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Abstract - We have synthesized a tritfated form of 2,220dideoxy- 
eedysone ((3B2-22,23)-38,14~,25-txihydroxy_5B-cholest-7-~-6-one) 
of high specific activity (2.2 TBq/xunol).We have examined the 
capacity of various endocrine (prothoracic glands, follicle 
cells) and peripheral (fat body, Malpighian tubules) tissues of 
Locusta migratorfa to use this xtolecule as a precursor of 
ecdysone bioeynthesls. 
ecdysone 

Efficient conversion of 2,22-dideoxy- 
to 2-deoxyecdysone and to ecdysone could principally be 

monitored in the prothoracic glands and follicle cells. 

moulting 

Ecdysteroids are 

in arthropods. 

highly hydroxylated steroid hormones 

Ecdysone &, the mother compound of 

produced during postembryonic development of 

generally referred to as prothoracic glands. 

female insects, it is synthesized in the ovaries 

Rl R2 R3 R4 
Ecdysone 1, OH OH OH H 

2,22,25_Trideoxyecdysone 1 H H H H 

t Sp-ketodiol 1 

2-Deoxyecdysone 3 OH OH H H 

2,22-Dideoxyecdysone + OH H H H 

20-Hydroxyecdyeone 2 OH OH OH OH 

22-Deoxyecdysone 2 OH H OH H 

Scheme 1 

Our understanding of the biosynthetic pathway of 

which control 

this family, is 

insects in endocrine 

In adult reproductively 

glands, 

competent 

R3 

HO 

ecdysone is still 
fragmentary. Only the sequence of the last three steps of biosynthesis has been 

estabUshed in several insect opl3~2ies(~~3~. It consists of a series of 

hydroxylatfona of Sp-ketodiol 2 in the following order : C-25, C-22 and C-2 
1397 
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(scheme 2). The synthesis of tritium labelled 2-deoxyecdysone z(4) has allowed 

the study of the enzyme involved in the last hydroxylation step : the C-2 

hydroxylase. The tissue distribution of this enzyme has been established and 

some of its biochemical characteristics have been defined(5r6). None of the 

other enzymes involved in the biosynthesis of ecdysone has as yet been 

investigated, In this paper we report the synthesis of labelled 

2,22_dideoxyecdysonc 1 with high specific activity, and we describe first 

experiments on the tissue distribution of the C-22 hydroxylase in Locusta 

miqratoria undertaken with the new labelled precursor. 

ii@ 
CHOLESTEROL ), 

Scheme 2 

CHBMXCAL RBSULTS, 

In a previous paper we have described a multi-step synthesis of 

2,22-dideoxyecdysonefl), Several of the biological questions which we are 

addressing require the use of a labelled substrate, but our attempts to 

introduce the radioactivity (tritium) during the synthesis were unsuccessful(l). 

This has led us to modify the synthetic scheme and we have aimed in particular 

at introducing the label during the very last step of the synthesis of 

2,22-dideoxyecdysone. 

The key step in our new approach is the introduction of the label on 

the side-chain by using a homoallylic alcohol as is shown in figure 1. This 

strategy allows introduction of two atoms of tritium in positions C-22 and C-23. 

Ffgure 1 

We anticipated that during the stereoselective bfologicaf hydr~xylation in 

C-22(R), the tritium introduced in this position would be removed and we 

therefore decided to use a mixture of the _ CiS and trans isomers of the A 22 

unsaturation to increase the statistical probability of equivalent labelling at 

C-22fRj and C-22(S). 

2,22-=Dideoxyecdysone A belongs to the 5p-H series (A/D c fused rings) 

of 2-deoxyecdysteroids. There exists a certain number of dffficulties in working 
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with this type of molecules and we have explained in previous paper&J) the 
methodology which we use to circumvent these difficult&s, 

The overall synthesis of f3B2)~2,22-dideoxyecdysone is depicted in 

scheme 3, Compound z(7), with A/B cfs fused ringer was obtained in three steps 

from ergosterol. Ozonolysis of ?_ was then followed by introductfon of a X46( 
-hydraxyl group and a Wittig reaction provided a (WEI mixture of compound 2 

IL). All the details of these synthetic pathways are given in ref. (1,8), 

w 

AC 

Scheme 3 

a: MCPBA(1 eq,I-NaF(1,5 eq+)-KF(O,S @q*), C%izCl~~ ReTa* 40 mn; 
b: lILiBHEt3, THF, 
c: MnQ-HgSOq, 

-5O'C to +5V, 4h; ~~Wa~S~4.l~ffz~ 

dt Hzr 
CHCl3-TXF-CH$l2, R.T.t 12h; 

2x2 or 3H2, PdJC 58, THFI R.T,* 3h; 

The regiospecziffc epoxidationf9) of g [Z+E) was achieved by use of 
metachloroperbenzofc acid. Because the resulting allylic epoxfde is quite 
unstable and highly acid sensitive, this oxidation was performed in the presence 
of a mixture of sodium fluoride and potassium fluoride(lO), Compound z(Z+EI(R+S) 

was isolated with a 96% yield after chromatography over 'NEtNeZ-deactivated' 
silicagel. The L,1-regioselective cleavage of the epoxide has been previously 
investigated on compound 12 GI+E)(R+S) with the superhydride UBHEt3 (Scheme 4). 

