (lit. m.p.22 • 

Acetylation of the triol (XXVI,l) (38 g.) with acetic anhydride 

(100 ml.) in pyridine (300 ml.) gave 3~,6~-diaoetoxy­

cholestane-5a-ol(XXVI,2) (40 g.) m.p. 165_1660 (from aq. 

acetone) (lit.104 m.p. 166P). Acetic anhydride (120 m1.) 

containing concentrated sulphuric acid (4.0 ml.) was added 

to a solution of the diacetate (xxvr,2) (20 g.) in glacial 
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aoetic acid (1l{)0 ml.) and aoetio anhydride (lOO ml.). The 

mixture was stirred for 10 minutes, keeping the temperature 

below 400
• then poured into brine (1.1) and extracted twice 

wi th ether. Removal of the soli.mt and fractional crystallisation 

froll. acetone gave 3Il,61l-diacetoXY-51l-methyl-19-noroholesta-9(10)­

ene (XXVI,3) (10 g.) m.p. 125-1270 (lit.105 m.p. 1280
). The 

Westphalen diacetate (XXVI ,3 ) (10 g.) was stirred overnight 

with monoperphthalic acid (200 ml. of ~. 0.45M solution in 

ether) and after filtration, the ethereal solution was 

neutralised with aq. sodium hydrogen carbonate. Removal of 

the solvent gave a colourless syrup (10 g.) which slowly 

crystallised. T.l.c. (eluting with benzene:ethyl acetate 

(4:1» showed the presence of two compounds which were assumed 

to be the 9.10-a- and ll-epox1des of 3Il,61l-diacetoxy-51l-methyl-

19-norcholesta-9(10)-ene (XXVI,4) •. The mixed epoxides 

(XXVI.4) (10 g.) were dissolved in hot ethanol (100 ml. at 600
) 

and hydrochloric acid (5 ml.) was added. The solution was kept 

near its boiling point for 10 minutes, poured into water (200 ml.), 

and extracted with ether. After removal of the solvent the 

o product was dissolved in chloroform, the solution cooled to 0 , 

and dry, hydrogen chloride passed through for 10 minutes. 

The product was re-acetylated with acetic anhydride in 

pyridine and preparative t.l.c. on silica impregnated with 

silver nitrate (10%) gave 3p.61l-diacetoxy-51l-methyl-19-norcholesta-

9(10),11-diene (XXVI,5) (3.0 g.) m.p. 127-1290 (from aq. methanol) 

>- 248 (~30,000). (lit.97b m.p. 1270
,,, x 247 max. ma • 
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(~ 29,000», and 3~,6~-diacetoxy-5g-methIl-19=noroho1esta-
. 0 

1(10),9(1l)-diene (XXVI,6) (1.0 g.) m.p. 163-165 (from 

aq. methanol),). ax 243 (E 9,3(0), l1t.97b m.p. 168
0 

m • 

A 242 ('6,.9,200). Treatment of the trans-diene 
max. 

(1OOTI,5) \·lith dry, hydrogen ohloride in chloroform at 0
0 

for 10 minutes, gave the ~-diene (XXVI,6) (20%) whioh 

was separated from the starting material as desoribed above. 

!!-Buty1 lithium (4.2 ml. of 2.5M solution in hexane) was 

slowly added to a suspension of 3~,6~-diacetoxy-5~-methyl-

19-norcholesta-9(10),1l-diene (XXVI,S) (1.0 g.) in dry 

dimethyl sulphoxide (SO ml.). After 30 minutes methyl 

iodide (2.0 g.) was added and after 10 minutes the resultant 

mixture was poured into water and extracted with ether. 

Preparati ve t.l.o. (eluting with benzene) gave 3@,6@-dimeth0lCY-

2~_methYl_19_noroholesta_9(10),11-diene (xxvr,7) (0.6 g.) 

a gum, 'V 700, 1100, 1375, 1470, 1620 and 2940 om. -1, 
max. 

A 2)8 (s:: 25,000), 251 (€..30,000), and 200 
max. 

(E. 20,000) run., ~ n.m.r. ~ 3.70-4.05 (m,2H olefinio), 

6.74 (s, OMe), 6.76 (s,OMe), 6.45 (m, 2MeO.£g), B.8O 

(s, C-SMe), 9.15 (d, side ohain Me), and 9.22 (5, C-1BMe), 

(Found: C, B1.7; H, 11.05. C29H4fP2 requires C, 81.6; 

H, 10.9%), and ?@,6~_dimethoXY_5@_methyl_19_noroholesta-

1(10),9(11)-diene (XXVI,B) (O.2 g.) a gum, 1V max. 810, 

1100, 1380, 1400, and 2950 cm.-l , " 245 (£. 9,800)nm., max. 

~ n.m.r. ~ 4.20-4.00 (m, 2H olefinio) 6.71 (5, OMe), 6.76 

(s,OMe), 6.60-7.10 (m, 2MeO.CH), 8.99 Cs, C-SMe), 9.15 
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(d. side chain Me), and 9.31 (s, C-l&~e). (Found: 

C, 81.6; H, 11.05. C29H46P2 requires C, 81.6; H, 10.85%). 

