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Abstract

In order to use FT-IR spectroscopy as a technique for immunoassay analysis, the introduction of metallocarbonyl
markers in steroids has been studied By the use of the palladium-cataiyzed cross—coupiing reaction of steroidal

tniflates with [mmemymn emynyl (T] -cycmpemaalenyujmanganesetncamonyl it has been possnme to iabel some

ataraide wrnth tha mangnnacateinarhanogl mniats; tha raca AF tantactacmana sranns

steroias wiln ine manganesetriCaroony: moicty. In the case of 1C5tO8eIone, Uy means of a pfﬁ;’)eﬁy ueSlg"u(:‘d
synthetic route, it has been possible to introduce the organometallic marker minimizing the impact on the original
structure and on the functional groups of the natural hormone thus making this labelled species particularly
suitable for CMIA (Carbonyl Metallo I[mmuno Assay) purposes. © 1998 Elsevier Science Ltd. Al rights reserved.
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1. Introduction

In recent years, thanks to the pioneering work of Jaouen, new and fascinating uses of
organometallics in biology have been disciosed [1,2]. In particular by the introduction of a
metaliocarbonyl fragment into biomolecules {3,4], a new immunoassay technique, indicated as
carbonylmetalloimmunoassay (CMIA), has been developed. This technique essentially consists
of the use of metal carbonyl complexes as FTIR markers in biological studies, as an alternative to
radioactive markers in immunoassays. The strong infrared absorptions of the metal carbonyl
moiety may in fact allow detection of picomole to femtomole quantities of metallocarbonyl
labeled species. This sensitivity is comparable to that of radioisotopic methods [5]. The
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/1 fragment abe

blomolecules with metallocarbony l tracers. Groups such as Coz(CO)s, M02Cp(CO)4 and

#

M;3(CO)1, (M=Ru, Os) were complexed on the triple bond previously introduced in the 17a-
position of the steroidal D ring [6] or in position 3 of cortisol [7]. The M(CO); (M=Cr [8], Mo
i8], W [8], Mn [9]) fragmenis were complexed to the aromatic A ring of estrone and estradioi

derivatives, and the Cr(CO); fragment was also bound to the phenyl ring of a C=CC4Hs moiety
on the C(i17) position of estradiol [10]. Moreover the CpM(CO); (M=Mn, Re) group was
attached on the C(17) position of estradiol in several different ways. i) through a CH, spacer by
reaction of (n’-LiCsH4)M(CO); with the corresponding spirooxirane steroidal derivative [11], ii)
by an alkyl chain linked to an amido functionality [11], iii) by an alkyne spacer, in two different
fashion (a) upon attack of (nS-LiCECC5H4)M(CO)3 on the C(17)O carbonyl functionality of
estrone [11], or (b) by Pd-catalyzed cross coupling of (n°-ICsHs)M(CO); with the tributyltin
denivative of ethynylestradiol [11].

In this paper, we report on our studies on the introduction of the manganesetricarbonyl moiety
on steroids.

In a first approach, miming the procedure used by Jaouen on estrone [12], we delivered the
ethynyl cyclopentadienylmanganesetricarbonyl moiety on the C(3)O carbonyl moiety of
testosterone (Scheme 1) by reacting the alkyne (1) and the steroid (3) after previous conversion

nto the corresponding lithium salts 2 and 4.

Scheme 1
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The 3p-{[ethynyl (n’-cyclopentadienyl)Jmanganesetricarbonyl} -4-androstene-3a, 17-diol (5) was
thus formed, in 30% yield. It is important to note that although a stereogenic center has been
generated in compound 5, only formation of a single stereoisomer was observed' by NMR

' The number of lines displayed in the '*C NMR spectrum of 5 matchs exactly the number of signals expected for a single
stercoisomer. Although thesc data do not allow to cstablish its configuration, we belicve that because of the sterical bulkiness of 2
only the 3 isomer has been formed
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In connection with our interest in Pd-catalyzed processes [13-15], we decided then to
investigate the use of the Pd-catalyzed coupiing of steroidai triflaies with the
(tnmethyitin)ethynyi functionalized cyclopentadienyl manganesetricarbonyl compiex (6) (Scheme
2). The Pd-cataiyzed coupiing of vinyi trifiates with organostannanes-namely the Stiiie reaction-
represents in fact one of the most versatile method for carbon-carbon bond formation [16-18],
and, by the work of Cacchi ed others [19], a wide array of triflic derivatives of steroids have
been made easily available.