Scheme 4 

This reaction gave quantitatively the homoallylic alcohol I:, ONE)* When 2 was 
treated with this reagentt we could perform, in addition to the regiaepecffic 
opening of the epoxfde, the stereospecffic and regiospecffic l,Z-reduction of 



the C-6 ketone as well us the deprotectfon of the 3p-alcohol. This reduction 

allowed the stereospecific introduction of the hydride in the 6fl-H 

configurationc which gave quantitatively the 6 alcohol(ll)- The resulting 

deactivation of the C-5 position f5g-H stereochemistry) permits an easy handling 

of this molecule, without any fear of epimerisatfon during the reaction or even 

during the work up, In this wayc the tetrol j& (WE1 was obtained with a 89% 

yield, A Jcinstic study showed that the rate-limiting step in this reaction was 

the opening of the epoxide. 

The 

regenerated 

allylic 

ta the 

alcohol 

conjugated 

which 

ketone 

relatively unstable, was rapidly 

oxidation with manganese dioxide 

(compound g fZ+E),84% yield), 

The hydrogenation of the A22(23) double bond in dioxane, at room 

temperature, with palladium on charcoal f5%L gave the unlabelled 

2,22-dideoxyecdysone $_ (R=H) together with 5% of 5a-ketodiol 2(R=Hft*)(scheme 51. 

Hydrogenolysis of the tertiary homoallylic alcohol at C-25 can be avoided by the 

use of poisoned catalysts (e.g. sodium nitrite). Nevertheless, in order 

shorten the critical time of trftiation we have performed the hydrogenation 

(R=H)) and deuteriation IR=D)) in the 

tritiation, that is without poisoning the catalyst. 

