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SUMMARY

The hydroxyl groups of 20-hydroxyvecdysone react with trimethylsitylimidazole
with varying ease, in the positional! order 2,3,22,25 > 20 > 4. The l4c-hydroxyl
group can only be silylated under forcing conditions. Confusion in sifylation proce-
dures has been caused by faifure to recognize incomplete reaction. The conclusions
are supported by mass spectra. In the presence of a catalyst, and absence of a2 14¢-oxy
substituent, enol ethers are readily formed, but the rate is considerably reduced with

a C-14 substituent present.

INTRODUCTION

The importance of the ecdysones as hormones controlling growth and meta-
morphosis in arthropods, and their presence in these animals at very low concentra-
tions has meant that considerable attention hias been devoted to finding sensitive and
accurate methods for their assay. Eight ecdysones have been found in insects and
crustaceans; and over forty in higher plants, where their role is obscure. The methods
currently used are bicassay’, radioimmunoassay®, and gas chromatography (GC).
The bioassay and radicimmunoassay are non-specific and technically difficult. GC
can distinguish between ecdysones, can be carried out in many laboratories, but
originally lacked sufficient sensitivity®. Recently, two groups of investigators have
found that ecdysones, somewhat unexpectedly are sensitive to the electron capture
detector, so that after conversion to their trimethylsilyl ethers they can be directly
determined down to the picogram level®-£.

We have been troubled by the variety of conditions recorded for preparing the
trimethylsilyl (TMS} ethers of ecdysones, and by our difficulty in reproducing other
results, and so have investigated the matter and found that earlier reports are mis-

* To whom correspondence and reprint requests, bearing postage stamps (not franked), should
be addressed.
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Ieading and believe that we can now provide reliable information for the preparation
of ecdvsone TMS ethers.

Iz: Rg,Rz = GH; R; =H
Ib: Rl,Rz,Rs = 0H
Ic: R[,Rz,R3 =H

The first report of a TMS ether of ecdysone {Ia} was by heating ecdysone to
80° for ! min with N,O-bis(trimethylsilyllacetamide {BSA) in pyridine®. A single
GC peak was preduced, but no evidence was offered on the number of hydroxgyl
groups silylated. In our eariier work we found complete protection of all hydroxyl
groups difficult, particularly for 20-hydroxyecdysone (Ib, f-ecdysone, ecdysterone,
crustecdysone), and settled upeon a routine method by which the ecdysone was first
converted to its methoxime znd then silylated with BSA at room temperature for 70 h,
this converted the 2,3,22- and 25-hydroxyl groups to silvi ethers®®7. Two other groups
of investigators found the l4e-hydroxyl in some ecdysone anzlogues was not com-
pletely silvlated with BSA at 80° in dimethylformamide over 18 h®°. Tkekawa er ¢f*®
claimed that compound Ib could be completely silylated with trimethylsilylimidazole
{TMS8D in 1 b at 100°. They claimed the 20-hydroxyl group reacted most sfowly, and
confirmed the structure of the product by gas chromatography—mass spectrometry
{GC-MS). Similar details are given in 2 further paper bv Miyazaki ef af.*. King ef
al.** suggested that 30 min at 96° was sufficient for complete reaction but did not
state how this was recognized, while Borst and O’Coanor® used TMSIE at 168° for
15 min and stated that the mass spectra were in agreement with those given by [kekawa
et al.’°,

We have found that hezting compound Ib with TMSI at 100° for | h always
produced more than cne GC peak®. Extending the reaction time or increasing the
temperature increased the peak of shorter retentfion time. Both components had
mass specira close to those of 29-hvdroxyecdysone hexakis(irimethylsilyl) ether. We
examined the matter carefully to see if epimerization was taking place. We found that
complete silvlation requires longer reaction times than claimed and the published
mass spectra can be explained as being due to mixtures.

EXPERIMENTAL

Trimethyichlorosilane (TMCS), N,O-bis(trimethyisiiyl)acetamide (BSA) and
N-trimethylsilylimidazole (TMSI) were purchased from Keoch-Light (Celnbrook,
Great Britain} or from Pierce and Warrener (Chester, Great Britain}; TMSI was also
prepared in the Izboratory by the method of Kuhn ef ¢l.:3. Standard silylation proce-
dures were followed (¢f. ref. 14).

The preparation of the model compounds 3e-cholest-7-en-6-one and 4a-
hydroxy-Sa-cholest-7-en-6-one are described elsewhere!®. 28,37,14a-Trihvdroxy-58-
cholest-7T-en-6-one {Ic) was prepared as by Thompson er 2f8, 20-Hydroxyecdysone
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(ib} was purchased from Rhoto Pharmaceuticals (Osaka, Japan) and ecdysone (Ia)
was a gift from Dr. H. H. Rees, University of Liverpool.

