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- ABSTRACT

As an aid to the analysis of ecdysones (arthropod moulting hormones),
an investigation has been carried out to find an efficient and sensitive
method for determining them by chromatography. - :

A series of fluorocarbonsilanes were synthesized and tested as
electron capturing derivatives for gas chromatography. Flophemesyl;
derivatives of mammalian steroids were volatile and sensitive to -
detection. ' The derivatives produced characteristic mass spectra with a -
greater proportion of the ion current carried by hydrocarbon fragments
than with other siloxy derivatives making flophemesyl derivatives more -
sultable for structural determinations. ' A series of flophemesyl reagents
were developed for selectively protecting hydroxyl groups in different -
steric environments. New methods of synthesis of some of these reagents
and analytical techniques for their i{dentification were established. "~
In their mass spectra, unusual rearrangements were found to occur between
the fluorine atoms of the pentafluorophenyl ring and the methyl groups *
bonded to silicon, giving hydrofluorocarbon trépylium-type ions,

Flophemesyl derivatives, although wBeful for wmammalian steroids did -
not give volatile derivatives of ecdysones., -

The introduction of the pentafluorophenyl ring into steroids as
pentafluorophenylhydrazones or pentafluorophenylboronic esters was °

“attempted. The hydrazones, as ketone derivatives, had poor GC characterig~
tics and limited stabili?y when exposed to light or the atmosphere. = The
pentafluorophenylboronic esters were susceptible to dispnobortibnatﬂqnin '
the presence of traces of water or other strong nucleophiles,

" Boron can be selectively detected with a nitrogen thérmionic detectov;

Boronic esters of model sterolds were detected at lower levels than with

* pentaf1uoropheny1dimethyisilyl



the FID, but the estimated sensitivity for ecdysones was insufficient for
trace level analysis,

As ecdysone TMS ethers fragment to produce mass spectra containing a
few ions of relatively high intensity, the possibility of using the mass
spectrometer as a gas chromatographic detector was investigated. The
ecdysone deriva&ives could only be chromatographed at high temperatures as
low carrier gas flow rates had to be used to meet the vacuum requirements
of the mass spectrometer. An excessive column background made quantification
difficult at trace levels. Optimum GC-MS conditions for steroid analysis
were established.

The model steroids 28,38-dihydroxy-Sa-cholestane and 28,38,l4a-tri-
hydroxy=58-cholest-7~-en-6-one were prepared by published procedures;
Sa-cholest-7-en-6-one and lha-hydroxy-Sa-cholest-7-en-6-one were synthesised
for the first time in good overall yield.

In an investigation of the formation of ecdysone TMS ethers and the
formation of heptafluorobutyrate esters by an exchange reaction with the
TMS ethers, 1t was discovered that the ecdysone nﬁcleus contains the features
necessary for electron capture without the need for the formation of
halogenated derivatives. The electrophore was f{dentified as the unsaturated
ketone, the C-14 oxy substituent with a smaller contribution from the more
remote 28,3B-oxy substituents, The rate of formation of the TMS ethers of
ecdysterone hydroxyl groups with trimethylsilylimidazole was found to be
2,3,22,25>20>>14, The degree of TMS ether formation in ecdyscne and
ecdysterone was confirmed by mass spectrometry of the derivatives and
also by selective silylation of model steroids., Ecdysdnes in biological
samples were determined as theilr TMS ethers after a'preliminary extraction,
solvent partition and TLC separatioh from impurities. The method has been

applied to determine the daily changes in ecdysone content in the desert



locust, Schistocerca gregaria.

A brief survey of high pressure liquid chromatography illusfrated
the potential of this technique for the detection and separation of

ecdysones,
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INTRODUCTION

The arthropods (insects, spiders and crustaceans), have a hard
exoskeleton, which serves to support and contain their internal organs
but is incapable of growth or modification. The larva develops from the
egg, predisposed to a career of feeding, and to grow it must shed it;
restrictive exoskeleton., This shedding of the old exoskeleton and the
formation of the new larger covering is the process known as "moulting" or
"ecdysis",

Kopéc was the first to recognize that the initiation of moulting in
insects was a process under hormonal control.l Extensive work by

Wigglesworth on the tropical bug Rhodnius prolixus provided convincing . .

support for this proposition.? The first isolation and chemical
identification of a moulting hormone was achieved by Butenandt and Karlson
from the pupae of the silkworm Bombyx mori.3 From 0.5 tons of pupae they
isolated 25 mg. of a pure crystalline hormone which they named ecdysone.

At a later date they isolated a further 2.5 mg of a more polar hormone,
ecdysterone.u A chemical and X-ray crystallographic investigation established
the structure of ecdysone as 28,38,14%a,22a(R),25-pentahydroxy-5R-cholest-7=
-en-6~one, which has been confirmed by synthesis.s, Since the initial
extraction of ecdysone and ecdysterone, four other moulting hormones in
arthropods have been identified; namely 20,26—dihydroxyecdysohe6fl;,,2fdeoxy-
ecdysterone,7 inokosterone8 and makisterone As. Ecdysones have also been’
found in the plant kingdom and over forty different types have been

5,9,10

identified. Their role in the plant kingdom is not understood, but

certain species contain greater than 1% of the hormone by dry weight and these
represent the best supply of hormones for biological testing.lo . The level

in arthropods is usually of the order 10-2—-—) 10-5%.?



II

Moulting in arthropods according to current theory, is initiated

by neurosecretory cells of the brain which secrete brain hormone into the
blood. This hormone stimulates the prothoracic gland in the thorax to
produce ecdysone. Ecdysterone is recognized as the active form of the
hormone aﬁd this is produced from ecdysone by hydroxylation in various’
insect tissues. The prothoracic gland does not secrete ecdysterone in
vitro nor can it convert ecdysone to ecdysterone and this has led to

the suggestion that eédysohe‘is a'prohof$one.ll"Ahbtﬁef péif'bf’giandé,:

fhe'corpora allata, érétlocated near the brain and are connébted to it by

several nerves. These glands secrete a further hérmohé,:juv;nile'hormone.
which directs the qualitative expression of each moult. When a relatively
high titre of juvenile hormone is present in the insects blood the ensuing
moult will be larval’ in nature. When juvenile hormone is absent,’ ‘the
succeeding moult will be to the adult. In the adult the prothoracic
glands degenerate and no further moulting occurs, 12 <
'The availability of ecdysones and their analogues through synthesis

and extraction from plants has led to an imperfect ﬁﬁ&érstaﬁding of those
features of the hormone which are essential for biological activity.s ?
These can be summarized as:
1) Cis fusion of the A and B ring of the steroid skeleton, Bcdysénes

" with a 5a-H are biologically inactive. |
2)° A B-hydroxylic function attached to C-3, This is essential for high’

: biological activity but hydroxyl groups at c-2 and possibly ‘that at '

C-14 exert 1little influence on activity (c£2*°) =

3) A keto group at C-6 in conjunction with a & 7-double bohdf '
4) A steroid side chain with an appropriatély'(g) orientated hydroxylic
~ function at position c-22. A hydroXYl“éféﬁp at C-20 is not important
and the blological activity is oniy‘marginally chéngéd by a hydroxyl

group at C-25., 1In the absence of a steroid side chain, then ecdysone
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analogues are inactive.

.Insects cannotgypthesisé steroids and need an exogenous supply for
the biosynthesis of moulting hormones. For this purpose a supply of
cholesterol or phytosterol which can be dealkylated to cholesterol is
required.ls It has been shown that labelled cholesterol fed to insects
can be converted to ecdysones.lu The metabolic pathway is far from fully
elucidated, but an early stage is believed to be the dehydrogenation of
cholesterol to cholesta-5,7—dien-38-ol.13 Isomerization of the C-5 position
is thought to be facilitated by the interaction of thez\'28-hydroxyl
function with the C-~19 methyl group of the steroid skeleton.9 Introduction
of the 1lda-hydroxyl group can be accomplished at any stage of the bio-
synthesis. It is believed, though by no means proven beyond doubt, that
the l4a-hydroxyl group is introduced very early in the sequence, after the
formation of the unsaturated ketone.. The sequence of hydroxylation of

the side chain is very much species dependent. For example, in Calliphora

stygia, the enzymatic hydroxylation appears to begin at C-22, to continue

at position C-20 and end at positions C-25 or C-26,9'13, while in the

tobacco hornworm, Manduca sexta, hydroxylation at C-25 precedes that at

c-22.%°

The levels of moulting hormones in the insect organism vary in
relation to life cycles. These levels are lowered by the action of
catabolic processes which are controlled by certain enzymes, Ecdysterone
in arthropods is catabolised by oxidation of the side~chain diol gfouping
with the formation of a C21 steroid, which is known as poststerone.ls'l7
In the case of plants, poststerone is further degraded to the Clg steroid,r
rubr'osterone.l8 An alternative mechanism of deactivation involves the

formation of sulphates or glucoside derivatives.lg

To gain a better understanding of the sequence of events in the



.resolve ecdysones of similar structure but lacked sensitivity.?2 :

Iv

moulting process, the site of pfoduction and amount of the hormone, its
manner of transport and target organs, an accurate chemical assay, capable
of detecting sub-nanogram qqantities“in biological fluids was needed.
Analytical techniques in current use inclﬁdg‘bioassay. fluorescence,
radioimmuncassay and gas_cﬁromatography procedures. ' Bioassay techniques
are of moderate sensitivity and lack[specifi¢ity.~ Fluorescence and
radioimmunoassay are sensitive but unspecific and technically difficult.
to perform. - The fluorescence procedurse requires relatively pure ecdysone
samples which limits its areas of application for fhe analysis of crude .
biological’material;20“~Radioimmunoassay requires expensive counting
equipment and the up-keep of animal colonies for the supply of;antigeps,gl
At the onset of this work, GC was shown to be specific in that it could
The object of’the present work was to examine the ways in which“the
unique separation powers of gas chrdmatography and its sensitivity, could
be exploited to give sensitive detection of ecdysones by a simple and
routine method. Such a method has been developed and shown to be~u‘
applicable to physiological studies by analysis of hormone present in the

desert locust, Schistocerca gregaria.
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CHAPTER 1
FLUOROCARBONSILYL ETHERS AS GC-ECD DERIVATIVES OF STEROIDS

The principle problems associated with the ahalysis'of hydroxylatéd
steroids by gas chromatography are their limited thermal stability and
poor peak shape which makes the resolution of mixtures difficult. The
formation of non-polar derivatives is used to solve both these problems.

At trace levels in biological tissue, the detection limit is set by the
non-selective flame ionization detector. The use of the electron capture
detector (ECD) allows as 1little as 10 12g of sterol to be detected in =~
favourable circumstances. This detector is selective for Only those
compounds which are able to capture thermal electrons. As steroids collect
thermal eleétroﬁé’very‘pocrly}l-a the introduction of an "eléctrbphora"

is required. Reagents for this pﬁfpose'fali'ihto(two classes.:ﬁamely,

the haloacyl eéters‘ahd‘the’halomethyldimethyléilyl;ethers;“‘i?

The haloacyl esters include the chloroacetates, the fluorodichloro-
acetates, trifluorcacetates, pentafluoropropionates and heptafluoro- e
bnty;étes;u-luzyNo single reagent is ideal and they all share to some
extent limited volatility, poor peak shape, hydrolytic instability and
a range of éensitivity to the detector. The heptafluorcbutyrates are the
most popular as they combine the properties of eass of formation;”prbduce
volatile derivatives and are normally ver&)sensiti§e%to detection.

Unfortunately they are also the least stable hydrolytically or =~ = °
thefmally;lu°16 “A further disadvantage of the haloacyl derivatives is
that they are normally formed by the use of the acid anhydride which '
can affect unprotected ketone grbdps'and‘theyldo not react quantitatively

ﬁith'hindebed’hydroxyl'groups.l7'22‘ The intrbduéfion?beheptafluorobutyryl‘



imidazole alleviated some of these problems as the by-product of the
acylation is th; amphoteric imidazole. However, this reagent does not
react'qﬁAntitatively with hindered hydroxyl gfdups.h 74

The sécond class of reagent makes use of the trimethylsilylation
reaction, in which a halogen atom is substituted for hydrogen in one of
the methyl groups. This leads to the thqromethyldimethyls11y17. prpm?:
mqthyld;me;hy;silyl-,‘1odomgthy;dimgthylsilyl-. ethers of gtgrols.zafgslv
The chloromethyldimethylsilyl_qthers are not very sensitive to ECD and
are less volatile than the trimethylsilyl ethers, The bromoﬁéthyl-vand
iodomethyldimethylsilyl ethers are very sensitive to the ECD but have
only moderate yolatility on GLC, which precludes their use for polyhydroxy
sterols;‘ OniyEthé haloﬁethyidisilazéne'&nd thelhéloﬁefhylchlorosilane are
available commercially which limits their use to unhindered hydroxyl
groups in stér&ids tﬂat do not:ééhtain a readily eﬁdiiiable ketone.
Attempts to prepare the halomethyldimethylsilylimidazole from the
halomgthyldisilazane and imidazole by heating to reflux results in
prefereﬁtial'cleavage of fh?lhaiqﬁethyl group. Both loss of thé halomethyl
group or substi?ution of the halogen can occur when silylngther formation

is attempted.8:‘7 :

. A qombina;ion of the high sensitivity of the heptafluorobutyryl
group towards ECD and the enhanced range of reactivity towards hindered
hydroxyl groups of trimethylsilylimidazols suggested that a combination
of these features in the Qame reagent would be useful. Dir;ét attachment
of theyhebféfluo;obutyryi{éfoup to silicon is iﬁpéiéticalﬂbeéaﬁae the
silicon-to-acyl bond is Eﬂemically very labile and displace&ént of this
group would occur.28 Fluorcalkylsilanes with fluorine ato&g{a or B fo
silicon are thermally unstable at GLC temperatures necéssary for stefols.

giving alkenes by fluorine migration and glim@nation,?g-?z
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With these points in mind 3,3,3-trifluoropropyldimethylchlorosilane (I),
3,3,4,4,5,5,5,-heptafluoropentyldimethylchlorosilane (II) and pentafluoro-

phenyldimethylchlorosilane (1I1I) were synthesized for evaluation..

CH3 ‘ CH CH

» . 3. ‘ | 3
C?a(CH2)271Cl o FFSFFF2)2(¢H2)2TICI | ?6F571Cl )
CHy o Oy o CH,
(1) (11) (111)

+

PREPARATION OF FLUOROALKYLSILANES

The trifluorbﬁrbpyl group can be attached to silicon by the addition
of the olefin 3.3.3-tr1f1uoropropene to the»dppropriate silanea} or by
reaction of the Grignard reagent prépared from trifluoropropylbfohide and

a haloailaneaz.

CF3CH=CH2 + H— 8icC1 - CATALYST Cfs(Cﬂz)z‘-— ?iCl :
T s |

The olefin addition reaction was chosen because it produces a higher yield



of chlorosilane with fewer by-products. The addition reaction is -
catalysed by t-butyl peroxide with u.v. initiation.aq by platinum deposited
on carbon?u’as or by chloroplatinic acid36'37. The best conditions known
for the addition reaction are high temperature and pressure in the presence
of chloroplatinic acié. ‘The use of chloroplatinic acid in the synthesis

of (I) and (II) as well as many other organocsilicon monomers has been
reviéwedae. The majority of these reactions are carried out in élass-
-lined high pressure autoclaves., As only small quantities of material ..
were required for evaluation and a suitable autoclave was not available,
the reactions were carried out in sealed glass tubes using a Carius
furnace. Heptafluoropentene, being a low-boiling liquid could be handled

by usual procedures, but trifluoropropene is a gas at room temperature and

a special apparatus was designed for the condensation of known quantities

of the gas into the Carius tube.

To vacuum
pump B 24
. 2 G.G.‘ & - LT
N JOINT ’ VOLUME
1\ =100 m1
N
LIQ. N2 GAS CYLINDER
TOLUENE
L B




The Carius tube had a nominal volume of 7S5 cm3 and a maximum working
pressure of 16 atmospheres. It was fitted with a 324 ground glass socket
to allow its convenient attachment to the apparatus. To condense the
olefin in the Carius tube, the apparatus was evacuated (oil pump) and the
cylinder valve and TPl opened to emit gas to the buffer volume V. The
Carius tube was surrounded by coolant, the cylinder valve and TP, closed

1
and TP, opened to fill the tube, TP, briefly opened to remove olefin from

the connecting line, TP2 was then closed and the Carius tube brought to
atmospheric pressure by emitting nitrogen by TP ‘The amount of gas
condensed was assumed to be the same as the difference in weight of the
cylinder before and after the addition. The volume V was chosen so as to
allow between 2.0 addia.O'g of"gés”ié’be'ééﬁ&&ﬁ§¢A"§é§wthbél The remaining
reagents were added by syringe under nitroéen and the tube sealed in a gas
flame without removal from the coolant. The tube was then placed in a
metal cylinder and brought to temperature in the furnace.

The products of more than one tube were pooled and distilled at
atmospheric pressure. The purity of the distillates was checked by
temperature-programmed gas chromatography and the products identified by
combined gas chromatography - mass spectrometry. The 3, 3 »3-trifluoropropyl-
dimethylchlorosilane was analysed on a 9 ft colum of 15% silgrease with
a nitrogen flow rate of 30 ml min (Fig. 1.2) and 3,3.%,4,5,5.5-hepta-
fluoropentyldimethylchlorosilane by temperaturg programming at 24°C min-l

R

(50-200.C)on a 5 ft column of 3% QF-1 on as hrom Q, flow rate 60 ml,

min"l and elution temperature of QSC(fig 1.3).



FIG. 1.2

h Y
>

A
W
A

ISOTHERMAL 66 C . - T.P. 16 C min *

GC of 3,3,3,-trifluoropropyldimethylchlorosilane (A)

FIG. 1.3

GC of 3, 3 Yu, 5 5 5-heptafluoropentyldimethylchloros1lane (B)
and the disiloxane(C).



A small quantity of trifluoropropyldimethyl chlorosilane was converted
to the disilazane by reaction with ammonia and the disilazane to trifluoro-
propyldimethylsilylimidazole by heating at 80" with imidazole. The
reactions were followed by GC-MS and an estimate of the overall yleld of

silylimidazole of 60% based on comparison of GC peak heights was obtained.

SYNTHESIS OF SILICON PENTAFLUOROPHENYL BONDS.

The following reactions have been used to form silicon pentafluoro-

phenyl bonds:

2 CFBr + (Me,8i) Hg — 2Me SIC.F. + HgBr, ref.39,
CSFG + sir2 — Pasicsrs ‘ ref.u0,
CgFy + Hsicl, —EY—> ClL,FSiC,F, + HCL | ref .4l
CFgCl + Hsicl, ——L—> ciééicgrs; + HCL | ref. 2,

CoFgMeX + RySiCL———> R.SIC.F. + MgCIX
CgFgld + RgSICL———> RSiCF, + Licl

0f these reactions, those using either the Grignard reagent or pentafluoro-

phenyllithium are general syntheses and have been most used. The litcratura ‘

on the synthesis of pentafluorophenylsilanes has been reviewed up to 1.969“3

The Grignard reagent, usually prepared from pentafluorobromocbenzene, reacts
Awith the appropriate chlorosilane to give compound8 Of the tYPO )

4y~ 46

‘Si(C 5)“ » Where & = 0 to 4, The use of the pentafluorophcnyl-

1ithium reagent is to be preferred as generally it gives a higher yield of



product and the reaction can be carried out at low temperatures (-650) thus
avoiding the by-products that are usually formed by the use of the Grignard
reagent at higher temperatures.u7-5l As general observations, increasing
pentafluorophenyl substitution on silicon appears to activate any remaining
silicon halogen bonds to attack by pentafluorophenyllithium or pentafluoro-
phenyl magnesium halide and the reactivity of the pentafluorophenyl silicon
derivatives towards nucleophilic reagents rises with increase in the number
of pentafluorophenyl substituents. Thus silanes with one to four penta-

fluorophenyl ' groups are all known. Those with one or two pentafluoro-

phenyl groups are liquids while those with threa and four are generally
solids.

THE NATURE OF THE SILICON PENTAFLUOROPHENYL BOND.

To explain the chemical properties of pentafluorophenylsilanes, it has
been necessary to propose a contribution of (p—> d) = bonding between the

2
pentafluorophenyl ring and silicon.5

Schematic atomic orbital represehtatibh of the dativeV.
m bond between silicon and the aromatic system, - -

o N :
Eaborn 33_5;.'3, from a study of the kinetics of the acid cleavage of

pentafluorophenyltrimethylsilane, concluded that the inductive effect of



the five fluorine atoms was insuff;cient to explain the rate data and an

intéf@fcéétion4in't;rmsvdf‘(p-;;>td)w* bonding was propoged, .

fhe 19? chemical éhift of pentafluorophenylsilanes have been

] measuied53 Sﬁ. Hogden gz.gi.éu developed an approgch to the study of

* - bonding, based'on the lipear relatiqnship_qf J2’u, the coup;ing cqnstant

between o- and p-fluorine gtomsvof the,pentaf;uorophenyl group, to Qp. the

_ chemical shift of the p-fluorine. A series of w-donor and acceptor

’substituents were measured and the results correlated with the Hammett-Taft

reactivity parameters and to molecular orbital calculations of electron

density.7 In the case of thgvpeptafluoropbenylgilanes. it was concluded

that fﬁe 1ﬁduqtive contribution from thé‘si1iéon;pentafluorobenzene bond

to théVJé;a'- ¢p’§alue‘was small in comparison with that expected from

molecular orbital calculations from‘w;interactions of sillicon with the

“benzene ring. - Similar conclusions were reached by Egorochkin g;_gl.ss’ss

based on infra-red measurement of the v(Si-H)kstretching frequency. ' They

developed a relationship between the experimentally observed v(Si-H) :

nétretching frequency and the calculated frequency for the same silane by

an equation which sums all the Taft constants which affect that bond.- The

- magnitude of the difference (Av), between the two values was directly

related to the conjugation effect. In those cases in which (p——> d) »

. interaction was the main conjugative effect then the values of (Av) were

- positive. This was shown to be the case for the pentafluorophenylsilanes.
*In terms of electron-withdrawing power, in neutral molecules, a penta-

" fluorophenyl ring is somewhat ieis electron-withdrawing than bromine.  In

transition states involving the generation of a partial negative charge at

silicon, the electron-withdrawing power can be considerably greater thanr

“bromine.so
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CLEAVAGE OF SILICON PENTAFLUOROPHENYL BONDS.

Sﬁith and G.{lmans7 have shown that éleavégedofvthe C~-Si bond in
pentafluoropﬁenyidimethylsiianes proceeded smoothly and cleanly under
very moderate conditions (-70°) and in short times with methyl- or n-
butyllithium, The-product is the alkyldimetﬁylsiiane and the hechanism

of the cleavage reaction can be visualized as a nucleophilic attack on

the silicon atom viz:

SlMe2H -———————-R51Me2H + CGFsLi

The mechanism is favoured by electron-withdrawal by the aryl centre which
increases the positive nature of the silicon atom. For bis(pentafluoro-
phenyl)methylsilane cleavage of one pentafluorophenyl group from silicon
proceeded readily with a variety of Grignard reagents at 0° in tetrahydro-
furan or ether.58 Cleavage of the remaining pentafluorcphenyl group wasj,
much more difficult. With methyllithium or n-butyllithium cleavage of
both pentafluorophenyl groups was effected rapidly under mild conditioms. -
However, nucleophilic displacement of para-fluorine atoms occurred
predominantly with t-butyllithium.  The steric bulk of the t-butyllithium
lessens its ability to cleave the Si-C bond and shifts attack mainly to

the relatively more accessible p-fluorine atoms. = Attack of the p-fluorine
atom has Been cbserved in the reaction between n-butyllithium and pénta-
fluorophenyldiphenylsilane, although with methyllithium, éisplacement of

the pentafluorophenyl group occurred.

The formation of (Csrs)QSiﬂz and CGF H when‘(Cst)SSiCl was reacted

5
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with LiAlHu at room temperature is presumably due to cleavage of the

pentafluorophenyl groups from silicon by_LiAlHuf At -300. cleavage in .. .
v 50

the above reaction is minimal."

2(C6F5)3SiCl o+ LiAlHu — 2(C6F5)281H2. + 2C6F5H

~ In a heterogeneous medium tetrakis (pentafluorophenyl) silane has -
been shéwn to be stable to strong acid and base at refluxltemperatures;q7
In an homogeneous medium cleavage of the silicon pentafluorophenyl bond occurs
slowly in acid or base-conditions and also in water-acetone mixtures. The
reactivity of pentafluorophenyl-silicon compounds towards nucleophiles in-
creases with the number of pentafluorophenyl substituents. Thus penta- :

fluorophenyltrimethylsilane is more stable under the above conditions,

but cleavage still occurs. . -

Pk L PR A

THE SYNTHESIS OF PENTAFLUOROPHENYLDIMETHYLSILANES. . -

The method of Oliver and Grghamsl‘ﬁas used to introduce the penta= .
fluorophenyl silicon bond into the dimethylsilanes reported here. . Typically,
pentafluorophenyllith1um5.;55g at_-?Oﬁ was reacted with the appropriate
dimethylchlorosilane in a nitrogen atmosphere, the reaction mixture allowed
to reach room temperature, lithium chloride filtered off and the products
fractionated by distillation. When dimethylchlorosilane, chloromethyl-
dimethylchlorosilane and dichloromethyldimethylchlorosilane were used the
products were pentafluorophenyldimethylsilane, pentafluorophenyldimethyl- .
chloromefhylailane, and pentafluorophenyldimethyldichloromethylsilane,
respectively. The synthesis of pentafluorophenyldimethylsilane has been
51,60

reported previously

., It has been reported that attempts to prepare pentafluorophenyldimethyl-

chlorosilane from pentafluorophenyllithium and dimethylchlorosilane resulted
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in the formation of bis(pentafluorophenyl)dimethyléiiane.s;r Pentafluoro-
phenyldimethylchlorosilane was conveniently prepared by theﬁfoom temperature
chlorination of pentafluorophenyldimethylsilane in the dark and in almost
quantitative y:leld.61 In a similar manner, pentafluorophenyldimethylbromo-
silane was prepared by the room temperature addition of bromine to penta-
fluorophenyldimethylsilane.51 An attempt was made to prepare pentafluoro-
phenyldimethyliodosilane, initially by reaction of the silane with iodine
or iodine with aluminium powder or potassium iodide catalysis without
success. Refluxing 1,3-bis(pentafluorophenyl)-1,1,3,3-tetramethyl-
disilazane with aluminium triodide showed consumption of the disilazane

but GC-MS of the reaction products indicated only material of higher
molecular mass than required by the iodosilane. It was found that GC of
the brom;silane produced one peak for authentic material but the mass
spectrum produced by the GC-MS method was of higher molecular weight than.
that calculated for the bromosilane. Analysis of the mass spectrum did not
reveal any bromine isotope peaks indicating that the bromosilane was not .
stable to GC. The GC-MS technique, therefore, was probably not suitable -
for monitoring the formation of the iodosilane. The decomposition of .
alkyliodosilanes at moderate temperatures and catalytically on glass
surfaces has been repdrted.sa- Infra-red and N.M.R. spectra of the reaction
mixture indicated the absence of disilazane, but as more than one product
was formed, positive evidence for iodosilane formation could not be -
obtained.

The general procedure for the formation of disilazanes is the reaction -
of ammonia with the apprOpriaég chlorosilane in a suitable inert solvent.sq
The reaction is believed to proceed through the silylamine which condenses
with itself to form the disilazane. 'The nature of the product is determined

by steric factors and triethylchlorosilane is taken as the steric transition,
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yielding the silylamine instead of the disilazane.65 Phenyldimethyl=
bromosilane reacts with ammonia to produce the disilazane.65 Pentafluoro=-
phenyldimethylchlorosilane reacted with ammonia to produce pentafluoro-
phenyldimethylsilylamine as the sole product;‘ The GC-MS technique could
not be used with this compound, as spectrally pure material produced
several peaks, none of which corresponded to the silylamine; Introduction
of the same sample through the liquid inlet of the mass spectrometer gave
a spectrum interpretable in terms of the silylamine with no major unassigned
peaks or ions of m/e greater than the parent ion of the silylamine. : -~ -
Silbiger and Fuchs66 have described a procedure for the synthesis of 1,3-
bis(pﬁenyl)-l,l,3,a-tetramethyldisilazane by refluxing hexamethyldisilazane
and phenyldimethylchlorosilane in the presence of a crystal of aluminium
chloridess. In an analogous procedure using pentafluorophenyldimethyl-
chlorosilane, 1,3-bis(pentafluorophenyl)-1,1,3,3-tetramethyldisilazane was
obtained in 55% yield.

Pentafluorophenyldimethyliodomethylsilane was prepared by the addition
of sodium iodide to pentafluorophenyldimethylchloromethylsilane in acetone.
The iodomethylsilane was the only product detected by GC and was identified
by its mass spectrum.

