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1.1 Introduccié general

La natura é€s un magatzem inesgotable de possibles nous farmacs amb una
elevada activitat bioldgica. Perd sovint molts d'aquests compostos bioldgicament
actius, la natura els proporciona en una quantitat molt minsa, o el seu adillament resulta
molt tedids i poc efectiu. Es per aixd, que la sintesi orgdnica racionalitza esforcos vers la
necessitat practica d'obtenir aquestes estructures orgdniques, essent cadascuna
d’elles un nou repte que impulsa el descobriment de nous metodes sintétics o de noves
transformacions dins del camp de la gquimica i d'altres camps del coneixement.

Dins de I'ampli espectre d'estructures orgdniques amb activitat terapéutica, o
en vies de demostrar-ho, un dels grups més estudiats sén les macrolides,! que es poden
deescriure de manera general com macrolactones (0 macrolactames), normalment
d'entre 14 i 16 baules que presenten molts centres estereogeénics i un o més d'un
carbohidrat a la seva estructura (vegeu esquema 1.1). La eritromicina,? descoberta per
extraccions d'un cultiu de Streptomyces erythreus, n'és un exemple que té un ampli

ventall d’aplicacions farmacologiques conegudes.

Pikromycin
NMe2
0 OH

Tylosin

Esquema 1.1
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A finals del segle passat, diversos grups d'investigacié descubriren un nou grup
de polioximacrolides que presenten un anell macrolactamic de 14 baules amb
diversos centres estereogenics alternats i glicosidat amb un aminosucre. Mes
concretament, un grup de investigacid de Shering-Ploug ailld d'un cultiu de la
Actinomadura Vulgaris el que coneixen avui en dia com la familia de compostos dels
Sch's (vegeu esquema 1.2).3% Unes macrolactames, amb una elevada activitat
antifingica, de 13 dtoms de carboni amb 4 centres estereogenics, localitzats

generalment als carbonis: C2, C6, C? i C10. Normalment el C9, presenta un grup

OH
O- OH
NH,
(0]

hidroxil glicosidat amb un aminosucre.
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Esquema 1.2

Quasi simultaniament, un grup d'investigacié de Bristol-Myers qilld de cultius
d'Actinomicets el que coneixem avui com la familia de compostos de les fluvirucines
amb activitat antifngica i antivirica.4 Tornen a ser estructures amb el mateix esquelet
macrolactdmic que els Sch's i amb els mateixos animosucres. No va ser fins passats uns
anys que es varem establir les configuracions absolutes dels centres estereogénics de
I'anell macrolactdmic i dels aminosucres. Aleshores, es va poder determinar que les
aglicones d’algunes de les fluvirucines eren idéntiques a les d'alguns Sch's i que
sorprenentment les fluvirucines Biz contenen els mateixos aminosucres que els dels

Sch's.
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HO .  OH HO\H, QM
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OH OH
e OH e
o : o- OoH : o
NH; NH> NH,
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4 5 6
Fluvirucin B, Fluvirucin B, Fluvirucin B3

Esquema 1.3

Anys més tard, la fluvirucina B2 (5) va ser dillada de I'espécie Streptomyces
MJ677-72F5 i va demostrar inhibicié especifica davant fosfatidilinositol fosfolipasa C (PI-
PLC), un enzim important en el creixement cel lular, amb una ICso de 1.6 ug/mL.5

Mes recentment, ha estat aillada el que es coneix com fluvirucina Bo (9) a partir
de cultius de la Nonomureae turkmeniaca, juntament amb les conegudes Fluvirucines

B1 (4) i B3 (6), ales quals se les atribueix una activitat també antihelmintica.¢

OH
OH

NH,

Fluvirucin Bg

Esquema 1.4

El fet que aquestes macrolactames tinguin centres estereogenics consecutius
(excepte C9 i C10), fet que dificulta el control esterequimic, que continguin un
aminosucre i una activitat bioldgica notable, fa que no sigui estrany, doncs, que
aquesta familia de compostos finguin un gran interés per part de moltes companyies
farmaceutiques i de nombrosos grups de recerca. Precisament, pel repte que aixo

suposa, el nostre grup de recerca també abordar la sintesi d'aquestes estructures. Aixi,
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en el present treball ens centrarem en la sintesi de la fluvirucina B2 (5) i també d'altres
andlegs en I'estructura carbonada de I'anell macrolactdamic o de I'aminosucre.

La configuracié absoluta de I'anell macrolactamic, tant de la fluvirucina By (4)
com la fluvirucina B2 (5), es van establir com a 2R, 6S, 9R i 10R.4a Per el que fa als
aminosucres es van determinar com el 3-amino-3,6-didesoxi-L-talopiranosa (12) (4-epi-L-
micosamina) per la fluvirucina B (4), i com el 3-amino-3,6-didesoxi-L-manopiranosa (13)
(L-micosamina) per a la Fluvirucina B2 (5). Cal remarcar que [I'estructura
macrolactdmica sense I'aminosucre, es a dir I'aglicona (“a” sense, “glykos"sucre) rep

el non de fluvirucinina.

o OH OH ’
o?H O- OH
: 1 NH, 1 NH>
b 3 3
6 OH OH
OH = =
9 6, O _OH 6, O _OH
w2 _o 19, 1 1
N '| w3, 3 .,
HN OH : OH OH : OH
NH, NH,
10 11 12 13
Fluvirucinine B, Fluvirucinine B,_3 3-amino-3,6-dideoxy- 3-amino-3,6-dideoxy-
o-L-talose a-L-manose

(4-epi-L-mycosamine) (L-mycosamine)

Esquema 1.5
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1.2 Precedents Sintétics

1.2.1 Sintesi de I'Sch 38514 (4) de Hoveydaii col

La primera sintesi total descrita quan s'inicia aquest treball per I'Sch38516 (4) fou
duta a terme per Hoveyda i col.” Com es d'esperar, la desconnexid en I'enllac
glicosidic proporciona dos fragments d'elevada complexitat sintética, I'aglicona o
fluvirucinina Bi (10), i I'aminosucre 12 (vegeu esquema 1.6). Hoveyda va descriure
ambdues sintesis en diferents articles,’e7c amb la intencid de unir tots dos fragments a
les darreres etapes de la sintesi. Malauradament, va realitzar successius assajos
infructuosos. Hoveyda apunta que el problema no era la reaccié de glicosidacid, siné
la poca solubilitat de la fluvirucinina (10) en els dissolvents orgdnics aprotics que s'han

d'emprar en aguesta reaccid.”p.7d

OH
- OH
: o
NH»
(0] 6, O _OH
[ — + L/Tr
w (0] . w NG
w " N OH Y OH
HN NH,
4 10 12

Esquema 1.6

Es per aixd, que va haver de replantejar-se una nova ruta sintética per tal
d'aprofitar tot el treball realitzat a priori. L'andlisi retrosintética que va desenvolupar es
resumeix a I'esquema 1.7 i, implica dur a terme la reaccié de glicosidacié amb I'amida

17, que provenia de I'acid 18 i I'amina 19.

OPG; OPG;
NH, NHPG, NHPG,
: (@) O (@)
=~ “OH = < YoPG, ~ “OPG,
0 o) 0
| e— >
w0 I, w0 A, WA _0 A,
HN HN | HN
4
Sch 38516 14 15
=z
OPG; OH o)
. (0]
|“ | GP,0 OPG,
OH H,N NHPG,
18 19 17 16

Esquema 1.7
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Per a la sintesi de I'acid 18 partiren del dihidrofurd 20 i realitzaren una reaccid
d'alquilacié asimétrica catalitzada per un complex quiral de zirconi amb bromur
d’'etilmagnesi (EtMgBr), reaccié que fou desenvolupada per Hoveyda.8 Aixi, assoliren
I'alcohol homoalilic 21 amb bon rendiment i un e.e. del 99%. El posterior tractament
de 21 amb bromur de propilmagnesi (PrMgBr) en preséncia de Cp2liCl2 com a
catalitzador forni el intermedi de reaccié 22 que posteriorment tractaren amb bromur
de vinil, en preséncia d'un catalitzador de niquel, per obtenir I'alcohol 23. Finalment,
I'oxidacié de I'alcohol primari 23 amb catdlisi de ruteni (TPAP) els dugué a I'acid 18

amb un rendiment global del 55% (vegeu esquema 1.8)

a. EtMgBr, b. PrMgBr,
_ (S)-[EBTHI]-Zr-BINOL Cp,TiCly
o \ BrMg

OH OMgBr
20 21 22

c. CH,CHBr,
(PhsP),NiCl,

d. (CH3(CH2)2)aNRUOy,

H,O, NMO
N OH x
o)

OH
77%, 18 72%, 23

Esquema 1.8

Per a la sintesi de I'amina 19 utilitzaren com a material de partida I'alcohol
homoal lilic comercial 24, que mitjancant 4 etapes sintetiques: 1) conversid de I'alcohol
primari en un iodur primari, 2) posterior transformacié en un alquil liti, 3) addicié sobre
crotonaldehid per obtenir I'alcohol 25 i, 4) finalment una resolucid cinética, seguint el
protocol de Sharpless, els va permetre assolir I'alcohol alilic 26 amb un rendiment del
66% i un e.e. del 99%. Tot seguit, aplicaren metodologia d’'etilmagnesiacid, abans
esmentada,d sobre el doble enllac allilic de 26, tot obtenint el intermedi 27, que en fer-
lo reaccionar amb tosilaziridina en preséncia de CuBr-MesS obteniren I'amina 28 amb
uns rendiments moderats. La proteccié del grup hidroxil com a éeter de silici i el darrer
fractament amb una barreja de Na/NHz els permeté assolir 'amina 19, en 8 etapesiun

rendiment global del 11% (vegeu esquema 1.9).
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a. PhgP, I,, OH
Y\/o FrN Y\)\/ w
b. 'BuLi, c. Ti(O'Pr),,
24 H,CCHCHO  51%, 25 'BUOOH, 66%, 26
(+)-Tartrate
d. EtMgCl,
szZrCIZ
otes TBSOTf OMgCl
OH €. Tosylazmdme
, MgCl
N g. Na/NH3 ", CuBr-Me,S
HoN
TsHN 27
83%, 18 40%, 28

Esquema 1.9

Un cop obtinguts I'acid 18 i I'amina 19, Hoveyda va dur a terme la unié dels dos
sinfons mitjancant metodologia estandard, emprant dicliclohexilcarbodiimida (DCC) i
1-hidroxibenzotriazole (HOBT). La posterior desproteccié de I'éter de silici els va
permetre obtenir I'amida 17 sobre la que calia redlitzar la reaccié de glicosilacié

(vegeu esquema 1.10).

