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1. Abstracts

1.1 English Abstract

The new diastereoselective synthesis of an estpwsaeursor and enantioselective
synthesis of (-)-methoxyestrone are described ig work. The diastereoselective synthesis
was based on two BarCp,—mediated cyclization reactions followed by a Padikband
cyclocarbonylation. The sequence of reactions gikldl6-keto-17-methylestratetraene,
compound with the tetracyclic steroid frameworkthvexcellent diastereoselectivity. The
synthesis was finished with chemoselective redactd the keto group in 16-keto-17-
methylestratetraene to furnish 17-methylestrategahich is a known precursor of estrone.
The enantioselective synthesis was based on agatejaddition of vinylmagnesium bromide
to aldimine formed from 1-formyl-3,4-dihydro-6-mettynaphthalene and.)t-leucine t-
butyl ester, which afforded the crucial chiral mbediate — 1-formyl-3,4-dihydro-6-methoxy-
2-vinyl-naphthalene — with very high ee > 98 %. tRar transformations led to the
construction of alkyl side chain containing tripkond and finally, the Pauson-Khand
cyclocarbonylation followed by chemoselective rddut of carbonyl group gave estrone
precursor, which was converted to (-)-methoxyestraccording the previously reported

procedure.

1.2  Czech Abstract

Tato prace popisuje novou diastereoselektivni gynigrekurzoru estronu a novou
enantioselektivni syntézu (-)-methoxyestronu. Restselektivni syntéza byla zaloZzena na
dvou cykliz&nich reakcich  zprostdkovanych BpZrCp, a Pauson-Khandév
cyklokarbonylaci. Timto postupem byl diastereosiNek pripraven 17-methyl-16-
ketoestratetraen, jehoz chemoselektivni redukc@inénim kroku syntézy poskytla znamy
prekurzor estronu — 17-methylestratetraenc¢dilym krokem enantioselektivni syntézy byla
konjugovand adice vinylmagnesiumbromidu na aldipfipraveny z 1-formyl-3,4-dihydo-6-
methoxynaftalenu &butyl-esteru I()-t-leucinu, ktera poskytla Kiovy chiralni intermediat —
1-formyl-3,4-dihydro-6-methoxy-2-vinylnaftalen —wgnikajici enantioselektivitiou > 98 %
ee. Nasledné transformace vedly k vyard bicyklického enynu, ktery bykgveden Pauson-
Khandovou cyklokarbonylaci na tetracyklicky ket@hemoselektivni redukci keto skupiny
ve vzniklém intermediatu byl ziskan 17-methylestiaen, ktery byl f@veden na (-)-

methoxyestron publikovanym postupem.



2. Introduction

This dissertation is devoted mainly to synthestsoeg, one of the estrogenic human
sex hormones. The work is mainly focused on thal teyntheses of this compound. Total
syntheses of natural compounds are, in generalpgrtie most intriguing parts of organic
chemistry and have served as a probing stone dhelyn methodology since the dawn of
organic chemistry until today. Estrone itself, doets rather complex tetracyclic terpenoid
structure, constitutes an attractive and at theesime challenging synthetic target. The
attractiveness is strengthened by the fact thabmstand many of its derivatives possesses
biological activity and have been a major componehtmany pharmaceutical drugs.
Moreover, recent discoveriéssuggest thagnt-steroids (non natural enantiomers of steroids)
could possess different and potentially useful dgadal properties, than their natural

equivalents.
3. Aims of the Work

The main objective of this work was to developeavrenantioselective total synthesis
of methoxyestrone and to prepare its unnatural teoraer (-)-methoxyestrone using the new
methodology. In order to accomplish this complexalgihe work had to be divided into
several more specific tasks. The first one waseteelbp a new diastereoselective strategy of
estrone framework synthesis. This task was maiolygused on designing the synthetic
strategy so that theans-anti-trans configuration at ring junctions could be achievéte
second task was to modify the developed diasteletisee synthesis to achieve
enantioselective synthesis. And finally, to test tlew methodology by preparation of (-)-