2. Results and discussion

The steroidal triflate derivatives cholesta-3,5dien-3-yl- trifluoromethane sulfonate [19] (7),
17p-acetoxyandrosta-3,5dien-3-yl trifluoromethane sulfonate [19] (8), and, 3-|[trifluoromethyl)
sulfonyl]oxylestra-1,3,5(10)-trien-17-one (9) [20] (Scheme 2) were readily available from
cholest-4-en-3-one, (17a)acetyl protected testosterone, and estrone, respectively.

In a first series of experiments we attempted coupling reactions under mildest possible

conditions, thus in the presence of the (CH;CN),PdCl, catalyst (3-5%) and 3 equiv of lithium
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chloride at room temperature in DMF [17]. However un
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vinyi and aryl tnflates, 7-9 with  {n’-[(trimethyltin)ethynyijcyclopentadienyl}
manganesetricarbonyl (6) took place very efficiently. In the case of 7 and 8 starting materials
were totally consumed in 12-14 hours, whiie for 9 reaction times needed to be proionged to 20-
24 hours in order to achieve complete conversion into the corresponding 3-{[ethynyl (n’-
cyclopentadienyl)] manganesetricarbonyl} cholesta-3,5-diene (10), 17B-acetoxy-3-{[ethynyl (1’-
cyclopentadienyl)] manganesetricarbonyl}androsta-3,5-diene (11), and, 3-{[ethynyl (n’-
cyclopentadienyl)] manganesetricarbonyl}estra-1,3,5-trien-17-one (12). In all cases following

workup and chromatographic separation, coupling products were isolated in the 80-85% yield
range.

-
v
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The acetyl protecting group of 17P-acetoxy-3-{[ethynyl (n’-cyclopentadienyl)]
manganesetricarbonyl } androsta-3,5-diene 11 was subsequently easily and quantitatively

removed upon dissolution of the compound in aqueous methanol and treatment with K,CO; [22]
(Equation 1).
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The solid state structure of 3-{[ethynyl (n’-cyclopentadienyl)] manganesetricarbonyl} estra-
1,3,5-trien-17-one (12) was determined by X-ray diffraction methods. Figure 1 shows the crystal
structure of the compound. The plot reveals that the CpMn(CO); (Cp=cyclopentadienyl) moiety
is spaced, by the acetylenic unit, 4.052 A apart from the estrone skeleton. Because of this
relevant distance, and the rigidity of the alkyne linkage -which do not allow any interaction of the
CpMn(CO); group with the estrone unit- this group does not exert any sterical influence on the
steroidal frame, thus bond distances and angles are uninfluenced with respect of those found for
the three pholimorph forms of estrone already analysed [23]. The same absence of steric
influence by such kind of labelling group has been previously noticed in the case of the ethynyl
cyclopentadienyltricarbonyl thenium labelled estradiol [11]. While preventing sterical influences
between the two groups, the acethylene spacer allows indeed electronic communication between
the phenyl and the cyclopentadienyl rings. In this respect, although free rotation is allowed along
the C17-C21 axis, the planes of the two aromatic rings, C14-C19 and C22-C26, are rotated of
only 16.1(3)° thus revealing that to some extent electronic conjugation might exist-through the
alkyne spacer-between the two systems. Both these aspects suggest that the introduction of the
metallocarbonyl fragment on steroids by the n'[ethynyl (n’-cyclopentadienyl)] ligand might be

the appropriate “l".“lve for the scope of CMIA. In fact, i) the ethynyl spacer prevents st erical
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Figure 1. X-ray structure of 12.

With formation of compounds 10-12 it has been established that the Pd-catalyzed coupling of
steroidal vinyl and aryl triflates with trialkyltin acetylides may allow an efficient labelling of
steroids with metallocarbonyl moieties. On the other hand the introduction of the triflic
functionality significantly changes the original nature of the steroid itself by modification of
functional groups, which might be essential for recognition of natural hormonal receptors. In

general, although there are cases in which modified hormones have better binding affinity than
the natural ones [11], the introduction of the marker should be planned in such a way as to
minimize structural changes on natural hormones.

