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GENERAL LEGEND TO DIAGRAMS 

The configuration of the hydrogen atoms at the ring junctions 

will be 5c<, 8 ,6, 9oe, and 14o< unless otherw'se specified. Other 

configurations will be shown as follows: 

A solid line indicates a 	-configuration 

A broken line indicates an c<-configuration 

A wavy line indicates either unknown/unspecified 

configuration or a mixture of isomers. 



ABSTRACT 

Picrat.s of both the pyrrolid.itamin.s of androstanolono acetate 

and D.H.A. acetate were prepared from the AIa&nss in an analytically 

pure state, but the corresponding hydreehleridaz could not be purified. 

Attempted regeneration of the onanines from the.e derivatives was at 

best only partially successful. 

Attempts to esthylate, the pyrrolidenamines of 3-keto-steroids with 

methyl iodide were successful in giving the 2'<. -methyl derivative only 

in a high polarity solvent such as ethanol. Reaction with allyl bromide 

furnished 2oc -allylandroatanolons acetate whilst ethyl crotonate failed 

to give a substitution product. 

Methyl o< -(brr"on.thyl)-acrylat., produced in situ by the action of 

triethylamine on methyl fifi dibroimoi.obutyrat.,  reacted with 

cycloh.xancne pyrrolide.i* 4ne to give either 24 2-c.rbo.stboxyprorp-2-

enyl ) -cyclohezanco. or the previously reported methyl 9-ox obicvcl 	,j7 
flonanS-30-carboxylat. depending an reaction conditions. The 

pyrrolidensir,. of trans-decal-2-me gave the analogous compounds 

36K - ( 2-c&rbomethoxyprop-2-onyl)-trano-docal-2-one and 193- ( 2-endo-

carbo.ethoxytriasthylen. )-trans-d.cal- 2-one, while that of 

19-norandroctenolons acetate yielded the similar bridge system 

171 -acetoxy-2' 94---,  -(20< -carbo.sthoxytnimsthylen. ) .50< 9 10A -eatran- 3-one 

as well as the 2o( -( 2-carbaasthoxyprop.-2-.nyl )-derivative of the 

starting ketone. Another bridged ring steroid, 171 -acetoxy-2p "ft - 
Op -carbomsthoxytrimethylen. ) -5 sf -androatan- 3-one was obtained from 

51 -androstanolone acetate as well as the 4p -alkylat.d starting 

mat.rial. Pyrrolidsnasines of 3-k.to-5 -steroids gave generally the 

2( -substituted derivatives, though cholestan-3-one  yielded the 

2 c( ,F ss. -.dialkylat.d compound in addition. With 5 -.ndroatanolon. 



acetate the major product proved to be the salt 17 ..ac.toxy_5fl  - 
carbo.sthoxy-5 -androat- a..no5, 2-.gi -azcniaspi ro ffJ7 decan. bromide. 
The 17/3  -acetyl and 17 -.sthyl-17-hydroxy-salts were similarly 

prepared. Nechanisse are proposed for these reactions and supporting 

evidence is given. 

Reaction with 6j -nitrostyr.ne produced no isol.blo product with 

steroidal enamines, whilst acryloyl chloride gave 3-(17p acetoxy5& - 

androstan- -sne- ac's -yl) propanoic acid. 

In contrast to this reaction acrolein failed to yield an isolable 

product with the *toroidal snamine, but with the pyrrol idenamine of 

trans-deca1-2-on, the compound 1, }.( l-pyA--el idinyl trimethylene ) .trans-

decal- 2-one, analogous to the cycloh.wione product, was produced. 

$alicylald.hyds reacted with the pyrrolidenaaina of androstanolons 

acetate to yield 17/3 -acetoxy-3o -pyrrolidinyl-5" -androstano 5, a-.7 

2-1I..b.nzopyran which was readily converted to the diem, 17,a -acetoxy- 

5 o -androst--one 5, 3-72- fl-b.nzopyran. 
The reaction of carboethoxyaziridine followed by hydrolysis gave 

2- ( 17,p acetozy5a' -androstan-3-one-2o(  -yl ) -K-carbosthoxyethylaain., 

whilst reaction followed by treatment with p-toluene suiphonic acid 

gave 17B -acetoxy- 1' -N-carboetbpxy-5 a -androst- 2-.no 5 2-2b 

dihydropi-role. 

The mechanism and stereochemistry of the above reactions are 

discussed in some detail. 
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1. 	 INTRODttTION 

101 	 Definition. 

The term "aaaiin&' is defined as synonymous with o(-unsaturated 

amine (i) and "pyrrolidenamine" is equivalent to pyrrolidine enamina 

e.g. (3). 

1*2 	 History 

The word "enamine" was first introduced by Wittio and Blumenthal 1  

in 1927, by analogy to the "enol" structure. The first general 

method of preparation, however, due to Hannich and Davidsen 2, was not 

reported until 1936.  This method was somewhat improved by 

de Benneville and Hacartney (1950) and then much simplified by Herr 

and Heyl (1952) . However, although enamines were well known, the 

synthetic possibilities inherent in the structure were not realized 

or exploited until as late as 1954,  when Stork et al. pointed out 

that the charge separated cannonical form (2) might be expected to 

make a marked contribution to the properties of these compounds, 

rendering them susceptible to electrophilic attack at the carbon 

atom. The experimental trials made by these workers, of alkylation 

of pyrrolidenaaines of simple ketones 1  such as cyclohexanone, with 

alkyl halides (e.g. Fig. 1.2) and also activated olefins, proved 

successful, thus confirming the supposition. Alkylation and acyla-

tion by the Stork reaction, with various modifications and extensions, 

provides the basis for most of the subsequent work. The rapid 

development of methods of characterization of the enaaina system by 

Leonard and Gash (1954)6 and also Witkop (1954)  proved invaluable to 

the development of enauine chemistry. 
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Note on Scope of Introduction 

The subject setter of this introduction falls into two categories 

(a) properties of simple .namlnes and (b) reported reactions of 

steroidal enamines. The litat atur, im simple ensalnog ha already 

been ably r.vi.wd1291$1.  Since, however, the experimental work and 

mechanistic discussion which constitute the bulk of this thesis builds 

upon that using simpler systems, a brief review of their more important 

and geraone properties should not be omitted here. 

Of the selection criteria applied to the litrature on steroidal 

ensmiines to justify inclusion in this introduction a major consideration 

was preparative value, for example precedence was  given to reactions 

with reasonable yield. Also an attempt was d. to include examples of 

the Major types of reaction, rather than detail every example. For the 

period 1954 to 1969 references to the reactions of steroidal enaminss 

were obtained largely via two source. (a) the various indices of 

Chemical Abstracts and (b) the reviews noted above. From September 1969 

to August 1975 the sub-section on .namin.s of the chapter "Steroid 

Properties and Reactions" in "Terp.noids and Steroids 182,  proved a 

valuable guide. Section 32 (Steroids) of Chenical Abstracts was surveyed 

for the following period to date (Vol.86 9  no 34, 1977). 

2.4  Synthesis from Ketones 

1.4(a) The most general method for the preparation of coamin.s of 

ketones (Herr and ø.i) is that of refluxing a solution of the ketone 

in beesene, or some other water szeotreping solvent, with an excess of 

ine, using a trap to collect the water produced. The progress of 

reaction may be followed by the amount of water collected and reflux 

terminated when appropriate. The rate of reaction is very dependent 

on the nature of the ketone. Where necessary, due to the slowness of 
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the reaction, a small amount of an acid catalyst such as p-tolusn. 

suiphonic acjê' may be added, or a higher boiling solvent such as 

toluene 14  may be employed. Many variations of procedure have been used 

to remove the generated water and drive the reaction forward. e.g.  the 

mixture has been treated with molecular sieve 15  which catalyses183  

e,a-1ne formation as well as acting a* dehydrating eVent; also the 

distillate has been trickled through some dessicsut such as calcium 

carbide 
2.5 
 before being returned to the reaction flask. One modification 

which may be useful for certain pyriroiidenamin.s t' consists merely of 

preparing an almost saturated solution of the steroid ketone in 

question, from which, on the addition of py-rolidine, the enamin• 

precipitates and may be filtered off. There is considerable selectivity 

for the different secondary *minse in the carbonyl groups with which 

they will 	 this being particularly noticeable in the 

steroid series; thus, for .r.mple, under the usual conditions 

pyrrolidine will react with  a C.. (or C-17) carbonyl function but not 

with a C.20 or C-il ketone. 

1.4(b) One water scavenging agent, which also promotes reaction by 

polarizing the carbonyl bond is the Levis acid titanium tetrachloride 16, 

which reacts as in Pig. 1.3. Of particular importance is that some 

.namines Which cannot be prepared by the more conventional methods, 

can easily be produced using this reagent under mild conditions (0_100). 

1.(c) / 
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1.4(c) An interesting methad for the preparation, not of an -iains, 

directly, but of the corresponding iminium aait 17  e.g. (18) consists 

of mixing solutions of the k.atons and an amine salt, usually 

P1rrolidinium psi-chlorate, in an appropriate solvent, when the ixinium 

salt precipitates and is filtered off. 

isl 	 £psctrosccpie Propez-tiea 

1.5(a) .m.r. 18,19  

The olsfinic proton appear. about 5 to 4j-  . The resonance is 

Indicative of the extent of overlap between the electron pair on the 

nitrogen atom and the double bond, the greater the overlap the higher 

the field at which it appears. In simple pyrrolid.naninss the four 

-hydrogen atoms on the pyrrolidine ring give rise to a complex 

enitiplet, wh&ch in the steroidal series bee .... a characteristic hump 

about 3d' 

1.5(b) i.r.620 

The double bond appear, about 1630 to 1660c. and shift. 20 to 

towards higher frequency on conversion to the iminium salt by 

the addition of anhydrous acid. 

1.6 	 Structure 

1.6(a) Planarity 

In order for the resonance d.localisation previously ascribed 

to .naminss to occur, it is necessary that the p orbitals of the 

nitrogen and of the double bend carbon atems, overlap. For this 



Fig. 1.5 	Possible Structures of the Pyrrolidenarnine 

of 2-A1kylcyc1oheanone 
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Fig. 1.6 	Steric Interference in the Tetrsubstituted 

Pyrrolidenaniine of 2-Methylcyclohexanone 
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condition to be satisfied it is necessary that the seven atoms 

indicated (4), illustrated for the pyrrolidenamine of cyclohexanone, 

be approximately co-planar. The charge separated cannonical form 

may be regarded as the planar contribution and other factors being 

equal, the greater the stability of this form, the more planarity 

there will be. It is known, according to Brown's postulate 1,22  

that a double bond exo to a five membered ring such as with pyrroli-

dine is more stable than a corresponding double bond exo to a six 

membered ring, as with morpholins or piperidine; so the charge 

separated cannonical form in the pyri-olidenaaine case should make a 

larger contribution than in the six membered ring cases, i.e. 

pyrrolidenaaines should be more planar (and delocalized) than the 

corresponding morpholine and piperidin. enamines. In practice it is 

found from the resonance of the olefinic proton that there is indeed 

a considerable difference (Ca. 25Hz at 60 ,4Hz)1819 in the expected 

direction; thus some experimental support is available for the 

planarity of enamin.s, particularly pyrrolidenamines. 

1.6(b) Structure of Enamines of 2-Substituted Cyclobexanone 

1.6(b)(i) Position of the double bond 

It has been shown by n.m.r. studies that the pyrrolidenamine of 

2-methylcyclohexanone is largely (90-100%) the trisubstituted 

isomer (6)14118. Also the pyrrolidenamine of 2-pheny-lcyclohexanone 23  

fails to show any of the styrene type of absorption in the ultra-

violet which would be expected for the tetrasubatituted isomer (5). 

This is readily understood in terms of the steric interaction between 

the substituent and the methylene group adjacent to the nitrogen atom 

in the tetrasubstituted isomer, if planarity is maintained, as 
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illustrated (7). This however does not hold true for all amine., 

as reflected in the isomer ratio, shown in Table 1. 

TABLE 1 - Isomer Distribution of the Enamine. 

of 2-Nethylcyclohexanone (after Cook 24) 

Amine 

Py-rrol idine 

Plorphol in. 

Piperidina 

Diethylamine 

N-Methy lani line 

% Tetrasubstituted S Trisubstituted 

10 90 

48 52 

54 46 

75 25 

100 0 

1.6(b)(ii) Conformation 

The preferred conformation of a cyclohexene ring is the half 

chair25. Thus there are two possible conformations of the trisub-

stituted pyrrolid.nainine of 2-methylcyclohexanone, with the methyl 

group a) quasi-axial (8) and b) quasi-equatorial (9). It is clear 

that of the two, the more stable is the quasi-axial, since in the 

other conformation there is considerable steric interference between 

the methyl and the methylene group adjacent to the nitrogen. This 

type of allylic ateric effect has been generalized by Johnson and 

Malhotra2627 as A (12)  strain. A number of experiments 28-32 sub- 

stantiate this prediction of quasi-axial conformation. 

c) Position of the Double Bond in Enaaine. of 3-Substituted 
Cyclohexanone. Tras-decal-2-one and Steroids 

The pyrrolidonaaine of 3-methylcyclohexanone has been shown 

by n...r. studies 	 to be predominantly (about 70%) the 

isomer (10). This is understood by the presence of A(h12)  strain 



Fig. 1.9 	Isomers of the Pyrrolidenamirie of Trans-decal-2-on 
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Fig. 1.10 	Examples of Dienamines 
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Fig. 1.11 	Example of Iminium Salt Formation 
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Fig. 1.12 	Formation of the Monosubstituted Enarnine 

in the Stork ieaction 
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between the suatorLa1 methyl group and the olefinic hydrogen etao 

in the alternative L-i.ci.sr  (ii). The pyrr.li4.naalas of 

tr -fna, which bears considerable resemblance lane, to the above g  

Is found to behave .ti.A1arly, shout 7* hem, the â 2-1r (12). 

In this ease the disfavouring of the L-ivoi,er (ti)  has been attri-

buted to the analogous A ( 1,2) strain bstv.su the C-$ enthylees gisop 

and the Cut •lefinic pa-eta.. Per the somm ,  reasons the e"-tnes of 

3490to-.st.roida are assigiaed the 2.structurs in the 5 and 	in 

the Sp 

1.6(d) Dienaninse 

Bicyclic o. A ..ensaturated hetenes such as 	 (14) 

give the h.teroainnilar dia.mine (15)  rather than the hioai'*ular 

compound (16) as shown by ultra-violet .p.ctro.copy'. The some is 

true of the earrespending £..)-ketoniss of the steroid sorlas"t 35 

such as tastoeterenso Some reactions 	of this type of osspmd, 

including the hydrolysis 	have been compared with these of the 

corresponding dienel etherse 

srn ai L-Z  ch.cai Pr.rtis9. 

1.7(a) Pr,t.nat Len 

With the addition of an enhydreus said to a solution of an 

.nasiue e.g. (17) the corresponding isiaLUM salt e.g. (1$) is fOrm'd 
is. 

Them salts may be of .rnidsrmblo value in ebaractarising the parent 

.naalne, as well as in purification proc.ar.s. 



1.7(b) Hydrolysis 

The rate of hydrolysis of enamines to the parent ketones depends 

greatly on whether the enamine is a simple one or a dienamine. 

Simple steroidal enamines generally react in the cold immediately on 

adding water but dienamines may require reflux for several hours in a 

sodium acetate-acetic acid buffer35185, Steroidal enamines give the 

appearance of great water sensitivity because of the small amount of 

water required. Much care is required therefore to maintain anhydrous 

conditions. 

1.7(c) The Stork Reaction 

1.7(c)(i) Monosubstitution 

The term 'Stork reaction' already mentioned in section 1.2 is a 

general term for the alkylation or acylation of a carbonyl compound 

through the enamine. This reaction on a ketone usually yields only 

the monosubetituted compound 14, or sometimes, under forcing conditions, 

the c(o<.diaubstituted ketone14.  This is in marked contrast to the 

base catalysed alkylation of ketones 
40

, which reaction can generally 

only with some difficulty be made to produce a good yield of mono-

substituted product. Further reaction yields the °(°(disubstituted 

compound and indeed complete reaction may occur producing the tetra-

substituted derivative. Thus, effectively, the Stork reaction pro-

vides a two stage method for the synthesis of the c><-monoeubstituted 

derivative of the parent ketone. 

It is of considerable practical importance and theoretical 

interest to investigate why monosubstitution should be the rule. 

Using the same example as before it is clear that the iminium salt 

(19) intermediate in the Stork reaction can give up HI to a competing 

base such as the original enamine (20) thus giving rise to a new 



Fig. 1.13 	Examples of C and N-Alkylation 

(a) Alkyl Halides (RX) 
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enanina (21), which might now be expected to alkylate again at the 

cx-pO8itjo. Experimentally however it is found that if this 

enamine is made and refluxed for many hours with methyl iodide no 

further reaction will occur 14. 

It has been shown in section 1.6(b)(ii) that the conformation 

of the enaine (21) is such that the methyl group is quasi-axial (8). 

It is clear then that the second alkylation, being subject to stereo-

electronic control, would involve a severe 1,3-diaxial alkyl-alkyl 

interaction 1. 

1.7(c)(ii) C versus N alkylationh4t4l_45 

Of the two generally used alkylating agents i.e. alkyl halides 

and activated olefins, the latter usually produce considerably better 

yields of the C alkylated product. This is considered to be because 

in both cases either C or N alkylation is possible. However, N 

alkylation with activated olefins (Fig. 1.13(b)) is a reversible 

reaction unlike the corresponding C alkylation. The product of 

C alkylation is therefore formed at the expense of any initially 

produced N-alkyl compound in the case of alkylation by activated 

olefins. hith alkyl halides however (Fig. 1.13(a))  both N and C 

alIçrlation are irreversible. 

The enanines of simple ketones generally alkylate well, giving 

fair to good yields with alkyl halides. However the higher the 

molesular weight of the parent ketone, the less useful alkylation 

by this means becomes; so that with even moderate molecular weights, 

good yields are obtained only with strongly electrophilic halides. 

1.7(c)(iii) Solvent Effect t4 

Increase in the polarity of the solvent generally enhances the 

Stork reaction, because of the stabilization of the charges appearing 

in the transition state. 
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1.8 	So.. Applications of &aaines in the Steroid Field 

tt*iii5 have found use aa protecting groups in nucleophilic 

reactions since they do not, in the base form, react with anions, In 

palyfunctisnal molecules the previously mentioned selectivity of the 

various a_inss can be very usefulo som of these uses are illustrated 

in the syntheses of Figs 1.14 9  using as nucleophil.. Grignard 

reagents 48970 
and lithium aluminium hydride 47. Xnamines have also b. .n 

used via reaction with triusthylene dithiotissylate 71919' to introduce a 

thioketal function (rig. 1. 14i), which has itself found use as a blocking 

in steroid syntheses. The thioketal is readily removed with 

Mnoy  nickel* 

Xnamines have also been useful in the oxidative degradation of 

aldehyde-containing side chains ' 89 ".Thus, progesterone (22) was 

prepared from ergosterol. The same product was prepared in quantita-

tive yield via reaction with singlet oxygen in a photo-oxygenation 

reactianh. Bubbling air through a solution of the dienaaine from a 

L 4-3-ketosteiroid in the presence of ferric chloride, cupric acetate or 

cupric chloride, followed by hydrolysis, produced a 64 to 75% yield of 

the A 4_3,6_diketosteroid (23 ). This autoxidation proceeds via a 

radical chain mschanisii. Oxygenation of the OnAlftins system with 

perbensoic acid 74t75 
 has been used with derivatives of 20-ksto-steroids 

e.g. (24). The oxidation of .namin.s with thallic acetate49 produced a 

50*50 mixture of acetoxyk.ton.s (25) in yields ranging from 12 to 58%. 

'-4nss have been reduced to more saturated compounds, many of 

interesting stereechemistry. Thu., the borohydride778I8hI86 reduction 

Of the dian&nins () gives (2r7). Hydroboration8  has alae been used 

(rig. 1.16). Seducing agonts798857900 such as formic acid and 

catalytic hydrogenation produce products such as  3c -a_ino-5 p and 

ip -amino-5 o( -steroids (Fig. 1.16). Seductions of steroidal snamines 
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have also been performed with aluminium and mercuric chloride in 

ethanol 90b (Fig. 1.16). The corresponding iminium salts have not 

escaped attention. Iminium perchlorates 91  from 3-kato- L 4-steroids 

(28) were reduced by Hantz.ch eater to 5p_ketonas (29). The iminiuji 

perchlorates corresponding to the latter (30) could be further reduced 

to the ammonium salts 92  in better than 90% yield. 

While *toroidal enain.s are generally prepared by the direct 

reaction of the amine on the ketone, in some cases indirect methods 

may prove more apposite. For example, with methyl ketones poor yields 

of the enamine are generally obtained 93 t thus Schiff 0 A hAnan haw hmri 

alkylated or acylated and reduced 74  to produce enamines (Fig. 1.17). 

A similar method uses the formation and desuiphurization of 

N-acylthiazoles94995  with subsequent reduction (Fig. 1.17). 

Enamin.s have been used in the synthesis of steroids and analogues 

e.g. the chain to become an A-ring was added to the dienamine 6  (31) 

(Fig. 1.18). 4 8h14_ateroids such as 8,14-bisdehydro-eatrone methyl 
ether (36) have been prepared through the 6-methoxytetralone enaaine 

(32). This is converted to the iminium salt (33) 9  which suffers 

nucleophilic attack by vinyl magnesium bromide. Reaction of the 

resulting olefin (34) with 2-methylcyclopentan..1,3..dione yields (35) 

105 which is reductively cyclized to give the final product . An example 

of the synthesis of a B-norst.roid is illustrated in Fig. 1.18. The 

enamine (37) undergo.. Stork reaction with -methoxybenzyl bromide. 

The product (38), after conversion of the acetate function to carbonyl 

is cycliz.d to yield the 8-norsteroid (39)106• A similar reaction of 

the (+)-isomer of enamin. (43) with the substituted styrene (44), 
Ke 

followed by cyclization of the product gives/optically active 

194 13S9 17S_dehydroequilenin(45) 
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Azasteroid synthesis has also involved anaaines. The 

14-aza-1I-keto-steroid (42) has been prepared via the reaction of the 

6-methoxytetralone (40) and ethyl 2-pyrrolidylacetate, to produce an 

enasine (41), followed by cyclization 107 . 

The reaction of the enaain. 1-pyrrolidinocyclopentene (47) with 

methyl 3 1 4-dihydro-1-naphthoate (46), followed by hydrolysis of the 

product gives the compound (48) which on reaction with aonia or 

benzylaairie gives the 12-aza-il-keto-steroid (49)108 

Diazaateroid syntheses using enaaines have also been reported. 

Thus the 13,14-diazasteroid (52)  has been prepared by the reaction of 

the enasine (50)  and methyl bromoacetate to produce the compound (51), 

which is further reacted with a cyclic hydrazine 109. 

6,7-diazasteroids and 6,7-diazo-D-homo-steroids such as 

6,7-diaza-D-homoequilenin methyl ether (54) have been produced by the 

reaction of the dianamine (53) with a diazonium salt, followed here by 

catalytic hydrogenation and cyclization with polyphosphoric acidhlOIUlhl2. 

The 11,13-diazasteroid (56) was prepared via reaction of the 

morpholine enamine (55) with the acid chloride of monomethyl succinate, 

as illustrated in Fig. 1.18113. 

Some reactions of enaaines with carbenes have been reported; 

thus the dienaain.97,188 (57) reacts with dichlorocarbene to give an 

A-homo-4-chloro product (58). Carbone itself, from either diethyl-

zinc and di-iodomethane or diazomethane-copper (I) chloride, reacts 

with the cams dienamine system to give a cyclopropylamine (59), which 

is readily converted by aqueous ethanol to the 4-methyl steroid 98 (60). 

The simple enamine system reacts similarly to give the 20<-methyl 

steroid 
98 

 (61). 

Interesting halogenation reactions have been developed. Bromine 

reacts with the pyrrolidenamine of cholestan-3-one  to give the 
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2c(-bromocholestanone 4  (62). Treatment of the aldehyde-derived 

piperidine enaaine'8  (65) with bromine, however, yield. the 

18-bromoiminiva bromide (64), which is readily hydrolysed to the 

o(-bromoaldehyde (65). More useful are some methods of fluorination. 

Perchlor,'l fluoride can be used to achieve up to tn-fluorination with 

50- the pyrrolidenamines of 3-keto-5 c'<-steroids 53. Thus, the 

pyrrolidenaaine of 50(-androstan-17fl -01-3-one acetate (66) on treat-

ment with FCI03  yields the 2°(-fluoro derivative (67). Two repetitions 

of the process yields the trifl.uoro compound (68). The same reagent, 

with the dienaaines of 3_keto_L4_sterojd35152I55, such as testo-

sterone yields either the nlorio (69) or di-fluorinated compound (70) 

depending on reaction conditions. Fluorination with CF 3OF has also 

been done5' with the enaaines of 3-keto-5 0<_steroids to give similar 

2o<-xluoro derivatives (71). 

An enamine route to 16-diazo-17keto-.teroids has been used 99  

where the usual chloraaine exidation of the oximino ketone gives low 

yield. The 16-aldehyde (72) which exists largely in the enol form was 

converted to the enamine (73) by the action of diethylamine. The 

enamine was further reacted with p-carboxybenzenesulphonyl azide to 

give the diazo compound (74). 

The reaction of cyanogen azide 6  on steroidal enaniines has been 

found to yield the cyanoamidines (75) through a rearrangement in which 

the A-ring is contracted. 

A-ring expansion has been achieved by the reaction of enainines 

with dimethyl acstylensdicarboxylate68. With the pyrrolidenamine of 

5o(-choleatan-3-one the bin-homosteroid (80) was produced in 75% yield, 

while with the 5B-steroid coprostan-3-one the double adduct (81) was 

formed, 
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Formaldehyde has been reported to add at the 4-position to 

steroidal dienaminos to yield alcohols 100 (76). 

Deconjugation of the enamines of A 4 ' 9-dien-3-ones (77) by 

hydrolysis with acetic acid/water produces the A 5(10) 1 9(11) _djen.. 5_ 

ones (78) in yields ranging from 19 to 75%189• 

A preparation of a required 3-oxime (79) was reported, where the 

usual reaction of the steroid (here progesterone) with 0-(carboxyaethyl) 

hydroxylamine gave the 3120-bis-oxime. The 3-pyrrolidenaaine was 

190 readily prepared and this reacted to produce the desired product. 

Aliens-bearing steroids have been prepared by reaction of an 

acetylenic side-chain with the iminiun form of an ena.ine formed in 

situ, followed by quaternization of the nitrogen and reductive elimina-

tion of the amine 195 . Thus, the acetylenic group was reacted with a 

mixture of £tCFIO, piperidine and copper (I) chloride to give the amine 

(82), which was quaternized and reduced to the allene (83). 

Of some interest is the methylation of steroidal enamines. 

Methyl iodide reacts with the pyrroiidenamine of cholestan-3-one in 

solvents of high polarity, such as ethanol, to produce a small amount 

(about 12%) of 2cC-methylchoieatan_3_one59 (84). This, however, is a 

lower yield than is obtained by the corresponding base-catalysed 

reaction 65, which gives about 20%. It is noteworthy that the reaction 

of steroidal enaminea with carbene, followed by cleavage of the 

cyclopropylamine (Fig. 1.19) has been reported to give the 2o<- methyl- 

steroid in 69% overall yi.ld 8. The pyrrolidenamine of testosterone, 

in ethanol, reacts with methyl iodide to give the C-4 methyl derivative 

(8,)156O63. 
2-acetyl steroids (86) have also been made by the 

reaction of steroidal enamin.s with acetyl chloride 64 ' 66 . 