. Pentafluorophenyldimethylsilyldiethylamine was prepared by the addition
of diethylamine to pentafluorophenyldimethylchlorosilane at -70°C, thef; 
mixture allowed to reach room temperature and fractionated to give the
product in 67% yield. . Gl

A general procedure for the preparation of alkylsilylimidazoles has
been described by Kuhn‘gs_gl.67 in which imidazole is refluxed for several
hours'with the alkyldiéilazané'or alkylsilylamine, to give the product in
good yield. Nelther i;3-bis(§entaf1uorophenyl)-l.1,3,3—tetramethy14

disilazane nor pentafluorophenyldimethylsilylamine under siﬁilar conditions
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yielded any silylimidazole. Addition of pentafluorophenyldimethylchloro-
silane as a catalyst had no effect on the reaction and in all cases starting
material could be recovered in good yield. Pentafluorophenyldimethyl-
silyldiethylamine with or without chlorosilane catalysis did not react with
imidazole. The addition of imidazolyllithium or imidazolyl magnesium.
halide68 to pentafluorophenyldimethylchlorosilane in ether at -70°C:
resulted in the consumption of the chlorosilane with the production of an
undistillable polymeric product. Chalk69 has shown that secondary amines
can be trimethylsilylated by dicobalt octacarbonyl catalysis of the reaction
between the amine and trimethylsilane. The reaction can be represented by

the following equations:

Cc>2(c0:)8 + 2R SiH — 2R,8iCo(CO), - + H,

R3SiCo(CO), + Me NH ——> Me NSIR, + HCo(Co),

Hcé(coi)u + RSIH —> .RssiCo(COl)u" + H,
The addition of an ether solution 6f dicobalt octacarbonyllto imidazole
and pentafluorophenyldimethylsilane in ether caused formation of a deep
blue colour with the evolution ofwgaQ.A‘Analysis of;the’réaétioﬁ“ﬁiituro
by GC indicated that the silane had not been consﬁmea.fjrhé addition of
dicobalt octacarbonyl to imidazole pio&uéed a similér;éolburatiﬁn éﬁd1£he

evolution of gas. It is likely that a complex of the type
2+ . . - . . '
Co(Im)6 2 EO(CO)J CovtE : i-:Im = Imidazole.

is formed. A similar complex is known containing pyridine.70
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In an attempt to prepare chloromethyldimethylsilylimidazole by
refluxing 1,3-bis(chloromethyl)-1,1,3,3-tetramethyldisilazane and imidazole
the only volatile product observed was’l;a-bis(imidazoyl)-l,l.3.3-tetra-
methyldisilazane in moderate yield formed by nucleophilic attack by
imidazole on silicon with expulsion of chloromethane. Advantage of this
displacement reaction could be taken for the synthesis of pentafluorophenyl-
dimethylsilylimidazole. Pentafluorophenyldimethylchloromethyls;;gné
was heated at 80°C with imidazole for up to twenty houﬁs. Analysis by GC

indicated the presence of two peaks as well as starting material.

q FIG. l.u4
134

e )\ /\imo"

GC of reaction product from pentafluorophenyldimethylchloro-
~methylsilane and imidazole on a 5 ft. column of 3% QF-1,

60 ml. min~l, 60~200°C at 16°C min~l, Ry = 110°C -
dimethyldiimidazolylsilane, Ry = 134°C pentafluorophenyl-
-dimethylchloromethylsilane and Ry = 168°C pentafluorophenyl-
-dimethylsilylimidazole. ' e

The sample was analysed by GC-MS and the peaks identified as follows; the
compound with elution temp. 110°C was identified as dimetﬁyldiimidazoyl-
silane (Fig 1.5), that at 134°C as pentafluorophenyldimethylchloromethyl-

silane and at 168°C as pentafluorophenyldimethylsilylimidazole (Fig 1.6).
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The total yield of products was low and estimated to be 5-10%. In order
to improve the yield of product, pentafluorophenyldimethyldichloromethyl-
silane was treated with imidazole, but as in the previous case, much starting
material remained. The addition of imidazoyllithium to the dichloromethyl-
silane and GC of the reaction mixture indicated that all the starting
material-had been consumed to produce the silylimidazole in approximately
30% yield (overall bésed on pentafluorcbenzene). Addition of imidazoyl-
lithium at -70°C and allowing the mixture to warm slowly to room temperature
daid nét’improve the yield. Dimethylformamide, dimethyl sulphoxide or
diglyme were all useful as solvents but the reaction in acetonitrile was
very slow. Dimethyl sulphoxide was difficult to remove by vacuum
distillation and led to decomposition of the product at high temperatures.
Dimethylformamide is more volatile but distillation at 35°C/15mm also
showed decomposition of the pentafluorophenyldimethylsilylimidazole.
Monitoring the distillation procedure by GC indicated that decompositién
only occurred when the solvent was reduced to a small volume and a visible
precipitate formed. This precipitate is presumably a lithium salt generated
in the displacement reaction. Evaporation of:the solution to a small
volume followed by precipitation of salts with hexane-ether mixtures was
not successful in removing all the material. Separation f?om 1ithium salts
was achieved by passage down a short column of neutral alumina; elutihg
with dichloromethane.. Thin layer chromatography on neutral alumina in '
dichloromethane gave two spots absorbing in the U.V.. »Thezspot at’
Rf = 0.84 was identified as'1,3-bis(pentaf1uorophenyl)-i;1,3.3-tetramethyl—
disiloxane and the spot at Rf = 0.54 as pentafluorophenyldimethylsilyl-
imidazole. ' By the colﬁmn procedure a small quantity of the silylimidazole
was obtained which was contaminated with the disiloxane. This was

sufficieht for the studies on reaction rate with steroids undertaken.
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The separation procedure as it stands is unsuitable for obtaining pure
samples of pentafluorophenyldimethylsilylimidazole in high yield. A pure
sample could be obtained by preparative gas chromatography. The use of
alumina leads to hydrolysis which might be avoided by sephadex chromatog-
raphy (LH-20) or by reversed?hasechromatography on amberlite XAD 2. The
overall yleld could possibly be improved by increasing the electronegativity
of the leaving group, i.e. if pentafluorophenyldimethyltrichloromethylsilane
were used as an intermediate. Imidazole forms many types of metallic
saltsMlang advantage might be taken of a study‘of thesc for tho purpose
of providing the imidazoyl anion. The nse of cwlarger cation tnan lithium
might favour its precipitation from dimethylformamide by the addition of

less polar solvent.

PHYSICAL AND SPECTRAL PROPERTIES OF PENTAFLUOROPHEN?LDIMETHYLSIZANES.

-

Ihf?a red spectra.

The infra red spectra of seven pentafluorophenyldimethyls1lanes are
-1

summarized in Table 1.1. Characteristic absorption for v(Si H), 2170 cm
v(SiN-H ). 3uss"3u10 cm ,1, v(S:l N- H) 3370 cm and v(Si-N—Si) 1180, 930 em L
are easily distinguished in the appropriate spectra. The absorptions at
1038 and 940 cm in pentafluorophenyldimethylsilyldiethylamine are probably
due to v(SiN-alkyl) stretching. A doublet in the reglon 2070- 2900 em ™t

is characteristic of the C-H stretch of the methyl groups and bands in the
region 1250 and 840 em 1 are due to v(Si-CHa) absorption.51 The strong
band in the reglon 1650-1635 cm.l has been assigned by 6i1ver and GrahamSl
to a vibration of the pentafluorophenylyring perturbcd bf the ccntral
silicon atom. vnlthough'this bcnd is common to ;;1 silanec invectigated. it
is also present in pentcfluoroocnzene cnd pentcfluorophenyla1kyidimethyl-
silaneé71 and is therefore probably caused by appentafluorophenjicromatic |

deformation stretching. The region 1400-1000 em™? is‘dominated”py



" TABLE (1.1)

TABLE OF I.R. ABSORPTIONS OF PENTA?LUOROPHENYLﬁIMETHYLSILANES.C‘

1

COMPOUND o ABSORPTION o : T ‘f‘ ’: :
CoFSI(CH B Q: 3 2960 m, 2920 m, 1641 s 1465 s, 1375
; 1082 S, 961 m, 855 m, 695 m, 630 m.¢
CFSI(CH,),CL © 2960 m, 12910 m, 1644 s, 1518 s, 1468
; | 71265 m;;loéi's,‘972.é; aso‘m, 843 m,
| CéFSSi(Cﬂs)zBr )L2955 m, 2900 m, 1640 551485 s, 1380
5!1033 s; 971 s, 863 m, 681 m.

c6r551(cua)2énc12 irzesb m;fzgoo m, 1638 N 1510 m, 1460
5)1255 3;71082 s;‘962 s, asszm, 695 s,
CFS1(CH ) NH, - 3 : 2960 m, 2905 m;‘lsuo s, 1515 m, 1u65
| 1260 sﬁflopé s,7972 s, 855 1 m, 652 m,
' CSPSSi(CH3)2N(CHéCH3)2 2970 m;'29§o m;gzsvo m; 16u2 s, 1515
. - j 1282 2 m, 1082 s; 975 3, BuS. m, 800 s,
[csyssi(033)21é~uﬂ ‘: ’ 2955 m§~2966 m;‘lsuo s, 1512 m, 1usok
| 1255 s;‘loéb s,ﬁ972 ;, 850 m, 680 m

;}m = medlumii 1, 55' Co f

8 = strong

s;‘lzag

s, 1387
680 m.

m, 1288

s,ﬂ1373
670 s.

s;~1371
s, 1465
709 m.

s, 1371

m,

m,

1253
1252
1284
12§£
138§

1285

m,

© v(SiN-H

v(éi-H)
2170 s

)
3485 m 2

C3ul0m

v(éiN¥X)

-~ 1038 s
w40 m -

v(ﬁ-H’»

© 3370 m

v(Si-N-Si)
1180 s
930 8

6T
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absorption due to C-F: bonds, these absorptions showing their usual high
intensity.
Nuclear magnetic resonance spectra. PR

The 1H proton N.M.R. spectra of nine pentafluorophenyldimethylsilanes
are summarized in Table 1.2. The methyl absorptions occur in the region
0~1.0 ppm and are influenced by the electronegativity of the fourth group
attached to silicon. The NH and Nﬁ2 abs&rptions were very broad and could
not be unequivocally assigned. Spectra were run at 60 MHz and measured
as the neat liquid with 5% benzene as internal standard, quoted in ppm from
TMs:
Gas chramatography

With the exception of the pentafluorophenyldimethylsilyl-amine,
-brqmide and possibly the -iodide, all the silan§S~studied were stable to
gas chromatography. An evaluation of suitable GC phases, indicated that
Qr-1 gave/bqtter resolution than Apiezon L, silgrease, OV-101 or OV-17.
A 5 ft, 3-% QF-1 on gas chrom. Q column was used throughout this study.
By temperature programme gas chromatography, 60-210°C at 16°C min'l with
a nitrogen flow rate of 60 ml. min:l adequate separation of reaction
mixtures was obtained. With the standard conditions;~de§cribed above, the
silanes could be identified by their elution temperature. These temperatureg
for nine pentaflﬁorophenyldiméthylsilanes are summarized in Table 1.3.
The ?esolution of the system islillustrated by a separation of a synthetic

mixture (Fig.1.7)
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TABLE (1.2)

PROTON N.M.R. SPECTRA OF PENTAFLUOROPHENYLDIMETHYLSILANES -

COMPOUND si(cH,), OTHER

C.F.Si(CH, ) H 0.462 H 4,647

65 3’2

c;rgsi(ca3;2c1 0.92

égr;s1(§3;;éar 0.99

Csfgsi(CHa);Cﬂzcl“ 0.55 CH,CL 3.05

CBPSSi(CHS)éCHél2 0.67 ‘ ‘CHClz 5.60

C6F4581(CH3)“2NH2 0.57

csf;51(CH;5éN(62H5)2 0.66 C,H, 1.19°
3.13¢

[CgFSL(CH,),)gNH 0.60

[car531(cua)2jio 0.65

a = doublet, b = septet, ¢ = triplet, d = quartet.



TABLE (1,3)

GC ELUTION TEMPERATURES OF PENTAFLUOROPHENYLDIMETHYLSILANES (see text)

COMPOUND | ELUTION TEMP. C
CoF SL(CH)H 83

C FsSi(CHy) Cl | 108
c5r531(cus)2n(¢255)2 ’127k
[C4F4S1(CH,), 1 NH | 131
csrssi(CHa)zéuzcl | ™
Cérssi(CH3)2CH2I | o
csrssi(cnsizéﬂc12 A | s
c6r531(¢53)21m1daz01e | | 188

[CgFgS1(CH,),1,0 7 181
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Separation of a mixture of pentafluorophenylsilanes. The
components in order of elution are RH, RCl, RN(Cslg)s,

RoNH, RCH, I, R CHCl,, R-Imidazole and RORwhereR = penta-
fluorophenyldimethylsilyl.

Mass spectrh of pentafluorophenyldimethyleilanes. ' ’

Analysis of the mass spectra of pentﬁfluorophenyldiméthylsilanes.
vhich were synthesised during this study, are remmrkablg\for their lack of
silicon containing ions as the‘charge carrying apecie#.a\Tbeﬂsfeferrgd:;
sequence of fragmentation involves the elimination ofvu-st;bilized fluoro-
carbon rings. Their formation involve; rearrangement in which fluorine
and methyl groups are exchanged between the phenyl ring and silicon. The
general feat;res of the mass spectra of péﬁtafiuorophényisilanes have not
been investigated previously althoughnreports of the spectra of penta-
fluorophenyltrimethylsilane.72 tetrakis(pentifluorophenyl)silane and the
related pentafluorophencl, pen&afiuof;thiopﬁenél7u together with some
fluorinated spirobis(s}lafluorene)7s compoundéihave apé;aféd.

Pentafluorophenyldimethylsilane, fbagme;ts as illustrated in scheme I,
That abstraction of fluorine by silicon occurs is established by the |

prominent ions Si(CHa)zF (m/e 77), SiCH3F2 (m/e 81) and SiF (m/e u47).
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Those ions not containing sillicon can be explained in:terms of transfer of
methyl or hydrogen to the aromatic ring, formation of the tropylium ion
C7H4P3 (m/e 145) and further fragmentation of this ion.  Evidence for. the-
exchange of hydrogen is tentative and based on the presence of the. . 1o
abundant ilons SiCH3F2 {m/e 81) and C7HuFéi(m/e 145), scheme l.: These ions 3
are also present.-in’ other: pentafluorophenyldimethylsilanes in w?ich"théfn?
only hydrogen available for transfer is the silicon-bonded methyl’grpups
(e.g. the chlorosilane).: To ascertain the imﬁsrtance of hydrogen ffansfer

in the proposed mechanism, deuterium labelling of the hydrpgep bonded to

silicon would be required. = = ¢

SCHEME 1
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There is evidence from fluoroaromatic compounds to suggest that
fluorohydrocarbon tropylium ions are stable species. The tropylium ion
structures are formulated on the basis of the random production of fluoro-
carbon, hydrocarbon and fluorohydrocarbon fragments from the precursor ion.
No study of the energetics of formation of such ions has appeared to support

this formulation. The mass spectrum of pentafluorotoluene (06F CH,) shows

§ 3
a ready loss of one hydrogen atom to give the base peak m/e 1813(C7H2P5)
76,77. 78

which can be formulated as a tropylium ion Bruce and Thomas ~ have

described the mass spectra of‘gompounds represented by CSFSCHzx;‘where
X=H, Br, CH=CHé. COC1 and CH2C6F5, in all of which the base peak was the
ion at m/e 181.. SR

In the case of pentafluoerbenyldimethyldichlorbmethylsilaﬁe the
features of the mass spectrup have peen established by accurate mass
measurement and observation.qf métastable ions‘whérepossible. fThe elemental
composition of some of the iqng of ihterest in the fragmentation séquenc§

are given in table (1.4).
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ACCURATE MASSES FOR FRAGMENT IONS IN PENTAFLUOROPHENYLDIMETHYLDICHLORO=

METHYLSILANE, : -
NOMINAL MASS COMPOSITION
MASS MEASURED S
l61 . 161.0010 C.H F,
‘27,?160}9555-‘wwwmfcsrc12'
159 ’v159;0921 CaHgF 5
145 145,0261 .C.H,Fy .
129 128.9950 CFy 4‘
125 125.0201 CHF,
81 81,0134 C HF
80.9967 CH,SIF,
73 79.0188 Not assiéﬁed '
78.9980  C.F 5*f\  “_
78.9767 4*'°“;Sici‘&;;~ 
75 75,0238 . C.H,
75.00@51%1_' C,HF,

63 | 63.0230 cs“af,‘_

MASS

CALCULATED

161.0014

160.9362

. 159.0422

145.0268
128.9952
125.0203

81.01u41

80.9972

78,9984

78,9771

©75.0235

. 75.0046

63.0235

PERCENTAGE OF

NOMINAL MASS

80

.20

w': 100

100

100

4100

10

90
T

56

.58

34

100
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Initial fragmentation appears to take place as in Scheme 2, consisting
of ions derived from a tropylium lon containing three or four fluorine
atoms. The observed metastable transitions are listed in table (1.5) and

are consistent with some of the transitions proposed in schemes 1 and 2.

SCHEME 2

F TH3 ' F
F_CHy |
ISR YO 1)

F F -
CHy l <CH3 F CH3 ¢
F_CHj . B LR
5 L
F F . F CH3
/ F \
/ m/e163"
. C,H.F / C.H
7732 2
m/e 125 / As Scheme 1

e 143

/

l'cz“- _y l 2

H E H H

i et
' F

m/e 101 m/e 137 m/e 119



28

Of particular interest is the metastable ion at 69.4 for m/e 225 — 125
which has been observed in the spectra of several derivatives of penta-

fluorophenyldimethylsilanes.

3 +

csrsﬁi , > CH .Y + CHSIF,
CHy T /e 125

" mfe 225 o :

: -~ - .TABLE (1.5)
METASTABLE SUPPORTED TRANSITIONS IN THE MASS SPECTRA OF PENTAFLUOROPHENYL-

DIMETHYLDICHLOROMETHYLSILANE.

MASS ~ COMPOSITION FRAGMENT  FRAGMENT MASS METASTABLE
u | LOST . FORMED 7 Mass

308 u* 0 a - (u-c1yt 273 242.3

159 CgHeFa o HF ~csu$r;. © 138 121.5

125 C,H,F, L e, CGHF, 99 78.4

225 CgHgFsSL ~ CHSIF, ~¢7H3r§ 125 69.4

137 CGHE, HREE C,HF "’63}3 3 93 63.1

101 C.H,F, R C,H, 1‘\:c‘:;m‘z 75 55.7

125 CH,F, S c,H, ' -éahr; 75 45.0

123 C,HF, C.H ’-Ezrz“ 62 3.2

Miller has reported a similar metastable ion in the mass spectrum of . ..,

pent;fluorophenyltrimethylsilane.7?;tThetion m/e 125 might also be expected
to dgrive from fluorinated tropylium ion, but no metastable lon for that

route was observed.
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. The silicon-containing ions in the mass spectrum of pentafluoro-
phenyldimethyldichloromethylsilane are few in number and vary widely in
intensity. .The principél<ionsoare listed in Table (1.6). The ion m/e 81
is a doublet, the principal component of which is CH381F2; normally an

abundant ion in all pentafluorophenyldimethylsilanes.

TABLE (1.6)
SILICON CONTAINING FRAGMENTS IN THE MASS SPECTRUM OF PENTAFLUORCPHENYL-

DIMETHYLDICHLOROMETHYLSILANE,

wss  FRAGMENT Lost  IoN  RELATIVE
..t .- FROM PARENT ION  COMPOSITION ABUNDANCE
308/310/312 - ; CHyC1,F s 4(308)
273/275 - ClL g (CgH,CIF i {»__; 6(273) -
260/262 cHel Lo CgH olr st .. 7(260)
2@5;,fg7::;f; cHel, | . ,k08H6F581 200
215/217/219 . CFy _— CEH,CLE 8L 8(215)
191v;1;i;;iéa,J‘c2nurc1é | C.H,F, 51 12
1§9i ;v,;i{;i;‘ouﬂo;2 L CH FS1 .38 .
187 - oo CHECL . CoHF 51 60
17921t5a~;7?»@’ CJHFCL, . CHF,Si L1
175 o GHRCL CHgF 451 .8

77 e | CHFSL 7
63/65 | | st 37(63)

In halomethyl or dihalomethylsilanes, losa of a halogen atom is frequently
seen, “or transfer of halogen to silicon with expulsion of the halomethyl

group.
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The principal silicon-containing ions of a representative series of
pentafluorophenyldimethylsilanes are given in Table (1.7). Considerable
variation in intensity is found between different compounds.’ The ion
m/e 81 is not included because it is a doﬁblet, with a variable
contribution from a fluorocarbbn“idn:J'Thé ion m/e 77 is usually greater

than 50% of the base peak in most mass spectra of the series.

TABLE (1.7)

RELATIVE ABUNDANCE OF THE PRINCIPAL SILICON-CONTAINING IONS IN PENTAFLUORO-

PHENYLDIMETHYLSILANES.
COMPOUND w SIF  ~(CHy), 81 - (cua)zsis " CgFSi(CHy),
L “‘mfe 47 ‘m/e 58 m/e 77 i mle 225
CoFgSL(CH,) H B Y89 100 - v S8
cgFgSi(cH)cr - - 59 T : 50 R 9.
CoF5S1(CH ) NH, - C32 T2 : 100 2 a2
CF5SL(CH,) N(CH,CH,), “os2 Y18 ' ; 87 ,5% Tal
csrssi(cns)QCH2c19 o2 - 3 L 100 e L
CoFS1(CH,),CH,T 25 35 7. ezl
CgF5S1(CH,) CHCL) - 10 N I 77 o 100 s

The principal fluorohydrocarbon ions in the samglserigg‘of‘cbmpoﬁnds"‘"
are given in Table (1.9). W?hg iogs‘m/gk1?§\(C7H3Pz) and 129_(C6P3) are

usually of moderate 1ntensityiwitb_m/e:1251invariably$§he‘st:onger."
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 TABLE (1.8) .
THE RELATIVE ABUNDANCE OF THE PRINCIPAL FLUOROHYDROCARBON IONS IN

PENTAF LUOROCPHENYLDIMETHYLSILANES

MASS  H . Cl NH,  N(C,H.), CHCL  CH,I CHCL,  COMPOSITION
163 - 12 .11 ... 3. - - 15 CHF,
159 6 28 53 3 15 71 60 CHF,
45 . 68 50 ... 8 8 3 18 20 ¢7H4r3
143 o 28 ... 9 % . 8 .16 12 CHF,
137 - 20 18 2 2 18 28 C.HF,
129 20 55 23 13 9 w2 CF,
125 8 100 = 52 % w51 m C.HF,
119 w20 23 25 9 a5 o CgH F
17 8 27 13 5 3 12 =a CFy
m1 w2 18 s 2 12 2 a3 Csﬂré
110 10 3 s - s 271 ceré
105 3 20 9 3 7 a0 ¢,F,
101 22 "3'0L :5'111 o 7 3;?“%$1u CHGF,
99 18 60 - u0 TR TS 39wl csurz"
97 2 80 2 25 9 5 " us ‘Ca“ura
95 . .8 . .3 15 .. 20 78 18  CJHF,
83 .. 16 52 18 10 12 7 w2 C.F,

In the high mass region of the spectra of l.3-bis(pehtafluorophenyl)-

1,1,3,3-tetramethyldisiloxane and l.3-bis(pentafluoropheny1)-1;1’3’3.;k ;

" tetramethyldisilazane are found ions for which accurate mass measuriments, e

(Table (1.9)) indicated the absence of silicon and\whiéhdhavéiatéémpbsition(r—:i“

represented by fluorchydrocarbon ions.
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The structuréé of these ions are proposed on the basis of tbéir elemental

composition. -

<27+ TABLE 1.9
ACCURATE MASS DATA FOR DIAGNOSTIC IONS IN THE SPECTRUM OF 1,3-BIS(PENTA-

FLUOROPHENYL)-1,1,3,3-TETRAMETHYLDISILOXANE.

B
A

o

NOMINAL . ELEMENTAL MASS CALCULATED

MASS COMPOSITION MEASURED MASS

3558 012H60F7812 354.9866 354,9845

303 c F 303.0572 303.0608

15 %o¥e
273 RS | 273.0133 2730139

227 .§11P5 226.9928 2?6.9920

203 C7H%0F2812" 203.0166 203.0159

117 '”“csﬂéorzsi 7 1s1.0406 - 151.0390
- 3 \

w1 cHorst 141.0168  141.0172

21  C3H“0f3$i ; 140.9999 1'1&0.9983

S é T S 2
199135Mwwwkikm CHeSL, .. .108.9937 " 108.9929

G St . - 108.9723 1089721

H

1 Ratio of high to low mass 2:l e tvﬁ ‘ %gv

2 Ratio 1:1
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m/e 303 e o : m/e 273

E F

F. F

m/e 227t

Their formation presumably involves migration of péntafluorophényl rings
to the same silicon centre prior to elimination. The formation of the .
ions at m/e 355,327 and 273 from m/e 451 (M-CH )" was established by the

metastable ions at 279. 4, 237.1 and 165.3 respectively.

CH CH

l 3 - ' 3. + - SR ‘ 3
CGFSTl—o——Ti——c oFs . -——3—» CgF, s'i.:o —Ti——c 6Fs
cHy Gy y Cfny oy
. o 'Cu.ru/ (‘:Hs \
¢ F.Sieb—8i—C_H FC —8im0—§i—C_ F m/e 273
6 5' F 53 2 I l 55
CH, - CHy  CHy

m/e 355 ; ‘ ‘ m/e 327
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An interesting feature of the spectra of the disiloxane and disilazane, is
thsi in the disiloxane, the molecular ion is very weak, and (M-CHa)+ is
fhe nase peak; for the disilazane, the moleculer jon is the base peak and
(M CH ) is weak. \
- All of the silanes studied here give recognizable molecular fons, which

fragment by loss of methyl to give ions of moderate intensity. In all
cases there is evidence of transfer of fluorine from benzene to silicon,
 recognized by ions of the type Si(CH )2F, Exchange of fluorine and methyl
groups leads to tropylium-type fluorohydrocerbon ions which with their
‘breakeown products dominate the spectrumi Ions due to exchange of one

methyl group to give the tropylium ion m/e 163 (C7H3Fu) or both methyl

'groups to give m/e 145 (C7HQF3) are observed.k’Although exchange of both
nernyl;groups is common to all spectra studied, the single exchange is not

: obée£§;& in several examples., The mechanism of this exchange probably
involves the vacant d-orbitals of silicon and their interaction with the
phenyl ring. Hawthorne et a17 have suggested that when a metal s o—bondec
to unsaturated organic ligands, mass spectral rearrangement ions can be
rationalized by assuming the ligand becomes w-bonded to the metal during
fragmentation. The nature of the bonding between silicon and the penta-

:7 fluorophenyl ring has been discussed in an earlier section.
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THE FORMATION OF FLUOROCARBONSILYL ETHERS OF STEROIDS.
| To assess the behaviour of the fluorocarbonsilyl ethers as GC

derivatives of steroids and to establish their sensitivity towards the
electron capture detector, the appropriate silyl ethers of cholesterol
were prepared. Typically, 100 ul of the chlorosilane was added to 100 ul
of diethylamine in 0.5 ml. of hexane under nitrogen and after thirty
minutes the mixture centrifuged and 100 pl. of the supernatant added to
* 1-5 mg. of cholesterol in a screw-capped Reacti-vial. After heating at
60°C for 3 hours, solvent and reagent were removed in vacuo and the
cholesteryl ether dissolved in ethyl acetate for gas chromatography using
FID or hexane for ECD analysis. In all cases a single product was
obtained which was identified by mass spectrometry as the appropriate
silyl ether.

The fluorocarbonsilyl ethers prepared here are compared in terms of»

volatility on GC with some other silyl ethers of cholesterol in Table (1.10),

TABLE (1.10).

RELATIVE RETENTION TIMES FOR GC OF CHOLESTEROL SILYL ETHERS AND R VALUES

£
ON SILICA GEL TLC, ELUTING WITH TOLUENE.
COMPOUND : COLUMNS
| A B c R,

cholesterol , 1,00 1,00 - 1.00 0.05
TMS-eholesterol 1.17 0.92 0.69 0.68
CF3(CH2)2S1(Me)2—¢holesterol 1.47 1.24 1.06 0.70
CF -c

3(crz)z(c52)2si(Me)2 cholesterol 1.60 0.87 0.68 0,64
C1CH,S1(Me),-Cholesterol 2.54 1.87 1.69 0.60

CgF5S1(Me) ~cholesterol 3.68 2.84 2,78 0.67
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- o) X
COLUMN A: 3£t 1% OV-101 on Gas-Chrom Q, 75 ml. min * Nys 250°C
: Rf Cholesterol = 1.58 min. - - *

, 290°C,

COLUMN B: 3ft 1% Dexsil 300 GC on Gas-Chrom Q, 75 ml. min + N,

. R, Cholesterol 1.03 min. SRR S R A
COLUMN C: "1.5ft., 1.5% OV-101 plus 1.0% tetramethylcyclobutanediol
. - adipate, 90 ml. m:l.n-l N2.~Rt cholesterol 2.45 min., 25000;“~’

The fluorocarbonsilyl ethers had excellent thermal stability and good
volatility on chromatography, the non-polar nature of the fluoroalkyl--
groups producing relatively shorter retention times on the polar colum C,
in spite of their increased molecular weights. On the non-polar colum A,
the excellent volatility of closely bound fluorine atoms is illustrated
by the similar retention times of the trifluoropropyl and heptafluoro-‘"
pentyldimethylsilyl ethers of cholesterol. The fluorocarbonsilyl ethers
were shown to be stable to silica ' gel TLC with a variety of solvents. - °

The poor sensitivity of the fluoroalkylsilyl ethers towards electron
capture (see page 52) limits their use for this purpose. Their excellent
volatility may find uses in the separation of steroids by GC-FID.  Further,
it was noted that the heptafluoropentyldimethylsilyl ether of cholestercl
fluoresced strongly in u.v. light. This strong blue emission‘could form
the basis of a fluorescence method for the determination of steroids. A
combination of the reasonable volatility and electron capture propertles
of pentafluorophenyldimethylsilanes was encouraging and a more detailed :
evaluation of its properties made. For the sake of convenience, the : -
abreviated name FLOPHEMESYL will be used in place of the more cumbersome
expression pentafluorophenyldimethylsilyl when discussing reagents and

8teroid derivatives in the following sections.

In pyridine solution, the order of reactivity of flophemesyl reigants
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towards steroid hydroxyl groups is:
fhmmuﬂmme>ﬂ@meL¢hﬁ®>ﬂmewmhmﬂmﬁe
flophemesyldisilazane >> flophemesylimidazole. Unlike trimethylsilyl-
imidazole, flophemesylimidazole was found to be virtually unreactive and is
of little value as a flophemesylating reagent. This unpredicted feature
was presumably due to electron-withdrawal of the pentafluorophenyl ring,
preventing the development of a negative charge on nitrogen in the

80 The

transition between breaking a Si-N and formation of a S1-0 bond.
uncatalysed reactions of flophemesyldisilazane and flophemesyldiethyl-
amine with cholesterol paralleled those of the trimethylsilyl reagents,
giving 85% conversion in 24 hours at room temperature. 'Increasing the
reaction temperatﬁre did not improve the yleld. Flophemesyl chloride iﬁ‘
chlorofgrm reacted with cholesterol to form approximately 80% of the : ®
ether after heating at 60°C for 16 h., while in pyridine the reaction went
to completion in 2-3 h. It would seem in this case that pyridine was
acting_as a catalyst, perhaps through the formation of an intorm?diato.‘
such as a N-flophemesylpyr%nidium salt;In‘tho absence of base catalysis,
flophemesyl chloride was not a strong flophemesylating reagent. The
flophemesylamine reacted quantitatively with cholesterol, ergosterol;

and 28,38-dihydroxy-5a~cholestane in a variety of solvents at room.
temperature., It did not react with tertiary hydroxyl groups such as the ;.-
178-0H in 17a-methyl-178-hydroxyandrost-4-en-3-one or hindered secondary
hydroxyl groups such as the 118-OH in 11B-hydroxyandrost-4-en-3,2C-dione

As an added advantage, it did not promote the formation of flophemesyl

eénol ethers from unprotected ketone groups. Flophemesylamine at room

and elevated temperatures did not react with C-3, -6, =11, -17 steroid
ketone groups, or 4-en-6-one,:7-en-6-one unsaturated ketones.: It is thus

the reagent of choice for the flophemesylation of unhindered secondary
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hydroxyl groups. It also enables a distinction to be made between normal
secondary hyaroxyl groups and hindered and tertiary hydroxyi groups with
which it is totally unreactive.

Catalysed Flophemesylation Reactions.

The addition of an acid catalyst to a flophemesyl reagent increased
its reactivity, reducing the time required for complete reaction and
causing hindered hydroxyl groups to react. This was not particularly
marked with the flophemesylamine reagent, and since’other flophemesyl
reagents show a marked increase in activity with acid cata;ysis. the amine
is more useful as an uncatalysed, selective protecting reagent. . .

All the Lewis type acid catalysts tried had catalytic properties but
the most efficient catalyst was flophgmesyl chloride or flophémesyl bromide.
Boron trifluoride and p-toluenesulphonyl chloride or acid»had an advantage
in being soluble in organic solvents but small amoupts‘of‘secondary'peak!
due to decomposition of the steroid were observed, »Aluminium‘ch;oride_ 
was exceptional in producing a large number of secondary peaks. Ammonium
sulphate was inefficient, probably because of its low solubility in the
reaction mixture.

Using flophemesyl chloride as catalyst, the reactivity of the
flophemesyldisilazane and particularly the flophemesyldiethylamine,
increased markedly. The catalysed flophemesyldisilazane gave a quantitative
yield of flophemesyl cholesterol in 3 h at 65°C and thé flophemesyl-
diethylamine in less than fifteen minutes at room temperature. The
flophemesyldisilazane did not react with hindered secondary hydroxyl
groups even with a catalyst.