We therefore searched for synthetic routes that uld transform a steroid in a suitable
coupling partner for trialkyltinacetylides with ---i..!.- um structural changes. Testosterone seemed
to be a particularly suitable substrate to this purpose, especially in comparison with compound 8
(Qehamea Y In that cace althnnoh 8 wae ariginatad friam tactactarane the intradnctinn af the
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triflinr fimotinnalitvy Aactrnuad the ennne fiinntinnality intradncing a diene mniaty 1in ite nlara Wa
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frrncad fl"lqﬁ NN NMTFAcCOrIiZInNg g mirh ac nnoccthla tha ctmintniral faatharac nf tactnotarnna whila
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introducing a modification that would make possible Pd-catalyzed coupling with tin acetylydes.
Tosdoondiindinee Al v lhvnrniann b sov snmcstime A A £ A€ bnandrcbnensen oo a t~ L ncvmermeveindn cisvno
HIITOAuUetivn O1 4 DIoHHIC atUil i pousiuun 4 Ul v Ul lelUblUlUllC bUClllUU U UC appivupiiatec SHILC
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reaction [16,24,25]. 17B-acetoxy-6-1 oromo-4-anarosxen—3—o e (15) was formed in /2“/0 yieid by
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17B-acetoxy-4-bromo-4-androsten-3-one (18) was instead performed by the procedure outlined
in Scheme 3b. Treatment of 17f3-acetoxy-4-androsten-3-one (14) with dimethy L.xvxi ane (DMD)
formed the epoxide 16, shown to be a 8:2 mixture of B and o isomers by NMR analysis [27,28].
Quhceanent traatmeant of the annvide with NlaRr in the nrecence nf an acidie recin { Amhorlucat 15)
MUV OWMUWIIL U WEZULIAWIRL UL W vyuz\xu\.« VY IULLIER L VYQLZE X111 UliW Pluowuuu VL il awviugiv 1volll \l_ullu\/ll oL l.l}
dirertly foarmad tha vinul hramida 171701 ignlatad in 780/ Avarall «rnald
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Despite several attempts, either the allyl and vinyl bromides 15 and 17 failed to couple with
{n°-[(trimethyltin)ethynyijcyclopentadienyl} manganesetricarbonyl (6) in the presence of
palladium. In the case of 17B-acetoxy-6-bromo-4-androsten-3-one (15), starting material were
completely consumed, but a complex mixture of products were formed under typical conditions
[25] used to couple allyl bromides and tin derivatives, such as the use of a combination of
Pd(dba), and PPh; as catalyst, in THF solvent at 50°C. By the subsequent chromatographic
separation, no material corresponding to the desired product was identified beside a small
amount of [n°-(ethynyl)cyclopentadienyl] manganesetricarbonyl (18 %). An identical result was
obtained by using (CH3;CN)PdCl, as catalyst in DMF at room temperature [17], while the use of
Pd(dba),/PPh; as catalyst, in CHCl; solvent, at 65°C [24] left starting materials unchanged.

The vinyl bromide (17) showed the same disappointing behavior. Only variable amount of [n’-
(ethynyl)cyclopentadienyl] manganesetricarbonyl was recovered when coupling was attempted in
the presence of (CH3;CN)PACl, in DMF [17] either at 25 and 50°C, or with the same catalyst in
the presence of Pd(PPh;),/Cul in dioxane solvent [30,31]. No reaction occurs in the presence of
Pd(PPh3)4 n boﬂmg THF [17,21]. It is reported in the literature that a-bromoenones showed
d-catalyzed coupling, but were successfully reacted upon
i corresponding chetal [32]. The carbonyl

ne glycgl in the presence of p-
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acetal (18) was recovered in a “rarly quantitative yield (Equation 5 ). Unfortunately despite tms
modification further attempts to induce coupling of the modified vinyl bromide 18 with {n’-

[(trimethyltin)ethynyl]cyclopentadienyl} manganesetricarbonyl (6) were unsuccessful.

Equation 2

Although compounds 15, 17, and 18 revealed not to be suitable for Pd-catalyzed coupling with
the tin acetylide 6, in view of the successful coupling of triflate derivatives 7-9 (Scheme 2), we
decided to modify the synthetic route used to form 17 to prepare the corresponding triflate and
test 1t in the coupling reaction with 6. The epoxide 16 was then treated with an aqueous soluti
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of sulfuric acid and the 1783-acetoxy-4-androstene-4-(hydroxy)-3-one [33,34] (19) was forme

50% yield. Subsequent treatment of 19 with triflic anydnde [20] afforded the 17B-acetoxy-4-
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Coupling reaction of 20 with the tin acetylide 6 was carried out under the same conditions
used for 7, 8, and 9. In refluxing THF, using Pd(Ph;), as catalyst and 7 equiv of lithium chloride
[17,21], starting matenals were totally consumed after 20 hours, and following workup and
chromatographic separation, the coupled product, 17p- acetoxy-4-androstene-4-{[ethynyl -

cvclonentadien yl\] manaannenfﬂpnrhnnvll -3-one (21) was isolated in 62% vield (Equation 3)
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3. Conclusion