Enamines have been used to add rings, usually heterocyclic, to 

steroids. The iorpholine enasine ( 7) reacts with phenyl azide 202 
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to give an ainotriazole (88), from which the amine group is removed 

by treatment with acid to give a steroid with a ,2_7 triazole 

ring (89). The pyrrolidenaaine of androstan-17f9-01..3..one (90) 

reacts with bromoacetone 	to give the dikotone (91), which 35 then 

c3rcliz.d with benzylarnine to give the L2-7 pyrrole (92). It will 

be recognised that the cyclization step is essentially an enamine 

synthesis. The dienaisine system (93), on reaction with the substituted 

phenyl diazonium salt illustrated (Fig. 1.23), followed by cyclization 

with FOCI 3 , gives the 5,7-7 indole system (94)1021191, The 

pyrrolideneaine of a 3-keto-steroid reacts with 0 -aminobenzaldehyde 

to form a 5,z-7 quinolo (95)103, while the same enamine reacts with 

o -hydroxybenzaldehyde to give the /3,2-Y benzopyran (96)103. BY 

reaction of dienamines with the substituted bromoketone shown 

furan steroids (97) have been prepared 102 ' 191 , Carbocyclic rings have 

also been added and compounds such as benz 	androstanes (98) 

1 ,191 synthesized 	as shown (Fig. 1.23). 
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2, EXPERIMENTAL RESULTS AND DISCUSSION 

2.1 STEROIDAL ENANINES = U U = U = == = = U U U U U= = = UU = U = 

2.1(a) Syntheses 

Result. 

Five methods for the synthesis of steroidal enaa2ines were 

explored. 

The most generally useful was that of Heyl and Herr 35. This 

procedure consists of refluxing a solution of the steroid ketone with 

excess of amine in the water-azeotroping solvent benzene, using a Dean 

and Stark trap between the flask and condenser. Reaction generally 

took about one hour and was monitored by the volume of water collected. 

It was found necessary on the small scale to use a trap with a small 

(i ml) side-arm, otherwise the amine, in partitioning between the 

benzene in the flask and the comparable volume in the side-arm, became 

diluted and tended to starve the reaction mixture in the flask. 

When reaction was terminated, solvent was removed as rapidly as 

possible, using a rotary evaporator. It was found that in general for 

steroidal enansines, attempts to purify the material at this stage by 

methods such as recrystallisation etc had the effect of making the 

material less pure, due to reaction with traces of water. Therefore, 

the crude enamise was kept in a stoppered flask and was used as soon as 

possible. The pyrrolidenamines were yellowish crystalline solids 

smelling of pyrrolidine. This procedure produced excellent yields of 

the pyrrolidenamines of the 3-keto-5o(-steroidsz androstanolone (104a), 

androstanolone acetate (104b), 17o(-methylandrostanolone (104c), 

19-norandroatanolone acetate (104d), cholestan-3-one (104e) and 

androstanolone 4-methylpentanoate (104f) (itself not previously 

described in the literature). Also, under these conditions only the 
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sene-.pyrrol idenasine (1049) was produced from 5 -pretan-3, ')-dion., 

ma shown by the unchanged C-17 acetyl resonancs in the n.c.r. spectrum. 

Similarly prepared were pyrrolidenaain.s of the 5,6 -compound 

5 -andreatanolom. acetate (103) and the 4-3keto-starojd testosterone 

acetate (105. 

The degree of conversion as calculated from the n.c.r* integral of 

the ol.finic proton versus the C-ti proton (or other convenient peak) 

was better than 90%. Although with the py - -olidenacines of 

3-k.to-5. - -steroids the double bond absorption was discernable in the 

infra-red spectrum at about 16450.19 the n.c.re spectrum was more 

diagnostic, The ol.finic proton resonance ii.s at about 4.13 	clear 

of other peaks but near that of the C-17 proton when present. The ratio 

of the integrals of theae peaks provides a useful measure of the purity 

of the enaaine. loth the -proton. (about 2.97 ) and the ,B -protons on 

the pyrrolidins ring (about 1.82 ) are also readily discernable. 

While, as previously noted, the sna.inos wars generally used in a 

crude state, analytically pure pyi-rlidenacine of androstanolone acetate 

was prepared, by meltiplo recrystallisation from rigorously dried solvents, 

as lustrous white plates melting with decomposition over a 12°  rang.. 

Harsher conditions than employed for the above compounds were 

required to produce the pyr-olid.'-(ne of D.N.A. acetate (106). The 

addition of a catalytic ameiait of p-toluene suiphonic acid 35, as well as 

reflux for three days was necessary. *ven then the emmine was quit. 

Impure (about 60% as estimated from the n.c.r. integral of the nnnmin. 

C-16 methyl versus the corresponding resonance of undanged D.N.A. 

acetate) • The identity of the product was supported by exact mass 

measurement. 

An attempt was made to effect the dehydration of a solution of 

androstanelans acetate and pyx--olidine in dsuterochlorofore at room 
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temperature, using calcium hydride. N.c.r. spectra were taken at 

intervals. After 15 minutes about 60% enamine was present, which 

increased to 66% only on leaving the mixture overnight. 

A simple precipitation method 15  was also explored. In this a 

hot almost saturated solution of the steroid ketone is prepared, to 

which pyrrolidine is added. On cooling, the precipitated enamine is 

collected by filtration. Using androstanolone acetate a 60% yield 

of 83% pure enamine was obtained, while with testosterone acetate the 

precipitate consisted solely of starting material. 

The method of White and Weingarten 16 was also investigated. 

In this, titanium tetrachloride in benzene is added to a benzene 

solution, under nitrogen, of the ketone and excess amine at ice 

temperature, then the mixture is stirred at room temperature for a 

further period. The precipitated titanium dioxide and amine hydro- 

chloride are filtered off with an oven-dry sintered glass funnel and 

the solvent is rapidly removed on a rotary evaporator. 

While some pyrrolidenasdne of D.H.A. acetate was produced by 

this method, the purity of the product was extremely low and the acid-

catalysed method of Heyl and Herr was therefore preferred for this 

compound. However, the dimethylamine enamine of androstanolone 

acetate, confirmed by 1sto and n.c.re spectra, was produced in about 

17% purity (integration of N-methyl versus acetate) (107). 

Discussion 

The mechanism of the synthesis of enamlnea from ketone and amine 

is illustrated for cyclohexanone and pyrrolidine as Fig. 2.1. For 

the non-catalysed reaction 14,139  the first step is the attachment of 

the pyrrolidin* ring to give the carbinolamine (99). This loses a 

hydroxyl ion to yield the isinium hydroxide (100). The anion then 
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abstracts a proton to give the onamine and water. In the acid-

catalysed case l42, however, the carbinolasaine becomes protonated (101) 

and subsequently loses water to give the iminium cation (102) which, 

in its turn, loses the proton, yielding the enamine. 

The method of Heyl and Herr and its modification, drives the 

reaction forward by removal of water. This for.s an azootrope with 

benzene,whjch condenses to two discrete phase.. The water, being 

denser settles and is retained in the trap, while the benzene, 

saturated with water at the temperature of the trap returns to the 

reaction mixture. Some estimate of the residual water may be made 

from the known solubility of water in benzene ( 0.054g/ioog at 260 140) 

Residual water is thus quite negligible. This is probably an optimis-

tic figure, however, since the pyrrolidine in the distillate may be 

expected to increase the residual water. Nonetheless better than 90% 

yields are obtained. 

That the harsher conditions of the acid-catalysed modification 

are required to prepare the pyrrolidenaaine of D.H.A. acetate can be 

attributed to the relatively greater strain introduced by a double 

bond in the more conformationally Constrained 5-membered D ring as 

compared to the 6-membered A ring. 

In contrast to azeotroping, the chemical method of removing 

water with calcium hydride becomes such slower as the enamine forma-

tion proceeds and conditions become more anhydrous. The difference 

in rate between this and the method of Heyl and Herr is accentuated 

by the 60
0 
 temperature difference. 

The titanium tetrachloride method also involve, chemical dehydra-

tion and in addition promotes reaction by polarising the carbonyl 

16 
bond. The reaction is illustrated for cyclohexanone and pyrrolidine 
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as Pig. 22. The yields obtained were sock lower than might have been 

expected. It soems likely, in spits of careful handling, that on the 

small scale used here, the extra manipulation involved in filtration 

allowed the absorption of sufficient water vapour from the air to 

decompose much of the enamins. Because of the low yield this method 

was used only for the dinethylamine enaa.tne of androstaaolone acetate, 

where the low boiling point of the amine ( 70 141) precluded use of the 

method of Ileyl and Herr. 

The only synthesis which does not operate by removing water is 

the precipitation method. This disturbs the equilibrium instead by 

removing the ena*ine as a crystalline solid. In view of this relatively 

weaker driving force it is to be expected that yields will be poorer 

than with the Heyl and Herr procedure. 

It has been noted in section 1.6(c) that the enaminss of 

3-.keto-.steroids are generally designated as predominantly the 

structure in the 5 o and 	in the 5fl - series. Ixenination of the 

n.a.re spectra supports this assignment and in addition an estimate of 

the prop 	
a

ortion of each isomer can be made. In a L -.namin. the 

•lefin.tc proton resonance is split by the two adjacent nearly equivalent 

C-I protons and should therefore assume a 'triplet-like' form (strictly, 

a degenerate quadruplet). Conversely, for the L-i.oimer the single 

C-5 proton should give rise to a doublet. In practice both resonances 

are of somewhat indeterminate form, through three maxima can be dis-

cerned in some examples of the 5 ot - type. The resonance in the 5p - 

series L5, however, considerably narrower than for 5 0&-en.ainea and it 

Is therefore assigned as the narrower (degenerate doublet) of the two 

possibilities, corresponding to the 	structure, while the 5- 

coounda have the wider resonance (degenerate quadruplet) of the 

A 2-isoaer. In the 3o,,- series, in addition to the major olefinic 
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resonance (about 4.13), a Very small peak appears at slightly higher 

field (about 3.80 S ) • Integration reveals that there are marginally 

mere ol, -pyrrol Id ins protons than are .ccemnt.d for on the baa is of 

the major olefin.ic resonance alone, vh.rea.a when the minor peek integral 

is added to the major the figures tally quite well. The minor resonance 

is therefore considered to represent the ol.itnic proton of the minor 

'-isomer. Ratios of the integrals for some 3C -t.roids reveal the 

presence of from 83 to 88% of the L - compounds this can be compared 

with the literature value of 72% for the pyrrolidensaine of 

trans-decal-2-one 33. The spectrum of the enol acetate 

5 & -androst-2-en-3, 17,9 -diol dLac.tate also reveals a major (L 2) 

olefinic peak (5.27a) and a minute (L') resonance upfield (5.00). 

This similarity to the .nsaine adds further support to the sasigr..rits 

ab. 

It to instructive to compare tho spectra of 5,4 - and 5fl -androstanolone 

acetate. The ketones are indistinguishable but the snamines are quit. 

distinct. The major (6 3 resonance at 3.846 for the 5,9- compound is 

match" by the minor ( 4 ) resonance at 1980 4 for the 5,A -isomer, 

Corresponding to the major (,n 2  signal at 4. 13 for the 5- series 

is an extremely weak signal at .12 S , equivalent to 5% of the total 

•lefinic integral for the 5fl - compound. It appears, then, that the 

enaaine from the 5p - steroid is almost entirely (95%) the t'-icomer. 

Interestingly, the resonance corresponding to the 2-proton 

appears at almost identical field in both the 3d- and 5fl - seriesi 

the same is true of the A3-proton. This value is determined by the 

electron density at the olefinic hydrogen. Considering the markedly 

differing geometry of the A-ring in the two series, it is tempting to 

suggest that the electron density is largely determined by the 
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Inductive effect of the adjacent carbon and little by the rest of 

the molecules thus the greater inductive effect of the tertiary 

carbon (c-5) in the n - compounds produces a higher electron d-nsity 
at C-I, than the secondary carbon (c-*) ao at C-2  in the A2 

Whatever the truth of this speculation, it is to be expected that  the 

greater electron density will render the L'-.nauiin.s fro. 5,3 -steroids 

more reactive than the corresponding Li -3 d, - compounds, 

Conclusions 

Only three of the methods proved of practical utility in prepare.-

tive work (Fig. 2.3),  the method of Neyl and Herr and its  acid-catalysed 

modifications both of which have been widely used for steroidal snanines 

and the titanium tetrachloride method of White and Veingarten. The 

first was here used generally, while the second was useful for the 

pyrrolidit4n. of D.N.A. acetate. The third was used only in the 

synthesis of the  diusthylaaine enanine of androstanolone acetate, for 

which the methods with better yield were not practicable. 

The n.c.r. spectra showed the pyrrolidenanines of 3-keto-5 -steroids 

to be predominantly (about 65%) the -ir, while the 5/3 - series 

consists almost entirely (about 93%) of the i 
'- compound* 	The higher 

field resonance (by O.25) of the elefinic proton in the L. series 

Suggests that  the pyL-z-olidna 4nes of 3,8 -steroids may be more reactive 

towards electrophil ic attack than the  corresponding 5 &— compounds. 

2.1(b) Derivatives 

Background 

The aydrochiorides of the dienanines from a number of 

steroids hav, been described in the literature 13. The hyd.rochl.rid.s 

were prepared by tao dropwise addition of excess anhydrous ethereal 



F1. 2.4 	Derivatives 

0 Qc 

I? 0 

U J'Y) 

X®Ch1oride 

®Picrate 



23 

hydrogen chloride to an ether or eth.r/benzene solution of the 

dienaine. The precipitate of hydrochloride was washed with ether, 

then dried and recrystallized to yield sharp-melting analytically 

pure material. It was reported, too, that the dienamine could be 

regenerated from the hydrochloride by the action of piperidine. 

Accordingly it was considered worth while to investigate the 

potential of the hydrochlorides of steroidal mono-enamines for 

characterization of the parent snamine and for purification of the 

enamine via compound formation. 

Results 

The pyrrolidiminium chlorides were prepared by the above method. 

The crude pyrrolidena.ine of androstanolone acetate (better than 

90%) gave, on treatment with ethereal hydrogen chloride, a white pre-

cipitate (108a) which was shown by exact mass measurement to be some 

complex of the enamine; however, despite extensive efforts at 

recrystallisation from various solvents analytically pure material 

could not be produced. Regeneration of the enamine was attempted by 

stirring an ether suspension of the hydrochloride with dry piperidine. 

N.m,z-e spectroscopy revealed about 50% (integral of olefinic versus 

C-17 proton) of regenerated enaaine in the product. 

The crude pyrrolidenamine of D.H.A. acetate (about 60%), on the 

other hand, did not give a white precipitate of hydrochloride but 

rather a brown/black semi-solid (109a) which exact mass measurement 

similarly showed to contain some complex of the enamine. Attempted 

regeneration of the enamine was here unsuccessful. 

Picrates 

In view of these unpromising results attention was turned to 

other derivatives. Many different salts  l45 have been used for the 
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characterisation of non-steroidal enamines, in particular perchioratas, 

as well as hexachlorostannatea, hexachloroantimonatea, hydrochloride., 

hydrobromides, tetraphenylborates and nitrate.. Since picratee can 

readily be prepared under anhydrous conditions and have proved of 

considerable value in the characterisation of saturated amines it was 

decided to examine the pyrralidiminium picrates. 

These were prepared in the standard manner by making a hot 

saturated solution of the crude enamine in absolute ethanol and adding 

a cold saturated ethanolic solution of picric acid. Cooling and 

scratching afforded a crystalline precipitate of picrate. 

With the crude pyrrolidenamina of androstanolone acetate (better 

than 90%) analytically pure picrate (108b) precipitated. Two attempts 

were made to regenerate the enaaine: by stirring an ether suspension 

with pyrrolidine and by filtering a solution of the picrate through a 

small column of ultra-dry alumina. In both cases only androstanolone 

acetate was recovered. 

With the crude pyrrolidenaniine of D.H.A. acetate (about 60%) a 

crystalline precipitate of picrate (109b) formed although it was cai-

siderably less in quantity than in the above Case. It was also less 

pure and it was necessary to recrystallize the picrate from ethanol. 

Conclusion 

The pyrrolidiminium chlorides from keto-steroids are unsuitable 

for characterising the enamine, since it did not prove possible to 

prepare pure material. Further, attempted regeneration of the enamine 

produced 1  at best, only very impure material. 

The picrates, however, were eminently suitable for characterisa-

tion, a crystalline solid forming even in the presence of considerable 

(40%) starting material. Nevertheless regeneration of the enamine 
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proved impracticable, despite vigorous attempts to maintain 

anhydrous conditions, because of the avidity of small quantities of 

the high molecular weight compounds for residual traces of water, 
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292 MET}LATION 

Previously Reported Experiments 

l4ethylation of the pyrrolidenamine of cyclohexanone with methyl 

iodide was among the earliest reactions of enamines reported by Stork 

St al. 3. When the reaction was performed in refluxing methanol, 

followed by hydrolysis of the iminium iodide, a 70% yield of 2-methyl-

cyclohexanone was reported. In benzene, however, only 37% was 

obtained1. It has already been noted in section 1.7(c)(iii) that 

more polar solvents generally enhance alkylation by the Stork reaction, 

because of the stabilization of the charges appearing in the transition 

state. 

The .ethylation of the pyrrolidenaain.s of 3-keto-steroids have 

also been investigated. In a series of patent applications the prepara-

tion, in better than 11% yield, of the 20<-methyl derivatives of 

androstanolone, 17 c<-methylandrostanolone and androstan -3, 17-dione were 
145, 1 159 reported . 2o<-msthylcholestan-3-one was prepared in similar 

manner though the yield was not reported
147 

 

Stereochemistry 

The stereochemistry of this reaction is of some interest. The 

substituent in the product is in the more stable (0<) equatorial 

position: however it is known that in the methylation of cyclohexanone, 

the methyl group assumes the axial position in the iminiva salt as in 

the enamine (section 1.6(b)(10). The methylation is under stereo-

electronic control and thus, in the steroid, top-face attack would lead 

to a severe C-19 methyl/methyl (10-diaxial) interaction* 'With bottom-

face attack, on the other hand, there is no comparable hindrance and 

although the A-ring becomes boat-like it seems probable that this 
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option will be favoured. The iminium salt likely assumes the twist 

boat conformation (110), thus minimizing the 1 1 4 interactions 

(C-19 methyl/pyrrolidinyl and .ethyl/C-5 hydrogen) in the two possible 

full boat forms. Nonetheless at least part of the large difference in 

yield between the steroid and the conformationally mobile cyclohexanone 

(70 against 12%) can confidently be attributed to the relatively greater 

strain in the iminium salt (110). Aqueous hydrolysis, in regenerating 

the ketone, removes the pyrrolidine ring and free of this the methyl 

in (iio) would be expected to settle into the more stable equatorial 

(o) position, while the A-rng resumes its customary chair conformation 

to give the 2c<-methyl-steroid (iii). 

Results (Fig. 2.5(b)) 

The mothylation reaction was investigated in a variety of solvents. 

The pyrrolidenaatne of androatanolone acetate, refluxed with methyl 

iodide in the relatively low polarity solvents benzene, dioxan and 

acatonitrile for periods ranging from 2 to 18 hours produced only 

recovered starting material as shown by n.m.r. The pyrrolidenamine of 

cholaatan-3-one with methyl iodide and bromide in acetonitrile/dioxan 

mixture similarly failed to yield the methylated product. 

In ethanol the principal reaction using androstanolone acetate was 

de-acetylation (base-catalysed transesteri ficati on) as determined by 

t.l.c.,; however the enamine of androstanolone itself, after three 

hours at reflux, gave a crude mixture containing a small amount of the 

methylated product. Initial purification on alumina removed polar 

by-products and further chromatography on florisil followed by 

recrystallization gave pure 20<-methylandrostanolone (iii). The 

2o<-methyl doublet was visible in the n.m.r. spectrum and the melting 

point was in agreement with the literature value. 



Discussion 

The results are consistent with the literatures a huh polarity 

6019  (ethanol)* as used by Babcock at 	 was rauir.d to 

pr.duce a diacersabis yield of ssthylat.d proact. not only is this 

cosacordont with the trend towards greater yields with Increased 

Polarity in the cyclohe'canans sari.. (above) but a similar effect has 

bass noted with steroidal di.n. 1n..; thus reaction of the pyreolidinyl 

di..iaIe from tsstoat.rons with nothyl iodide produces the C. 

1  thylata 	 5 d product only in hiI polarityty saivsat.t60  63 
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MACTIGNWITh ALLYZ. INIVN 

Pr3vice4y Rserted 	arr4uuIata 

NsastLou of the p rroli'—' 4'a, of cyol.w - r'. with 

tva1iM 

 

of ally! irsMds In rsf1u1aa.eteejtril. for 13 hourot 

followed by kydrelysi., to reported to give a yield of 67%  of 

aal 1y1eye1alw p,tnsn,t. 

In the steroid field the ,,wwulL4ivanl of sah e.tacs1ass with 

excess of allyl bromide in r.fIisziug D.N.7. for two bar. to repsrt.d 

to have gieee • 1416 yield of 3 .IillyI 1iindro.ta.u4.sss 8. 

The pyryeliiij, of omtheetaeelom. acetate use rstlsd with 

oncaas of allyl bromide in aostomitrile for fair hours. Initial piuli_ 

fication OR &IMLM gove the crude allylat.d proihict as a yellow .il. 

Further 	- - lqft an silica gel gev crystalline 

a -allylramtawloce acetate (112) in *0 yield. Three recrystal ii-. 

aatis geve a weltisM point in agreement with the literature values 

the n..r. _true showed the olefinte protons md the double bond 

absorption was diaeerlo in the infre-red. 	*?t 

of the lac'el.r Lw proved satisfactory. 

Dialurolee 

The result obtained was similar to th&t reported in the literature 

(in obich 	eetacalws rather thus the acetate was 	, though the 

yield .btaicad hers wes wgiaally bettor (16 was 	i4) • Killer end 

Christianson 138  rewit that in their cm a large amount of silly by- 

predoct woo 	i.t.h Interfered with i..Iatl.n. In the Present 

ior:, although the cruds pr.t was an oil, this seemed tabs dme 

to admixture with starting materials t.l.c. indicated that the only 

appreciable products were 	estlome acetate aid 00 3.(  -al lyl 
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derivative, This apparent superiority my be &w to  the solvent used 

(ac.t.nitril. versus D.LP.) or possibly the pr.s.noe here  of the 

17fl -acetate fwictise. 

The greater yield with allylatien than methylatisa is readily 

explained in tsrm of the more electrophilic nature of allyl bromide 

than methyl iodide. 
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2.4 =ACTION WITH 8THYL CThI1ATI ===== 

Ithyl crotonato (16 equivalents) and the pyrrol idsnuine of 

cyclohsxsnom refluz.d in D.LP. for 36 hours is reported to have 

jiescsd 56% or the .onceubatitut.d c.ound (ii 3P'. In view of 

this relatively law yield after extended reaction, even compared to 

a.thylation with ..thyl iodide, it was not surprising to find 

wach.ng.d steroid ketone (n.a.r.) recovered after r.fluxing the 

pyrrolidsoanins of androstanolone acetate with e.ss ethyl crotonate 

in acetisnitril. for 18 hours. There was a similar lack of reaction 

(t.l.c.) in ethanol (with the pyz-rolidsnaaine of androstanolon. acetate 

(Fig. 2.7(b)). 
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.5 RECTION 'IfI HJ'fL 	fl-D1ooIso8uiyRr 	(+t  3N) 

Previously Reported Experiments 

It is reported 13o,196 that methyl c<-(bromomethyl)_acrylate (114), 

prepared in situ by the action of triethylamine on methyl 

8dibromoisobutyrate (120) was allowed to react with the 

Wrrolidenamine of cyclohexanone in refluxing acetonitrile for periods 

ranging from 5 to 13 hours. The three reactants were present in 

equimolar quantities. After hydrolysis, the reaction yielded methyl 

9-oxobicyclo 5,3117 nonane-3c)4-cartoxy1ate (119). The mechanism 
proposed by the original workers for this o<', c< ' _annelationtt reaction, 

slightly modified by subsequent work 196,  is illustrated as Fig. 2.8. 

In the substituted iminium salt (115) the substituent is hold axial, 

in which corresponding quasi-axial position it is possible for the 

double-bond end of the side-chain to react with the new enamine (116) 

formed by abstraction of a proton. The intermediate zwitterion (117) 

must give rise to the identified endo isomer (119):  if it is assumed 

that the protonation involves attack from the least hindered side, then 

ring A (the new ring) must be chair-like, since a boat-like conforma-

tion gives rise to the wrong isomer. Only after protonation can ring A 

invert to give the more stable boat-chair iminium salt (118) which is 

hydrolysed to the ketone (119). 

/ 

2.5(a) Methyl flfl-dibromoisobutyrate (+Et?) with the Pyrrolidenastine 
of Cyclbhexanone 

With a six hour reaction, followed by alumina chromatography the 

expected methyl 9-oxobicyclo L','u/ nonane-3o<-carboxylate (121) was 
obtained in 24% yield as a colourless, odourless oil which crystallized 

to a low-melting white solid. The melting point (after recrystalliza-

tions), n.m.r* and i.r. spectra were consistent with reported values. 



ir. 2. 	Tert. Results \:ith ethyl 

19'_aibrornoisobutyrate (+ 

CNJ:D 6heurs reflux >  

(12:) 

>(tTh 
H oc 22) 

Co.,
,,nad a
via 'tch 

(123) 

C 01

r 3 
C 01  Me 

25) 

(X4S 	N_NH—-wQi ) 
NO 

H 

/27 

H 	 H 
COMg 

Me1IJ 
41 0  c o .a'e 	J' 	+ ()2 b) 

(J28) 
	

(129) 

131 
Co Me 

(132) 	 (133) 



33 

Hydrolysis of this ester with aqueous potassium hydroxide gave 

9-oxobicyclo L3,37 nonane carboxylic acid (122) as a higher-melting 

white solid. The melting point (after recrystallization) was in 

agreement with the reported value and n.m.re and it. spectra were 

consistent with the assigned structure. Thus the results obtained 

parallel those described in the literature. Additionally a minor 

by-product of the o', ' _annelation reaction, isolated from the column 
as a less polar fraction, proved to be identical (t.l.ce and nm.r.) 

to 2- ( 2-carboasthoxyprop- 2-eny 1) -cyc lohexanone prepared as described 

below. 

When the reaction was quenched by the addition of dilute acetic 

acid to the mixture immediately after the methyl 	-dibroaoiaobut7rate 

was added to the •naains solution, the major product was the previously 

unreported oleffn 2-(2-carboinethoxyprop-2-enyl)-cyclohexanone (123) in 

33% yield, a light yellow fragrant liquid with appropriate mass spectrum 

and exact mass. The double bond absorption could be seen in the infra-

red spectrum and the two olefinic resonances and carbomethoxy peak in 

the n.m.r. spectrum integrated correctly against the methylene hump for 

the mono-substituted compound. Alkaline hydrolysis, as above, produced 

2-( 2-carboxyprop-2-enyl)-cyclohexanono (124). however this proved not 

to be a solid but a very pal* yellow oil which gave appropriate n.m.r. 

and i.r. spectra. The 2,4-dinitrophenylhydrazone (125) was therfore 

prepared as (after recrystallizations) a felt of orange needles of 

sharp melting point. The Isolation of the olefin (123) as the major 

product in the rapidly quenched reaction may be rationalized as the 

result of hydrolysis of the initially formed monosubstituted iminium 

salt (115)/enaaine (116) and thus provides additional evidence 

supporting the reaction scheme of Fig. 2.8. 
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2.56) Methyl /3 '-dibro,jsobutyrate (*Bt?) with the Prrolid,nanjn. 
-- 	of Trn-decal.2-ons 

The reaction of equinolar quantities of methyl 

/ap 1-dibro.isobutyrat. with the pyx-rolidips*4n of trans-decal..2..cne 

In the presence of triethylnain, for 13 	in isfiuxing acstonitrile,  

followed by chromatography on aimeina gave two isolable products. The 

more pol*r proved to be the bicycluenane 1 9  3-( 2-endo-carbomsthoxytri. 

methylene)-trans.decai-.n (126), an oil, in 7.$ yield. The n.a.r, 

spectrum had a carbothozy resonance but no ol.finic peaks, while the 

intro-red spectrum showed only carbonyl absorption.. Although the 

compound was homogeneous to t. i.e., gas chroatogbaphy revealed two 

peaks of nearly equal area and the associated mass spectra both showed 

an abundant ios at e 2509 Corresponding to the molecular weight of the 

bicycle'ienae • Also the 2 9  ii- dtnitrenyhydrme.ne (127) was prepared  
this was repeatedly recrystallized until the quantity was too small 

(093 mg) to contiau, but the melting rane remained wide (100.1200). 