methoxyestrone.
4. Results and discussion
4.1  Diastereoselective Synthesis of Estrone Precars
In this chapter | would like to discuss one of tiwals of my work the design and
development of a new diastereoselective strateggyiothesis of the estrone framework. The

core idea for the synthesis was the Pauson-Khaaatioa. This cyclocarbonylation reaction

between a double bond, a triple bond and carbonoride is very powerful tool in



synthesizing compounds with the cyclopentanone. Before this work had begun, Pavel
Herrmann (the former member of our group) had dmed a synthesis of an estrone
precursor based on the repetitive use of dibutgoriocené®*! His work utilized the C-O
bond activation in a benzyl ether and various @gtions of dienes. However, enynes,
possessing both double and triple bond, could datestideal substrate for Pauson-Khand
reaction, therefore | presumed that combining lagthroaches could result in more efficient
synthesis of tetracyclic estrone framework. Thdioeitof the strategy is shown in the Figure
4.1.1. The tetracyclic estrone precursor 17-melldyketoestratetraene could be prepared
from a suitable bicyclic enyne using the Pausonsi¢heeaction. The preparation of enyne

could be accomplished using modified methodologyetiged earlier by Pavel Herrmann.

Figure 4.1.1
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17-methyl-16-ketoestratetraene enyne

The work began with the preparation of the styréeevative4 (Scheme 4.1.1)The
commercially available 2-bromo-6-methoxybenzoiddcivas used as a starting material. Its
reduction with BH in THF afforded 2-bromo-6-methoxybenzyl alcoh®l in almost
guantitative (99 %) yield. Subsequent protectiorth&f hydroxyl group by exposure to KH
followed by the reaction of the formed alcoholaighvbenzyl bromide furnished benzyl ether
3in 95 % yield. Introduction of a vinyl moiety inthe molecule was achieved by means of
the Suzuki coupling reaction; Phenyl bromid®@ was treated with potassium
vinyltrifluoroborate in the presence of catalytim@unt of Pd(dppf)Gl(5 mol %) and dppf (2

mol %) along with excess of triethylamine, whictvgatyrenet in very nice 98 % vyield.



Scheme 4.1.1.

Synthesis of styrdne
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As outlined in Scheme 4.1.2 dibutylzirconocenspd&nown as Negishi's reagent, was
used for transformation of styredeinto bromodien€’. In the first step, the reaction of a
stoichiometric amount of dibutylzirconocene with followed by alkylation with 3,4-
dichlorobutene in the presence of a catalytic arhainthe CuCl (10 mol %) provided
chlorodieneb, which was immediately converted to methoxydiéri®y reaction with MeONa
in DMF. The overall yield of the reaction sequestating from styrend to methoxydien®
was 55 %. In the second step, treatment of methergd with a stoichiometric amount of
dibutylzirconocene and successive alkylation ofhw,3-dibromopropene catalyzed with
CuCl (10 mol %) furnished bromodieile The cyclization was highly diastereoselective and
only thetrans diastereoisomer was obtained as the final prodilet. yield of this one pot
sequence was 75 %.

Scheme 4.1.2. Preparation of the methoxyd&ne
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The synthesis was continued with dehydrobromimadibbromodien&. Treatment of
7 with tetrabutylamonium fluoride in DM® gave enynel3 in 95 % yield (Scheme 4.1.3).
Using the described methodology it was possiblprépare the desired enyh8 in six steps

from the commercially available materials with aleyield of 36 %.

Scheme 4.1.3. Dehydrobromination of bromodiéne

13,95 %

With enynel3 on hand the synthesis was continued with Paus@m&ineaction. This
reaction is formaly [2+2+1] cycloaddition betwedhkeme, alkyne and carbon monooxide to
form thea,B-cyclopentenone ring. | envisioned that compotiBdpossessing both the alkyne
and the alkene moiety, could constitute ideal cdeteis for intramolecular variant of this
reaction. In this particular case the cyclizatioowd results in the formation of thep-
cyclopentenone ring (steroid D ring) as well asrfation of the six-membered (steroid C)
ring thus furnishing compound with the tetracydteroid framework. This would allow to
assembly the C and D steroid rings in one step.