In this work, we have demonstrated that steroidal triflates efficiently undergo the Stille

coupling with trialkyltin acetylides, and, by the use of this procedure it is possible to label
steroids with metallocarbony! fragments. Being relatively ease the introduction of the triflate
functionality in the steroidal skeleton, the Stille protocol may become an interesting tool for the
nnnnn PUg. . 1 |

'lhl'A MNA e A4

MIA. Moreover, X-ray structural determination carried out on an
ethynylcyclopentadienylmanganesetricarbonyl labelled estrone has shown that this labelling
group does not exert sterical influence -thus deformations- on the steroidal skeleton, while it is
abie to transmit elecironic effects. This iast aspect might be particulariy appreciabie in order to
influence interaction with hormonal receptors. Finally chemical transformations outlined in this
report might be extended also to technetium and rhenium metals, thus widening the biomedical
use of these derivatives [35].
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4. Experimental section

(reneral

Elemental analyses were performed by the Servizio Microanalisi of the Area della Ricerca di
Roma (C.N.R., Montelibretti). IR spectra were recorded on a Nicolet FT 510 instrument in the
solvent subtraction mode, using a 0.1 mm CaF, cell. '"H NMR and *C NMR spectra were
recorded on a Bruker AC300P spectrometer at 300 and 75 MHz respectively. The '"H NMR
chemical shifts are reported in ppm downfield vs. Me,Si, assigning the residual 'H impurity
signal in the solvent (CDCl;) at resonance 7.24 ppm. The '*C NMR chemical shifts are
referenced to the !°C triplet of CDCl; at 77.00 ppm. Solvents, including those used
chromatograpy, and liquids were thoroughly degassed before use. Chromatographic separations
were performed with 70-230 mesh silica gel (Merck).

Standard techniques, with Schlenk type equipment for the manipulation of air-sensitive
compounds under a blanket of argon, were employed. All solvents were dried (sodium-potassium
alloy for tetrahydrofuran (THF), sodium for Dioxane, CaH, for N,N-dimethylformamide (DMF)
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B-{ [Ethynyl (n’-cyclopentadienyi)j manganesetricarbonyl } -4-androstene-3a,17-diol (5)