Flophemesyldiethylamine when catalysed by flophemesyl chloride in
pyiidine as solvent was the strongest flophemesylating reagent mixture

Produced. The reactivity of the reagent combination was dependant on the
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amount of catalyst employed. A 10:1 mixture of flophemesyldiethylamine
and flophemesylvéhiéride reacted quantitatively with unhindergd secondary
hydroxyl groups of the cholesterol\type and also tertiary hydroxyl groups
such as the i7B-0H of 17a-methyl-l7B;hydroxyandrost-u-en-3-one;; It did
not react with the hindered 118-OH in 11B8-hydroxyandrost-i-en-3, l;-dione.
Unprotected ketone groups were not enolized by this reagent combination.
A 1:1 mixture of flophemesyldiethylamine and flophemesyl chlorxkzreacted
readily with ketone groups necessitating their protection, usually as the
methoxime derivative, before reaction of the hydroxyl groups. In pyrid1ne,
this reagent éombination completely converted the 118-OH of 118-hydroxy-
androst-4-en-3,17-dimethoxime to its flophemesyl ether 1n 3 h at 60°C and
the l7a-0H of 17a-hydroxypregn-u-en-3 20-dimethoxime to the flophemesyl
ether in 6 h at 85°C or 1 h at 150°C. The l4a-OH of 28,38, 1ua-trihydroxy-
-5B-cholest-7-en-6-methoxime was unaffected by all reagents.

The reactivity of the flophemesyl reagents with various steroids is

summarized in Tables (1.11) and (1.12).



TABLE (1.11) '

CONDITIONS FOR TﬁE FORMATION OF FLOPHEMESYL STEROID ETHERS

< STEROID

: Cholesterol

Ergostero;

} Cholestanol :

2B, 38‘dihydroxy-Sa-cholestane

. 28,Sa,SB-trihydroxycholestane

k;LQB Sa-dihydroxycholestan-s-one .

5 28,38 lua-trihydroxycholest-7-en—6-one'
i 20a~dihydroxy- 8-pregnane '

‘:T l7a-methy1-17B-hydroxy-androst—u-en—3—one .

o 1ls-hydroxy-androst—u-en-3 17-dione
,‘17ﬂ'hydPOXYPregn-4-en-3 20-dione f Ny
3a,17a ,20a-trihydroxy-5 B-pr'e gnane i ;

f17a.21-dihydroxypregn-u-en-3 11,20-trione ..
17a,118,21—trihydroxypregn—h-en-3 20-dione31

A % 3h. at sosc ‘7, 2 ms
B = 0.25 h. at room temp.,¢ : ~ ggkf
Cc =6 h. at 85°c A I IRz

" FLOPHEMESYL
_ CHLORIDE IN
- PYRIDINE

A
A
A
A
28,68 A
28A%
28,38 A *
o
NQ #
NR
NR
cP

IR
IR

no reaction ‘
none quantitative. ..
cyclic product (see text)

not all hydroxyl groups react

i

FLOPHEMESYL~
AMINE

w W

28,68 B.
28 B
28,38 B

NR

NR
c?i
IR
IR

FLOPHEMESYL-  FLOPHEMESYL-
DIETHYLAMINE:  DIETHYLAMINE
FLOPHEMESYL =~ FLOPHEMESYL
CHLORIDE 1031  CHLORIDE 1:1
B B
B Biﬂ
B . B
B - B
" 28,68 B 28,68 B
28 B CNQ*
28,38 B 28,38 B *
B B
B B *
MR A
NR c
P cP
IR ) -
IR NQ

* Ketone protected as its
methoxime.

Lh
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- TABLE (1.12)

REACTIVITY OF FLOPHEMESYL REAGENTS

REAGENT

Flophemesyl chloride in -

pyridine

Flophemesylamine

Flophemesyldiethylamine
Flophemesyl chloride

“(10:1)

Flophemesyldiethylamine
Flophemesyl chloride

(1:11)

HYDROXYL GROUP ENVIRONMENT

Unhindered secondary hydroxyl‘gr-dups1 when

‘ketones are first protected.

' Selectively reacts with unhindered secondary
‘hydroxyligrou.ps2 in the presence of ketone
'groups. -Does not react with tertiary or

fhindered'secondary hydroxyl groups.

Unhindered secondary hydroxyl groups and

exposed tertiary hydroxyl groups3 in the presence

‘of ketones, -

Unhindered and hindered secondary, and exposed
tertiary hydroxyl groups. Very hindered tertiany,
hydroxyl groups do not react completealy.

Ketone groups must be protected.

H l 5

1 ?he 38-0H of cholesterol ié‘taken to be a typical,unhindéred secondary

: hydroxyl Eroup.

2 The 118-OH of 118-hydroxyandrost-u-en-s 17-dione is taken to be a typical

hindered secondary hydroxyl group.

3 The 178-0H of 17a=-hydroxy-17p-methylandrost-4-en-3-one is taken to be a

typical exposed tertiary hydroxyl group

4 The 17a-0H of 17a,118 21~trihydroxypregn=i-en-3,20-dione is taken to be

a typical very hindered tertiary hydroxyl group.
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The trimethylsilyl group, is a large group, more bulky than the
tertiary butyl group. The flophemesyl group is larger than the trimethyl-
silyl group, so one would expect to see some limitations on reactivity
for steric reasons. Two examples of this type have been observed. The
17a-0H in 17a-hydroxypregn-t-en-3,20~dimethoxime is converted efficiently
to its flophemesyl ether with a C-20 methoxime as a near neighbour.

When a 21-0H group was present as in l7a,118,21-tr1hydroxypregn-4-eﬁ—3,20-
-dimethoxime, C-21 OH presumably reacted more quickly, hindering access

to the 170-OH, with the consequence that only 30% reaction of the latter
group occurred.,  With a C-17,20-dihydroxy side chain as in 3a,17a,20—'
trihydroxy-58-pregnane an unexpected product was obtéined in quantitative
yield. 1In this instance, reaction at the C-3 and C-20 positions 1is rapid
and a cyclic product is formed by nucleophilic attack of the c-17 OH on
the C-20 flophemesyl ether with the expulsion of pentafluorobenzene. ~This
could take place either in solution or be the produét of a thermal

reaction when the steroid mixture is injected into the gas chromatograph.

?.;,'OH ol ,_l /’| 6F5 (fHON s

lllOH 4 CH3 A R "O \CH3
—_— , |
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Again, in a 38,5a,GB—frihydroxycholestane. the 5-OH position is com-
pletely inhibited by more rapid ether formation at the secondary C-3 and
C-6 hydroxyl groups. . However, in the case of the 38,Sa-dihydpoxycholestan-
-6-methoxime, partial reaction of the 5-OH group is achieved.{

The flophemesyl ethers of steroids have excellent thermal stability.
Gas chromatography temperatures in the range 230-320°C have been employed
in this study. A crystalline sample of fiophemesyl cholesterol was stable
in the laboratory atmosphere for at least 48 h. It is stable to thin
-layer chromatography on silica gel. The pentafluorophenyl group absorbs
moderately in the UV which allows detection of the flophemesyl ether.
Visualization with iodine or 20% sulphuric acid with heating to 110°C was
used to ensure that no decomposition of the ether occurred. Recovery of
flophemesyl cholesterol from silica gel TLC plates by elution with diethyl
ether, dichloromethane or ethyl acetate led to approximately 10% hydrolysis
to cholesterol. . Recovery by shaking silica gel with a mixture of benzene
and water produced only 3% hydrolysis. A more detailed‘study is required
to ascertain the feasibility of recovering flophemesyl ethers from silica
gels of different types. Flophemesyl cholesterol could be chromatographed
unchanged on columns of neutral alumina, eluting with hexane-ethyl acetate,
or sephadex LH-20 (swollen in hexane-ethyl acetate), or LY reversed-phase
liquid chromatography on amberlite XAD-2. Samples of flophemesyl cholest-
anol, flophemesyl ergosterol, 17a-methyl-178-flophemesylandrost-4-en-3-one . .
and 17B-flophemesyl-5B-pregn-u—en;sao?dimethoxime were column chromatographa(i
On neutral alumina without decomposition, but a sampls of 3a,20a-di~ =~
flOphemesyl—SB—pregnane could only be recovered in low yleld and the -
Parent sterol was removed with more polar solvent indicating hydrolysis
in this case..

A number of solvents were studied_in both the catalysed and un- .

Catalysed reaction. Unhindered secondary hydroxyl groups react smoothly
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in a variety of solvents and their use is essential when the steroid shows
low solubility in the flophemesylating medium. The effect of solvénf on”
the rate of reaction of the 17-0H group in 17a-hydroxypregn-4-gn-3.20-di-
methoxime, with a 1:1l mixture of flophemesyldiethylamine and flophemesyl

chloride, is fllustrated in Table (1.13),

TABLE (1.13)
EFFECT OF SOLVENT ON THE EXTENT OF REACTION BETWEEN 17a-HYDROXYPREGN-
~4-EN=3,20-DIMETHOXIME AND A 1:1 MIXTURE OF FLOPHEMESYLDIETHYLAMINE |

AND FLOPHEMESYL CHLORIDE.,

4 h at 120°C"

SOLVENT B FLOPHESYL ETHER FORMATION (%)
Pyridine -~ 100 © |

Acetonitrile | 85 (complete in 7 h)
Dimethylformamide - - © s " Decomposition

Dimethyl sulphoxide -~~~ =~ <7 T35 oot

Tetrahydro furan SR e g i
Ethyl acetate =~ - 4+ o 0 28 !'; Rt -

Generally a more polar solvent is preferred. Dimethylforﬁamide should be
avoided as the decomposition of several flophemesyl ethers has'been5”=“ ‘E‘
observed in this solvent. The solubility of flgphemesyl‘reagenté in dimefhyl‘
sulphoxideris low,vresulting in the formation of two layers.1 Pyrid1nd'was
generally cbserved to be the best solvent. - The nature of tﬁe'effect'cf
Pyridine is not clear, though it suggests some more specific intgractionr
than solvation. The formation of an‘NFfloﬁhgmesylpyridiﬁiﬁm éalt mighf be
involved as a reactive iﬁ;ermediatc. Flophemesyl chloride is Qofgvbeéctive_
in pyridine towards secondary hydrokyl groubs than’it'is in chldroforﬁ;;

tetrahydrofuran or acetonitrile.
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ELECTRON-CAPTURE PROPERTIES
The least detectable amounts (LDA) of the fluorocarbonsilyl ethers of

cholesterol are given in table (1.14),

TABLE (1.14)

ELECTRON CAPTURE SENSITIVITIES COF CHOLESTEROL SILYL ETHERS.

‘ . N ) LEAST DETECTABLE PULSE .
COMPOUND - r= oo™ oo ot AMOUNT x 10~9 - PERIOD us
CPa(CH2)ZSi(Me)z-cholesterol 1500 _ 50
C6F5(0H2)281(Me)2-cholesterol 200 50
CF3(CF2)2(CH2)2Si(Me)2-cholesterol 115 15 .
ClCsti(Me)z-cholesterol . 75 : 5
CBPSSi(Me)z-Cholesterol o 4 g 50 .
03F7C0-cholesterol Unstable

For the fluoroalkylsilyl ethers, an increase from three to seven fluorine
atoms resulted in a twelvefold improvement in sensitivity. Neither of
the fluoroalkylsilyl ethers were as sensitive as the chloromethyldimethyl-
8ilyl ether which is available from the commercial reagent. ' The penta-
fluorophenyldimethylsilyl (flophemesyl) ether was nearly twenty-times more
sensitive than the chloromethylsilyl ether, It is interesting that the
Pentafluorophenyl group when separated from silicon by an alkyl chain As 1n'>
the 2'-pentafluorophenylethyldimethylsilyl ether, is fifty times less
sensitive.7l A possible explanation for this is that in the flophemesyl
ether the captured electron is buried in the w-orbitals of the phenyl
ring which is further stabilized by (p-—> d)x bonding wifh low enérgy
d~orbitals of silicon. In the pentafluorophenylalkylsilyl ether, back
bonding does not occur.71

The least detectable amount of seven flophemesyl steroid ethers is

glven in table (1.15).
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TABLE. (1.15)
LIMIT OF DETECTION OF SOME STEROIDS BY ECD AS THEIR FLOPHEMESYL DERIVATIVES

STEROID NUMBER OF .~ = LEAST
' PENTAFLUORO~  DETECTABLE
o PHENYL GROUPS AMOUNT (ng)

17a-hydrox&pregn-u-en-3,20-dimethoxime ’ ;,”;C 1 8.0
l7u-méthy1;17B-hydroxyandrost-u-en-B-éné» 1 5.0
Cholesterol ‘_»ﬁ/ 1 4,0
Ergosterol e - 1 ‘ 1.0
3a,20a-dihydroxy-5B-pregnané 2 . 0.20
38.Su.Gé-ffihydroxychoiestane 2 , 0.07
28,3B-dihydroxy55a;cholestane 2 0.03

The presence of one flophemesjl gﬁbup allows detection at the nanogram

level, whereas two groups extends the range to the picogram level. The ,
response of the electron capture detector to flophemesyl cholesterol is R

R,

linear over the range 4-200 x 10 (Fig. l 8) which was the extent of

the range investigated.
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One of the difficulties in designing reégenta auitable'for‘eléctroh
cépture gas chromatography is a lack of knowledge of the capture coefficient
of many potentially useful electrophores. When cdnsidering the introduction
of an electrophore into a dimethylsilyl ether for the analysis of steroids,

»

attention needs to be given to the cheﬁiﬁfr& of silicon and the hxpeéted"
volatility of the derivative formed. C.A. Clemons and A.P. Altshuller®l
in a series of halogenated compounds cbﬁféiniﬂg between one and six carbon
atoms observed réspoﬁsé§ to‘thQ electron capture detector varying over
seQen orders of mégnitudé;k Low’fesponses were shown by saturated and
vinyl-type fluorinated hjdrbcarboné ‘including those containing one atom of
chlorine. The respoﬁse decreésed in the order I>Br>C1>F but increased

markedly as the number of Cl, Br or I atoms in the molecule increases.

They also noted that hexafluorobenzene was more sensitive byia factér of
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approximately one hundred than pentafluorobenzene. Thus although iodine
and bromine are more sensitive to eiectron capture than fluorine, their
greater mass produces less volatile compounds which limits their use in
8terold analysis. " Closely bound fluorine atoms in an alkyl or aryl-
compound are remarkable in that they show very‘little increase in boiling-
point cémpared to hydrocarbons of a similar number of carbon atoms in spite
of the increase in molecular weight, this increase being offset by a
decrease in intermolecular bonding forces in the fluorocarbon.82 It was .
for this reason that fluorocarbon compounds were chosen in this study. A
further point to note is that the response is enhanced whenever the captgred :
electron can be stabilized by delocaiiiation.' The heptafluorobutyryl ester;
which is'often used in steroid chemistfy, owes much of its popularify to the
volafility conferred by then*peéfluoro;gréup and the presénce pf the
conjugated carbonjl function which helps to stabilize the captﬁred electron,
Exley and Dutton ha?e compared the ECD properties of a number of halogenated
derivatives of 17g-ocestradiol and oestr§ne-s84 Th;ir results are in éccord
with the abovae discussion.

A useful source of information on the electron capture of therméllefl?:
electrons by fluorocarbon molecules is provided by ¥-radiolysis'stu51es éf

Perfluorocarbons in alkane'solvents.ss

: High energy elecfronS'ara reduced
to thermal energieﬁlby interaction with soivent molecules and are then
captured by fluorocérbon scavengers. With scavengers such asyéF;iszs, .
C4Fg and C,Fip0 their electron capture abilit} is weak and 1n¢réa§es wifh/
‘the number of ‘fluorine atoms.ss’sz,iﬁa:¥f¢xvv‘k S |

In the.gas phase;”electron capturé by a molecule results in the
formation of a negative ion withVintérnalAenergy equaltto the electron
affinity of the compound formed. The excess energy cf'the‘ion‘méy,bev'f

dissipated by a diséociative procéss but in the case of perfluoroalkanes -

this reaction has been claimed to be thermodynamically unlikely because
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"of the high'enefgy'of the C-F bbnd;'éhd the ion will moro %roizbij ,
lose an electron again unless it is stabilized 1ﬁ‘samé'hayl“‘i;'éma11
2F;}Kond C3F8 this auto-ionization is apparently
very bapid (less than 1u soc).8 It ls this auto-ionization which explains o

molecules such as C?u,C

the poor electron capture response of the heptafluoropentyl and the
trifluoropropyl group. ‘This would not apply to heptafluorobutyryl esters
as fhevcaptnred electron canﬂbo;Stébilized by“oénbonylbconjnéafion;“‘J
Aromatic fluorocarbons have been shown to be much move eEffective electron’
scavengéréktnon;alk§1flnorocarnons nndﬁin‘fhowcosowof4nexaf1norobenzoné
a nondissocintive‘nechéniom‘of'eiéctron\ooptufevwés éhoﬁn'to.be oporofivo.sa
'Attempto'héné)beén'mndo fo'gaintaibeften nndefotandiné of thé%olootron
captnre ?rooésohoy analysis of the pfoduofo formed. éin“n biésnéwohtonéto4‘
éraph, neéntine‘;nd nooitine ion; ofo;fonmedpbyﬁeioof;on oonﬁa;dhenkwf;on
a 83y éourcé;"tﬁe'prbéuéts'éebéféféd and:idéﬁtifiedain:%ﬁ‘ionjhii%t"%uba.'
Chloro- ‘and bromoaromatio compounds have been investigated and shown to
Capture electrons dissociatively. 89 - “This is in agreement with the results
of Durbin 33 3;. who used a‘coroné’disohargo‘ooil to create electrons of
fhérmoi‘onorgieo ond an51y§éa ch pboduofo B§ massroooo%foné¥ny. No results
for fluorocarbon compounds have been obtained by either method. ~For the
néloa;onaiico,?otnon:inonkflnorine;“eieotnonioop;unofbyh;:dissociafive
Procesanoul&“be'okoeotod aswfho oieotbonkaffinifﬁ'of Ehé”551¢geh°at6m‘*‘ ,
éxooédo%the bond dissociation?oné;gy'of'the‘oanbothalogonwoono.gl e

NTHERMAL INSTABILITY OF CHOLESTEROL HEPTAFLUOROBUTYRATE

" For the purpose of making a comparison of ‘the eleotron oapture‘“j””‘“""
sensitivity of cholesterol heptafluorobutyrate ‘and flophemesyl ChOIesterol
| a sample of the former was synthesised.’ An initiol GC-FID 1nvestigation o

of the‘heofaflnonobnfynafg‘gé&é a”éingle peak the retention time of which
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was less than that of cholesterol, as would be expected; Dual monitoring
of the column effluent by FID and ECD produced two peaks of different .-
retention time,; the ECD giving a poor response to a compound eluting
earlier than that shown by the FID., The formation of cholesterol heptafluoro~
butyfafé and its subsequent GC has been widelyvyféporfed.s’ls’lg’za’g2

“ >Variation of the temperature of the iﬁjecfion port heater of the gas
chromatograph in the range 200-275°C, in all cases gave similar results.
GC-MS indicated # molecular weight ofv3$8 for the ester (molecular formula
requires m' 582). Pyrolysis of cholesterol heptafluorobutyrate at 240°C/10
mm Hg for twenty minutes followed by TLC on eilica gel eiuting with light
petroleum (40-60°C) gave two components, corresponding to the pyrolysed.
product (Rf=0;68),and unchanged heptafluorobutyrateV(Rf=0.41) approximately
ih,thé‘ratio 10:1: :The pyrolysis product was identified.from itsvspectro-
scopic data and elemental composition as cholesta~-3,5-diene. Its mass
spectrum and retentio?;fimg parameters were foﬁnd to be identical with fhe
FID trace for cholesterol heptafluorébutyrate. The ECD traces are either
a small amount of cholesterol heptafluorobutyrate or alternatively a
heptafluorobﬁtyrate:of,an impurity present in the cholesterol, ., - iuvvwen

' % gt R k k

MASS SPECTRAL PROPERTIES OF;FLOPHEMESYL £THERS OF STEROIDS.e;j,f:+.

.~ The pentéfluorophenyifring is a strongly electron-attracting group
vwhich is able to influence the mode of fragmentation of steroid derivatives
undey: electron impact.in a way which led to diagnostic mass spectra often -
showing marked differences from those of TMS ethers. : The mass spectrum L
is not complicated by_abundant‘iqns‘due to fragmentation of“the pentafluoro;
Phenyl ring, neifher,is,cleavage-between silicon and the péntaflﬁorophehy17
ring a dominant process, A strong molecular ion isVusualif oﬁserve& ﬁifh

enhanced sterol hydrocarbon. fragments. .- o
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The general features of the mass spectra of TMS ethers of sterolsga-QS'

are usually characterised by the presence of ionsrm/e 73, m/e 75 and by

the ion m/e 147 in the case of steroid diols. The ion m/e 73 is often so

+ t+
(CH,) i H6=si(cu3)2 ) (cu Si‘O—-Si(CH )y

Hg)oS1
m/e 73 m/e 75 : m/e 1u7

abundant as to be the base peak of_the{mass»spcctrum and,carries sufficient
of the ion current to make much of the remaining spectrum undistinéulshedf
The flophemesyl derivatives are charecterisec?by ions m/e 58 end m/e:77.
A flophenesyl equivalent of m/e 147 has not been observee’in the spectra
oftsevereljeterold diol flophemesyl ethers, unen the TMSvetners of tne same

compounde“nroduced e'strong ion at n)é 147, %The relative intensity of

+ . B . g

v(cus)zsi*  (cHg)pstEt

m/e 58 " omle 7
m/e 58 and m/e 77 is variable, with m/e 77 generally the stronger. nowever.
m/e 77 is rarely the base peak of the mass spectrum. The 1on m/e 75 is
obserVed in some flophemesyl spectra but its intensity is variable.” ~’
Elimination of flophemesylanol (m - 2u2) is common, as is elimination of
trimethylsilanol (m - 90), from TMS steroid ethers. A useful feature of
the flophemesyl ethers is that they tend to produce stronger molecular ions
than do the TMS ‘ethers and much stronger ionscthan the halomethyldimethyl-
ai1Yl ethers.v The halomethyldimethylsilyl ethers are usually characteriaed
’ by Weak molecular ions due to the facile cleavage of CH X (x-Cl Br‘i).ge‘g7
The mass spectra of TMS, chloromethyldimethyleilyl (CMDMS) and flo-v“

Phemesyl ethere of Sa-cholestanol show many common featurea. Table (l 16)
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contains the % relative ion abundance of the fragment ions with respect to
the base peak for the above derivatives, all measured under the same

conditions.

TABIE (1.18)
THE % RELATIVE ABUNDANCE OF IONS IN MASS SPECTRA OF CHOLESTANOL AND
SOME OF ITS SILYL ETHERS MEASURED AT 80eV.

m/e ASSIGNMENT 38-o0l, 3g-TMS, 3B8-CMDMS 38-FLO-
: PHEMESYL

m’ [ 27 6 31

445 m-CHéél T - - w0 -

370 mesilanol . 1% 21 .10 8

355 m-silanol-CH3 so ‘ 20% 49 .13 -39

285 - m-silanol with scission 2% 6 - 1
of Cy0=Ca2

2 , :
62 ¢ gHay 18 12 6 16

2 -
30 m silanol C16 017

and side chain e 6  ou

215 e PULL ot wow e sl DpEa petho e G Ve iy mi
| ?;6‘23"4: ' - “87 ‘100 ’ Ly & 100

201 'les;éﬁéw B SRR T AR S N

190 230‘C5H %from elther

175 190 CH3 S s T s 1

T Cs e s ey e L
R ,c11 15 A Dol o 38 el .:59

T Sy | LA |

CSHll | | o “69 H 68 ’ , 29 , gl

*for the parent sterol loss of water is equivalent to loss of silanol from

ethers.
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m/e 262 S m/e 215

Qjﬂ

m/e 147 L m/e 121

~The CMDMS ethers are exceptioﬁé;iin their very'facile cleavag@yéf
the’qy}oromethyl group to produce the bééé peak ﬁ/e 445 (m -’ug) with a
goﬁsequent reduction in the inteﬁsity{Sf:the molecular ion and those ﬁasses
containing th9.311°xy group in which theiisotopic chlorine ratiq_mighf have
‘been of much use in peak assignment. Aééless of the total ion current is
carried by the siliéon containingyions ig flophemesyl cholestanél (Fig.1.9),
the Steroid hydrocarbon fragments are reiatively more ébundaﬁt. Eiiminatibn:
= Of the appropriate silanol to produce m/e 370 is not an especially favoured T
‘process. The parent sterol shows more ready cleavage of the C-19 methyl, e

89,100

f°llowed by loss of water as do the silyl derivatives for which

m/e 355 is of greater abundance than m/e 370.’ The base peak of the TMS
N an§ flophemesyl derivative, m/e 215, arises from cleavage of 15.16- and

13,17-bonds.
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It has been shown for the parent sterol that the base peak at
m/e 233 arises by loss of the side chain and fragments of ring D in this
way, and then decomposes to the abundant ion m/e 215 by loss of water.gg
The main features of the high mass end of the spectra of all the compounds
can be explained in terms of loss of various fragments of the side chain
and rings C and D, with and without the retention of the hydroxyl group or
the silyl protecting group101-103. The ion m/e 389 has the composition
C)gHy F 051 (found 389.1372; calculated 389.1360) and the ion m/e 457
the formula CzuHSOFSOSi (found, 457.1977; calculated, 457.1986). The
structure of m/e 457 is supported by the metastable ion at m* 10l1.1 for

loss of flophemesylancl from m/é 457 to glve fhé basérpeak m/e 215.

CH5 Hy
CGFS_SI'i—O CGFS..'ISi.O
CHs CHy

n/e 388 m/e 457

A sharp contrast between the flophemesyl and TMS ethers of 178-

hydroxy-l7q-methylaﬂdfost—u-en-3-one exists. The spectrum of the TMS
derivative is dominated by the peak m/e 143 with a very weak molecular

ion and only five other ions with an intensity greater than 10% of the base
Peak (Fig.l.lo).98 Thus for the TMS derivative, much of the ion current

is carried by the silicon containing fragments. The more even distribution
of the ion current in(the flophémesyl derivative Fig.(1.11) gives a mass
SPectrum of greater diagnostic value. The prominent molecular ion of the
fl°Phemesyl ether m/e 526, fragments by loss of a methyl radical to give

m/e 511, loss of ketene to m/e 484, and loss of methyl and ketene to m/e 469,
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The abundant ion at m/e 456 probably arises by loss of C-1 to C-4 of ring A
with migration of the double bond to Ring B, Scheme I,

SCHEME I

G "

m/e U456

Thus the high mass end of the spectrum produces fragments which are ' "
characteristic of the unsaturated carbonyl at C-3, Cleavage of keteﬁé'f#om'
the molecular ioﬁ is ;uppérted by the metastable ‘ion m*uu5,.3 (m/ef526;;k8u)
but a metastable ion could not be observed for the transition (m/e 526—2456),
Loss of flophemesylanol froﬁ the molecular ion givesr{ha Base:peak m/e‘zéu,
which eliminates methyl to m/e 269, C.Hy from ring D to m/e 245, aﬁd kéte;\e |
from ring A to m/e 242. Accuréfe mass measurémént of the ion m/e ?40"357

establishes the empirical formula as Cia“zu

£ 240,1878), This probably arises from the base peak m/e 284 by loss of =~ -

(found, 240,1880; calculated

ketene and two hydrogens of ring B to give‘aﬁ extended conjugatedTSystem.
An analysis of the spectrum for those ions containing the'flopheﬁes&;"group‘
reveals m/e 348 and m/e 255 of‘modebéte abundance and the very abundant ion -

m/e 295, The elemental composition of m/e 295 was confirmed by accurate

CH3 OR »
\\~ . CH3 S
+1 +_' _ + o _ : i
- RO=C-CH=CH, | RO=CH, R : »CstS“C“a)z'

m/e 3u8 mfe 295 m/e 255
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- mass measurement as Clzﬂlzfsosi (found, 295.0568; calculated 295.0577) and

it probably arises from ring D as illustrated in Scheme II.

SCHEME II.

m/e 295 . .. ...

’A metastable ion at m* 2204 confirmed tge transition m/e 295— 255,
«Probablfmfhe most studied examples of~TMS ethers are those containing
a 3B-hydroxyl group and a 5,6-double boed such as cholesterol and ergoeterol
"Partly because of their availability but also because of their characteristic

fragmentation93 o, 103-;09

to produce ions of m/e 129 and (M-129).  The
presence of a second double bond at C-7 in ring B favours the formation of
an ion m/e 131, and (M.--lal)+ is the secoed most abundant ion ih the mase
Spectrum of the TMS ether of ergosterol.j The ion m/e 129 is nearly as
abundant as m/e 131 but (M-129) is virtually absent. For the flophemesyl
derivative of cholesterol (Fig.1l.12), the ion m/e 281 (equivalent to m/e ’
1129 in the TMS ether), is very weak altheugh #-281 is of moderate intensity,
"In the flophemesyl derivative of ergoste?ol (Fig.l.lS); m/e 281 is weak
and M-281 absent. The ion m/e 283 is neerly eight times more abundant
than m/e 281 and M-283 {s the second mos% abundant ion in the mass spectrum,

The ergosterol derivative might be expected to fragment differently because

of the tendepcy to aromatize ring B. Seheme I1I.
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SCHEME III.

m/e 281 M-281
NI ‘s
RO N> ROF
. " mfe 283 -  M-283

- R= CoFS1(CH) -

Accurate mass measurement confirmed the elemental composition as 025 37
for m-283 (found, 337.2893; calculated 337 2895) and Clllefsosi for |,
m/e283 (found 283,0555; calculated 283.0572). No metastable ion for the.
transition M+--) M-283 was observed. Flophemesyl derivatives, then, of
both cholesterol and ergosterol behave like the TMS ethers with the
exception that for the flophemesyl etheré the silicon containing fragments
are of much lower abundance.

The general features of the mass spectra of the flophemesyl derivatives
are characterised by strong molecular ions which fragment to produce a
Series of ions ;f)iow aspndance due to loss of methyl, the C-17 side chain
and SubSéqﬁént éllminatiSn of ring D fragments. Loss of flophemesylanol
and methyl, presumably from C-19 is the dominant process. Loss of flo-
Phemesylanol from the molecular lon to give m/e 368 provides the base peak
for the cholesterol derivative while loss of methyl from the tetra-ene,

n/e 378, gives the base peak (m/e 363) for the ergosterol derivative., The
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 abundant ion m/e'253 in the mass spectrﬁm of flophemesyl ergosterocl was
shown by accurate mass measurement to have the elemental composition
Cl9 25 (found 253, 1956° calculated 253,1956) and represents loss of
flophemesylanol and the C-17 side chain from the molecular ion.

The 118-TMS derivative of 118~ hydroxyandrost-4-en~3,17-dimethoxime has
; weak molecular fon and the base peak 1s the familiar m/e 73 due to the
véilyl fyagment. The flophemesyl derivafive'(Fié.l.lu) is similar with
a base‘ééak at m/e77, although the molécular ion is appreciably stronger ’
and the sterold ring fragments are considerably more abundant. The high
mass end of the spectrum involves sequential loss of methoxyl and methyl
radicals to give the ions m/e 569 (m-CH ), m/e 553 (m-OCH, ), m/e 538
(m-OCH3 and CH ). m/e 522 (m-2 x OCH ) and m/e 507 (m=2 x OCH3 and CH )
all of which are of low intensity and of 1esser abundance than their
equivalents in the TMS derivatives. Loss of flophemesylanol to give an
ion m/e 342 and loss of flophemesylanol: with a methoxyl radical to m/e 311
are facila fragmentations. The ions at m/e iy, 295 and 255 are presumed
to contain the flophemesyl group, but with the exception of m/e 295 they

are of low abundance.