Despite this, the hase peak of the mass spectrum corresponded to the 

expected molecular ion (with satisfactory exact mass) and the compound 

was ho.ogeneous to t. 1 .c • using two different solvent syste. It was 

concluded that the bicyclononane was a mixture of isomers. 

The less polar fraction from the column was the olefin, 

& -(a-ca os.thoxyprop-2. 1)-t 	.4ecal.a.. ( 128) an oil in 

yield. L..ro showed the expected olefinic and carbomethoxy resonances 

and the double bond absorption was visible in the intro-red spectrum 

(in chloroform) • The 2 9  -dinitropbeny1sydraz,n. ( 129 ) was prepared in 

1v yield (11%) and after recryatallisations gave a felt of sharp 

melting yellow crystals comprising 0.9 age The compound was homogeneous 

to t.l.c. and gave satisfactory analysis and exact mass measurement. 

Analogous reactions of the similarly conformatiossally froc.n 

pyz-rolidoqaines of 4-substituted cycl.h.mi.s have bees described in 
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the iiterature196. Theae give a mixture of the bicyclononane isomers 

(146a) and (146b) in the approximate ratio of 3  to 2 for R = Me, i-Pr 

and t-Bu. The authors explain the reaction by the scheme illustrated 

as Pig. 2.10, a slightly modified version of one proposed earlier by 

McEuen et al.. There are two possible axial conformations of the 

initially formed iminius bromide (144). Of these the more stable is 

that with the ring chair-like (144*): this cyclizes to the zwitterion 

(145a) which after protonation and hydrolysis gives the preponderant 

bicyclononane isomer (146*): the boat-like iminium salt (144b) 

similarly yields the other isomer (146b). 

It seems probable that the analogous scheme applies to the 

reaction of the pyrrolidenamine of trans-decal-2-one and this is 

illustrated as Fig. 2.11. In this case it must be assumed that the 

reaction paths are about equally favoured, producing roughly equal 

amounts of the "bridge-down" (148k) and the 'bridge-up" isomer (148b). 

The sharp melting point of the D.N.P. (129)  from the olefin 

argues that this is a single isomer: moreover the melting point is 

very close (1 27.5-129.5°  compared to 127.5-129.00)  to that for the 

D.N.P. (125) from the cyclohexanone-derived olefin. This suggests 

that the crystal packing is similar in the two cases. Given that the 

aide-chain is equatorial in the cyclohexanone derivative it seems such 

more plausible that a comparable lattice would be possible with a 

similarly equatorial side-chain in the decalone case, rather than with 

an axial isomer. However, because of the considerable loss of 

material sustained in preparing the D.N.P. it is not possible to argue 

that the parent olefin (128) must also have been the 0<-isomer. 

Nonetheless the olefin is derived, as in the cyclohexanone reaction, 

by hydrolysis of the initially formed iminiva bromide (147)/enamine 
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and it would be expected that, once free of the pyz-rolidine ring, any 

initially formed axially-substituted k.tone would episerise to the 

considerably onre stable equatorial fore. The •1.fin (128) is thus 

assigned the #. (equatorial) structure. 

2.5(c) Nethyl ii' -dibroaisobutyrate (+t 3*) with Steroidal 
Virrolid&iaainea 

The reaction of equiaolar quantities of methyl 

-dibromoisobutyrate with the steroidal yy-rolid.tan4n., in the 

presence of triethylamine, was allowed to proceed in refluxing 

acetonitrils for 16 hours* An ether and a chlorofora-soluble fraction 

were taken. 

The reaction was performed an the pyrrolidenam{nes of the 

following nine steroid., 

I 	5 ( -androstanolco. acetate  

17 .'-. -asthylandroatanoloon 

pregnan-,20-.dione (-mono-enamin.) 

II 	19-norandroatanolon. acetate 

5,s androatanolms. acetate 

III j-cholestan-3..ion. 

androstanolone 4.-methylpentanoat. 

D.N.A. acetate 

testosterone acetate 

The three groups gave rise to distinct types of producti group I 

gave steroidal salts (Contaminated with triethy1Ine hydrobreeld.) in 

the chloroform-soluble fractions as well as ether-soluble olefins. 

Steroidal bicyclon'nsa as well as olefins were isolated from group II, 

while the latter were obtained from all three groups. In the arrange-

ment adopted for this section the salts (from group I) are covered firsts 

these are followed by the bicycloncnauea (and ole! Lu.) from group II, 

and finally the olefins, from group. I and III. Within a group the 

reactions are treated in the order of the starting materials, above. 
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Salts (group I) 

The three crude salts, from the chloroform-soluble fractions, 

17(3 - acetoxy-5 -carbomethoxy-5 c' -androst- 2-eno Z3, 2-_b/ 

1'_azoniaapiro[4 s 7decane bromide (136a) (62%) from 

5o(-androstanolone acetate, 5 -carboaethox-17fl  -hydroxy-17-methyl-

5o(-androst-2-eno 5,2_/ 1'-aoniaspiro L'7 decane bromide (136b) 
(80%) from 17o<-methylandroetanolone and 

5 -carbomethoxy- 20-oo- o(-pregzi-. 2-eno Z3, 2-?7 1 '-azoniaspiro L1i,7 
decane bromide (13 6c) (31%) from pregnan-3,20-dione, soluble in water 

and insoluble in ether, were purified by trituration with acetone or 

ethyl acetate and acetone to give white solids of satisfactory melting 

range. The salt (136a) from 5o<-androstanolone acetate gave an 

analysis in agreement with the assigned molecular formula and exact 

mass measurement on the peak "salt minus lIBr" was alsoconsistent. 

The n.m.r. spectrum revealed the protons on each of the three new ring 

carbons as well as the carbo.ethoxy and o<-pyrrolide protons. In addi-

tion a carbon-13 n.m.r. spectrum 	disclosed both carbons of the 

tetrasubstituted double bond. The infra-red spectrum, too, revealed 

a double-bond absorption. N.m.re  and i.r. spectra of the other two 

salts (136b and  136c reap.) from 17o-methylandrostanolone and 

pregnan-3,20-dione were similar and mass spectra and exact mass 

measurements were consistent with the assigned structures. 

The presence of ionic bromide in the salt (136a) from 

50<-androstanolone acetate was confirmed by the immediate formation of 

a precipitate of silver bromide and on removal of the ionic bromide no 

covalent bromine was detected by a sodium fusion test. A yellow 

colouration with tetranitromethane13 was consistent with the presence 

of a tetraaubstituted double bond. The nitrogen was shown to be 

quaternary by the absence of a new methyl peak on treatment of the 
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hydroxide with methyl iodide. The salt proved refractory to acid 

hydrolysis, even on reflux with 50% conce hydrochloric acidi with 

k1k.1j however, reaction was readily affected under wild conditions. 

A solution of the salt in chloroform, ethanol and 'water was stirred to 

an emulsion with saturated sodium bicarbonate solution for two days 

in a stoppered flask. Itbr work-up gave the elefin 

17/3 -scetosy-2 o - ( 2-carbossthozyprop-2-eayl ) 5o -androatan-3-.n. 

( 151 ) (Pig. 2.12) as a yellow oil in 30 yield. Your recrystallize-

tions gay, the olef La as a skite solid of narrow melting range. The 

identity of this compound with the seen olefin prepared as described 

later was established by the melting point and an undepress.d mixed 

melting point, as well as by comparison of the n.c.r. spectra. 

Bicyclononan.s (and define) (rcup II) 

from 19-norandrostanolone acetate 

The total crude material from 19-norandrostanolone  acetate was 

first carefully ohro.ategraph.d on alumina, then further separated by 

preparative t.l.ce on silica gel. The more polar compound was the 

bicyclon..i.ri. 17a -ac.tox7-2 c , -( 2oe- -carbon.thoxytrimethyl.ne )- 

.r.Sstran..3..one (130 ), as a clear celourless all in 2.1% yield. 

La.r* revealed a carbo.sthoxy resonance but an elefinic peaks and no 

double bond absorption was discernable in the infrared. The 

2 94-dinitrophonylbydrazone (i 31) was prepared in the standard mazwier, 

but although this gay, an initially crystalline procipitate attempts 

to recrystallice it from hot ethanol gay, a tar. The solid was there-

fore dissolved in ethanol and solvent was allowed to evaporate off 

.lowlys filtration gave 4..3 on of crystalline solid; however t.l.ce 

revealed that the compound was contaminated with the olefin D.N.P. 

(133 ) • The material was therefore subjected to preparative t. 1 .c. on 

silica gel and the resultant 2 ng was recrystallized to give bright 
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yellow crystal.. The amount of Uiss. crystals (0.8 mg, corresponding 

to a 2.8% yield from the crude bicyclononan.) was insufficient for 

further recrystallisation; however the ..lting range (70) was 

sufficiently narrow to Indicate that the purified material consisted 

of a single isomer. The cespomod proved homogeneous to t.l.ce using 

two different solvent syst.ms and the mass spectrum and exact mesa 

measurement of the molecular ion were satisfactory. 

The 1..s polar mteri&l was the olefin 

17 A a.acetoxy-2 o< 
-( 2-carbo.sthoxyprop..2-.nyl ) -5 o , 	-.atr.n- 3-on. 

( 13 2  ) as a yellow oil in 10 yield. The n.c.ro spectrum revealed 

olefinic resonances in addition to a carbomethoxy peak and a double 

bond absorption was discernable in the mire- red. The 

394-dinitropheny1hydraz.n. ( 133 ) was prepared and five r.crystallisa. 

tions gave 498 ng of D.N.P., melting over a 	rang.. It was home- 

genomas to t.l.ce using twa different solvent systems and the mass 

spectrum and exact ws measurement of the molecular ion proved 

sati.fact.ry. 

ire. S o -androstanolons acatate 

ination of the n.c.r. spectrum of the chloroform-soluble 

fraction from 5fl -androstanolome actata suggested that it was a mixture 
of bicyclononans (1 3 1,  )  and triethylanins hydrobronid.. An attempt was 

made to remove the latter by washing a cblorofera solution with sodium 

bicarbocat.; however the n.c.r. spectrum showed that as well as 

removing the tri.thyl.cime hydrabremide the washing had largely 

hydrolysed the bicyclonc..ii. ( 134 ) to the .l.fia ( 153 ) (Fig. 3.12). 

The mixture was therefore combined with the similar .th.r-soliabls 

fraction and the shale was carefully chromatographed on alumina, then 

furthsr separated by preparative t.l.ce on silica gel. 



The more polar material was the bicyclenonan. 

17 .acetoxY_2 94,P .-(afl -carbo.sthoz3rtri..thY1on.)5/ -androstan--on. 

(134) in Oe5W yield, notable asng the oils produced in this 

reaction is being a .rystalline solid. Rscrystalliaati.n gave 292 ng 

of sharp-.Sitiag viUte plates. The n.n.r. •pectri, run an the crude 

material from the colui, was very noisy owing to the tiny quantity 

but it revealed the carb..ethoxy peak and no ale finic resonances were 

visible. Similarly the infra-red spectrum disclosed no double bend. 

Analysis proved consistent with the assigned molecular forila and the 

ness ap.ctrne and exact mesa asasureasnt of the molecular ion were 

satisfactory. 

The less polar material was the olefin 

lip ..acetoxyad.fl - ( 2-carbomsthoxyprop--onyl )-5,p -andrea tan- 3-one (135) 

as as oil in 111A yield. This was recrystallized five times to give 

sharp-melting white asadles. The n.m.r. spectrum revealed the 

characteristic alefinic (and caz-bnesthozy) resonances and the double 

bond absorption was discernable in the i.r. spectra. Analysis and 

exact nose measurement of the molecular ion proved satisfactory. 

Ol.fis (groups I and III) 

from 5 ,  -androstaaol ins acetate 

The crude ether-soluble material from 5( -endrostanolon. acetate 

was twice chronatograph.d on altii.a to give the elef in 

17 fl -acetlly-a (2carbs.eths7prsp-2-enyl)-5o -androstan-3one (137a) 

as an oil in 1.4 yield. This was recrystallized toni- times to give a 

white solid of sharp melting point and satisfactory analysis and n.m.r. 

and i.r. spectra. A tiny ele of the olefin (137a.) was also 

prepared from the crude ether-soluble smterL&l by gas chrenetographyl 

the ness spectrum and .act mass massuressat of the molecular ion were 

satisfactory. The presonce of the double bend in the  Olefin (137a) 
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was confirmed chemically by the dacolouriastion of bromine water 

and of potassium permenganats solution. 

The crude sthsr-.aolublo olefin mixture was hydrolysed with 

Aqueous potasaium hydroxide and the resultant very small quantity of 

the acLd 	-(2-crbuxyprup..n...ny1)oc_aa4roat$n_17,g_ol_3..c . ( 138a) 

gays an n.a.re spectrum vbich, though noisy due to the small quantity, 

was consistent with the assigned structure. The material was 

recrystallized to give an off-white solid of narrow melting range. 

Mass spectrum and exact masis .aaurensat of the molecular ion were 

satisfactory. 

from 17 -aethylandrostanolons 

Careful alumina chromatography of the crude ether-soluble material 

from 17,(  amethylandrostanolone gave the olefin 

2 ( — ( 2-carbonsthoxyprop-2-enyl )- 17 -mathyl-5 -androstan- 17-01-  i-one 

(137b) still contaminated with sons starting material, as an oil. The 

quantity (12.9 mg) was insufficient to proceed with further purification. 

Spectroscopic properties showed that the mixture was largely the olefin 

(1 37b )I the n.a.r* spectrum showed substantial ol.fiuic and 

carboonthoxy reeenanosa, the double bond absorption could be seen in 

the infra-rod and in the mass spectrum the molecular ion (102) was the 

largest peak above a/s  3041 exact mass easurent proved satisfactory. 

ire. pregnaa-320-dian. 

Although the quantity of ether-soluble material available was 

insufficient to proceed with purification the crude substance revealsd 

tiny define and carboenthoxy peaks in the n.m.r. spectrum, as 

expected of the olaf in 2 e'- (2-carbons thozyprop--.ny1 ) -, - pregnsn-

3,20.-dion. (137c  ) • Furthermore, the moss sp.ctrns showed the e14 peak 

corresponding to the molecular ion (with satisfactory exact mass) to be 

the largest above f. 330. 
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3p cstoxy i6' - ( 3-carboust &yprop-2.anyl ) -aaadrost.5( 6) -on- 17-osi. 

(140) as an oil In 1. yield. The n...r. and i.r. spectra were 

consistent with this *ui,*t. 

The 2 9  initrophenylbydrapen. (141) was prepared and 

r.czystalliaed to give an extremely poor yield (2.3%) of orange solid. 

This melted over a 200  range and t.l.ce shoved that the compound was 

still input.. Further r.cxystallisation could not, however, be done 

bscause of the ..all quantity (o. 	) of D.LP. However, the so.o 

spectrua showed the 608 peak corr.apsodthg to the molecular ion (with 

satisfactory exact so..) to be the largest above We 562. 

Hydrolysis of the once-chronetsgraphd crude olefin was performed 

with aqueous Potassium hydroxide to pLye less than 1 ng of the acid 

16o4--(2- - - 	2-anyl)-aubvet-5(6)-on-3 /8 -01-17-one ( 1 112 ) as a 

aid-brows solid. The mass spectre shoved the 372 peak corresponding 

to the molecular ion (with satisfactory exact ....) to be the largest 

above We  18. 

from tsstosteron. acetate 

The total crude material from testoat.rone acetate was carefully 

chrcsatoijraph.d on alsoinn. Two fractions were obtained, each of which 

was subjected to preparative t.l.c. an silica psi. As a result three 

(about long) fractions of oil were obtained, lio.ogsoeoua to t.lc. 

However, u.s. r. showed that each was a mixture of several olefins* 

these proved intractable to further purification. 

Preparative gas chresotography of the original crude material 

gave a traction with mass spectre Consistent with testost.rone acetate 

plus a single side-chain. The molecular ion 428 was the largest peak 

Above,  We 149 and the exact mesa suur=.it was satisfactoryt this 

material my be 17/3 -ac.toxy-4-(2-carbom.thoxyprop-2-.nyl ) -testosterone 

(143 ) by analogy to the known mejer prodect of the reaction of the 

15 960-63  p3p.-.-olid,nas4 n of testosterone with methyl iodide . 



Modifications and Additional Reactions 

When the reaction of methyl f3 '-dibroaoi.obutyrate with the 

pyrrolidenaiiine of androstanoluiie acetate was carried out with no 

triethylaatne present, only the olefin (137a)  was produced. Similarly 

when the reaction time was cut to 10 minutes only olefin could be 

isolated. 

An attempt to prepare the olefin 

2 - ( 2-carbomethoxyprop-2-enyl )-.5 o< -androatan- 17fl -01-3-one acetate 

(137a) by the alternative base-cataly..d reaction led to a mixture of 

alkylated product.. The n.m.ro spectrum of this mixture contained 

resonances corresponding to those of the olefin produced via the 

enamine and it was concluded that one of the components was the desired 

olefin. 

Discussion of Steroid Reactions 

Purification procedures 

The salts (136a,b1c)  were readily isolated from the chloroform-. 

soluble fractions. Isolation of the other compounds, however, proved 

difficult. Repeated chromatography was generally needed to separate 

products from each other and starting material. The polarity differ-

ences were often so small that t.l.c. failed to resolve the compounds. 

Generally t.l.c. with two different solvent systems was required to 

monitor chromatographic fractions and even then it sometimes proved 

necessary to use n.m.r. spectroscopy in addition. This was useful in 

assaying the olefins; however the bicyclononanes have no characteristic 

resonances: the carbo.ethoxy peaks are coincident with those of the 

olefins formed in the same reactions; thus bicyclononanes could be 

monitored only by the discrepancy between olefinic and carbomethoxy 

integrals. Nonetheless the technical problems were in one way less 

serious with the bicyclononane-producing reaction. (group II) since 

these produced at least one compound in more than 10% yield: the other 



T?--' 2.1 Yields of Now Reactions of isthyl -(br.i.. ,..thyl)_acrylat. with Pyo1iq, 

Yield from 	Purification 	 Overall Yield 
Starting Metom 	Product 	aiirsih- 	Yield (%) 	 (%,(vt in ag)) 

cycLeb.zanons 

decal- 2-012e 

19-asran1r0.twm10ne 
acetate 

5 j3 -wdromtolone 
acetate 

3 .< -.ndrnst1 
acetate  

17& ..tylondrostan.lcwss 

pr.an-3, O-4i one 

cd'- cbotsatau..3-sno 

amdromtauo lone 
4-.sthylpsmtansate 

D.H.A. acetate 

toetoatsroiie acetate 

olefin 33 24 7.9 (46) 

bicyclo 7.3 r.cryst.to  0.3" DNP - 

olefin 4.9 2.6 of hiP 0.13 (o.,) 
bicyclo 2.1 2.8 of MP 0.0 (0.8) 
•lsfin is 3.0 of liP 0.54 (4.8) 

bicycle 0.54 crystal. 34 0.18 (2.2) 
olefin 11 13 1.4 (17.4) 

olefin 1.4 10 0.14 (7.5) 

clef in 0.95 Impure - - - 

clef In insufficient crude starting material - - 

di-olefin 1.2 probable 5.0 0.06 (t.i) 
mixture 

elfin characterised via the acid - - 

olefin 1.2 2.3 of hulP 	slightly 0.0 (o.) 
Impure 

•l.fin none isolated - - - 
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olefins (from group. I and III), however, were Isolated in yi.lds 

always lea. than 1.5%. $vsn on producing the compounds chromatographi-

cally in a substantially pure state the difficulties were not over 

since the crude substances were oils (reminiscent of the allylation 

reaction of section 2.3) which could be induced to crystallize from 

hexane only by dint of considerable effort and multiple recrystalliza-

tion was necessary to give sharp-melting material. This purification 

procedure reduced the already small yields by a further factor of about 

10%. Another way adopted to characterize the compounds was by 

preparation and r.crystal 1 ieatian. of the 2 9  4-dini troph.nylhydrazon. 

derivative; however with steroids this method was even poorer, giving 

perhaps 3% yield of the pure D.N.P. from the oily ketone. moth methods 

gave rise to the manipulative problems involved in the recrystallization 

of ailligran quantities. In the event, the olefins could be f1l7 

characterized only when an appreciable quivitity (more than 700 mg) of 

crude starting material was available. The yields obtained, both with 

steroids and the simpler compounds, are summarized as Table 2.1. The 

steroid reaction, will now be examined piece-meal and a unified 

discussion will be deferred till later. 

Salts 

A scheme consistent with the reaction of methyl o(-(broLithyl)-

acrylate with the pyrrol ideninos of 5 cL-androstanol one acetate, 

17 o(..methylandrOstanololie and pregrian-3 , -dione is presented as 

Pig. 2.13.  On losing a proton the iminium bromide ( 158 ) produced by 

the primary alkylation, gives rise to the new enine (159). Evidence 

ham been presented in section 1.6(b)(i) that a trisubetituted enamins 

(here the L) is preferred to the tetrasubetituted (2) 	it has 

been noted that this is because in the trisub.titut.d isomer the 

substituent can assume the quasi-axial position, away from interaction 
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with the pyrrolidine ring. In this case, however, as has been argued 

for uethylation (section 2.2) the iminiu salt (138a) is the product 

of bottom-face attack because of the influence of the angular C-19 

methyl. Thus, the substituent in the 6
3_enamine cannot assume a 

quasi-axial position but is quasi-equatorial and of correspondingly 

higher energy. kith the L 3-isomer destabilized in this way an 

appreciable equilibrium population of the A , -enamine suet occur. In 

such a strained environment the pyrrolidit*e ring sight be expected to 

turn out of conjugation to relieve the interaction, in which position 

N-alkylation by the activated olefin side chain is facilitated. 

However this should be a difficult step and consequently a slow one. 

In the short-term, hydrolysis of the rapidly produced iminium salt 

(158) and the enamine (159)  give rise to the olefin (161). Protons-

tion of the zwitterion (160) would by analogy to previously discussed 

reactions be considered a kinetically controlled process. In the 

present case, however, the 5'-hydrogen will be much more acidic due to 

the electron withdrawing affect of the quaternary nitrogen. This is 

iurported by the low field resonance of this proton (3.116 ) in the 

n.m.r. spectrum. Thus it seems likely that protonation mignt here be 

under thermodynamic control. Inspection of models of the salt (162) 

reveals that the more stable conformation of the new ring is that half 

chair represented by (162a) rather than the alternate half chair in 

which there is considerable steric interaction between the pyrrolidirzyl 

hydrogen starred and the steroid C-4 o< -hydrogen. The carbomethoxy 

group is assigned the more stable quasi-equatorial (fi) position (162a). 

The failure of the reaction to produce a salt in a more acidic 

environment (no trietbylamine) is consistent with the reaction proceed-

ing as shown by proton abstraction from the initial iminium bromide 

(158) to yield the new enamine (159). Support for the postulated 
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formation of the salt from the enamine (159) is provided by the 

production of the olefin (151) on gentle alkaline hydrolysis of the 

salt (136a).  A possible mechanism for the reaction is presented in 

Fig. 2.12. The initial loss of the acidic 5'-proton to yield (169) 

initiates the decomposition of the new ring to give the enasine (150), 

which subsequently hydrolyses to the olefin (isi). Not only is this 

a plausible mechanism but it will be noted that the sequence 

(sa 1 t —. (1 1*9) ----. (150)) is just the reverse of that posited for the 

fornatiou of the salt ((159) — (160) -- '(i62)). Of course the inter-

mediate (149) may not exists the reaction may be concerted, but this 

is equally true of the forward reaction. 

Bicyclononanes 

The reaction of the pyrrolidenaain. from 19.-norarsdroatanolone 

acetate with methyl c>-(bromomethyl)-acrylate is analogous to the 

similar reaction of the pyrrolidenamine from trans-decal-2-one. In 

contrast to the latter, however, the purified 2 9 4-dinitrophenyihydrazone 

(131) of the bicyclononane was a single compound. While it melted 

over 
70 
 this was the result of the only recry stall ization possible of 

the chromatographically pure D.N.P.z this can be compared with the 50 

melting range of the D.N.P. (133) from the olefin. It is not possible 

to argue directly that because the D.N.P. derivative is a single isomer 

then this must also be true of the parent bicyclononane, since 

considerable material (97%) was lost in the preparation. However the 

contrary argument that losses were high because two isomers were 

present is not supported by the size of the yield (2.8%) which is 

quite typical of these D.N.P. preparations (Table a.i). It should be 

noted too that repeated recrystallization did not succeed in isolating 

a single isomer from the equal mixture of D.N.P.s (127) of the 

bicyclononane from decal-2-one and it might be asked why this procedure 
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succeeded here if the steroid produced a similar mixture. The only 

answer could be that the properties of the two steroids must be more 

different than the simpler compounds. If this were so it is probable, 

though not certain, that the compounds would also behave differently 

to t.l.c., but empirically the steroid bicyclononane and D.N.P. were 

homogeneous to t.l.c. with two different solvent systems. This pro-

cedure is certainly capable of distinguishing ring junction isomers 

of an apparently similar degree of structural disparity, for example 

5o(-audrostanolone acetate can be resolved from the  56-.isomer using 

similar solvents. Examination of the two reaction pat 	(Fig. 2.11) 

reveals that the "bridge-down" isomer (148a) is the product of top- 

face attack, while the other (148b) results from bottom-face reaction. 

The steroid is asymmetric and in particular both the angular c-18 

methyl and C-17 acetate reside on the top face. This, together with 

associated solvation is likely to shield, to some degree, the approach 

of reagents from the top and therefore steer the reaction, which was 

fairly evenly balanced for the decalone, towards bottom-face attack. 

The combined weight of these arguments leads to the previsional assign-

czit of the bicyclononane as (predominantly) the "bridge-up" 

2 o,4o(-isomer (148b). 

Possible reactions of methyl o-(br.momethyl)-acrylate with the 

pyrrolidenaaine of 5/9_androstanolone acetate are illustrated as 

Fig. 2.14. If it is assumed that the initial attack comes from the 

least hindered side then the two possible axial iminium salts are 

(163a) with the A-ring chair-like and (163b)  with a boat-like A-ring. 

The former (163a) will probably be the less stable since the new side- 

chain suffers considerable 193-diaxial  interaction with the C-9 methylene 

group. Cyclization would, in any case, be severely disfavoured by the 

introduction of yet another 1,3-diaxial interaction in the transition 

state. On the other hand no such difficulty is experienced by (163b) 



49 

in cyclizing to ( 164b). Protonation of this zwitterion, again from 

the least hindered side, gives rise to the A-ring-boat/new-ring-chair 

structure (.165b )  which is analogous to the bicyclononane ( 148b) from 

19-norandroetanolone acetate. In the current case the bicyclononane 

was clearly a single isomer since chromatography gave it as a white 

crystalline solid and a single recrystallization sufficed to produce a 

sharp melting point. The n.a.r o  spectrum shows that the angular C-19 

methyl has a considerably changed electronic environment in the 

bicyclononane (0.72 ) as compared to the starting ketone (1.03 ). 

This cannot be attributed to a general inductive effect due to electron 

release since not only would the added bridge actually tend to withdraw 

electrons but the C.-18 methyl resonance moves marginally downfield. 