In a 100 mi flask 0.51 g (2.23 mmol) of (n’-HC=CC;sH4)Mn(CO); dissolved in 20 ml of THF
were treated with 1.73 ml (2.23 mmol) of sec-BuLi (1.3 M solution in hexane) at -70 °C. In the
mean time a second flask was loaded with 0.65 g (2.23 mmol) of testosterone, 20 ml of THF and
treated with 1.73 ml (2.23 mmol) of sec-BuLi (1.3 M solution in hexane) at -70 °C. After stirring
both solutions for 30 min at low temperature the content of the second flask was slowly
cannulated in the first one, and at the end of addition, the cold bath was removed and the mixture
kept stirring overnight while allowed to warm at room temperature. After hydrolysis with ice
water and extraction with brine the organic layer was dried over Na,SO,, filtered and evaporated
under vacuum. Subsequent chromatographic separation, using a mixture of petroleum ether/THF
(7:3 ) as the eluent yielded 0.3 g (30%) of product as white solid. mp 68-70 °C (dec.). IR
(CH,Cl,): em™ 3600, 2955, 2024, 1940. 'H-NMR (CDCl3): ppm 6.29 (s, 1H, C4-H), 5.51 (bs, 1H
C3-OH); 4.94 (t, 2H, J=2.01 Hz, Cp); 4.66 (t, 2H, J=2.01 Hz, Cp), 4.42 (s, 1H, C,;-OH), 3.63
(1H, Cy»-H), 2.30-0.90 (m, 19H), 0.93 (s, 3H Cjs-H), 0.76 (s, 3H Cjs-H). *C-NMR (CDCls):
ppm 22434, 141.19, 136.31, 126.71, 116.32, 90.98, 85.83, 83.89, 81.82, 81.09, 53.40, 51.36,
48.10, 42.82, 36.43, 34.50, 33 42, 31.69, 30.38, 26.61, 23.28, 20.55, 19.07, 11.03. Anal. Calcd
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THF were added 0.3 g (0.77 mmol) of [ n’-Me;SnC=CCsH;]Mn (CO)3, 0.25 g (5.6 mmol) of
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overnight, then after cooling the solvent was removed under vacuum and the residue redissolved
~
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in a mixture of 20 ml of THF and 60 ml of hexane. The solution was then transferred in a
separatory funnel and washed with a 10% aqueous NH4OH solution (3 X 30 ml). The organic
iayer was separated and the aqueous phase was exiracted with ether (3 X 50 mi). The organic
layers were then collected, dried over Na,SO, filtered and evaporated to dryness under vacuum.
The crude product obtained was purified by column chromatography using a mixture of
petroleum ether/EtOAc (9:1) as the eluent to give 0.38 g (82%) of product as white solid. mp
128-130 °C (dec.). IR (CH,Cl) cm™ 3055, 2952, 2869, 2023, 1938. 'H-NMR (CDCls): ppm
6.29, 5.52 (2 bs, 2H, C4-H, Cs-H), 4.94 (bs 2H, Cp), 4.65 (bs 2H, Cp), 2.30-0.90 (m, 26H), 0.91
(s, 3H, Cjo-H), 0.88 (d, 3H, J=6Hz, C,,-H), 0.84(d, 6H, J=6Hz, Cy-H, C,7-H), 0.67(s, 3H, Cjs-
H). BC-NMR (CDCh): ppm 224.37, 141.13, 136.49, 127.24, 116.15, 91.11, 85.82, 83.99,
81.82, 80.96, 56.76, 56.05, 47.97, 42.39, 39.63, 39.46, 36.12, 35.76, 34.44, 33 .41, 32.06, 31.62,
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28.20, 27.98, 26.64, 24.12, 23.80, 22.82, 22.55, 20.93, 19.07, 18.66, 11.93. Anal. Calcd for
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androstadlene 0.7 g (1. 7 mmol) of [n -Me3SnC=CC5H4]Mn(CO)3, 0.52 g (12 mmol) of LiCl
and 0.032 g (0.027 mmol) of (Ph3P)4Pd in 10 mi of THF with the procedure described for (10).
Following workup and chromatographic separation 0.8 8 (85%) of product was isolated as
yellow solid. mp 156-158 °C (dec.). IR(CH,Cl,): em™ 3431, 3055, 2024, 1939. 'H-NMR
(CDCl3): ppm 6.29, 5.51 (2bs, 2H, Cs-H, Cs-H), 4.94 (bs, 2H Cp), 4.66 (bs, 2H Cp), 4.58 (t,1H,
J=7.8 Hz, C;7-H), 2.40-0.80 (m, 17H), 2.02 (s, 3H, Ac), 0.94 (s, 3H, C;s-H), 0.80 (s, 3H, Cs-
H). BC-NMR (CDCls): ppm 224.42, 171.19, 141.16, 136.26, 126.57, 116.35, 90.97, 85.84,
83.87, 82.62, 81.82, 51.096, 47.93, 42.44, 36.62, 3449, 3337, 31.54, 27.47, 26.60, 23.42,
21.16,20.42,19.06, 11.99. Anal. Calcd for C3;H330sMn: C, 68.88; H, 6.15. Found: C, 69.02; H,
6.20.
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3-{|Ethynyl (n*-cyclopentadienyl)] manganesetricarbonyl} estra-1,3,5-trien-17-one (12)

Following the procedure described for (10), this product was prepared from 0.6 g (1.5 mmol) of
3-trifluoromethansulfonylestrone, 0.59 g (1.5 mmol) of Me;SnC=CCsHs]Mn(CO);, 0.46 g (10.8
mmol) of LiCl, and 0.028 g (0.024 mmol) Pd(Ph;P), in 30 ml of THF, but in this case reaction
time was prolonged to 24 h. Following workup the product was purified by column
chromatography using a mixture of petroleum ethe[/EtOAg (5:1) as the eluent to give(0.58 g

80%) of product as white solid. IR (CH,ClLy): cm’ ?0?7 1949, 1744. TH-NMR (FDFI 3). ppm
7. 40-6 90 (m, 3H, Ar) 5.02 (bs, 2H, Cp), 4.69 (bs, 2H, Cp), 3.00-1.40 (m, 15H) 089 (S 3H

Cis-H). 13C-Nl\./!R (CDCL): ppm 224 .2, 220.68, 140.75, 136.68, 132,10, 128 98, 125.40, 119.56,
88.97, 86.08, 83.22, 81,98, 80.80, 50.43,47.89, 44 42, 37.87, 35.79, 31.48,29.04, 26.25,25.52,
21.54, 13.79. Anal. Caled for C3H,s0:Mn: C, 70.00; H, 5.24. Found: C, 69.82; H, 5.30.