R-6=CH-CH2-CH=CH2 R—6=CH2
CFbOVVN

m/e Lk m/e 235 © m/e 255

_TheyTMS equivalents of the above ions have been recordéd previously in fh§

‘rmass spectra of C;il TMS androstanols.lou’log The prominent ions at m/e 191

m/e 151, m/e 125 and m/e 105 are present in the parent sterol dimethoxime, .
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the TMS derivative and the flophemesyltdérivative and are assigned the

Structures shown:

CHOWNZ ™

m/e 191 m/e 151 = m/e 125 m/e 105

"The composition of the corresponding ioné for the parent ketones have been
H-esfablished by accurate mass measuremént}llo Once again, these ions are

relatively more intense in the spectrumigf the flophemesyl derivative than

\10 the TMS derivative. In this respeé% the low mass end of the spectrum

Showéwé greater resemblance to the llB-ﬁydroxyandrost-u-en-3,l7—dimetﬁ6xime

than it does to the 118-TMS derivative.

The strong molecular ion of the 17B-flophemesylox&pregn-u-en-3,20-di-

: f;methoxime at m/e 612 loses methoxyl to produce the base peak m/e 581 (Fig.
51.15). The molecular ion also fragments by cleavage of C-13 to C-17 and

C-15 to C-16 bonds to the abundant ion m/e 273 and the less abundant

flophemesyl-containing fragment m/e 339.

C=NvOC
| H3

m/e 612(M")  mle213 m/e 339
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The ion m/e 339 is probably the precursor ion of m/e 172 for which accurate
Mmass measurement established the elemental composition as C7H14N0281

(found 172.0784;'calculated 172.0794), corresponding to elimination of the
pentafluorophenyl radical from m/e 339. A metastable ion was not observed
for this transition, The elemental composition of the abundant ion m/e 317
was established as C. H, O,N, (found 317.2230; calculated 317.2229) and

197297272
represents loss of flophemesylanol and CuH5 from the molecular ion:

m/e 612

CH0~NZ

m/e 317

Accurate ﬁass.measurement establishes the ion at m/e 242 to be flophémesylancl
(found 2u2.0159:¥célculated for 08H7F5081, 242,0186). The remaining mass

Spectrum is.undistinguished except for lons at m/e 151, m/e 125 and . .
:wn dimethylsilylfluoride, m/e 77..
The producf of the reaction between flophemesylamine and 3a,17a,20a-~

'tyihydroxy-sa-pregnane (see page 49) was identified as a cyclic 17,20-di-
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methylsilyl ether of 3a-flophemesyloxy-5B-pregnan-17a,20a~diol on the

basis of its mass spectrum. The derivative (Fig. 1.16) has a strong
»'molecular ion and the base peak, m/e 157 arises by cleavage of ring D with
retention of the C-17 side chain. The base peak undergoes further
fragmentation to produce the abundant 1ons at m/e 143, 129, 75 and possibly
m/e 119 (C4H1102Si).. The high mass end of the spectrum is characterised
by ions formed by the fragmentation of ring A and loss of flophemesylanol,

' which are of low abundance,

=
I si”
O New
Hy ~2 (™
ks \ CH3
.‘ : —o
CH3 i s
; . C— ‘
m/e 157 | 0 >CH3‘
| CH
m/e 143
H3
»HC—O\ /CH3
N, e ?Ha T
m/e 119 | ‘ e “ 0\ /CHJ

/
I -0 \\:H3
EHO"'sn/CHB - I | e 129

tHy

m/e 75
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EXPERIMENTAL

3,3,3,-TRIFLUOROPROPYLDIMETHYLCHLOROSILANE (1)

3,3,3-Trifluoropropene (2.0 g) was condensed into a Carius tube of
75 ml. volume, dimethylchlorosilane (2.0 g) and chloroplatinic acid (0.25 ml,
0f 0.1 m solution in isopropanol) were added under’nitrogen.% The tube was
sealed and heated at 210°C for six hours, cooled, the products of more than
one tube combined and distilled at atmospheric pressure to give (I) b.p.
117-119°C (lit.31 117°C) in 65% yield.: Mass‘sﬁectrum m+’190 (5), base peak

+
m/e 93 (CH3)2Si01.

3,3,4,4,5,5,5-HEPTAFLUOROPENTYLDIMETHYLCHLOROSILANE (II)

3,3,4,4,5,5,5-Heptafluoropentene (3.0 g), dimethylchlorosilane (1.68 g)
and chloroplatinic acid (0.2 ml. of 0.1 m solution in isopropanol) were
sealed in a nitrogen-filled Carius tube of 75 ml. volume and heated at 240°C
for 7 h. . The product of more than one tube was combined and distilled at
atmospheric pressure to give (II) b.p. 115"(111:.:38 116=-117°C) in 55% yield,

Mass spectrum m' 290 (6), base peak m/e 101 FCECSi(CHs);'

PENTAFLUOROPHENYLDIMETHYLSILANE (II1) AND CHLOROMETHYL SILANES

. A solution of n-butyllithium (36.0 g) in dry hexane (250 ml,) was:
added slowly to a solution of pentafluorobenzene (100 g) in anhydrous diethy)
‘ether (100 ml) at -70°C under nitrogen. The mixture was warmed to -10°C,
stirred for 0.5 h and cooled again to -70°C. Dimethylchlorosilane (56.0 g)
in dry diethyl ether (50 ml) was added slowly and the mixture allowed to
attain room temperature. The precipitate of lithium chloride was filtered
Off and the solvent removed in vacuo.  The remaining liquid was fractionateq

to give (III) 61.0 g b.p. 144/575 mm. (11t.°T 157°C/685 mm). SR
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In an analogous procedure, the following were prepared:

* COMPOUND - : CHLOROSILANE b.p./mm YIELD

- ' %
(II1)  C F Si(CH,),-H Dimethylchlorosilane 1447575 61
(Iv) CBPSSi(CH3)2-CH201 Dimethylchloromethylchlorosilane ~ 110/72  §0

(V) CSFSSi(Cﬁs)Q-CHClz Dimethyldichloromethylchlorosilane 122/50 - 4

Note: It has been subsequently found that the yield of (III) can be

increased to 84% if the pentafluorophenyllithium is not warmed above -20°C,

PENTAFLUOROPHENYLDIMETHYLCHLOROSILANE (VI)

Through a solution of (III) (50 g) in anhydrous carbon tetrachloride
(200 ml) was bubbled chloripe. dried with magnesium peréhlorate, into a
reaction vessel covered with aluminium foil to exclude light and arranged
80 that it could bebintermittently immersed in an ice-salt bafh to maintain
the temperature below 25°C. A buffer volume in the gas line prior’to the
reaction vessel and an auxillary supply of nitrogen connected to the |
~chlorine line were used‘to avoid loss of material due to suck-back.  .The
reaction was rapid and when complete (0,75 h), excess chlorine wés
Purged with nitrogen, solvent removed in vacuo and the remaining liquid

fractionated by distillation to give (VI) (52.0 g) b.p; 96°C/30 mm,

PENTAFLUOROPHENYLDIMETHYLBROMOSILANE (VII)

To (III),.(10 g) in dry hexane (25 ml), was added slowly a solution‘ 
of bromine (6.9 g) in the same solvent (40 ml) under nitrogen. After
stirring for 1 h., the bromine colour had virtually disappeared the solvent |

Was removed under vacuum and the remaining liquid fractionated to give
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(VII) (10.1 g) b.p. 79°C/150 mm (1it.>2 56°C (1.0 mm).

Yo

PENTAFLUOROPHENYLDIMETHYLSILYLAMINE (VIII) -~ :

Dry ammonia was passed over the surface of a stirred solution of (VI)
(20 g) in anhydrous toluene (200 ml) for 6 h. “Ammonium chloride was
filtered off under nitrogen, toluene removed under reduced pressure and
the less volatile liquid fractionated to give (VIII) (12.2 g) b.p. 52°C¢
16 mm, -

w o

1,3-BIS(PENTAFLUOROPHENYL)-1,1,3,3-TETRAMETHYLDISILAZANE (IX) =~ -

o Héxémethyldisilazane, (6.2 g), and (VI) (20 g), were refluxed for 1 h,
in the presence of a crystal ‘of aluminium chloride under nitrogen. ’
Fractionation of the mixture gave starting material and (IX) (9.8 g) bep.

151°C/125 mm. -

PENTAFLUOROPHENYLDIMETHYLSILYLDIETHYLAMINE (X) -

-~ Diethylamine (11.0 g) in dry hexane (50 ml) at =-70°C was added
Slowly to (VI) (26hg) in hexane (50 ml) stirred under nitrogén.“'The”“‘ <
Mmixture was allowed to reach room temperature, solids were filtered off
under nitrogen, and then solvent and diethylamine removed in vacuo and

the remaining 1iquid fractionated to give (X) (15.3 g) b.p. 81°C/10 mm.

PENTAFLUOROPHENYLDIMETHYLIODOMETHYLSILANE (XI)

‘VLVITO a solution of (IV), (1.25 g) in acetone (4.0 ml) was added dry
80dium iodide (0.8 g) and the mixture refluxed under'nifrdéeh?for 0.5 h,
the precipitate of sodium chloride filtered‘offiand acetone removed with

2 stream of nitrogen at 50°C.  The residual 1liquid was identified as (x1),"

from its mass spectrum, and shown to be uncontaminated by GC. °
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PENTAFLUOROPHENYLDIMETHYLSILYLIMIDAZOLE (XII)

To (V) (20 g) in dimethylformamide (50 ml) at ~10°C was added
dropwise a solution of imidazoyllithium, (7.4 g) in the same solvent (20 ml)
under nitrogen, stirred for 0.5 h, solvent reduced by distillation in vacuo,
Solids were removed by filtration and the yield of (XII) estimated as 30%

by GC. Compound (XII) was identified by its mass spectrum,

PREPARATION OF FLOPHEMESYL STEROL ETHERS

For cholesterol, ergosterocl, and cholestanol, to the sterol (6.3 g)
was added flophemesylamine (0.5 ml) and after 30 min., the reagent
removed in vacuo,

To 178-hydroxy-17a-methylandrost-4~en-3-one (0.3 g) in pyridine (0.5 ml)
was added flophemesyldiethylamine (0.4 ml) and flophemesyl chloride (0.04 ml),
After 30 min., solvent was removed with a stream of nitrogen at 50°C.

To 17B-hydvoxypregn-u-en-é.20-dimethoxime, (0.3 g) in pyridine (0.5 m1)
was added flophemesyldiethylamine (0.4 ml) and flophemesyl chloride (0.4 ml)
and the mixture heated at 85°C for 6 h. Solvent was removed with a stream
of nitrogen at 50°C. In each case the crude reaction products were passed
down a column of neutral alumina (Grade O), eluted with hexane-ethyi acetate
(9:1) and recrystallized to gi;e the following:
Cholestanol flophemesyl ether (acetonitrile-benzene) 81-83°C
Cholesterol flophemesyl ether (acetonitrile-benzene) 81,5-82,5°C
Ergosterol flophemesyl ether (acetonitrile-ethyl acetate) 86,5-87,5°C
17a-methyl-178-Fflophemesyloxy-androst-4~en-3-one

(acetonitrile-acetone) 81,5~82,5°C

17B-flophemesyl-58-pregn-u-en-é,20—dimethoxime a colourless oil,

Flophemesyl cholesterol (Found: C, 68.8, H, 8.3; CasHSlOSiF5 requires

C, 68.8; H, 8.4% ) gave Xmax (cyclohexane) 262, 264, 268 nm. ¢

max = s 500,



IR v(C-H) 2980-2840 s cm'l, v(Si-C,F.) 1639 m, v(C-F)
and 1088 s em T

© 1510 m, 1460 g

81
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S : CHAPTER 2

SELECTIVE DETECTION OF STEROID BORONATES -~
. Cyclic boronates have been used to improve the thermal stability and
reduce the polarity of a wide range of bifunctional compounds for gas
chromatography. The bifunctional compounds include 1,2-diols; 1,3-diols;
1,2-enediols; a-,8~, and y-hydroxy acids and B- and y-hydroxy amines}f'In
a typical example a boronic acid reacts with a steroid diol to form a cyclie

boronate (boronic ester).

o DY) o
o« OH . HO : 0 _—

The bofonic esters in which R = methyl, propyl, n-butyl, t-butyl, cyclohexyl
and phenyl have all been used.z"3 These derivatives have excellent gas
chromatographic properties but are limited to detection by the flame
ionization detector. The introduction of an electrophore with detection

by electron capture or the selective determination of boron by an element=
selective detector might offer much greater sensitivity to detection at -
low levels. The determination of ecdysones in biological tissue might then-

be possible, as one or two diol functions are usuallyipresent in the steroid

skeleton, *

HETERO-ATOM SELECTIVE DETECTION,

Element selective detectors perform two functions as gas chromatograbhig‘

detectors. They are sensitive detectors with improved detection limits by
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comparison with non-specific detectors such as flame ionization and thermal
conductivity. They also show selectivity to a particular element and have
a high discrimination factor for compounds containing that element
compared to similar compounds in which the element 15 absent, A combination
°f good detection 1imits and compound selectiVityjhas made them popular in
analytical chemistry as reliable results from complex samples can be
obtained with the minimum of sample purification. In this respect, the
two most popular detectors are the alkali flame ionization detector (AFID)
and the flame photometric detector (FPD).

The relative reSponse factors of element selective detectors for
several common hetero-atomsare shown in Table 2.1. The value for boron
was determlned by the author end is in agreement wlth the literature valueu.
For the purpose of predicting ‘the detection 1imit of ecdysterone, a peak
shape identical to that obtained on GC for the hexakis-TMS ether of
ecdysterone was assumed. This is a reasonable approximatlon for comparative
P“PPOSes as only small molecular Weight and polarity changea are being

considered.



“TABLE 2.1 1 vw+:

RESPONSE OF. GC ELEMENT: SELECTIVE DETECTORS.: . -

ELEMENT . - ... RESPONSE....: DETECTOR. REFERENCE . MOLE .
FACTOR_l FRACTION
Co(grsecThy o

Boron 6.6 x 10 -% AFID . 0.033%

13 R LA LR Nt N

Nivtm‘gén» 1.0 x107 a0 s 0,029
o e e Db P S
Phosphorus 5.0 x107% apry s -
éuiph;§  i ""i;d x 10712 AFID',r" - 7f‘ | 'o 033
 sox10 |

Hydrocarbon® 1.0 x 10°° FID . - 1.0

11,0

- 18.0

FPD . 6 ’o 033

9l

DETECTABLE

.- AMOUNT ng

- *

37,00

16.0

. " e * '“4.
4.0

50,0

i; 28 38 20 22 bis(methyl boronate)bis(trimethylsiloxy)ecdysterone. )

é; hexakis(trimethylsiloxy)ecdysterone dimethylhydrazone '

3. hexakis(trimethylsiloxy)ecdysterone methoxime

4; hexakis(trimethylsil°xy)eCdysterone ethylenethioketal B f‘jk

5; hexakis(trimethylsiloxy)ecdysterone

* , : o , R
- Calculated from response factors cbtained from the references quoted.
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* Phosphorus is the element most sensitively detected by either

AFID * op- FPD " Unfortunately its introduction into the steroid-
skeleton is not easy. Phosphinic esters have been prepared for the GC of
monohydroxy steroidss,”but it is unlikely that this procedure could be
extended to polyhydroxy steroids. The introduction of sulphur is attra;tive
as this can be achieved by the formation of ethylenethioketal derivatives
of keto steroidsg. For the case of ecdysones, the model steroid 28,38,l4a-

trihydroxy-58-cholestan-7-en-6-one, produces several peaks when reacted
with ethanedithiol using boron trifluoride etherate of<p-toluenesulphonyl‘.‘
chloride as catalysts., Milder acid catalysts do not promote complete
derivatization in cholestan-i-en-3-one or Sa-cholestan-6-one, Nitrogen can
be introduced into steroids containing ketone groups by the formation of
dimethylhydrazones or methoximes. Dimethylhydrazone formation would allow
the introduction of two nitrogen atoms which has sensitivity advantages.

It has been shown that hydrazines produce steroid derivatives which are -
both air and light sensitive with limited thermal stability.lor Ecdysones
have been shown to form methoxime derivatives, but thése are normally
separated into two peaks by GC as their syn~ and anti- methoxime 1somers.ll
This limits their usefulness. The AFID has been evaluated for the analysis
of steroid methoxime derivatives.i® In the light of the above discussion,
boron was considered worthy of further investig&tion.‘
Boron Selective Detectoras.

Boron hydrides after GC have been detected by~their characteristic
light emission in a flame employing the photometriec principle (MELPAR
detector);l2 The AFID has also been shown to be selective for boron and -
has been used to detect the boronic esters of simple sugérs.gj*The‘3~ S
sensitivity of the two detectors have been shown to be essentially ;qual'

for boron.' 'As an AFID detector was available it was chosen for -

evaluation.
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Operation of the AFID.

" The alkalil flame ionization detector (AFID) is described by the
manufacturers as a nitrogen or phosphorus selective detector. The range
of elements to which it shows a selective response is much wider and
includes sulphur, arsenic, antimony, lead, tin, the halogens and boron.13
The chemical nature of the selecfivo response is not well understood.
Thermal energy is the source of the ionization energy while the ionization
current (signal) is the sum of a number of processes, the substantial part
coming from the alkali metal ionizations. The detection mechanism is affeot-
ed by specific interactions of hetero-atoms in organic compounds, among
which are especially important electron capture, formation of thermally
stable compounds and the formation of products with a low ionization
potential.lu

" Selectivity for a particular hetero-atom is achieved by careful
adjustment of the operating parameters such as flame shape, size, temper-
ature and the composition of the salt tip. For this reason maximum = ° -
response for the selected hetero-atom is achleved over a narrow range of
carrier gas, hydrogen and air flow rates as well as salf tip composition, -
position and detector oven temperature, Accurate metering of flame gaseso
is essential to maintain selectivity in the region of high flame background
currents in which the AFID is operated. The setting for the hydrogen flow
rate is correct for one setting of the carrier gas and changes in the
hydrogen-air ratio alter the flame temperature. At higher than optimum;7~
hydrogen flow rates, detector sensiti&ity increases’but signal intensity
is reduced due to the substantial increase in the noise level of the flame,
Any attempt to reduce the noise level by decreasing the hydrogon flow rate
below optimum results in a drop in ionization efficiency. The air flow
rate should be regulated so that a proper burning process is maintained -

and combustion products are removed, With a low air flow rate the
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sensitivity of the detector appreciably decreases owing to a lack of
oxygen., 1f the air flow rate is too high, a loss of sensitivity of the
detector is observed due to cooling of the salt tip of the detector by the
large volume of uncombusted cool air and at the same time the background
noise of the flame increases as a result of turbulence. Operational‘\v
problems with the AFID are discussed in references N 13_15

Two recentinnoyations have improved the stability, sensitivity,
selectivity and working life of the AFID. The use of three electrode geometry
increases Sensitivity and selectivity by separation of those ionization
processes due to the flame background and hydrocarbon compounds from the
lons produced by interaction between the hetero-atom and alkali ions.13
The two ion-production processes are detected in different circuits which
relieves the interference of background on signal found with two electrode
geometry. The average working life of an alkeli electrode was normally
quite short and required frequent optimization to allow for the physicel
changes induced in the alkali electrode by the flame with time. ~ This has
been overcomeéby using a glass bead containing the alkall metal as a
non—volatile rubidium silicate. The bead is maintained at a slight
negative potential and since glass is a good electrical conductor at flame
temperstures,;atomic alkali metal ions are generated and vapourized into .
the flame. After ionization the resulting positive alkall icns are
captured again by the negative bead and thus the charecteristics of the
bead are not changed with times. Low Background currents and noise levels
similar to‘thst ot a FID are achieved.

i

DETERMINATION OF STEROID DIOLS WITH AFID

The opereting conditions for the Pye Series 104 model 154 nitroéen
thermal detector are given in table (2.2). This instrument employs three

electrode geometry with a conventional alkali metal annulus and was fitted



v amount

I

G.L.C.- :
Conditions

VARIABLE RbCl tip | CsBr tip
Salt tip height 0.008 in. 0.000
; e . -1 . =1
Hydrogen flow 37 ml min 37 ml min
rate
Y . =1 -1
Carrier gas 40 ml min 40 ml min
flow rate
Air flow rate 375 ml min-1 500 ml min-l
- Detector Oven 300%¢ 300°¢c
Temperature
Least Detectable | 50 x 10 °g 10 x 10 %



TABLE 2.2

 COMMENTS

Response with RbCl varies markedly with height above the
flame, having a maximum at the position indicated. With
CsBr height is less critical and maximum response is
observed at 0.000 in. : ' ,

Some tolerance in setting for RbCl butvit‘is critical
for CsBr. ‘ ‘ - : .

Convenient for both resolution and optimum detector
response, - ' -

The flow rate is optimum for RbCl and values either side of
this show a poorer response. A maximum response with CsBr is
reached at 400 ml min ~ and increases beyond this have

little effect.

Sufficiently high to prevent condensation of sample material.

Expressed as g. of 28,38-dihydroxy-5a-cholestane. With RbCl
tip base line stabllity was very good and an attenuation
setting of x20 could be used. Base line stability of CsBr
was good but the maximum attenuation factor which could be
used was x100,

1.5 ft. column of 1% OV-101 on CQ, 250°¢ phenylboronic anhydride
Rt=0.75 min (used to establish the original detector profile)
28,38-dihydroxy~-5a-cholestane n-butyl boronate Rt=3.80 mins.

S6
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with a "phosphorus type" jet. The detector was optimized by repeated
injections of phenylboronic anhydride with sequential changes in -

detector variables. ' The least detectable amount of boron in 28,3B-dihydroxy-

12 1

-5a-cholestane n-butyl boronate was found to be 6.6 x 10~ - B sec s

12 g. B" sec-l~found by

which agrees favourably with the value of 9.2 x 10
Greenhalgh and Wood.' ' This shows that the detector is indeed selective '

to boron and largely independent of the hydrocarbon"conéént of the molecule,
A linear response was obtained over the range investigated 10-400 x 10_gg

of sterold boronate Fig. (2.1). ' =~

FIG 2.1

3:3- i
E 2 -
¢}
4
<
% :
(]
A .

‘ | ; T I ——

0 100 200 300 w00

ng of diol converted to boronate

Linearity of response and sensitivity of the NTD to boron
in the n-butyl boronate of 28,38-dihydroxy-5a-cholestane =
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THE STABILITY OF STEROID DIOL DERIVATIVES TO OTHER REAGENTS. -

- The reaction of ecdysterone with a selective reagent for diol. -
functions would leave two hydroxyl groups unprotected at C-14 and c~25,
Although it mighf(probe bbssible to chromatograph such a derivative; there
are advantages in using a fully protected derivative. Boronic esters have
been shown to be stable to further treatment with methoxyamine hydrochloride,
bis—trimethylsilylacetamide {BSA) and acetic anhydride;l To form boronie
eésters, equimolar amounts of steroid and n-butylboronic or phenylboronic
acid were allowed to stand for fifteen minutes at room temperature in
Pyridine. As well as boronic esters, used to selectively protect Steroid
diols, acetonides were investigated and a procedure developed:for thein
formation on the microgram scale. The acetonides were Prepared by
dissolving the steroid (0.2 mg) in acetone to which was added 6ul, of
Phosphomolybdic acid (lug/lul in acetone) solution. The reaction was
complete in thirty minutes at room temperature. The relative retention

-times for the derivatives of 28,38-dihydroxy~S5a-cholestane are given in

table (2.3)e - - .
TABLE 2.3

RELATIVE RETENTION TIMES OF SOME DERIVATIVES OF;23.SB-DIHYDROXYCHOLBSTANE ;

COMPOUND - . - .. .-~ . . RETENTION TIME"(MINS)
23,3B-dihydfoxy-5ufcholestane\ . 2,40

as an acetonide -. Cee : CU2410 RSN
as a d1-TMS ether ' 2.70

as an n-butylboronate k »3.60

* 3ft, 1% OV-101 on CQ, 260°C, 80 ml. min t Nyo
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- The C-1% hydroxyl group in ecdysones is not converted to a silyl

117‘catalysis by trimethylchlorosilane (TMCS) causes partial

ether by,BSA.
formation of the enol ether of the ketone group at C-6, - Trimethylsilyl-
imidazole kTMSIm)'is the reagent of choice to overcome both of these -
problems. . Although the n-butylboronate of the 28,3B-dihydroxy-5a-cholestane
is stable to BSA and BSA-TMCS mixtures it is readily cleaved by TMSIm under

mild conditions, see Table (2.4).' .

JTABLE 2444, =7 ..

DISPLACEMENT OF . BORONIC ESTERS BY.SILYL ETHER WITH TMSIm .

CONDITIONS .- .. . - . . n-butylboronate ' di-TMS ether - .

30 min, at room temp, : .. .. oo e BEY 8 ;v,‘:i14%~ug g
40-45°C for 30 min. e T ;eos e ow e 20% Sraipas
BO-U5°C for % hre - oo ot 80% e o v o0 BO% s, o

..The acetonide derivéti?e was also cleaved . at room temperéture'by
TMSIm (70% di~TMS ether after 30 min. at 225C5.~,Also theun-butylboronatg 5 |
of llB.l7a,21—trihydroxypregn-u-en-3.20'dione was cleﬁved by;TMSIm at?roohf
temperature and more readily at elevated temperaturés.to form thé»appropfiatérij
™S derivative.~“Thé above observations were confirmed by‘simultane§§s GC, ’
and TLC of samples with standards and by mass spettrometric;identification !‘

of all products.z <

BORONATES CONTAINING AN ELECTROPHORE. . = . & o . o eyios wavd o

.. The .introduction of an electrophore into an alkyl or arylboronic};;;:g"
ester with detection by electron capture -is an alternative to the selective

detection of boron by an AFID. :Organoboron compounds with electronegative ,‘:'
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substituents a« or 8 to boron in an aliphatic chain undergo ready thermal

16-17

elimination . “A y-chlorine atom in an aliphatic chain would lack

sensitivity to electron capture and is hydrolytically unstable under basic

conditions18

.. The y-Bromopropylboronic acid is thermally and hydrolytically
stable but would lack sufficient volatility on gas chromatography as a
steroid derivative to be useful with ecdysones.

f The.pentafluéroyhenyl grouwp is sensitive to electron capture detection
and volatile on GC when incorporated into a silyl ether, So pentafluoro-;
phenylboronic acid was synthesized for evalution.. Pinacol and 28,38-dis
hydroxy-Sa-cholestane were used as model diols. Esterification was carried
out in the usual way by mixing approximately equi-molar amounts of the
boronic acid and diol:in an anhydrous solvent. The reaction was monitored
-by GC and TLC. Under these conditions, no ester was formed and analysis
:0f the reaction mixture indicated the presence of pentafluorobenzene, which
was identified by comparison of its I.R. spectrum with that of an authentic
"sample and by mass'spectrom?try.. Chambers and Chivers;s'indicated that
the stability of the boronic acid to nucleophiles is dependent on the '
‘acidity of the medium and that hydrolytic cleavage of the pentafluorophenyl
group is likely in basic or neutral medium, The esterification procedupe
was modified to ppoddéé an acid medium to which drying agents were added
to remoisgfig water which is produced during the reaction and is the
most likély source of nucleophiles, The presence of acid (1-10% v/v)
glacial acétic or.diséolﬁing dry hydrogen chloride gas in the solvent,
drying agents (magnesium sulphate, molecular sieves) by fhemselves or in
acid medium, or acidic drying agents such as phosphorus pentoxide were all
unsuccessful,.. In all cases pentaflucrobenzene was observed in the reaction
mixture.. The unusual susceptibility of pentafluorophenylboronates to.
Nucleophilic cleavage even in acid medium makes them of little value as

derivatives of steroid diols.
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SYNTHESIS OF ARYL BORONIC ACIDS

20
The chemistry of boronic acids has been reviewed by Torsell,

Pentafluorophenylboronic acid has been prepared by Chambers and Chiverslg
from pentafluorophenylboron dichloride by careful addition of the calculated
welight of water in acetone at -70°C but neither the dichloride nor the
starting material for its preparation (trimethylpentafluorophenyltin) are
readily available.lga A more direct route seemed possible by the reaction

of the Grignard reagent formed from pentafluorobromobenzene21 and trimethyl
borate. "The experimental procedure was modelled on the general synthesis of
boronic acids described by Snyder s£_3£;22, modified in the light of the
work by Morlyan and Rostomyan23. By equal portions and in increments, the
Grignard reagent and trimethyl borate were added to a volume of solvent
which was rapidly stirred and cooled to =70°C. The reagent solutions were
added in nitrogen equalized dropping funnels whose ends were bent inwards
towards the stirrer shaft to avoid excessive precipitation of solid on the
walls of the reaction vessel, Phenylb&ronic acid prepared by this method
was characterised as its diethanolamine ester, the N.M,R. spectra of which,

in‘da—DMSO was very distinct;

C
0~ "2y,
'l ¢ k"F{ B Diethanolamine

' e
H
A O\CHZ/C 2 D

phenylboronate

C

>
1

= 7,5-7.0 ppm (multiplet)

|
]

7.0-6.7 ppm (broad)

[p]
'

= 3.75 ppm (multiplet)

o
[{

= 2,80 ppm (multiplet)
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on addition of D2O~“

(1) 7.0-6.7 B disappears

(2) 2.80 gicollapses to a triplet.n~
The boronic acids are difficult to characterize by their melting-points.:
and suitable esters are usually prepared for this purpose. This is because
the acids melt sharply with conversion to the anhydride which solidifies
and melts again a few degrees higher (e.g. phenylboronic acid 215’C,
anhydride 219° C;. Boronic acids are readily dehydrated which makes
drying difficult:nithout anhydride formation. It has been suggested that
65% sulphuric a;i& ondepk;ocuum is a suitable drying agent.22 With
pPhenylboronic acid, it was alwayokfound.‘that some anhydride formation
occurred. . -

Pentafluorophenylboronic acid was prepared in an analogous manner to
that described for phenylboronic acid. Itskmelting-point was considerably
lower than the 1iterature value, even after vacuum sublimation and zone
refining. The mass spectrum of the compound is completely 1nterpretable

in terms of the expected fragmentation of pentafluorophenylboronic acid-

with no fragment ions of greater m/e than the molecular ion..
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Mass Spectrum (80 eV, 150°C)

' CBFSB(OH)2“——§ CBFSB=O — CsFuB=0

| CCEH 4——7’fjf"7—ff, m/e 212 (100) . m/e 194 (22) m/e 175 (25)
\/m/e168(62) L l \ ,
\ CF,B B(OH),

ye
C.F H ¢ F ~ : S o
ST4 6 4 m/e 99 (65) m/e 45 (65)
m/e-135 (43) . -m/e 148 (35) . ‘J; SRR o e ‘
- 83 ‘m/e 80 (50)
m/e 129 (28) l |
5°3 m/e 61 (18)

- m/e.117 -(30)
Cfs
m/e 93 (35)

oo CF3

m/e 69 (22)

cr

m/e 31 (25)

Those ‘masses containing boron can be identified from the relative isotope

llB and 10 B (i.e. approximately uzl). Analysis of tha

abundance ratio of
acid by GLC and GC-MS gave a single peak which was identified as the |

anhydride.
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EXPERIMENTAL -

PREPARATION OF PHENYLBORONIC ACID.

To magnesium (12.0 g, 0.5 moles) in 30 ml. of anhydrous diethyl
ether was added dropwise a solution of bromobenzene (80.1 g,ysu ml., 0,5
moles) in 100 ml. of anhydrous diethyl ether over a period of 2 h under
nitrogen, After a further 1,5 h stirring, the mixture was diluted with
ether (100 ml.) and transferred to a nitrogen equalized dropping funnel,
modified as indicated in the discussion. :

Equal portions of the Grignard reagent and trimethyl borate (52.0 g,
0.5 moles) were added stepwise to dry ether (150 ml) at =70°C under nitrogen,
The addition took lh. and the mixture was stirred for a further 1,5 h., the
flask was then raised out of the coolant until its bottom just touched the
surface and the mixture stirred for a further 0.5 h, A copious white
Precipitate formed which was decomposed by pouring into 300 ml. of 10%
sulppuric acid, cooled in an ice bath. Evaporation of the ether phase géve
the crude acid (42.0 g), which after removal of oily bisphenylboronic acid
by decantation gave phenylboronic acid, recrystallized from water, and stored

at -8°C without further drying.