The most successful out several tested methodstheasriginal procedure, which
relied on use of stoichiometric amount of (@0) to mediate the reactidfl. As shown in
Scheme 4.1.4 the enynE3 was treated with stoichiometric amount of ;(&0) and
subsequently the reaction mixture was exposedet@xibess of DMSO (5 eq.) at 80 °C, which
led to formation of the tetracyclic compoud in very nice 95 % vyield. It is important to
note that the product was obtained as pramls-anti diastereoisomer, which was the desired
configuration! The formation of tetracyclic prodsicwith different configuration was not
observed.



Scheme 4.1.4 Pauson-Khand reaction.

22,95 %

To continue the synthesis towards the estronedvasrk, methyl in position 13 had to
be introduced (Figure 4.1.2). | expected that cgaje addition to keton22 could be utilized

to accomplish this transformation.

Figure 4.1.2.

(-)-methoxyestrone

Treatment of the tetracyclic keto@2 with the stoichiometric amount of the M&Cu
in ELO led to methylation of the position 13 as envisbnScheme 4.1.5); however, a
product with the undesireflans-anti-cis configuration on rings junction33 was formed in
80 % vyield. Sadly, not even traces of the compowitth the desiredtrans-anti-trans

configuration were obtained.

Scheme 4.1.5. Conjugate addition to ketdae
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Several other commonly applied methods for coripigaddition were tested,
unfortunately, in neither case any product withimelstrans-anti-trans configuration was
obtained.

Since conjugate addition failed to give a prodwith the correct stereochemistry, |
decided to look for an alternative approach fortlsgais of the compound with the steroid
framework. In this regard | turned my attentionlfo-methylestratetraer@ (figure 4.1.3),
which is a known intermediate in estrone synthés# be converted to methoxyestrone
diastereoselectively with simple two step transfation)!”’ Reduction of 16-keto group in the

derivative26 could provide the estrone precur8dr

Figure 4.1.3.

3 5 7

MeO
26 34, 17-methylestratetraene

Preparation of 17-methyl-16-ketoestratetra@fievas accomplished using analogous
reaction as were used in the preparation of keRihhgScheme 4.1.6). Methoxydiertewas
treated with stoichiometric amount of dibutylziromene and succesive alkylation with 3-
bromobuta-1,2-diene in the presence of the catapmmount of CuCl (10 mol %) afforded
methylenynel? in 87 % yield. Pauson-Khand reaction1af under the same conditions as
described in the Scheme 4.1.4, afforded the dedirechethyl-16-ketoestratetraeié in 88

% yield with the desirettans-anti configuration exclusively.

Scheme 4.1.6. Short synthesis of ket@ée

Co(CO)g 0‘ o
e (T

MeO
17,87 % 26, 88 %

MeO

CuCl (10 %)



The final step of the diastereoselective synthesis reduction of the keto group in
estratetraen@6. The most successful method for the reduction thasted was based on
aluminum hydrides, which are known to be capableediiction of a keto group directly to
methylene groufy, including the keto group in a conjugated systémireatment 026 with
the solution of aluminum hydride, freshly prepafemn AICI; (4.8 eq.) and LiAIH(1.2 eq.),
at 0 °C resulted in the formation of the desiretfa¢straene84 in very nice 91 % yield. In
conclusion | managed to prepare the direct estpoeeursor- 17-methylestratetraedve- in 7

steps from commercially available materials witkei@H yield of 34 %.
Scheme 4.1.7. Reduction 26 with AlH,.
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4.2 Enantioselective Synthesis of (-)-Methoxyestren

In the previous chapter | described the new swmhef estrone precursor. The new
strategy was very efficient, in terms of yield asidstereoselectivity, therefore | wanted to
explore whether it could be modified to achievergiagelective synthesis as well. | presumed
that if | could introduce chirality early in the rihesis, namely if | could prepare bicyclic
diene7 enantioselectively, it could lead to enantiomdyiqaure estrone precurs8d due to
high diastereoselectivity in later steps. In tregard the most obvious choice would be to
attempt to modify the zirconocene mediated cydlwatof methoxydiene6 itself.
Unfortunately, after tedious experimentation widrigus different approaches to this problem
we were not successful in the preparation of thantoenriched bromodien& using
zirconocene cyclization. | had to look for a diffat strategy that would allow preparation of
the crucial chiral intermediate. One of the podisies could be enantioselective conjugate
addition, which is widely used synthetic tool innstruction of quartery chiral centers. |
envisioned that using this protocol | could be abl@repare the chiral intermediate shown in
the Figure 4.2.1, which could be subsequently cdadeto the desired chiral bromodiehe
Suitable starting material could be aldehyfe