170 Tlu,deenwer 2 fladlhermel (1S nwnlnmantadioaneill  manaanaca b non el ams Nandencta T &
1 I'J‘l Iyul U.\y‘-"il 151) lyl l l -\.y\.lupculuUI 1 l’] mnuguucacu lbill uuuyl; ALIEUE UDLA™T g7
diene (13)

Yo =~ NN .1 01__1 A 1Y 11 PEUSIPEEYS Ly [ l PR oINS Ry B I - DY O B YA Y
in a 1vu mi 1nasK U ‘I- g \U /‘HllIIlUl) U 11 WCIC UlbbUlVCU lll lU 1 U1 HICuUidiiul d4iid o 11l vl

While stirring a catalytic amount of K,CO; were mtroduced in the flask, and the stimng

coniinued ai room temperature for 5 h. F rouowmg evap()fauon of the solvent, the residue was
redissoived in a 50 ml mixture of petroleum ether /EtOAc 7:3 and filtered over a glass frit
covered with a silica pad. Following removal of the solvent under vacuum the product is
quantitativeiy recovered as white solid. mp 78-80 °C (dec.). IR (CH,Cly) : cm™ 3606, 2954,
2024; 1940. 'H-NMR (CDCl3): ppm 6.29, 5.51 (2bs, 2H, C4-H, Cs-H), 4.94 (bs, 2H, Cp), 4.66
(bS 2H Cp) 4, lO(bS lll (.,17'OH) 3.63 (bS 1H (,]7-1'1),240-0 70 (m 17H) 0.93 (S .51‘1 Cio-
H), 0.76 (s, 3H, C,s-H). C-NMR (CDCl;): ppm 224.34, 141.18, 136.31, 126.71, 116.30, 90.98,
85.86, 85.81, 83.89, 81.82, 81.10, 51.36, 48.10, 42.82, 36.43, 34.50, 33.40, 31,69, 31.60, 30.41,
26.61, 23.27, 20.55, 19.07, 11.03. Anal. Caled for CyH3,OsMn: C, 69.87; H, 6.27. Found: C,

69.81; H, 6.37.
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Philips PW1100 diffractometer was a prism of about 0.17 x 0.23 x 0.31 mm. Cell parameters
arn ~htazeand Ao mned A tlan Al ciininaad smsnnnoa Al aeeratnl e dl o A e ko S &
WCILC Uudiilicu ad pail Ul UIC aluginneiin proveoss 1 Ulc Clysidal 11 ¢ WHI4AClOHICICE usiily uic

angular values of 47 reflections (5. ) automatically centered. The intensities of the
reflections were collected in the 3-27° 0 range foliowing the Lehman and Larsen notation [39]. A
reference reflection, measured every 100, was without variations during the data collection time.
All the collected reflections were used to solve the structure with SIR97 [40] program and the
refinement was performed with SHELX93 [41]. Most of the hydrogen atoms were localized in
AF map computed after the anisotropic refinement, the remaining were put in their calculated
positions and refined isotropically.

Crystal data for 12; C,3H,50,Mn, M=480.44. Crystal system; orthorhombic, Space group P 2,
2, 2. Cell parameters; a = 15.527(2) (A), b = 23.306(2) (A), ¢ = 6.763(4) (A),V 2447.3 (A), Z =
4, D, = 1.30 (g cm™), p = 5.46 (cm™), F(000) = 1000, T = 294(1) (K), Index h, k, | ranges =
0/19, 0/29, 0/8. Collected reflections = 3080. Independent reflections = 3058. Number of refined
parameters = 399. Final R(Ry) = 0.031(0.11). Weighting scheme w =1./[c*(F,)*+(0.08 P)*],
where P =[max(F,*,0)+2F:])/3. Goodness of fit = 48. Ap min/max = —0.13/0.14 (e/A%).

Details of the crystal structure investigation may be obtained from the Director of the
Cambridge Crystallographic Data Centre, 12 Union Road, GB-Cambridge CB2 1EZ(UK), on
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recovered as white solid. mp 140-143 ° |
(CDCl3): ppm 4.55 (dd, 1H, J=9.0Hz, J=7.7Hz, C\7-H), 4.2
(1H, ddd, J=14.4Hz, J=3.8Hz, J=2.6Hz, C,-Ha), 2.3-0.8 (
Cio-H), 0.78 (s, 3H, Cjs-H). >*C-NMR (CDCl;): ppm 170.72, 149.06

| 3

1 4~ el T
C ).