= =z
a. DCC,
HOBT OH
+
N0 b. HF, WNGO S,
MeCN
OH HN
18 19 68%, 17

Esquema 1.10

Previament a la glicosilacié, va dur a terme la sintesi del fluoroderivat’e 14
(vegeu esquema 1.7). La sintesi s'inicid partint del sorbat d'etil 29 que es va sotmetre a
una dihidroxilacié asimétrica regioselectiva i la posterior proteccidé com acetonid forni
I'ester 30. Una reaccié d'ozondlisi i la posterior aminacid amb (R)-N-hidroxi-o-
metilbenzilaomina els va permetre obtenir la nitrona 31, amb un rendiment global del
30%. La seglent etapa, que va esdevenir clau per a I'obtencidé del fluoroderivat 16,
implicava una cicloadicié [3+2] de la nitrona 31 i carbonat de vinilé, va fornir 32a amb
una diasteroselectivitat de 20:1 i una relacié endo:exo superior a 98%. La desproteccid
de I'acetonid, la reduccié de I'enllac N-O amb Pd(OH)2 en atmosfera d’hidrogen i el
posterior tractament amb HCI en MeOH condui a I'obtencié de I'hidroclorur 33. Les
posteriors proteccions i desproteccions conduiren a 34, que en tractar-ho amb tiofenol

(PhSH), en presencia de tetraclorur d'estany (SnCls) com a dcid de Lewis, i
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posteriorment amb dietilaminotrifluorosulfur (DAST) els va permetre obtenir

el

fluoroderivat 35 com a precursor de la reaccié de glicosidacié, en un total de 13

etapesiun rendiment global del 4% (vegeu esquema 1.11).

a. AD mix-a,
o) tl\éegazNHz, )\/\/& c. O3, MesS )\/\ o
/\/\)J\OH u o ) OEt — Y SNTPh
i O H O O
b. 2,2-dimethoxy- )< : )<
29 propane, p-TsOH 52%, 30 d. Hl}l/\Ph © 30%, 31
OH e}
e.
[ p=o
(6]
Benzene, 85 °C
MeO,,, O
f. THF:HCI, 4:1
HO OH g. Pd(OH),, 300
%I %H3 psi H,, MeOH
h. HCl anh, MeOH
79%, 33 69%, 32a:32b, 20:1

i. CF3COSEt, Et3N, MeOH
j- Ac,0, pyridine
k. H,S0y4, Acy0, 0 °C

AcO,, O I. PhSH, SnCl, o
AcO OAc M. EtzNSF%, AcO OAc
NHCOCE,  N\BS:0°C NHCOCFs
85%, 34 65%, 35

Esquema 1.11

Un cop obtingut el fluoroderivat 35 i I'amida 17, Hoveyda i col. procediren a dur

a terme la reaccié de glicosidacid emprant clorur d'estany (ll) en preséncia de

perclorat de plata (AgClOa4) i tamis molecular, tot obtenint I'amida glicosilada 36 amb

un excellent rendiment i una elevada diasteroselectivitat (>98%) cap a I'andmer «a

desitjat.

22

\
\
W

OAc
NHCOCF;
0
a. AgClO,, SnCl,, = : OAc
OH O 4 A sieves o
+
o _~u, AcO OAc WS 0 i,
HN NHCOCF; N

17 35 92%, 36

Esquema 1.12
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Posteriorment, Hoveyda i col. van assajar en I'amida 36 una reaccid de ring
closing metathesis (RCM), emprant el catalitzador de molibdé desenvolupat per
Schrock.? Sobre aquesta reaccié cal comentar que fins aleshores no s’havien assajat
gaire ciclacions sobre estructures per a la sintesi de productes naturals ni tampoc per
estructures més enlld de 8 atoms de carboni. A més a més, quasi sempre es realitzaven
sobre compostos amb una estructura rigida i orientant adequadament els centres
reactius. Finalment comentar que, Hoveyda i col. realitzaren la reaccidé de RCM per a
I'obtencié d'un doble enllag trisubstituit, fet que encara augmentava més la
complexitat de la reaccid, ja que en aqguests casos I'impediment estéric juga un paper
desfavorable en la reaccié.

Tot i aquests hipotétics problemes, Hoveyda va obtenir la macrolactama 37
amb un excellent rendiment i una elevada diastereoselectivitat cap a l'alque 7
(>98%). La posterior hidrogenacié del doble enllac amb Pd/C en EtOH condui al
producte reduit 38 amb un elevada diasteroselectivitat cap al diasteredmer desitjat 6S
(>98%). Aquest fet esdevingué clau per a la sintesi de la Fluvirucina Br (4) i fou
argumentada per Hoveyda i col. apuntant que s'obtingué per preferéncies
comformacionals de I'anell macrolactdmic. Finalment, les desproteccions dels hidroxils
i del grup amino de I'aminosucre forniren la fluvirucina Bi o Sch 38516 (4) en un total de

13 etapes i un rendiment global del 4%.

OAc OAc OAc
NHCOCF3 NHCOCF;3 NHCOCF;
< oA < YoAc N O Noac
O  a.Schrock O b.PdIC, Hy, o
catalyst EtOH
HN
36 72%, 38
FsC c. NoH4, MeOH
F3C¥
o, OH
/M
o) NH,
F304\ - ©
FoC : OH
o}
Schrock catalyst K o) ",
HN
96%, 4
Sch 38516

Esquema 1.13
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1.2.2 Sintesi de les fluvirucinines B1 (10) i Bo (57)

1.2.2.1 Sintesi de la fluvirucinina B: (56) de Trost i col.

La sintesi de la fluvirucinina By o I'aglicona del Sch 38516 (10) del grup de Trost i
col.’19 apareix amb posterioritat a la sintesi total de Hoveyda.” Trost i col. realitzaren la
desconnexié de la macrolactama 10 per I'enllac amida i donada la seva amplia
experieéncia en la quimica del paliadi,'' I'etapa clau en la sintesi de la fluvirucinina Bs
(10) escau en una addicid estereoselectiva catalitzada per palladi. Aixi per obtenir 40
realitza una addicié estereoselectiva del nucleodfil derivat de 41 vers I'epoxid al lilic 42
catalitzada per paliladi. Cal fer esment que els 2 compostos 41 i 42 provenen del

mateix precursor, I'N-propanoil-imidazolidinona quiral 43, derivada de la efedrina.

[N

X
(0]

o 0o ‘",
HN | OCH,Ph N3 I

10 40 41 42

)O]\ (0]
Me\N NJ\k
Me Ph
43

Esquema 1.14

Per a la sintesi de 41 parteixen de I'imidazolidinona 43 i mitjancant I'alquilacid
estereoselectiva del seu enolat de liti amb bromur I'aldil déna lloc a 44 com a Unic
diasteredmer (>95%). Cal esmentar que Trost trid aquest auxiliar quiral degut a la seva
facilitat d'obtenir-ho a patir de la efedrina i la possibilitat de dur a terme reaccions
d'alquilacié amb halurs d'alquil no activats, fet que no succeeix amb un ampli ventall
d’altres auxiliars quirals descrits a la literatura. El posterior fractament de la imida 44
amb benzildoxid de liti els permet eliminar I'auxiliar quiral i obtenir I'ester benzilic 45. El
tfractament d'aquest ester via una ozondlisi condueix a I'aldehid 46, que mitjancant
una reaccié de Knoevenagel, amb I'anid de I'dcid de Meldrum dona lloc al derivat 41,
després de I'addicié conjugada de NaTeH preparat in situ (NaBHs + Te) amb un

rendiment global del 42%.
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)OI\ 0 a. LDA, o o o
78°C
Me< e« )]\
N™ N N NJ\/\ PhCH,0” ™
)~ Br — b. PhCH,OH, :
mMé  Ph e med en ) BuLi, 0°C m
43 94%, 44, 61%, 45
d.r. >95%
c.0s 78°C,
PhsP
o 0
LYY 0
-0
H
EtOH, 30°C, O
iperidine, NaTeH
OCH,Ph piperidine, NaTe OCH,Ph
87%, 41 85%, 46

Per I'obtencid de I'alguenilepoxid 42, Trost i col.

Esquema 1.15

realitzaren novament una

reaccié d'alquilacié de 43 amb iodur de 3-azidopropil i obtenir aixi I'imida 47.