Mass spectra were obtained with a Hitachi-Perkin-Elmer RMU-6E, single-
focusing mass spectromster; ionizing energy 80 or 20 eV, trap current 60 gA, accel-
erating potential 0.9 kV, solid infet temperature range 250-280°. Spectra were re-
corded on the 0-1,200 range with an accuracy of 2 a.m.u. at 1600 a.m.u. For GC-MS
a Pye Series 104 gas chromatograph with a 1.5 ft. X 3 mm L.D. column of [ % OQV-
10t on Gas-Chrom Q, was coupled through a Watson—-Biemann separator at 300°
with a helium flow-rate of 18 ml/min.

RESULTS AND DISCUSSION

It was found that prolonged heating of the simple model, 14a-hydroxy-Sea-
cholest-7-en-6-one with TMSI at 100° produced little reaction. Heating overnight at
140° gave almost quantitative yield (by GC) of the trimethylsilyl ether, which has
been made on a preparative scale and fully characterized®s. The rate of reaction of
the l4ce-hydroxyl group with TMSI is shown in Fig. 1. When the trihydroxy com-
pound Ic was treated with TMSI or BSA at room temperature, a single GC peak was
produced, identified as 14a-hydroxy-285,35-bis(trimethylsiloxy)-53-cholest-7-en-6-one,
from its mass spectrum (Fig. 2}, and its infrared spectrum ({QO-H) = 3460 cm™!;
{C=90) = 1660 cm™ "}, as would have been expected from our earlier work>-!S.
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Fig. 1. Rate of reaction of 14a-hydroxy! group in i4a-hydroxy-5a-cholest-7-en-6-one with TMSI at
140°,

Hesating compound Ic overnight at 140° in TMSI gave the completely silviated
ether in nearly quantitative yield. A small amount of the di-TMS ether was removed
by preparative thin-layer chromatography (TLC) and the major product isolated and
identified as 28,33.14a-tris(trimethylsiloxv)-58-cholest-7-en-C-one from its mass
spectrum (Fig. 3), and its infrared spectrum, which showed the absence of free
hydroxyl groups and the presence of the unsaturated ketone group. -

A comparison of the mass spectrum of 28,38, 14e-tris(trimethylsifoxy)-53-
cholest-7-en-6-one with that published by Ikekawa er al.™® showed certain qualirative
and quantitative differences. In the light of the slow rate of reaction of the C-l4a-
hydroxyl group and the conditicns for the trimethylisilyl reaction given by [kekawa
et al., the mass spectrum they obtained is better interpreted as that of the di-TMS
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Fig. 2. Mass spectrum of 14e-hydroxy-25,33-bis{trix imethylsilyloxy)-3f8-cholest-7-en-6-one at 8¢ eV.
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Fig. 3. Mass specorum of 23,38, 14e-tris(trimethykilyloxy}-Sfcholest-7en-6-one at 83 eV.
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Fig. 4. Mass spectrum of ecdysone 27,36,22,25-terakis(trimethylsilyl) ether at 20 eV,

ether with a small contribution from the fully trimethylsilylated product. Typical
Tosses in the mass spectrum from the molecular ion are CH;, CGO, and (CH;);SiOH,
as indicated.

Ecdysone (Ia} at room temperature with TMSI produced one peak on GC.
The mass spectrum of this compound (Fig. 4} indicates that the four unhindered
hydroxyl groups at C-2, C-3, C-22 and C-25 were zll rapidly silylated under these
conditions. The 14a-hydroxyl group was only silyiated by heating at 140° overnight:
the mass spectrum of the pentakis(trimethylsiloxy)ecdysone is given in Fig. 5.

20-Hydroxyecdysone (Ib), when heated at 108° for t h in TMSI, as recom-
mended by Tkekawa er al.’%, produces two products separated by GCona 3ft. X 3
mm IL.D. column of I % OV-101 on Gas-Chrom Q at 278°, with a carrier-gas flow-rate
of 85 ml/min (retention times 3.8 and 4.5 min}. The two components were separated by
TLC on silica gel, developing in toluene—cthyl acetate (7:3), efuted with diethy! ether
and identified as the tetrakis(trimethylsitoxy) ether (Fig. 6}, R = 0.54, and the penta-
kis(trimethylsiloxy) ether (Fig. 7}, Ry = 0.67, on the basis of their mass spectra. The
pentakis(trimethylsiloxy} ether was obtained virtually quantitatively by heating 20-
hydroxvecdysone at 100° for 4 h. Access to the C-28 hydroxyl group is hindered by
more rapid formation of the silyl ether at C-22. The hexakis(trimethylsilyl) ether of
20-hydroxyecdysone was virtually the sole product when 20-hydroxyecdysone was
heated in TMSI at 140° for approximately 20 k. The mass spectrum of the hexakis
ether is given in Fig. 8.