1'4.)
(]
[».4]
B

P
o0
o
>

65.73, 64 .82, 53.72,49.89, 40.96, 36.38, 36.24, 34.88, 33.64, 31.20,

17B-Acetoxy-4-androstene-4-[[trifluoromethyl)sulfonyljoxy]-3-one (20)

This compound was prepared in 51% yield from 17p-acetoxy-4-androstene-4-(hydroxy)-3-one
(19) (0.2g, 0.57 mmol), 2,6-lutidine (0.3 ml), and triflic anhydride (0.097ml, 0.57 mmol) in 20 ml
of CH,Cl,, with the method described in the literature [20]. IR (CH,Cl,): cm™ 3057, 2949, 2928,
2876, 2858, 1726, 1702, 1422, 1272. 'H-NMR (CDCl;): ppm 4.57 (t, 1H, J=8.4 Hz, Ci-H),
2.87 (dt, 1H, J=15.1Hz, J=2.7 Hz, C;-H,), 2.56-2.50 (m, 2H), 2.30-0.9 (m, 16H), 2.02 (s, 3H,
Ac), 1.25 (s, 3H, C1o-H), 0.81 (s, 3H, Cis-H). "C-NMR (CDCls): ppm 188.46, 171.02, 159.60,
139.41, 82.16, 53.58, 49.88, 42.31, 40.24, 36.35, 34.63, 33.86, 32.98, 30.20, 27.35, 24.76,
23.26, 21.04, 20.41, 17.51, 11.89. Anal. Calcd for C»H,006F3S: C, 55.22; H, 6.11. Found: C,
5547, H,6.17.
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This product was prepared from 0.13 g (0.29 mmol) of 17B-acetoxy-4-androstene—4-
{i{tnfluoromethyi)suifonyijoxy]j-3-one (20), 0.15 g (0.29 mmol) of Me3an—CC5PL]Mn(CO)3,
0.089 g (2.1 mmol) of LiCl, and 0.01 g (0.008 mmol) of (PhsP)sPd in 20 ml of THF with the
procedure described for (12). Following workup the product was isolated by column
chromatography using a mixture of petroleum ether/EtOAc (5:1) as the eluent to give 0.1 g
(62%) of product as white solid. mp 110-112 °C (dec.). IR (CH,Cly) : cm™ 3055, 2956, 2934,
2874, 2858, 2024, 1938, 1731, 1682. 'H-NMR (CDCl;): ppm 5.02 (bs, 2H, Cp), 4.67 (bs, 2H,
Cp), 4.58 (bs, 1H, Ci7-H), 3.16 (m, 1H, C,-H,), 2.60-0.80 (m, 18H), 2.02 (s, 3H, Ac), 1.22 (s,
3H, Cio-H), 082 (s, 3H, Ci3-H). PC-NMR (CDCls): ppm 22428, 195.19, 175.40, 171.14,
128.02, 87.17, 86.49, 82.93, 82.37, 82.01, 81.77, 53.84, 50.18, 42.43, 36.56, 35.06, 34.52,
33.67, 31.11, 30.78, 29.67, 27.46, 23.41, 21.14, 20.55, 17.85, 12.03. Anal. Caled for
C31H3306Mn: C, 66.90; H, 5.98. Found: C, 67.12; H, 5.87.

5. Acknowledgement

We thank Dr. Paolo Bovicelli and Dr. Giuliana Righi for advice in the preparation
acetoxy-4-bromo-4-androsten-3-one { 17).

[1] Jaouen, G.; Vessiéres, A. Acc. Chem. Res. 1993, 26, 361.
[2] Jaouen. G. “Bioorganometallic Chemistry, an emerging field: examples from receptology and immunology” in International
School of Organometallic Chemistry. Camerino, Italy, 9-13 September 1997.

crmotme T s Do o Tt o P, y " WP § Ly o | anoan 4

3] Lavastre, 1.; Besancon, J.; Brossier, P.; Moise, C Applied Organometallic Chem. 1998, 4, 9.

4] Top, S.; Vessiéres, A.; Jaouen, G. J. Chem Soc., Chem. Comm. 1994, 453.

15} Jaouen. G.; Vessiéres, A.; Top, S.; Ismail, A. A ; Butler, I. S. J. Am. Chem. Soc. 1988, 107, 4778.
[6] Jaouen. G.; Vessieres. A.; Top S.; Savignac. M,; Ismail, A. A. Organometallics, 1987, 6, 1985.

— p—

{7] Philomin, V.; Vessiéres, A.; Jaouen, G. J. Immunoi. Meihods 1994, 171, 201.
[8] See references 1-3 of: Cae V Woo, K.; Yeung, L. K ; Carpenter, G. B.; Sweigart, D.A. Organometallics, 1997, 16, 178.

[9] Cao. Y.: Woo, K.; Yeung, L. K Carpenter G. B.; Sweigart, D.A. Organomeralhcs 1997, 16, 178.

[10] Top. S.. Vessié¢res, A.; Jaouen, G. J. Chem. Soc. Chem. Commun. 1994, 453.

[11] Top. S.; El Hafa H.; Vessiéres, A.; Quivy, J.; Vaissermann, J.; Hughes. D. W.; McGlinchey, M. J.;
Momon, ] -P; Themau E.: Jaouen G.J. Am. Chem. Soc. 1995, 117, 8372.