same conditions as 

to 

for the 

Scheme 5 

Tritfatfon with 3H2 in these conditions Wa8 achieved at the 

~~~~s8ar~at B VEnergie Atomique fSacfayr Prance 1 and yielded 

f3H2)-2,22-dideoxyecdysone 4' (R=T) with a specific activity of 2.2 TBq/mmole 

(60 ci/mmoleL Resides the reduction of the ,22(23) insaturation, the palladium 

eacatalysed hydrogenation (deuteriation or tritiation) have given also rise to 

small amount of isotopic exchange in position other than the insaturated one. 

The labefled 2,22_dideoxyecdysone has been carefully purified lxnd the 

traces of labelled SjS-ketodial 2“ IR=T)f9) were removed by TLC. In addition* we 

routinely purify small amounts of the labelled 2,22=dideoxyecdysone by reverse 

phase HPLC before each biological experiment (see experimental part). 

lH and 13C-NMR interpretations have been proposed for all the 

intermediates synthesized (see Table 1 and 2). 

We have incubated the newly synthesized tritiated 2,22_didesxyecdysone 

under in vitro conditions in the presence of prothoracic glands (the normal site W_ 
of ecdysone biosynthesis in larvae), fat body body fragments (functional 

equivalent of vertebrate liverf, and Malpighian tubules (functional equivalent 

Of vertebrate kidney), The tissues were excised from last instar larvae of 

Locusta and maintained for 6 h in the presence of the tritiated molecule (185 kBq 
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Figure 2 

4‘0 min 

Conversion of 2,22-dfdsoxyecdysono by larval prothoracfcr glands of 
Locuata migratoria, Three pairs of prothoracic 
were incubated for 6 h with 185 kBq f5 pCif 

glands of fifth instar larvae 
(0.08 FM, of 2,22_dideoxyecdysone 

sfter which 20 ul of the incubation medium was coeluted with reference 
ecdysteroids into af Cl8 reversed-phase HPLC column; elution with a gradient from 
0 to 100% methanol in water over 30 min; fu13. line : UV absorbance of reference 
molecules: columns : radiaaetivity measurements of aliquots of each fraction, 
E-OH, 2-DEOHI E, 22-DEc 2-DE and 2,22-IUS : migration of reference 2f)-hydroxy- 
ecdysone, 2-deoxy-2bhydroxyecdysone, ecdysone, 
ecdysone and 2,22_dideoxyecdysone. 

22-deoxyecdysone, 2-deoxy- 

1401 

Ffgure 3 

Canveraion 
mfgraturia, 

of 2~22~didauxyecdyso~~ by larval. fat body of Locusta 

All excisable fat body fsam three S-day-old fifth instar larvae was 
incubated for 6 h wfth 185 kBq (5 +I f0.08 p&f) of 2,22-dideoxyecdysone, after 
which 20 pl of the incubation medium was coeluted w5th reference 
into a Cl8 reversed-phase 

ecdysteraids 
WPLC cclihamn: elution with II. gradient from 0 to 100% 

methanol in water over 30 min; full line : UV abbarbance of reference 
calumna t 

molecules; 
radiuaotivity measurements of aliquots of each fraction, It should beA 

noted that in this experiment the radioactive peaks do not 
pure compounds. 

necessarily represent 

E-OH, 2-DEOHt I#, 22-DE', 2-DE and 2#22-DE 
ecdysoner 2-deow-2Whydroxyecdyaone# 

: mtgration of reference 20-hydroxy- 

ecdysone and 2,32-dfdeoxyecdysone, 
ecdysone, 22-deoxyeedysone, 2-deoxy- 



in 1 ml of incubation medium), 

either the combined tissues 
after which the steroids were extracted from 
and incubation media or solely from the incubation 

media. 

Figure 2 gives a representative profile of HP= elution af tritiated 

ecdysteroids present in the medium after incubation of prothoracic glands with 

labelled 2,22-dideoxyecdysone, In addition to unconverted tritiated precursory 

the chr~matugra~e shows the presence of three peaks of radioactivity which 

could be identified as 22-deoxyecdysanet 2-deoxyecdysane and ecdysone 

<co-elution and co-acetylathn with reference compounds a8 detailed in f2lE. 

this Ecdysone is bY far the major metabolite of 2,22=dideoxyecdysone in 

experiment, which underlines that prothoracic glands have efficient enzyme 

systems far C-22 and C-2 hydroxyiatian. In contrast to prothoracic glands, fat 

body fragments appear (Figure 3) ta be able to convert 2,22-dideoxyecdysone to a 

large variety af metabolftes, Among these , we have ascertained the presence of 