L'eliminacié de I'auxiliar quiral de 47 mitjancant una reduccid amb LiAlH4 i la posterior

oxidacié de Swern de I'alcohol primari els permeté obtenir I'aldehid 48. L'olefinacié de

I'aldehid 48 via una reaccié de Horner-Wadsworth-Emmons i el posterior tractament

amb DIBALH condueix a I'alcohol alfilic 49. L'epoxidacid de 49 en les condicions de

Sharpless seguida de I'oxidacié de I'alcohol alfilic conduiren a I'obtencié de I'aldehid

50. La reaccio d'olefinacid de Wittig déna lloc a I'alqué 42 amb una relacid

diastereomeérica Z/E de 7:1.

62%, 47,
d.r. >95%

a. LDA,
Me- )J\ J\k 78 °C, Me.
) ( I(CH3)3N3
Me
43
X
(0]
h. Ph3PCH2CH3BI’
' KHMDS, 78 °C
N3
42,
dr. ZIE7:1

)J\ °b. LiAlH,, 0 °C
c. (COC|)2, DMSO

5296, 48
d. NaH, (Et0),PO

(CH,COOEY)
e. DIBALH, 78°C

f. Sharpless
epoxidation

g. (COCl),, DMSO,
EtzN, 78 °C

81%, 49

J

58%, 50

Esquema 1.16
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Finalment la reaccié d'alquilacié de 41 amb el derivat 42 en presencia d'un
catalitzador de palladi [(dba)sPd2CHCIs] els va permetre assolir 40 amb un rendiment
del 75% com a Unic diastereomer (vegeu esquema 1.17). Les intencions inicials de Trost
eren hidrogenar el doble enllag, reduir I'azida i realitzar la hidrogenodlisi de |'ester
benzilic de 40 en un Unic pas de reacciod. Perd després de diferents assajos infructuosos,
optaren per realitzar la hidrogendlisi i reduccié de I'azida en un primer lloc. Aixi, després
de protegir I'alcohol de 40 com a éter de silici, reduiren el grup azida i realitzaren la
hidrogendlisi del grup benzil emprant formiat d'amoni en presencia de Pd/C per
obtenir el w-aminodcid 51, el precursor de la reaccié de macrolactamitzacié. Trost i
col. varen tenir greus problemes en dur a terme la macrociclacidé de 51. Despres
d'assajar nombrosos profocols varen frobar que emprant hexafluorofosfat de
bromotripirrolidinfosfoni (PyBroP), per activar I'dcid carboxilic, els va permetre obtenir la
lactama 52 amb un rendiment del 42%. La posterior descarboxilacié de 52 forni la

lactama 53 com a Unic diasteredmer.

a. [(dba);Pd,-CHCl3]

’
7
‘

'/,'/
N3

|
N —P—
OCH,Ph ° o0 PhCH,0

41 42 75% ,40

b. TBSOTHf,
2,6-lutidine

c. Pd/C,
HCO,NH,,
4 kbar, rt

d. PyBroP

DIPEA, DMAP,
83°C

42%, 52 39%, 51

e. LiOH, MeOH 4 kbar,
rt, then DMSO, 120 °C

i —

64%, 53

Esquema 1.17
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En aquest punt, Trost i col. intentaren d'hidrogenar el doble enllac de la
lactama 53, perd no se'n sortiren. Aleshores, triaren desprotegir I'eter de silici de 53 i
assajar la hidrogenacié. Aquesta nova estratégia els funciond, perd van haver de
tornar a protegir I'alcohol com a I'éter de silici per obtenir aixi 54. La transformacié de
54 en |'ester de selenifenil 55 i la posterior descarboxilacid radicaldria, emprant BusSnH,
condui a I'obtencié del eter de silici de la fluvirucinina By (58), producte que ja estava

descrit per el grup de Hoveyda i col.

o =
MeO MeO
a. TBAF, 40 °C
OTBS y_h,, PdiC, EtOH
W iz C. TBSOTf, 2,6- o
lutidine, 0 °C
53 68%, 54
d. LiOH, KCN, MeOH, rt
e. PhOP(O)Cl,, Et3N, 0 °C
f. PhSeH, Et3N, 0 °C
OTBS
0] g. BusSnH, AIBN,
xylene 175 °C
HN
83%, 56 56%, 55

Esquema 1.18

1.2.2.2 Sintesi de la fluvirucinina Bo 57 de Baltrusch i col.

La sintesi de la fluvirucinina Bo 57 es publica abans de la seva descoberta i/o
dillament a la Natura.!2 Els autors d'aquesta sintesi tenint en compte [|'activitat
antiviica que presenta la fluvirucinina B (10) proposaren la sintesi de la 6-nor-
fluvirucinina B (57), eliminant el grup metil de la posicid Cé de I'anell lactamic, per
facilitar aixi la seva preparacio sintetica. L'andlisi retrosintética proposada, resumida a
I'esquema 1.19, implica la desconnexié de 57 als carbonis C4-C5, per generar unad
amida, que al seu torn, prové de 2 fragments: I'dcid carboxilic 58 i I'amina 59, que

provindria per obertura de I'epoxid 60 amb un alguenil-metall.
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X
6 OH l i OPG | S
o M, = L o J, = L& o
HN | HN l OH X
57 58 59 60

Esquema 1.19

Per la sintesi de I'dcid 58 parteixen de la sultama d'Oppolzer 61 acilada amb
clorur de crotonil. El tractament posterior de 61 amb L-selectride i subseglent reaccid
d'alquilacid estereoselectiva de bromur d'allil condueix a 62 amb un 71% de

rendiment. La posterior eliminacié de I'auxiliar quiral forni I'acid 58 amb un 93% de

rendiment.
Oy P Q a. L-Selectride, \\ // b. BusNOH,
S\NJ\”\ allyl bromide H,0,
THF, _78°C DME, 0 °C
61 71%, 62 93%, 58

Esquema 1.20

Per a la preparacié de I'amina 59, els autors parteixen de I'(E)-2-penten-1-ol
que transformen en I'epdxid 63 via una epoxidacid de Sharpless i proteccié de
I'alcohol com a éter de benzil. L'obertura de I'epoxid de 63 amb I'alquinil-metall
obtingut a partir de I'alcohol propargilic protegit com a eter de PMP, n-Buli i Me3Al en

preséncia de BF3OEt2, condui a I'obtencid de 64 amb un 49% de rendiment.

o}
a. Sharpless \©\ OBn
epoxidation C. I | OMe OH

A Y aN
OH T>"o8n
b. NaH, © n-BuLi, MezAl P
Benzyl bromide, BE -Olétz THE PMPO 72
THF, 30 min. 3 20 o’C '
71%, 63 - 49%, 64

Esquema 1.21

La segUent reaccid consisteix en la hidrogenacié catalitica de 64 i la formacid
de I'epoxid 65, amb retencié de la configuracid, en un sol pas de sintesi emprant N-
Trisim i NaH. L'obertura de 65 de forma regioselectiva utilitzant bromur de 3-butenil-

magnesi amb catdlisi de coure condueix a I'adducte 66 amb un 58% de rendiment.
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X
OBn o & 3-butenyl-
on @ Hz PdIC, magnesium OH

MeOH bromide, Cul

=" " THE, 30°C /

PMPO Z4 b. NaH, L

N-Trisim, PMPO PMPO
THF

64 49%, 65 58%, 66

Esquema 1.22

La proteccid de I'alcohol secundari de I'adducte 66 com a eter de benzil, els
va permetre la desproteccié regioselectiva de I'éter de PMP amb CAN i obtenir qixi
I'alcohol primari 7. La posterior transformacié de 67 en I'amina 59 I'assoliren tot
convertint I'alcohol 67 en ftalimida 68, sota condicions de Mitsunobu, i posteriorment

eliminant el grup ftalimida amb un rendiment del 48% en les dues etapes.

AN
a. NaH,
Benzyl bromide, OBn
THF, 48 h
b. (NH4).Ce(NOgz)s,
CH3CN/H,0, HO
20°C
66 59%, 67
o
Cl
c. NH
Cl
c ©
PhsP, DEAD, THF,
12 h
AN
OoBn . HZN/\/NHZ Cl
Cl
EtOH, THF,
HoN 60 °C cl
c ©
48%, 59 68

Esquema 1.23

La uni® de I'acid 58 i de I'amina 59 la realitzen amb DCC i HOBT per tal
d'obtenir 69 amb un 63% de rendiment. La posterior reaccid de RCM, emprant el
catalitzador de Grubbs |'i un 30% en mols de tetraisopropoxid de titani, forni la lactama
70 amb un excellent rendiment, com a barreja d'isdmers E/Z en relacid 1:1. Finalment,

la hidrogenacié del doble enllac de 70, en catdlisi heterogenia de Pd/C, al mateix
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temps que la hidrogendlisis de |'eter benzilic condui a la fluvirucinina Bo 57 amb un 83%

de rendiment.

| x
a.DCC |
OBn d
5(0 + HOBT b. Grubbs cat. OBn
- w0
| OoH CHaCl, | Ti(PrO)s, ‘
HzN 12h HN CH,Cly, HN
A, 4 d
58 59 63%, 69 72%, 70
¢. Hy, Pd/C,
MeOH,
2h
OH

K (0] ‘0,
HN
83%, 57

Esquema 1.24

1.2.3 Precedents sintétics de I'aminosucre micosamina (13).

La micosamina (13) és present en molts compostos naturals d'elevada activitat
farmacologica (vegeu I'esquema 1.25).3413La forma més habitual d'obtenir-la és per
degradacié d'alguns productes naturals que la contenen,'4 perd com la majoria de
sucres i aminosucres de la natura, d'aguesta manera nomes tenim accés a

I'enantiomer de configuracié D (ent-13).