Nor does it seem likely that the change is due to a through-space 

effect from the carboasthoxy group for it is free to rotate, thus 

partially cancelling any such result and the C-19 methyl resonance in 

the olefin (135 ) from 5p-androatanolone acetate is not shifted by 

more than 0.021.  The most plausible possibility is that the large 

change is due to the through-space effect of the C-3 carbonyl, the 

orientation of which is altered relative to the C-19 methyl as the 

A-ring changes from a chair in the starting ketone to a boat in the 

bicyclononane (165b ). Examination of models in light of the known 

magnetic anisotropies of the carbonyl group 
198 

 inconsistent with this 

possibility: in the chair A-ring of 5fl -androstanolone acetate the C-19 
methyl lies within the die-shielding cone coaxial with the carbonyl bond, 

while in the boat bicyclononana it lies nearer to the perpendicular 

shielding cone. The net effect expected is therefore an upheld shift 

of the C-19 methyl resonance, as is observed in practice. 

Olefins 

In general the olefins which were isolated were the 

(2-carbomethoxyprop-2-enyl)-monosubstitUted derivatives of the starting 
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ketones, produced by hydrolysis of the initially produced iminiw. 

salt (e.g. 158 
). With cholestan-3-.ono, however, the di-olefin ( 139 ) 

was isolated. In the course of purification two olefins were detected 

while only the one was prepared pure. By analogy it seems likely that 

the other was the mono-olefin ( 137d). This probability I. strengthened 

by the isolation of the acid ( 138e  ) corresponding to the mono-olefin 

from the reaction with the analogous androstanolon. 4-methypentanoate. 

With testosterone acetate a mixture of olefins was obtained. The 

dienamine system is capable of reaction at C-6 as well as 

furthermore in the latter instance the residual 5(6)-double bond may 

or may not move back into conjugation () on mild hydrolysis. The 

main product, however, is likely to be the 4-substituted testosterone 

(143) by analogy to the nsethylation156063. 

General Discussion 

Unified reaction scheme 

The reactions of methyl o( -(bromomethyl)-acrylate with the 

pyrrolidenamines of the following 11 ketones have been examined piece-

meal and mechanisms have been proposed to account for the empirical 

findings cyclohexanone; decal-2-one; 19-norandrostanolone acetate; 

5p -androstanolone acetate; 5e&-androstanolona acetate; 

17 c'& -me thylandrostanolone; pregnan-) ,)-dione; cholestan- 3-one; 

androstanolone 4methylpsntanoate; D.H.A. acetate and testosterone 

acetate. Three of these are at.reochemically distinct from the others 

and 5-androstanolona acetate, D.H.A. acetate and testosterone acetate 

will therefore be discussed separately. For the remaining compounds 

what remains to be explored is why one gives a bicyclononane in addition 

to the olefin and three yield salts as well as olefins. A combined 

reaction scheme appears as Fig. 2.15.  The path leading to the 

bicyclononane is written almost as before: the first step gives the 
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monosubstituted i.inium bromide (166). In compounds with an angular 

methyl the substituent, as previously argued, has theo<-orientation. 

Me iminium salt gives rise to a mixture of 6 2 
(167) and Z\ 3-enamines 

(168) • It has been noted previously that one effect of the angular 

methyl is to shift this equilibrium somewhat in the direction of the 

,A2_ 
isomer from which the zwitterion (172) and salt (173) are formed. 

T 	'..rn.amine, on the other hand, cyclizes to the bicyclononane 

zwitterion (1e9) and protonatea to give an iminium salt which is 

hydrolysed to the bicyclononane (171). For compounds with an angular 

methyl group this cyclization would cause severe steric compression 

between it and the pyrro]idine as the A-ring is pushed up into a boat. 

In practice no discernable amount of bicyclononane is formed from 

starting materials with an angular methyl group. 

In summary the picture that emerges is a simple one. The basic 

reaction is the production of bicyclononane but where this path is 

b13: 	ir :4teric reasons by an angular methyl group the equilibrium 

bt);':1 t- 	and L 3-enaainee assumes importance. If the L 2-isomer 

with the pyrrolidine ring turned out of conjugation is present to an 

appreciable degree the salts will be formed. This equilibrium may, 

however, be delicately balanced. In practice no salt was formed from 

0cholastan-3-one: instead the di-olefin (139)  was obtained in 1.2% 

yield, though this was almost certainly (as argued above) accompanied 

by the mono-olefin (137d).  The di-alkylation here strongiy z.riues 

that in the cholestanone case the equilibrium favoured the L 3-enamine 

(i68). Differences between androstanes and cholestanes are well known 

and have been attributed to transmitted conformational distortion 157-160  

from the bulky C-Il chain. The picture has been further refined by 

molecular orbital calculations into two component parts, "conformational 

steric transmission" (C.S.T.) which corresponds to the clas*Ic.al idea 
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and variations in electron distribution due to the conformational 

change., "conformational electronic transmission" (C.E.T.), which may 

generally be more important. It was noted that the proportion of 

the unsubstituted Z 3_ isomeris marginally greater for the 

pyrrolidenaaine of cholestan-3-one (ii%) than 5o 4 -androstanolon. acetate 

(12%), as determined by n.m.r. integrals (section 2.1(a)). while the 

difference is small, if it is real the corresponding free energy 

difference might have a decisive effect in favouring the 6 3-isoaer in 

the more equally balanced situation with the substituted enamines: 

nonetheless little weight can be placed on this observation because of 

the considerable errors associated with the n.m.r. measurements. With 

the similarly bulky C-17 chain of androstanolone 4-methylpentanoate 

again no salt was formed, although only the mono- and not the di-olefin 

was detected (via the acid (138e )). The general principles outlined 

above are also applicable to the other compounds. Where, because of 

the orientation of the A-ring there is no interference from the angular 

methyl the bicyclononane is formed in addition to the olefin, as for 

example with 5,B-androstanolone acetate. With D.H.A. acetate, on the 

other hand, the C-18 angular methyl inhibits cyclization to the 

bicyclononane and since the D-ring conformation is quite different to 

the A-ring no salt is formed; thus only the olefin (140 ) was isolated. 

In the case of testosterone acetate with quite different stereochemistry 

a mixture of mono-olefins was obtained. 

Further comments,  

Probably the most important compounds mentioned in this chapter 

are the salt. (136 ). They have already been discussed extensively 

from a chemical viewpoint: biologically too they are of interest. 

Quaternary ammonium salts play important roles in naturally occurring 

compounds such as acetylcholine (156 ), a "transmitter substance" in 
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the nervous system. Steroidal quaternary ammonium salts have found 

pharmacological application as neuromuscular-blocking agent., for 

example the bisquaternary chandonium iodide (157) 'appears to be the 

most potent short-acting non-depolarising drug so far reported 
I, 

The salts described here are currently undergoing biological testing. 

Another interesting class of compounds is that containing the 

bicyclo L5,3,..17 nonane bridged-ring system. A single example of a 
bicyclo L'3'i/ nonane built on a steroid A-ring has been reported in 

the literature 197 : in this case the new ring bridged C-3 and C-5. 

This compound 3c'( ,5a< -(2-oxotrimethy lone) -androstan-1,17_dione (155) 

was prepared by the facile reaction of the 2,4-disne-1-one system 

(154) with acetone in the presence of acid. Of the bicyclononane-

producing reactions reported in this chapter the yields of crude 

material decrease markedly from the cyclohexanone (121) (24%) to the 

decalone (126) (7.3%) to the 19-norandrostanolone (130) (2.1%). 

However, no attempt was made to optimize reaction conditions and it 

may be that a considerably higher yield of 

17 fl -acetoxy- 2o , 4 o(.( 2 o(-carbomethoxytrimethylane)-5 c'< , 10,9 -estran-

;-ouc (130) could be achieved. This prospect is even brightr for 

17fl-ccto.y-- 18 'e -(2fl-carbomethoxytrimethylene)_5fi -androstan-3-

oro (134) from the 56-steroid, since although it was finally 

isolated in only 0.54% yield, a very much larger quantity was earlier 

detected in the chloroform-soluble fraction. 

Addendum 

The 5fl_androstanolone acetate used in the reaction with methyl 

o(-(bromoaethyl)-acrylate was prepared by the method of Pandit et al? 1 . 

These workers reported that the reaction of the iminium perchlorate of 

the pyrrolidenaaine from testosterone acetate with Hantzsch ester gave 

completely stereospecific reduction to 59-androstanolone acetate. 
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This conclusion was based upon n.m.re spectra of the crude reaction 

product. In the prent instance, however, although recrystallization 

We the pure 5fcompowi. t.l.c. of the crude mixture, using 15% 

ethyl acetate in hexane, revealed a small amount of the 5-isomer 

(Rf  = 0.21 chars brown) in addition to the major 5 ,fl-ketone 

(R1  = 0.17 chars yellow). This result is not inconsistent with the 

experimental results of Pandit at al. but may indicate only the 

greater sensitivity of the assay technique used here. 
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2.6 REACTION WITH G) -NI TROST RENE 

Previously Reported Experiments 

The reaction of (L-nitrostyrene (17I)  with the pyrrolidenamine 

of cyclohexanone has been reported to give largely the monosubstituted 

ketone (17,)161162, which in turn yields the indole derivative (176) 

162 on reductive cyclizat ion with aluminium amalgam . The stereo- 

chemistry of the analogous reaction with the morpholine enaminel63 

164 
has been explained as follows • Intermediate zwitterion (177) 

exists with the substitu.nt axial and furthermore the phenyl group 

lies anti to the ring. In this conformation the negative carbon 

atom is near enough to the hydrogen depicted for intramolecular 

hydrogen transfer to occur, producing the new enamine (178)  with the 

substituent quasi-axial. It is only after hydrolysis that this can 

attain the more stable equatorial position in ketone (179), with the 

ezythro configuration. 

Results 

An attempt was made to react the pyrrolidenamine of androstanolone 

acetate with an equimolar quantity of G-uitrostyrene in dioxan at 

room temperature for two days. The product, however, did not contain 

any appreciable amount of the expected moriosubstituted compound but 

did comprise considerable high molecular weight material (mass 

spectrum). Since thin layer chromatography showed the product to 

consist of starting material and a probable mixture of compounds 

(diffuse streak) of higher polarity than androstmnolone acetate, the 

reaction product was not further investigated. 
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Another attempt was made in which a solution of & -nitrostyrene in 

dioxan was added to a solution of androstanolone pyrrolidenamine at 00. 

The mixture was allowed to warm to room temperature for three hours and 

was then refluxed under nitrogen for one hour. The product of ether 

work-up was chromatographed on alumina and the bulk of this proved to 

be a brown tar which eluted only with a chloroform mixture. A yellow 

glass which came through with ethyl acetate was further chromatographed 

on florisil but the only material which could be isolated was unchanged 

androstanolone, identified by t.l.co and n.m.r. 

Similar results were obtained when the reaction was carried out 

in anhydrous ethanol. 

Discussion 

£-nitrostyrene reacts vigorously with enamines. For example, 

CZi-itrostyrena gave better than 80% yield of the cyclohexanone 

derivative (175) after being allowed to react in dioxan at room tempera-

ture for one d5y162. In comparison allyl bromide 1  gave only 67% of 

2-allylcyclohexanone after reaction in refluxing acetonitrile for 

13 hours. It therefore seems likely that the primary alkylation step 

to yield the zwitterion (180) proceeds readily enough. However, in the 

skew-boat form (180) previously ascribed to 2-substituted 3-iminiva 

steroids (section 2.2) the aubstituent is no longer in so favourable a 

position for intramolecular hydrogen transfer. In lieu of this a 

variety of reactions may be expected of the zwitterion. For example, 

it may react with more Gi -iii trostyrene • This behaviour is not unknown 

even in the case of the pyrrolidenamine of cyclohexanone, with which 

excess of 6j-nitrostyrene is reported 
165 

 tohave given the bin-adduct 

(181) formed from the zwitterion as illustrated. Other products too 

have been obtained in similar reactions of nitro-olefins with enaminea 

e.g. the cyclobutane compound (1B2)161  and the interesting stable 
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(below 0°) oxazine derivative (1 83)
166  

In summary, it seems likely that in the steroid case a number of 

compounds are formed from the intermediate (iso) owing to the diffi-

culty here, for ateric reasons, of transannular hydrogen transfer, 

which with the cyclohexanone leads to the nonosubetituted compound. 
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2.7 REACTION WITH ACWYL. CHLORIDE 

Previously Reported Experiments 

Reaction of acxyloyl chloride (184) with the morpholine ensaine 

Of cyclonexanone has been reported167 'l6R  to give the bridged iminium 

salt (188), which is converted on gentle hydrolysis with warm water 

to bicyclo L33j/ 2,9-dione (189). The pyrrolidenamine has also 

been used but under similar conditions this gave 17% yield as compared 

to 67% for aorpholine 170. Further studies to elucidate mechanistic 

details have also bean performed 169 h 17O 171 In brief the mechanism 

proposed is a kinetic N-acylation to give (185), which undergoes [J,3/ 

sigmatropic rearrangement to give the C-substituted kotene (186). 

Hydrogen migratinn then gives the acylium ion (187) which cyclizes to 

the 9-iminium chloride (188) of bicyclo 50,j/ 299-dione (189). An 

unfamiliar feature of this scheme is the initial N-acylation and this 

is well-established, since not only have such compounds as (185) 

actually been isolated l69, 
but the reaction yield has been shown to 

depend on steric conditions at the nitrogen rather than electron 

density changes with different ai,inea t70. 

Results 

Acryloyl chloride was added to a boiling benzene solution of the 

pyz-rolidenamine from androstanolone acetate and reflux was maintained 

for 21 hours. The white precipitate was gently hydrolysed with water 

to yield 3-( l7fl -acetoxy-5 o(-androstan_3_one_2 o(_yl) propanoic acid 

(191). This compound dissolved in hot sodium hydroxide solution and 

the acid proton could be discerned in the n.m.re spectrum *  Exact mass 

measurement of the molecular ion confirmed the identification. Despite 

homogeneity to thin layer chromatography it remained possible that some 

bicy-clo 	nonan-dione steroid was present. Since the acid proton 
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could not readily be accurately integrated against another resonance 

the methyl ester (193) was prepared with diazomethane. Integration 

of carbomethoxy versus the C-17 proton showed that the ester and hence 

the acid comprised the whole (more than 95%) of the product. It may 

therefore be concluded that no detectable amount of bicyclo z5047 
nonandione steroid was formed in the reaction of acryloyl chloride 

with the pyrrolidenainine of androstanolone acetate. 

A trial was made to prepare the steroidal bicycle 53j7 nonan-

dione. The acid chloride (192) was produced by reaction of the acid 

(191) with oxalyl chloride in the presence of pyridine. Attempted 

cyclization of the acid chloride with stannic chloride was unsucccssfult 

the only effect was to remove the side-chain, returning androstanolone 

acetate, identified by thin layer chromatography. 

Discussion 

It seems likely that in the steroid case reaction proceeds smoothly 

as far as the ketone (190). However it has already been argued (section 

2.6) that the skew-boat conformation in the steroid renders difficult 

any transannula.r hydrogen transfer to give a new enasine of type (187), 

thus any intramolecular transfer of this type is unlikely in the 

steroid. Furthermore it has been shown (section 2.5(c))  that the 

L 3-enamine is much more strained and is therefore present to a lesser 

extent than in the corresponding cyclohexanon. case. In addition, 

perhaps most important, cyclization of (190)  to give a bridged com-

pound of type (188) would involve severe steric compression between 

the pyrrolidine ring and the angular C-19 methyl as the A-ring is 

forced into a boat by the o(-substituent. It seems probable that the 

precipitate of steroid is the ketene iminium chloride (190)  which 

hydrolyses readily to the acid (191). 
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2.8 REACTION WITH ACROLEIN 

Previously Reported Experiments 

Acrolein (194) is reported to react with one equivalent of the 

rro1idenaane of cyclohexanone In dioxan, initially at 0 
0

to give 

on distillation a 75% yield of 2-pyrrolidinyl-bicyclo 53i7 nonen-
9-one (198) 136 	corresponding morpholine enamine gives similar 

results 172
0 
 The stereochemistry of the products (199a,b,c,d)  has 

been investigated. When the amine eubstituent is large (199c,d)174t200 

or the original ring has little conformational freedom (199b) 175 , the 

endo configuration in which the amine lies in the more stable 

equatorial position is considerably favoured; however when neither 

of these conditions obtains (199a)175 a more equal distribution of 

the isomers is obtained. 

Although the reaction mechanism had earlier been partially 

described, the intermediacy of the hexahydrobenzopyran (type 195)  was 

discovered only somewhat later. The reaction between the morpholine 

enamine of cyclohexanone and acrolein in benzene at 00  gave the wren, 

which was isolated: this was converted to the bicy'clononane by vacuum 

distillation or treatment with triethylamine in D.M.F. at 
750 174 

The intermolecular water-catalyzed pyrrol I dine transfer mechanism 

illustrated has been proposed to account for the product176175. A 

number of py-rans were isolated from the acrolein reaction under the 

conditions above, for example with the 4-phenylpiperazine enamine of 

cyclohexanone; but the bicyclononanes were obtained directly with the 

corresponding enaninas of cyclopentanone and cycloheptanonel74. 

One modification of the reaction employs freshly distilled enamine 

and acrolein in ether solution at low temperature (-12 °) for one hour 173. 

Immediate hydrolysis of the mixture produced in 28 to 35% yield the 
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aldehyde (196) which could in turn be cyclized with acid to the 

bicyclic alcohol ( 200) of which 60% was the endo-isomer shown. 

Results and Discussion 

The reaction of acrolein and the pyrrolidenamine of cyclohexanone 

in anhydrous dioxan was studied using three different reaction condi-

tions/work-up procedures. In each case the solution of enamine was 

initially chilled to 00  before the addition of acrolein and was then 

allowed to warm to room temperature for one hour. 

Ether/aqueous work-up gave an oil which was fractionally 

distilled at reduced pressure (0.3 mm). 

Reflux for 30 minutes under an atmosphere of dry nitrogen was 

followed by removal of the solvent on a rotary evaporator. 

After removal of ether-insoluble material the oil was 

chromatographed on alumina. 

A further 30 minutes at room temperature was followed by 

chloroform/aqueous work-up. The resultant tar was chromatographed 

on alumina. 

Each of these procedures gay, the expected 2-pyrrolidinyl-bicyclo 

5 3j7 nonan-9-one (198). The preferred chromatographic work-up (B) 

yielded the amine as a very pale-yellow viscous oil in 1*1% yield. The 

n.m.r. spectrum showed only a methylene hump and the i.r. a carbonyl 

absorption. The picrate, after recrystallization, had a melting point 

in agreement with the literature value. N...ro and i.r. spectra of the 

derivative were also consistent with the assigned structure. 

It is notable that even with the mild (room temperature) conditions 

employed in method (C) only the bicyclononane was isolated and no 

pyran was detected. 

A procedure similar to (B) was followed for the reaction between 

acrolein and the pyrrolidenamine of trans-decal-2-one. Preliminary, 
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purification on alumina gave an oil which t.l.c. revealed contained 

at least five compounds as well as decalone. Careful chromatography 

on floriail followed and the resultant 20 fractions were pooled to 

seven on the basis of t.l.c, Neither n.m,r, nor i,r, spectra were 

useful in determining the nature of the products since all fractions 

showed only methylene hump and carbonyl absorption. However, the 

fraction which was to prove to be the crude bicyclononane 

1, 3-(1-pyrrolidinyltrimethylene)..tr,na..decal_.one (201) was a viscous 

Palo-yellow oil in 9.8% yield. Since the spectra were of no use in 

identifying the amine, resort was had to chemical properties, 

Saturated ethanolic picric acid was added to all seven fractions. 

After standing for two days only the one gave a crystalline precipitate 

in poor yield (18%), After recrystallizatioris the picrate (by then 3 mg) 

melted over a 20  range. The infra-red spectrum of this picrate was 

quite similar to the picrate of (198) and to settle matters the abundant 

ion corresponding to the parent amine had an exact mass in agreement 

with the expected value. 

It is interesting that the melting point of the picrate (170-172 0 ) 

was so close to that for the simpler system (171.0-173.5 
0
). One 

example has already been given in this thesis of a similar m.p. for a 

trans-decal-2-one (129 ) and a cyclohexanone derivative ( 125), It is 

easy to see that the stacking of molecules in the crystal may be 

similar for cyclohexanones and trans-decal-2-ones; furthermore it is 

pvvbable that the intermolecular forces are determined principally by 

the polar substituents rather than by the hydrocarbon skeleton. 

Examination of models reveals severe steric interference between 

the pyrrolidinyl . -protonns and the methylene group starred (201) if 

the product is the endo-isomer of similar structure to the 
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conlormationally frozen t-butyl-compound (199b). In the alternate 

exo form the -11.1y appreciable new interaction is that between the 

pyrrolidinyl 0L  -protons and the axial C_li proton. It seems likely 

therefore tl.At the axo-compound will be the result of the thermo-

dynamically controlled pyrrolidine transfer, though the new ring may 

be somewhat flattened as illustrated (201a) to relieve both the 

o(- yrrolide/C- 1* axial proton and C-34-7  proton interactions. 

The reaction of acrolein with the pyrrolidensaines of the steroids 

cholestan-3-on (202a), androetanolone (202b) and androstanolone 

acetate(202c) was attempted in anhydrous dioxan at room temperature. 

Mass spectroscopy of the crude products failed to reveal a peak 

corresponding to the expected product and alumina chromatography gave 

only starting material as well as highly polar tar. Also using the 

two latter steroids, when the initial reaction period was followed by 

reflux similar results were obtained. Finally the reaction was 

carried out with reflux in anhydrous ethanol. Alumina chromatography 

gave roughly equal quantities of androstanolone and intractable 

material which eluted only with methanol. Picric acid was added to 

all 20 fractions but in no instance did a crystalline precipitate 

separate on standing. 

It is clear that in the steroid the in " ire of the angular C-19 

methyl will cause the new chain to assume L c'(-orientation 

characteristic of bottom-face attack, thus any bicyclononane formed 

would have a boat-like A-ring rather than the chair forms for the 

simpler compounds. It is probable that cyclization would be much more 

difficult in this case because of the increased strain in the transi-

tion state; thus the enolate anion is free to undergo alternate conden-

sation reactions to produce a mixture of products. If the strain in 

the bicyclononane is the critical factor, as postulated, then the 
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decalone should be intermediate between the cyclohexanone and the 

steroid since, as has been argued, the bicyclononane (201) is somewhat 

more strained than in the former but less than in the latter case. 

In practice the decalone provides a transitional case nicely in line 

with this reasoning, for not only was the yield of bicyclononane (201a) 

considerably less (9.8%) than the corresponding cyclohexanone derivative 

(198) (41%) but t.l.c. revealed the presence of small amounts of at 

least four other products. 
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2.9 REACTION WITH SALICYLALDEIrDE AND ANALOGUES 

Previously Reported Experiments 

Reaction of the isorpholine enamine of cyclohexanone and 

salicylaldehydo (203) is reported to give the benzopyran derivative 

(206) in quantitative yield177h178. This reaction was designed to 

exploit the known relative basicity of alkoxide and phenozide ions. 

The alkoxide ion (204), produced by reaction of the enamine with the 

aldehyde function is in equilibrium with the phenoxide ion (205). The 

latter may be presumed to be favoured. This reacts further to give 

the cyclized product (206). On Sarett oxidation (chromium trioxide/ 

pyridine) this in turn yielded the chromone (207). 

In the steroid field Manhas and McCoy 103  have reported the 

reaction of salicylaldehyde with the pyrrolidenamine of choleatan-3-

one. Roflux in benzene for three days produced an excellent yield of 

the amine (209a) accompanied by about 25% of the pyrrolidine-eliminated 

alcohol (210). The latter proved resistant to oxidation to the 

chromone but readily decomposed on standing on alumina overnight, 

24 hours in deuterochloroform or treatment with manganese dioxide in 

chloroform, to give the diane (211). Under the same conditions the 

pyrrolidenamine of androstanolone did not react with salicylaldehyde. 

However on using 3 9 5-dibromosalicylaldehyde (208b,c) with which the 

electron withdrawing bromine atoms tend to stabilize the phenoxide ion, 

reaction proceeded smoothly with the pyrrolidenaaines of both 

cholestanone and androstanolone giving the analogous amines (209b,c). 

Results 

It was initially thought possible that the difference in the pro-

ducts of the cyclohexanone (206) and the steroid (209) was due to 

dehydration of the steroidal alcohol (type 206) at the reflux 
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temperature used by )ianhas and McCoy. Thus the pyrrolidenamine of 

androstanolono acetate and salicylaldehyde were allowed to react in 

benzene at room temperature for two days. After removal of solvent 

three successive recryatallizationa from ethanol yielded the amine 

17fl -acetoxy -3  o(-py rrol idiny 1-5 a? - aiidrostano 5, 2-1/2-1I.-benzopy ran 
(212) analogous to (209). Infra-red, ultra-violet and n.m.re spectra 

were consistent with this identification and the identity was con-

firmed by exact mass measurement. This compound was contaminated by 

about 22% of the diane 17 P -acetoxy-5oC-androst-3-eno 5,2-7 
2-H-benzoçyran (213) analogous to (211), as determined from integrals 

of the 
41 
 protons of the two compound.. No alcohol corresponding to 

(210) was detected, though this may be due to the method of isolation 

used here, crystallization versus chromatography for Manhas and McCoy. 

Attempted Sarett oxidation of the amine (212) gave not the 

expected chromone but the diene (213). The identity of the twice 

recrystallized compound was established by n.m.r., i.re and u.ve 

spectra together with exact mass measurement. An attempt was made to 

react 4acetoxy2hydroxybenzaldehyde (214) (itself surprisingly not 

previously described in the literature) with the pyrrolidenasine of 

androstanolone acetate. However, on work-up thin layer chromatography 

revealed a mixture of at least eight components, none except 

androstanolone acetate in any quantity. The mixture was therefore 

not further investigated. 

Discussion 

While, despite the temperature difference, the product types were 

the same as in the earlier steroid work one contrast is apparent. 

Manhas and McCoy reported the failure of the pyrrolidenamine of 

androstaziolone to react with salicylaldehyde and reaction occurred 

only with 3,5-dibro.osal icy laldehyde, In the present work, however, 
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the reaction with aalicylaldehyde went smoothly when the acetate of 

androstanolone was used, thus eliminating any possible involvement of 

the C-17 alcohol in the alkoxide/phenoxide equilibrium. 

In the transition state of the reaction between enamine and 

aldehyde the enamine double bond and the carbonyl function must lie 

approximately parallel to each other in order to allow overlap of 

the p-orbital.. From examination of models it becomes apparent that 

the transition state illustrated (216) suffers from much less steric 

interaction between the incipient subetituent and the pyrrolidinyl 

ring than does the antiparallel alternative (215). In the intermediate 

(217) the substituent lies axial, while the steroid A-ring is boat-like 

(section 2.2). If the cyclization step involves bottom-face attack on 

C-3 a severe steric interaction is to be expected between the 

pyrrolidinyl ring and the axial C-19 methyl. It is therefore proposed 

that the ring closure results in the thermodynamically stable isomer 

(218). In this alcohol (218) the hydroxyl and C-2 proton lie anti-

periplanar to each other. Elimination of water to give the amine (219) 

is therefore likely to be facile 179 , Similarly, the elimination of 

pyrrolidine to give the diane (220) is to be expected under mild 

conditions. 
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2.10 REACTION WITH CARBOETHOXYAZIRIDINE 

Previously Reported Experiments 

The reaction of carboethoxyaziridine (221) with the rrolid-

nine of cyclohaxwaone in reriuxing p-xylene overnight has been 

reported to give a 65% yield of the octahydroindole (222)180. On 

treatment with p-toluenesulphonic acid this, in turn, gave the amine-

eliminated compound (223) 180 

Results 

Reaction of carboethoxyai rid inc. ith th 	 of 

androstanolone acetate gave 17
1
16-acetoxy- I' -N-carboethocy-

pyrrolidinyl -5o -adrostano ,3, 2-/ tetrahydropyrrole (224) i the 

crude mixture, the presence of which was confirmed by exact mass 

measurement. Aqueous work-up, followed by alumina chromatography and 

crystallization gave the monosubstituted steroid 2-(:7 -.oetoxy-5c(-

androstan-3-one-o-yl)-N-carboethoxyethylamine (225). Both the amine 

proton and the adjacent methylene peaks were visible in the n.m.r. 

spectrum as well as ethyl resonances. Exact mass measurement confirmed 

the identification. 