2-deaxyecdysone# 22-deaxyecdysone, ecdysane and 

by co-elution and co-acetylation with reference compounds 

unidentified. The fdata not shown). Several other" radioactive metabolites remain 

high polarity compounds seen in the ~hr~rnat~g~~e could not be hydralysed by 

the caaventional Helix pomatia enzyme mixture (12). * 
In adult females of Locusta, prothoracfc glands degenerate and an 

intense ecdysteraid biasynthesis c)ccurL fn the f~,X~icle cell e~~theli~ in 

vftellagenic ovaries shortly before ovulation and egg-laying. We have extiised 

f6U.cl.e C@llS and incubated them in the presence of trftiated 

2~22gdide~xy~cdys~~e for 6 h, after which the incubatian medium was processed as 

Conversion of 
I&?custa miqrstoria. 

The follicle 
vitellogenfc females 
follicle cells were 

tb 2'0 3b 4'0 nrin 

Figure 4 

2~22~d~d~~ecdys~ne by adult female follicle ccslls of 

cells were separated from 150 terminal aacytes from 
(terminal eocytes length from 5,3 to 5-7 KYUU~. *hese 
incubated fax: 6 h with 185 kBq 15 pCit 0,08 @O of 

2,22-dideaxyecdysonet after which 20 pl of the incubation medium was coeluted 
with reference ecdysteroids into a cl8 reversed-phase HPLC column: e&tien with 
a gradient from 0 to 100% methanol in water over 3Q min3 full line l UV 
absorbance of reference molecules; columns : radioactivity measurement; of 
aliquats of each fraction, 
E-OH, 2-DIBiXt 13, 22-DE* 2-DB and 2122-DB t migration of reference 20-hydraxy- 
ecdysane, 2-de~~y~2~-hydr~~ye~dys~ne~ ecdysone, 22-deoxyecdysone, 2-deoxy- 
ecdysone and 2,22_dideoxyecdysane. 
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in the foregoing experiments. The rarsults ure plcescnted in figure 4 and show 

that one major metabolite wus formed in this experiment which we identified as 

2-deoxyecdysone, The other products which appear in the chromatogramme were 

identified as 22*deoxgecdysone, eodysone and 20-hydroxyecdysone. The polar 

products seen in figure 4 were hydrolyzable by the Eelix pomatia enzyme mixture 

and yielded ecdysone and 2-deoxyecdysone, indicating that they are polar 

conjugates of these ecdysteroids. 

Finally, we have! attempted to compare the efficiency of the C-22 

hydroxylase fn the various in vftro experiments which we have performed with -- 
tritiated 2,22_dfdeoxyecdysone. The sum of the molecules which had been 

hydroxylated at C-22 in each experiment was plotted against the protein cuntent 

of the incubated tissues as shown in Table 3, It is obvious that under our 

conditions the prothoracic glands and the follfcle cells@ f,e. established 

biosynthetic tissues for ecdysone, have by far the highest rate of C-22 

hydroxylation per mg of protein per tissue, 

Fat Halpfghian Prothoracfc Follicle 

bQdY tubules glands cells 

pmol/%q protein 

C-22 hydroxylation 2-7 1.2 41.0 18.8 

Table 3 

Efficiency of hydruxyration at C-22 in various tfssues of Locusta. 
The of the labelled precursor molecules whnve been 

hydroxylated at??22 during the incubation (expressed in pm011 is plotted versus 
the protein content (expressed in mgi of the incubated tissues, 

CUNCLUSION, 

The chemical synthesis of high specific activity tritiated 2,22-dideoxy- 

acdysone has allowed us to make a first investigation of the distribution of 

C-22 hydroxylase in an insect, We have shown that both the endocrine tissues and 

the peripheral tissues of Locusta miqratoria have the capacity to hydroxylate 

2,22_dideoxyecdYsone fn position C-22 and in several other positians. The 

efficiency of the hydroxylation at C-22 is highest in the endocrine tissues. we 

are now extending our tnvestfgations towards the biochemical characterization of 

the C-22-hydroxylase, 

Melting points were measured on a Refchert microscope melting point apparatus 
and aye uncorrected. (oc)~ were measured on a Perkin-Elmer 141 polarimeter. I.R. 
spectra were recorded in KRr on a Perkin-Elmer spectrometer and a Pye Unicam 
SP3-30QS infrared spectrophotcrmeter Philips. U.V, Spectra were measured on a 
Kontron Uvfkon 810 u,v.-vis. spectrophotometer, N.&R. Spectra were recorded on 