Amphotericin B

I
Q
Jd
I

o)
T

Nystatin . HO
{

Esquema 1.25
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Per I'obtencid de la micosamina de la série L (13) només existeix una sintesi
estereoselectiva duta a terme al nostre grup de recerca,!s en la Tesi doctoral de
Joaguim Nebot ¥ amb el que varem coincidir temporalment durant el
desenvolupament del present treball de Tesi. A la literatura trobarem un altre sintesi
estereoselectiva, perd en aquest cas de la micosamina de la série D (ent-13),'7 i d'altres
aproximacions a precursors de la D-micosamina a partir de modificacions de derivats

de la glucosa.'81? A continuacié, detallem cadascuna d'aquestes sintesis.
1.2.3.1 Aproximacioé sintética a la D-micosamina 70 de Nicolaou i col.

Nicolaou i col., en la sintesi de la Amfotericina B,'® varen dur a terme una
aproximacid al precursor de la D-micosamina 70. Aquest precursor 70 estava dissenyat
per readlitzar una B-O-glicosidacid, en lloc de I'a-O-glicosidacié que realitza
preferentment la micosamina. Inicialment, aixd va comportar molts mals de caps a
Nicolaou i col. ja que en totes les proves realitzades Unicament obtenien productes de
a-O-glicosidacié.’® Es per aixd que desenvoluparen una nova estrategia de
glicosidacié basada en I'ajut anquimeéric que proporciona el grup funcional situat en
C2 de l'anell pirdnic de I'aminosucre 70. Aixd va comportar haver de sacrificar
I'estereocentre en la posicid C2 i dur a terme la posterior inversié de I'estereocentre un

cop s'havia realitzat la reaccid de glicosidacio.

CIgCYNH (/P
O Me

O O~_.-Me alvst O~O~..1Me Adl O, >
catalys con
PSUE RIS UE_
AcO OTBS 9) OTBS AcO OTBS

3

2
w
2
Zn

3

[9]

® P

0., 0. .Me 0

o ., O~ "Me
L 0
HO" OTBS o OTBS

3

2
w
Zin

Esquema 1.26

Per la sintesi del precursor de la D-micosamina 70, Nicolaou i col. partiren de la
2-O-metil-4,6-O-benziliden-o-D-glucopiranosa 71 i realitzaren una inversié del grup
hidroxil de C3 mitjancant 2 passos sintétics. El primer d'ells consisteix en una oxidacié
emprant PDC i el segon en la reduccid del grup carbonil amb NaBH4 per tal d'obtenir

I'alopiranosa 72. La proteccié de 72 com a eter de tetrahidropiranil els va permetre dur

31



Capitol 1

a terme una hidrogendlisi del grup benziliden i aconseguir I'adducte 73 amb un

rendiment del 82% per ambdues etapes.

\OMe c. dihydrofuran, O. .OM

S a. PDC, CH,Cl, o/\QOJwOMe TsOH cat. HO/\(J\\ ©

',,OAC b NaBH4, \\\\k N . ‘1, d HZ! Pd(OH)Z HO\\\ g /,'OAC
THEMeoH 0 © oH OAc ™ Efoac

OTHP
71 94%, 72 82%, 73

Esquema 1.27

La diferenciacié, en quant a reactivitat, de cadascun dels hidroxils de 73 els
permet dur a terme una iodacidé quimioselectiva en la posicid Cé, i obtenir el compost
74, en les condicions descrites per Appel.20 La posterior proteccid del hidroxil de C4 de
74, com a éter de silici, i una reducciod radicaldria en la posicid Cé de I'anell pirdnic,

emprant BusSnH i AIBN cat., forni I'estructura carbonada 75.

O .OMe a. PPhs, Iy, . b. TBSOTT, .
HO/\QJ‘ imidazole |/\C.j\‘ OMe ™ 5 6-lutidine \(Oj\\ OMe
HO™ Y “'0OAc benzene HO - “0Ac C.BusSnH, Tso" - "OAc
OTHP OTHP AIBN cat. OTHP
73 89%, 74 93%, 75

Esquema 1.27

Per assolir el precursor de la D-micosamina 70 es necessari una inversid de
I'estereocentre en C3 i infroduir el grup amino a I'anell pirdnic de 75. Per aconseguir-
ho, Nicolaou i col. desprotegeixen el hidroxil de C3, l'activen com a
trifluorometansulfonat (triflat 76) i el desplacen via una reaccid tipus SN2, amb NaNs tot
obtenint I'adducte 77.

\ijowle a PPTS, MeOH \‘/\Oj\‘\OMe o Nals O._.OMe
TBSO" Y “OAc  b. (CF3S0,),0, TBSO" > “OAc  15-crown-5, TBSO" “'OAc
OTHP pyridine, CH,Cl, OT§ DMF Na

75 86%, 76 83%, 77

Esquema 1.28

Finalment, Nicolaou i col. activen la posicié C1 de 77 via una acidolisi catalitica
amb HzSO4 i anhidrid aceétic per fornir I'acetoxi derivat 78. La conversié de 78 en el
lactol 79 I'assoliren emprant el ZnClz2 i clorur de metoximetil, que en condicions
d’hidrolisi amb HgBr2 en MeCN/H20 (9:1), aconsegueixen el lactol 79 com a barreja

anomeérica o/f en una relacio 1:3. L'anomer a és el producte desitjat per dur a terme la
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O-glicosidacié de 70, Nicolaou i col. realitzen un enriqguiment d'aquest en sotmetre la
barreja 1:3 de 79 en condicions de cromatografia en columna flash amb silica gel i

obtenen una nova relacié anomeérica del lactol 79 de 9:1.

b. Cl,CHOMe,
O\ wOMe 4 Ac,0, H,S0, O wOAC ™ ZncCl, cat. O wOH
8BS0 “'OAc TBSO" “oAc C HIBr2, CaCls, 15 “'OAc
silica gel
N3 N3 N3
77 90%, 78 80%, 79, a/p 91

Esquema 1.29

L'activacié del hidroxil de 79 com a tricloroacetimidat els va permetre obtenir

finalment 70 com a precursor de la D-micosamina.

C|30\|¢NH

O OH a. NaH, CI;CCN OO
8S0" Y “0Ac  CHXLh T8S0" Y~ “OAc
N3 N3
79, a/p 9:1 70, o/ 9:1

Esquema 1.30

1.2.3.2 Aproximaci6 sintetica a la D-micosamina 80 de Carreira i col.

Carreira i col., anys més tard, optimitzaren la sintesi del precursor 70 duta a
terme per Nicolaou i col. La intencid principal de Carreira i col.'? era escurcar la sintesi
d’en Nicolaou i reduir el nombre de purificacions per cromatografia en columna per
obtenir d'una manera rdapida i senzilla la major quantitat de precursor de la D-
micosamina 80 i poder sintetitzar la amfotericina B i realitzar diferents proves d'activitat
biologica.?! Tot i qixi, la sintesi del precursor de la D-micosamina de Carreira 80 difereix
de la de Nicolaou en el grup protector en C2 i en la variacié de les condicions de
proteccié dels hidroxils en C3 i C4. La tria del nou grup protector en C2 de 80 ve
argumentada per la possible disminucid, per raons estériques, del ortoester 81, originat
durant la reaccid de dlicosidacié del precursor 70 en la sintesi de la amfotericina B

descrita per Nicolaou i col'8 (vegeu I'esquema 1.31).
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CI3CYNH C|3c\l//NH

[ONGL®) (ONgRL®)
TBSO" Y~ “OAc T8SO" Y~ 0Bz
N3 N3
70 80
Nicolaou's precursor Carreira's precursor

Lo,
81 Q

O (T
N3 OTBS

Esquema 1.31

Aixi doncs, Carreira i col. iniciaren la sintesi del precursor 80 a partir del mateix
compost 82 que en Nicolaou, perd aquest cop protegit en la posicid C2 com a ester
de benzoil emprant les condicions de Matsumura 22 (vegeu l'esquema 1.32). La
posterior inversié de |'estereocentre en C3 de 82 emprant el mateix protocol que
Nicolaou els va permetre obtenir 83 amb un 89% de rendiment. Per protegir el hidroxil
de la posicié C3 triaren un grup protector diferent del de Nicolaou. En aquest cas,
protegiren el hidroxil de C3 de 83 com a levulinat, emprant condicions estandard
d'esterificacid (DCC i DMAP cat.), assolint 84 amb un 88% de rendiment.

a. PDC, c. levulinic acid,

e}

e} \\‘OMe CH2C|2 O/f)j\\‘OMe DCC, DMAP O/YJ\\\OME
Ph““l\o“‘ OBz b. NaBH,, Ph“\\ko‘\\ <"0Bz  ch,cl, Ph 0" Y 0Bz O
THF, : :
OH MeOH OH O\”/\)J\
0
82 89%, 83 88%, 84

Esquema 1.32

La hidrogenolisi de 84 i la posterior iodacié del hidroxil en Cé' els va permetre
d'dillar 85 amb un 86% de rendiment en 2 passos de sintesi. La proteccid del hidroxil de
C4 com a eter de silici amb TBSOTf va provocar també la desproteccié del hidroxil en
C3. Aleshores, assajaren unes condicions molt més suaus (TBSCI i imidazole) tot obtenint
I'adducte 86 en un 95% de rendiment. No obstant, varem haver de realitzar la reaccié

en una concentracid bastant elevada per tal de precipitar tot I'hidroclorur de
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imidazole i qixi evitar un intercanvi de clor per iode en la posicid Cé. La reduccid

radicalaria de 86 amb BusSnH i AIBN cat. forni I'adducte 87 amb un 95% de rendiment.

a. H,, Pd/C cat.,

Ph“\\ko‘\\ \”:Oiz/lok b. PPha, I, HO™ \”"/’oiz)?\

(:) imidazole o
o) O
84 86%, 85
c. TBSCI,
imidazole,
CH,Cl,
O .OMe d. BuzSnH,
U‘ AIBN cat. |/fj“‘OMe
T8SO" Y 0Bz O TBSO" > 0Bz O
oM o
(@) (@]
95%, 87 95%, 86

Esquema 1.33

Arribats aquest punt, Carreira i col. varen tenir molts problemes en la
desproteccid del grup levulinat de la posicié C3 de I'anell pirdnic de 87. Finalment,
aconseguiren obtenir 88 emprant 20 eq. d'hidrazina en una barreja de piridina-acid
aceétic 3:1 com a dissolvent. No obstant, no varen poder evitar la formacié de 89 en
petites quantitats, degut a la migracié de I'eter de silici de la posicié C4 a la posicid
Cs.