Figure 4.2.1.
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Synthesis began with the preparation of the aldedp.****2l The commercially
available 6-methoxy tetralone was used as a sgantiaterial for the preparation. Addition of
trimethylsilylcyanide to 6-methoxytetralone catagz with Znp led to the formation of
silylated cyanohydrin@8 in almost quantitative (98 %) yield. Exposure3&to POC} in
pyridine led to elimination of the trimethylsilylrgup and yielded conjugated cyanig@ in
75 % vyield, which was subsequently reduced witlsadiutylaluminium hydride to give
aldehyde40in 65 % yield.

Scheme 4.2.1. Synthesis of conjugated alded9de
o Me3SiO CN
MeO 2z veo
38, 98 %
CN CHO
POCl; DIBAL-H
pyridine - 100 B0 Meo
39, 75 % 40, 65 %

Having the aldehydé0 on hand the synthesis was continued with the evsglactive
conjugated addition. Initially it was envisionedttihe addition of vinylboronic acid ester to
40 under Miyaura-Hayashi catalytic conditions (Rhabgt with ©-BINAP ligand}*® could
yield the desired chiral precursor. Unfortunatesfter tedious experimentation it was
discovered that catalytic conjugate addition is acuitable method for preparation of chiral
precurso#b.



Inspired by work of H. Kogen and K. Kd§4, who had successfully attached the
vinyl group to various (cycloalken-1-yl)carbaldelkgdvia 1,4-addition of vinylmagnesium
bromide to imines formed from the carbaldehydescbgdensation with chiral aminoacid
esters, | decided to use their stoichiometric aggmoon my substraté0 (Scheme 4.2.3).
According to Koga, the best results in terms ofngiogelectivity were achieved when)-t-
leucine t-butyl ester $1) was used as aminoacid. However, e&gris not commercially
available so this work had begun with its prepara{iScheme 4.2.2). Esterification af)-t-
leucine with 2-methylpropene in the presence o#26leum (1 eq)” yielded51 in nice 91

%. It's worth mentioning that the reaction wasiearout in a pressure reaction tube.

Scheme 4.2.2. Synthesis oj-(-leucinet-butyl ester.
*/COOH \]/ */coo%
NH, NH,
51, 92 %

What followed was the preparation of a chiral ienand the conjugated addition itself.
Condensation of aldehydi with ester51 in the presence of molecular sieves A4 proceeded
uneventfully, yielding chiral iminé&2. Addition of vinylmagnesium bromide t62 led to
formation of vinyl imine53, which upon treatment with a diluted acid affordbd desired
vinylaldehyde45in 60 % vyield (as a mixture @fs andtrans diastereomers in 1/8 ratio) with
very high > 98 % ee. Enantiomeric excess was datedanby chiral GC and absolute
configuration was assessed after synthesis of mgdistrone was completed by comparison
of the prepared methoxyestrone with the naturalpdam
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Scheme 4.2.3. Stoichiometric conjugate addition.
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After securing the crucial chiral intermedid®the next step of the synthesis was the
conversion of45 to chiral bromodiend’. Aldehyde45 was reduced with LiAl to give
alcohol 54 almost quantitatively (99 %) and the following stitution with NIS in the
presence of PRlafforded the iodid&8in 86 % yield. What followed was metallation oéth
iodide 58 using Riek& zinc in the presence of a,Znh (10 mol %) to the corresponding
organozinc compoun®9 and finally, the CuCl catalyzed (10 mol %) reacti®tweerb9 and
1,2-dibromopropene, which gave the desired chi@ainodiener in very nice 93 % vyield. The
presence of diethyl zinc during the formation of tirganozinc compoureb was necessary
in order to ensure smooth metallation. Furthermibris,important to note that iodid&8 and
bromodiene’ were obtained as puteans diastereomers despite the fact that starting gtikeh
45 was a mixture ofcis and trans diastereomers in 1/8 ratio. The most importantly,
bromodiene7 was obtained in optical purity > 98 % ee (deteedify chiral GC), meaning

that there was no loss of optical purity during described transformation.
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Scheme 4.2.4. Synthesis of chiral bromodiene 7.