PREPARATION OF DIETHANOLAMINE PHENYLBORONATE.

. The damp acid (4.0 g) and diethanolamine (3}5 gs freshly distilled)
in toluene (80 ml.) were refluxed in a Dean and Stark apparatué to remove
water, The:reaction was coﬁsidered complete when>no further‘water éeparatedl
from the azeotrope. The toluene was rémoved under vacuum and the sample
Purified by recrystallization from chloroform and sublimed at 250°c,
0.2 - 0.3 Torr, to give diethanolamine phenylboronate m.p. 209.5 = 210.5°C

(11t.%* mp. 209-210°C),
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Found;' C, 62.7; H, 7.33 N, 7.5 calculated for C10”143"0 C, 62.83 H, 7.3;

N’ 7.30%7 ;

-1

I.R. v(N-H) kBr disc 3,400 cm ~ broad.

PREPARATION OF PHENYLBORONIC ANHYDRIDE.

‘~’A sample of the damp acid (5.0 g) when #igorously dried at 100bc
under vacuum in a drying pistol over phosphorus pentéxide for 12h. gave
phenylboronic anhydride (4,7 g), mp 219, 0-219.5°C from hexane=-n~-butyl
ether (11¢%0 mp 219°C). Found; C, 69.3; H, 5.1’ caleulated for cleulsaao3
C, 69.3; H, 5.1.%

Mass Spectrum (m/e, relative intensity)-

312 (m*,100), 267 (8), 235 (10), 208-(15), 164 (25), 156 (9), 131 (12), °
104 (25); 87 (5),. 77 (8), 67 (19), 57 (5), 41 (15), 31.(15), o=«

GLC. (3 £t., 1% OV-17, 236°C,68 ml. min 1) R, = 1.3 min. .

PREPARATION OF PENTAFLUOROPHENYLBORONIC ACID, = “' @i ni”

""To magnesium (1.0 g) in anhydrous ether (10 ml) under nitrogen was
added a solution of ethyl bromide (4.5 g) in ethér (10 ml) at a rate
sufficient to maintain a gentle reflux. - When the reaction‘subsided a
solution of bromopentafluorobenzene (10 g) in 10 ml. of ether waé Added,h
slowly over 0.5 h. When the reflux ceased, the‘mixture was dilutédkwith
; 25 ml. of ether and transferred under nitrogen to a pressure equalized
dropping funnel, ’

Using the general procedure described in the synthesis of phenyiboronic
aciqd, the Grignard reagent and a solution of trimethyl borate (4,2 g) 1n ¥ |
20 ml. of ether were added to 50 ml, of ‘ether at -70°C. After the -
addition, the mixture was stirred at =70°C for 1 h.. the flask raised
until its bottom just touched the coolant and stirred for a further 1. 5 h. f

%0 ml. of 10% hydrochloric acid and 15 ml. of ether were cooled by adding .
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small lumps of solid carbon dioxide. The reaction mixture was poured into
it and the ether layer rapidly separated and evaporated to dryness, the
residue recrystallized from a large volume of anhydrous toluene. A small
amount of insoluble material was removed by filtration to give pentafluoro-
phenylboronie acid mp. 127-132°C, 6.6 g yield 76% sublimed to constant mpe.

131~132°C zone refined for 100 hr., mp. 131-132°C (litlg

» 290°C). 77
SUMMARY .

It was shown that steroid diols form boronic esters under mild
conditions in a quantitative fashion. The selective'detéction of boron
in such derivatives with an AFID is feasible, When unreacted hydroxyl‘ 
groups remain and mixed derivative fo:mation is desirable, then TMS ethers
cannot be formed using‘TMSIm as this leéds to cleavage, even undeb
mild conditions. - Substituted boronic acids sensitive to electron cépture
were not found to be practical due to the unusual hydfolytic instability "
of pentafluorophenylboronic esters énd the poor volatiiity to be ekpected

from y-bromopropylboronic esters of steroids,
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CHAPTER 3

PENTAFLUOROPHENYLHYDRAZONES AS STERQID DERIVATIVES

Steréidzketones have been conveniently identified as their 2, u-dinitbo-
Phenylhydrazones, which are normally highly crystalline derivatives of sharp
melting point. More recently pentafluorophenylhydrazones have been prepared
and used in the analysis of oestrone and oestradiol by GC-ECD at levels down
to 0,08 ng. ’2 To asses the possibility of forming a mixed trimethylsilyl
- pentafluorophenylhydrazone derivative of ecdysone, for the determination

of the hormone at Sub-nanogram 1evels' the formation and properties of

pentafluorophenylhydrazones of 5a-cholestan-3~one, Sa-cholestan-s-one and
cholest-4-en=3,6~dione were investigated.

The method of Mead‘g£‘§£.2, in which pentafluorophenylhydrazine in

methanol-acetic acid (9:1) is used as the reagent, did not give a quantitative

reaction, and unreacted steroid was identified in all cases. For the
formation of 2,4-dinitrophenylhydrazones of steroid ketones,,acefic acida,
-acetic acid-sodium acetate bufferu, phosphoric acids, hyclrc:sc:h].oz*:tc‘acids_8
and oxalic acid9 have all been used as catalysts. - The formation cf:Q;u-
fdinitrophgnylhydrazone derivatives of steroidskhao beenﬂrgvieWed7:§; tﬁe
general conditions for favourable reaction can be identified as acid g
catalysis with polar solvents, Using ethanol as solvent, hydiochlorio,acid
Was found to be the best catalyst as indicated by complete reactioo Af ; ; ‘
Su-cholestanfgfone, determined by GC and TLC, The reaction with acetic
acid, phosphoric acid and oxalic acid in ethaﬁol, dimethyi sulphoxiae.
dimethylformamide, tetbahydrofuran and dioxane ﬁas notkquantitative as

witnessed by a peak for the ketone on ac.

The product of the reaction between 5a-cholesfan-3-one and pehfaflﬁorof
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Phenylhydrazinerﬁas”shown’to contain a minimum of f§ur compongnts by GC

(Fig. 3.1).

B FIG 3.1

The conditions for the analysis (1.5 ft. column of 1% OV-101, 285°C,
sd'mi;ﬁﬁin~l) indicate thetpodr‘volatiiity of the\débivéfi;éii'TLé of the
féaétidﬁ mikturefin 30% ethyl acetate-chloroform sﬁoﬁéd'a”hinimﬁm ofl‘
four components.; Spraying with an acid solution of stannous chloridelg
and heating at 110 C for fifteen minutes. spotting with authentic Su-
-cholestan-3-one and developing in 1% methanol-chloroform at right-anglesk
to the first direction indicated the presence of the keto-steroid in the

two faster-moving components. The plate was visualized with hoth uv light

and iodine (Fig. 3. 2)._'

3
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2-D TLéxdf the pentafluorophenylhydrazone of Sa-cholestan-3-one

- .The pentafluorophenylhydrazine used in this study was suspected of
being impure. The commercial reagent was treated with charcoal and
recrystallized from light petroleum (bp 100-120%) three times followed by
chromatography on Davison silica gel, eluting with chloroform and .
monitoriné the effluent by high pressure liquid chromatography (HPLC)

using Porasil A (500 mm, 37-75u, mobile phase 80% chloroform in iso-octane,

1 ml min"t)(Fig. 3.3).

FIG 3.3
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The reaéent was further purified by conversion to its hydrochloride
followeé by recrystallization from ether-ethanol and sublimation to constant
m.p. 239-242% (11t 238-210%C).

The pentafluorophenylhydrazine hyd;ochloride was a useful reagent
allowiné quantitative reaction with Sa-cholestan-3-one in ethanol for 2h,
at 55°c. The reagént was also more stable as its hydrochloride and did
not disééigu;“Qith time.‘ It also obviates the necessity of adding mineral
acid to the reaction mixture which would be of advantage when working
with acidnlébiie ﬁaterial.

The:fﬁghétion of cholestan-3-one - pentafluorophenylhydrazone on a
preparative scale ylelded an orange oil which would not recrystallize
- after removal of solvent. Chromatography of the oil on bentonite-
Kieselguhr (l&zl)8 or silica gel showed decomposition of the derivative
and all fractions that contained the &efivative were contaminated with the
keto-stercid. On preparative layer plates, two closely eluting bands were
removed and the crude material from each band had a similar mass spectrum
and an ion required for the molecular weight of the keto derivative, It
is likely that these two components are syn- and anti- isomers of. the
keto-derivative. If the derivatives were allowed to stand for somé:timé
at room temperature, their colour darkened noticeably and analysis produced

complex chromatograms (Fig 3.u).
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FIGC 3.4

N | —

HPLC analysis of the pentafluorophenylhydrazone derivative of
Sa-cholestan-3-one. A, freshly prepared. B, after standing at
room temperature for 6 h.: (500mm PORASIL A, isoctane = chloroform
1: 4, 0.5ml. min ~.)

The information obtained suggested that the pentafluorophenylhydrazone
derivatives of éédysones(ﬁould not be suitable due to their limited
volatilitj; ﬁoor hydrolytic stability and potential instabilif&‘when

exposed to thévatmosphere aﬁd sunlight.

In summéry, it can be concluded that pentafluorophehylhydrazone
derivatives of ecdysones would be unsuitable for their analysis at low

levels.
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CHAPTER 4
- THE MASS SPECTROMETER AS A GAS CHROMATOGRAPHIC DETECTOR

.- The technique of combined gas chromatography-mass spectrometry
(GC~MS) has become indispensable for the analytical characterisation of
small samples of organic compounds. By comparison, the use of the mass
Spectrometer as a selective, sensitive and quantitative detector is
relatively recent. Sweeley et gl.l described its use in the identification
of the.components of unresolved gas chromatographic peaks. The construction
of an accelerating voltage alternator allowed lons of different m/e to be
focused at the detector by rapidly switching the accelerating voltage at
constant magnetic field strength. For a magnetic sector,instrument. ions

of mass m/e are focused at the detector according to the relationship,

224 R = radius of ion beam
m/e = - . H = magnetic field .
’ ' V = accelerating voltage

so_ that at constant magnetic field H, a higher accelepating Voltage!wi}lkm,
bring a lower mass into focus. Rapid switching of the accelerating voltage
between V and V + AV allows the simultaneous monitoring of more than one
ion. Sweeley was able to quantify the components of a binary mixture
having chapacteristic fragment ions (m/e) within 10% of,eaqh:other,ygyg?ij
though they were not resolved by the gas chromatographf\;The quapt;figation’
of drug metabolites by an improved instrumental technique was described
by ﬁammar 23'33.2. They coined the phrase mass fragmentography_for‘the’§j
Process now more generally known as multiple ion detection (M.I,D.). S s
In a later paper, Hammar and Hessling3 described a much‘ipproved yo;taggv&
alternator and peak matcher which is the forerunner of the commercial

Systems now available. Three fragment ions could be simultaneously L
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focused with an expanded mass range of 20%. Greater sensititity in each’
channel was achieved by the provision of base-line and gain controls as
well as efficient filtering of the signal and fast switching of the
accelerating voltage. Simultaneous recording of the selected fragments and
total ion current was possible and the provision of a novel’peak matching
device allowed high resolution mass data to be obtained with a medium
resolution single focwing ‘ mass spectrometer. As many as eight
fragments can be monitored simultaneously in eight separate channels on
modern instruments.  The use of the multiple ion technique and é’high |
resolution mass spectrometer allows the direct analysis of crude biological
material by direct insertion without prior separation by gae chroniatography.q
Single Ioﬁ Monitoring. '

It is possible to use a mass spectrometer as a gas chromatographic :
detector without a voltage alternator. This is‘achieved by the selection
of one characteristic ion and monitoringkthis fragment throﬁgheutca‘gasi'
chromatographic run.s'-6 The above procees is known as sihgle ion’monitoriﬁg
(S.1.M.). As only one ion is monitored it is obviously less specific thaﬁk
the M.I.D. technique and is more affected by extraﬁeous4baekground'meteriai

IR

with the same m/e value.

SAMPLE REQUIREMENTS.

Any orgenic compound which is‘thermaily stable,‘eefficiently volatile
for GC and produces a mass spectrum under dectron impact is a suitable
sample. The best results are obtained with those compounds which fragment
to produce relatively few intense ions. Selection of one or more of thesa :
ions ensures that maximum sensitivity is achieved. The selected ion should
also appear in a part of the mass spectrum which is free from intevference fi

due to backgroundvcontributions. Occasionally the ion current of the - S

selected iénéis"maximized_et,lower’thenynqrmaleienizing energieeiwhich can ..
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be very useful:in reducing background contributions and thus substantially

increase ‘the signal-to-background ratio.

+ .+For quantitative analysis by either S.I.M. or M.I.D. an internal

standard is required, to permit the analyst to make allowances due to

losses caused by variation in injected sample volume, column adsorption:

effects and all those variations in ion current or voltage which influence

the intensity, focusing or measurement of the ion beam.  For S.I.M. the

internal standard must fulfil the following requirements;

a‘ci)

have the same m/e value as the selected frégment. - This ion

must arise by a similar fragmentation process as the compound

»7 under study to alloﬁ for changes in ionizing beam energies.

.Implied in the above is molecular similarity between sample and

< (1) -

standard. °

the internal standard and the compound of interest_shoul& have

«.similar retention times but be separable by GC.. Then, the only -

- variation in detector sensitivity which will affect the results -

:+ are those occurring between the elution of the two peaks, . -

o(141) -

the intermal standard should not differrgréafly‘in mass . to-the ‘

;- compound to be measured otherwise effusion discrimination in.

ii-the separator will become important..

15 1

e ¥

2
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The precision which can be expected when an internal standard is not
used is 1llustrated in (Fig. 4.1). The ion m/e 368+ in trimethylsilyl-
cholesterol was monitored at increasing concentration of the steroid. When
the technique of M.I.D. is used there is m need for any chemical differ-
ences, and mass differences alone are sufficient to discriminate between
the compound being analysed and the standard. This allows the use of the
ideal internal standard,vnamelyxthe actual compound under study modified
to contein an increased mass bytthe introduction of stable isotopes (e.g.

D, N%5).

OPTIMIZATION OF GC CONDITIONS

The range of carrier gas flow rates is governed by separator design
and more critically by the maximum operating pressure of the mass

-1 of

spectrometer. For the RMU-6E this means a range of 10-20 ml. min
helium, with the Watson-Biemann separator described later. For optimumv
performance, columns of small diameter (0.32 cm), low liquid phase loadings
and short lengths are used as far as this is compatible with the required
resolution of sample components. ::Some compensation for low flow rates - "
is achieved by operation at higher temperatures. For steroid analysis,
this 1imits the number of useful GC phases to those which are most
thermally stablek(e.g. OV silicone oils). When the mass spectrometer is
used as a specific detector excessive column bleed is a problem. If the
column background?end the fragment ion selected for analysis have the

8ame m/e value then the minimum detection iimit is limited by the magnitude
’H°f the background contribution. Thus the selected column must not only
Provide the necessary sample resolution but also produce little background

8ignal at the mass of the fragment ion to be monitored. Fig (4.2) is a

bPartial, normalized‘background spectra for OV-101 at 250°. Only those mass



regions of low background can be used analytically for single ion

monitoring. -,

1007

5ol

954

75_ SOt

FIG 4.2

T-Piece Splitter. -

-350 SRRTERL . 400

118

::A T-plece splitter (Fig (4.3) apportions the effluent from the gas;':

chromatographic column between the mass spectrometer and flame ionization

detector.‘ o

0.5¢cm céﬁilié;;/

o FIG 4,3 ...

P @e Effluent o 0 oot b, o

2.5¢m of 0.0lcm
, capillary»tubing,

MR T T e
’ B .77 separator -
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A shopt length of capillary tubiné acts as a flow réStii°t°£‘fbkthe mass
Spectrometer. As it is positioned in the GC oven its dimensions’are depend-
ent on the oven temperature. With an increase in temperature more effluent
®nters the mass spectrometer as the capillary restrictor expands. This
¢ould be a problem in a temperature programmed separation. When only a
Small temperature range is to be used, as is common with sterolds, an
ahxiliary cartridge heater wound around the capillary enables its -
temperature to be maintained fairly constant at a few degrees higher than
the oven. At an oven temperature of 260°C and a colum flow rate of
18.6 m1 min™L of helium, a splitter which gave 11.1 ml min™t to the -

Separator and 7.5 ml min > to the flame ionization detector was used,’

cbrreSpbnding to a split ratio of approximately 2:3.

If it 4s desired to pass all the effluent into the mass sﬁectrometer;
via the separator then the coupling to the flame fonization detector can
be capped ot anaﬁQ;de leak-tight with only a few cmqsof dead volume,

This sha1y voliime aue to the short length of glaé§‘tubing making up the
WNused part of the T, does not have a marked effect on Separator or massg
SPectrometer performance. In this configuration the maximum column flow
{s limited to 12 ml min t. As well as this, the total volume of samplé '
which can be injected is limited to less than 0.5 ul (0.3 Bl was ndrmally
used) compared to 1.0 = 2.0 ul with the effluent split. The restriction

being due to the vacuum requirements of the mass spectrometer.

OPTIMIZATION OF SEPARATOR INTERFACE

The watson—Biemann separatov con51sts of an ultrafine—poros1ty
Sintered glass tube enclosed in a vacuum envelope wlth glass capillaries B
7-8 C
at the entrance and exit o provide flow restriction. The aVerage pore

Sizg Qf the 'fl‘lt 13 approximately lum. 'I’he function Of the separator is tO

s st v i

R AT iy s




120

achieve an enrichment of sample.in the carrier gas while simultaneously
producing a pressure drop from atmospheric at the column exit to the. .
working pressure of the vacuum system of the mass spectrometer. . The . |
diameter of the entrance capillary is important in effecting a pressure
drop sufficient to satisfy the conditions of molecular flow in the.
pressure reduction system. . For the condition of molecular flow to aﬁply
the mean free path of the gas must be large (>10X) in comparison with the
diameters of the pores. Thus the corresponding pressure in the glass frit
is of the order of a few torr (typically 1-10 torr). Under these
conditions the rate at which a gas effuses to the exhausi'vacuum will be
inversely proportional to the square root of the molecular weight and
directly proportional to the partial pressure of each component.  The

quantity of any gas Q going through the porous glass is given by:. .

2 Kep. - J 1/M

o
B

K = constant depending on the conductance of the pbrousvtube v

partial pressure of the component.

P
M

molecular weight
The ratio of the quantity of sample Qs to the quahtity of helium”éarrier' 

gaé_vHe that goes through'the frit is:

Qs ) = Ps ) ‘MHe
v frit’ P Ms

He ‘ He

Consequently a fractionation of sample to carrier gas is obtained which :
; depends upon the inverse ratio of the square root of the molecular weights.

The exit constrlction diameter controls the sensitivity of the apparatus.

the diameter is limited only by the maximum pressure that can be tolerated :1

in the ion source of the mass spectrometer., If fractionation of the sample ﬂ;
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entering the mass spectrometer through the exit capillary is to be

avoided then the mean free path of the gas must be small compared with

the dlameter of the exit capillary. Thus under conditions of viscous flow,
the flow is independent of molecular weight and all components are
transported with equal velocity. The quantity of a given component entering

the mass spectrometer is given by:

‘ ’ P
S =. .S
vHe' ms o E PHe“ /

and tge ratierfwthe éuantity of sample to the quantity of helium that
enters the mass spectrometer depends on the partial pressure of each |
component in the fritted tube. The diameter of the entrance and exit . .-
caplillary tubing is set by trial and error. Once optimized it . is not: ..
normally altered. | S |

..The performance of any type of separator is characterised in terms
of its separation factor (enrichment) N and separatorkyield;(efficiency)
Y-S, The separator yield is defined as the ratio of the amount of sample
entering the spectrometer (Qms) to that entering the separator«(Qcé).
usually,expreseed as a percentage. - |
(Q

)
Y o= B % 100 %
v Q)

It represents the ability of the particular device to allow organic L
material . to pass into the lon source of the mass spectrometer.ikrhe’:;ig;;w‘.’
separation, factor is defined as the ratio of sample’cbncentration in they‘

carrier gas entering the mass spectrometer to the sample concentration in

the carrier gas entering ‘the separator.
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Qms/vms; - Qms'vGC . (PS/PHe)mé
(P_/P

N = I
Qc/Vae . et Vms

He)GC‘

The separation factor varies a great deal depending on the type of
separator “the gas chromatographlc flow, the vacuum system efficiency and
the molecular weight of the sample. The separation factor N and the sep-

arator yield Y are algebraically related to each other by the expression

With all parameters'optimized for steroid analysis, values of Y = 18% and
N = 6-10 were obtained using trimethylsilylcholesterol aa representative
steroid.” The separator yield Y, is good, but the separation factor N is |
lower than one would like. This is probably a function of the diameter
of the entrance capillary and the low pumping speed of the source of the
mass epeotrometer.' ‘ |

" The variable parameters of the Watson-Biemann eeparator‘are optimized
by experiment. Cholesterol aod its silylated derivativee”Were chosen’as
being typical of the type of steroid on which mass spectral data would be
required.’  Cholesterol is known.to be sensitive to thermal(dehydration k
and was considered to be sultable as a model for a labiletsteroid.*-"‘ﬁ’gt
Effect of Temperature: With the GC flow‘rate (18 ml. min'l):set‘to thete{
maximum that the mass spectrometer would accept after splitting and passage‘
through the separator, the integrated signal strength for a constant 5
weight of cholesterol monitored as its molecular 1on m/e 386 ‘was plotted

as a function of separator temperature (Fig. u.u).



123

- FIG 4.4
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The ratio of the peak area of the single ion chromatograh (SIC) to that

of the flame ionization detector (FID) was selected as the fuﬁétign for
the y-axis as this made allbwanée for small differencgs in amount of
sterold injected or adsorbed in the apparatus possible; It also allowed :
comparison of peak shapeitp Ee made., Ifigoodkpeak shape is observed on
the FID trace but s#ew peaks on:the SIC then’the cause lies iﬁ‘théﬂf'
Separator and associated glass linés and not with the gas chromafograph.

A very definite maximum in efficiency with temperature ‘exists. Af
temperatures less than 230°C no peaks are observed on the SIC for cholesterol
although the FID indicates that sample is entering the mass spectrometer.“
With temperatures between 230° and 290°C increasing amounts of sample~
enters the mass spectrometer. The peak shape of the SIC by comparisonff 
with FID is poor but tailing is diminished with higher temperature.,iAn’,

0ptimum in temperature is reached between 300~ 320 C when both a maximum in -
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Sample entering the mass spectbométer and the‘broducfion of Guassian peak
shape is achieved. Higher temperatures than this result in‘léés‘sample
entering the mass spectrometer. ' Repeating the experiment with cholesterol,
but monitoring tﬁe frégﬁént ion m/e 368, due to elimination of water from
the molecular ion, gave an analogous peak shépe; ‘It was concluded tﬁat
the concentfatioh of sample entering the mass spéctrometer'decreésed
because at high temperatures the vapour pressure of cholesterol wés
sufficient for it to be pumped through the frit and loss 1s not due to
thermal degradation. ~Under optimum conditions the resolution of the
column is not degraded by the sépcrator as can be seen from a'compcrisbn
of the FID and SIC trace for the incompletely resolyed cholesterol and

trimethyléilyichoiestercl (Fig. 4.5).

A B

FID e AN S “ L

SIC

A - cholesterol

B tbimethylsiiylcholeéterolk :
nc 4.5

Carrier Gas Flow Rate. . The helium flow rate affects the quality of the

gas chromatographic separation, the efficiency of the separatov and the
Performance of the mass spectrometer. The conductance of the fon source ; i;
of the mass spectrometer will accept. flow rates of the order 0.2 - 0. 3 ml.

min ~, It 1s this flow restriction which is the principaL limiting criteria,
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although separator performance is important.. At low’flow rates peak shape
and spectrometer response are poor.. Increasing the flow rate improves
peak shape and response until a maximum is reached, This flow rate,
approximately 11 ml l'nin-l going to the separator, is very close to‘the
upper limit at which the mass spectrometer will operate. - For the gas
chromatography of steroids the maximum possible flow rate is required

to maintain good peak shape at moderate temperatures.

OPTIMIZATION OF THE MASS SPECTROMETER.

The Hitachi Perkin—Elmer RMU-6E is a single focusingwéabcninaénetic
sector mass spectrometer with a 90 deflection angle. Rapid scanning and
high sensitivity is achieved by a ten stage electron multiplier detector.
Resolution as high as M/AM (50% valley) 2,500 is obtainable under the most
favourable conditions. For the special casa of single ion monitoring,
‘resolution is sacrificed to improve Sensitivity. This allows the use of
wide source and detector slits (typically 2 mm). The vacuum in the ion
source has to be maintained at better than § xklo_6 Torr which restricts
the helium flow rate as previously discussed. The temperature of the lines‘ .
and ion source is maintained at about the same temperature as’the GC oven;l
~ Maximum sensitivity is obtained with the highest setting ofwelectron“
multiplier voltage and head pre-amplifier sensitivity.k\Changing the s
multiplier voltage in steps provides a convenient form of signal attenuation.
The output from the detector is displayed on a lmV chart recorder for
convenience and permanence. The amplified signal from the ion detector
when fed directly to the pen recorder gave. an unstable base line due to
excessive short term high frequency noise. This was removed with a2, 200
ufd capacitance. Lower rated capacitors filtered too little noise -
whereas larger capacitors caused severe damping of the recorder pen giving‘i

a sluggish response ‘and ssymmetric peaks. T 'Vi' : Q}ﬂ
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ANALYSIS OF TRIMETHYLSILYLCHOLESTEROL BY SINGLE ION MONITORING.

The ion m/e 368, due to the formation of the ionized diene from
the molecular ion in trimethylsilylcholesterol (TMS cholesterol) was
selected for analysis and chloromethyldimethylsilylcholesterol (CMDMS
cholesterol) was used as an internal standard. An evaluation of several
columns showed that 0OV-101 gave the best separation of sample and
standard with an acceptable, although not insignificant, backgrodnd

contribution (see Fig. 4.2).

+

i o C++3 L ' C ’~\\L\)
I —
X__{ﬁ —0 o
a CH3 i ~ m/e 368
it e X = CH, TMS cholesterol. S
X = cue

CHCl2 CMDMS cholesterol

The experimental conditions are given in Table 4.1« A minimum detectioﬁk
limit of 10ng., was established and the response for TMS cholesterol was

linea? oyer_the_investigatéd range 10— 100ng. (Fig u.s).
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-« OPTIMUM EXPERIMENTAL CONDITIONS FOR SIM’~1‘

PARAMETER = .
SELECTED ION -

FLOW RATE -

COLUMN TEMPERATURE - “~
COLUMN *

RETEXTION TIME

(1) TMS Cholesterol
(i1) '~ CMDMS Cholesterol
Separator temperature
Ionization Energy
SLIT WIDTHS

(i) ' -sample

(i1): Detector
ACCELERATING VOLTAGE
SAMPLE DILUTIONS :
(1) TMS Cholesterol

(11) CMDMS Cholesterol

INJECTEDVVOLUME‘

Table .1l

- VALUE

m/e 368

11 ml. min-;

260°¢C

127

45 x 0.32cm, 1% OV-101 on Cas Chrom Q *

’ 1.26 mins

2,83 minsg -

310%

70 eV

2mm

2mm

3.0 kV-

1.03mg in 10ml. ethyl acetate @ & "7 '

© 0-95ul in 100ul of solvent - :
10.05mg in 2ml of hexane - 7w @
5ul in 100u1‘of solvent =

0,2ul from 100ul,
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A more favourable detection limit would be expected for a compound in
which a greater percentage of the ion current was carried by the selected
ion and a lower background contribution from the columm obtained.

Es

ANALYSIS OF ECDYSTERONE BY SINGLE ION MONITORING.

" "The determination of ecdysones By multiple ion detection of their
trimethylsilyl derivatives has been deseribed by Miyazaki g;_gl;lo.”
Quantitative estimation of the hormones at the 10-108 level was possible
by monitoring the very prominent ions at m/e 561 for an ecdysone with a
C-20 trimethylsilyl group or m/e 564 for ecdysone. The optimum conditions
established, the ion m/e 561 was monitored for the hexakis TMS ecdysterone
using pentakis: TMS * cyasterone as an internal standard. The successful .
separation of the two éompounds in a reasonable time by GC on a 45 x 0.32cm
column of 1% OV~-10l required temperatures in excess of 330°C. At lower -
temperatures retention times were léng apd peak shape was poor. ‘This was
pérticﬁlarly true of cyasterone, which with its lactone group, is
noticeably less volatile than the other ecdysones. The high column !
temperature produced excessive column bleed in the ion region under study "
which had a marked effect on the sensitivify of the analysis, : Quantities
of the order of micrograms were required to giQe a minimum response at:

70 eVs fonizing energy. Electrons of lower ionizing energy gave 'a marked
increase in sensitivity, largely due to a reduction in the background . - .-
contribution. Several columns were tried but a high background in the‘
analytical region was always cbtained. It was found that an increase in:
the overall sensitivity could only be achieved ﬁy an 1hcrease»in instrument
sensitivity and a decrease in the extraneous background contribution, : This

will be dealt with in the next section.
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SUMMARY"

The reported study illustrates that the Hitachi Perkin-Elmer RMU-BE
is not ideally suited for use as a sensitive gas chromatographic detector
of high molecular weight, ecdysones, A further disadvantage with the
instrument is that facilities for multiple ion detection are not
avallable, -~ o~

: The mass spectral properties of the ecdysones are well suited to the
technique of single or multiple ion monitoring. - The low volatility of -
their TMS derivatives necessitates a reasonably high column flow ratekso
that a compromise temperature can be chosen at which the‘columm background
becomes negligible.' This is achieved by the use of a differentially
pumped mass spectrometer. For a single pumped instrument, like the RMU~6E,
one pump provides the vacuum for the entire mass spectrometer housing. In
differentially pumped instruments, the source housing is pumped separately
from the analyzer unit, the two being connected by a small hole‘of sufficient
dlameter to allow passage of the ion beam, This simple expedient allows |
an increase in'flow rate into the mass spectrometer as weil as increasing
the overall sensitivity. Flow rates at the entry to the mass‘spectromeférkg
of approximately 2 ml, min.l can be tolerated 80 that after separétor
enrichment, column flow rates of 40-80 ml, min "L become possible.k Such an
instrument would enable column temperatures of 250-270 C to be used for
ecdysones.' At such temperatures the background contribution to the fragmént :
ions selected for analysis is negligible.

The RMU-6E is fitted with a ten stage electron multipliet amp1ifier; 
A further increase in minimum detection limits could be expected with a -
more sensitive amplifier. Modern commercial instruments are now fitted ‘)
v with 16-20 stage amplifiers capablekof providing higher gain characteristics:

This is further improved by operating at a higher‘muitiplierlvolfage than
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is provided by the supply to the present electron multiplier amplifier.
An increase in sensitivity of a factor of ten would seem in keeping with
the above discussion én amplifiers.

A mass spectrometer combining the features of a high sensitivity
electron multiplier and a differentially pumped source and_analyservunits
would make a sensitive and quantitative gas chromatqgraphic detector
for ecdysones. When multiple ion detection is employed a high degree of
specificity is built into compound identification at levels close to the

detection\limit of the substance under study.
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* CHAPTER 5
THE SYNTHESIS OF MODEL STEROIDS

Mod;l steroids, containing some of the features of the ecdysone
molecule, were required in the development of analytical techniques and
for spectroscopic studies. This was due to the limited availability of
ecdysones which could only be obtained commercially in expensive mg.
quantities.’ Also, in working with such complex molecules, much useful
information can be found by lggking at models embodying a portion of its
functional groups,to gain a béfter undefstanding of theirvrelationship to
the whole, Those féétureéyﬁhicﬂ\ﬁere of péfticular intefest concern the
tetracyclic hucléusgand the five ecdysone analogues (I}=>(V) were

synthesized.