"'OBz

O._.OMe
U a. NH2NH2H20 (e} \\\OMe O \\\OMe
T8SO" Y~ 0Bz O U * U
HO' ’

Qi

pyridine/AcOH TBSO' v OBz
M OH OTBS
)
87 95%, 88 2%, 89

Esquema 1.34

Per la inversi6 de l'estereocentre de C3 i la infroduccié del grup amino
enmascarat com azida, seguiren les condicions descrites per Nicolaou!d i assoliren
I'adducte 90 amb un bon rendiment. La conversid de I'acetal 90 en I'acilal 91 es va
dur a terme, de nou seguint les condicions de Nicolaou, en catdlisi dcida i anhidrid
acetic. Ara bé, I'obtencid de I'acilal 91 com a barreja a/p 1:1 difereix del resultat de
Nicolaou, que Unicament dillar I'andmer a 78 amb un 60% de rendiment (vegeu

I'esquema 1.29).
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a. (CF3SOZ)20,
f)“‘OMe pyridine, CH,Cl,
TBSO™

O._.OMe C.Ac0, O._+OAc
H2804 cat.
Y~ "OBz b, NaN;, 15-crown-5, TBSO" 0Bz TBSO" "'OBz
OH DMF N3 Ng
88 93%, 90

65%, 91, o/B 1:1
Esquema 1.35

Finalment, Carreira i col. accedeixen al lactol 92 hidrolitzant I'acetat anomeric

reaccid d'hidrolisi

91 emprant acetat d'hidrazina. L'obtencid exclusiva del a lactol 92 amb un 96% de
rendiment (basat en el cru de reaccid), es fruit de la formacié de I'intermedi 93 en la

(0] OAc

a. NH,NH,-AcOH

O._.OH 0.0
&—ph
TBSO" 0Bz DME TBSO" 0Bz TBSO" 0
N3 N3 N3
91, a/p 1:1 94%, 92,

single o anomer

Esquema 1.36

La posterior activacié del a-lactol 92, com a fricloroacetimidat, els va permetre
obtenir el precursor de la D-micosamina 80 amb un 94% de rendiment

O

Nﬁ/ca3
wOH ) NaH, cl,ceN OO
TBSO" “0Bz CH,Cl, TBSO™ OBz
N3 N3
92 94%, 80

Esquema 1.37

1.2.3.3 Aproximacio sintetica a la D-micosamina 93 de Neumann i col

Neumann i col. redlitzaren la primera sintesi asimétrica de la D-micosamina  tot

preparant I'aldehid 93, a partir del (R)-a-hidroxipropanal i I'a-amino dienona 94 tal |
com es resumeix en la segUent andlisi retrosintética.!”

PG;HN

PGlHN OPG, NHPG;
OPG, oPG
= = 2
G3PO,, oPG, ] C/:\
OHC  OPG; Fe<c0)3 (00)3 H
93 94

Esquema 1.38
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Per la preparacié de I'a-amino dienona 94 partiren de la (3E,5E)-3,5-heptadien-
2-ona protegida com un complex de ferro 95. Aix0, els va permetre preparar el bromo
derivat 96, que via una Sn2 amb NaNs, posterior reduccié de I'azida i proteccid amb

Boc20 aillaren I'a-amino dienona 94 amb un rendiment global del 60%.

o 0 B o)
a. TMSOTH, " b. NaNs, NHBoc
- EtsN, NBS = 15-crown-5 =
FeCO: ey, "t%e(coh c. Ha, PdIC, "H\Fe(cok
Boc,O
95 64%, 96 94%, 94

Esquema 1.39

La reaccié aldodlica entre I'a-amino dienona 94 i el (R)-a-hidroxipropanal 97 forni
I'aldol 98 amb una elevada diastereoselectivitat.

BocHN  OTBS

o o)
f NHiBoc o a. Sn(OT,,
N-ethylpiperidine
_ . H)J\l/ ylpip _ oH

vwiFe(CO i
Fe(Cox OTBS CH,Cl, §e(c0)3
94 97 86%, 98, dr >95:5

Esquema 1.40

La posterior desproteccid del complex de ferro 98 amb CAN i reduccié dirigida
del carbonil, en les condicions de Evans-Carreira-Chapman, condui a la formacid del
diol 99 com a Unic diasteridomer. La proteccid dels hidroxils de 99 com acetats i la

posterior ozonolisi forni el derivat completament protegit de la D-micosamina 93.

BocHN  OTBS BocHN  QTBS
o - HO s ¢. Ac,0, EtgN
a. CAN, MeOH “DrAR 2 BocHN  OTBS
_~  OH _—~  OH AcO,,,
“Fe(CO)s b. Me4NBH(OAC)3 d. O3, MeOH,
X . Me,S, 78°C OHC  OAc
98, dr >95:5 829%, 99, 77%, 93

single diasteromer

Esquema 1.41
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1.3 Precedents al grup de recerca

1.3.1 Sintesi de les Fluvirucinines B1 (10) i B2 (11)

En el nostre grup de recerca, Manuel Martin a la seva Tesi Doctoral2 va dur a
terme la sintesi de la fluvirucinina B124 (10) protegida en I'hidroxil de la posicidé C9 en
forma d'eter de MOM 100. Posteriorment Gemma Espasa, en el seu treball de Mdster,25
va redlitzar una nova aproximacié en una de les etapes de la sintesi desenvolupada
per M. Marti, aplicable tant a la obtencidé de la Fluvirucinina By (10) com a la
Fuvirucinina B2 (11). Per Ultim, Gloria Freixas2é va optimitzar alguns passos de la sintesi
d’en M. Martin per tal d'escurcar el nombre d'etapes i aplicar-les a la sintesi de la

fluvirucinina B2 (11).

1.3.1.1 Sintesi de la Fluvirucinina B 100 de Manuel Martin

1.3.1.1.1 Analisi retrosintética de la fluvirucinina B1 100 de Manuel Martin

L'andlisi retfrosintética proposada per M. Martin2 (vegeu I'esquema 1.42)

implica principalment 3 etapes clau: una alquilacié diasteroselectiva, una reaccid

aldolica estereoselectiva i una macrolactamitzacio.

Aglicon Sch 38516
or
Fluvirucinine B,

o] o] N3 ) 6 L.
2 6 PG,0 "9 N
PG,0 H = T2 s
Aldol
reaction
104 48 103
Diastereoselective ﬂ
alkylation o
5
PGZO/\(\/:’/\)J\AUX*
105
ﬂ X OH
=
PG,0 —> K(\/
106 107

Esquema 1.42
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Per dur a terme la macrolactamitzacié i I'obtencid de 10 era necessari assolir el
repte de sintetitzar I'w-azidodcid 102. Aquesta Ultima etapa, a priori, no hauria
d'implicar molt d'esfor¢ degut a la dilatada experiencia en el grup en reaccions de
macrolactonitzacié i macrolactamitzacid.?” Al seu torn, la p-hidroxicetona 103 provenia
de I'aldehid 48 i la metil cetona 104 via una reaccid aldolica estereoselectiva, un tipus
de reaccid sense gaire experiencia previa en el grup. La metil cetona 104 s’obtindria
mitjancant una reaccid d'alquilacié estereoselectiva d'un derivat obtingut a partir del
iodur d'alquil 106 i que provindria de I'alcohol quiral 107. Pel que fa a I'aldehid 48
prové, igual que el iodur d'alquil 106, del mateix precursor sintetic 107.

La sintesi d'entrada sembla molt convergent al iniciar-se a partir del mateix compost

de partida 107. Pero tot i qixi, presenta un gran nombre d’etapes.

1.3.1.1.2 Sintesi de la metil cetona 104 i 'aldehid 48

Per la sintesi de la metil cetona 104 es va emprar una de les oxazolidinones
quirals desenvolupades per Evans,28 la derivada de la fenilalanina 108, que es va acilar
amb clorur de butiril per obtenir I'N-acil imida 109. Posteriorment, I'alquilacié de I'enolat
de sodi de 109 amb un iodur activat forni 110 amb bons rendiments i bona
diastereoselectivitat (>97%). El posterior tractament de 110 amb hidroperdxid de liti2?
(LIOOH) desplaca I'auxiliar quiral per donar lloc a I'acid 58. La reduccié de 58, utilitzant
LiIALH4, i la proteccié de I'alcohol primari format com a eter de tert-butildifenilsilil forni
111 amb un 78% de rendiment en ambdues etapes. La hidroboracidé regioselectivaso

de 111 forni un alcohol primari que fou convertit, via mesilat, en el iododerivat 106.