A Bruksr SY ~2UU~z~ and A Bruker AM ~4~~~2~ apparatus in ClX13, CI32C12 or 
Crt3UD with TMS A# internal standard, 
direct introduction for unmodified 

M,S. were measured on a Thomson TRN 208 by 

coupLed to A 432 fUV-1 column) 
compounds, and on a LKB 9000 S AppArAtUS 

measurements have been done 
for SiMe3-darivatization- High rssolution-MS 

method'. 
on the Thacason TKN 208 by the *peak-matching 

TLC were run on prs-coated plates of 
silica gel 

60F254 (Merck) And 
(200-63 pt 

silica gel 
40-63 r;m or 15 fjm 

chromatography, Mfcroanalyses were performed by th; 
Merck) was used for column 
Straabourg Division of the 

Service Central de Microanalyses of CRRS, Radioactivity has been determined with 



1404 T. HAAG et al. 

an Intertechnique SL 4000 liquid scintillation counter equipped 
standards and the samples counted in the ACS (Amersham, Great 
scintillation cocktail. 

.We have already described the synthesis of the 5jB-isoaers 
11&I the three first steps (from ergosterol to _2, being reported 
the last ones (from 2, to gilz and &H) being reported in (1). 

with external 
Britain) liquid 

7 to 82 and 
i';; (71, &d the 

Diene g(Z+H) (1) (595 mg, 1.31 mmoles) was dissolved in dry CH2Cl2 (10 ml), 
and a mixture of anhydrous RF (53 mg, 0.9 mmoles, 0.7 eq.1, NaF (100 mg, 2.4 
mmoles, 1.8 eq.1, and 3~chj~r;;~r~~;~;~;n a::: (Fluka 90%, 270 m9, 1.5 mmoles 
peracid, 1.1 eq.) was added stirred for 40 mn at room 
temperature and then filtered on celite, and the salts washed with CH2Cl2* After 
silicagel chromatography (0.040-0.063 mm; gradient from Hex-AcOHt 8:2 to 
Rex-AcOEt 6:4), 96% of the the four isomers 9_(Z+H)-(R+S) (590 mg, 1.26 mmoles) 
was obtained (TLC. Hex-AcOEt l:l, Rf(g(Z+H)) = O-60-0965, 
Rf(z(Z+E)-(R+S)) = 0.30-0.40). 

U.V. f A ,,x(acetonitrile) = 244 nm, E = 13000. I.R.(m"l) 8 3600(m), 
3550-3430(m), 3050((m), 2970(s), 2860(m), 1725(vs), 1660(vs), 1440((m), 1380(m), 
1370(m), 1230(s), 1220(s), 1140(m), 1020(m), 870(m)* MeSo 8 m/z 470(29) (M+, 
G29H4205t, 452(8), 442(8),437(7), 434(2), 412(2), 410(3), 395(3), 394(2), 
382(4), 379(3), 373(3), 372(4), 368(2), 367(3), 354(2), 353(2), 344(3), 339(3), 
335(3), 327(11), 322(2), 313(S), 285(5), 276(11), 275(8), 269(4), 268(3), 
267(4), 216(14), 2X(141, 97(100%). High Res. Mm@ SP=tr* t 
found: 470.3026 f 0.0017, talc.: 470.3032. Anal- 2 

M+ ;=9;$2GS . 
found C: H: 

require (for ~29H4205) C: 74.04 H: 8.94. lH-NMR in table 1 and 13C'NMR in 
9.16; 

table 2 

3-beta,6-alpha,14-alpha-25-TBTRAffYDROXY-H (l&(2+X)) 

Hpoxide z(Z+E)-[.R+S) (85 mg, 0.18 mmoles) was dissolved in THF (1 ml, 
freshly distilled over LiAlH41, cooled to -50'6, and LiDHEt3 1M (4 ml) was added 
at this temperature (1 ml/h during 4h). The solutfon was then allowed to come 
slowly to +5*c!. TLC (Hex-AcOEt-MeOH ltlrO.2) study of the reaction showed the 
successive formation of three intermediates during the reduction : the first 
reaction was the acetate deprotection (Rf= 0,45), then the 6-ketone reduction 

X*31 
and finally the epoxide opening (Rf'0.2) sat much higher temperature 

that afforded the tetrol u(Z+E). 
compl&ed, 

When after. 4h the reaction was 
the excess of hydride was carefully destroyed by addition of 

Na2S04.10H20 in the medium with vigorous stirring at 0-10°C. After filtration on 
celite, the salts were washed with CHC13-CHgC12-MeOH and the compound 
chromatographed on sio2 (0.040-0.063 mm; gradient from Hex-AcOHt I:1 to 
Hex-AcOEt-HeOH ltl:O,l~. In this way, 89% of the unstable tetrol lOtZ+E) (69 mg, 
0.16 mmoles) was obtained (TLC Hex-AcOEt-MeOH 1:1:0.2 , Rf(~(Z+E)-o+S)) = O-85, . 
Rf(g(Z+E)) = 0.21. 

X.R.(cax& : 3660(s), 3550-3300(m), 3100(m) 3080(s), 2980(s), 2860(m), 
1450(m~, 1380(m), 1330(m), 1250(m), 102O(vs~, 920(w). MS. t m/z 432(7) (M+, 
Q1~~4~4" 414(30), 399(15), 396(21), 381(12), 374(25), 363(6), 356(100%), 

High Rek. 
338(15), 323(g), 208(44), 287(371, 269(33), 219(37), 218(26), 217(39). 
Mass Spectr, * 

13 
M+ C27H4404 found: 432.3228 t: 0.0017 talc.: 432.3239. 

lLH-NMR in table 1 and C-NMR in table 2 

Tetrol lO(Z+E) (302 mg, 0.7 mmoles) was dried overnight under vacuum at 