Br
7n /‘»\/Br
Etzo CuCl
ZnEt, (10 mol %)
(10 mol %) 59, 86 % 7,93 %, >98 % ee

With chiral bromodien&’ on hand the synthesis was continued with a seguehc
reactions developed earlier in the diastereosgkectiynthesis of the estrone precursor
(Scheme 4.2.5). Dehydrobromination ©fwith TBAF in DMF afforded enynd3 in 96 %
yield, subsequent lithiation of the terminal trigdend withn-BuLi followed by methylation
of formed acetylide with Mel gave the methylategirel7 in 92 % yield. The Pauson-Khand
cyclocarbonylation ofLl7, which was done by using stoichiometric amountCab(CO)s
yielded 17-methyl-16-ketoestratetrae2@in 91 %. As expected from previous results, only
single diastereomer was obtained after the cyatimathe desiredrans-anti 26. Finally,
subjecting26 to a mixture of AIC} (4.8 eqg.) and LiAlIH (1.2 eq.) led to chemoselective
reduction of the keto group, thus furnishing 17imykdstratetraen84 in 81 % isolated yield
with ee > 98 %.

12



Scheme 4.2.5. Synthesis of chiral 17-methyledtestae34.

1. Co5(CO)s 0‘ ©
2. DMSO Oa H
MeO

17,92 % 26,91 %

AICI; (4.8 eq.) e‘
LiAIH, (1.2 eq.) Oa H
MeO

34, 81 %, > 98 % ee

The prepared 17-methylestratetraene is a knowouper of synthesis of estrone.
According to Bartlet and Johnd@rit can be converted to estrone in two steps. Taesfep is
epoxidation of the double bond and the second sreliewis acid mediated rearrangement,

which includes the shift of the methyl group frowmsftion 17 to 13. (Figure 4.2.2).

Figure 4.2.2.

Meo 3 5 7

(-)-methoxyestrone 17-methylestratetraene

The epoxidation was first attempted by the protscggested by Bartlet and Johnson,
which relied on conversion of estratetra@#eto chlorohydrine withp-TsNCL followed by
reaction with MgNOH to yield epoxidé0a(Scheme 4.2.6). The reaction under the described
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conditions furnished the desiré@awith 40 % vyield (only single diastereomer was oixd).
| also tried epoxidation of estratetrae®4 with m-CPBA in CHCL.M® In this case the
epoxide was formed in 91 % yield, however, botrstieeomers, the desiré@®a as well as
undesired0b, were formed in 3.5/1 ratio. After separation o thiastereomers pu®awas

obtained in 71 % isolated vyield.

Scheme 4.2.6. Epoxidation 84.

34
1. p-TsNCl,, DME/H,0; 2. Me4,NOH 40 %
m-CPBA, CH,Cl, 71 % 20 %

The final step of the synthesis of the methoxyesrwas the Lewis acid mediated
rearrangement of the epoxid®a At first | attempted the reaction under Bartledisd
Johnson's conditions. As Lewis acid HE,O was used in toluene at 20 °C. Surprisingly, in
my hands, no methoxyestrone was formed under tiserided conditions. The starting
epoxide was converted to a complex mixture of caimps that | was not able to further
identify 63 (Scheme 4.2.7) during the course of the reackidhen the reaction was carried
out at -20 °C, the expected estr@iewas formed, albeit only in 4 % vyield, the majooghuct
of the reaction was alcoh6P, which was the product of the hydrogen shift frposition 8 to
13 (Figure 4.2.2). Switching the solvent from bere¢o toluene led to improvement of the
yield of methoxyestronél, at -20 °C it was 8 %, at -78 °C the product wlakimed in 25 %.