0 a. BuLi, 78°C, b. NaHMDS, 0O O
N THF )L 78°c, THF _
0~ "NH o N
\_< o \{
Bn Bn
CI
108 109, 99% 110, 87%
d.r. >97%
C. LIOH, Hzoz,
THF/H,0, 0 °C
I OTBDPS ) o
f. 9-BBN, THF, rt 4. LiAlHg, EO, 1t o P
TBDPSO
g. MsCl, Et3N, CH,Cl, e. TBDPSCI, Et3N,
h. Nal, acetone, rt DMAP, THF, rt
106, 92% 111, 78% 58, 85%

Esquema 1.43
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El fractament del iododerivat 106 amb I'enolat de liti de acetat de tert-butil143!
va permetre allargar la cadena carbonada i obtenir I'ester 112, que per tractament
amb triflat de frimetilsil (TMSOTf) va conduir a I'acid 113.

a. CH3CO,'Bu,

| OTBDPS o) b. TMSOTf, = OTBDPS o
LDA 2,6-lutidine
TBDPSO O'Bu OH
THF/DMPU, CH,Cl,, 0 °C
_78°C
106 112, 95% 113, 100%

Esquema 1.44

El pas segUent esdevingué clau per la sintesi desenvolupada per M. Martin.
Aquesta etapa implicd la construccié d'un nou centre estereogenic emprant de nou
I'oxozolidinona quiral d'Evans 108. La transformacié de I'acid 113 en I'anhidrid mixte
114 i la posterior acilaci®832 amb I'anié de 108 va permetre d’obtenir I'N-acil imida 115
sense gaires problemes i bons rendiments. L'alquilacié de I'enolat de sodi2833 de 115 el
tfractament amb iodur de metil va permetre assolir 116 amb bon rendiment (86%) i
diastereoselectivitat (>92%). L'eliminacié de I'auxiliar quiral amb hidroperoxid de lifi

(LIOOH) forni I'acid 117 (vegeu I'esquema 1.45).

OTBDPS 0 a.'BucocCl, [ oTBDPS 0O O
EtsN
O~ "O'Bu
THF, 0 °C
113 114

o}
b. o\)_l\(\]H BuLi, THF,

_78°C
108 BN
OTBDPS o O c. NaHDMS, 0
)I\ v OTBDPS 0 )I\
N (@] N (o)
~— THF,_78°C J
Bﬁ Bn‘\
116, 86% 115, 96%
d.r. >92%
f. LIOH, | THF/H,0, 0°C
H,0,,
OTBDPS 0
OH
117, 94%

Esquema 1.45
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Finalment, per I'obtencié de la metil cetona 104, M. Martin transforma I'dcid 117
en I'amida de Weinreb34 118 o I'amida de morfolina3® 119. La posterior introduccié del
grup metil, emprant Meli per I'amida de Weinreb 118 i MeMgCl per I'amida de
morfolina 119, van permetre d'obtenir la metil cetona 104 amb bons rendiments sense

observar epimeritzacions del centre en a al grup carbonil.

OTBDPS O
OH
a. (MeO)NHMe-HCI, a. Et3N, morfoline,
DIPC, Et3N, DMAP DMAP, EDC-HCI
CHzclz, r.t. CH2C|2 r.t.
118, 100% 119, 85%
b. MeLi, THF, b. MeMgCI THF,
_78°C, 98% 0 °C, 88%
OTBDPS (0]
104

Esquema 1.46

Per la sintesi de I'aldehid 48, M. Martin parti de I'ester 111 que sotmeté a una
hibroboracié regioselectiva amb 9-BBN per obtenir I'alcohol primari 120.30 L'activacié
de I'hidroxil primari de 120 com a mesil i posterior desplacament amb NaNs, va
permetfre d'obtenir I'ester 121 amb un 96% de rendiment en les etapes. La
desproteccid de I'éter de silici 121 a I'alcohol primari 122 i oxidacidé d'aquest, via

reaccié de Swern3, condui a I'aldehid 48 desitjat.
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OTBDPS OTBDPS
' a.98BN b. MsCl, EtN, CH,Cl, {TBPPS
OH N;
THF, 1t ¢. NaNa, DMF, H,0,
80 °C
111 120, 98% 121, 96%

d. BuyNF-3H,0 | THF, r.t.

o] e. DMSO,(C0O),Cl,, OH
EtsN,
H N3 N3
CH,Cl,, _78°C

squema 1.47
48, 100% 122, 100%

1.3.1.1.3 Reaccid aldolica diastereoselectiva

Un cop sintetitzats I'aldehid 48 i la metil cetona 104, M. Martin va redlitzar, per
tal d'unir tots dos fragments, una reaccid aldolica. Després de molts assajos (vegeu la
taula 1.1) emprd I'acid de Lewis quiral 123, desenvolupat per Gennari,” per assolir la -
hidroxicetona 103a, amb un rendiment moderat (44%). La utilitzacié d'altres dcids de
Lewis quirals derivats de l'isopinocanfeil 124, desenvolupats per Paterson,3 no van
suposar cap canvi significativ en quant a rendiment i si una menor diastereoselectivitat
de la reaccié. La utilitzacié d'enolats metal lics,323? molts més nucledfils que els enolats
de bor,“ no li van permetre d'aconseguir una millora en la relacié diastereomeérica, tot

i que en aqguests casos els rendiments varen ser més elevats que en els casos anteriors.

i
i

. o] o]
~° M L,BX OH WOH
_ +
+ ’ Base ~Na i, ~Na i,
N TBDPSO TBDPSO
TBDPSO N3 Ns Ns
104 48 103a 103b
By
Br/B"'
123 124

Esquema 1.48
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lewis acid base solvent yield (%) o
(103a:103b)
123 Pr2EfN Ef20 44% 20:1
124 EfsN Ef.O 42% 6.6:1
— NaHDMS THF 95% 1:1.8
TiCl4 IPr2EtN CH2Cl2 95% 1.3:1
Taula 1.1

1.3.1.1.4 Macrolactanitzacio i darreres etapes de la sintesi

L'etapa clau de I'acabament de la sintesi de M. Martin, era una reaccié de

macrociclacié de la B-hidroxicetona 103a. Per poder dur-la a terme, en primer lloc, va

protegir el grup alcohol de 103a com a éter de metoximetil (OMOM) tot obtenint 125.

La desproteccid de I'éter de silici i la posterior oxidacié de Swern conduiren a I'aldehid

126,36 que en tractar-ho amb clorit de sodi (NaClO2) s'oxidd a I'acid 102. La

fransformacié de I'dcid 102 en el tioester d'S-2-piridil, com agent activador del grup

carbonil, i la reduccié del grup azida amb un complex d’'estany, desenvolupat al

nostre grup?- 4 en condicions de gran dilucié, li va permetre aconseguir la

macrolactama 101 amb un rendiment notable.

i
i
[

O 0 - o
a. MOMCI, b. HF-pyridine,
OH  DIPEA OoMOM THF,rt.
~a i, CHaClyy A S c. DMSO, (CO),Cly, .«
2z EtzN, CH,Cly, |
TBDPSO TBDPSO _78°C
N3 N3
103a 125, 100% 126, 90%
d. NaCIO,, CH3CN,
NaH,PO,, 'BUOH, r.t.
= O = O

e. (PyrS),, BusP,
OMOM benzene, 0 °C

f. [EtsNH][Sn(PyrS)a],
| CH3CN / toluene, A

101, 61% 102, 79%

Esquema 1.49
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Finalment, per la sintesi la fluvirucinina B: 100 va haver de reduir el carbonil de
C7 de la lactama 101 amb NaBH4 i obtenir aqixi la lactama 127. La posterior
desoxigenacid, seguint el protocol de Barton-McCombi,#2 va transformar 127 en la
corresponent carbodiimida 128, que en tractar-la amb BusSnH va permetre obtenir la

macrolactama 100 com la fluvirucinina B 10 protegida com a eter de metoximetil.

S
o OH O)J\Im
OMOM  a. NaBH, OMOM  b. Im,C=S OMOM
WSO, MeOH,0°C «~w\_O THF, 80°C ~w\_O 7,
HN | | HN | | HN
101

127, 84% 128, 85%

c. BugSnH,
toluene, A

i
i
i

OMOM

’

HN
100, 95%

Esquema 1.50
1.3.1.2 Aproximacié a la sintesi de les Fluvirucinies B1 (10) i B2 (11) de Gemma Espasa

Gemma Espasa en el seu treball de Mdaster2s optimitzd I'etapa d'obtencidé de la
metil cetona 104, descrita per M. Martin al seu treball de Tesi. El protocol per la sintesi
de la metil cetona 104 va ser quasi el mateix que va descriure M. Martin en el seu
freball (vegeu I'esquema 1.42), perd G. Espasa va utilitzar I'auxiliar quiral de Myers43
que, permet utilitzar halurs primaris poc activats, que no donen tan bons resultats amb

els auxiliars d'Evans.33

(0] |

TBDPSO/\(\/\l/N\ — TBDPSO/\(\/‘

104 106

Esquema 1.51

Aixi doncs, partint de I'amida 129 dugué a terme una reaccid d'alquilacié amb

el iodederivat 106, seguint el protocol de Myers,4 que condui a I'obtencidé de I'amida
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130. El fractament de 130 amb Meli va permetre eliminar I'auxiliar quiral i obtenir la

metil cetona 104 amb un rendiment notable, com a Unic diastereomer.