A small quantity of 3@-methoxy-5~-methyl-19- norcholesta-9(10),1l­

diene-6-ol (200 rng.) a gum, ~1 n.m.r.1: 3.63-4.10 (rn, 2H 

~lefinic), 6.40-6.90 (rn, MeO.q[ and HO.q[), 6.75 (s, OMe) 

8.73 (s, c-5r~e), and 9.08-9.20 (rn, C-l~e and Side chain 

Me), was isolated, which was converted to the dimethyl 

ether (XXVI, 7) by re-treatment with ~-butyl 11 thium and 

methyl iodide in dimethyl sulphoxide. 

Reaction of benzyne with 3~,6@-diacetoxY-5@-methyl-19-

norcholesta-l(10)9(ll)-diene (Scheme XXVII). Benzenediazonium-
106 2-carboxYlate (£!. 1.0 g.), prepared in tetrahydrofuran, 

was added to a warm, stirred solution of the steroid (XXVI,6) 

(0.8 g.) in methylene chloride (20 ml.). The product was 

eluted through a short column of alumina with chloroform. 

Preparative t.l.c. (eluting (x2) with benzene:ethyl acetate 

(9:1» gave the a-adduct (XXVII,l)(2oo mg., 20%) m.p. 150-

o 151 (from acetone) Y 750, 1030, 1240, 1475, 1740 max. 

and 2955 cm.-l , lu n.m.r. see discussion, (Found: C, 79.7; 

H, 9.25%, M.wt. 560 (mass spectrometry). C3~5004 requires 

C, 79.5; H, 9.02%, M.l~t. 560), and starting material 

(XXVI,8) (0.4g.). 

Reaction of tetrachlorobenzyne with 3@,6@-diacetoxy-5@­

methyl-19-norcholesta-l(10),9(11)-diene.(Scherne XXVII). 

A solution of tetrachloroanthranilic acid (0.3 g.) in 

acetone (5 ml.) was added to a stirred solution of the 

steroid (XXVI,6) (0.3 g.) and 3-methylbutyl nitrite (0.5 ml.) 
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in methylene chloride (25 ml.) which was heated unde:t' 

reflux. Afte:t' 30 minutes, octaohlo:t'oacridone (32 mg.) 

was removed by filt:t'ation and the p:t'Oduct (0.6 g.) eluted 

th:t'ough a sho:t't column of aIUt" .a with benzene. 

wpa:t'ative t.l.c. (eluting (x4) with benzene) gave the 

a-adduct (XXVII.2) (32 mg.) m.p. 223-2240 (f:t'Om acetone), 

Y max. 1040, 1240, 1740, and 2960 cm.-!, 1H n.m.:t'. see 

discussion. (Found: C, 63.6: H, 6.8 % M.Wt. 696 

(mass spect:t'ometry) C3f46C1404 requires C. 63.8; H, 6.6656 

M.Ht. 696). 

Reaction of tet:t'afluo:t'Obenzyne with tet:t'alin (Scheme XXVIII). 

Chlo:t'opentafluo:t'obenzene (20.2g.). magnesium (3.6Sg.), 

dib:t'omoethane (9.39 g.) and tetralin (100 g.) gave 

a crude p:t'oduct (15.6 g.). Analytical g.l.c. (5ft •• S.E.30 

o (10%) on firebt'ick at 200 )showed the presence of two adducts 

in the ratio 2.7:1. Preparative g.l.c. (5ft., SE30 ()O%) 

on Chromosorb W at 150°) gave 5,6,7,8-tetrafluoro-1,2,3.4,9,10-

hexahydro-9,10-etheno-anthracene (XXVIII,1) (40%), m.p. 

57-590 (f:t'Om ethanol). Y 762, 1380, 1490, 1630, and max. 
-1 1 ( 2930 cm. , H n.m.r. ~ 3.20 t, H2 and H3 olefinic, 

J2_1~ 5.9 Hz., J2_3~ 7.2 Hz.), 5.0-5.3 (m, Hr and H4, 

J
l

_
3
= 1.5 Hz.), 7.6-8.0 (m, 4HS methylenes), and 8.2-8.6 

(m, 4H6 methylenes). (Found: C, 68.7: H, 4.4; F, 26.8. 