An attempt to separate the tetrahydropyrrole (224) from the crude 

reaction mixture by preparative gas chromatography on an OV-1 column 

at 3000  gave instead the pyrrolidine-eliminated compound (226) which 

was identified by the close resemblance of the infra-red spectrum to 

that of a sample made as follows. 

7 17/9- acetoxy-  I 1 .-N-carboethoxy-50( -androst-2-eno Z3,2-_b 

dihydropyrrole (226) was prepared by the addition, after the mixture 

had been allowed to reflux overnight as before, of p-toluenesulphonic 

acid. The solution was refluxed for a further two hours. Ethyl 



resonances and that due to CH0N were discernable in the n.m.r, 

spectrum of the twice recrystallized compound and a double bond 

absorption was visible in the infra-red. The identification was 

confirmed by exact mass measuremc. 	.r attempt was made to rent 

(227) analogous 

layer chromato- 

graphy revealed only recemered starting material. 

Discussion 

The mechanism proposed involves the familiar alkylation at C-2 

to give Lwitterion (228). This then collapses to the more thermo- 

dynamically stable isomer of tetrahydropyrrole (229), which can readily 

be induced to eliminate pyrrolidine due to the anti-periplanar arrange-

ment shown (229). 

Failure of the enol acetate to react in the stead of the enamine 

can be seen as a consequence of the much lesser ability of the acetate 

function to accommodate a positive charge. 
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2.11 GENERAL DISCUSSION 
=W===MWW=W===MWM=WW==M=M= 

For convenience the reagents and primary- products of the 

investigated reactions are summarized as Fig. 2.21. 

The bulk of the 'work de.crbed in preceding sections concerns 

the reactions of the pyrrolidenastine. of 3-keto-54pcsteroids. Generally 

the initial reaction consists of attachment of reagent at the 

nucleophilic C-2. In only one case, that of acryloyl chloride 

(section 2.7), in there reason to assert (by analogy to the cyci.-

hexanone) that initial N-alkylation is followed by rearrangement to 

give the C-substituted compound. It is, of course, possible that 

similar reactions occur with other of the reagents, for example allyl 

bromide, but there is no evidence in these cases. 

In the steroid, the angular C-19 methyl exerts considerable 

influence upon the course of reaction. Initially, by inhibiting top 

face reaction, ring A boat-like forms are produced by attack from below 

(section 2.2). Thus, the substituent in the final product is attached 

at 2o&. The pyrrolidenamine of the 17-keto-steroid D.N.A. acetate 

alkylatse at 16Q& for similar reasons involving the c-18 methyl group. 

The higher energy boat-like form required in the steroid as compared to 

the chair-like conformation in the corresponding reactions of 

cyclohexanono enamines must be considered as an important contribution 

to the lesser yields with the larger molecule in cases where the 

analogous product is formed: using ethyl crotonate, no discernable 

reaction occurred with the steroid. 

This is not the only effect of the angular methylt the steric 

constraints introduced by it may change the nature of the product 

(acryloyl chloride; methyl QL -(bromomethyl)-acrylate) or by default of 

the reaction path followed by the cyclohexanone may allow multiple 
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reactions (,-nitrostyr.ric; acrolein), producing intractable mixtures. 

The thr 	 (acryloyl chloride; acrolt! a( -bromomethyl)- 

acrylate), which with the cycloheLanona produce the bicyclo 

nonane system are particularly instructive: in all cases cy-clization 

was inhibited with the C-19 methyl-steroid. The latter two reactions 

were investigated using the trans-decalone system which has no angular 

methyl: in both instances bridged ring compounds analogous to those 

from the cyclohexanone were produced. The reaction of methyl 

c-(bromomethyl)-acrylate provides further evidence on the critical 

role of the C-19 methyl since bicyclononanea were produced both when a 

19-norsteroid was used and when the A-ring bore a very different steric 

relationship to the angular methyl in the 
5  1 	roid. An alternative 

cyclization path leading to the salts (2300 	.vailable to some 

19-methyl- o'-teroide where the bicyclononane route is blocked. 

There are three general reaction paths which zwitterion (232), 

formed by the initial reaction at C-2, may follow (Fig. 2.22). 

A negative ion may be expelled to give an iminium salt. 

This can be stable as with allyl bromide (section 2.3) 

or may 	c t further. For example, in the reaction of 

methyl o'. -(romomethyl)--acrylate with the pyrrolidenamine 

of androtolone acetate (section 2.5(c)) the salt (230) 

is formed, 

The negative centre may react with the electrophilic 

C-3 in a cycloaddition as with salicylaldehyde (section 

2.9) and carboethoxyaziridine (section 2.10). 

A further possibility is that intra, or possibly inter-

molecular hydrogen transfer might occur producing a new 

enamine capable of further reaction. While this 

reaction scheme must be invoked to account for a number 
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of the reactions of cyclohexanono ensaines, it seems 

this does not generally happen in the 5€,(-steroid with 

an angular C-19 methyl. 

Notably in the three examples investigated (ethyl crotonat.; 

&-nitrostyrene; acryloyl chloride) in which the cyclohexanone 

reaction requires such an enemine regeneration, the product of the 

steroid reaction in no case bears evidence of the completion of this 

step. It is only with methyl o&_(bromomethyl)_acrylate and in the 

presence of added base (triethylasine) that the structure of any of 

the products indicates the intermediacy of a regenerated enamine, 

A for the disubstituted cholestanone (231) and the L- iso.er for 

the salts (230). 

It has previously been proposed that intramolecular hydrogen 

transfer from C-4 may not be favoured in the steroid because of the 

geometry of the intermediate (section 2.6)9 Also it was argued that 

iii contrast to the cyclohexazione where the more stable trisubatituted 

enamine is produced, in the steroid the i&-enamine is relatively more 

strained as compared to the L-isomer (section *.5(c)). Thus, 

regardless of which enamine is produced from the iminium compound it 

is more strained than the corresponding cyclohexanone. If this were 

the only factor involved it could be immediately concluded that the 

reaction of iminium compound to enamine is less favourable in the 

steroid. However, the boat-like steroidal iminiun compound is also 

less stable than the chair-like cyclohexanone. Nonetheless, examination 

of models suggests that it is more difficult to produce a new enamine 

from an iminium compound for a steroid than for the cycloh.xanone 

(Fig. 2.23). 

In practice little or no steroidal enamine must be regenerated 

in the absence of additional base (or if formed it most be practically 
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iuert to further reaction). The former possibility is supported by 

the readiness of the cyc.Iiation reactions of salicylaldehyde and 

caboethoxyazirjdjne which proceed via the iminium ion. 
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3. 	 EXPERIMENTAL SECTION 

341 	 General Procedures 

The.following were generally adhered to but were modified whsre 

necessary-, as noted in the text. 

3.1(a) 

Melting Points were determined on a Koflar hot block 

and are corrected. 

Infra-red Spectra were recorded for carbon disulphide 

solution, using O.5m  cells, on a Unicani SP 200 spectro-

meter. All values of infra-red maxima ('rnax.) are 

quoted in cm- 1. 

Ultra-violet Spectra 	r.rJ-i •:o 	Uiin 

spectrometer. All voI- or ult--vio10 - aia (X 

are quoted in nano.etres. 

Namara Spectra were recorded in deuterochloroform 

solution, using tetrasethylailane as internal standard, 

on a Perkin Elmer R 10 spectrometer or a Nuclear Magnetic 

Resonance Ltd E14-360 (both 60 MHz) or a Varian H\ 100 

(100 MHz) spectrometer. Resonances are quoted a & values. 

Mass Spectra and Exact Mass Determinations were carried out 

on an AEI MS 902 instrument operated by Mr D. Thomas. 

Analyses were determined on a Perkin Elmer model 240 

instrument. 

3.1(b) / 
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3.1(b) 

Thin Layer Chroaatograjthy was performed on Merck 

silica gel G7254. The eluting system was benzene/ 

ethanol (9:1 by volume). The plates were developed 

by spraying with ethanolic sulphuric acid (5%) and 

subsequent beating on a hot plate. 

Silver (I) impregnated plates 137  were prepared by 

spraying normal plates with a saturated ethanolic 

solution of silver nitrate. 

Preparative Column Chromatogra phy was performed on 

Spence type H alumina of Brockaan activity 2. 

Drying of solutions was carried out with anhydrous 

magnesium sulphate. 

Compounds not previously described in the literature are uderliited 

on first mention. 
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3.2 	 Starting Materials 

3.2(a) Steroidal Starting Materials 

Cholestaxi-3 B -ol 114 

Cholesterol (iag) in ethyl acetate, was reduced by catalytic 

hydrogenation over 10% palladium on charcoal catalyst, at 300  and 

one atmosphere pressure. Perchioric acid (8 drop.) was added as 

promoter. The acid was neutralized with solid sodium hydroxide and 

the catalyst was filtered off, using a celite pad. The volume of 

solvent was reduced and cooling afforded crystalline choleetan-5 -ol 

(94.1g; 78%); ..p. 141-1420  (lit. 1t4 139-141°). 

Cholestan-. 3-one 

Choleatan-' 1q-.c.1 (309) in acetone (21) was oxidised with 8N 

chromic acid (Jo 	reagent hl6) (60.1). The reaction was allowed to 

proceed for 4 minutes, when excess reagent was decomposed with 

methanol (200.1) • Water (200.1) was added, the acetone was removed 

under reduced pressure and the steroid was extracted into ether. The 

ethereal solution was washed with dilute hydrochloric acid, then water 

until the washings were neutral and finally with saturated sodium 

chloride solution. The ether layer was dried and the solvent was 

removed to give cholestan-3-one, which was recrystallized from acetone, 

to give needle. (28g; 94%); m.p.  126-128°  (lit, 115 127-1280). 

50-Androstan-17 -01-3-one (Androstanolone) 7  

restosteron. (log) in dioxan (100.1) and ether (100.1) was added 

over 10 minutes to a solution of lithium (1.29) in liquid ammonia 

(1.2 1). The solution was stirred for 30 minutes, during which the 

initial blue colour disappeared. Aaonium chloride (8g) was added 

and then water (200.1). When the remaining ammonia had evaporated, 
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the steroid was extracted into chloroform. This solution was washed 

with dilute hydrochloric acid and water before being dried and the 

solvent removed. The crude product was recrystallized from ethyl 

acetate/petrol to give 5o(-androstan-17fl-ol-3-one (8.79; 87%); 

m.p. 182-184°  (lit. 117  184-..185°); ) max. 1710cm 	(carbonyl). 

5c4-Androstan l?fl -ol- 3-one Acetate (Andros tanolone Acetate) 
Androstanolone (log) was dissolved in pyridine (50ml) and 

acetic anhydride (lOud) added. The solution was allowed to stand 

overnight. Water (tOmi) was then added to destroy excess acetic 

anhydride and the mixture allowed to stand for a further 30 minutes. 

The steroid was then extracted into chloroform (300m1), the extract 

was washed with dilute hydrochloric acid (300.ul  x 3) and then water 

until neutral. The solution was dried and the solvent was removed 

to give a mass of microcrystalline androstanolon.e acetate, homogeneous 

tc t.l.c. (iO.ig; 89%); m.p. 160-163° (lit.h18 1570 ); n.m.r. (60) 

&.00 (acetate); ) max. 1731cm 	(acetate carbonyl). 

lLstogterone Acetate 

A similar procedure to that for androstanolone acetate (above) 

was carried out (11.3g; 98%); m.p. 145-147°  ( lit. 119 140-141°); 

n.m.r. ((,o) 	201 (acetate); 9 max. 1733cm 1  (acetate carbonyl). 

Androst-5(6)-eu-3 $-ol-17-one Acetate (D.H.A. Acetate) 

A similar procedure to that for androstanolone acetate was 

.d 	 94%); m.p. 168-169.5°  ( lit. 119  171-172);  n.m.r. 

11 	:tate). 

o(-:urostan-I 7fl-ol-3-one 4-methyl-pentanoate 

'-methyl ptm.&ioyl chloride (1.5m1)  was added to a solution of 

o-E1drostan-1 ( fl.-o-3-one (1.59) in chloroform (15m1), containing 
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one potassium hydroxide pellet. After 30 minutes another potassium 

hydroxide pellet was added and the mixture was allowed to stand over-

night. Chloroform (150.1) was added and the solution was washed with 

water containing a little pyridine (150.1 x 3) and then with dilute 

hydrochloric acid (150.1  x 2). The crude material was chromatographed 

to yield the ester as a white solid (0.989; 49%); ..p. 173-5° ; 

88.297 076 (c 25H03  388.297 728); t1.c. homogeneous, R = 0.74; 

1730 (ester carbonyl), 1712 (C-) carbonyl), 1180cm 1 . 

ndrostan- 17 p -01-3-one  Ace tate 91 
rud 	rrolideiamirw irom tetosterone acetate (lOg) was dissolved 

in the minimum (Ca. 10.1) of glacial acetic acid (previously rigorously 

dried by the addition of 2% of acetic anhydride). Perchioric acid 

(72% aq.; 2.2.1 = 0.8 equivalents) was added and the perchlorate was 

precipitated by the addition of anhydrous ether (250.1). The mixture 

was filtered with an oven-dry sintered glass funnel and washed with more 

ether to give the perchlorate as a white crystalline solid (5.31g; 36% 

from testosterone acetate); m.p. (250°  softens) 254-261°  dec. (lit 
91 

254-261° ). 

(Excess saturated sodium bicarbonate solution was added to the 

mother liquor and the mixture was allowed to hydrolyse for some hours. 

It was then extracted with ether and the ether solution was washed 

with more bicarbonate, then with water. On drying and removal of the 

solvent unreacted testosterone acetate was recovered (5.99g; 94% of 

the unaccounted steroid).) 

A solution of commercial Hantzsch ester in acetone was filtered 

to remove an insoluble impurity. Solvent was than removed and the 

ester was dessicated. Steroidal perchiorate (5.319)  and Hantzach ester 

(6.259 = 1.5 equivalents) in calcium hydride dried acetonitrile (130.1) 

were heated to reflux, when the solids dissolved to give a clear orange 

solution. Reflux under dry nitrogen was maintained for 21 hours, when 
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a small sample was removed. This sample was hydrolysed by the 

addition of water and t.l.c. revealed largely a single spot of the 

product (R1  = 0.52)9 with no sign of testosterone acetate (R 1  0.47), 

The reaction was therefore terminated and the acetonitrjle was 

cautiously removed by rotary evaporator at a bath temperature less 

than 700. The solid material was extracted with portions (lOOmi) of 

anhydrous ether to remove ether-soluble by-products. The material 

was thoroughly triturated with the first portion and the whole was 

then caretully refluxed (under nitrogen). The solid was then 

extracted with three more portions at room temperature and the 

residual ether was cautiously removed. The solid was then hydrolysed 

by solution in acetone (25m1) to which water (5m1) was added. This 

gave a clear brown solution on warming and was left at room temperature 

for a further 30 minutes. Ether (230m1) and bicarbonate (lOOml) were 

then added and the precipitate which appeared was filtered off and 

disCarded. The ether solution was washed with bicarbonate, dilute 

hydrochloric acid (x 3) and water(x 3). Drying, filtering and 

removal of solvent gave a low-melting yellow solid, which proved to 

be a mixture of steroid and substituted pyridine by-product. 

Chromatography on alumina with ether gave crude 

	

p t.idrostaj 	1-3-one acetate as a white solid (1.55g; 42% from 

	

Llorate); 	101-135 	r.1.,c o  with the usual 9'l benzene/ethanol 

solvent system versus th' 5 	.rtser revealed no polarity difference 

but the two materials charred yellow and brown respectively. With the 

solvent system 15% ethyl acetate in hexane, however, the product could 

be seen i r rjst of thL )fl 	pound (R 1  = 0.17, yellow) contaminated 

with the < 	°mer (R1  = 	. rown). Crude material (1.85g) was 

from hexane (typical recovery 80%) to give pure 

roatan- 1fl 	1-3-one acetate, homogeneous to t.l.c. (0.989; 



53% overall recovery); •.p. 145-150°  ( lit. 192 140-145°), cf. 160-1630  

for the 5 0&-isomer; mixed m.p.  with 5(-isomer depressed (90-165 ° ); 

n.m.r. (60) 	't.60 (C-17 proton); 2.04 (acetate); 1.03 (C-19 methyl); 

0.8. (C-18 methyl), indistinguishable from the 5  -iomer; 

wa:. 17 1 (A 	tttt cnrbo yi ) 	1719 (' - j carbonyl ) ; 1"4'71  

indistinguishable from the 5o'-isomer. 

Oestrono Methyl Ether 121  

Oestrone (3g) was dissolved in 5% .ethanolic potassium hydroxide 

solution (60.1) and was stirred at 
350 

 for one hour, over which 

dimethyl sulphate (6.1) was added. The solution was maintained at 

35 for one hour more, during which a white precipitate formed. The 

steroid was extracted into chloroform (300.1) and was washed with 

dilute sodium hydroxide solution (30001 x 3), then with dilute 

hydrochloric acid (300.1 x 2) and finally with water until neutral. 

The solution was dried and the solvent was removed to give pale brown 

crystals of oestrone methyl tthr (.89g; 91%); m.p. 159-165°  

(lit.
121 
 163-1670); n.m.r. (60 ,3-77 (c-3 aethoxy). 

317/ -Estradiol 3-Methyl Ether  1 

Oestrone methyl ether (2.89g) in anhydrous ether (150.1) and 

lithium aluminium hydride (0.57g) were stirred for four hours at 

room temperature, then warmed to 300  for 30 minutes. Excess lithium 

aluminium hydride was decomposed by carefully and slowly adding 

water (10.1). Then enough 10% sulphuric acid was added to give 

two clear layers. Water (7501) was added and the ether layer 
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separated. This was washed twice with saturated sodium bicarbonate 

solution, then with water until the washings were neutral. The 

solution was dried and the solvent was removed to give a semi-solid. 

This was recrystallized from ethanol to give white crystals of 

3,17-'6tradiol 3-methyl ether (2.21g; 76%); m.p. 117-119 0  (lit-' 21 

120.5-121.50); no carbonyl in i.r. 

1 1 4-Dihy!r.7-tradiol 3-Methyl Ether 121 

3 9 L-stradioi 3-methyl ether (2.219), liquid ammonia (2241), 

lithium 	(2.24g) and anhydrous ether (176m1)  were stirred 

together until the solution was homogeneous. Absolute ethanol 

(25 ,6m1 ) was then added dropwise over 20 minutes. The ammonia was 

allowed to evaporate, water (200snl) was added and the ether layer 

augmented to 200.1. The ether layer was separated and washed with 

portions (100.1) of saturated sodium bicarbonate solution, followed 

by saturated sodium chloride solution. The ether layer was then 

dried and the solvent was removed to yield a semi-solid, which was 

recrystallized from ethanol/petrol (60/80 ° ) 1:4 to give 

1,4-dihydro-3,17 16--etradioi 	 Hier (1.52g; 68%); m.p. 

118-1190  (lit. ' 	118-119.5) ; )) 	63, 1689cm 	(d.b.). 

19-Norteetosterone 121 

To a solution of 1,4-dihydro- 17 18-trdio1 3-methyl ether 

(1.59) in methanol (73.1) maintained at 60°  was added 3N aqueous 

hydrochloric acid (45.1) and the clear solution was kept at this 

temperature for 15 minutes. It was then cooled and water (100.1) 

and ether (200.1) were added. The ether layer was separated and 

washed with saturated sodium bicarbonate solution, then saturated 

sodium chloride solution, back extracting each time with ether (30.1). 
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The solution was dried and the solvent was removed to give a semi-

solid. This was recrystallized from ether, with some difficulty to 

give crystals of 19-nortestosterone (0.859; 57%); m.p. 120-1230  

(lit, 121 123.8-124.6 0); n.m.r. (60) 9 5.81 (olefin): V n 

(conj. carbonyl). 

-i,stran- 17,8  -ol-37one (19-Norandrostanolone) 

ihi ,i was prepared by lithium/liquid ammonia reduction of 

19-nortestosterone using the same method as was used earlier to 

prepare androstanolone (q.v.) from testosterone. The product was 

a semi-solid, which could not be induced to crystallize. It was 

therefore chromatographed, to give, on elution with ether, white 

crystals of 19-norandrostanolone (0.76g from 0.85g; 90%); m.p. 

108-1120  (lit. 122 111-112° ): 	max. 1710cm 	(carbonyl). 

19-Norandrostanolone Acetate 

This was prepared in the same way- as was androstanolone acetate 

(above) (0.7cj from 0.76g; 95%); n.p. 133-1350  (lit- 122 132-1340); 

n.m.r. (6(t) & .57 (c-il proton); 2.02 (acetate); 0.79 (C-18 methyl). 

Androst-2-en-3,17 
14 - 

 diol Diacetata 

Androstanolone (1.60g) in carbon tetrachloride (25m1)  with 

acetic anhydride (31) and 72% perchioric acid (5 drops) was allowed 

to react for 75 minutes. Chloroform (125m1) was added and the 

solution was washed with water (iOOml x 2), dried and the solvent 

was removed to give slightly yellow crystals of androst-2-en-317fl-

diol diacetate ( 2 .02g; 98%); m.p. 170-173°  ( lit. 123  172-173); 

n.m.r. (60 	. 	L -olefin); 5.00 very small ('63_ olefin); 

2.10 (C-3 acetate); 2.03 (C-17 acetate); 0.84 (C-19 methyl); 

0.80 (c-18 methyl). 
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3.2(b) Non-Steroid Starting Materials 

1-N-Py rrol idino-cyci ohex- i-ene 124 

Cyclohexanone (21m1) in benzene (300uil)  with pyrrolidine (21ml) 

was ref luxed for 2 hours using a Dean and Stark water trap. Solvent 

was then removed to yield a brown oil. This was distilled under 

reduced pressure (b.p. 70-76
0
/lims; lit. 

124 
 b.. 116-117° 1rmi) to 

give 1-N-pyrrolidino-cy-clohex-1-ene (.0g; 512); 9 'a 	164lca 

(d.b.). 

Decal-1(9)-en-2-one 125 

1-N-pyrrolidino-cyclohex-1-en. (20g) was dissolved in anhydrous 

dioxan (200m1) and methyl vinyl ketone (10.7inl)  in anhydrous dioxan 

(50,nl) added. The mixture was left at room temperature for 4 hours. 

Using a rotary pump, the dioxan was removed at less than 500.  To the 

residue, sodium acetate (309)1  water (30m1), glacial acetic acid (20m1) 

and methanol (150mi)  were added and the mixture was refluxed for four 

hours. It was then extracted into ether, washed with saturated sodium 

bicarbonate solution and then with water to give an oil which was 

distilled under reduced pressure (b.p. 98-102 o /0.5mm; lit. 119  bop. 

!1 i1nrJi 

 

( 1 c' 1 -1(9)-en-2-one as a brown oil (9.34g; 

)g5.8 (o1''i) 9 max. 1675cm 	(conj. carbonyl). u  

Trans-decal-2-one 127  

(a) Decal-1(9)-en-2-one (9.389) in ether (85m1) was added to liquid 

ammonia (350nil). To this was added lithium metal (0.5g) in small 

pieces. The solution was stirred for 75 minutes; then anusonium 

chloride (14g) was added and the ammonia was allowed to evaporate 
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overnight. The solid residue was mixed with water (lOOmi) and 

extracted with ether (iOil x 2). The ether solution was then washed 

with 3N hydrochloric acid (iOOml x 3), followed by water (lOOml x 2) 

and finally with saturated sodium chloride (lOOmi). It was then 

dried, filtered and the solvent was evaporated to yield an oil. This 

was distilled under reduced pressure (bp. 58-630/0.5mm; lit. 127 

b.p. 127-1280/28uim) to yield trans-decal-2-one as a brown oil 

(4.43g; 476). This was chromatographed on alumina, eluting with 

ether to give 	 t as a clear colourless liquid homogeneous to 

t,l.c. R = 0._ 	V 	1710cin 1  (carbonyl). 

Gas chromaLograAy on 5% N.PG.S. at 1500  demonstrated the 

identity of the product with one of the components of commercial 

cis/trans decal-2-one. 

(b) A small amount of trans-decal--2-one was also prepared from the 

commercial mixture by preparative gas chromatography on 25% polyphenyl 

ether at 2000.  The identity of the product was confirmed by gas 

chromatography as above. 

2-N-iyrrol idiuo-trans-decal- 2-ene 35  

Trans-decal-2-one (0.769)  was refluxed with pyrrolidine (2.5m 1 ) 

in benzene (12a1) for 90 minute., with the use of a Dean and Stark 

water trap. The solvent was removed and the crude enamine was used 

without further purification. 

4-Hethyl-pentanoyl Chloride 

A mixture of 4-methyl pentanoic acid (4.3ml) and thionyl chloride 

(3.6m1) was refluxed for two hours. The mixture was then fractionally 

the fraction 137-1460  (lit- 119 b.p. 144-1430) collected. 

(liq.) 1800cm 1  broad. 
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Diethyl-bis (hydroxymethyi) 	
128  

To 40% v/v formaldehyde solution (320m1) and powdered potassium 

bicarbonate (17.19) was added diethyl malonate (320m1) over 35 minutes. 

The solution waa maIntained at 23-300. Stirring was continued for a 

further hour. Saturated assnonium sulphate solution (6401) was then 

added and the mixture was extracted with ether (6401). The solution 

was dried, filtered and the solvent removed to yield a glycerol-like 

oil. On adding isopropyl ether 0 litre) and seeding, a thick crop 

of white crystals formed, which after chilling the solution, were 

filtered off* The material was then recrystallized from isopropyl 

ether yielding diethyl -b' (hyroxymethyl) malonate (257g; 38%); 

W.P. 49-30°  (lit. 128 520 ); ) max. 3570  (hydroxy), 1715cm '  (carbonyl). 

f -dibromoisobutiric Acid 129  

Diethyl-bis (hydroxymethyl) inalonate (2379)  was added to concen-

trated 1ydrobromic acid (1.7 litres). Liquid (6001) was slowly 

distilled off over 2 hours and the remainder was refluxed for 6 hours. 

The solution was chilled, the precipitated solid was filtered off and 

was washed with water. The distillation and following procedures were 

repeated on the remaining mother liquor and the two crops of solid 

combined. The product, which was not further purified, was dried 

between filter papers and then dessicated (1469; 510; 

3000cm 1  broad (acid). 

Methyl fl/5-dibromoisobutrate 130  

A solution of flf '-dibromoisobutiric acid (146g), methanol 

(72m1) and concentrated sulphuric acid (2.9*1) in 1 1 2.-dichloroethane 

(180*1) was refluxed for 19 hours. The solution was then washed 
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successively with water, saturated sodium bicarbonate and saturated 

sodium chloride, then dried, filtered and the solvent was removed. 

The resulting oil was distilled at reduced pressure (60_70 0 ,/o.4_1.0 ;  

lit. b.p. 13  60-62
0
/0.4mm) (hOg; 71 0A); 2 mw (CHc1 3 ) 17i c  

(carbonyl) (lit. 130  1740cm). 

Acryoyl Chloride 119  

Acrylic acid (13m1)  and thiony]. chloride (14.3m1) were refluxed 

together for 4 hours. The product vas then distilled b.p. 60-65°  

(lit. b.p. 119  75°); ( 80179; 45%); '9  max. 1752cm 1  (acid chloride). 