ECDYSONE

28,3B-Dihydroxy-Sq-cholestane(I)
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o
i

= H Sa-cholest-7-en-6-one(1I)

= OH lu4a-hydroxy-5a-cholest-7-en-6-one(III) -

~
[}

H 28,38-dihydroxy-cholest-7-en-6-one(1IV)

=
i}

o
u

: OHV2B,38,lua-trihydroxy-cholest-?Qen-Gfone(V)it_l,ﬁ;;q ‘
. +Thgv23.3B—dihydfoxy—$q-cholestane(I) Qas 6btained&in,gdod yield by a

four step synthesis. Scheme I.

S S Y

. .. f¢ri. . . SCHEME 1

N
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HO ~ ' AcO

(._____
HO HO
(1) | | (VID)

The synthesis of S5a-cholest-2-ene (VII)by sodium hydroxide treatment.
of Sa-cholestan-s-one p-toluene sulphonylhydrazonel and also by:the.z
decomposition of cholestanyl tosylate (VI) on alumina2 haskbeen reoofted.,

The,roote adopted here, made use of the lithium bromide and ;itﬁiu@f)
carbonate detosylation, a method favoured in the synthesis of ecd;sones4
and their‘énaioguess-s. The reaction mixture on silica gel TLC eluting
with toluene cyclohexane (1:1) indicated two components; one at R -0 62,
identified as (VII), and a trace of a second component Rf
probably S5a-cholest-3-ene. Separation of the mixture was achieved by v
alumina column chromatography eluting with petroleum ether (b.p.: uo 60 C)
The vicinal diol (I) was prepared by the iodine-silver acetate‘reaction
°fEI;ingtong§,§;E which yields the 28,38 product in good yield with
Stereochemical specificity.

The new compounds 5a-cholest-7-en-6-one(I1l) and its lua—hYdroxyiv'

analogue (III) were prepared by the route indicated in Scheme II.yﬁ

=0, 55 which was %.-‘
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SCHEME 1I

socl,
—t
HO- ; cl -
(VIII) - 1. HCOOH (IX)
‘Hzoz
2)KOH

1 1Licog DMF

N

‘ FxAc)0
“‘ B?‘%
| |

~E Y
%Ho
'

(x:x:)

BF
B Acg3¢

(XIva)
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The key step in the synthesis of steroids containing a -7-en-6-one
function was the bromination of the C-6 ketone which by dehydrobromination
gave the required product. It was found that the bromination of 5a-cholestan-
-6-one under the usual conditions produced a mixture of products which
included the 5a-bromo, 7a-bromo and the 5a,7a-dibromo s'cex‘oids.'l.9
Brominétion of 5a-cholestan-6-one under kinetic control in the presencé>

of hydrogen bromide catalyst gave the Sa-bromo steroid.lo At elevated
temﬁebatures, the 7a-bromo compound, was the expected product'by tﬁermo-
djhahic cohtrol.ll The results of several experiments indicated that the
yield of the 7a-bromo compound under conditions of thermodynamic control

" was only moderate and was difficult to separate from the other produéfs
byyéoiumn>chromatography. For this reason, the procedure ofsiddéll'gz,gl.s
‘wés‘adopted in which a hydroxyl group in the C~5 position was used as a
blocking group.

’ Stérting from cholesterol, cholest~5-ene (IX) was prepared in nearly
12

i3

quantitative yleld by a sodium in ammonia reduction of cholesteryl chloride
'.Atﬁeﬁpted:ﬂydroxylation of cholest-~5~ene (IX) by the method of‘ﬁéiéh éﬁiél'
‘was noﬁ-quantitative and approximately u40% of the starting material was
recovered intact. To promote homogengity in the reacfion mixfub;;”ﬁéafing
" prior to the addition of hydrogen peroxide resulted in thé formation of an
" oily by-product which required removai by column chroﬁafogfaphf. A good
yield of pure 5a,68-dihydroxy-cholestane (X) was obtained by diluting the
reaction mixture with a large volume of tetrahydrofurAn. Tﬁé'oniy.
purification step required was crystallization. Selective oxidation of

" the C-Slhydfdxyi group by N-bromosuccinimide in équéous dioxanelu g;Véu‘
'SG-hydroxy-cholestan¥6-one (XI) in good yield with a small amountjdf the

7a-bromo compound (XII), which was not removed. Bfgﬁ{ﬁétiéﬁrgf'(ki):ih'

SEEr
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acetic acid with hydrogen bromide catalyst gave the 7a-bropo compound
(XII), which was dehydrobrominated with lithium carbonate in dimethyl
formamide to give Swhydroxy-cholest-7-en-6-one (XIII) in good yield

3-5.15 Acetylation of the 5a-hydroxyl

after alumina column chromatography.
group and removal of the acetate by chromous chloride in an inert atmosphere
dgave 5a-cholest-7-en-6-one. The hindered 5Sa-hydroxyl group could not be
acetylated under mild conditions and acid catalysis was required. Boron
trifluoride etherate in catalytic quantities gave a reasonable yield of
Sa-acetoxylcholest-7-en-6-one (XIV) and an appreciable amount of 6-acetoxy-
=-cholest-4,6,8(14)-triene which were easily separated by column chromatog-
raphy on Davison silica gel. Removal of the tertiary acetate’group with
chromous chloride was virtually quantitative and the product 5a~cholest-7-
en-6-one purified by recrystallization.16 The l4a-hydroxyl group was
selectively introduced by selenium dioxide oxidation in dioxane to give
l4a~-hydroxy-5a-cholest~7-en-6-one (III). The l4a- Tms - ether was prepared
by heating (II) in trimethylsilylimidazole containing 1% tiimethylchlorosilane
for 4 h @ 100°%.

All the reaction steps were conveniently monitored by a combination
of gas chromatography and thin layer chromatography (TLC). A solvent
system of 10% ethyl acetate in toluene was found to give the best
resolution of components on silica gel. Compounds {(XII) and inI) are
unstable to gas chromatography using the general conditions of a 3ft
column of 1% OV-10l, nitrogen flow rate of 80 ml. min-l and column oven
temperature 220-270°C. It has been cbserved that the 50~hydroxy~7-en-6-one
combination in a series of compounds was unstable to GC unless the c-5
hydroxyl group was protected either as the acetate or the trimethylsilyl

ether,

Starting from cholesterol, 28,38,l4a-trihydroxycholest-7-en-6-one (V)

Was synthesised by the method of Thompson g£.§£.3 as indicated in Scheme III.
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SCHEME II1I

(xv1) ,, (xviD
g o L J/(xvxn)
AcO “Br R0
I A .\ R
0 0 0
- R R R, = Ac, R2 = H(XX) - S “
(xxam) Ry = R, = Ac(XXI) ()

(XXIII) -

o
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Cholesteryl tosylate (XVI) was prepared in nearly quantitative yield - -,
from cholesterol and converted to tpe 38~tosyl-6a-hydroxy-5a-cholestane
(XVII) with diborane. Generation of diborane in situ gave a low yiéld of
the required product and TLC indicated four components in the reaction
mixturg.  The addition of a freshly prepared 1 M solution of diborane to
the steroid gave the required product in good yield. Detosylation of (XVII)
with lithium bromide and lithium carbonate in dimethylformamide gave ..
Bc-hydroxyf5a;cholest-2-ene which by TLC was shown to be essentially the
required product with two minor components of lower Re. . The crude material
was oxidised to Sa-cholest-2-en=-6-one (XIX) with 8 N chromic ac1d which by
TLC was shown to contain six components.. The crude material was purified
by a combination of alumina and silica gel column chromatography to giﬁe,
(XIX) in moderate yield. The 2B-acetoxy-38-hydroxy—5a-choléstan;G-one’(XX)
was obtained by the hydroxylation of (XIX) with iodine, silver‘aéetate and
wet acetic acld and the crude semi-crystalline material acetylated with
acetic anhydride in pyridine to give 28,38~ diacetoxy-Sa-cholestan-G-one (XXI)
which was purified by crystallizatlon from hexane. - - The ketone (XXI) was
brominated in a solution of acetic acid under conditions,of,thermodynamic
control to give 28 3B-diacetoxy-?a-bromo-Sa—cholestan—s-one AXXII) in goodk
yield which was dehydrobrominated with 1lithium carbonate in dimethylformamide
to give 28, 3p-diacetoxy-5a~cholest-7-en-6-one (XXII).i The 1ua-hydroxyl
group was introduced by allylic oxidation with selenium dioxide in dioxane<’
(XXIV) and the acetate groups hydrolysed with equilibration of the c-5 proton :
to give a mixture of 5a and 58 epimers of 23,35,lau-trihydroxycholest~7-en-" |
=6-one with aqueous methanolic potassium carbonate, The two isomers ye:e )
separated byrpreparative layer chromatography on silica gel;i>Attam§ted 
separation on a column of undeacti&ated Davison siiicakgel eluting_ﬁith;t 

chloroform and chloroform-ethanol (1-10%) was unsuccessful. . A sample of
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28,3B8~-dihydroxycholest-7-en-6-one (IV) was obtained by hydrolysis of (XXIII)
with aqueous‘methanolic potassium carbonate and separation of the Sa and

58 epimers by preparative layer chromatography.

EXPERIMENTAL

~Solvents were dried and purified by standard pﬁoceduﬁes; Glacial
acetic acid was heated just below its boiling-point ﬁith a small amount
of acetic anhydride and chromic oxide (2.0g/100 ml.) before fractibnal
distillation.: To prepare silver acetate, glaclal acetlc acid;(e ml.) was
neutralized with 35% aqueous ammonia (using phenolphthélein),and added . .
to a chilled solution of silver nitrate (10 g.) in water (20 ml),;the
precipitate of silver acetate was flltered off, washed rapidly with water
folléwed by acetone and stored overnight in a darkened evacuated;désiccator
over phosphorus pentoxide.6 The acetate was uséd within 36 h. of =
preparation. An 8N solution of chromic acid was prepared by;digéolving
chromium trioxide (26,72 g) in a mixture of concentrated sulphu:ic acid
(23 ml) and enough water to make the tétal volume 100 ml.lg;‘Comﬁercial
selenium dioxide was purified by dissolution in coﬁcentrated nitric acid, A
followed by evaporatibn to dryngss and sublimation of the residu; in an
atmosphere ;f oxygen., Lithium bromideyand‘lithium carbonate Qere dried
in vacuo at SOOC over phosphorus pentoxide before use. ‘A solution of 506 mi,
of l‘M diborane was prepared by the addition of éodium borohydridé (38 3 g)’, 
in diglyme to boron trifluoride etherate (270 g) in diglyme with collection

of the evolved diborane in chilled tetrahydrofuran.lg

Cholestanyl Tosylate (VI)

- To.a stirred solution of Sa-cholestanol, (lOg) in pyridine (75 ml)

at 5-15° ¢ was added dropwise a solution of p-toluene sulphonyl chloride.
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(10 g) in pyridine (50 ml). The mixture was allowed to stand overnight,
poured into ice and water, the solids filtered off, air dried and theﬁ '
dried in vacuo at 65°C over phosphorus pentoxide to give (VI) (13.5 g).
A sample recrystallized from ethyl acetate-methanol had m.p. 135-136°C
(Found: C, 75.6; H, 9.9. CSHHSROSS requires C, 75.2; H, 10.0%).. NMR °
(CH3—aromatic S) 2.45 ppm.

Cholest-2-ene(VII)

To (VI) (13.0 g) in dimethylformamide (80 ml) was added lithium
carbonate (7 g) and lithium bromide (7 g) and the mixture refluxed under
nitrogen for lh. The mixture was filtered ﬁhile hot, the filtrate
allowed to cool, poured into ice-water, the precipitate filtered off, dried
in air and then in vacuo at 50°C. The residue was chromatographed on
alumina (Grade I1I), 300 g, eluting with light petroleum (b.p. 40-60°¢C)
and collecting 50 mi. fractions. Fractions 3-6 contained (VII) (7.2 g)
and fractions 6-9, a mixture (3.5 g) of (VII) contaminated with a further
component which was probably cholest-3-ene. Recrystallization of (VII) °
from ether-methanol gave m.p. 69.5-71.5°C (118 71-72°C)(Found: ' C, 87.4;
H, 12,5, C,.H . requires C,87.6; H, 12.4%).

27 48

28,38-Dihydroxy-5a-cholestane (I).

> “To (VII) (5.0 g) and freshly prepared silver acetate (6.75'g) in :
acetic acid (250 ml) under nitrogen in a reaction vessel protected from - -
light was added, in portions at room temperature, over a twenty minute
period, iodine (5.0 g). After 30 min. water, (2.5 ml), was addéd and the
mixture stirred for 15 h., the product was extracted with ether, washed
with water, aqueous sodium bicarbonate, water and dried o?ér magnesium

sulphate. The residue was dissolved in anhydrous ether (200 ml) and
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refluxed for 1 h under nitrogen with lithium aluminium hydride (1.25 g),
the mixture filtered, the ether layer washed with 1.0 M aqueous sodium
hydroxide, water, dried over magnesium sulphate and the residue ‘
recrystallized twice from methanol to give (I) (3.6 g, 35%). m.p. 175-177°C

(lit6 177-179°c) (Found: C, 80.3; H, 12.1. C requires C, 80.0;

27%48%2
H, 11.9%). IR v(0-H) 3460 cm “(broad). NMR O-H 3.7 ppm (broad).

Cholesteryl Chloride (VIII)

. Powdered cholesterol (100 g) was added slowly to thionyl chloride
(100 ml) at a temperature betwéen O-lO?C with stirring. The mixture was
allowed to reach room temperature and stirred for a further 20 h. Excess:
thionyl chloride was removed in vacuo and the residue recrystallized from
acetone to glve (VIII) (96.0 g) m.p. 96°¢C (11t20 9500) (FPound: C, 80.1;

H, 10,9 C c1 requires C, 80.0; H, 11.0%.)

27 45

Cholest-5-ene (IX)

+ To cholesteryl chloride (96 g) in diefhyl ethef (21) and anhydrous - .
liquid ammonia (250 ml) at -50°¢C was added‘in portions sodium*(lu;O g)
with stirring. After 4 h., thé solution was allowed to reéch TOOM: i
temperature, ammonium chloride (10 g) added, followed by méthanol,(éd ml)
to destroy excess sodium. The mixture was acidified; péured'inté wateb
and extracted with ether, Evaporétion of the dried ethér solutiénkgavek
(IX), (87 .0 g) which had, after recrystallization from chloroform—methanol,rr
m.p. 92-93°¢ (11t'? 91-93°C) (Found: ¢, 90.1; H, 9,9. Cpq, s Fequires
C, 90,0; H, 10.0%). #zf:

e

5a,6R-Dihydroxycholestane (X)

To (IX) (87.0 g) in tetrahydrofuran (1.5 1) was added 90% formic o

acid (850 ml) and 30% hydrogen peroxide (85 ml) at 0 -10% with stirring.»
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The solution was allowed to reach room temperature, stirred for a further

20 h., the volume reduced in vacuo, diluted with water and extracted with
ether. The ether solution was washed with 2 M aqueous sodium hydroxide

and water, dried and evaporated to a residue. The residue was refluxed

for 10 min with 2.5% methanolic potassium hydroxide (225 ml), acidified,
concentrated in vacuo, diluted with water, and extracted with ether, the
ether extract was washed with sodium carbonate, water and dried over
magnesium sulphate. The residue after removal of solvent, was recrystallizeq
from acetone-methanol to give (X) (82.0 g) m.p. 124-125°C (1it13 123,.5~-

126.5°¢) (Found: C 79.8; H 12.1. C requires C, 80.0; H, 11.9%).

2714807

Sa-Hydroxycholestan-6-one (XI)

. To (X) (82 g) in dioxane (800 ml) and water (8.5 ml) was added N-bromo=
succinimide (u44.2 g) and the solution stirred for 1.5 h in.the dark at 25°C.
Bromine was destroyed with aqueous sodium sulphite and the mixture diluted
with ice and water. The solid was filtered and dried in vacuo at 50°¢ to
give material (78.2 g) which on TLC on silica gel (10% ethyl acetate-Toluene)
showed two spots. The major spot corresponding to V (Rf=0.50) and'thefiﬁ
second spot to a esmall amount of (XII) (Rf=0.77). For an analytical sample,
recrystallized twice from methanol gave pure (XI), m.p. lk52~153°C (111::L3 153~
-154°¢) (Found: C, 80.3; H, 11.6. C27Hu60 requires C, 80.5; H, 1l.u%).

Ta-bromo-5a-hydroxy~-cholestan=-6-one (XII) Lo e ey

To crude (XI) (78.2 g) in glacial acetic acid (750 ml) and 32%"
hydrogen bromide in acetic acid (3.2 ml) at 40°C was added dropwise with
s8tirring bromine (20 g) in glacial acetic acid (250 ml) over a period of"
1 h. "The solution waS stirred for a further 1 h., cooled and poured:into
ice and water. The solid was filtered off and dried in vacuo at 50°C to

give a solid (58.3 g). TLC on silica gel (10% ethyl acetate - Toluene)
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indicated the absence of starting material and four spots. The major -
component (Rf=0;77) correspondingbto (XII).  An analytical sample
recrystallized twice from acetone gave pure (XII) m.p; 141-142%.
(Found: €, 67.8; H;"9.7; C,,H,sBr0, requires C, 67.5; H = 9.u4%). -

IR w(0-H), 3570 cm % v(C=0), 1710 em . NMR (7-H), 4.2 ppm..

5a-Hydroxy-cholest-7-en-6-one (XIII).

To crude (XII), (58.3 g) in dimethylformamide (500 ml) was added
lithium carbonate (58.3 g) and the mixture refluxed under nitroge{‘for”dﬂ
1 h. . The solution was filtered while hot, cooled and poured into ice
water. The solid was filtered off, air dried in vacuo at 50°C. The .
residue was chromatographed on alumina Grade IV (1.2 kg) eiﬁting with a
benzene-ethyl acetate gradient to give (XIII) (35.2 g) m.p. 112-114%.

(Found: C, 81.0; H, 11.2. requires C, 81.0; H, 11.0%). IR v(O-H)

o7ty 02
3590, 3480 cm T (broad) v(C=0) 1675 em T, w(C=C) 1620 em . NMR (7-H)

5.4 ppm,. © UV Amax 249nm. ' (methanol) loglo €rax = 4,109,

~ 5a-Acetoxycholest-7-en-6-one (XIV) and 6-Acetoxycholest-i,6,8(14)~triene

(Xva) . ‘ e ey HERe

£ To (XIII) (35.2 g) inkacetic anhydride (200 ml) in a stoppered flask?
was added six drops of ue%kboron trifluoride diefhyietherate;«‘The_@ixfurek
was warmed’gently to promote dissolution and allowed to étéﬁd af~roomffﬂf
température for 1 h., poured into ice-water, extracted ﬁith;étheri’the'“¥
ether wéshed with sodium bicarbonate'and water, driéd’and evépoiéted t6

give a solid residue, which on TLC on silica gel (toluene - 10% ethyl

acetate) showed two components (XIV) Rf-O .34 and (XIVa) Rg=0.60. The

material was chromatographed on Davison silica gel (l kg. deactivated

with 10% water). Eluting with toluene gave (XIVa) (1u 8 g) and with
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toluene - 50% ethyl acetate gave (XIV) (18.5 g). For Sa-Acetoxycholest--

~7-en-6-one (XIV) m.p. 110-110.5°¢C. (Found: C, 78.83; H, 10.7. C29H4603 :

- -1
requires C, 78.7; 10.4%), and had v(acetate) 1745 cm l, v(C=0) 1695 c¢m

-1

and v(C=C) 1625 em =, NMR; acetate 1.88 ppm, (7-H) 5.40 ppm. UV ¢

max

248 nm (methanol), =4,08.  The 6-Acetoxycholest~4,6,8(14)-triens

10816 € max
(XIVa) was obtained as an oil which could not be recrystallized.
Distillation at 10'“ Torr gave a light red oil which darkened on standiﬁg.
(Found; C, 81.0; H, 10.7. C,H, O, vequires C, 81.7; H, 10.8%). Its |
mass spectrum at 80 eV, 150°%¢ gave m/e (relative abundance) 424 m' (12%),
383 (u49), 367 (96), 311 (7), 269 (42), 245 (57), 215 (41), 169 (40},

155 (49) and 132 (100); NMR (acetate) 2.09 ppm, (H-H) 5.50 ppm unresolved
triplet and (7-H) 5.72 ppm singlet. IR v(acetate) 1760 em ™t and v(c=c)

1520-1550 cmi; (broad).. UV Amax 285 (ethanol).

Sa-cholest~7-en-6-one (II).

To (XIV) (18.5 g) in glacial acetic acid (250 ml) was added . .. -
C L2 ﬁaqﬁeous chromous chloride*(l70 ml) and the mixture shakén for 0.5 h
under‘nitroggn. Solvents were Aegassed with nitrogen to remové all traces
of oxygen. - The mixture was poured into icé and water, the solid,removed
by filtration and recrystallized twice from methanol to give (II) (15 6 g)
after drying in vacuwo at 50°c, m. p. 117~ 118 c (Found. C 84, 4 H, 11, 7
C,.H,,0 requires C, 84.4; H, 11.5%). IR v(C-O) 1675 cm 1 and v(C-C) 1625
Cmgl. NMR (7-H) 5.60 ppm. . UV A 235 (cyclohexane), .'Loglo M 170 -
and A= 246 (methanol) log . cma# = 4.203. ‘ '

;*,thtained from Lancaster Synthesis, St. Leqnardgate;‘Laﬁcaster;-znglénd, ;

14a-hydroxy-5a-cholest-7-en-6-one(III)

. To (;I) (7.0 'g) in dry dioxane (200 m1) at‘85°C was added in 6hé j

Portion selenium dioxide (7.0‘g) under nitrogen. After-1 h., the mixture -
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was filtered hot, cooled and poured into ice - water, the solid was
filtered off, recrystallized twice from aqueous mgthanol‘and dried in vacuo
at 50° ¢ to give (III) (4.2 g) m.p. 208-203°C (Found: C, 80.9: H, 11.2.
C,H,,0, Tequires C, 81.0; H, 11.08) IR v(0-H) 3580, 3460 em L (broad
v(C=0) 1678,.1655 unresolved and v(C=C) 1622 em L. NMR (7-H) =5.98 ppm

and (0-H) = 2.70 ppm. UV A = 242 (methanol) log,, € . == 4.134. .

lia-Trimethylsiloxy-Sa-cholest=-7-en-6-one(XVI)

«A’sample of (III) (1.0g) in trimethylsilylimidazole (4.0 ml)
containing 1% of trimethylchlorosilane was heated at 100°¢C for 4h., cooled,
poured into water, extracted immediately with toluene and dried with
molecular sieves (Linde 4A). Removal of toluene in vacuo and recrystali—
ization of the residue from aqueous acetone gave on drying at 50°C'(XVI)

(0.8 g) m.p. 89-90°C (Found: C, 75.9; H, 11.3. Si requires

Caots202
C, 76.3; H, 11.0%). IR v(C=0) 1678 cm * and v(C=C) = 1622 em L. UV, -

A = 242 (methanol), = 3.,996. - : T

max 1Oglo cmax

Cholesteryl Tosylate (XVI)

To cholesterol (100 g) in pyridine (300 ml) was added dropwise with
stirring a chilled solution of p-toluene sulphonyl chloride (100 g) in
pyridine (300 ml) under nitrogen and the tempébature controlled befween"f‘
5 and 15°C. The amber solution was stored over-night at 0~5°C. poured
into ice-water and allowed to stand for 3h. with occasional atirring. The
precipitate was filtered off, air dried and dried in vacuo at 65°C over
phosphorus pentoxide to give (XVI) (100 g) m.p. 133-134°¢ (lif3'133-135°C).

" on TLC silica gel, eluting with 10% ethyl acetate-toluene it had R

f=0.6.

ba-Hydroxy-38-Tosyl-5a~cholestane (XVII)

To (XVI) (100 g) in tetrahydrofuran (600 ml) at 5°C stirred under
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nitrogen was added 1.0 M diborane in-tetrahydrofuran (185 ml) over a:

10 to 15 min period. The solution was kept at 5°c for 30 min, allowed

to reach room temperature for 2.5 h, cooled again to 5°C and cold water
(15 ml1) added cautiously. When the effervescence ceased,:

5% aqueous ‘sodium bicarbonate (165 ml) and 30% hydrogen peroxide (70 ml)
were added and after standing for 45 min. the mixture was poured into ice
- water, the precipitate collected, air-dried and dried in vacuo at 65°¢C
over phosphorus pentoxide to give (XVII) (99 g) m.p. 131-133% (1it3
132-13u°c). TLC on silica gel eluting with 10% ethyl acetate-toluene gave
Rf=0.30. ‘

6a~Hydroxy=-5a-cholest-2-ene(XVIII)

To (XVII) (99 g) in dimgthylformamide (700 ml) was added in one:-
portion lithium bromide (60 g) and lithium carbonate (60 g) and the .= '.-
mixture refluxed under nitrogen for lh. The solution was filtered while
hot, cooled and poured into ice-water, the precipitate collected, air -
dried and dried in vacuo at 50°C over phosphorus pentoxide to give cfude

(XVIII) (73.0'g).

Sa-cholest-2-en-6-one (XIX)

. To (XVIII) (73 g) in acetone (1 &) at 20°C was added rapidly, dropwise .
a solution of 8N. chromic acid to a persistent orpnge-brown end-point.
The mixture was poured into ice - water and the tacky precipitate
collected. This material could not be induced to recrystallize and TLC
indicated the presence of a minimum of six components. ' The crudé materiél
was column chromatographed on alumina (Grade 0, 1 Kg.); collecting 50 ml.
fractions and monitoring by TLC and IR. Fractions 1?uu were eluted with |

petroleum ether (b.p. uO-BOOC), fractions 45-50 with 10% toluene=-pat: "
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ether, 51-57 with 50% toluene-pet. ether, 58-72 with toluene and 72-79
with 20% methanol-chloroform.. Fractions 21-71 all showed absorption in
the carbonyl region and were combined to give 62.0 g of crude oil which
could not be induced to crystallize.- The crude oil was re-chromatographed
on a column of Biosil A (800 g), coliecting 100 ml. fractions. Fractions
1-19 were eluted with 20% toluene-pet. ether, fractions 20-50 with 50%
toluene-pet. ether, 50-55 with toluene, 55-61 with 20% chloroform-toluene,
62-70 with 50% chloroform-toluene and the column stripped with methanol.
Fractions 28-58 were combined and recrystallized from aqueous acetone to

give (XIX) (29.5 g) m.p. 109-110°C (11t 109-110%¢). . IR v(C=0) 1711 em I,

2B8~-Acetoxy=38-hydroxy-5a-cholestan-6-one(XX)

To (XIX) (29.5 g) and freshly prepared silver acetate (25.5 g) in
acetic acid (; £) in the dark under nitrogen was added in portions.iodine
(19.7 g) over a period of 2h. After all the iodine had been consumed, |
water (3.0 ml) in acetic acid (25 ml) was added and the mixtgre stirred
for 40 h. Silver chloride (5 g) was added with stirring over 0.5 h, the
solid filtered off, washed with hot toluene and the combined filtrates.
evaporated under reduced pressure to leave a seml-crystalline solid“(xx).
(36.0 g). ' NMR CH, (acetate). 2.03 ppm, O-H 3.70 ppm (broad) and,H¥2

5.13 ppm..

2B,3B8-Diacetoxy-5a-cholestan-6-one(XXI)

To (XX) (36.0 g) in pyridine (185 ml) at 10°¢ was added acetlc
anhydride (165 ml) over a period of lh. and the mixture allowed to stand
over-night. Solvent and reagents were removed dn vacuo and the residue -

recrystallized from hexane go give (XXI) (22.3 g) m.p.7190-191°c “

(11t. 188-190°C). IR V(C20) acetate 1737, v(C=0) 1711 cm >, NMR 2 x Ci,

(acetate) 2.00, 2.08 ppm, H~2 4.70 ppm and H-3 5.30 ppm.
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28,3B-Diacetoxy-Ta-bromo-5a-cholestan-6-one(XXII) ‘,

To (XXI) (22.3 g)in acetic acid 400 ml), ether (125 ml) and u5%
hydrogen bromide in acetic acid (1.75 ml) under nitrogen was added bromine
(6.6 g) in acetic acid (100 ml.) over 1.25 h. During the addition the
temperature was slowly raised from 40 to 55°C and then rapidly to 70°¢
and maintained there for 3h. Ether was removed‘ig_zgggg,,the solution
cooled and poured into ice-water, the precipitate collected, air dried
and then dried in vacuo over phosphorus pentoxide at room temperature
to give (XXII) (23.5 g) m.p. 119-120§C after recrystallizing twice from
hexane (lit§_119-120°C)., NMR 2 x CH, (aéetate) 1.95, 2.05 ppm, H-2.5.30

ppm, H-3 4.35 ppm (broad) and H-7 4.19 ppm.

2B,3B-Diacetoxy-5a-cholest-7-en-6-one (XXIII) .

. To (XXII{ (23.5 g) in dimethylformamide (230 ml.) was added 1ithium
carbonate (23.5 g) and the mixture refluxed under nitrogen for 1.5 bf"
filtered while hot, cooled and poured into ice-watep, the precipitate“lv
collected, air dried and dried in vacuo over phosphorus pentoxide. .The.
residue was recrystallized from hexane-ether to give (XXIII) $.8Ag m.p,
219-222°% (1113 213-215°C). IR v(C=0) acetate 1745, v(C=0) 1676 cm + and

v(C=C) 1620 cm T

. NMR 2 x CHs(acetate) 1.99 and 2.05 ppm, H-2 5,30 ppm,
H-3 4.6-4,9 ppm (broad) and H-7 5.70 ppm. UV xmax 245 (methanol) log,,
€ay® 4-079-

28,3B-Diacetoxy-l4a-hydroxy-5a-cholest-7-en-6-one(XXIV)

\

© 1. To (XXIII) (4.8 g) in dioxane (175 ml), at 80°% under nitrogen was
added in one portion selenium dioxide (4.8 g). After 30 min, the solution
was flltered while hot, cooled and poured into ice-water, the precipitate .

filtered off, air dried and then dried in vacuo over phosphorus pentoxide
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the residue was recrystallized from acetone-hexane to give (XXIV) (3.6 g)
o 3 o = =
m.p. 231-232°C (1it" 230-232°C). UV Amax = 242 (methanol) loglo € nax

4.049,

28,38 ,14a-Trihydroxy-58-cholest-7-en-6-one(V)

To (XXIV) 3.6 g in methanol 290 ml. at 50°C under nitrogen was
added a solution of potassium carbonate (7.5 g) in methanol (50 ml.) and
water (37 ml.). After stirring for lh, the volume was reduced to
approximately 1/3 in vacuo, diluted with water, the product filtered
off and ain.dried. TLC on silica gel, eluting with 10% ethanol - chloro-
form, indicated two components, Rf=0.22 (5a-epimer) and Rf=0.14 (58-epimer),
Separation of the epimers was achieved by preparative léyer chromatography
on ten plates eluting three times with 10% ethanol-chloroform; Elution of
both bands with recrystallization to constant melting-point gave the Sa-
~epimer (1.26 g) from ethyl acetate m.p. 246 - 2u8°%¢ (11t3'2u5-2u9°c) and
the 5g8-epimer (1.60 g) from methanol, m.p. 207 - 209% (1it3 208-210°C).
The purity of the epimers was checked by GC of their TMS ethers on a 3 ft.

column of 1% OV-101, at 254°C, 60 ml. min ! N = 5.48 min,

20 5a—epimer'Rf

and 5B8-epimer R 3.35 min.