35*c, dissolved (using ultrasons at 604C) in a mixture of dry CHCl3 (5 ml) and 
dry THF (5 ml) and then MgSOq (anhydrous, 1 g) and Mn02 (Janssen activated, 1 g, 
11 mmoles) were added. After one night stirring, the yellow solution was 
filtered on celite and the oxide washed with CHC13-CH2C12-MeOH. SiO2-chrwato- 
graphy (().04()-0.063 m; gradient from Hex-A&Et It1 to Hex-AcOEt-MeGH ltl:O-15.) 
afforded 84% of the ketone ll(Z+E) (252 mg, 0.59 mmoles) (TLC Hex-A&Et-MeGH 
lslt0.2 , Rf(z(Z+E)) = 0.35, RfnA(Z+E)) = 0.2). 

U.V. rr h*ax (acetonftrfle) = 240 IUU , E: = 12000. I*R*fc?ro-') z 3520(s), 
3500-3200(s), 2980(s), 2940(s), 2880(m), 163O(vsl, 1450(m), :",;=:;;, 1;;;;;;. 
llbO(mf, 1040(m), M.S. : m/z 430(1(l) (M+, C27H42041, 415(4), 
397(24), 394(11), 384(30), 379(6), 372(79), 354(28), 344(33), 339(14): 315(11): 
311(10), 303(11), 287(70), 234(100%), 233(98), 59(68)1 High H8S. Mass SPedtr. = 
MS C27H4204 found: 430.3074 f 0.0012 talc.: 430.3083. Anal, : found C: 73.79 
H: 10.24; require (for C27H4204.1/2MeOH) C: 73.99 Hz 9.87. ~H-NMR in table 1 
and 13C-NMR in table 2 
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Y 

3-H 
4-B 

;I; 

6-H 

;I; 

18-ii 
19-E 
20-a 
21-H 
.22-H 
23-H 
24-E 
26-E 
27-E 
l'-ii 
ts"lV. 

4.01 4.01 

2.45 2.45 

5.83 5.83 
3.23 3.22 
0.74 0.74 
1.00 1.00 

0.95 1.00 

0.91 
0.94 

3.34 

1.21 
1.21 

3.34 

5.03 s.03 

2.34 2.34 

5.83 5.83 
3.13 3.13 

0.76 0.77 0.73 
1.00 L-01 
2.70 2.24 
1.07 1.08 

5.15 5.14 5.80 
5.64 5.59 5.32 

3.45 3.14 
1.28 1;29 1.27 

1.36 1.33 

5.35 5.35 

4.09 4.02 

2.05 
4.56 

2.:3 
0.75 0.77 

0.97 
2.58 2.15 
1.01 1.05 
5.33 5.45 
5.36 5.45 
2.34* 2.15 
1.23 1.19 
1.23 1.19 

2.45 

5.83 
3.24 

0.78 0.76 
1.00 

2.60 2.18 
1.02 1.07 
5.36 5.48 
5.39 5.48 
2.35 2.18 
1.22 1.19 
3.22 1.19 

3.34 3.34 

O-44 
0.66 

2.78 

0.76 0.74 
1.04 

2.47 2.15 
0.98 1.04 
5.28 5.38 
5.32 5.35 
2,32* 2.15 
1.20 1.25 
1.21 1.25 

3.33 
7.27 

EF3(e)tS= 4,05m(R=H), W~/2-1%2;~= 5.03dR'=hC), w1/2"-1- 
H+(a)tS= 2,45M(R=Hf;&= 2.34ckIWAc); J5a-4a t 12fli; 

J5a-b= 4Hz 
R-7 t J= 5.85d; J7..9a = 2.5Hz 
H-9(a):&= 3.22dt; J9a-ll = 1OHz; J9a-7 = 3Hz; 
this miltipkt is gmer&ly not remlmd : q/2 z 20..25Hz 

H-3(8) rS= 4.hr Wl,‘2”7kiZ 
E-9(a) tS= 2.8mt w1/2 c=2OHz 
E-v(a):d = 4.6mr wy/z"-llH2 
E-7 :$=5,42m,wl~~fiHz 

~4: Sk = 0.43dd; 64g = 0.65dd, Jqrt-3* = 8Hz, 

J4@-3w= SE&L, Jqd_4$=5Hz 
H-6:+= 2.??d& J6_7&- J6g3 = 2.m 

Ei.- t E-t 
E21:+ 1.08, J = 6.5Ez; H-20:6= 2.241~ H-21:$= 1.07, J=6.5xZ; H-22: $= 5.48dd; 
a-22+&8Odd; E-23:b=5,32d& E24:6=3.14d H-23:&=5,48td; FI-24:6=2.1&; 522-23 =15H~, 
523-24 r= 8Hz, 523-22 = lS&, 522-20 = 9Hz 523-24 m5.5H.2, 522-20 =7.5Hz, J24g-24~ =15Hz 

(frau irradiatia at 2.2-I 

a-t ZiacwBrst 
H-2185= 1,07d, J 4.5iiz: H-225$=5.15&I H-21:5= X.02, J = 6.5Hz 
E-23:$= 5.64&I; E-24$&= 3.45d H-22&= 5.36ddr H-23:6= 5.3%~ 
520-22 - 8fIz, 522-23 = lm, 522-24 = 2% E24A:$= 2.35dd: &24&d= 2.24dd 

523-24 = ~Hz, 523-20 = Uzz J22-23 -lO.tjtIz, 522-20 4.2, J24~-24~ =15Hz 



Compound ll(Z+S) (61 mg, 0.14 mmoles) was dissolved in 
distilled dioxane (10 ml) by ultrasonication at 90*C, 

freshly 
till the product was 

completely dissolved. Hydrogenation can then be conducted C&WE pa/c 5% 
~pallad~~~ at room temperature during 3h (to make sure that there fs no 
starting material left). TLC and HPLC! analysis showed the presence of 5% of the 
25-OH hydrogenolysis product, identified by comparison with an authentic Sample 
of 3-beta,l4-alpha-DIKYDRO~~S-beta~CNQLEST-7~EN-6-ON~ z(R=H)(8) (= S~-ketodfol), 
After filtration through a millipore membrane (0.5 FM* solvent resistant), the 
hydrogenation product was chromatographed on SiO2 (0*063-O-200 mmf gradient from 
Hex-A&Et 1:l to Hex-A&Et-MeOH ltlr0.06), which yielded 87% of the 2822~dideaxy- 
ecdysone 4_(R-13) (53 mg, 0.12 mmolas) (TLC Hex-AcOEt-Me08 Itlt0.2 c 
Rf@ = Rf(ll(Z+E)) = 0.35, Rf@) - 0.45; mild revelatian with a solution of 3% 
~2~4 in EtQHand 1 g of vanilin led to a grey-brown spat for g(Z+E) and a red 
spot fox ft. 

E 
m*p_~A~U~t~H~x-Me~H~ t 262~263*C, U.V. : ~maxCacetUnitri3.e) = 239 XWI t 

= 12000. (ti)$2= +66' le = 7.6 , MeOH). I.R.fcm-1) : 3550-3300(s), 2980Wr 