The difficulty of silylating the {4a-hydroxyl group can be compared with some
other hindered sterol hydroxyl groups. Maune er ¢/, have found the 143-hydroxyl
in cardiac aglycones (cardenolides) was converted to the silyl ether quantitatively
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Fig. 5. Mass spectrum of ecdysone pentakis{trimethylsiivl) ether ar 20 eV,

with the powerful sifylating mixture TMSI-BSA-TMCS at 60° for three days. The
hindered 17e-hydroxyl of 3e,17e,20-trihydroxy-38-pregnane required heating for
15 h for complete reaction under comparable conditions for the 14e-hydroxyl group
of =cdysones. The addit:on of TMCS had 2 marked effect on the reaction rate of the
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Fig. 6. Mass spectrum of 20-hvdroxvecdysone 28,38,22 25-tetrakis(trimethylsitvl) ether at 80 eV,




FORMATION OF TMS ETHERS OF ECDYSONES 339

QTMS

2 410 420

x 10

(M-cuy-soit

e f -yt
i ' 3
ik . .:.L‘ 1?« - e

13 H L) ) T
&30 450 470 480 Yol 520 S50 S70 350 610 630

650 670 730 740 820 830
Fig. 7. Mass spectrum of 20-hydroxyecdysone 23,35,20,22,25-pentakis(trimethylsilyl) ether at 80 eV,

lde-hydroxyl group, but it also catalysed the formation of the enol ether of the 6-
keto group. Addition of 1 9] TMCS to TMSI enabled the 14a-hydroxyl group to be
silylated in 4 b at 100°, but larger quantities caused formation of the enol-TMS ether
as well. The addition of traces of TMCS was effective for the pure hormone, but with
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crude biological material its effect was lost, probably because it reacted with other
materials. A variety of substances, e.g., piperidine, benzoic acid, catalyse the silylation
of hvdroxyl groups. Solid potassium acetate increases the rate of reacfion of TMSI,
enabling the 14e-hydroxyl group to be quantitatively trimethylisifylated in 3 k at room
temperature. Qur observations on catalysis are only preliminary but do indicate that
z rapid method for the formation of the fully silvlated derivative without the produc-
tion of the enol-TMS ether is a possibility.

The ease of formation of enol-TMS ethers in ecdysones is alsc infiuenced by
the nature of the substituent at C-14. A sample of Se-cholest-7-en-6-one is easily
converted into the enol-TMS ether whea heated with TMSI-TMCS (1:1) or with
TMSI at room temperature in the presence of potassium acetate. Measurement of
UV spectra in hexane gave 2., = 255 nm and &, = 15,500 which is in agreement
with the hetero-annular diene structure of 6-{irimethylsiloxy)-Se-cholest-6,8(14)-
diere. The mass spectrum had 2 prominent molecular ion (M™, mje 456).

In the presence of 2 C-14 oxy substituent, enol ethers do not form easiiy and
reactions are rarely guantitative. From 14e-hydroxy-Sa-cholest-7-en-6-one in TMSE-
TMCS (9:1) at 50° was obtained l4e-hydroxy-6-(trimethyisiloxy)-Sa-cholest-6,8(9)-
diene with 4., = 283 nm, e,.,. = 24,000 and mass spectra (M™, m/e 472). Further
heating increases the amount of the 14¢-TMS compound and gave rise to other peaks,
peraaps due to dehydration products.

The spectra published for 25,3f5,14c-trihydroxycholest-7-en-6-one tris-TMS
ether'?, ecdysone pentakis-TMS ether'!, 20-hydroxyecdysone pentakis-TMS ether®®,
and hexakis-TMS ether®® we believe can be interpreted as being mixtures of these com-
pounds with the corresponding bis-, tris-, tetrakis-, and pentakis-TMS ethers respec-
tively. We therefore include specira of each of these pure derivatives together with
that of authentic 20-hydroxyecdysone hexakis-TMS ether, as 2 guide to those wishing
to identify the derivatives. The mass specira of mixed derivatives can easily arise in
the GC-MS of high-moiecular-weight substances when a singly pumped mass spec-
trometer is used. Choosing high temperatures and short columns to overcome the
low volatility of the sample and the vacuum restrictions of the mass specirometer,
may produce good peak shape at the expense of resolution.

For the analysis of ecdysones in insect and crustacean materials, we find it
corvernient to employ mild silvlation conditions which leave the I4a-hydroxyl groups
unchanged. After preliminary extraction of material, the trimethylsilyl ethers are
prepared by heating the dry material at 100° for 6 k in a2 mixture of pyridine (100 g}
and TMSI (35 gl). Afier removal of reagents in vacuum, the residue is chromato-
graphed on thin-layer plates, and the appropriate band eluted for GC with the electron
captitre detector.

CONCELUSIONS -

Complete protection of ail the hydroxyl groups of ecdysenes as frimethylsilyl
ethers is more difficult than hitherto realised. The 14e-hydroxyl group is the most
hindered and reacts very siowly. Complete sifviation can be catalysed by a variety of
substances; for convenience in routine analysis of insect material, the 14-hydroxyl
group is not protected. The isomeric peaks of shorter GC retention fime we reported
earlier* during sitylation of ecdysones, were in fact due to completely sifylated products.
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