C16Hr2F4 requires C, 68.6; H, 4.3: F, 27.1%). The second 

component decomposed during p:t'eparative g.l.c. and was 

the:t'efore isolated by preparative t.l.c. on silica imp:t'egnated 
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wi th silver nitrate (10%) (elutipg (x3) with !Jenzene: light 
." .', ' . ,-, .. " . .: :." ,,' -',', .,' " -. " . - , ',:.;, :','.: . " . ,:' . " . "" 

petroleum (4:1}) to yield 5,6,7,8-tetrafluoI'O-l,2.3.4-
-',.,. , - , , ' , ". 

tetrahydro-9H~4a.9-etru.n~phenanthI'ene . (XXlTIII,2) (15%), 

V 1068, 1485. 1600, 162/:), and 2940 cm. -1, lH n.m.r. =. . .. .. .. 
"t 3.3-3.55 (q, ~,Jl_2= 6·7, Jl _3=J3_F= 1.5 Hz.), 3.0-

3.3 (q, H
2
,J2_

3
= 6.3 Hz.), 3.55 (d of t, H4, J3_4= 5.5 Hz.), 

4.7-5.1 (m, HJ)' and 6.8-9.4 (m,8H methylenes). (Fbund: 

C, 69.4; H, 4.9;·F, 26.5%). 

5.8-Dimethyl tetralin. Powdered, anhydrous aluminium chloride 

(293 g.) was added to a solution of E-xylene (lOO g.) and 

succinic anhydride (lOO g.) in methylene chloride (800 ml.). 

After hydrolysiS and extraction with ether, the product 

(200 g., 97%) was heated under reflux for 8 hours with 

hydrazine hydrate (98%, 75 g.) and potassium hydroxide 

(160 g.) in diethylene glycol {800 ml.}. Acidification 

followed by ether extraction gave a brown solid (198 g.) 

which was distilled under vacuum to yield a colourless 

acid product (168 g. 87%). Cyclisation was achieved by 

heating the acid with polyphosphoric acid (450 g.) for 15 

minutes. Addition of water (1. 1) and ether extraction gave 

a product (142 g.) which was refluxed with hydrazine hydrate 

(64%, 60 g.) and potassium hydroxide (135 g.) in digol (600 ml.). 

Dilution with water fdlowed by ether extraction gave 5,8-dimethyl-· 

of 0/ 99 0 tetralin (90 g •• 70~. b.p. 99-101 3m.m.) (lit. b.p. 120 

atlm.m.). 

78. 



Tetrafluorobenzyne and 5,8-dimethyltetralin (Scheme XXIX). 

Chloropentafluorobenzene (20.2 g.), magnesium (3.65 g.), 

dibromoethane (9.39 g.) and 5,8-dimethyltetralin (90 g.) 

gave a crude product (17.6 g.). Analytical g.l.c. (5 ft •• 

SE30 (10%) on firebrick at 1900
) showed the presence of 

only one adduct. Distillation under reduced pressure gave 

10,12-dimethyl-5,6,7,8-tetrafluoro-9H,4a,9-ethenophenanthrene 

(XXIX,1)(53%), b.p. 159-1610/3.5 mm., )} Boo, 1055, 
m~. 

1380, 1480, 1625 and 2940 cm.-l , 1H n.m.r. ~ 3.5-3.8 

(m, H4,J4_
5
= 6.2, J4_Me (2)= 1.9 Hz.), 5.38 (q, H

5
,J

5
_F=l.9 Hz.) 

7.85 (sx., Hl,J1_F= 4.8 Hz.), and 7.2-8.8 (m, methylenes), 

(Found: C, 70.0; H, 5.5; F. 24.5. C18Hl6F4 requires 

C, 70.15; H, 5.2; F, 24.65%). 

6-methoxytetralin. Dimethyl sulphate (63.8 ml.) was 

added to a solution of 5,6,7,8~trahydr~-naphthol(200 g.) 

in methanol (400 ml.). The mixture was cooled and potassium 

hydroxide (84 g.) in water (400 ml.) was added. The 

temperature of the solution rose and a bro~ln oil was thrown 

out of solution. The mixture was poured onto ice (400 g.) 

and extracted with ether. Distillation through a vigreux column 

(15 cm.) gave 6-methoxytetralin (70 g., 32%) b.p. 102_104°/ 

3.2mm. Unreacted starting material (100 g.) was recovered. 

Reaction of tetrafluorobenzyne and 6-methoxytetralin(Scheme XXX). 

Chloropentafluorobenzene (20.2 g.), magnesium (3.65 g.), 

1.2-d1bromoethane (9.39 g.) and 6-methoxytetra11n (70 g.) 

were refluxed for 5 hours, then hydrolysed with water. 
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-1 A =roonll'l-group absorption (1.745 om. ) was observed to 

appear in the I.R. spectrum of the crude product after a 

few minutes, and g.l.c. indicated that the initially formed 

products were slowly hydrolysi.n.g. The mixture was treated 

with mineral acid and a portion (8.2 g.) column chromatographed 

on alumina (Grade I, 200 g.). Elution with benzene:light 

petroleum (1:9) gave 1,2,3,4-tetrafluoro-10-methoxy-4b'2,6,7,8,10-

hexahydro-4b,10:~thenophenanthrene (XXX,3) (1.45 g.) an oil, 

Y 760, 1110, 1230. 1330. 1490. 1630 and 2960 cm.-l • max. 
~ n.m.r. 1:' 2.96 (broad d. H2,Jl_2=7.8 Hz.) 3.44 (d. 