2970(s), 2880(m), 1650(s), li460(m), 1440(m), 1380(m), 1140(m), 1050(w). 
M.S. : m/z 43269) (M+, C 7H4404)r 

P 
414(3O)t 404(17), 399(26), 396(X2), 386(84)r 

381(14), 353(9), 341(4 # 338f3)# 325(4), 32314), 315(6)t 285fl3), 234(50), 
233(100%), 215(18), 207(161, 194llll. 
G.C,-MS. (SiMe3-derivatfzation) : 

a) Trisilylated compound: m/z 648(22) (M', C3 fI6@4Si3), 633(19), 
620(29), 558(22), 543(12), 4686113, 453fl6 , 377(17), 131(100%) f 
Isotopic peaks in the molecular area : M+ t 648(222; (M+lI+ : 649tllI 
~(M~~~M~~(M+~~ = 67%; (M+l~/~~~+(~+l~ = 33%) 

b) Disflylated compound f m/z 57614) (M+, C33H6ODqSi2)~ 561(231, 
543(3), 533(10), 518(6), 486(18), 471(g), 468[10), 396(6), 381(7), 
305(9), 13J(lOO) 

Righ Res, Mass Speetr., : M+ c27ff4404 found: 432,324O f 0,0012: talc-: 432-3239 
Anal, z found Ct 75.19 Nx 10.280 require f for C27H44D4 ) c: 75.09 Hz 10.19 
lH-NMR in table 1 and 13C-NMR in table 2 

Same procedure as fur t(R-H) was run on ll(Z+E) 110,5 mg, 24.4 )urntoles) in the 
presence of PdlC 5% and D2 (deuterium ga?;T during one night. 83% Qf the 
deuteriated 
for $(R=H)). 

compound i8(R~D) ( 8.5 mg, 20 poles ) was obtained (TLC : sane as 

M,S* z m/z 434f5) (M+, C27H42D2U4~~ 416C13), 406(12), 4Olfl9), 388(58)t 
355t6), 343(4), 327(3), 3X7(4), 285(11), 2341553, 233000%t, 2X(12), 2076161, 
194(12) 

- Isoto ic peaks in the molecular area : M+(C27H42D204) r 434(5); 
(M+l) P (C27H4lD304) : 435(S). 

- Corrected intensities by comparison with the natural isotopic ratio of 
Q(R=H)t fM)=66% f= % of dideuterfated compound) 
Trideuteriated compound) (this isotopic 

ra;io(M+1)-34% t= % of 
relative 

molecular peak, is compatible with that of each 0; the eight 
tu the 
first 

fragmentation peaks) 
G.C.-MS, (SfMe3-derfvatization ) : mfz 650(20) fM*, C36H66D2OqSi3)~ 635(22), 
622(32), 560(27), S45f191, 470128), 455(29), 377f36)t 131(100%), 

- Iaoto ic peaks in the molecular area f ~M+2)+tC36H64D4~4S~3)~ 6521141; 
(M&C36H65D3D4Si3) : 651(21); M+(C36H66D204Si3) : 650122); 
(M'l)+(C36H67D104Si3) t 649(11). 

- Corrected intensities by comparison with the natural isotopic ratio of 
"4_(R-H)-(SiMe3)3" : if ((M_l)+CN)+fM+l)+lM+2)lr100%, then 2M-1)=25% 
(= 8 of monodeuteriated compound); W = 40% (= % of dfdeuteriated 

% of trideuteriated compound 1; (M+2)=fO% (= % 
and the ratio of (dfdeuteriated 

compound)f(trideuteriated compound) is 6/4 flM)/(M)+(M+l)r62%r 
(M+ltflM)f(M+l)-38%) (these relative deuteriation ratios, calculated 
for the molecular peak area, are also compatible with those of each of 
the six first fra 

High Res, Ma88 SpWtr. t M 9" 
entatiun peaks areas crf the spectrumL 

lH-NMR x 
C27N42D204 found: 

8-e as far Q(R=H). 2H-NMR : ( 5 
434.3365 k 0.0012; ca1c.r 434.3365 

H-222 1*4tm, w1/2+ -2OHzT; solventt (CH30H) 3!?!!!? 
from TMS) H-23: 1.2(m, w1/2r2OHz)t 

Same procedure as for t(R-Ii) was run on z(ZCH) (4.1 mg, 0,95 moles) 
in the presence of Pd,&' 5% and 3H2 (tritium gas) for 4h. Identification of the 
products has been made by g 

TF 
with the u labelled 

references f(R-E) and z{R-R) a~~dw~~~~~ labelled reference 2"fR==T)t8 
by comparison 

f 
In this way, we have confirmed that the 25-(OH) hydrogenoiysis side-product 



~*[R=T) was present in 7% yield after the trftiatian. Aftsx filtration through a 
millipore a8mmlame (0.5 pmr solvent reefstant~ sad the cunsecmtfve purificatim 
procedure, the labelled 2,22-didsoxysedyrone I*(RH!) wets obtained with a 
specific actfvfty of 2.2 TRq/makc+le MU Ci/mmlaI Q%x! Rex-AcOEt-ESeOH ltl.tU*2 , 
Rf(im(R~T)+0.35, Rf~~"~RrTWO.4SL 

%H!mR t t 8 ppm from msf we giva also c~ri erJtimation of the 3; af 
larbsliing for arrch position) E-22 t S - 1.2 (3UWt R-23 1 S = 1.3 (4O%,t (we 
also have labslling at unidcrntified pcmitionr r6= 1.0 (18&I, s - 2.0 (12%)). 
RPLC-Techniquerx Purfficatfon of small ummnts of the labelled 2,22-dideoxy- 
ecdysone $'fR-!I!] has bmm performed by use of 
eqeriment. 

HPLC before each biological 
Ccmditienat isucratic (methanol/water 7Of30, reverse 

fumndapak C18fr 
phaS@ 

xetenticm time 17 mn. 

An isonrsrfc mixture of XJP+BI-fR+S) {prepared in the @ame way as for 