Carboethoxy a.ziridine 131 

To a solution of ethylene imine (4.6g) and triethylamine (14.3m1) 

in benzene (40m1) a solution of ethyl chioroformate (10.8g) in benzene 

(lOml) was slowly added over one hour. The temperature was maintained 

at 00  throughout. The precipitate of triethylamine hydrochloride was 

filtered off and the solvent was removed. The oil was distilled under 

reduced pressure from a wat'r pump b.p. 78-83
0
/30mm (lit. b.p. 131  

60-63
0
/21mm); n.m.r. (60 	quartet [2HJ (d112  of Et); 

L1 ,J (ring CH2); 4.27 triplet L3L/ (CH3  of Et); 

(liq.) 1720cm 1  broad (carbonyl). 

Diaoniethane (ether/ethanol solution) 132  

To a solution of potassium hydroxide (1.7g)  in water (2.7m1)  and 

ethanol (8.31) maintained at 650  in a distillation apparatus was 

added over 25 minutes a solution of p-toluenesulphonyl-rnethylnitrosa-

mAde (Di&&ald) (7.139) in ether (43.3m1), then more ether (6.3m1) 

was added. The liquid which distilled was collected in a chilled 
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receiver. The solution was redistilled and the early portion, rich 

in diazomethane, was collected and used i.ediately. 

Silver (T) OxIde 13' 

A solution of silver nitrate (ig) in water (10i) was heated 

to 85°  and an equally hot solution of sodium hydroxide (0.239)  in 

water (lOal) was added. The precipitate of silver (I) oxide was 

thoroughly washed with hot water and kept wet until use. 
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303 	 STUDIED RIACFIONS 

3.5(a) Steroidal Enamines 

3.3(a)(i)Preparation 

Method of Heyl and Herr 35 

rroiidntmines of the following steroids were prepared: 

WC -iro- 	---3.-one (androstanolone) 

cetate referred metho/ 

(irostaLl- 170& -.i:rr. thyl- 17-01- 3-one 

'olone) 

,0 --Lra 	1-3-one acetate 

(19-uorandrostaiolone acetate) 

androatanolone 4-methylpentanoate 

Cholestan-3-one 

(C) t --terone acetate 

(u, 	( 	gnan-3,20-dione (under these conditions only 

.-mono-enajnine was produced; see n.m.r.) 

were refluxed for one hour, or until reaction had ceased, using a 

Dean and Stark water trap with a small (1 ml) side-arm. Solvent was 

rapidly removed under reduced pressure and the crude enaniine used as 

soon as possible after preparation, without further purification. 

The degree of conversion as calculated from the n.m.r. integral of 

the double bond proton versus the C-I? proton (or other convenient 

resonance) was typically 95%. 

An analytical sample of the pyrrol idenamine c o, idrostanolone 

acetate was also prepared. The crud. enamirie (95% pure; m.p.68-1080  dec.) 



was recrystallized successively from the following thoroughly dried 

solvents: acetone; petrol (60/80°); methanol plus a little acetone and 

finally methanol to yield lustrous white plates of 3-pyrrolidthyl-

5e-aidrost-2-en-17ff-01 acetate; m.p. 81-93°  dec. (lit. 64 100-1050); 

rn/S 385.296 750 (c 25H39NO2  . 385.298 063); 

(Found: C, 78.5; U, 10.5; N, 3.85. C25H39NO2  requires 

C, 77.9; H, 10.1; N, 3.64%); 

see below; 

Vmax. 1643cui 	(d.b.). 



Selected n.m,r. Spectra (60P4Hz) of Steroidal Pyrrolidenaminea (cs-values) 

Parent Ketone 5 	- cholestan-3-one 5 . -pregnan- 3, 20-dione 5 0L-androstanolone 
5o(- androstano lone 5 	androstanolone  8 - 

acetate acetate 

2 
. 	 olefinic 4.12 4.13 4.1 4.13 4.12 (possible 

proton (rounded) (triplet-like) (triplet-like) (rounded) minute resonance) 

olefinic 3.83 3.81 3.80 3.80 3.84 (narrow) 
proton (merges into C-17) 

(minute for 
5 c&.eeries) 

Ratio of 
integrals 	 83:17 	 85:15 	 84:16 	 88:12 	 5:95 
In 2:,83 	 (total 1H) 

C-17 proton - 
- 357 457 4.57 

otpyrrolide 2.96  2.98 (4H) 2.95 2.98 3.00 

-pyrrolide 1.81 1.83 1.82 1.82 1.83 

c-18 methyl 0.81 0.77 0.78 ( 0.78 ) 0.78 

C-19 methyl 0.77 0.62 0.73 0.78 0.94  

Other 0.91 (Cie 	); 2.11 (acetyl)(3H) - 2.02 2.02 (acetate); 
resonances 0.67 (C_212") (acetate) 1.29 (accidental 

degeneracy) 
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Method of Ileyl and Herr with Acid Catalyst 35 

Py-rrolid.naain. of D.H.A. acetate (preferred method) 

The procedure above was employed with the modification of the 

addition of a catalytic amount of p-tolu.ne suiphonic acid (50.g) to 

the reaction mixture, which was refluxed for three day.. Solvent 

was then removed to yield crud fl  -Ace toxyt7pYrrolidinyl_andro.t_ 

5(6) ,16-diene. 

We 383.281 869 (C 25H37NO 2  . 383.282 414); 

n.c.r. (60) 60.99 (C-18 methyl) -18  methyl of D.H.A. 

acetate is at 

Integral of enaaine c-lB methyl to ketone C-*8 methyl is 

30:19, corresponding to approx. 60% enamine. 

Precipitation Method 15 

Pyrrol id.naine of androstanolone acetate (non-preferred method) 

To a hot saturated solution of androstanolone acetate (0.29) in 

dry acetone, pyrrolidin. (0.1 ml) was added, the solution was chilled 

and the precipitate was filtered off (0.16g; 60%). The purity of the 

product as calculated from the n.c.r. integral of the double bond 

proton versus the C-il proton was 83%. The method of hey1  and Herr 

was therefore preferred. 

The same method was attempted with testosterone acetate; but 

although a precipitate farmed n.c.r. shoved no enemin. content, 
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4' 

Titanium Tetrachloride Method s" 

Pyrrolidenaaine of D.H.A. acetate (non-preferred method) 

and 

Dimethylamine enamina of androstanolone acetate 

Using a flask fitted with a dropping funnel and nitrogen line, 

titanium tetrachloride (0.30iiit) in sodium-dried benzene (5m1) was 

added with stirring over 20 minutes, to a solution of the steroid 

ketone (1.66g) and the amine (3m1) in dry benzene (25m1).  The 

mixture was maintained at 0-10°  during the addition and then stirred 

at room temperature for three hours. It was then filtered through an 

oven-dry sintered glass funnel and the solvent rapidly removed under 

reduced pressure. Crude enamine from this reaction was used without 

further purification. 

This procedure was found to be much inferior for D.H.A. acetate 

to the previously described acid catalysed method, which was therefore 

preferred. 
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The dimethylamine enamine of androstanolone acetate could, 

however, only be prepared using this method, though in a very impure 

state. 

.w.r. (60) S 4.30 (olefinic proton), partly obscured by 

C-Il proton; 2.54 (N-methyl): 

Integration of N-methyl against acetate revealed about 17% 

enamine. 

max. i646cm (d.b.). 

Calcium Hydride Dehydration 

Androstanolone acetate (0.36g) and pyrrolidine (0.36m1) were 

dissolved in deuterochloroform (liii). Calcium hydride was added and 

n.m.r. spectra taken at intervals. After 15  minutes about 60% 

enastine was present, which increased to 66% only on leaving the 

mixture overnight. 

3.3(a)(ii) Derivatives 

Pyrrolidiminium chloride of androstanolone acetate 15 

The parent crude pyrrolidenamine (570mg)  was dissolved in 

sodium-dry ether (25m1),  filtered and excess of a dry solution of 

hydrogen chloride in ether added. The precipitate was washed with 

anhydrous ether (3001) and dried. Despite extensive efforts at 

recrystallization from various solvents analytical figures remained 

low. That the solid contained some complex of the enamine was 

demonstrated by exact mass measurement: 

We 385.296 373 (C 25H39NO 2  385.298 063). 
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Regeneration 15  of the enaine was attempted. The solid (100mg) 

in anhydrous ether (5ml)  was stirred with dry piperidine (3 drops) 

for 15 minute., the solution was filtered and the solvent was 

removed to yield a brown oil (80mg). Thu u..r. spectrum revealed 

about 50% of regenerated •naaine: 

n.m.r. (60) & 1*.13 	(olefinic proton); 

4.57 LIHJ (C-17 proton). 

Attempted purification of the pyrrolidenamine 
of D.H.A. acetate via the iminium chloride 

The whole of the crude enamine from 1.669 of D.H.A. acetate was 

dissolved in sodium-dried benzene (20ml) and dry hydrogen chloride in 

ether was slowly added dropwise with stirring until the solution 

became acid to indicator paper. Stirring was continued for 13 minutes, 

when a black oil settled to the bottom. This oil was washed with dry 

benzene (20ml x 2) and ether (20ml). Residual solvent was then 

removed to yield a brown semi-solid. Exact mass measurement 

supported the presence of some complex of the enamine: 

m/e 383.282 621 (C 25H37NO2  = 383.282 414). 

This substance was suspended in a small quantity of dry ether 

(15ml) and anhydrous piperidine (5ml) was added. The mixture was 

stirred for 15 minutes, filtered and the solvent was removed. The 

product was extracted with dry ether and solvent was than removed. 

The n.m.r. spectrum of the resulting brown tar showed the major 

product to be D.H.A. acetate. No enamine was apparent. 
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Pyrrolidiminium picrata of androstanolone acetate 

Crude enamine (ig) was dissolved in the minimum of hot absolute 

ethanol (ca. 51.0 and a saturated anhydrous ethanolic solution of 

picric acid (10.1) was added. This was chilled for one hour and 

scratched. The precipitate of picrate was filtered off and was 

washed with cold ethanol (1.269; 79%) m.p. 166-171°  dec., not 

improved by recrystallization. Exact mass measurement showed the 

compound to be a complex of the pyrrolidenaaine: 

We 385.298 630 (c 25H39NO 2  = 385.298 063). 

(Found: C, 60.3;  H,  6.93; N,  8.99. C31 H42N409  require. 

C, 60.6; H, 6.84; N, 9.13%); 

n.m.r. (60) & 8.71 [2HJ (aromatic); 4.55 'triplet' LiHJ 

(C-il proton); 3.06[-4HJ (o-pyr.o1ide); 

2.76 L4HJ (f_Plrrolide);  2.01 (acetate); 

0.89 (C-19 methyl); 0.78 (c-18 methyl); 

9 max. (CHBr3 ) 1719cm (acetate carbonyl). 

Two attempts were made to regenerate the parent enamine. 

To a suspension of the picrate (100mg) in sodium-dried 

ether (5.1), dry pyrrolidine (lml) was added and the mixture was 

stirred for one hour, filtered and the solvent was removed. The 

solid was extracted with dry ether, which on evaporation yielded a 

yellow glass (40mg). The n.m.r. revealed no enamine but was consis-

tent with androstanolone acetate. 

Alumina was dried by heating under high vacuum on a sand-

bath at 2000. A small (2cm long) column was then made with the 

alumina, on 'which the picrato (100mg) was eluted with sodium-dried 

ether. The product consisted of white crystalline material (50mg) 

which was shown by n.m.r. spectroscopy to be androstanolone acetate. 
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Eyrrolidiiiiniva picrate of D.H.A. acetate 

Crude enaiiine (0.819) was dissolved in the minimum of hot 

absolute ethanol and anhydrous ethanolic picric acid solution (9.1) 

added, when a dark brown solid precptated. This irmas washed with 

cold ethanol and was then dissolved in ethanol (ca. 20.1) at boiling 

point. The solution was cooled and scratched to yield yellow-brown 

crystals (lOng). This solid was then recrystallized from absolute 

ethanol, discarding the initial precipitate of brown oil to yield 

yellow crystals of the picrate (1mg). That the compound was a com-

plex of the prrrolidenaine was shown by exact mass measurement: 

We 381.267 741 (C 25H35NO 2  381.266 765) naaino minus 7. 

3.3(b) MethZlation 

Attempted preparations of 2 oC-methyl5 o(-androstan- 
17 4,6 -ol-3-one acetate 

(2 o(-methylandrostanolone acetate) 

In benzene 

Crude pyrrolidenamine (2.30g) of androstanolone acetate and 

methyl iodide (0.7501)  in anhydrous benzene (5(.1) were refluxed for 

two hours. The reaction mixture was then allowed to stand for two 

days, during which time a precipitate formed. Reflux was resumed for 

a further hour and water (4.1) and acetone (4.1) were added, after 

which the precipitate redissolved. Water was added and the steroid 

extracted into chloroforWether.  The solution was washed, dried and 

the solvent removed. N.m.ro  spectroscopy showed the product to be 

slightly impure androstanolone acetate. 

In dioxan 

The crude pyrrolidenaaine from androstanolone acetate (lg) and 
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methyl iodide (0.5.1) in anhydrous dioxan (25.1)  were refluxed over-

night, a precipitate appearing. Water was added and the steroid 

extracted into chloroform. N.m.re  spectroscopy showed the product 

to be androstanolose acetate. 

In acetonitrile 

Both the acetonitrile solvent and the methyl iodide were dried 

over calcium hydride for 5 days. A solution of crude enamine (1.149) 

and methyl iodide (0.5.1 ) in acetonitrile (35.1) was refluxed for 18 

hours, using a guard tube to prevent the ingress of water. Water 

(5.1) was added and the solution was allowed to stand for 30 minutes. 

Water (60.1) was then added and the steroid was extracted into ether 

(100.1). The aqueous layer was back extracted with ether (50.1) and 

the two ether solutions combined. This was washed with water 

(10001 x 3), dried and the solvent was removed to yield a brown 

crystalline solid. N.m.re  spectroscopy showed the product to be 

androstanolone acetate. 

In ethanol 

Both the ethanol and methyl iodide were dried over calcium 

hydride for 3 days. A solution of crude enainine (1.l0g) and methyl 

iodide (0.5.1 ) in ethanol (25.1 ) was refluxed for 16 hours, using a 

calcium chloride tube to prevent ingress of water vapour. Water 

(5.1) was added and the solution was allowed to stand for 30 minutes. 

Water (60.1) was then added and the steroid was extracted into ether 

(100.1). The aqueous layer was back extracted with ether (35.1) and 

the two ether fractions combined. The ether layer was washed with 

water (100.1 x 2), dried and the solvent was removed to yield a low-

melting semi-crystalline solid. Examination of the n.m.r. spectrum 

suggested that the product was largely a mixture of androstanolone and 



androstanolone acetate. T.l.c. against authentic samples confirmed 

the identification. 

Preparation of 2 -methyl-5.&-androstan-171 A-3-one 

(2c' -me thylandrostmuol one)  14514659 

In ethanol 

Both the ethanol and methyl iodide had been thoroughly dried with 

calcium hydride: glassware was oven dry. A solution of the crude 

pyrrolidenamine from androetanolone (1.69) in ethanol (iOml) was 

refluxed with methyl iodide (2.5m1)  under an atmosphere of dry 

nitrogen. Reflux was maintained for three hours, during which time a 

white precipitate appeared. Solvents were then removed on a rotary 

evaporator and sodium hydroxide solution (10%; 10'al) and methanol 

(20ini) were added. The solution was refluxed for 25 minutes and then 

most of the methanol was taken off, leaving a semi-solid precipitate 

which was removed with a glass rod and desaicated. T.l.c. revealed a 

reaction product of marginally lower polarity than starting material, 

Just resolved (R1  a 0.49) from androstariolone (R1  - 0.43). The 

resultant brittle brown solid was crushed to a powder, which was 

extracted well with ether and the residual solid was filtered off. 

The ether solution was evaporated and the semi-crystalline material 

was crudely chromatographed on an alumina column with ethyl acetate 

to remove polar by-products. Careful chromatography on florisil with 

15% acetone in hrxarw gave two fractions. The first consisted of the 

reaction produc 	c'rnethylandrostanolone (homogeneous to t.1.c.) 

(117 mg; 7.0% from androstanolone), while the second (297  mg) was a 

mixture with starting material. The product was recrystallized twice 

from ethyl acetate/hexane (Ca. 70% recovery per recryst.) to give pure 

2o-niethylandrostanolone (56mg; 48% overall recovery); mope ca. 1400 

the crystals of undefined form started to change to rods, which 



continued to grow coarser till melting at 174-5° (iit.1456.39 

1 . !-) ). 

N.m,r. (eu) 	• 1. 1Y (L-1J intthyl)'; 

1.02 csotz-, J = 121ls doublet (i.e. 0.92, 1.12) (2o.-inethyl); 

0.74 (c-18 methyl). 

Atteepted preparation of 2 c"-methyl - 5o - 
Clio 1 08tALI-3-Otu) 

In acetonitri lej'dioxan 

Crude pyrrolid.na.in. from 5Q( -ciolestan-3-one (0.739) with 

methyl bromide (0.5i.l)  and methyl iodide (0.5.1) in a mixture of 

anhydrous ace tonitrils (30.1) and dioxan (10.1) was refluxed over-

night. hater (1 .1) was then added and the mixture r.flux.d for a 

further houre th, steroid was extracted into chloroform (200.1) and 

this washed with water (200.1 x 3). N.m.r. spectroscopy showed the 

product to be unchanged cholaitanone. 

2.3(c) Reaction with Allyl Bromide 

Both the .cetonitrile and allyl bromide had been thoroughly dried 

with calcium hydride: glassware was oven dry. A solution of the crude 

pyrrolidena.ine from androstanolons acetate (Ig) in acetonitrile (25.1) 

was reflux.d with allyl bromide (195.1) under an atmosphere of dry 

nitrogen. Reflux was maintained for four hours, during which time the 

initially yellow solution had changed to red/brown. The reaction 

mixture was then allowed to stand overnight in a stoppered flask. 

Water (5.1)  was added to the solution, which was allowed to stand for 

30 minutes. Chloroform (100.1) was added and this solution was 

successively washed with water, dried, filtered and the solvent was 

removed to yield a broiei semi-solid. T.1.ce revealed a reaction 



product of somewhat lower polarity (Rf  0.71) than starting material 

as well as androstanolona acetate (Rf  0.64). The n.m.r. spectrum 

(:CH,, versus C-17 proton) was consistent with about 25% 

2o4-allylandrostanolone acetate. Crude chromatography on an alumina 

column, eluting with ether, removed polar material, leaving the 

reaction product mixture as a yellow oil. Careful chromatography of 

this on silica gel with 20% ether in hexane gave two crystalline 

fractions. T.l.c. showed the first to consist of 

d..-ailylandrostanolone acetate (176mg; 16% from androstariolone acetate), 

while the second fraction was a mixture with starting material. The 

product was recrystallized three times from hexane to give pure 

2c(-allylandroatanolone acetate (40mg; 23% recovery); m.p. 129-151 °  

(iit.138 130-10); 

ni/e 372.' ( R 177 (C 24H 3603 	372.266 430); 

n.m.r. (60 	3.05(:CH2); 6.82(:CH); 4, 55(C-17 proton); 

1.05(C-19methyl); 0.79(C-18 methyl); 

1)rrla\. 	i(!Ocr'i 	weak (d.b.). 

5. 3( d) Reaction with =Ethyl Crotonate 

In acetonitrile 

The ethyl crotonate and acetonitrile solvent were dried over 

calcium hydride for fire days. A solution of the crude pyrrolidenamine 

of androatanolone acetate (1.4g) and ethyl crotonate (0.4m1) in 

acetonitrile (35a,l) was refluxed for 18 hours, using a calcium 

chloride tube to prevent the ingress of water vapour. Water (5m1) was 

then added to the solution which was allowed to stand for 30 minutes. 

Water (80m1) was then added and the solution extracted with ether 

(120m1). The aqueous layer was back extracted with ether )5ml) and 

the ether portions combined. This was washed with water (lOOmi x 2), 
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dried and the solvent was removed to give a semi-crystalline brown 

solid. Identity of the n.m.r. spectra showed the product to be 

androstanoloria acetate (1.15g; 95% recovery). 

In ethanol 

A solution of the crude pyrrolidenamina of androstanolone (591mg) 

and ethyl crotonate (0.5m1) in anhydrous ethanol (lOusi) was refluxed 

for five hours under an atmosphere of dry nitrogen. Ether work-up of 

the reaction mixture produced a brown crystalline solid which t.l.c. 

showed to be only recovered androstanolone. 

3.3(e) Reactions of Methy 	bromoisobutyrate (+Et 3N) 

e)(i) with 1-N-pyrrolid 	 -ene (pyrrolidenaniine of 
cyc 1 ohexanone) 

(A) Long reaction time 130,196  

The acetoni tn le and trie thy lami 
	

had been rigorously dried 

with calcium hydride: glassware was o, n :. Crude pyrrolidenaaine 

freshly prepared from cyclohexanone (l:id) ts dissolved in acetonitrile 

with triethylamine (1.36m1) and a solution of anhydrous methyl 

• 	 •-'---L 	ly added. 

I: 

temperature a sass of white needles was deposited. The mixture was 

refluxed for six hours under an atmosphere of dry nitrogen. Dilute 

acetic acid (5%; tel) was added and the reflux was continued for a 

further hour. Water (30m1) was then added to the reaction mixture 

which was extracted with portions of ether (50s1 x 3). The ether 

solution was washed with water (lOOmi x 3), dried, filtered and the 

vt was removed to yield crude methyl 9-oxobicyclo Z3-,3,17 nonane- 
- 	 • 
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chloroform (50m1 x 3). The chloroform extract was washed with 

saturated sodium chloride solution (iOOml), dried, filtered and the 

solvent was removed to yield a brown solid (0.36g) which n.m.r. 

revealed was triethylamine hydrobromide. 

The crude bicyclononane was chromatographed on alumina, eluting 

with ethers fractions were examined by t.l.c. Initially a little 

yellow oil was collected which proved to be the olefin 

2-(2-carbomethsyprop-2-enyl)-cyclohexazione identical (t.l.c. and 

n.m.r.) with material prepared as described later. The main fraction 

was then collected as a colourless, odourl.aa oilwhich slowly 

crystallized to give methyl 

as a white solid (0.46g; 24% from cyclohexanone). This was twice 

recrystallized from hexane and the melting point was determined; 

o 
mope 42-43

0 	 196 
(lit. 	41-42 ); 

t.l.c. 	 R = 0.38 does not char well (olefin R  = 0.51); 

n.n.r. (100) 	ZC6' S 	(carbomethoxy); 2.5-0.8 (methylene hump), 

(iitP0n.m.r.(100) L 6H6 	.3 	and 	3.6-0.8 respectively); 

n.m.z-. (60) DCl 5 .7151j7(carbomethoxy); 2.9-1.153j7 

(Methyltue hump, princioal maximum 1.95); 

(CHC13 ) 1720cm 	(carbonyls) (lit. 	 1720cin 1 ). 

Acid 

The methyl ester (200mg) was refluxed with potassium hydroxide 

solution (2N; lOal) for 30 minutes. The solution was made acid to 

litmus with concentrated hydrochloric acid added dropwise. On chilling 

a white precipitate appeared, which was filtered off, washed with water 

and dried to give 9-oxobicyclo 50,.7 nonane- - arboxylic acid 
(111mg; 60%). Most of this (107mg) was recrystallized from ethyl 

acetate (76mg: CR, recovery); m o pe 131-1330  (lit. 196 134-1350); 

n.m.r. (€O) 8 iü.ii (acid); 3.0-1.2 (methylene hump, pattern similar to 

the ester, principal maximum 1.95); 

sax. (CHBr3 ) 3480,3080, 2620 utultiple, broad(acid); 1704cm broad 
(carbonyl.). 
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(B) Rapidly quenched reaction 

The reaction was carried out as in (A) above except that it was 

I r 	 - 
	 = 	 after the addition of 

to the enamine solution. 

The yello 	-. !49g) from the ether work-up was chromatographed on 

alumina, eluting with ether: fractions were examined by t.lc. The 

initial and major material was the olefin 

2-(2-carbometFioxyprop-2-enyl)-cyclohexax:one, a light-yellow fragrant 

liquid (0.63g; 33% from cyclohexartone). (Subsequently a small amount 

of the bicyclononane (above) was eluted.) 

nVe 	196.110 255  (C 11111603 	196.109 937); 

icyclononane R1  W 0.38); 

(olefin); 5.59 5H/ (olefin); 3.76 L3.U1 

(featureless methylene hump); 

637cm weak (d.b.); 

.. (Cl-id 3 ) 1708 (carbonyls); 1633cm 	strong (d.b.). 

Acid 

The methyl ester (200mg) was reflued with potassium hydroxide 

solution (2N; lOisi) for 30 minutes. The solution was extracted with 

ether which was discarded to remove ether-soluble material. The 

aqueous solution was then saturated with sodium chloride and made 

acid to litmus with concentrated hydrochloric acid added dropwise. 

The solution was extracted with chloroform and the organic layer was 

dried, filtered and solvent was removed to give the acid 

2-(2-carboxyprop-2-enyl)-cyctohexanorie as a very pale yellow oil 

(157ing; 85. 

N.m.r. (6 	S -33 (acid);  6.37  (olefin);  5.72  (olefin); 

3.-0.6 (methylene hump); 

•:. (CHBr 3 ) 3670, 3500,  3300,  2600 multiple, broad (acid); 

1695 broad (carbonyls); 1619cm 	(d.b.). 
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D.N.P. 

To the methyl ester (100mg) was added Brady's reagent (4m1). 

The oil which first precipitated crystallized after heating and then 

chilling the mixture: the solid was filtered off and dried (64mg; 33%). 

Two recrystallizations from ethanol gave the 24-dinitropI'ienylhydrazone 

(46mg; 72% overall recovery) as a felt of orange needles; 

m.p. 127.5129.O0; 

t.l.c. homogeneous R1 = 0.73; 

A. 3323 (NH);  1723  (conj. carbonyl; N = C); 1332  (conj. NO2); 

d.b. not discernable in CS 2. 

.3(e)(ii) with the pyrrolidenaniine of trans-decal-2-one 

The acetonitri].e and triethylamirie used had been rigorously dried 

with calcium hydride: glassware was i.' s' 	• Crude pyrrolidanamine 

freshly prepared from trana-deca1-2-c 	. ;4mi) was dissolved in 

acetonitrile (5' 	triethylamine (0.24m1) and a solution of 

anhydrous methy 1/fl1 	bromoisobutyrate (0. 24m1) in acetonitrile (2nd) 

was added. Th.,- 	 became warm and on cooling white needles were 

deposited. The mixture was refluxed for 13 hours under an atmosphere 

of dry nitrogen. Dilute acetic acid (5%; 0.5ml) was added and the 

reflux was continued for a further hour. later (15ml)  was then added 

to the reaction mixture which was extracted with portions of ether 

(2ml x 3). The ether solution was washed with water (50ml x 3), dried, 

filtered and the solvent was removed to yield a light brown oil (35 6mg). 

Subsequently the aqueous solution was saturated with sodium chloride 

and extracted with chloroform (25m1  x 3). The chloroform extract was 

washed with saturated sodium chloride solution (50m1), dried, filtered 

and the solvent was removed to yield a brown solid (76mg) which n.m.r*  

revealed was trie thylamtha hydrobromi de. 
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The oil was carefully chro.atograph.d on alumina, eluting with 

10% hexane in ether to produce about 20 fraction.. (50m1). T.l.c. 

allowed the pooling of these to three products plus unchanged 

trax-d.cal-2-one. The first product to elute was the olefin 

3 -( 2-carbomethoxyprop-2-enyl)-trani_decal._orie as an oil (20e.g; 

4.9% from decalone). This was followed by the bicyclononane 

1j3-( 2-endo-carbomethoxytriaethyleno)_trans_decal_ 2-one, another oil 

(30mg; 7.3% from decalone). k third compound of identical t.l.c. 

polarity to the olefin above was detected in a later fraction but in 

so minute a quantity that further investigation was impracticable. 

i,3-( 2-endo-carbomethoxytrimethylene)_trans_decal_2_one(bicyclononan.) 