HI)' 3.43 (broad s, H
3

), 6.30 (m, MeO). and 6.8-8.8 (m, 

methylenes). (Found: C. 65.65; H, 4.1~5%, M.Wt. 310 (mass 

spectrometry); C1T1.4F40 requires C, 65.80; H, 4.55%. 

M.Wt.310). Elution with benzene:light petroleum.(1:5.1~ 

gave 1,2,3,4-tetraf1uoro~5,6,7.8.9,10-hexahydro-9,10-

oxoethanoanthracene (XXX,4) (2.0 g.) m.p. 117-119° (from 

light petroleum), V 68o, 890, 1020, 1080, 1510, max. 
1145 and 2950 cm.-l , 1H n.m.r • .or 5.62 (d, l1.' J1_F=1.8 Hz.), 

5.78 (m, H2 ), and 7.50-8.60 (m, methylenes); the mass spectrum 

showed no molecular ion, highest peak at m/e 254, (Found: 

C, 64.6; H, 4.2. C16l1.2F40 requires C, 64.85; H, 4.1%). 

Elution with ether:light petroleum (1:19) gave a mixture 

of adductdXXX,4 and 5) (3.4 g.). Preparative t.1.c. on 

silica impregnated with silver nitrate (10%) (eluting with 

benzene:light petroleum (1:1» gave more of the adduct 
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(XXX~4) (2.0 g.) and 1,2,3,4-tetrafluoro-4b,5,6,7,8,10-

hexahydro-11-oxo-4b,10-ethanophenanthrene (XXX,5), 

(1.4 g.) m.p. 119_120o (from light petroleum), V ax m • 
60 -1 1 815, 940, 1030, 1500, 1740, 2JvO and 29 cm. , H n.m.r. 

'"1::"3.81 (d, H1 ,Jl _2= 7.2 Hz.), 5.39 (d of d, H2, J1_
F

= 

1.0 Hz.) and 7.0-8.5 (m, methylenes); the mass spectrum 

again showed no molecular ion, highest peak at m/e 254. 

(Found: C, 64.55; H, 3.95%). 

Oestradiol dimethyl ether. E-Butyl lithium (3 equivalents, 

7.2 ml. of a 2.5M solution in hexane) was slowly added to a 

stirred suspension of oestradiol (1.64 g.) in dimethyl 

sulphoxide (50 ml.) under nitrogen. After 30 minutes, 

methyl iodide (2.6 g.) was added, and stirring continued 

for 15 minutes. The product was poured into water (200 ml.) 

and the precipitated solid was separated to give oestradiol 

( "') 0 107 dimethyl ether 1.7 g., 95~ , m.p. 158-158.5 (lit. m.p. 

1610
). 

Reaction of tetrafluorobenzyne ~nd oestradiol dimethyl ether 

(Scheme XXXI). E-Butyl li thium (10 ml.) was added to a 

stirred suspension of oestradiol dimethyl ether (2.5 g.) in 

ether (200 ml.) containing bromopentafluorobenzene (6.2 g.) 

o 
at -10. The solution was allowed to warm to room temperature 

and left for 16 hours. Extraction with ether, followed by 

steam distillation to remove aromatic by-products gave a 

pale yellow crystalline solid (3.5 g.). Preparative t.l.c. 

(eluting (x4) with benzene) gave the 1,4-adduct (XXXI,l) 
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(1.)6 g.) ,. gum. V 880. 990. 1110. 1500. 1740 max. 

and 29)0 cm.-l , IH n.m.r. 1: 5.42 (m. IH bridgehead). 

5.64 (d. IH bridgehead. JH_F= 2.4 Hz.), 6.74 (s. OMe), 

6.5-7.0 (m, MeO.Cll) and 9.33 (s, C-IBMe), the mass 

spectrum showed no molecular ion. highest peak at m/e 

392. and the 2.5-adduct (xxxr,2) (0.88 g.) a gum. 

V 860, 1020, 1420. 1740 and 2950 cm.-l • IH n.m.r. 
max. 

1:' 3.85 (broad d. l1. olefinic. Jl _2= 6.0 Hz.). 5.37 (d of d. 

H2 bridgehead, JF_H= 2.4 Hz.). 6.75 (s, OMe). 6.68-7.03 

(m. MeO.CH), and 9.25 (s. C-IBMe), the mass spectrum again 

showed no molecular ion, highest peak at m/e 392. A 

small quantity of oestradiol dimethyl ether (1.08 g.) was 

recovered. 

9(1l)-Dehydrooestrone dimethyl ether. DDQ (150 mg.) 

suspended in chloroform (10 ml.) was added to a stirred 

solution of oestradiol dimethyl ether (100 mg.) in 

chloroform (50 ml.) at room temperature. The solution turned 

green and the hydroquinone was precipitated. The reaction 

was repeated 18 times and the chloroform solutions 

combined and filtered. After removal of the solvent and 

elution through a short column of alumina with benzene the 

colourless syrup (1.7 g.) was separated by preparative t.l.c. 

(eluting (x2) with benzene:chloroform (3:1» to give 

9(1l)-dehydrooestrone dimethyl ether (0.9 g.) 