z!, (125 ulg, 0.30 llrmales1 was dissolved in freshly distilled THF (5 arll), and a 
large excess of LiBRRt3 IN (3 ml, 3 mmoles1 was added at room tempaxature. When 
after lh the reductfon was completer the excsss of hydride was carefully 
hydrolysed with Na2SO4JOH20 (1 g) at O*C!, and the mixture was then filtered 
through a small amount of Si02. 958 of TLC-pure ccuapound ufZ+EI (119 mg, 0.29 
mmores) wus obtained (TLC iiex-AcOBt 882, Rf(~(~~R~~(R+S~~ - 0.80-0.85, 
Rf[GMR)> = 0.35). 

359(131), 
M.§. t m/z 4114(2) (M+, C2%R4602jr 399(6), 3966f31, 382131, 367[%), 
356(100%), 341(29), 324{1009), 301(461, 298t251, 256(39), ZSS(36). Rfgh 

RmB. -88 Sp8iZtte t x+ C2~R46~2 f oundt 
lR-NMR in table 1 and z3C-NMR in table 2 

414.3477 f 0.0017: cafe,: 414.3498, 

R* 2g s* R* 2F s* R 30 lr 1 2 13 
E x R 2 E: 

- 

: 25.40 26.6O 25.4* 26+6@ 2%.%* 30.0' 2%.4* 30.7. 28.%@ 2%.8* 2%.%* 30,0* 24.8 33.2 

3 67.9 67.9 67.9 66.3 66.3 66.4 21.3 
: 29.3+ Sl.%* 29.M 51.%*‘ 29.0' 33.4 52,s 34.1* 52.7+ 34.X0 53.2 38.4 43.2 13.0 

; 202.7 121.1 202.7 121.1 l24.il 68.4 207.3 122.6 207.5 122.6 207.3 122.6 82.3 35.1 
8 365.1 165.1 144.5 169.2 169.3 169.3 30.4 
9 36.4 36.4 44.2 36.0 35*7 47.9 
10 37.6 38.5 38*4 34.9 
11 21.3 21.3 22.5 22.9 22.8+ 23.0 22.6 

E 
29.4+ 29.4+ 32.4+ 29.06 29.9* 32.7+ 40.1 
47-o 48.9 45.7 W&F 42.6 

14 84.9 04.9 87.7 86.7 86.7 86.8 56.4 

E 
31.74 3X*7+ 33.9+ 33.1* 33.2* 34,2+ 24.1 
31*0+ 31*&+ 33.%+ 32.F 32.6O 33.3+ 28.0 

:78 16.02 50.17 f6.11 50.45 49.96 15.9 50.07 52.7 18.1 18.3 53.1 17.5 53.2* 17.6 52.w 17.2 52.7* 52.8 55.7 
17.2 12.5 

:; 34.86 23.8 34.92 23.8 39.9 42.8 26.9 36.5 36.0 25.3 42.2 25.3 37.8 25.3 19.2 
37.8 34.2 

g X22.5 20.5% rZ2:6 20 85 20.3 123.3 20.5 125.9 22.4 22.7 124.5 124.6 22.4 22.1 20.3 20.3 20.6 
126.0 38.8 38.4 321.1 X22.3 

23 143.1 142.7 142.6 140.8 140.3 142.U 22.W 25.9 139.9 142.8 
3: 59.88 60.12 64.19 64.24 49.5 72.7 43.8 43.6 48.9 46.2 41.6 41.6 46.7 

72.5 72.4 30.1 
jff 

70.4 70.8 
19.1 24.!% 24.5 18.0 3u.o 30.1 30.4 30.2 30.1 30.0 30.0 24.0 29.0 

29.95 29.9 30.2 23.8 28.9 
28 

f: 170.5 21.3 170.5 21.3 56.4 

mlv. 53.80 53.80 49.90 49.89 49*9u 50.34 76.92 

TABLR 2 t 13$-Rm chu&crl rhiftr f Iti pp~ fropp TM 1 
f I +r o L interchangeable assignments 1 

Studies of tba meta&Xirrrm af (3g2j~2,22-dideowyscy~~~e. 

& vitro incutbation8 r All di8eectiona were pertolrmed under stsrillle 
conditio 5 The V~~~CNNS exci8ad tfaaue8 were 
medium 9r 

rinsed repeatedly in Landureau's 
and incubated in 1 ml of the sarae medium in the presence of 185 kRq 
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~~.~~~~ of (3H2)-2,22-dfdeoxyecdysone for 6 h at 33*C. 
Extraction and purificatfun : The incubated tissues were homogenized 

together with the incubation medium in 95% aqueous ethanol and heated at 60QC 
for 10 min. After oentrifugatfon, the pellet was reextracted repeatedly with 95% 
ethanol: the combined supernatants were drfed under nitrogen and redissolved in 
methanol. The compounds were then purified by HPLC by co-elution wfth reference 
molecules on a Cl8 reversed-phase column QzBondapack, lOpm, Waters) and eluted 
with a non linear gradient of 0 to 100% of methanol in water (curve 4; gradient 
cantroller 680 Waters), Fractions of 500 pl were collected and elution of the 
reference substanoes was monitored by W absorption at 254 nm. 

The identity uf labelled ecdysteroids was ascertained by co-acetylation 
wfth unlabelled reference molecule8 in a mixture of 100 ~1 anhydrous pyridine 
and SO ~1 acetic anhydride for 1 h at room tetaperature. The reaction was stopped 
by addition of 300 ~1 methanol and the hydrolysis of acetic anhydride was 
allowed to proceed for over night at 4*C. After dessication of the mixture under 
nitrogen, the products were 
appropriate solvent systems(2). 

chromatographfed by reversed-phase HPLC in 

Protein concentration was determined according to Lowry et al.(14j. -- 
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(1987) 
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Radiupharm., 22(6), 547-557 (19851 
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