T.l.c. 	0.71 char. poorly (just resolved from olefin R  - 0.77); 

n.c.r. (6),,  9 '1.76 (carbomethoxy); no olefinic protons; 3.0-0.5 

(methylene hump); 

1733cm 1  (carbonyls). 

Gas chromatography on N.P.G.S. (5%) at 2000  revealed two nearly equal 

peaks. G.l.c./m.se examination showed that both were associated with 

molecular ions of We 250. 

D.N.P. 

To the bicyclononane (3009) was added Brady's reagent (1.6.1) and 

after chilling in ice the precipitate of 2,4-dinitrophenythydrazone was 

filtered off and dried (20mg; 39%). This was dissolved in excess 

ethanol and the solvent was allowed to evaporate slowly overnight. 

Filtration gave material (8mg) of broad melting range. The compound 

was recrystallized (three times) from ethanol until the quantity ,  (0.3mg) 

was too small to continue, but the melting point did not improve; 

m.p. 100-1200; 
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We 430.185 742 base peak (C21u26N4o6  - 4:30.185 221); 

t.l.c. (10% .thanol,'benz.n.) homogeneous R  - 0.74; 

t.l.c. ()% ethyl acetat./h.xarie) homogeneous R - 0.28; 

)7max. 3180 broad (NH); 1758 (carbonyl; N - C); 1351cm 1  (conj. NO2). 

- (2-carboulethoxyprop-2-enyl)-trans- decal -2-one (olefin) 

T.l.c. it - 0.77 chars blue (Just resolved from bicyclononane 

R. 0.71 ad overlapping decalone R 
f 

= 0.75 chars yellow); 

n.m.r. (6ü' .5 . 18 L1IF (olefin); 5,56 5 IF (olefin); 
3.76 /_3 1 (carboisethoxy); 3.0-1.5 (methylene hump); 

(Cs - ) 	1719cm (carbonyls); d.b. not discernable in CS 2 ; 

(Cic1 3 ) 1722 (carbonyls); 1633cm 	weak (d.b.). 

D.N.P. 

To the olefin (20mg) was added Brady's reagent (0.8.1). The 

semi-solid which precipitated was collected on a spatula and was, with 

difficulty, recrystallized from ethanol to give the 

2,4.-dinitropheny1hydrazone as a yellow solid (3.8mg; ii%). Most of 

this was twice rocrystalIied from ethanol to give a felt of yellow 

needles (0.9mg;  typically 80% recovery per recryat.); m.p.127.5-129.5
0

; 

./e 430.184 464 (C 21HN406  430.185 221); 

(Found: C, 54.29; H, 5.33;  N, 14.88. C 17HN406  requires 

C, 54.25; H, 5.36; N, 14.89); 

t • 1 • 	 0.76; 

(ii): 17'o (conj. carbonyl; N C); d.b. not discernable 

in C 2 ; 1331cm (conj. NO,). 



1U ( 

3.3(e)(iii) with steroidal enaminea 

General Method 

The acetonitrile and triethylan,ine used had been rigorously dried 

with calcium hydride: glassware was oven dry. Crude pyrrnl*denamine 

from the steroidal ketone (ig for M.W. = 332) was dissolved, if 

possible, in acetonitrile (O-'1) - ith triethylamine (0.42m1) and a 

solution of anhydrous methyl 
1910

1-dibr0m0jaobutyrate (0.44i) in 

acetonitrile (5m1) was addt'. 	he m.iture was then refluxed for 

16 hours under an atmosphere of dry nitrogen. Dilute acetic acid 

(5%; 0.5ml) was added and the reflux was continued for a further hour. 

ater (30inl) was then added to the reaction mixture which was extracted 

with portions of ether (50inl x 3). The ether solution was washed with 

water (lOOm] .x 3), dried, filtered and the solvent was removed to yield 

the ether-soluble fraction. Subsequently the aqueous solution was 

saturated with sodium chloride and extracted with chloroform (50m1 x 3). 

The chloroform extract was washed with saturated sodium chloride 

solution (100m]), dried, filtered and the solvent was removed to yield 

the chloroform-soluble fraction. 

The reaction was performed on the pyrrolidenamines of the following 

nine ate r' 

I 	-idrostanolone acetate 

0L -ethylandrostanolone 

.-3 ,20-dione (3-mono-enamine) 

II 	randrostanolone acetate 

fl 	droatanolone acetate 

I 	, 	tan-3-one 

androstano].one 4-methylpentanoate 

D.H.A. acetate 

testosterone acetate 

The three groups gave rise to distinct types of product: thus group I 

gave steroidal salts (contaminated with triethylamine hydrobromide) in 
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the chloroform-soluble fraction.. Steroidal bicyclonan.s as well as 

olefins. were isolated from group II, while the latter were obtained 

from all three groups. In the arrangement of this section the salt. 

(fro. group I) are covered firsts these are followed by the 

bicyclononane. (and olefins) from group II and finally the olefins 

from groups I and III. Within a group the compounds are considered 

in the order of the starting material, above. When, in the following, 

the chloroform-soluble fraction is not explicitly mentioned only 

triethylamine hydrobroiuide (n.m.r.) was found in it. 

ificatione (using the pyrrolidenamine of 5,-androstanolone 
acetate) 

On the omission of triethylaaine only olefin was produced. 

The reaction time was reduced to ten minutes, when only 

olefin was produced. 
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Salts 

(A) llfl -acetoxy-5 -carbomethoxy-5 o-androst2eno /3, 2-2b 

I'-azoniaepiro [4,s_7 decane bromide 

Yield 4.19g  from 49 5c(-androstanolone acetate (62%). Since no 

suitable recrystallization solvent was found, a trituration procedure 

was adopted for purification. The salt (4.19) was ref luxed in 

acetone (67a1) for 15 minutes, the solution cooled, filtered and the 

filtrate washed with ice-cold acetone (13al). The procedure was 

repeated to yield the salt as a white solid (2.76g; 66% recovery); 

m.p. 225-(27-31) °  dec.; soluble in water, insoluble in ether. 

Exact mass (on ion 'salt minus HBr" i.e. C30H4?04) 

We 483.333 348 (CH45N04  = 483.334 840); 

(Found: C, 64.1; H, 8.04; N, 2.56; Br 13.9. 

C30H
46
NO4Br requires C, 63.8; H, 8.21; N, 2.48; Br 14.2%); 

n.c.r. (100) & 4 .50 (CH 2N and C-17 proton); 

4.06 (CH 2C C); 3.74 (carbomethoxy); 

3.46 (C1t0 2); 2.88 (o(pyrrolide); 

2.00 (acetate); 0.72 (c-18 methyl); 

0.60 (C-19 methyl); 

13 C n.c.r. spectrum 
1,521 

 16.7 p.p.a. (acetate carbonyl); 

40.6 p.p.m. (carbomethoxy carbonyl); 

45.3 p.p.m. (c - C-N); 

13394 p.p.m. (C - CS-N); 

max. (CIr3 ) 1720  (carbonyl.); 1662cm 1  (d.b.). 
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5 -carbomethoxy- 17 -hy droxy- 17-methy 1-5 o( -androst- 2-eno 

5,  -7 I '-azoniaspi ro [4, 7 decane bromide 
Yield 1.409 from 0.99g ketone (80%). The salt (1.40g) WAS 

refluxed in acetone (20s1) for 15 minutes and the filtrate was washed 

with ice-cold acetone (41). The procedure was repeated to yield the 

salt as a whits solid ( 0.95g; 68% recovery); s.p. 225-228 0  dec.; 

soluble in water, insoluble in ether. 

Exact mass (on ion "salt minus HBr" i.e. CH 45NO3 ) 

We 455.341 814 (theory 455.339 926); 

n..r. (too) 8 4.48 (CH2N); 	4.02 (CH2C z C); 3.74 (carbomethoxy); 

3.47 (CIEO,); 2.82 (o-pyrrolide); 1.20 (C-17 methyl); 

0.80 (C-18 methyl); 0.62 (C-19 methyl); 

9 max. (C118r3) 1720 (carbonyls); 1660cm 1  (d.b.). 

5 1 
4 -carbomethoxy- 20-oxo-5 c-(-pre gn- 2-eno 	2-.?7 1
, -azoniaspiro 	decane bromide 

Yield 450mg crude salt from 840mg pregnan-3,20-dione (31%). The 

salt (450mg) was refluxed in ethyl acetate (13m1) for 30 minutes and 

the salt was filtered off to give an off-white solid 011mg; 69% 

recovery). The procedure was repeated with ethyl acetate (lOmi) plus 

acetone (40 drops) to give the salt (252mg; 81% recovery); m.p. 

218-2190  dec. 

Exact mass (on ion "salt minus IlBr" i.e. C 30H45NO3 ) 

We 467.339 980 (theory 467.339 926); 

n.m.r. (60) 5' 4.40 (CH 2N); 4.01 (CH 2c = C); 

3.74 (carbomethoxy); CIICO2  obscured; 2.98 ( -pyrrolide); 

2.11 (acetyl); 0.61 (c-18 methyl); 0.59 (C-19 methyl); 

max. (CHBr3 ) 1722 (carbomethoxy carbonyl); 

1698 (acetyl carbonyl); 1665 (d.b.). 
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Reactions of Salt (A) (Ira. 3.1 -Arldroatanolorie acetate) 

The presence of ionic bromide was confirmed by the immediate 

formation of a yellow/white precipitate on the addition of silver 

nitrate solution to an acidified (111(0. ) ) solution of the salt 

The salt (100mg) was warmed with sodium hydroxide solution (t). 

The bromide-free precipitate was filtered off and washed with more 

sodium hydroxide solution. A sodium fusion test was performed on the 

product. No covalent bromine was found. 

A dilute solution of tetranitromethane 
t34 

 wasadded to a chloro-

form solution of the salt and the mixture warmed in a water bath. The 

appearance of a yellow colour was consistent with the presence of a 

tetrasubstltuted double bond. 

Attempted methylation 

The salt (100mg) in water (5.1) was stirred with freshly prepared 

silver (I) oxide (200mg), overnight. The mixture was then put into 

chloroform (iOo.l) the water was removed, the solution was filtered 

and the solvent was removed to yield the product (70mg). This was 

dissolved in absolute ethanol (10.1) and was refluxed with methyl 

iodide (1 ml) for 45 minutes. No new methyl peak appeared in the 

n..r. spectrum. 

Hydrolysis 

The salt (1.139)  was dissolved in acetonitrila (4.1) and 

dilute acetic acid (5%; 0.2.1) added. The mixture was refluxed for 

three hours. No material could then be extracted into ether. 

The salt (ig) was dissolved in dilute hydrochloric acid 

(5%; 15ail) and rufluxed overnight. On cooling the material came down 

as a white precipitate insoluble in ether. 

Salt (ig) was reflux.d for three hours with hydrochloric acid 

(25.1  conc. + 25.1 water) • No material could then be extracted into 

ether. 
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(d) Salt (204mg) and saturated sodium bicarbonate solution (5m1) 

with ethanol (5m1), chloroform (5m1)  and water (5m1)  were stirred 

together to an emulsion in a stoppered flask for 49 hours. The 

product was extracted into ether (loomi) and the ether solution was 

washed with water (lOOm]. .x 3). 	.ie Solutioi4 wazi dried, filtered and 

solvent was removed to yield 17fl  -acetoxy- 	2-carbowethoxyprop-2- 

enyl)-5o(-androrntan-3-one as a yellow oil (60mg; 39%). This was 

dissolved in excess hexane and insoluble material was filtered off 

and discarded. After removal of solvent the oil was, with considerable 

difficulty, recrystallized from hexane as a white solid. Three 

further recrystallizations (typical recovery per r.cryst. 60%) gave 

the pure olefin (9mg; 15% overall recovery; 5.9% from salt); 

.p. 85.884). The full characterization of this olefin, prepared in 

a different manner (m.p. 86-88° ) is given later. The identity of the 

two compounds was established by mixed melting point (86-88°  

undapressed) as well as by comparison of the n.in.r. spectra. 

Bicyclononanes and Olefins 

(a) from 19-noraudrostazio1one  acetate 

The total crude material (73809) from  19-norandrostanolone 

acetate (720mg) was carefully chromatographed on alumina, eluting 

with ethers 13 fractions (50.1) were collected. Further elution with 

o% ether in ethyl acetate gave unchanged starting material. The 

first six and the last contained little material and were therefore 

rejected, leaving six fractions of colourless oil. T.l.c. with 10% 

ethanol in benzene as solvent system did not resolve the mixture from 

starting material (Rf  a 0.73): with 20% ethyl acetate in hexane, 

however, the fractions could be seen to contain no starting material 

(Rf  - 0.46) and consisted of two components, the olefin (R f  - 0.37) 
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and the bicyclononan. (R 1  = 0.24 chars bright red). The first three 

fractions were mostly olefin and were therefore coined: the other 

three were richer in bicyclononane and were also pooled (88.g). This 

latter mixture was subjected to preparative t.l.c. on silica gel with 

20% ethyl acetate in hexane and produced crude bicyclononane 

up -.tcetoxy-2. ,4oi -( 20t -carbo.ethexytrimethylene)-5 	10 -estran- 

3-one (20mg; 2.1% from 19-norandrostanolone acetate) as a clear colour-

less oil. The olefin from the plate was combined with that from the 

column to give crude 17fl-acetocY__(2_carboaethoxYPro.2_e27l)_ 

5,
lOfl 

-ctran-)-one (167mg; 18 Iron) 19-norandrostanol one acetate) 

as a yellow oil. 

17fl -icetoxy-2, , 14oL -(2.' -carbomethoxytrimethylene)-5c( 
odtra-3-oue (bicyclononane) 

Newer* (6' 	37 (C-17 proton); 5.74 (carbom.thoxy); 

2.03 (acetate); 0.77 (C-18 methyl); 

\'ax. 1738 (shoulder 1727) (carbonyls); 1240cm 1 . 

D.N.P. 

The crude bicyclononane (20mg) was dissolved in the minimum of 

methanol and Brady's reagent (0.8i.l) was added. On chilling in ice a 

precipitate formed which was filtered off (20.50g; 71%). Attempts to 

recrystallize this material from ethanol succeeded only in giving a 

semi-solid. It was therefore dissolved in excess ethanol which was 

allowed to evaporate slowly overnight: filtration produced a solid 

(4.3.g)o r.l.c. revealed that this was contaminated with the olefin 

D.N.P. The material was therefore subjected to preparative t.l.ce on 

silica gel, using 20% ethyl acetate in hexane as the solvent system. 

The resultant 2mg of t.1.c. - homogeneous material was recrystallized 

from acetone/hezane with very considerable difficulty to give the 

2,4..dinitropheny1hydrazone as bright yellow crystals (0.8mg; 2.8% from 
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crude bicyclononan.; 0.059% from 19-norandrostanolone  acetate); 

.p. 198-05° ; 

W. 	596.288 64's (C 31H,N408  - 596.284 592); 

t.l.c. (10% ethanol/bsnzsns) R - 0.70 (same as olefin UWP); 

t • i • c • (% ethyl acetate! hexane) ho.ogeoeoua R m  0.15 (010 fin 

D4P H1  

a cetoxy- 2 . - ( 
	

-Se 

N.c.r. (60 	.i7 5j7 (olefin); 5.57 	(olefin); 

.58 5 g (C-17 proton); 3.74 5 	(carboisethoxy); 

2.04 (acetate); 0.83 (C-.18 .sthyl); 

738, 1720 (carbonyls); 1630 extremely weak (d.b.); 1240c 1 . 

Lcpts to crystallize the crude olefin from hexaris were discouraging 

at best a sticky solid was obtained. The D.N.P. was therefore prepared. 

D.N.P. 

Crude olefin (ilOusg) was dissolved in the ciniuta. of methanol and 

radys reagent (4.1) was added. On chilling the precipitated oil 

crystallized and it was filtered off (130ig; 82%). This was 

recry.tallisd five time from ethanol (typical recovery 50%) to give 

the pure 2,4-dinitropltenylhydrasone (4.8.g; 3.0% from crude olefin; 

0.54% from 19-norandroatanolone  acetate); a.p. 175-1800 ; 

./. 	596.284 612 (C, 1HN4O8  - 596.284 592); 

t.l.c. (10% ethanol/benzene) R - 0.70 (same as bicyclononan. DWP); 

t.l.c. (20% ethyl acetate/hezan.) homogeneous *f 0.20 (bicyclononane 

IP H1  U 0.15). 
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(b) from 5 
1 
t -androatanolone acetate 

5-a4drostaiiolone acetate (90rng) gave rise to semi-solid brown 

irittcri1 (46--mg) from the chloroform-soluble fraction. The -i.m.r o  

spectrum suggested that it was a mixture of bicyclonene and 

triethylamine hydrobro.ide. An attempt was made to remove the latter 

by washing a solution in chloroform (100.1) with saturated sodium 

bicarbonate (50.1 x 3) and then with dilute hydrobro.ic acid (10%; 

50.1). After drying, filtration and removal of the solvent n.m.r, 

revealed that as well as removing the triethylaaine hydrobromide the 

washing had hydrolysed the bicyclononane to the olefin. The mixture 

was therefore combined with the similar (t.l.c. and n.c.r.) ether-

soluble fraction (221mg) to give crude material (551mg). This was 

chromatographed on alumina, eluting with ethers 20 fractions (50.1) 

were collected. All but six of these contained negligible amounts 

and were therefore discarded. Of the six retained fractions (9-14) 

the first and last were crystalline, while the other four were oils. 

T.l.c. using 10% ethanol in benzene as solvent system showed that the 

first two fractions were mostly unchanged 5fl -  dudro,taolone acetate 

(Rr  0.59) while the next two were largely olefin (I 	0.66): the 

last two fractions gave predominantly a single spot corresponding to 

the olefin with this solvent system; however use of 20% ethyl acetate 

in hexane showed that as well as olefin (* 	0.22 same as 

5faro:toioue acetate) these list two fractions contained some 

b1cyc1oioia- (e 	0-10). 'rile first two Crac tioLs were discarded 

and the second two were pooled to give crude olefin 

lYfl -cetox-4p -(2-carbomethoxPro-2_en1)-,54 -androetan-3-one as an 

oLJ. t135.g;  1196 irom 5,p-androstanolone acetate). The last two were 

also pooled and subjected to preparative t.l.c. on silica gel, running 

the plate twice with 20% ethyl acetate in hexane: this gave the 
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bicyclononan. 17 _ ,O -ace toy-2p ,• $ -(2$ -carbo.ethoxytrimethylene)_ 
I 	I 

-uidrostan-3-oiie as whit.crstals (.4mg; 0.54%  from 

Tp - aradrostanolone acetate). 

17 -acetoxy- 2$ , 4fi(2 p -carmethotrithy1ee)-5fl -adroatan- 

	

" 	3Lone (b.icyclononane) 

The Uicyclononane (6.4ag) was, with sOme difficulty, recrystallized 

fron acetone to give whit. plates (2.209; 34% recovery; 0.18% from 

&tooI 	 1) - it 

1 	( 	 tL 	 •-.O. .71 	7) 

(Found: C, 72.69; II, 8.96. 	CH3805  requires 

C, 72.53; H, 8.90%); 

n.m.r. (60) (run on crude material from co1u — very noisy sp.ctrum 

due to tiny quantity S 	olefinic resonance; 4.50 (C-17 proton); 

3.73 (carbomethozy); ..0o (acetate); 0.88 (C-19 methyl); 

17 	 u 	t 	7,-,  ffl 

17ft -ace toy-.fl -(2-carbomethoi rop-2-.nyl)-58 -androetan-3-one 
I 	 (olefin) 	 / 

crude o1f.i (135;nj oil) was recrystallized from hexane as a 

white solid which was recrystallized (typical recovery per recryst. 70%) 

four more time to give the olefin as white needles (17.4.g;  overall 

recovery 13%; 1.4% from 51 -androstanolone acetate); m.p. 111-113 ° ; 

0/0  430.270  937 (cH3805 = 430.271 907); 

(Founds C, 72.35; H, 8.96. CH0, requires 

C, 72.53; H, 8.90%); 

(6o 5 	(olefin); 5.56jj7 (olefin); 

4.58i 	(C-17 proton); 3.725j/ (carbo..thoxy); 

(ac.tat) 	1.01 (e-19 methyl); 0.81 (_-18 muteyl) 

' ni. 	1738; 	171 (carboyls); 	1i very weak (d.b.): 12!tOcm1. 
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(c) from 5. -androstanolone acetate 

The crude ether-soluble material (800mg) from 5 -androstanolone 

acetate (49) was roughly chromatographed on alumina. Liution with 

ether gave recovered crystalline starting material (334mg): with ethyl 

acetate a crude olefin mixture (278mg) was obtained as an oil. On 

t.l.c. starting material Of = 0.62) was not resolved from the olefin 

(Rf = 0.67) but the two compounds could be distinguished by what 

difference there was together with differential charring behaviour. 

Further careful chromatography on alumina with 20% ethyl acetate in 

ether gave more crystalline starting material, then crude olefin as an 

oil (75mg; 1.4% from 5o.-ndrostanolone acetate). The oil was, with 

some difficulty, recrystallized from hexane as a white solid. This 

was recrystallized from hexane (typical recovery per recryst. 55%) 

three nor, times to give pure 179 -aceto' o& 	-carbomethoxypi-9p-2- 

enyl 	:idrostan-3-one (7.5mg; overall 	ry 10%; 0.14% from 

-:Aldrostanolone acetate); m.p. 86-880; 

tIound: C, 72.44; H, 8.91. 	C,615805  requires 

C, 72.53; H, 8.90%); 

(A tiny sample of the olefin was also prepared from the crude ether-

soluble material by preparative gas chromatography on a Perkin-Elmer 801 

instrument. The OV-1 column was held at 3000: 

rn/a 	 17 ( 6U380, = 430.271 907)); 

n.m.r. (( 	i5 j 7 (Ole f  in) ; 5.54 L1  2H (olefin); 

4.56 Li ii7 L-17 proton); 3.73 57 (carbo.ethoxy); 
2.03 (acetate); 1.05 (C-19 methyl); 0.81 (c-18 methyl); 

max. 1720 broad (carbonyls); 1626 extremely weak (d.b.); 1240cm 1 ; 

the presence of the double bond was confirmed chemically by the 

decolourization of bromine water and of potassium permanganate 

solution. 
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Acid 

(Hydrolysis proc.tar.) The crude ether-soluble material (0.19) 

was dissolved in ethanol (1(1) • A few drops of water and potassium 

hydroxide (0.5g) were added and the solution was refluxed for 

30 stout... It was then added to other (25.1)  and sodlum hydroxide 

solution (4; 25.1).  After shaking, the aqueous Layer was separated. 

The ether layer was extracted again with a further portion of sodium 

hydroxide solution. The combined aqueous extract was acidified drop-

wise with concentrated hydrochloric acid, with which a precipitate 

appeared. This was extracted into chloroform (75.1  x 3). The 

solution was then dried, filtered and the solvent was removed to yield 

the crude acid. 

he resultant very ama' ! 	it ity O 

	

. -&...-carboxyprqp-2-eny1)-50 -adromtan-1]/ 	 z' 

-, 

n.r. '*U) 	 o1"ftt) ; 5.70 (oleLii) ; 	'. 7 (1-17  proton plus 

acz(J; 	A.U7 (C-19 methyl); 0.77 (C-18 ..thyl). 

This material was r.crystallised from ethyl ac.tat./hexane to give an 

off-whit. solid; •.p. 187-1900 ; 

,'e 374.246 048 (C 23H ,04  a 374.245 695). 

(d) from 17c"--a.thylandrostsnolone 

The 	ether-soluble material (128mg) from 

17c' -.sthylandroatanolon. (990mg) was chro.atograph.d on alu.1na* 

lution with 50% ethyl acetate in hexane gave three fractions contain-

ing (Just) noticeable quantities of oil* further elution with ethyl 

acetate gave a large amount of wu-eacted crystalline starting material. 

T.l.ce of the three fractions with 10% ethanol in benamne showed the 

last two to consist of olefin (R a 0.36) as well as some starting 
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material (R1  = 0.51). With this solvent system the first fraction 

had the same polarity as the olefin: with 20% ethyl acetate in hexane, 

however, it was revealed as another compound (R f  = 0.19) and not 

olefin (R f = 0.12 same as starting material). This first fraction 

constituted only 3.3mg of oil; thus it was not possible to characterize 

it further; however a very slowly run and heavily filtered n.m.r. 

spectrum (in Cd 4 ) suggested that it did not cont.ir oleuinic 

resonances but did show a carbomethoxy peak 0.3 . The two other 

(olefin-containing) fractions were combined but even here the quantity 

of oil (12.9mg)  was insufficient to proceed with further purification. 

Spectroscopic properties, 	;ver, were consistent with this material's 

being the impure oleJ 	-( -carbomethoxyprop-2-enyl)-17, -methyl- 

5a--tiidroatan-17-ol- • 

r/e 402.276 349 (C2?138011 = 402.276 993), 402 is the largest peak 

above 304; 

n.m.r. (60) (Cd 4) (very noisy due to the small quantity)56.07 (olefin); 

5.55 (ol.fin);  3.70 (carboniethoxy); 1.15 (C-17 methyl); 

1.11? (C-19 methyl); 0.82 (c-i8 methyl) 

V 	1718 broad (carbonyls); 1630cm 1  weak (d.b.). 

(e) from pregnan-_3,20-d ione 

23g of crude ether-soluble material was obtained from pregnan-

3,20-dione (840mg). The n.m.re spectrum suggested that it contained 

a small amount of olefin and t.l.c. showed the compound was not 

resolved from starting material (R a 0.59). The typical yield of the 

olefins from groups I and 111 (about 1.5%) forcefully suggested that 

the amount of crude material available was insufficient to allow the 

isolation of 2o4.-(2-carboniethoxyprop-2-enyl)-5.4 -pregnan-3,20-dions, 

hence the mixture was not further investigated. 
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m/. 414 .277 059 (C 26H3804  - 414.276 993), 414 is largest peak 

above 330; 

n.a.r. (60) 	,'.l resonances in addition to those from starting 

materia. S 1 14 (olefin); 5.52 (olefin); 3.72 (carbotlwTy) 

(I) from Jcholestan-3-000 

The crude other-soluble material (1.329) fro4cholestanone (1.279) 

was cIu-omatographed on alumina. Elut ion with 20% hexane in ether gave 

crystalline starting material followed by three fractions of oil. 

T.l.c., using 10% ethanol in benzene failed to resolve starting 

material and product; however 20% ethyl acetate in hoxane showed the 

first fraction to be largely starting material (Rf  0.62) and it was 

therefore discarded. The two later fractions gave predominantly a 

single spot (R1 a 0.56) and were combined to yield an oil (22.1mg). 

The presence of two C-19 methyl resonances in the n.m.r *  spectrum of 

this crude material, however, suggested the presence of two different 

olefins: 

- 	6 	 .57 (olefin); 3.76 (carbomethoxy); 

• 	• 	 is); 0.92 (Co 2); 0.83 (c-18 methyl); 

0.67 (C-21 methyl). 

The oil proved too soluble to effect recrystallization from hexane; 

however a white solid was,with difficulty, obtained with poor (39%) 

recovery from methanol. Four more rect-ystallizat ions from methanol 

recovery per recryst. 70%) gave t di-olefin 

oCo- i -( 2-carboeethoxyprop-2-enyl )-5v -cholestan-3-one as a 

slightly sticky white solid (1.1mg; 5.0% overall recovery; 0.06% from 

chol.etanon.); m.p. 75-79°, dependent on heating rate; 

582.430 856 (C37i1
58
05  582.428 397); 

j.)rt.. (Cs,) 1724 (carbonyls); 1626ci 1  weak (d.b.); 

.:a. (CHBz-3 ) 1720  (carbonyls); 1630ca 1  weak (d.b.). 
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from androstanolone 4-methylpentanoate 

The n.m.r. spectrum of the crude ether-soluble material was 

consistent with the presence of a small quantity of the olefin 

2o' -( 2-carboaethoxyprop- 2-enyl )-5 ,& -androetan- 170 -ol-3-one 

4-methylpentanoate 

n.m.r. (60) (small resonances in addition to those from starting 

material) 	5.17 (olefin); 5.57 (olefin);  3.72 (carbomethoxy). 