1075. 1120. 1280, 1395, 1608 and 2950 cm.-l • 

')I 810, max. 

).. 266 max. 

( E.. 19.000), 276 (inflexion, E. 15.000), 296 (€ 3,000) 
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and 308 (€ 2,150) PIlI., ~ n.m.!'. '"t: 2.53 (d, 11.' Jl _
2

= 9.0 Hz.), 

3.44 (q, H2, J2_4= 3.0 Hz.). 3.53 (broad 6, H4), ,.81 

(broad d, 11.1' J = 6.0 Hz.). 6.35 (5, C-3 OMe), 6.76 (5, 

C-17f3 OMe), 7.10-7.45 (m, C-5 '.ldrogens) and 9.30 (s, C-laMe), 

(FI"und: C. 80.2; H, 9.25. C20H26>2 requires C, 80.5; H,8.75~). 

Oestradiol dimethyl ether (0.6 g.) was recovered. 

Pyrolysis of adducts. The adduct was heated in a nitrogen 

purged evacuated Carius tube (~. 500 ml. capacity) at 

the temperature and for the period specified. 

o Adduct (XXIV,l) (60 mg.) after 12 hours at 250 gave the 

naphthalene (XXIV,S) (58 mg.) m.p. 88_890 (from ethanol), 

V 780,800,890,1650 and 3080 cm.-l , A 226 mu. m~. 

( E. 72,500), 263 (£. 3,500), 273 (E.. 6,000), 283 $1,300), and 
1 

294 (€. 4,800) nm., H n.m.r.1:: 1.8 - 2.8 (m, aromatic), 5.13 

(broad 5, =CH2), 6.8 - 7.4 (m, Ar.CH2 ), 8.34 (5, Me-C=), 

9.12 (d, side chain methyls), and 9.25 (C-laMe), (Fbund: 

C, 89.2; H, 10.85. C33H48 requires C, 89.1; H, 10.9%). 

Adduct (XXV,l) (150 mg.) after 12 hours at 2500 gave the 

naphthalene (XXV,3) (96 mg.), m.p. 112-1130 (from ethanol), 

y 760, 890, 1060, 1645, 1670, and 3080 cm. -1, " max. max. 

220 (~ 78,800), 262 (€:. ,,260), 274 (a. 5,990), 283 

1 (E.. 7,040), and 293 (~3050) PIlI., H n.m.r."'t: 1.9-2.2 

(m. aromatic), 2.35-2.8 (m, aromatic), 5.22 (broad s,=C~) 

8.35 (5, Me-C=), 9.12 (d, side chain methyls), and 9.25 

(C-1aMe), (Fbund: C, 76.3; H. 8.4; F. 14.9. C
33

H44F4 

requires C, 76.7; H, 8.6; Ft 14.7%). 
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Adduct (XXVIII,l) (100 ms.) after 12 hours at 350° gave 

l,2,2,4-tetrafluoro-5.6,7,8-tetrahydroanthracene (XXVIII,~) 

(80 mg.) m.p. 86_87° (from ethanol)," 663, 780, 860, max. 

980, 1010, 1150, 1355, 1465, 1625, 1680 and 2940 cm.-
l

, 

>- 226 ('€.. 56,300), 272 (inflexion, E.. 3,390), 277 (S, 4,360), max. 

286 (e+,270), and 297 (innexion,~,670) nm., ~ n.m.r. 

1C2.16 (d, 2 aromatic hydrogens, JH_F= 0.9 Hz.), 6.8-7.25 

(m, 4 methylenes), and 7.95-8.30 (m, 4 methylenes) (Found: 

C, 66.0S; H, 3.SS; F, 29.8. C14~oF4 requires C, 66·rS; 

H, 3.95; F, 29.9%). 

Adduct (XXVIII,2) (100 mg.) after 12 hours at 3SOo gave 

1,2,3 ,J+-tetrafluoro-S,6, 7,8-tetrahydrophenanthrene (XXVIII,4) 

(83 mg.) m.p. 111-1130 (from ethanol),)w 226 (~SO,l00), max, 

262 (inflexion, «(.. 3,200), 274 ('C.. 4,700), 281 (E S,OSO), 

292 (inflexion, E.3,8so), 310 (E,.l,340), 324 (€,2,OOO) nm., 

1 H n.m.r. 'l: 2.37 (broad d, 11.0,J10-
9

= 8.4 Hz.), 2.88 (d,H9 

aromatic), 6.5-7.0 (broad m, 2 HS methylenes), 6.9-7.3 

(m, 2HS methylenes), and 7.9S-8.3 (m, 4 methylenes), (Found: 

C, 66.25; H, 3.90. C14~OF4 requires C, 66.1S; H, 3.95%). 