In all of the above described cases the major mioaluthe rearrangement was the alcdbdl
The attempts to improve the yield of methoxyestrope@ising different Lewis acids were also
made. Bi(OTH,*" Cu(BR,)*® and IrCE™® were tested; unfortunately, as can be seen from
the table below, in neither case any methoxyestneas formed. Nevertheless, optical
rotation of prepared methoxyestrone walgf -150°, while the value reported for the natural
(+)-methoxyestrone is afp= +159°?? Additionally, absolute configuration was also
confirmed by chiral HPLC.

14



Scheme 4.2.7.

Rearrangement of epogioie

Other
+ unidentified
products
63
Entry Lewis Acid solvent  temperature 61 62 63

1 BFs-ELO (4. eq) benzene 20T 0 % 0 % >95 %
2 BFs-ELO (4. eq) benzene -20C 4 % 70 % 25 %

3 BFs-ELO (4. eq) toluene -20T 8 % 60 % <20 %
4 BFs-ELO (4. eq) toluene -78 T 25 % 55 % <20 %
5 Bi(OTf)3 (1 eq.) CH.Cl, -20C 0% 0% > 95 %
6 Cu(BR)2 (1 eq.) MeCN -20C 0% 0% > 95 %
7 IrCl3 (1 eq.) CH,Cl, -20T 0% 0% > 95 %
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5. Conclusion

The project described in this dissertation waseutatten to design and develop new
diastereoselective as well as enantioselectivensgig of estrone.

New formal total synthesis of estrone has beerldeed. The synthesis was based on
2 zirconocene mediated reactions and Pauson-Kherairiolecular cyclocarbonylation. The
synthesis was highly diastereoselective and fuetisthe desired estrone precursor with
correcttrans-anti relative stereochemistry. In summary the diaste&lective synthesis was
accomplished in 7 steps from commercially availableromo-5-methoxybenzoic acid with
overall yield of 37 %.

In the following part of the work early steps bktdiastereoselective synthesis were
modified in order to achieve enantioselective tataithesis of estrone. The key step of the
modified synthesis, in which the chirality was oduced, was conjugated addition of
vinylmagnesium bromide to chiral imine, which pr&d the crucial chiral intermediate with
ee > 98 %.

Finally, it was shown that using the described hodblogy it was possible to
synthesize (-)-methoxyestone in 13 steps from comialey available materials with 3 %

overall yield.
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6. Czech Summary

Tato disertani prace je zagfena pedevSim na totalni syntézu estronu a jeho
prekurzoru 17-methylestratetraenu. Totalni syngali obec mezi nejatraktivjSi oblasti
organické chemie. Estron diky své komplexni tetkiiclké struktie sectyimi stereogennimi
centry fredstavuje zajimavy synteticky cil. Navic nedavndligovana studie ukazuje, ze
negfirodni enantiomery steroidnich st@min by mohly mit praktické terapeutické poufiti.
Hlavnim cilem, ktery si tato disetta prace kladla, bylo vyvinuti nové enantioselekiiv
syntézy estronu a pomoci této metodypravit negirodni (-)-estron. K dosazeni tohoto
komplexniho cilu bylo nutné rozlit praci na rkolik dil¢ich Ukofi. Prvnim z nich bylo
vyvinout novou diastereoselektivni syntézu estrovel, které byl hlavni wtaz kladen na
dosazenfrans-anti-trans konfigurace vysledného tetracyklického skeletudalSicasti prace
byla pak tato nova diastereoselektivni syntéza fikndiana tak, aby bylo docileno
enantioselektivni totalni syntézy.