Acid 

Hydrolysis by the procedure outlined in (c) above gave the acid 

as an off-white solid (3mg). This was recrystallized from ethyl 

acetate/hexane to give less than I mg of pure acid; m.p. 185_1900. 

The mixed melting point with the acid (m.p. 187-190 0 ) prepared from 

5aL-androetanolone acetate as described in (c) was undepressed; 

186-190° . 

from D.H.A. acetate 

The total crude semi-solid material (1.369) from D.H.A. acetate 

(1.59) was roughly chromatographed on alumina, eluting with 25% 

chloroform in ether, to give a semi-crystalline solid (630mg). This 

material (241*mg) was carefully re-chromatographed, using ether then 

10% ethyl acetate in hexane: 20 fractions (50ml) were collected. 

Neither t.l.c. solvent system resolved olefin adequately from starting 

material, but with 10% ethanol in benzene the olefin (R 1  = 0.73) was 

less polar than starting material (Rf  = 0.69); while with 20% ethyl 

acetate in hexane it was more polar (R 1  = 0.35; DHA acetate R  = 0.37). 

This difference was sufficient to indicate that the oil of the eleventh 

frartiori was the olefin 

-acetoxy- lu o& - ( 2-carbomethoxyprop-2-enyl)-androst5(6)-en-17-one 

(9.2mg; corr. to 1.2% from D.H.A. acetate); 
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i.ui.r. (60) (CC 4) (noisy due to small quantity' £'.oB (olefin); 

5.50 (olefin) not entirely resolved from 5.37 (C-6 olefinic 

proton); 4.46 (C-s proton); 3.72 (carbomethoxy); 1.96 (acetate); 

(c-18 methyl); 1.04 (C-19 methyl); 

171*0 broad (carbonyls); 1676 barely discernable (5( 

1630 (aido-chain d.b.); 1237cm 1. 

D.N.P. 

The addition of Brady's reagent gave an oil which was 

recrystallized from ethanol to give the 2,4-dinitrophenylhydx-azono as 

an orange solid (0.3mg; 2.3%; 0.028% from D.H.A. acetate); m.p. broad 

io8- I 28°f 

t.1.c. virtually homogeneous R a 0.78; 

We 	608.283 176 (CC 32H40N408  a  608.284 592),  608 is the largest 

peak above 562. 

Acid 

Hydrolysis of the roughly chru.atmgraphed crude olefin mixture 

Lt 	i&.ur o't1 iuu 	(c) above gave the crude acid 

- p I-17-one as less than 

1wjj oi mid-brown solid: 

W. 372.229 958 (C 23N5204  a 572.230 045), 572 is the largest peak 

above 18. 

(i) from testosterone acetate 

8750g of the total crude material (1-350 from testosterone 

acetate (Ig) was carefully chromatographed on alumina, •luting with 

10% ethyl acetate in ether: 18 fractions (50.1)  were collected. The 

first compound to elute was crystalline t.stost.rooe acetate: this was 

followed by some fractions of oil. T.l.c. allowed the pooling of the 

oil to two fractions: the first was a mixture of testosterone acetate 
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and another material less polar to t.l.c., while the second fraction 

(41mg) showed two spots more polar than starting material. The first 

fraction was subjected to preparative t.l.c. on silica gel, using 10% 

ethanol in banzene as solvent system. This cleanly separated the 

product (33mg) from testosterone acetate, t.l.c. showing only a single 

spot; however the n.m.r *  spectrum revealed the presence of at least 

three compounds (three C-19 methyl resonances as well as a number of 

olefinic peaks and a single large carbomethoxy resonance). The mixture 

was again subjected to preparative t,l.c. and a number of fractions 

were derived from closely spaced zones; however n.m.re spectroscopy 

revealed that this had failed to separate the constituents to any 

appreciable degree. 

Attention was then turned to the second fraction (above). The 

two constituent spots were isolated by preparative t.l.c. but again 

the two products, each homogeneous to t.l.c., proved to be intractable 

mixtures of olefins (n.m.r.). 

The original crude material was subjected to preparative gas 

chromatography on an OV-1 column at 
3)O• 

 The major fraction (other 

than starting material) proved to correspond to testosterone acetate 

with a single 2-carbometboxyprop-2-enyl side-chains 

We 428.256 629 (CH36O5  = 428.256 258), 428 is the largest peak 

above 149. 

Attempted preparation / 
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Attempted preparation of 2 o< - ( 2-carbome thoxyprop- 2-any 1)-
5o(-androstan_17_ol-3_one acetate (olefin from androstanolone 
acetate) via base catalysed reactionb5 

To a boiling solution of androstanolone acetate (0.22g) in 

benzene (2.5m1)  and butanol (1.25m1)1  under a nitrogen atmosphere, 

a solution prepared by the addition of potassium (40mg) to butanol 

(imi) was added. Methyl f8 '_dibromoisobutyrate (log) was than 
added, followed by more potassium (160mg) 'dissolved' in butanol 

(4.1). A white precipitate appeared and the solution was refluxed 

for a further 10 minute.. Ice was added to the reaction mixture, 

which was extracted with ether (23.1  x  3). This was washed with 

water (7511  x  3), dried and the solvent removed. The product proved 

to be a mixture of at least four components, which were not further 

separated. However the n.m.re spectrum revealed the presence of 

(inter alia) resonances at E 6.20 (olefin); 5.56 (olefin); and 

3.73 (carbomethoxy) corresponding to resonances in the spectrum of 

the crude olefin mixture. 

Attempted Reaction of G.'-nitrosrene with rrolidenamines 
z* a ===== 	== 

of Androstanolone and Acetate 
U 	 = U 

In dioxan-room temperature 

Crude pyrrolidenamine from androstanolone acetate (ig) and 

G-nitrostyrene (0.45g)  were dissolved in anhydrous dioxan (15.1) 

with gentle warming. The solution was left in a stoppered flask 

for two days. Water (3.1) was added and the mixture was allowed to 

stand for 25 minutes. Chloroform (300.1) was then added and the 

solution was washed with water (x 3). The chloroform layer was then 

dried and the solvent was removed to yield a brown glass. 
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Mass spectroscopy revealed no major peak corresponding to the 

molecular ion of the expected product, but instead showed ions up to 

at least *. 660. The n.m.re spectrum of this crude material revealed 

aromatic protons (7.25) 	 wlo bend of 

kixhcr polarity than 	 ro$tatO].on. 

acetates The mixture was not further investigated. 

In dioxan-reflux 

A chilled solution of d. G' •itrostyrene (250mg)  in anhydrous 

diozan (5.1) was added to a o1on of crude androstanolon. 

pyrrulide'-in. (591mg) in anhydrous dioxan (lost) at 00.  The 

mixture was allowed to warm to room temperature for three hours in a 

stoppered flask and was then refluzed under an atmosphere of dry 

nitrogen for on• hour. Water (imi) was added and the mixture was 

allowed to stand for 30 minutes. After addition of water (100.1) the 

whole was extracted with other (100.1 x 3), dried, filtered and the 

solvent was removed. T. 1 .c • showed a spot corresponding to 

androatanolone and a diffuse bend of higher polarity. On alumina 

chromatography the bulk of the material (a dark brown tar) .lut.d 

only with a chloroform mixture. The less polar yellow glass, which 

cams through with ethyl acetate, was carefully chrosatographed on 

flerisi 1, but the only compound which could be isolated was unchanged 

androatanolone (t.l.ce and n.a.r.), 

In ethanol-reflux 

rho same procedure wim followed using ethanol (7 and 20.1 

respectively) as solvent, with similar results. 
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3.(g) Reaction of Acr1oy1 Chloride with Prro1idenaeine of =* =z=== ======= u==x==u== 

Androstano lone Acetate 

Acryloyl chloride (0.88.1) in anhydrous benzene (15.1) was added 

dropwise to a refluxing solution of crude pyrrolidenamine of 

androatanolone acetate (4.259) in anhydrous benzene (60.1). A white 

precipitate formed rapidly and reflux was maintained for 21 hours. 

The reaction mixture was then cooled in ice and the precipitate was 

filtered off and washed with anhydrous benzene (10.1). The solid was 

shaken with ice-cold water (50.1), allowed to stand in ice for three 

hours and than was warmed up to room temperature. The aqueous 

solution was then extracted with ether (100.1). The ethereal 

solution was dried and the solvent was removed to yield a white solid. 

This was then recrystallized from a mixture of petrol (60/80 °) and 

acetone t 

3-(175 -cetoxy-5 -androstan-3-one 2c&-yl)-propanoic acid 

(0.44g; 9.9% from enamine); m.p. 168-1730 ; soluble in hot 

sodium hydroxide solution; 

rn/a 404.256 102 (CH3605  = 404.256 258); 

t.l.c. homoeous R1  = 0.21; 

g o). •;-- 

 

(, 16): 	.j: 'tx-i idet ' ( C-17 proton) 

1.0 (-19 m'itnyl); 0.77 (c-18 methyl); 

V 	* 1734 (acetate carbonyl); 1704cm 1  strong (C-) and acid 

carbonyls) 

Eaten I icat ion 

To the acid (50mg) in anhydrous ether (3.1)  was added dropwise a 

solution of diazoi.ethane until the yellow colour was no longer dis-

charged. The solution was allowed to stand for 30 minutes. Solvent 

was then removed. 

N.m.r. / 
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$..r. (IM) 	 'triplet' (C-il proton); 

.64 (c&riK Uoxy); 2.02 (acetate); 1.06 (C-19 methyl); 

0.89 (c-18 methyl). 

Integration (C-il proton vervuss c.e.rbothoxy) thcwod the ester 

to be the sole (more than 95%) product. 

Attempted cyclisation 

To the acid ()g) in anhydroua beau.ne (50m1) with pyridine 

(1 drop) was added oxalyl chloride (0.1ml). A white precipitate 

formed. The solution was allowed to stand at room temperature for 

two hours and was then ref luz.d for ten minutes. The solvent was 

rnrn 	 yield the acid chloride ( 219mg). 

1759 (acid chloride); 1730ciui 1  (C-3 and acetate 

carbonyl.). 

To a solution of the acid chloride (219mg) in dry chloroform 

(12*1) was added stannic chloride (0.07 01) and the whole allowed to 

stand overnight. The chloroform solution was extracted with dilute 

hydrochloric acid (al). The aqueous layer was then itself extracted 

with haxane and the hexans and chloroform fractions combined. This 

solution was washed with saturated sodium bicarbonate solution (25s1) 

And than with water jl x 1*) • The solution was dried and the 

solvent was removed. 

Chromatography on alumina produced androstanolone acetate 

(identified by t.l.c.) as the only isolable product. 
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3.3(h) Reactions of Acrolein 

3.3(h)(i) with pyrrolidenaadne of cyclohexanone 

Room temperature-distillation 	 136  

To a solution of the crude pyrrolidenaine produced from 

èyclohexanone (12.41), dissolved in anhydrous dioxan (25a1) and 

maintained at 00,  was added acrolein (2.2.1). The mixture was then 

allowed to warm to room temperature and left for one hour. The 

reaction mixture was dissolved in ether (300m1) and repeatedly 

washed with water. The ether layer was dried and the solvent was 

removed to yield a brown oil (8.59). This oil (6.299) was fractionally 

distilled at 0.5mm  pressure. The product 2-pyrrolidinyl-bicyclo 

5I37 nonan-9-one was collected at 100-120°  (1.269; corr. to 25% 
from acrolein) 

(: 	 .50; 2.01; 1.77 (methylene hump); 

1 V 	1720cm
- 
 (carbonyl... 

CraALq  

Amine (0.2g) was dissolved in the minimum of hot ethanol and a 

cold saturated ethanolic solution of picric acid (2.1) added. The 

precipitate was filtered off and recrystallized twice from ethanol; 

m.p. 170-172°  (lit, 136 171-1720); 

	

. 	 •. 	 . 

t 	 hurp 

i.r. (C}lBr3) 1717 weak (carbonyl); 1610; 1564,  1312cm 1  broad. 

Reflux-chromatoraphic work-up 

L'he dioxan had been rigorously dried with calcium hydride: glass-

ware was oven dry: the acrolein was freshly distilled. Crude 

pyrrolidenamine from cyclohexanone (1 ml) was dissolved in dioxan (10.1) 
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and the light yellow solution was chilled to O. Acrolein (0.65m1) was 

added and the stoppered flask was allowed to warm to room temperature 

for one hour. The mixture was then refluxed for 30 minutes under an 

atmosphere of dry nitrogen. Solvent was removed on a rotary evaportcr. 

The product was refluxed with ether for 30 minutes and the mixture was 

filtered through a celite pad to remove ether-insoluble material: 

solvent waj removed to yield a red/brown oil (1.72g). This was 

chromatographed on alumina, eluting with ether: 50m1 fractions were 

collected. Fractions two and three comprised an oil, samples of which 

gave yellow crystalline precipitates on the addition of ethanolic picric 

acid. T.l.c *  did not reveal a single spot but a characteristic streak 

caused by reaction of the amine with the acidic silica gel. The 

identical behaviour of the two fractions on t.l.c., slowly charring 

from brown to scarlet, allowed them to be pooled. This gave 

2-pyrrolidinyl-bicyclo L33/ nonan-9-one as a very pale-yellow viscous 

oil (827mg; 41% from cyclobexanone; 

n.m.re and i.re as above. 

Plc ra to 

The picrate was prepared from the amine (400mg) by the method 

outlined above. It (3300g; 39%) was recrystallized from ethanol (about 

50m1) to give the pure picrate (210mg; 64% recovery); m.p. 171.0-173.50  

(lit. 136 171-172°). 

(C) Room temperature - chromatoaraphic work-u 

The procedure in (B) above was followed: the reaction mixture was, 

however, not refluxed but simply allowed to stand at room temperature 

for a total of 90 minutes, After the addition of chloroform (100,,il) the 

organic layer was washed with water (lOOsi x 5), dried, filtered and 

solvent was removed. This yielded a brown tar which was chromatographed 

on alumina with results similar to (B) above. 
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)0(h)(ii) with pyrrolidenamine of trans-decal-2-one 

The dioxan had been rigorously dried with calcium hydride: 

glassware was oven dry: the acrolein was freshly distilled. Crude 

pyrrolidenamine from trans-decal-2-one (0.24il) was dissolved in 

dioxan (2.W) and the solution was chilled to 00.  Acrolein (0.08ani) 

was added and the stoppered flask was allowed to warm to room 

temperature for one hour. The mixture was then refluxed for 15 minutes 

under an atmosphere of dry nitrogen. Solvent was removed on a rotary 

evaporator to give a brown oil (386g). This was roughly chromato-

graphed on alumina, eluting with ethyl acetate to give a light brown 

liquid (259mg) smelling of decalone. T.l.c. revealed the presence of 

at least six compounds, two of lower polarity than starting material, 

one corresponding to decalone (Rf M 0.77) and another more polar 

(Rf  = 0.58) as well as two further spots of even higher polarity. The 

crude material was carefully chromatographed on florisil with solvent 

mixtures of increasing polarity: twenty (50m1) fractions were collected. 

T.l.c. allowed pooling to seven fractions. After decalone a pale yellow 

liquid eluted with 50% ether in hexane which corresponded to the 

R  = 0.58 spot. This material was the crude bicyclononane 

1, 3-( 1-pyrrolidinyltrimethylene)-trans-decal-2-one, a viscous pale-

yellow oil (42m9; 9.8% from d -'crone); 

n.m.r. (60) princinal m.'dmi 	' .52, 1.71 (methylene hump); 

i.r. 	1729cm
-1

(carbouvi). 

Picrata 

A cold saturated ethanolic solution of picric acid was added to 

solutions of the seven fractions in the minimum of hot ethanol. On 

standing for two days the fraction noted above was the only one to 

furnish a crystalline precipitate (14g; 18%; 1.7% from decalona). 

This was twice recrystallized from ethanol (about 50% recovery per 
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recryst.) to give the pure picrate 0.00g; 21% overall recovery); 

m.p. 170-172°. 

Exact sass on abundant ion corresponding to parent amine: 

rVe 261.208 701 (C 17H27N0 - 261.209 254); 

i.r. (CHBr3 ) 1718  weak (carbonyl); 1604; 1565; 1318cm 1  broad. 

3.3(h)(iii) with steroids 

The reaction was carried out with pyrrolidenamines of: 

cholestan- 3-one 

androstanolone 

androstanolone acetate. 

General 

The crude enamine (1.59) was dissolved in anhydrous dioxan (25m1) 

and keeping the mixture at 0, 
 acrolein (0.15m1)  was added. The whole 

stood overnight at room temperature. The steroid was then extracted 

into chloroform, this was washed with water and the solvent was removed. 

Chromatography on alumina failed to separate the desired product; nor 

did attempted picrate formation fare better. Maes spectroscopy 

revealed no peak corresponding to the expected amino. 

Modifications 

Using androstanolone and androstanolono acetate, the addition was 

carried out (as above) at ice temperature; but the solution was then 

refluxed for two hours. On work-up none of the desired product was 

detected. 

Using androatanolone the reaction was carried out as above, but in 

rigorously anhydrous •thanol • The product was worked up in two ways 

with similar result. - (i) chloroform extraction, (ii) removal of the 

solvent on a rotary evaporator. The products were carefully chromato-

graphed on alumina, eluting with solvent mixtures of increasing polarity. 
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About 20 fractions were collected, none except the following in any 

quantity: ethyl acetate gave unchanged androstanolone (t.l.c.) and 

methanol yielded considerable (176mg) brown tar. Saturated ethanolic 

picric acid was added to each fraction but in no instance did a 

crystalline picrate separate on standing. 

zft 
.3ji) Reactions of Salicylaldehyde and Analogues 

3.3(i)(i) Salicylaldehyde with the pyrrolidenamine of androstanolone 
acetate 

To a solution of the crude pyrrolidenaaine from androstanolone 

acetate (Ig) in anhydrous benzene (10m1) was added a solution of 

salicylaldehyde (0.3201) in anhydrous benzene (lOsil). The solution, 

which immediately became orange, was left for two days. Solvent was 

then removc. :.;r 	 r 	€'s from ethanol 

to yield 
17IS 	 LLL 

2-H-benzopyran as a white solid (0.17g; 12% from androatanolone 

acetate); m.p. (161 0 
 softens) 168-172 0; 

We 89.325  389 (C32H43NO3  = 489.32' 276); 

t.l.c. R 	0.66, fluoresces blue under near ultra-violet 

illumination: this is accompanied by the pyrroli' 4 ine-

eliminated compound (following) 171 -ncetoxy- 	dro.;t- 

3-eno /9,2-/ 2-H-benopyrai: h = 0.77; 

n.m.r. (100) S 7.1-6.4 complex muitipietj7 (aromatic); 

6,13 5 j 7 (olefin); 4.59 	(c-il proton); 

2.84H/ broad ialtiplet ( g,_pyrrolide) ;  2.03 (acetate); 

1.6 (p -pyrrolide); 0.82, 0.79 (C-18 and C-19 methyls); 

in addition to the spectrum of the compound per se, the 

deuterochioroforti soiut*on coiit 	a 	i;' 1 1 	r(fl$ ( 	by 

integral of the 3-63 (f rmc 	 th ol in 	pro to i, 
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of the amine-eliminated compound (following). 

71 (carbonyl); 1600 and 1576 (d.b.); 1258cm; 

\. (fl-hexane) 227 (€29,300) 	311m (€t,000). 

Sarett w.idation of the amine 	-acetoxy-3.-pyrrolidinyl-5cc.- 

androstano 	2-.jj/ 2-H-benzopyran 

The oxidizing complex was prepared by the addition of chromium 

trioxide (60mg) to pyridine (3m1). The temperature was held at 

15_200 and continuous stirring was maintained until complete 

solution had occurred. At 00  a solution of the amine (50mg) in 

pyridine (5m1) was added and the solution stirred for a further two 

hours in the cold, then overnight at room temperature. The mixture 

was then poured into water and extracted with ether. The ether layer 

was dried and the solvent was removed. The yellow product was twice 

recrystallized from ethanol to yield 

17  -acetoxy-; ,c -ardrost-3:eno Z3, 2-_b  7 2-I1-beiiopyran as a white solid 
(20mg; 45o); m.p. 173-2220 , decomposes slowly); 

m/e 418.249 344 (C 8H3403 = 418.250 781); 

t.l.c. homogeneous R1  = 0.79, fluoresces green under near 

ultra-violet illumination; 

n.m.r. / 
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n.mer. (100) Z 7.2 - 6.7 complex multiplet ff J7 (aromatic); 

6.36 Li 7 (4-H); 	•'9L7 (C-17 proton); 

3.40Lj7.Iultiplet (4-Hand 5-H); 2.02 (acetate); 

1:25, 1.18, 1.11,1.04 	quartet-like (accidental 

6-Ha and 7-Us); 0.79 (C-18 and C-19 methyla); 

1732 (carbonyl); 1645 (d.b.); 124cm 

tou) 227 (€43,900); shoulder 260 .€ 

lOnin 	300). 

3.3(1) (ii) 4-acetoxy-2-hydroxybenzaldehyde with the pyrrolidenaaine 
of androstanolone acetate 

(a) Preparation of Zi-acetoxy- 2-hydroxybenzal dehyde 

To 2 9 4-dihydroxybenzaldehyde (79)  in pyridine (50m1) was added 

acetic anhydride (4.8sil). The mixture, which immediately became 

hot, was left overnight. Most of the pyridine was then distilled 

off at low pressure. The residue was dissolved in chloroform 

(200ml). This was washed with saturated sodium chloride solution 

(50m1) with a little added concentrated hydrochloric acid (3m1). 

It was washed again with saturated salt solution (50m1 x 4). The 

solution was dried and the solvent removed to give a liquid (9.269) 

consisting of a mixture of the 2 and 4-acetatea, the latter in excess 

(80 : 20 by g.1.c.). 

N.m.r. (6' ,S i0.04 (aldehyde of 2-acetate); 9.89 (aldehyde 

of 4.- 	j; 2.33 (acetate of 2-acetate); 2.26 acetate 

of 4-acetate). 
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The liquid was fractionally distilled at low pressure and the more 

volatile material collected (118-124 °/o.6). The separated 

4-acetate (about 95% by g u ise.) crystallized to a solid (3.89g). 

This was recrystallized from a mixture of petrol (40/660 ) ( 25m1) 

and ether (13.1).  Two further recrystallization., yielded 

1e-acetoxy-2-hydroxybenzaldehyde (1.08g; 12%); m.p. 61.3-63° ; 

uVe 180.042 361 (C9H804  180.042 254 ); 

n.s.r. (60) 6 11.12 (hydroxy); 9.82 (aldehyde); 
7.7 - 6.6 (aromatic); 2.29 (acetate). 

Reaction of 4-acetoxy-2-hydroxybenzaldehyde wi 
pyrrolidenamine of androstanolone acetate 

To the crude Wrrolid.namine from androstanolone acetate (Ig) 

in dry benzene (10.1) was added a solution of 4-acetoxy-2-hydroxy-

benzaldebyde (0.54g)  in dry benzene (10.1). The  reaction mixture, 

which immediately turned red, was left overnight. On working the 

mixture up in the same way as was the corresponding salicylaldehyde 

reaction mixture, t.lc. revealed a complex mixture of at least 

eight components, none except androstanolone acetate in any quantity. 

The mixture was therefore not further investigated. 

313(i) Reactions of Carboethoxaziridine == 

3.3(j)(i) with pyrrolidenamine of androstanolone acetate 
followed by hydrolysis 

The crude pyrrolidenamine from androstanolone acetate (1.669) 

and carboethoxyaziridine (1.15g) were refluxad together in dry 

p-xylene (23.1) overnight, under a nitrogen atmosphere. The 

reaction mixture was added to ether (150.1) and washed with water 
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(iOouii x 3). The solution was dried and the solvent removed to yield 

a pale brown giass. This was chromatographed on alumina to yield 

crystalline product (0.569). No satisfactory recrystallization solvent 

wass four4; therefore the compound was suspended in petrol (60180° ) 

and ether added until it dissolved. Most of the ether was allowed to 

evaporate off and the precipitated solid was collected by filtration. 

The process was repeated to yield 2-07p-acetoxi-50-androstan-3-one-

2o<-.yl)-N-carboethoxyethylaaine as an off-white crystalline solid 

(80mg; 3.6% from androstanolone acetate); m.p. 11 4-125° ; 

We 447.298 547 (C 26H41N05  447.298 453); 

t.l.c. homogeneous R  - 0.63; 

n.m,r. (60) g 5.04 (NH); 4.59 'triplet' (c-il proton); 

4.11 quartet (CH2  of ethyl); 3.20 'quartet' (CH 2-M); 

2.02 (acetate); 1.21 triplet (CH 3  of ethyl); 

1.05 (C-19 methyl); 0.89 (C-lB methyl); 

max. 3420 (NH);  1723 (carbonyls); 1250cm 1 . 

An attempt to separate the compound from the crude material by 

preparative gas chromatography was made using an OV-1 column at 

300°. Infra-red spectroscopy showed the compound to have cyclized 

on the column to yield 17 P -acetoxy- I'-N-carboethoxy-50-androat-2-eno 

,5, 2-2b   dibydropyrrole as deduced from the identity of the spectrum 

with that of a sample of the compound prepared as follows. 

.)(j)(ii) with pyrrolidenamine of androstanolone acetate, 
followed by elimination of pyrrolidine 

The prude pyrrolidenamine from androstanolone acetate (1.66g) 

and carboethoxyaziridine (1.15g) were refluxed together in dry 

p-.xylene (25m1) overnight, under a nitrogen atmosphere. A sample of 
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the solution was taken and solvent was removed. Ma.s spectroscopy  

revealed the presence of the amine, 17 )$ -acetoxy- I '-N-carboethocv-2fl - 

H- 30< - pyrrol idirry 1-50< -androstano 	. 2-/tetrahydropyrrole, in the 

crude mixture. 

We 500.360 562 (CR48N 204  = 5009361 387). 

To the remainder of the reaction mixture was added p-toluene 

sulphonic acid monohydrate (2.09) and the solution was refluxed for 

two hours • The mixture was then added to chloroform and washed with 

water till neutral. The solution was dried and the solvent removed. 

It was twice re crystalli zed from ace-tone to yield 

17fl -ace toxy- I '-N-carboethoxy-5 0< -androat-2-eno L' 2-~/ dihydropyrrole 

as white crystals (6)sg; 4.0% from androstanolone acetate) 

mop. 169-171°;  slightly fluorescent under short-wave ultra-violet 

light; 

W. 429.287 143 (C 26 
	= 429.287 892); 

t.l.c. homogeneous R  - 0.70; 

n.m.r. (60) E 4.60 'triplet' (C-17 proton); 

4.13 (CH2  of ethyl); 3.74 'triplet' (CH27M); 

2.02 (acetate); 1.25 triplet (CH 3  of ethyl); 

0.79 (c-18 methyl); 0.74 (C-19 methyl); 

max. 1734 (acetate carbonyl); 1707 (carboethoxy carbonyl); 

1692 (d.b.); 1252czii. 
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3.3(j)(iii) with androat-2-en-3,1713 -diol diacetate 

The reaction of caz-boethoxyaziridine with the corresponding 

enol acetate was attempted. The .nol acetate (2.129) and carbo-

ethoxyaziridine (1.25g) were refluxed together in p-xylene (25.1) 

overnight, under a nitrogen atmosphere. Thin liver chromatography 

of the reaction mixture revealed only starting material, 
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