[12] Top, S.. Vesswres. A_; Jaouen, G. J. Chem. Soc. Chem. Commun. 1994, 453.

[13] Lo Sterzo, C.; Miller, M. M.; Stille, J. K Organomeraliics, 1989, 8, 2331.

[14] Lo Sterzo, C.; Stille, J. K Organometallics, 1990, 9, 687.

1151 Ruttinalli A - ‘7|n|o E.: Anto nolli E - anann C. Organometallics. 1998 |7 in press.

X LIULRINVAZE, 3. Aoy K BRAAVIEANARRL, Ku,y MLLU, . U ke s ASID, s 131 P2

[16] Stille. J. K. Angew. Chem. Int. Fd. Eng. 1986, 25, 508..
[17] Scott, W. J.; Crisp, G. T.; Stille, J. K. J. Am. Chem. Soc. 1984, 106, 4630.

[18] Echavarren, A. M. Stille, J. K. J. Am. Chem. Soc. 1987, 109, 5478

119] Cacchi, S.; Morera, E.. Ortar, G. Organic Syntheses 1993. 8, 126.

[20] Kiesewetter, D.O.; Katzenellenbogen, J. A ; Kilbourn, M. R.; Welch, M. J. J. Org. Chem. 1984, 49, 4900.
{21] Scott. W. J.: McMurry, J. E. Acc. Chem. Res.1988, 21, 47.

[22] Plattner, J. J.; Gless. R. D.;. Rapoport, H. J. Am. Chem. Soc. 1972, 94,

7271 Decconts T I PN Tonoemital AL A e~ .... Allage Coane DIO‘T
<9} Dudiua, D \_uulacluc L rluapuax Vi, ACida © ry. lai GEF., OECL. 1 rxi

[24] Stille, J. K.; Simpson, J. H. J. Am. Chem. Soc. 1987, 109, 2138.

w m
(353
=]
[0
D
e



474 A. Tuozzi et al. / Tetrahedron 35 (1999) 461474

I")RI Scheffv F K : Godsch

o
Q&) Svaiviiy, ™, uwa\-ua

-_
o
0

o~

D en 1 A
[26] Djerassi, C.; RosenKranz, G, Romo J Kaufmann. S Patakl J. Am. Chem. Soc. 1950, 72. 4534.
[27] Bovicelli, P‘, Lupattelli, P.; Mincione, E, Prencipe, T., Curcn, R.J. Org. Chem. 1992, 57, 2182.
[28] Bovicelli, P.; Lupattelli, P.; Mincione, E J. Org. Chem. 1994, 59, 4304,
{29] Righi, G; Sperandio, A.; Bovicelli, P. manuscript in preparation.
[30] Newhouse, B. J.; Meg.ers., A.L; Sirisoma, N. S.; Braun, M. P_; Johnson, C. R. Synlett, 1993, 573.
[31] Echavarren, A. M.; Tamayo, N.; Cardenas D. J. J. Org. Chem. 1994, 59, 6075.
[32] Malleron, J. L.; Bacque, E.; Desmazeau, P.; M'Houmadi, C.; Paris, JM.; Peyronel, JF. Synth. Comm. 1995, 25, 2335.
[33] Brodie, A. M. H., Schwarzel, W. C.; Shaikh A. A_; Brodie, A. J. Endocrinology 1977, 100, 1684
134} Hiroshi, H.; Kyoichi, T.; Shinichi, M - Toshio, N, ] Steroid Biochem. 1979, 10, 513,
[35] Dilworth, J, R.: Parrott, S. J. Chem. Soc. Rev. 1998, 27, 43.
[36] Doyle, J. R_; Slade, P. E.; Jonassen, H. B. Inorg. Synth. 1960, 6, 216.
{37} Ukay, T.. Kawazawa, H.; Ishii, Y.; Bonnett, J. J.; Toers, J. A_J. Organomet. Chem. 1974, 63, 253.
[38] Coulson, D. R Inorg. Synth. 1972, 13, 121.
[39] Lehman, M. S.; Larsen, F. K. Acta Crystallogr., Sect. A 1974, 30, 5802
[40] Altomare, A.; Cascarano, G.. Giacovazzo, C.; Guagliardi, A.; Moliterni, A. G. G.; Burla, M. C,; Polidori, G.; Camalli, M..
Spagna, R. private communication
41] Sheldrick, G M. SHELX93 Program for Crystal Structure Refinement,

=2 AU, W VAL MIN LA YD M

Univ. Of Gottmgcn. Germany, 1993