28,38-Dihydroxy-58-cholest~7-en-6-one(1IV) S

To (XXIII) (1.0 g) in methanol (130 ml) at 50°C under nitrogen was
added a solution of potassium carbonate (O.45 g) in water (15 ml.) After
30 min. the volume was reduced in vacuo, diluted with Water, the pfeéipitaté
flltered off and the residue streaked onto foub preparative layer plates
eluting three times with 5% ethénolQChloroform. Elution and recrystall-
ization to constant melting-point gave the Sa-épimer (0.4 g) m.p.'207-209°c

3 () : .
(11t” 208-2107C) and the slower moving 58-epimer (0.25 g) m.p.'201-204°0
(113 203-205%).
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CHAPTER 6

: THE ANALYSIS OF ECDYSONES
!
fﬂé(;cdféonés are a family of polyhydroxy steroids found in both the
plant and aniﬁal kingdom. Over forty closely relatedkécdysones in plants
and seven in insects have been identified.l Their function in the~p1ant
kingdom is obscure but in arthropods (insects and crustaceans) they are
responsible for regulating the moulting process. fhe exoskeleton in
arthropods restricts their growth, and so the hardened outer cuticle is
shed at intervals in the process of écdysis or moulting. The inseét grows
rapidly while the new cuticle is soft and elastié, but as soon as this is
hardened, usually only a matter of a few hours, the grdwéhia’again
restricted until the next moult. - It is believed fhat a better understanding
of thg moulfing process could lead to a method of effective contfol, the
"third-generatiﬁn" of pesticides.2
Ecdysones are not reédily available for study. Difficulty in
extraction from natural sources and lengthy synthefic procedures ﬁean that
the hormones can only be obtdined in small ( mgp> quanfities; ;Those A '

available commercially for study are given below
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OH
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A great deal of research has been conducted in devising techniques
for the separation and identification of ecdysones at physlological levels
in insects. At the onset of this project successful methods for bioassay
existed, but these were limited in sensitivity to the 10-7‘g,leve1 and -
lacked specificity in the analysis of hormone mixtures.s. A fluorimetric
method for ecdysones is known, but its application to crude inseect. . . -
material has not been illustrated and is in doubt.4 The formation of TMS
ethers of ecdysones and thelr analysis at the sub—micfograﬁ level had beén
indicated5-7. The TMS ethers of ecdysones were élso known to uhdergo a
non-quantitative exchange reaction with heptafluorobuf&r&lreagents to giﬁe

a mixed derivative which could be detected at the picogram level with

7
ECD." The use of silica gel TLC for the separation and identification of
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ecdysones on ‘the basis of their R_ values in conjunction with uv

£
visualization or colour forming reactions with vanillin-sulphuric acid

was well knownl. Detection is limited to the microgram level and complete
separation of the structurally similar ecdysones is not always achleved.

The use of partial acetylation under standard conditions to ascertain the
steric environments of the different hydroxyl groups in conjunction with

TLC is known.s' More recently a densitometric procedure for the quant- -
ification of ecdysones on TLC plates has been described.g- Radioimmunocassay
techniques could be used to detect ecdysones down to the 0.08 ng. level,

but these methods lack specificity and also require an animal-colony for

the supply of antigens as well as considerable experience in the application

of the technique.lo-lz

Recent analytical techniques have concentrated on-
gas chromatographic and high pressure liquid chromatographic methods. In
the course of work on the detection of ecdysones it was found that the TMS
ethers of ecdysones‘are sensitive to the electron capture detector; there~-
fore a detailed consideration of electron capture detection and formation

of TMS ethers of ecdysones will be given in this chapter, :i==:.~

THE 'ELECTRON CAPTURE DETECTOR.

The fundamental physical process underlying the operation of all =
ionization detectors is the conduction of eleétricity by gases. They owe
their success to the fact that at normal temperatures and preésures a gas
behaves as a perfect insulator. The introduction of charged molecules or
free electrons renders the gas conducting in the direction of an applied
electrical field. In the absence of conduction by the gas molecules
themselves, the increased conductivity due to the presence of very few
charged molecules can be observed. Increasing the streﬁé&h cf‘the“applied
electric fleld, increases the current towards a constant level, the satur-

ation current, corresponding to the collection of all the ions generated.
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The length of the saturation current plateau decreases with increasing ion
density until at some finite density it vanishes. This upper limit
usually determines the maximum current which can be drawn from an
ionization detector consistéﬁt with‘a linear response to vapour concen-
tréfion;l3x .

The electron capture détector (ECD) ié one of the family of .
ionization 'dé;:e_c:{;)rs which are used for the estimation of organic vapours
in the géséou; effluent féom a gas chromatographic column. FIt differs
from the familiar flame ionization detector, FID, in that if Qses}i;hizing
radiation (B8-particles) to impart a charge to otherwise neutral gas
molecules. It is the most sensitive of all gas chromatographic detectors
but is limited to those compounds which readily capture thermal electrons,

The ECD has been produced éommerciélly in two basic designs, the
concentric tube and parallel plate mbdels.;ufla A Pye Series 104, model
84, ECD of the concentric tube type was used throughout this work.lg The
detector is shown in a cross section in (Fig. 6.1). A comparison of the
various detector designs has been given in three recent reviews.lu-l6

When nitrogen is flowing through the detector a current is produced'
by secondary electron production resulting from inelastic collisions
between B electrons (from Ni63 soufcé) and nitrogen molecules. This leads

to the production of a plasma within the detector which acts as a

reservolr of thermal electrons.17

6 ,
The average energy of the primary electrons (BG) for Ni 8 are about 67 KeV
compared to thermalized plasma electrons 0.0l eV.lg Under the influence

of a potential difference a steady state current is recorded due to
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collection of plasma and primary electrons. The production of primary

and thermal electrons is assumed‘to be constant with respect to time..

When an organic vapour entérs the detector it captures electrons to form

a negative molecular ion or undergoes dissociation with the formation of

a neutral radical and a negative ion. The net result is the removal of

an electron from the system and the substitution of a negative ion of much
greater mass. A rapid decrease in current then occurs due to the fact that
the negative ions formed by electron capture readily recombine with the
positive ions in the plasma. Recombination of ions occunslo5 to 108

times faster than the recombination of free. electrons and positive ions.15
Thus the presénce of a vapour capabie of capturing free electrons is readily
observed in terms of this recombination and is quantified as a decrease in
the steady state current.

To make measurements of the standing currents in.the detector, the
application of a potential difference is required.. This is either applied '
continuously (dc) or as a pulse of defined dimensions, . In the continubus
mode, the dc potential employed for maximum sensitivity depends on the | .
detector configuration, choice of carrier gas, the capturing speciles as
well as detector contamination and is normally determined by trial and error
under experimental conditions.l5 It is thus not reproducible between
different instruments or the same instrument in different laboratories and
must be determined independently for each analysis.14 In this mode the
amount of sample injected should not absorb more than:30% of the standing
current to preserve linearity of response and to avoid loss of column
resolution by the formation of asymmetric peaks.lﬁ Anomalous responses ;.
with this detection mode have been observed due to the formation of space
charge clouds.. The positive ion concentration is normally two or three.
orders of magnitude greater than the free electron concentration asrthe"

more mobile free electrons are collected rapidly at the anode compared to



159

the slow moving positive ions at the cathode. This cloud of positive
charge creates a potential in opposition to the detector cell and lowers
the concentration of electrons emitted at the cathode.2o~fThe constant
direct potential across tﬁe cell also means that all the electrons are
not in thermal equilibrium with the carrier gas and thus are less -
available for capture.

The advantages of a pulsed voltage has been illustrated by'Lovelock.20
During pulsing, the thermal electron concentration in the cell is nét
constant but varies in a saw-tooth fashion. During the application of a
pulse, the electron concentration drops to zero due to the collection of
all the electrons at the anode and then builds up after each pulse to a
plateau due to g° particle radiation of the gas. The magnitude of the
electron concentration is dependent on the pulse interval and the detector
sensitivity increases to a maximum as the pulse interval increases up to
the limit where the time of the pulse becomes equivalent to-the time of
the natural recombination of electrons and positive 1ons;26' When no - :
potential is applied to the cell, the ele;trons are in thermal equilibrium -
and the drift of charged ions is neglig#bie, so that space charge cloud
effects are eliminated. For strongly electron absorbing compounds the pulse
sampling technique may be three or four times more sensitive than the dc°
method.2® The amplitude and pulse width should be of sufficient magnitude
to afford complete collection of electronslu. For the Pye model 84 ECD,
these are determined by the manufacturer and set at 47 V positive and
0.75us respectively.

The response of the ECD is also dependent on the nature of ‘the carrieé
gas and its flow rate. The noble gases and nitrogen aré commonly used.
Pure argon is unsuitable because it is readily convérted to a metastable - Q

form which causes undesirable ionizafion of the sample molecule.17r The - *"
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presence of methane prevents;fhe formation of metastable argon. .Tho_
largest response of the ECD must correspond to an optimum flow rate in
the column, since the response of the detector depénds on concentration -
and not mass flow rate.z; ‘Traces of air in the carrier gas have a. . .. g
deleterious effect on sensitivity and linearity as witnessed by an..
increase in the standing current aod,the base line drift. Plasma

. chromatography data, show  that the effect is due to,a temperét&re‘;
dependent depletion of reactive electrons by formation of (H O)nO2 .
(H2O)nH and (H20)nN0 complexe822’23.; These complexeszreduce‘the :
response of the detector to organic molecules by reducing the flux of
available thermal electrons. The requirement for oxygen-free nitrogen is
also well established, as oxygen under operational‘conditions readily
forms negative ions.;g' Column bleed also has a deletérious effect on the
operation of the ECD due to capture of thermal electrons, the formation
of negative lon complexes which undergo ion-molecule reactions, and by
condensation of material onto the radioactiverfoil:reducing Bewparticle
emission.zl The principal.advantages of the Niaf source are fhat boing
more-thermally stable than the tritium source it can be used at higher.
temperatures to prevent or remove condensed material and.the higher: energy
(67 KeV) of the 8° particles compared to tritium (18 KeV) means thatrthe
electron flux is less affected by small amounts of involatile material. 18
Practical solutions to the problem of overcoming detector contamination
have been given by Gosseliu et'al.QM. As for contamination similar
arguments have been proposed to demonstrate the poor precision that ‘can o’
be expected if peak areas are measured when the peaks are superimposed',o
on the solvent front or a rising base 1ine.25\ | |

| ‘The temperature of the detector cell is also importaht.f For reliable‘

27

operation it needs to be controlled to * 0.3 C. This is usually achieved
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by mounting the detector in a separately heated oven block of insulating
material. The response of various compounds to the detector is also
temperature dependent and variation of response with detector temperature
is observed, depending on the mechanism of the electron capture process.28
From the practical point of view, it ig unwise to operate:the detector at
a temperature less than that of the column oven.

The mechanism of the electron capture process has been extensively

25-29.: They have developed a steady

studied by Wentworth and co-workers
state model for the detector operated in the pulse mode; embodied in which
are the following assumptions,
a) the rate of produgtion of thermal electrons is constant and not
affected by the presence of the added capturing species. .
b) the reaction zone is localized close to the radiocactive foil
¢) the reactivé plasma is not neutral but rather has an exceés of pbsitive
species
d) . there i3 an excess of radicéls;in the plasma over»éharged‘spéciga‘ 
‘@) . the plasma is homogeneous
f) . the reaction zone can be treated as a statié system with réspeéf to
electron concentration since the flow out of the cell ié'muchkslower«
than the pulse times
- g) the;ppimary modes for the loss of electrons in the presence of a -
cérrier gés alone are the recombinatiqn of electﬁons Qith positiv§ ‘
~specles and the reaction of electrons with radicalsr,fi} v; =
h) the amount of material which undergoes electron‘caﬁfure is éma1i ih‘
comparison to the total amount of ﬁaterialkpbesénf';':g{‘x;'
- The electron capture process is either noh-dissociative,'reSuifiﬁg in
the formation of a negative ﬁolecular ion, or dissoéiative, in'whi¢h>bond

breaking with the formation of a negative ion and a neutral radical occurs.
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AB + e° == AB® t energy” “+ ~ - non-dissociative
" AB o+ e '~—;—-—)» A+ 8% ¢ energy - .- dissociative -

In the non-dissociative mechanism the energy of electron attachment is
thought to»arise;from the electron affinity of the molecule, and is subse-
quently liberated as " padiation or translated to other molecules
during collisions. In the dissociative capture reaction, the energy
balance 1s maintaincd by a combination of:
a) the relative kinetic energy of the reactants before and after collision
b) the energy released by the formation of a negative ion from a f(
constituent atom or radlcal of the compound  ¢ q~’w'

c) the energy required or released durlng the dissoc1ation of the jy;m

; molecule ’ ‘k v E o e
That both mechanisms of electron capture do exist has been established by

22

measurement of ion mobillty spectra of the effluent from an ECD,”” and in:

the case of the dissociative mechanism, by identification of the products
formed. 80

The concentration of capturing species and changes in plasma current

are related by the expression27

‘M4I;’?b = Ka
el
Io = ‘maximum of initial standing curtent before the'cdditicn'of\ci~ﬂ‘
.7 capturing species | | ’
I, "= current remaining after the 1ntrodnction of a captufing épccies?T*”’;’

capture coefficient

e
"

a - = "concentration of capturing species

The capture coefficient K, can be obtained by integration with respect to



163 -

the volume of gas passing through the detector cell during the residence
time of a peak if equipment is available for handling the response by
analog‘techniqueSQQ. Wentworth and Chen have developed an empirical

27
expression for K which can be evaluated directly from the chromatogram.

KEA' E.E
S b
o . ",
A = area in cm
F = flow rate.cm3 min_
S = chart speed cm. min -1

bé ; standing current in amps in the ptesence of pure cahrier gas ?

5 ; standing current with the column at is operating temperature h
On the basis of the kinetic model if an ideal gas situation is assumed,
then a relationship between the capture coefficient K and the absolute
temperature T of the detector cell can be derived

3/2

‘In KT = Lln Z - AE

kT
= ppe-expenential factor
AE = activation energy
k = Boltzmamn constant

The Arrhenius plot of Ln KT3/2

vs 1/T allows the deternination of activation
energies, but from the practical point of view, the nature of the slope

is more important, as it enables the optimum temperature of. the detector

for maximum sensitivity to be established.. A linearbplot with a nositive
slope is characteristic of a non-dissociative mechanism and linear with

a negative slope of a dissociatlve process. For a non-diesociatiue process ,
maximum detector response is obtained at the iowest practical detector -

temperature. The corollary is also true, which explains the importdnée of

obtaining a plot of this type before optimum analytical conditions can be
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established.® The molecular basis of the electron capture mechanisms in
terms of potential energy diagrams has been described by Wentworth and

Chen.27 SR

An alternative model has recently been suggested by Lovelock.31 The
assumption made is that the gas and electrons are mixed uniformly within
the detector and the reaction procéeds as in a stirfed reactof.f»Unlike*’
the Wentworth model, the formation of an excited negative ion is not' -
important for compounds which capture electrons stfdngly as under fhese
circumstances the equilibrium is heavily weighted in favour of the formation
of negative ions. Moreover, the reactive plasma 1s not localized. This °
is more realistic for the high energy Ni63 source but may ﬁdt be true'fof
tritium.” The new model leads to a series of differential’e4uation§‘whiéh
have been applied successfully to the prediction of response"faétors"foril
a vabiety of compounds. Oniy further experimentationkcaﬁ test the éuccess,

.

of the new model.

THE FORMATION OF TRIMETHYLSILYL ETHERS OF BCDYSONES;=“ e

"~ . The formation of trimethylsilyl,‘TMS, ethers of éc&ysénes hévé béen
reported using a variety of conditions. Katz and Lenskylfofmed ™S
ethers of ecdysone by heating the steroid at 80°C for 6ﬁe\minute in a'fg*‘f°i
mixture of bis(trimethylsilyl)—acetamide‘ BSA, and p&bidiﬁé.aQ“ A singié‘}ﬁ
peak was obtained on GC but no evidence was given for the nuﬁber of hydroxyl :
groups reacted. Morgan and WOodbridge formed methoxime-TMS ethers using
BSA at room temperature for 70 h. ‘ The GC revealed two peaks ‘due ‘to
- partial separation of the syn-and anti-methoxime isomers, 'Mass spectromefry~; 
showed that under these conditions the C-lu hydfoxyl grouplof”ECdySoﬁegaﬂdf
the C-1% and C-20 hydroxyl groups of ecdysterone were not silylated. 3 

34,35

Galbraith et al and Thompson gz’gi. have shown that the lua-hydroxylv‘
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group in some ecdysone analogues is only incompletely silylated by heating
with BSA in dimethylformamide at 80°C for up to 18 h. Ikekawa et al.’
claimed that all the hydroxyl groups in ecdysterone could be quantitatively
silylated with trimethylsilylimidazole, TMSIm, at 100°C for one hour.

The C-20 hydroxyl group was found to be the slowest to react and GC-MS

was used to confirm the extent of silylation. Similar details are given

in a further paper by Miyazaki 51_3137; Lafont gg_gl.ae have formed TMS
ethers 'using this method. With TMSIm, King 33_33.39 suggested that

thirty minutes at 96°C was sufficient for complete reaction of ecdysterone,

11,40 used conditions of 100°C for fifteen minutes.

while Borst and O'Connor
None of these authors provide any evidence for the number of TMS groups
introduced, although Borst and O'Connorll state that the mass spectra of
the TMS ethers of the ecdysones investigated were in agreement with those
published by Ikekawa 31.21.7

In an attempt to repeat the work of Ikekawa et al.7, a sample of
ecdysterone was heated at 100°C in TMSIm for 1 h. Analysls of the
products by GC (3 £t. 1% OV-10l1 on Gas Chrom Q, 266°C, 60 ml. mini;) gave'
two peaks of retention time 5.3 and 4.6 min, . Increasing the reaction
time gave mainly the peak of retention time 5.3 min. with a trace of a .
further component of shorter retention time, 4.1 min, - This peak of retention -
time 4.1 min, Increased in size on prolonged heating and if the femperature
was increased to 140°C, then after 20 h. it was virtually the sole product.
Repeating the reaction with 28,38,l4a~trihydroxy-58-cholest-7-en-6-one,
ecdysone, inokosterone and cyasterone, in all cases produced a similar . .-
result in that heating at 100°C for 4 h. gave‘a single product which on
heating at 140°C for 20 h. was converted to a peak of shorter retention

time. Table 6.1.
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TABLE 6.1

RETENTION TIME DATA FOR SOME TMS ETHERS OF ECDYSONES ON A COLUMN OF .

3ft. 1% OV-101 ON CQ, 266°C AND 60 ml. min 1.

ECDYSONE TMS ETHER RETENTION TIME (MIN.)
tetrakis(TMS)ecdysone : 3.9
pentakis(TMS)ecdysone | ' 3.1
tetrakis(TMS)ecdysterone ‘ 4.6
pentakis(TMS)ecdysterone | 5.3
hexakis(TMS)ecdysterone : 4,1
pentakis(TMS)inokosterone ‘ “ 6.2
hexakis(TMS)inokbsterone ~ ~k 4.5

It was thought that this new product could be an epimérkdf the fully

silylated steroid or involve the formation of a TMS—eno;'ether. -The - _
UV spectra of the product obtained by heéting 28,38.luu—triﬁydroxy;sB4cholest>
~7-en-6-one at 140°C overnight indicated that the conjugated ketone was

intact and thus enol-TMS ether formation was not the cause of the product

of shorter retention time. Similarly, it was found that the Su and 58

epimers of 28, 38,lua-trihydroxycholest-7-en-6-one when heated at 140 C,“,. ‘ 
both produced a peak of shorter retention time Table 6.2.° ‘The hew pfodﬁct'
was therefore not the result of a high temperature equilibration of the =

C-5 proton.



TABLE 6.2

RETENTION TIME DATA:FOR SOME TRIHYDROXYCHOLEST-7-EN-6-ONE TMS. ETHERS

ON A 5 £t. COLUMN OF 1% OV-101 ON €Q, 271°C and 65 ml.min ..

STEROID ' .~ . = = - .

28,38 ,l4a-trihydroxy~5a-cholest-7-en-6~one -

. = ditto -

28438, l4a-trihydroxy-58-cholest~7~-en-6~one

~ ditto ~

28,3a,14a~trihydroxy-5a~cholest=7-en~6-~one

.= ditto -
28,3a,l4a-trihydroxy-58-cholest-7-en~6-one

- ditto -~

Method A * -  TMSIm rcom temp. 30 min.~‘

Method B TMSIm, 140°C for 20 h.

. ..~ METHOD . - RETENTION TIME :

ok 8418
l"’o73

4.63

3.48

3,90
3,40

167
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Fonnation of the keto-methoxime derivative and heating atilhooé:gave a
.. peak of shorter retention time compared to the room temperature
i derivatlve. This result would tend to eliminate epimerization at a
1 carbonicentre involving the formation of an enol intermediate, as the
methoxime derivative would not be expected to enolize, It was also noted
that addition of TMCS to the TMSIm had a marked effect on the tate of
; formation of the peak of shorter retention time. In epite of the
; agreement of publiehed results, it was concluded that the most likely
: explanationyﬁas that the product of shorter retention time was indeed
the fuil& silylated derivative‘while those obtained under milder
conditions nere incompletely silylated compounds . | |

It was found that, 2B,3B~dihydroxy-5a~cholestane in TMSIm rapidly
gave the completely silylated product atrroom temperature as witnessed‘hy‘
recording MS, IR, TLC and GQ data. When 26,33,lua—tnihydrox}—sQecholestek'
_%—en-s—oneﬁwas heated at 100°¢C for 1 h., the product4b§ masekspectronetry
and infra—red analysis was shown to contain a free hydroxyl group .
(: » m/e 576, v(OH) = 3460 cm l). An identical product was obtained when .
the ster01d in TMSIm or BSA was allowed to stand at room temperature for
thirty‘minutes. Morgan and WOodbridge have shown that under these
conditions the luu-hydroxyl group is slow to react in BSA.  This was
confirmed by the synthe31s of lQa-hydroxy Sa-cholest 7—en-6-one and its ’
reaction with TMSIm. Reactlon of the lua-hydroxyl group was slow at lOOkC k

and at 140 C, twWwelve hours were required for complete reaction (Fig. 6.2)
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With BSA atvrobm femﬁerétufe, only starting m;téfiai wés'dbsérQéd while
kééting at’iOOOC gaée a sloﬁ conversion to the'Tﬁéréfﬁg;jﬁﬁiéhfﬁgé hoty
complgte after 48 h. The TMS ether of lua-hydroxy-5a-cholest-7-en~6-one
has b;eﬂiprepared on the gram scale and fplly characterized as indicated
in Chépt;r 5 p.i46 Maume, Wilson and Hofhing havg shovn that the 1lu4B-
-hydr;xyi group in cardiac aglycones (cardenolidés).isl;;siééant to
silyl%ti;n and the potent reagent combina{ion of TMSIm:ASA:TMCS at 60°C
for t%re; days was required for complete féaction.“l

&helconditions suggested by Ikeka&a et 35.7 are unlikely>td be severe
endugh toESilylate the lua-hydroxyl group. Mass spectral data has been

obtained to confirm the proposal and for comparison with>published

Spectra.7’37

Those spectra published to date are probably better
interpreted as a mixture of complete and incompletely silylated products.
The following mass spectra of the silyl ethers have been recqﬁded via the

solid inlgt after purification by TLC;
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N lua-hydroxy—?B 38-bis(trimethylsiloxy)-58-cholest-7-en-6-one (Fig 6.3)

26 38,1ua- trls(trimethylsiloxy) 58-cholest-7-en-6-one (Fig 6.4)

luu hydroxy 28,38,22,25-tetrakis(trimethylsiloxy)ecdysone (Fig 6.5)

28,SB,lua,22,25-pentakis(trimethylsiloxy)ecdysone (Fig 6.6)

iud 26-dih§oroxy—28 38,22,25-tetrakis(trimethylsiloxy)ecdysterone (Fig 6.7) .

lua-hydroxy-ze 38,20,22,25-pentakis(trimethylsiloxy)ecdysterone (Fig 6.8)

28 38 luu,20 22,25~ hexakls(trlmethy181loxy)ecdysterone (Fig 6.9)

: ;f,,, Ecdysone when reacted at room temperature with TMSIm for approximately
~jfifteen minutes produces one peak on GC. The mass soectbum of this

compound (Fig. 6.5) indicates that the four hydroxyl groups at C-2, C~- 3,’

C 22 and C-25 are all rapidly SLlylated under these conditions. The

lua;hydroxyl group is only silylated after heatlng at 140 C for 20 h.
'*:Wgodystorone’reacts wlth TMSIm when heated at 100°C for 1 h. to produce

- two peaks on GC (Fig. 6.10). The two components were separated by silica

A= Res 0.54
B= Rgs 0.67

FIG 6.10

_ gel TIC (toluene—SO% ethyl acetate), the products elutéd witﬁ efhér and
‘identified as the tetrakis (TMS) ether, (Fig 6.7), R = 0.54 and the
‘pentakis (TMS) ether, (Fig 6.8), R f = 0.67 on the basis of their mass o 

7 spectra.. The pentakis (TMS) ether is the sole product when ecdysterone At
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is heated in TMSIm at 100°C for 4 h. Access to the 20-hydroxyl group
was hindered by the faster reaction of the 22-hydroxyl. The héXakié(TMS)
ether was obtained when ecdysterone was heated in TMSIm af’ldooc for 20h.
The order in which“hydroxyl gféﬁps at different pésitidnslin tﬁe
‘ecdysones react with TMSIm can be stated to be;
" c-2, -3, €22, C-25 > C-20 >> C-14
A further problem was encountered in sii&lating‘eédysdnés; iﬁ that
‘during the early part of this wobk,'diffiéulty was found in reproducing
conditions for the quantitative silylation 6f‘eéd§éoﬁeé with different
commercial samples of TMSIm. The first sample purchased gave a quanti;
tative conversion of the lha-hydroxyl group wifh 16h. at 140°% (heated
overﬁight).‘ A second sample from the same éﬁppiiér féQﬁiféd a minimum
‘of 30 h. for complete reaction. :

.A pure sample of TMSIm prepared in the 1abéfhf6ﬁy under nitrogen;
‘required over forty hours for complete reaction. This)sémexéamﬁlé‘ofM a
'TMSIm after several brief exposures to the afmbspheréVéaéé‘éwqﬁénfitative
conversion of the lua-hydrbxyl group in 12 h. éf‘ido°c:j'1t”wéé thought
‘possible that some impurity in theHéommeréial"maféfial;:poséibly1“fﬁ .
‘imidazole was catélysing the reaction. ALl the reaction rétéébfebdr%éa‘
wiﬁithis section refer to the bulkklaboréfdry fééééﬁf,afgéf Srféf'q’Efﬂikﬁ'
exposure to the atmosphere. The differing reéctioﬁ‘rateé was less
apparent when crude biological material was used and a'feacfiéﬁ fime of
20 h. at 140°C was suffiqient for’all‘samples._ Whichéver sémple of,TMSIm”
was used, the produéts were‘the same . in a;lrcaseé; the pnly diffebeﬁce ,:‘
“being the rate éf‘formation. i

A limited study of the effect of éatalyst on the réécfién:§f TMSimf
with the C-14 hydroxyl group>has indiéated thé péésibility‘éf per%orhing .
the si;ylation under mild conditions. The addition of'l%uTMCS ;hAblés‘;’

the lua-hydroxyl group to be silylated in 4h. at 100°C. The addition of .
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further quantities of TMCS leads to the production of by-prodccts, in
part due to the formation of TMS-enol ethers. The addition of traces
of TMCS is effective for the pure hormone, but with crude biologlcal
material 1ts effect was lost, possibly due to deactivation by other
materiel.,»The reaction was noticeably slower in diglyme or pyridine as
sol;enti The use of benzylamine, phthalimide and quinol at 100°¢
resclted in a number of unidentified peaks. ' The reactlon proceeded
faster in the presence of pyrrole, piperidine or sclid petaesium acetate.
The addition of potassium acetate to the’reaction mikture‘ellcmed<the‘
iua-hydroxyl group to be quantitatively silylated;in 3h.-at room‘
temperature. ’

The C-1i oxy substituent has a marked effect on‘the rate of formation
and structure of the enol-TMS ether. The use of TMSIm by 1tself even at
high temperature does not promote the formation of enol ethere.' A sample
of Sa—cholest 7-en-6-one is easily converted into its enol TMS ether when
heated w1th TMSIm:TMCS (1:1) or at room temperature with TMSIm in the e
presence of pota551um acetate. . The UV spectra of the product in hexane,
(A 255nm, € ax 15, 500) supports the hetero-annular diene structure of
6-(tr1methy131loxy) Sa-cholest-6, 8(lu) diene, as does the mass spectrem>z

(M , m/e 456) In an analogous serles of experiments with 23 38 dihydroxy~‘

—SB-cholest 7-en—6-one similar results were obtained. .
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OTMS

R=0H
=0TMS

OTMS

In tﬁe presence of the C-14% oxy substituent, enol ether formation is
considerably reduced. A silylation mixture of TMSIm:TMCS (9:1)4§t SOéC
with l4a-hydroxy-5a-cholest-7-en-6-one gives a non-quahtitatiQé'éonversion
to the homo-annular diene lua—hydroxy-s-(trimethylsiloxy)—Sa-éhéiest-
-6,5(9)-diene (uv Amax 283 nm, € hax 24,000; mass spectrum Mf,!ﬁ/g 472).
Further heating gives several products, among which is the luq;TﬁS ether,
the l4a-TMS-enol ether and possibly dehfdration products. ‘Likéwise, 28,38,
6.lua~tetrakis(trimethylsiloxy)-Ss-cholest-ﬁ.8(9)-diene,‘(M+, ﬁ/e 720), has
been recognized as the principal product in the reaction of BSA:TMCS

(5:1) with 28,38,l4a-trihydroxy-58-cholest~7-en-6-one."

A limitation of the GC technique for the analysis‘of high moleculgr
wéight samples is the shortage of suitable liquid phasés of différent
polarity which can be used at temperatures in excess'of 250°%. For the
resolution of ecdysone TMS ethers, low loadings of OV—silicone oils are
usually preferred. Three such phases were tested under similar conditions,

Table 6.3, for the separatioﬁ of a mixture of fully silylated TMS ethers
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of 28,38,lua—trihydroxy—sB-cholest-74en-6-one,‘ecdysone, ecdysterone and

inokosterone. The best resolution was obtained on the column of 1% OV-101.

TABLE 6.3
SEPARATION OF TMS ETHERS OF ECDYSONES USING A 3ft..COLUMN, 1% LOADING ’

ON GAS CHROM Q, 60 ml. min ©, TEMPERATURE PROGRAMMED 250-300°C, 6°C. min I.

STATIONARY PHASE ECDYSONE TMS ETHER RETENTION TIME(min)

0V-101 A | ' ©2.60
B us0
c 5.05
D 5.40
DEXSIL 300 GC . - 1 . . A s 330
Bt 5.300 -
C o emiated e el 5,75
D o e " 5.90-
ovV-17 , P teeeiol xR asierros pstens 12,90
| B e L 4,65
3 G et 0wt 4,90
b C Do 5.35

A = 28, 38 lua trls(trlmethylsiloxy) SB cholest-7-en—6-one
3 ? 28, 38 140,22 25-pentakls(trlmethylsiloxy) SB cholest 7-en 6—one
(ecdysone pentakls TMS ether) k’ | |
Ck#VZB 38, l&a 20, 22 25~hexakls(trimethylsiloxy) 58-cholest*7-en—6—one
| :(ecdysterone hexakis TMS ether) ; , ‘
b = 28 3B lua 20, 22 26—hexakls(trlmethy151loxy) 58~cholest 7—en- 6-one |

: (inokosterone hexakis ™S ether) .