(0]

NN

Ph

<

OH OTBDPS o :
a 129 > Ph
TBDPSO N/\I/
LDA, LiCl, THF, _78°C I oH
106 130, 87%
b. MeLi,
Et,0,
_78°C
OTBDPS o]
104, 92%

Esquema 1.52

El fet de poder dur a terme la reaccié d'alquilacid amb el iodur 106 i aguest
auxiliar quiral 129 va permetre a G. Espasa d’introduir un grup etil en C3 emprant 131, i
obtenir la etil cetona 132 seguint el mateix protocol descrit anteriorment. Aixo
representava que en el cas de que es repetis I'aproximacid sintética descrita per M.
Martin, perd emprant la etil cetona 132, es podria obtenir la fluviricinina B2 (11), que no

havia estat sintetitzada fins aleshores.

O

))L Ph
OH
! .
a. 131 OTBDPS o : .
TBDPSO
LDA, LiCl, THF, _78°C M'}'/\&

106

82%

c. Meli,
Et,0,
78°

OTBDPS (0]

132, 75%
Esquema 1.53

1.3.1.3 Aproximacio a la sintesi de la Fluvirucinina B2 (11) per Gloria Freixas
Gloria Freixas en el seu treball de Tesi2é optimitza 3 etapes de la sintesi de la

fluvirucinina B: 100 de M. Martin i aplicd aquestes optimitzacions per tal d'obtenir la

fluvirucinina B2 (11).
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La primera de les millores consisti en la hidroboracié o hidrozirconacid de I'éter

111 i posterior generacié del iodo derivat 106 en un Unic pas de sintesi.

a. CthBH, |2
83%
OTBDPS / THF, rt. N\ I
Z TBDPSO
N\, &' CpoZrHCl, I, /930/0
111 THF, 40 °C 106

Esquema 1.54

La segona millora que redlitzd va ser la desoxigenacid del grup carbonil de la pB-
hidroxicetona 103a. El tractament 103a amb tosilhidrazina i posteriorment amb

catecolbord li va permetre obtenir 133 amb un bon rendiment.

- -~
Z O z
OH a TsNHNH,, OH
CH4CN, 50 °C

N b. CB, NaOAc, N
TBDPSO THF, A TBDPSO

N3 N3

103a 133, 83%

Esquema 1.55

Per Ultim, la tercera millora consisti en I'oxidacio selectiva d'un alcohol primari a
acid carboxiic en presencia d'un alcohol secundari a la mateixa estructura
carbonada. El fractament de 134 amb TEMPO i una barreja de NaClO/NaClO2, tot

controlant acuradament el pH de la reaccid, li va permetre d'aconseguir I'acid 135

amb un rendiment quasi quantitatiu.

- - e
b. TEMPO, NaClO,
OH  , TBAF-H,0 OH ™ Naclo, OH
N THF, r.t. CH4CN, buffer "\ O ",
TBDPSO HO PH=6,35°C HO
N3 N3 N3
133 134, 89% 135, 96%

Esquema 1.56

1.3.2 Sintesi de la L-micosamina 136 de Joaquim Nebot

Joaguim Nebot en el seu treball de Tesi'¢ va dur a terme la sintesi de la L-

micosamina'> 136, i d'altres aminosucres, tot demostrant I'utilitat sintetica de les

46



Capitol 1

reaccions aldoliques d'enolats de ftitani d'a-sililoxi cetones quirals. Aixi doncs és

d’esperar que a I'andlisi retrosintética aparegui aquesta reaccié com a pas clau per a
la sintesi de 136 (vegeu I'esquema 1.57).

NHPG; OPGOPG, OH OH
Gzpojjj[ope-4 — YWO N NS
0~ OPGs GIPO  NHPGs GPO  Na
136 137 138

0 (0] O OH
\l)J\/Br + H)J\/\ {—— =
G]_PO G]_PO Br
140 139

Esquema 1.57

En sentit sintétic, J. Nebot parti de la bromocetona quiral 140 i realitzd una
reaccié alddlica amb I'enolat de titani derivat de Ti(OPr)2Cl2 i crotonaldehid per
obtenir I'aldol 139 amb un bon rendiment i diastereoselectivitat. El posterior bescanvi
de brom per azida i reduccié del grup carbonil en les condicions de Evans-Carreira-

Chapman?3? forni el diol anti 138 amb un 73% de rendiment ambdues etapes.

OH OH
Br _ b. NaN3, DMSO z >
- . Me;NHB(OAC)s, N
TBSO Ti(OP C. Meq » TBSO N
( r)ZCIZOv TBSO Br AcOH, CH3CN 3
CH,Cl,, 78°C
140 139, 78%, 138, 73%,
single diasteromer single diasteromer
Esquema 1.58

Tot seguit, J. Nebot va acetilar el diol 138 i sobre aquest formar una 2-oxazolina

per reaccié PMes. L'obtencié de I'oxazolina 141 i del seu isomer 142 en una relacié 13:1
va permetre assajar la segUent reaccié.

O/( OAc
OH OH 8. AcO, OAc OAc b. PMe; Y :
\l/-\_)\/\ 3 > Z * N\>_
: OMAP, : THF  TBSO TBSO o
TBSO N CH,Cl, TBSO N3 | OAc |
138

97% 141, 90% 142, 4%

Esquema 1.59

Per la formacié de I'aldehid 137 optd per dur a terme en one-pot reaction una

dihidroxilacié-oxidacié del doble enllac de 141 emprant quantitats catalitiques de
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K20sO4 i un excés de NalOs. Aixi doncs, al sotmetre 141 a aquestes condicions
s'obtingué I'aldehid 137 amb un 95% de rendiment, que emprd en la seglent etapa
sense cap purificacid. Els posteriors assajos per a la desproteccié el grup OTBS de 137

foren infructuosos, obftinint en fots els casos mescles complexes de productes.

o~ o~

N C. K20$O4'2H20 N HF aq.
complex mixture
TBSO NalO,, 2,6-lutidine,  TBSO CH3CN
| OAc 1 4-dioxane/H,0 | OAc
O
141 137, 95%

Esquema 1.60

Ates aquests resultats, J. Nebot va replantejar una nova ruta sintética a partir de
la barreja 13:1 de les 2-oxazolines 141 i 142, que va tractar amb Na2COs en presencia
de CbzCl per tal d’obtenir el compost 143. El posterior tractament amb K20sO4 i NalO4
condui a la formacié de I'aldehid 144, que sense prévia purificacid, es va intentar
assajar la reaccié de formacié de I'hnemiacetal 136. En la mescla de reaccié es
detectd la formacid de I'nemiacetal 136, perd tots els intents de purificar-lo varen ser

infructuosos.

% OAc OAc OAc

\
N ~ a. NaZCO3V CbzCl z
' N\> CH,CI e
TBSO TBSO 2Ll N
| OAC I (o] TBSO NHCbz
141 142 143, 97%

b. K,0s0O,4-2H,0,
NalQ,, 2,6-lutidine,
1,4-dioxane/H,0O

o)

NHCbz

OAc OAc
AcO,,, OAc c. HF aq. H 0
0~ "OH CH3CN TBSO  NHCbz
136 144

Esquema 1.61

Aleshores va decidi replantejar-se de nou I'estratégia sintética tot partint del
diol acetilat 145 sense dur a terme la reduccid del grup azida. En un inici, va realitzar la
desproteccid del grup OTBS de 145, perd I'obtencidé d'una mescla de alcohols 146 i
147, en una relacid 66:34, que no es podien separar per cromatografia en columna,

feren desestimar aquesta via.
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OAc OAc OAc OAc OH OAc
H _ a. HF aq. B =
. = + =
3 CHSCN : :
TBSO Ns s OH Nj OAc N3
145 146 147
Esquema 1.62

Optd doncs per invertir I'ordre de les etapes i dur en primer terme la
dihidroxilacid-oxidacié del doble enllac de 145 en les condicions assajades
anteriorment. Aixi obtingué I'aldehid 148 amb un 75% de rendiment i la posterior
desproteccié del grup OTBS amb HF condui a la formacié de I' hemiacetal 149 amb un
45% de rendiment.

OAc OAc a. Kz0s04-2H,0, QAc QAc v
\l/:\)\/\ NalO,, 2,6-Iutidine, \I/WO b. HF ag. AcO;(j,OAc
1BS0  f 14-dioxane/H;0  1gso N, CH,CN o~ ""oH
145 148, 75% 149, 45%

Esquema 1.63

Tot i obtenir un precursor de la L-micosamina 149 protegida, J. Nebot decidi
realitzar una Ultima aproximacié aplicant totes les optimitzacions realitzades abans. Aixi
doncs, la proteccid del diol 138 com acetal isopropilidénic 150, la reduccid del grup
azida, en les condicions de reaccid de Staudinger,44 i la proteccidé del grup amino com
a carbamat conduiren a I'adducte 151 amb un 71% de rendiment. La dihidroxilacié-
oxidacié del doble enllac de 151 forni d’aldehid 152, que no es purificd i s’emprd en la
seglent etapa de sintesi. El fractament de 152 amb HF ag. va permetre assolir I'N-

benziloxicarbonil-L-micosamina 153 amb un 74% de rendiment.

OH OH a. Me,C(OMe),, c_)><o b. _Fr’pi/llgs, C)>(O
\l/'\)\/\ PPTS cat. \l/:\)\/\ \l/'\)\/\
y CHoCl S CbzCl N
TBSO  Nj TBSO Nj c. CbzCl, TBSO  NHCbz
NaHCO3,
138 150, 89% MeOH 151, 71%
d. K,0s04-2H,0,
NalQy, 2,6-lutidine,
1,4-dioxane/H,0O
NHCbz >
HO,, OH o 0o
4 c. HF aq. = _0
0~ "OH CHCN  1psO  RHChz
153, 74% 152

Esquema 1.64
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1.4 Objectius de la present memoria i andlisi retrosintética

Tenint en compte I'experiencia del grup de recerca, en la sintesi de la
fluvirucinina By 100, i veient els problemes que comportava tornar a repetir algunes de
les etapes de I'aproximacid sintetica d'en M. Martin23 24§ de G. Freixes,?é en agquest
treball de Tesi triarem dur a terme la sintesi de les fluvirucinines Bi (10) i B2 (11) amb una
andlisi retrosintética totalment diferent. La idea era fer una sintesi molt mes facil i
convergent i que apliques les metodologies desenvolupades i optimitzades en el grup
de recerca. A més, aquesta nova andlisi retrosintética ens hauria de permetre
d'obtenir tant la fluvirucinina By (10) com la B2 (11), sense que comportés un canvi
significatiu en sentit sintetic.