Adduct (XXX,4) (100 mg.) was recovered unchanged after 48 

hours at 200°. After 24 hours at 300°, g.l.c. (S ft., 

S.E.30 (10%) on firebrick at 240°) showed 65% conversion to 

compound (XXX,6)., Separation by preparative t.l.c. (eluting 

with benzene:light petroleum (1:1» gave (XXX,6) identical to 

compound (XXVIII,3). 
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Hydrogenation of' adducts. A solut1.nn 01: the adduct in ethyl 

acetate was stirred with 10% palladium on charcoal catalyst in 

an atmosphere of hydrogen until the gas uptake ceased. The 

solution was filtered and removal of' the solvent gave the 

dihydro-compound. 

a-Adduct (XXXIV,l) (48 mg.) gave the dihydro-a-adduct (XXIV,2) 

(47 mg.), a gum, )I 665, and 752 cm.-l , ~ n.m.r. max. 

~2.6-).2 (m, aromatic), 7.0-7.) (m, Ph.cg), 8.85 (s,C-19Me), 

9.15 (d, side chain methyls), and 9.26 (s,C-1SMe), (Found: 

C, 88.65; H, 11.2. C))H50 requires e, 88.7; H, 11.;%). 

@-Adduct (XXIV,2) (5 mg.) gave the dihydro-@-adduct (XXIV,4) 

m.p. 116_1180 (from ethanol), IH n.m.r. "'1:'2.6-).2 (m, aromatic), 

7.0-7.2 (m, Ph cg), 9.14 (d, side chain methyls), 9.)2 

(s, e-1BMe), and 9.69 (s, C-19Me), M.Wt.(mass spectrometry) 

446. 

Adduct (XXV,l) (80 mg.) gave the dihydro-adduct (XXV,2) 

(79 mg.), a gum, Y 1080, and 2960 cm.-l , ~ n.m.r. 
max. 

1: 6.5-6.8 (m, e6F4R.C!!), 8.90 (s, C-19Me), 9.15 (d, side 

chain methyls), and 9.)5 (5, C-1SMe). (Found: e, 76.2; 

H, 8.15. C))H46F4 requires C, 76.4; H, 8.9). 

The naphthalene (XXIV,5) (25 mg.) gave the dihydro compound 

(XXIV,6) (27 mg.),a gum, ~ n.m.r.1:1.9-2.8 (m, aromatic), 

6.9-7.4 (m, Ar'C!!2)' 8.9-9.3 (m, side chain and 9-(Me)2CH ), 

and 9.22 (5, C-IBMe). 



The naphthalene (XXV.3) (44 mg.) gav~ thp dihydro compound (XXV.4) 

m.p. 96-970 (from ethanol),)) 760, 980, 1060, 1500, max. 

1670, and 2950 cm.-l ,lH n.m.r.~1.9-2.8 (m, aromatic), 

6.7-7.2 (m, Ar.Cg2), 8.9-9.3 (m, side chain methyls and 

9-(Me)2CH), and 9.32 (s, C-1BMe). (Fbund:C, 76.35; H, 8.6; 

F, 14.8. C33H46F4 requires C. 76.4; H, 8.95; F, 14.65%). 

Photolysis of adducts. The adduct was dissolved in ether 

(25 ml.) and photolysed in a quartz flask under nitrogen for 

1 hour with a medium pressure mercury lamp emitting radiation 

predominantly of wavelengths 254. 265. 297. 313 and 366 nm • 

. Removal of the solvent gave the product. 

Adduct (XXX,4) (30 mg.) gave compound (xxx,6) (28 mg.) 

m.p. 86-870 (from ethanol) identical to compound (XXVIII.3). 

Adduct (XXX,5) (30 mg.) gave compound (XXX,7) (28 mg.) 

m.p. 111_1130 (from ethanol). identical to compound (XXVIII.4). 

Adduct XXXI,I) (50 mg.) gave a yellow gum. Preparative 

t.l.c. (eluting with benzene) gave compound (XXXI,3) (40 mg.) 

m.p. 133-1350 (from acetone), ")} 890. 1110, 1360, 1505, 1620. max, 

and 2940 cm. -1, ).. 226 (E, 57.400), 265 (inflexion, 
max. 

E.5.080). 275 (E,4.580), 285 (t:. 4,360), and 297 (inflexion, 
I e 2,870) nm., H n.m.r. 1: 2.15 and 2.32 (broad s, Ii:t and 

H4 aromatic), 6.70 (s, MeO), and 9.23 (s, C-IBMe). 

Adduct (XXXI,2) (50 mg.) gave a yellow gum. Preparative 

t.l.c. (eluting with benzene) gave compound XXXI,4) (40 mg.) 

m.p. 172-1740 (from acetone), 'Y 820, 1110. 1420. 1455, max, 

1500.1620,1670, and 2950 cm.-l, A ax 226 ('i.. 69,000). m • 
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264 (inflexion, L 2,500). 275 (€.3.45Q). 283 (€. 3.690). 