Ve skupirg prof. Kotory se problematikou syntézy steroidnékeletu
zabyval Pavel Herrmann, ktery ve své disariapraci popsal velmi elegantni metodiku
piipravy tetracyklického skeletu pomoci aktivace @é&hzylové vazby adkolikanasobnymi
cyklizacemia,w-dieni zprostedkovanymi dibutylzirkonocenefl*¥ Moje prace se snazila
zkombinovat vySe zmémou metodiku s Pauson-Khandovou reakci a tim wvwtino
efektivrejSi diastereoselektivni totélni syntézu estronwnfn krokem nové syntézy byla
reakce benzyletherd, ktery byl gipraven z komemé dostupné 2-brom-5-methoxybenoove
kyseliny sledem standardnich reakci, s dibutylzida@enem néasledovana alkylaci s 3,4-
dichlorbut-1-enem katalyzovanou CuCl (10 mol %)ubsdituci s MeONa. Tato sekvence
reakci poskytla methoxydie@ ve vytZzku 55 %. Nasledovala kbhva cyklizace dienl6
zprostedkovana dibutylzirkonocenem nasledovana reakci ,8-diBromprop-1-enem
katalyzovanou CuCl (10 mol %), ktera vedla ke varticyklického bromdieni v celkovém
vytéZzku 75 %. Tato cyklizace byla vysoce stereoseleki@vbromdiery byl ziskan vyhradh
jako trans diastereomer. Dehydrobromace diéhyrovedena za mirnych podminek pouzitim
TBAF jako baz€, poskytla enyrl3 ve vy&zku 95 %. Diky vhodnému usfimlani dvojné a
trojné vazby je enyid3 idealnim substratem pro intramolekularni Pausoastiovu reakci,
pii které by v tomto fipade dochéazelo k tva¥lhC a D steroidnich kruhv jediném kroku.
Cyklokarbonylace enynd3 zprostedkovana Cf{CO)}® poskytla @ekavany tetracyklicky
produkt 22 s velmi dobrym vy@Zkem 95 % a navic byla tato reakce diastereoseledti

vznikly produkt byl ziskan taka vyhrad® jako poZadovanytrans-anti diastereomer.
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Schéma 6.1 ifprava estratetraerfi®.

1 Bu,ZrCp,

| . Cl OMe
CI
A= @f g
COOH CH,OBn 3. MeONa

MeO

13,95 %

Co(CO)g ob o
o A
MeO

22,95 %

Abych se v syntéze dalgilplizil strukture estronu, bylo nutné v derivaf2 zavést
methylovou skupinu do polohy 13. O to jsem se p8kblkonjugovanou adiciiznymi
¢inidly za tiznych podminek. NejlepSiho vysledku co seetgelkového vyizku reakce bylo
dosazeno pouzitim klasického MeéCu v ELO (Schéma 6.2), v tomtofipad vznikal
methylovany produkB83 s vy&Zzkem 80 %. BohuZel latk83 nema pozadovanoutipodni
konfiguraci trans na spojeni C a D kruh Za vSech zkouSenych podminek se nefilada
pripravit ani stopové mnozstvi produktu se spravnonfiguraci pomoci konjugované adice.
A proto jsem se rozhodl zmit strategii a misto latk@3 pripravit latku 34 (Schéma 6.3),

ktera je znamym prekurzorem syntézy estrdhu.
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Schéma 6.2 iiprava latky33 konjugovanou adici.

Me

o‘ o Me,LiCu e’ ©
DUk Gk
MeO MeO

22 33, 80 %

Synteticky postupifipravy tetracyklické latkyd4 byl podobny vySe popsanému. Jako
vychozi latka byl pouZit methoxydien6, ktery po cyklizaci zprogtdkované
dibutylzirkonocenem a alkylaci 3-brombuta-1,2-diendatalyzované CuCl (10 mol %)
poskytl v jediném kroku enyrl7 (jako ¢isty trans diastereomer) ve Wiku 87 %.
Nasledovala Pauson-Khandova reakce, ktera vediahiu tetracyklického derivat@6 ve
vytéZku 88 %. Steji jako v pedchozim fipact vznikal takka vyhradg trans-anti
diastereomer. Poslednim krokem této syntézy bytencselektivni redukce 16-keto skupiny
v derivatu26. Tuto reakci jsem zkouSeiznymi metodami a jako nejlepSi se ukazala metoda
zaloZzena na pouziti sisi AICI3 a LiAIH4. Redukce tetraenB6 1,2 ekvivalenty LiAlH, v
pritomnosti 4,8 ekvivalentu AIGF™®! poskytla 7adany tetraed¢ s velmi dobrym vytzkem
91 %. Timto byla zavrSena diastereoselektivni mhtalyntéza estronového prekurz@4q,
ktery byl gipraven z komeamé dostupné kyseliny 2-brom-5-methoxy benzoové votiah s

celkovym vygzkem 37 %
Schéma 6.3 Syntéza estronového prekurzoru.