182

It was the only phase which gave abaseline separation of ecdysone and

ecdysterone TMS ethers. No phase gave a base line separation of

ecdysterone and inokosterone ethers, which differ only in the position

of one side chain TMS group. The best resolution of this pair was again

achieved on the OV-10l1 column. Recently,‘two thermally. stable polar phases

(Poly-S 179 and PZ-173) of potential use for steroid analysis.have been
42,43 '

described . . Thelr application to ecdysone analysis has not yet been-

reported.

THE FORMATION OF TRIMETHYLSILOXY-HEPTAFLUOROBUTRYL DERIVATIVES OF BCDYSCNE

Ikekawa et al7 have described a procedure for the formation of a
mixed trimethylsiloxy—heptafluorobutryl (TMS-HFB) derivatives of
ecdysones. To the TMS ether in TMSIm was added heptafluorobutrylimldazole,
HFBIm, with a catalytic amount of heptafluorobutyric acid, HFBA, or
heptafluoﬁobotyric anhydride, HfBAn. The conversion was about $0% of
theoreticel by GC, after heating for‘Zh at 50°C and the derivative cooid‘
be detected at the plcogram le%el with an electron oapture detector. It
was shown: that in the case of ecdysterone, one heptafluorobutyrl group was.

introduced at the C-2 ‘position 37, Direct reaction of ecdysterone with

HFBIm or HFBAn gave a mixture of products.7’37
When HFBIm was used without catalyst, no oﬁangevin thevﬁroddcfsiof:
~-the reaction or significant variation in amounte wasvfound; bﬁt the reaotioo

" time was considerably extended, The addition'of a trace of HFBA has a
marked effect on reaction rate but not the composition ofpthe final
products.v As a general observation, the use of HFBAn cannot be
recommended as it gives rise to a series of smaller peaks as wall as the
main products. As reported by Ikekawa et al.v. the presence of TMSIm is o

essential for a smooth reaction; removal of TMSIm, followed by addition of_ g

the HFBIm—HFBA mlxture glves complex chromatograms containing several
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prominent peaks.: - . -

The reported conditions for the formation of TMS ethers of ecdysterone
are unlikely to be severe enough to silylate the ld4a-hydroxyl group (see
previous section).7‘ The exchange reaction has therefore been carried out
with both the pentakis- and hexakis TMS ethers of ecdysterone. Reaction '
of the pentakis TMS ether in TMSIm with HFBIm—HFBA (10:1) for 2h, at ..
50°¢ gave mainly one peak on GC, B, (Fig 6.11), with a smali émount of the
unchanged pentakis TMS ether, C, and a further componentfof'shorter
retention time, A.. Extending thekreaction time produced a more cdmpleX'

chromatogram in which the two peaks A and B predominate.

i

—— B

o J e

FIG. 6.11

. The hexakis TMS ether, under similar conditions gave two peaks on GCk#ith

peak D predominating (Fig 6.12). Although neither wreaétioh’is’quahtitative,;

L R

'FIG. 6,12
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both TMS ethers of ecdysterone give a reasonable yield of the exchange
(TMS-HFB) product.

While monitoring the exchange reaction with the electroh capture
detector, it was found that the TMS ethers of ecdysterone could be
detected at the picogram level without forming the mixed TMS-HEFB derivative,
In the light of this observation, there was little to be gailned by forming
the mixed derivative, particularly as it introduces a further step in the’
analytical procedure. The mixed derivatives are useful as an aid téythe
identity of nanogram amounts of hormone by providing GC retention timé
data which can be used in bonjunctidn with the refention time data of

the TMS ether and compared with known hovmones.uq

STRUCTURAL REQUIREMENTS OF ECDYSONES FOR SENSITIVE DETECTION

BY BLECTRON CAPTURE.

Steroids, as a class of compound, do not show stbong eleétfon,
capturing properties and are’usually determined at ‘trace 1evels by o
' w1th electron capture detection after the 1ntroductlon of an electrophore
either as a halogenated acyl ester or halomethyldimethylSLlyl ether.:u‘
(see Ch.1). Typical sensitivities of non—halogenated stevoxds are -
represented by the first five entries of Table 6.4, To aid comparison the
column oven temperature was varied for each compound to produce a peak
w1dth at half-height whlch was the same for each compound on a 3 ft. ,
colunn of 2% OV-101 on Gas Chrom Q with a flow rate of 85 ml. =in l

The ketones Sa-cholestan-s-one and 5a—cholest-7~en-6-one, show no
special sensitivity to thekelectron capture detector.‘ The introduction

of a substituent at the C-14 position 1eads to a marked increase in

sensitivity (about 1,300 fold in the case ofkthe lua~TMS ether),
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ECD sensitivity of TMS ethers of ecdysones and their analogues.

63

Measurements with a Pye model 84, Ni~~ electron capture detector, pulse

width 0.75us, pulse period 50us, pulse height 47-60V and detector '

oven temperature of 300°C. -

STEROID -

: , . AMOUNT = ng.
ée—(tfihéfhyisildky)cholésterol 200
Cholest-4-en-3,6-dione gt
178(trimethylsiloxy)-17a(methyl)testosterone . -
Sa-cholestan-s-one 40
5a~cholest-7-en-6-one ‘w0
Sa—acétoxy—cholest-7-en-6¥ohe C04025 0
'lua—hydroxy-5a-cholest-7—en-6—one » .+ . 0,08
lua~(tr1methylsiloxy) 5u—cholest-7-en-6-one‘ o - 0.03
28, SB-bls(trimethylsiloxy) 5a—cholest-7—en—6-ona A ﬂfi
28,3B-bis(trimethylsiloxy )~58~cholest-7-en~6~one " _ i E
l4a~hydroxy-28, 38’-bis(trimethylsiloxy)-5u~ch°leét-7-en-5'one ot 0,08
lua-hydroxy-26 33—bls(trimethylsiloxy) SB—cholest- -en-&-one ; 0.06
28,38 lua-trls(trimethylsxloxy) S5a-cholest-T-en-6-one o u'o oos
28,38,lua-trls(trimethylsiloxy)-53—cholest—7—en—6-one%ff7 T 0.005
23,38,1ua-tris(trimethylsiloxy)-5a-cholest-7-en—6~one;V,,  ig,;_3vo,oo5
28,3a,l4a-tris(trimethylsiloxy )-58~cholest~7-en-6-one ' 0.005
pentékié(trimethylsiloky)ecdysone - ' 0.005
tetrakis(trimethylsiloxy )ecdysone 0.0
hexakis(trimethylsiloxy)ecdysterone 0.005
hexakis(trinethylsiloxy)inokosterone 0. 005“' «

‘o 005

pentakis(trlmethylsiloxy)cyasterone

LEAST DETECTABLE  °
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The C-14% TMS ether is twelve times more sensitive than the free hydroxyl

group.' The 28,3B8-bis(trimethylsiloxy)~5a(B)-cholest-7-en-6-one is forty-

-times more sensitive than the unsaturated ketone, although the two TMS

groups are remote from this centre. As both the 5a and 5B epimers are

equally seﬁsitive, then the geometry of the A, B ring junction is not

important. The 28,3B8,l4a-tris(trimethylsiloxy)=-5a(B)-cholest-7-en-6-one

is some six times more sensitive to detection than the lida-(trimethylsiloxy)~

-5a-ch61eét~7-en-6—one and thus the remote 28,3p-TMS groups make a small

contribution to the electrophore. A 3a-TMS group is as effective as a

3R~TMS substituent. GCeometry would seem to play little part in governing

the sensitivity of the electrophore, position of the substituent is much

more important. Electronic interactions transmitted through carbon bonds

probably play an important role. It has been observed previously that

conjugated electrophores éontaining two or more specific groups which are

not necessarily electron absorbihg in their own right, when linked by

specific bridges confer electron absorbing properties on the molecule.us-u?

In these cases a small increase in electron capture sensitivity5was'noted

with substituents remote from the region of the electrophore and was'™~

attributed to electronic interactions across the saturated aterocid.

framework.46'47 |
In ecdysones, the electrophore is not simple, 1nvolving the 7—en-6%one

group and its C-1l4 substituent with a smaller contribution' from groups

which are further remote from the unsaturated ketone. 'There is no evidencé

to suggest that the presence of weakly electron capturing groups in the

side chain exert an influence on the electrophore. |

* .. As stated earlier the electron capture process is température

dependent and a plot of

1n A. F. Eg_. T3/2 vs 1 (Fig 6.13),
S b T ®
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for pentakis(trimethylsiloxy)ecdysone, has a positive gradient which

according to Wentworth and Chen illustrates that in this case a non-

-dissociative mechanism is operative.ls’le’27

15 -
o~
~ .
™ .
[
: ; FIG. 6.13
tain
<
5 134
12 1 1
1.0 1.5 2,0

Yrx107d
It is evident that the peak area of the injected sample decreases with
increase in detector oven temperature, and for maximum sensitivity the

lowest practical detector oven temperature should be empléyed.“Moderate

retention times for ecdysone TMS ethers requires a column oven temperature

of 265°-280° with a slightly higher temperature for tﬁé?deteétsiﬂéé ;ﬁéf‘
the best compromise is a detector oven temperature of 300°C. B

Using the standard conditions given in Table 6.4 a linear response
over the range 5~700 x 10-12g for pentakis(trimethylsiloxy)ecdysonepand
hexakis(trimethylsiloxy)ecdysterone was obtained, The detector Qas shown -

to be linear in the range 60-700 x 10-12g for tetrakis(trimethyléiioxy)-

ecdysone,

PR
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PRELIMINARY PROCEDURES FOR THE ANALYSIS OF ECDYSONES IN LOCUSTS.

For the analysis of eédysones in the desert locust (Schistocerca
gregaria) by electron capture detection of the TMS ethers, some
purification procedure prior to GC was required. This was because the
crude material contains electron capturing impurities which co-chromatograph
with the TMS-ecdysones masking the response of the detector. For this
purpose a TLC procedure was investigated. The extraction of polar material
from silica gel is rarely quantitative so TLC of the TMS ethers was
considered more appropriate. The formation and subsequent recovery of
both the partial and completely silylated ethers of ecdysones was
investigated. The TLC data of the TMS-ecdysones used is summarized in

Table 6.5.
TABLE 6.5
- TMS-ethers of Ecdysones : Rg values on Silica gel., = - -

“STEROID NOS. OF OH "7~ SOLVENT SYSTEMS °=
GROUPS Toluene-Ethyl . ' Toluene-Ethyl. :

SILYLATED acetate (9:1) acetate (7:3)
28,38, 1uu-tri- j 25 38 0.39 R
hydroxy=-58-cholest= C T e R
=7-en~6-one : e

' ' 2B,3B8,14%a - e 0.51 "~ e

ecdysone  28,38,22,25 ‘ - 0069

128,38,140,22 and 25 0.8 . -
ecdysteronev . 2By 3B,22,25 - C 0 0.54
AR © 0T 2B43B420,22 and 25 0.22 TR 0,87

28,38,14a,20, 22 and 25 0.69  0.75
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Kieselgel PP25u (E. Merck), purified by extraction with methanol (to
remove -electron capturing impurities) was spread on 20 x 20 cm glass
plates as a slurry in de-ionised, distilled water., The optimum silica
layer was 0.6 mm thick, as this enabled the diluted reaction mixture :
to be streaked directly on the plate without disengagement of the silica
from the glass surface. The plates were deactivated by heating at 120°¢
for at least one hour and allowed to cool to room temperature in a dry .
box.: The smallest amount of ecdysterone TMS ether which could be
detected on a fluorescent plate under UV light at A254 nm was f°“9d,t°
be 0.5ug.

The best method for the recovery of ecdysone TMS ethers was found to
be elution from packed columns of the silica gel. Partitioning the .
appropriate area of silica gel between water and benzene gave only moderate
recoveries and occasional decomposition was observed. The appropriate .- ...
area of the TLC plate was packed into a short narrow glass column (10 x
1.1 cm), tapered at one end with a silanized glass wool plug and eluted
under gravity. The most efficient eluting solvents were diethyl ether, .
tetrahydrofuran, methanol, and dichloromethane. .Benzene, ethyl acetate
and acetone gave consistently lower recoveries, Diethylvether was sélécted
because it gave high recoveries, contained very few electron capturing
impurities and decomposition of small amounts of the TMS ethers was not
observed to occur, - It does not dissolve silica gel from the column, has - :
sufficient volatility to be evaporated eésily and is cheap andkreadily
available. The use of 8 ml, of diethyl ether, typically gave ﬁecovefies.:
in the range 75~90% for 0,005-10pg of the pentakis(trimethylsiloxy)-

ecdysterone ether.  For the hexakis(trimethylsiloxy)ecdysteroné aether,

6 ml. of diethyl ether gave recoveries of 85-100% in the same sample range.

A similar set of results were obtained with the bis and tris(trimethyl-ff

siloxy) ethers of 28,38,l4a~trihydroxy-58-cholest~7-en=6-one,
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To e;tract the ecdysones from locust material, the whole insects

. Were grougd in methanol using a liquidizer and the solid residue removed
by filtration through a glass sinter (porosity 4). The methanol extract
was evaporated to a residue in vacuo at SOOC, a fraction of the residue
silylated and analysed by GC-ECD after TLC. The analysis was not successful
as the ecdysone region of the'chromatogram was completely masked by
electron capturing impurities (Fig. 6.l14a). The methanolic residue was
partitioned between light petroleum (b.p. 40-60°C) and aqueous methanol
(4:1, water: methanol), the aqueous phase reduced to a residue in vacuo
at 50°C, silylated and analysed by GC-ECD after TLC. The detectoi was
again masked in the ecdysone region (Fig 6.l4b). The aqueous methanolic
residue was partitioned between butanol and water (K ecdysterone = 5.3,
ecdysone = 10)1, the butanol phase reduced in vacuo at 50°C, a fraction of
the residue silylated and analysed by GC-ECD after TLC, A clear indication
of the presence of ecdysones was obtained, but the broad solvent front

was too large for adequate quantitative analysis (Fig. 6.,l4c), A

further partition between ethyl acetate and water (K ecdysterone = 0.06,
ecdysone = 0.32)1, evaporation of the aqueous phase in vacuo at 50°¢c,
followed by silylation and GC~ECD analysis after TLC gave a steady base
line and the ecdysones were well removed from the solvent front, which
enabled them to be easily quantified (Fig. 6.1ud).

As an alternative to partition procedures, the residuve from ;he buféndl
extract wés purified on a silica gel TLC pla{e, developing in chi;roform -
- 96% ethénol (2:1); Rf (ecdysteréne) = 0.41, The area Rf (0.2 - 0.6) wés
scraped off and eluted with methanol. The residue was silylated, '
partitionéd between toluene and water, the organic phase dried withw
molecular:sieves, and injected into the GC.'VGood separation‘ﬁf ecdysones#

from electron capturing impurities was obtained, but the overall recovery
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FIG. 6.l4a

FIG. 6.14b

FIG. 6:luc

FIG. 6.14d .




182

of added ecdysterone was poor (40-60%)vand offered no‘advantages over

the partition procedure in terms of s1mplic1ty, recovery and time per

analy51s. The partition of ecdysone TMS ethers in TMSIm with water and

toluene, benzene or hexane does not resuit in their hydrolys13, and provides

a convenient method for the removal of the silylating reagent prior to GC.
‘The overall recovery of ecdysterone, as ascertained by the addition

‘of known quantities to the methanolic extracts obtained from adult

locusts, which contain no hormone was found to be greater than 70% in

all samples investigated. Table 6 6

TABLE 6:6
RECOVERY OF ECDYSTERONE FROM SPIKED ADULT LOCUSTS

TMS ETHER FORMED ¢ C AMOUNT OF ADDED NUMBER OF . RANCE OF
ECDYSTERONE(ug) SAMPLES - RECOVERIES
" ANALYSED = (%) - -

pentakis(trimethylsiloxy)- v 10-1 5 80-90

-ecdysterone - 7 1-0.1 T T 7585
0.01-0,001 _ 0 70-85

hexakis(trimethylsiloxy)- , 10-1 » 4 - 90-100

-ecdysterone : 0.1-0.01 S8 U 80-90 ¢

0.001-0.0001 10 70-85

The procedure adopted for the recovery experiments was direct comparison
of the peak area on GC-ECD of the spiked sample with a standard prepared
directly and purified of exceeding trimethylsilyl reagents by partition
between toluene and water. The recoveries of the_pentakis(trimethylsiloxy)
ether was marginally lower than the completely silylated form, In SothﬂE;

cases, most of the hormone that was lost occurred at the TLC and elution
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stage;>ver§ little ecdysterone was lost in the partitioning stages.

The standard extraction procedure, outlined in the experimental
section,Ahas been designed for the analysis of ecdysones in crude
biological material. For the analysis of culture medium, haemolymph or
isolated glands, it might prove possible to eliminate some of the steps
in the sequence. For those cases in which maximum sensitivity is required,
the fully silylated derivative is approximately ten-times more sensitive
than the partially silylated derivative. When maximum sensitivity is not
required the partially silylated derivative is more convenient in use,

being more rapidly formed.

"DETERMINATION OF ECDYSONES AT DAILY INTERVALS IN THE 4th AND Sth INSTAR

OF "THE DESERT LOCUST.

The hormone titre at daily intervals in the 4th (Fig 6.15) and

5th instar (Fig 6.16) of the desert locust (Schistocerca gregaria) were

determined GC-ECD using the extraction procedure given in the experimental
section, | .

The plots of the daily titre of ecdysones ih both instar indicate that
the maximum titre of ecdysterone océurs more than 24 h, before eddysis.
Ecdysone is detectable throughout the instar in amounts always less than
that of ecdysterone, reaching its maximum titre on the day befofe that of
ecdysteroné. On the day of maximum ecdysterone titre, the amouht of '
ecdysone 1s very small. This is in agreement with the view that'ecdysone
is a prohormone for ecdysterone (seé introduétion). A further electron
capturing peak of longer retention time was obseryed whenever‘?hg titre of
;cdysterone was high., This unidentified peak‘is potenfiaily a third
hormone having some function in the‘mbulting prodess or fhe first

inactivation product., Its retention time suggests some modification to the

ecdysterone skeleton, pérhaps the presence of a further hydroxyl group.
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Typic;al GC traces are given in (Fig 6.17) and illustrates the
sensitivity and resolution of the GC-ECD technique for ecdysone analysis
at trace levels. The results for the 5th instar are the auerage of five
determinafions from fresh stock in each case, while those for the 4th
are average qf two determinations from the same stock. |

The Qensitivity and reproducibility of the GC-ECD method is clearly

portrayed by the results given for the fifth instar,

HIGH PRESSURE LIQUID CfiRdMATOGRAPHIC ANALYSIS OF ECDYSONES,

The very polaf‘natufe of the ecdysone molecule and the initial
difficulties experiengéd in forming suifable derivatives for GC led several
groups to investigate the possibility of ecdysone analysis using high
pressure liquid chromatography, HPLC. As derivative formation is not
required for analysis, ecdysones might be determined directly and the
effluent éollected for subsequent analysis by uther physical techniques
or by .bi.ozfassay. Furthermore, the ecdysones sfcmngly absorb UV light which
is convenient for detection purposes. The UV detector is currently the
most sensitive of all the HPLC detectors avaiiable for thosu compounds
which absorb radiation in the appropriate region of the uv spectrum.

The literature, to date, contains no report of the least detectable
amount of ecdysones which could be identified by UV ab;orption. In Fhe
absence of such data, an estimate of this value can be made, if the .
following assumptions are allowed; |
1. Using ecdysterone as a model ecdysone, at xmax éézﬁé ;max 13‘ !
12,400, in alcoho;ié solvents.“8 The positiou of maxiuumﬂabsqupgiou iQr
solvent dépendent_(e,g; 5a-cholest-7fen-6-one; Amax'; 2§4nm in_methanol -
and xmax = 235nm in cyclohexane,

2, Figed wavelength detectors using low pfessure mefcury dischargé

lamps as a source of energy emit radiation of iisunh.' The absorption of
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ecdysterone in methanol at 254nm is approximately 9,300, -

3. .The path length of the detector cell is 1 cm. and total volume 10Oul.,
4, - The maximum sensitivity range of the detecfor is 0.01 absorption
units full scale. The minimum absorption to give a peak height of 0.5 cm
on the recorder is 2,5 x 107" absorption units (FSD:= 20 cm). -

5.~ .Using the relationship OD = ¢ C 1, where 0D = cptical density, -

e = absorption coefficient, C = concentration, (M l-l),l = path length of

cell: . .

2.5 x 107
5,300 x 1

-l w1
22,5 x 10 " x 480 i

9,300 x 10°

= 13ng cﬁa_’

where W = grams per cm3 and 480 is the molecular weight of ecdysterone.
Thus ecdysones should be detectable at the tens of nanogram level. ‘the
least detectable amount, being dependent on peak ‘shape as this’governs”“f‘
the volume of effluent in which it elutes. All those factors which affect
column efficiency will also be impcrfant in determining the least amount

of steroid detected.
Reversed4phasélchrchatogrcphy
"~ Reversed-phase chromatography has‘impcrfcuiﬁédv;ufégéébcuerjcthéf"
forms of adsorption chromatography for the ‘analysis of water ‘soluble’ organic ’
compounds.' The separation process is based on the attraction of the:f"ﬁ'"‘

43 Hydrophobic solvents are stronger eluents

hydrophobic stationary phase.
because they are mofémccpable of displacing the sorbed molecules.v Por rv
ecdysones, ‘the reversed-phase technique s partlcularly attractivc, as Uﬂ
ecdYsones ‘are more soluble in water—alcohol mixtures than in' chlorinated

hydrocarbons. the very polar impurities found in crude extracts (e.g.r

sugars ‘and zl“°°SideS) are eluted from ‘the column before the less polar o o
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ecdysones and the column material can be made ready for re-use by solvent
recycié.' Hori described the separation of ecdysones by reversed-phase
chromatography using Amberlite XAD-2 with a water-alcohol eluting

50 The Amberlite resin is not available in a particle size

gradient.
suitable for HPLC and had to be ground and sieved prior to use. Since the
resin is compressible, maximum pressures were limited, which set an upper
limit on flow rates. Although the separation of structurally similar
ecdysones was often quite good, the retention times were inconveniently
long (ecdysterone 420 min, ecdysone 540 min). - The technique has been

150,51

used for the separation of ecdysones in plant 52,53

and insect material .
Separations on the preparative scale have been described for ecdysones in
crude plant eit;écts.ss ‘The ‘authors caution' that for this application, the
very polar ecdyéénes may not be sufficlently retained by the resin

(low column capacity factor) to give an adequate separation from impurities,
For this purpose more polar émberlita'resins'might be used to advantage.ug
The separation of ecdysones on the semi-rigid porous polymer, Poragel PN,

has been described.su'55

Poragel PN is a copolymer of divinylbenzene and
ethylene glycol dimethacrylate with heavy cross-linking (40%) compared to
Amberlite XAD-2 which is a lightly cross-linked polystyrene polymer. The
ester groups of the Poragel confer a degree of polarity to the poiymervi
which probably explains the greater retention volume of ecdysterone on
Poragel compared to Amberlite XAD-2, - The separation of milligram quantities
of ecdysones was achieved but analytical separations (Sub-microgiém level)
were poor, due in part to the inherently slow mass-transfevyand limited -~
capacity faétor of the polymer, pérticularly at highfflow.rates.sg’ssz |
:The reveised-phase separation of ecdysones in crude plant extracts :

using polyamide has been‘described.ss Pellicular polyamide phases‘sﬁitable )

for HPLC are available commercially (Pellidon, Reeve Angel) but theip: ..o
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application to the analysis of ecdysones has not been reported. King
g£.5£?7,have described the analysis of ecdysones in culture medium using
Vydac reversed-phase (C18 hydrocarbon permanently bonded to a pellicular
support) and eluting with a mobile phase of 25% methanol in water., The
capacity of the C18 hydrocarbon phase is very much dependent on the
polarity of the mobile phase., Uisng Corasil ClS’ and a mobile phase of
35% water in methanol 28,38,l4a-trihydroxy=-58=-cholest-7-en-6-one had a
retention time of 12.0 min (1.0 ml. min Y, 1 m, x 2.1 mm). Under these
conditidns;ecdysterone is poorly retained and elutes with the injection
solvent. -The change in capacity factor for the model steroid with solvent
composition can be illustrated by the following data;

0.5 ml min-l,;29% water in methénol Rt = 5,75m
5. 0,5 ml min-;, 25% water in methanol Ry=l80m - o0,
In an attempt to increase. the capacity factor by using a more polar
reversed-phase column (ETH Permaphase), ecdysterone was not retained when
water-alcohol mixtures were used as the mobile phase.:.
Liquid-Liquid partition chromatography = . = .. ... ... .

.LiQuid partition chromatoegraphy of ecdysoﬁes is difficult due té a
lack of permanently bonded polar stationary phases, - ?hose‘separations
which have been achieved have used polar liquiq phases mechanically held
on a solid support. To prevent stripping of the_stationary,phase,the‘MHA;,,
mobile phase,hasftp be pre-saturatéd. Gradient elution is not practical
and high flow rates usually sheer the stationary phase from the support.
The most successful analyses have been achieved with 1% B,B'-oxydipropio~‘:
nitrile (BOP), on Zipax using hexane mixed with tetrahydrofuran as the

58,59

mobile phase. A method for increasing the percentage loading of BOP

on Zipax has been reported.so Permanently bonded liquid phases such as -
Corasil C18 and ETH Permaphase show no refenticn of ecdyscones using hexane

mixed with chlorinated hydrocarbons as the mobile phase.
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Liquid-solid absorption chromatography

Promkthe early days of ecdysone analysis, the separation of the
hormones b& silica gel chromatography has been important. The extension
of this work to HPLC using highly efficient small particle silica
columns was not diffiéult to predict. Chino 31'21.61 separated ecdysone
from ecdysterone on ZORBAX SIL (25 e¢m x 2.lmm, 0.3 ml, min-l, dichloro~
methane mefhanol 9:1). Peak shapes were reasoﬁably sharp and the separation
quite goodj(Rt fov ecdyscne = 23 min and ecdysterone = 30 min.). Nigg
31_3;.62 have described the separation of ecdysones on borasil II (a high
capacity péllicular silica) using mixtures of chloroform-ethanol as the
mobile phase. |

With Porasil A, an irregular shaped porous silica (37-75u) and
tetrahydrofuran or tetrahydrofuran mixed with methanol or water, ecdysterone
is rapidly eluted. With 40% tetrahydrofuran in dichioromethane; 28,38 ,14a=
=trihydroxy-5g-cholest~7-en-6-one is eluted in 2.25 min (1.5 ml min-l;j
SOOmm x 2.lmm) but the retention time of ecdysterone is very long. The
optimum conditions was found to be a mobile phase composition of tetra=
hydrofuran-methanol=-dichloromethane (20:1:29).‘ The addition of a small
amount of methanol as a polar phase modifier reduced peak taiiiné RR
substahtially. With a flow rate of 1lml., min‘l, thé‘retention timé of
ecdysterone was 11.0 min, and for 28,38,luu-trihydroxy-sB-chclest-7-en-6-one‘

was 2.6 min,, (Fig 6.18),
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FIG. 6.18

The still relatively broad peak fof”écdy;terone is proﬁably a consequence
of the effect of diffusion in the stagnant mobile phas;(in the pores of
the support making an important contribution to the maés tranéfer term,
To overcome this problem the use of more efficieﬁt silica'gel adsorbents
is required. Using Porasil A, the peak shapes of 28,3é,lua-trihydroxy-
=5B=-cholest-7-en-6-one (Rt =z 5.1 min) and gcdysterone (k{ =‘12.5 min) with
-1)

a mobile phase of dichloromethane-methanol (9:1, 1.6 mi. min 61 are

broad indicating poor efficiency.

EXPERIMENTAL, . -

 The standard extraction procedure used for the analysis of ecdysones

in desert locust material (Schistocerca gregaria) is given diagramatically

in (Fig. 6.19),
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FIG. 6.19

Locust Material -1
blend in methanol (30 mlg )

T 1
residue methanolic
(discarded) residue
. . — l 1
” o petroleum ether aqueous methanol
ST (20 mlgtl) residue
(discarded) J
water (35 ml.g l) buténol
(discarded residue
ethyl'acefate ' water
(200ml. g~ *) residue
(discarded)
dry _
silylate
TLC
cCcECD

Typical volumes of partitioning solvents and weights of the extracted

residues are given in Table (6.7) for ten adult locusts.,
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TABLE 6.7

WEIGHT OF EXTRACTABLE RESIDUES OBTAINED BY THE USE OF THE STANDARD °

EXTRACTION PROCEDURE FOR THE ANALYSIS OF TEN LOCUSTS.

PHASE LT T YOLUME (ml) WEIGHT (g) FATE
methanol extractable , i 250 2,0¢g

material

insoluble residue . 4,9 g discarded
aqueous methanoliec =~ - 40 0.8 g

residue . '

petroleum ether j ’ 40 l.2 g ‘ discarded
butanol residue . 30 0.15 é ’ N
water e o 30 . 0.65 g 'l-discarded
ethyl acetate o 25 - 0. lO L :A discarded
water o ) 7 | 25 7 “ 0. 05 g ;p lanalysed‘

Live locusts were anaesthetized and frozen before extraction in liquid ‘
nitrogen. The frozen insects were blended in methanol using a liquidizer.
The solid residue was removed by vacuum filtration (glass sinter porosity k),l
the residue washed with methanol and the methanolic residue obtained by
removal of solvent in 33222 at 50 C. The residue was distributed between
equal volumes of light petroleum (b.p. 40~60 C) and ‘aqueous methanol (20%
methanol in water). The hydrocarbon phase was back-washed with a small
volume of aqueous methanol and the combined phases evaporated in Yacuo

at 50°C. The solid residue was partitioned between equal volumes of water
-saturated butanol and water. The aqueous phase was back extracted with a

small amount of butanol, the combined butanol phases washed with a small
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volume of water and the butanol phase evaporated to a residue in vacuo at
50°C. In a similar manner the butanol residue was partitioned between
ethyl acetate saturated with water and water. The aqueous residue was
dissolved in a small amount of "Spectrosol" methanol and transferred to
al ml. reacti-vial. The solvent was removed with a stream of nitrogén
and the residue dried at 56°C and 0.0lmm. for at least thirty minutes in
a drying pistol.  The residue was then silylated by the addition of 100ul
of pyridine and 35ul of TMSIm and heated at 100°¢ for 6 h. Pyridine was
removed with a stream of nitrogen, the silylating medium diluted with
200ul of toluene for chromatography.

Silica gel for TLC plates was extracted with methanol, dried and
20 x 20 cm plates prepared in the usual way and activated by heating at
120°C, for at least one hour and allowed to cool in a dry box. The:
material for analysis was streaked along one edge of a plate, and the
platé developed with ethylacetate~toluene (3:7), the pléte dried‘with a
‘hair dryer and the area Rf 0.5-0.9 scraped off and packed iﬁto a narrow
glass tube (10 x l.lcm) containing a glass wool plug. - The écdysone TMS
ethers were extracted by elution under gravity with 10 ml.‘df sodium—dried
diethyl ether in a 10ml. conical centrifuge tube. The ether was removed
with a stream of nitrogen at 35°C and the residue‘dissolved in purified
toluene for injection. The GC separation was carried out on a 3ft. column
of 2% OV-101 on Gas Chrom Q, nitrogen flow rate 85ml. min"l and column
oven temperature 270-28000. The ECD was operated_with a detector oven
temperature of 300°C and pulse space 50us, The_quantityvqf ecdysones
present was estimated by comparisonbwith a calibration graph prepared

with known quantities of pure ecdySterone and ecdysone.
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