293 (inflexion. E. 2,850), 310 (€. 1,070), 324 ('E.1;070 )'Il!I1 .. 

lH n.m.r. t: 2.30 (broad d, H2Jl _
2
= 9.0 Hz.), 2.56 (d, ~ 

aromatio), 6.73 (s. MeO). and 9.25 (C':'lSMe)., (Found:' 

C.70.25; H, 6.05. C2;P24F40 requires C, 70.4; H, 6.15%). 
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The Photoisomerisat1on of 5,6,7,8-tetrafluoro-l,4-dihYdro-

1,4-ethanonaphthalene. 
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Introduction 

In 1966 it was shown by Zimmerman and Grunewald108 that 

barrelene, in the presence of a triplet sensitiser, was readily 

photoisomerised to semibullvalpne, an interesting fluxional 

molpcule, but that in the absence of a sensitiser the produot 

was oyclooctatetraene. Since this first discovery, several 

groups of research workers have intensively studied the 

photochemical rearrangements of many other divinylmethanes 

(di-.1f --methanes )109 both in the presence and absence of 

sensitisers. 
llO 

Some examples include substituted barrelenes, 

benzObarrelene,lll tetrafluorobenzobarrelene,l12 dibenzobarrelene 

113,114 and its derivatives,l14 benzonorbornadiene,1l5 

1,4_dihydro_1,4_epoxynaphthalene.116 and benzo[6,7]bicyclo[3.2.1)octa-

ll7 2,6-diene. 

~ome general conclusions have been made concerning the 

reaction mechanisms. All of the above compounds, with the 

exception of 1,4-dihydro-1,4-epoxynsphthalene, when photolysed 

1n the presence of a sens1tiser (acetone, benzophenone or ace to-

phenone) gave the expected vinyl- or benzo-cyclopropane 

compounds (Scheme XXXII). The products are thought to arise 

from a triplet diradical species108c which reacts via non-

concerted vinyl-vinyl bridging in the case of benzobarrelenes. 

and via non-concerted benzo-vinyl bridging in all the other 

cases. The intermediates then rearrange to give benzocyclo-

propenes. The exception, 1,4-dihydro-l,4-epoxynaphthalene, 

on photolysis gave a large amount of polymer and a little 



Scheme XXXII 
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head-to-head trans-dimer. '!he former may have arisen through 

the instability of the benzo-oxa-cYClopI'Opane under the 

reaction conditions, and the latter probably arose from 

dimerisation of the triplet species before benzo-vinyl 

bridging had occurred.ll8 

In the absence of a sensitiser, a singlet diradical 

lllb species is thought to be generated which leads to the 

different products shown in (Scheme XXXIII). It has been 

suggested that the 

108 intermediates. 

photoisomerisation proceeds via quadricyclane-like 

These are formed by a symmetry allowed,119 

concerted, intramolecular, '2+2' cycloaddition process which 

is facilitated by the geometry of the bicyclic system. The 

small amounts of di-'t\" -methane rearrangement products found 

in the case of tetrafluorobenzobarrelene and dibenzobarrelene 

probably arose f:om a triplet speCies formed by a singlet to 

112 triplet intersystem crossing reaction. In the cases where 

no benzocyclopropane products were isolated, it is assumed 

that the intersystem crossing is too inefficiel.t compared with 

the more facile, competing, singlet, cycloaddition process. 

On photolysis of benzo[6.7]bicyclo[3.2.1)octa-2,6-diene, 

the benzocyclopropane product was isolated in the absence of a 

sensitiser.1l7 The geometry of the former compound is such 

that '2+2' cycloaddition cannot take place since the double-

bond is unable to approach the benzene- 11" -cloud for complete 

overlap. However, one end of the double-bond is just close 

encugh for overlap, so the di-tr -methane rearrangement might 

be directly initiated by an exaited singlet. Alternatively, 
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intersyatem crossing and triplet. rearre.ngemen.t could 

predominate. 

The photo isomerisation of benzonorbornad1ene in the 

absence of a sensi tiser gave less than J % of the 

di- tT' -methane rearrangement :p1'Oduct. presumably again 

be~ause of ineffioient intersystem crossing. However. 

no explanation can be offered for the oomplete absence 

120 of any benzocycloheptatriene. espeoially since norbornadiene 

121 and its derivatives are readily photolsomerised to 

quadricyclane and its derivatives by direct or triplet 

sensitised photolysis. 

Discussion. 

In vie~r of the current interest in di-if -methane 

photoisomerisations. we have investigated the photolysis 

of S.6.7.8-tetrafluoro-l.4-dihydro-l.4-ethanonaphthalene 

(tetrafluorodihydrobenzobarrelene) (Scheme XXXIV). 

Irradiation of a 0.3% solution of the latter in diethyl 

ether containing acetone (5%) gave. after 2 hours, a 56% 

conversion to S,6-tetrafluorobenzotriCyclo(S,l,0,04,81oct-s-ene 

(XXXIV,l). The same major product was also isolated in 2~ 

yield in the absence of triplet sensitisers after irradiation 

for 4 hours. No tetrafluorobenzocyolooctatriene was found. 

The product was separated from starting material by 

preparative t.l.c. on silica impregnated with silver nitrate 

followed by preparative g.l.c. to remove the final impurities. 