OMe
| _ Bu,ZrCp,

MeO I<
6 17,87 %

CuCl (10 %)

Me Me
Co(CO)g 0‘ o ACly ob
DMSO Oa H LIAIH, Oa H
MeO MeO

26, 88 % 34, 91%
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V nasledujici¢asti prace byla vySe popsana syntéza modifikovaka @by bylo
docileno enantioselektivni syntézy. Vzhledem k teéigoselektivit s jakou probihaly
Pauson-Khandova reakce a dalsi transformace popsanéteraturé”’ vedouci k
methoxyestronu jsemi@dpokladal, Ze pokud by byl pouzit pro syntézuahirenynl? bylo
by mozné pipravit methoxyestron enantioselektévrEnantioselektivni syntéza bromdieru
probihala néasledo¥n Jako vychozi latka byl pouZzit aldehytD, ktery byl gipraven z
komekné dostupného 6-methoxytetralonu standardnimi reake8f*? Konjugovana
adice vinylmagnesium bromidu na aldimifippaveny z aldehydd40 a t-butyl esteru (L)}
leucind®¥ poskytla vinyl aldehydi5 ve vygzku 60 % s vynikajici enantioselektivitou, vice
nez 98 % ee. evedeni aldehydd5 na chiralni bromdier? bylo provedeno nésledujicim
sledem reakci. Nejprve redukce aldehyth pouzitim LiAlH, jako redukniho ¢inidla a
nasledna substituce vzniklého alkoholu N-iodsukwidem poskytla iodicb8 ve vy€Zzku 86
%. Reakce iodid®8 s Riekeh8 zinkem vedla ke vzniku organozimaté slodeniny, ktera
po substituci s 2,3-bromprop-1-enem katalyzovan€l@QuO mol %) poskytla kyZzeny chiralni
bromdien7 ve vytZku 93 %. Enantiomerristota sedmito reakcemi nezemila a bromdien
7 byl ziskan ve vice nez 98 % enantiomernitebgtku. Nasledujicicast syntézy byla
obdobna diastereoselektivni strategii. Dehydrobmam@omdienw poskytla enyrl3, jehoz
acetylenovy vodik byl nahrazen methylovou skupinawzniku enynd 7. Pauson-Khandova
reakce enund7 vedla, podle &ekédvani, ke vzniku optickyistého tetraen26 a kon€n¢
chemoselektivni redukce 16-keto skupiny v deriv&uposkytla 17-methylestratetra&d v
celkovém vygzku 65 %. Tetraer84 je znamym prekurzorem syntézy estidna podle
literatury je mozné igvést jej na estron ve dvou krocich. Prvnim z ipgchpoxidace dvojné
vazby a naslednpresmyk vzniklého epoxidu katalyzovany Lewisovou Wkysri, ktery je
zarover doprovazen migraci methylové skupiny z pozice 47L8. Po provedeni obou reakci
s tetraenenB4 byl pripraven (-)-methoxyestron ve vytezku 17 %. Absdllkonfigurace
piipraveného methoxyestronu byla zjig na chirdlnim HPLC srovnanim girpdnim
methoxyestronei” Celkow byl touto novou chirdlni totalni syntézouigsaven (-)-
methoxyeston ve 13 krocich z korw¥ dostupného 6-methoxytetralonu s celkovym

vytézkem 3 %.
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Schéma 6.4

1) Zoe
MeO MeO

40 45, 60 %, > 98 % ee

Enantioselektivni syntéza estronu.

i

NH, 1. LiAIH,

2.NIS

Me
1.Zn e‘
3 b
Br MeO
CuCl 0
(10 mol %) 34,65 %

(-)-methoxyestron 61, 17 %
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