Its structure was assigned from the following evidence: 
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analysis aIld molo"ular we:lsl:'t determinat1.on (mass speotrometric) 

showed the compound to be isomeric with the starting material. 

The u.v. spectrum showed no strong chromophore associated 

with a conjugated double bond but the infra-red spectrum 

-1 1 showed a strong absorption at 3050 cm. The H n.m.r. spectrum, 

wluch could not be interpreted by first order methods, showed 

no olefinic absorptions, but multiplets were observed at 

-r°6.24(1H), 7.14 (lH} 7.49 (lH), 8.05 (4H), and 8.78(1H). 

These results i .. dicated the presence of a non-conjugated, 

cyclopropane ring in which the protons are strongly 

deshielded, probably by a fluorinated aromatic ring. 

Final proof of the structure of compound (XXXIV ,1) was 

1 obtained by showing that its infra-red, H n.m.r., and g.l.c. 

retention time were identical to the reduction product 

obtained from the controlled hydrogenation of tetrafluorobenzo­

semibullvalene.1l2 Further reduction of compound (XXXIV,l) 

gave 4,5,6,7-tetrafluoro-l,2,3,3a,8,8a-heXahydrocyclopent[~)­

indene(XXXIV,2). The lH n.m.r. spectrum of the latter is very 

similar. apart from the aromatic region, to the spectrum of 

the compound obtained from the complete reduction of benzo­

semibullvalene,lllb namely 1,2,3,3a,8,8a-hexahydrocyclopent[a]-

indene. 

It should be noted here that benzobicyclo[2.2.2)octadienols 

have recently been shown to photoisomerise in the presence of 

a sensitiser to benZodihydrOhydroxysemibullvalenes.l22 

'lIe feel that our isomerisation results are best explained 

by assuming that tetrafluorodihydrobenzosemibullvalene(XXXIV,l) 
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arises by a triplet mechanism >Ihich invol~s benzo-vinyl 

bridging (Scheme XXXV). In the absence of a sensitiser. 

the rate of production of the compound (XXXIV.l) is 

slower than in the presence of a sensitiser. It is 

thought in this case that a fairly efficient singlet to 

triplet intersystem crossing reaction takes place. which 

may be assisted to some extent by the presence of fluorine 

in the molecule. The result is that no tetrafluorobenzo-

cyclooctatriene is formed. Alternatively. benzocyclo-

octatriene may be formed from the singlet. 2+2 cycloaddition 

reaction but is itself rapidly photoisomerised to (XXIV.l). 

Experimental. 

(i) A solution of 5.6.7.8-tetrafluoro-l.4-dihYdo-l.4-

ethanonaphthalene (300 mg.) was irradiated at room temperature 

in dietbyl ett.~r (100 ml.) containing acetone (5%) for 

2 hours by means of a Hanovia medium pressure mercury lamp. 

The solvents were removed and the mixture shown to consist 

of two major components in the ratio 1:2.2 in order of 

increasing retention time by g.l.c. (5 ft •• P.E.G.A (10%) 

on firebrick at 1400
). Preparative t.l.c. on silica 

impregnated with silver nitrate (10%) (eluting with light 

petroleum) gave starting material (62.5 mg.) and impure 

48 5.6-tetrafluorobenzotricyclo[5.1.0.0 • )oct-5-ene(XXIV.l) 

(85.0 mg.) a liquid. The compound was purified by 

preparative g.l.c.(lO ft. D.E.G.S.(20%) on Chromosorb 

W). 
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965. 1020. 1070, 1130. 1240. 1330. 1420. 1500. 1650. 2870. 

60 -1 \ 29 ,and 3050 cm. ," 210 (E 6,100) and 262 max. 
(~300) nm., 1H n.m.r. see discussion, peaks observed in 

mass spectrum at m/e 228 (mol.ion). 213, 200 (base peak), 

and lS7. (Fbund: C, 63.35; H, 3.8. C12HSF4 requires 

C, 63.15; H, 3.55%). 

(ii) Unsensitised irradiation of 5,6,7,S-tetrafluoro-

1,4-dihydro-1,4-ethanonaphthalene (300 mg.) in diethyl ether 

(100 ml.) gave compound (XXXIV,l) (26%) after 4 hours, which 

was isolated as above. 

(iii) Reduction of (XXXIV,l). (100 mg.) in ethanol (40 ml.) 

with palladium (10%) on charcoal (20 mg.) gave, 

4,5,6,7-tetrafluoro-1,2,3,3a,S,Sa-heXahydrocyclopent[a)indene 

(XXXIV,2) (70 mg.) a colourless liquid, " 970, 1410, 1500, max. 
-1 1 ( 2S80 and 2960 cm. , H n.m.r. 6.0_6.L~ m, C6F4 .C!!), 6,!~-6. 75 

(m, remaining methine), 6.75-7.5 (m, C6F4,C!!2)' and 7.6-8.S 

(m, remaining 6 methylenes), ~l.\·lt. (mass spectrometry) 230, 

.. 
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