Tot i qix0, el nostre repte era encara més important i ens varem proposar de
sintetitzar també un precursor avancat per a la sintesi de les fluvirucines By (4) i B2 (5).
Per aixd, ens proposarem de dur a terme la sintesi de la micosamina 13 i del seu
enantiomer ent-13, aplicant també el mateix principi d'una mateixa andlisi

retrosintética per ambdues estructures.

1.4.1 Analisi retrosintética de la fluvirucina |

L'andlisi retrosintética proposada en aquesta Tesi doctoral contempla la
possibilitat de sintetitzar de totes les Fluvirucines de tipus B | de I'esquema 1.65. S'inicia
en la desconnexié de I'enllag glicosidic en C9 de I'anell macrolactdmic. D'aquesta
forma, s'obtenen dos fragments de complexitat similar, la fluvirucinina Il i I'aminosucre

lll, seguint la recomanacié del principi de sintesi convergent.4s

R2
R1
Rs :
NH, ; 6R,
OH
OH 0- Rs
— 9 NH
R 2 0 10 ., + 1 3 2
N " OH
HN |

! I 1T
R;=H R=0OH R3=H — Fluvirucin By, 9
R;=Me R,=OH Rs=H — Fluvirucin By, 4
Ri=Et Ry=H R3=OH ™ Fluvirucin B, 5
Ri=Et R,=OH Rs=H Fluvirucin Bz, 6

Esquema 1.65
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1.4.1.1 Anailisi retrosintética de la Fluvirucinina Il

L'andlisi retrosintética de la fluvirucinina Il és la mateixa per les fluvirucinines By
(10) i B2 (11), només difereixen en la preséncia d'un grup metil o etil del Cé de I'anell
macrolactamic. Aixi, ens proposem obtenir Il per una reaccié de tancament d'anell
(Ring Closing Methatesis, RCM) de I'amida IV (vegeu I'esquema 1.66), que al seu torn
s'obtindria a partir de I'adcid VI i I'azida V aplicant metodologia desenvolupada all
nostre grup de recerca. L'acid VI s'assoliria via una reaccié de metatesi creuada
(Cross Methatesis, CM) entre el derivat d’dcid alquilat quiral VIII i la metil o etil vinil
cetona, per tal d'assolir, segons el cas, la fluvirucinina B (10) o la fluvirucinina B2 (11).
D'altfra banda, l'azida V podria ser sintetitzada per una reaccié d'alfilacié

diastereoselectiva d'un derivat allilmetdllic amb I'aldehid VII, que provindria també

del derivat d'acid alquilat quiral VIII.

R

_~—— Ring Closing

Metathesis R76 N
OPG
| — ~ 1/0 9 .,
Amide —”Hﬁ
Formation
I v

R = Me, Et ﬂ

diastereoselective Cross Metathesis

OPG O
allylation = ~ . 6
=z \9 N3 HO 1 AN
R
\ \

O] o}
/\/M = 6_0
9 N3 —= Aux 1 /Y
R
Vil VI R = Me, Et

Esquema 1.66

Com es pot comprovar, l'andlisi retrosintética proposada és altament
convergent, versatil i adaptable a totes les fluvirucinines B i aglicones dels Sch’s descrits
a la literatura. Només cal realitzar petits canvis en els materials de partida per dur a

terme la sintesis de les aglicones dels productes naturals i dels seus enantiomers.
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1.4.1.2 Anadilisi retrosintética de I'animosucre I

Per I'andlisi retrosintética de I'aminosucre lll es parteix de I'hnemiacetal IX, que
per inversié de |'esterocentre en C3' podria provenir de I'aldehid X. Aquest aldehid X
s'obtindria per reducci¢ del grup carbonil de I'aldol Xl fruit de la reaccié aldodlica de

un aldehid quiral derivat del lactat Xl amb la dihidroxicetona Xl convenientment

protegida.
6 6
on,/ R 01 OH OPG,0PG,
O-] R, 3 H1 A3 6
1#‘%% = pG,0 ope, T T
oH ° OPG, O  OPGLOPG,
I IX X
R;=OH, Rp=H
L-mycosamine
13
0 O OPG;
1 3 + H)J\:/6 (—— 1 ::’ - 6
PG,0 OPG, OPG, PG,0 OPGLOPG,
Xl Xl X

Esquema 1.67

De fet, i seguint la mateixa filosofia que per les fluvirucinines B, I'andlisi
retrosintética proposada per I'aminosucre lll ens permet obtenir faciment els dos
enantiomers de la micosamina, 13 i ent-13. Un canvi de catalitzador quiral, emprant
I'altre enantidmer, i d'aldehid en la reaccid aldolica permet obtenir un o altre

enantiomer sense comportar cap alteracio significativa en sentit sintétic.

o) 0 O OPGj 6., O_ _OH
1%3 + HJ\/ s cat 1M 6 J/\B/
H = H —_— 3 -,
PG,0 OPG, OPG, PG,0 OPGOPG, HO™ = OH
NH,
Xl Xl Xl L-mycosamine, 13
0 0 O  OPGg 6 O-__OH
1 3, 6 ent-Cat. 4 3 = 6 1
H —_— K 3
PG,0 OPG, OPG, PG,0 OPG,OPG, HO OH
NH,
Xl ent-XIlI ent-XI| D-mycosamine, ent-13

Esquema 1.68

A més, aquesta andlisi retrosintetica també permet assolir altres diasteredmers
de la micosamina. En concret, estavem interessats en I'obtencid dels epimers de la
micosamina en C4'. Aguests altres aminosucres també estan presents a les fluvirucines

B ials Sch's 38516 i 39185. La 4-epi-L-micosamina 12 i la 4-epi-D-micosamina ent-12 es
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podrien obtenir per un canvi de catalitzador en la reaccié aldodlica de I'aldehid quiral

Xlli la dihidroxicetona Xlll, que ens conduiria als aldols de tipus 1,2-syn.

o) 0 O OPG; 5, o. OH
1 3 4 H)J\/ 6 &, 121\3/:\/ 6__ . ,O/
= = = - N3,
PG,0 OPG, OPG, PG,0 OPGOPG, HO™ = "OH
NH,
X1l Xl XIV 4-epi-L-mycosamine,
L-talopyranose, 12
o) o) O OPG; 6 _O. _OH
1 3, 6 ent-Cat. 1 3 6 1
H —_— 3
PG,0 OPG, OPG, PG,0 OPG,0PG, HO OH
NH,
Xl ent-XIl ent-XIV 4-epi-D-mycosamine,

D-talopyranose, ent-12

Esquema 1.69

Aix0 significa, que amb una Unica andlisi refrosintética assoliriem els 2
enantiomers de la micosamina 13 i ent-13, i els 2 diasteredmers de C4', la 4-epi-L-
micosamina 12 i la 4-epi-D-micosamina ent-12. Aconseguiriem doncs sintetitzar tots els

aminosucres presents en les fluvirucines i Sch's descrits fins aleshores a la literatura.
1.4.2 Objectius de la present memoria

En aquest present treball de Tesi s'han sintetizat les fluvirucinines By (10) i B2 (11) i
els dos enantiomers de la micosamina 13 i ent-13. Finalment s’han dut a terme diferents
assaigs de glicosidacio de la fluvirucinina B2 12 amb I'aminosucre L-micosamina (13).

En concret, al capitol 2 s’ha sintetitzat la fluvirucinina By (10) i B2 (11) emprant en
algunes etapes metodologies desenvolupades al nostre grup de recerca. Dels 4
centres estereogenics presents en les macrolactames 101 11, 2 d’ells s’han assolit via
alquilacié d'enolats de N-aciloxazolidinonas. Un tercer per mitja d'una allilacié
diasteroselectiva i el quart per una hidrogenacié catalitica. S’ha dut a terme una
reaccié de metatesi creuada (cross methatesis, CM) amb diferents vinil cetones que

ens han permés assolir, una o altre aglicona.

Catalytic hydrogenation Ring clossing methatesis,
RCM

Cross methatesis, L-/‘ /L’
CM Chemoselective
w OPG, olefination

Diastereoselective \—/—\ . .
alkylation ﬂ 0 < Diastereoselective

o

allylation
HN 4
Amide formation Diastereoselective
1 alkylation
R = Me, Et

Esquema 1.70
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Al capitol 3 s’han sintetitzat els 2 enantiomers de la micosamina, tant per la série
L IX com per la serie D ent-IX. La transformacié de grups funcionals i la tria ortogonal de
grups protectors han conduit amb éxit a I'obtencié dels aminosucres en una primera
sintesi asimétrica d'ambdds enantiomers alhora. Dels 5 centres estereogénics presents
als aminosucres, 2 d’ells s"han assolit per via d'una reaccié d'organocatdlisi asimetrica.
Un tercer s’ha aconseguit per una reduccié diastereoselectiva. El quart s’ha aprofitat

del “chiral pool” i el cinqué i Ultim s'ha assolit per ajut anguimeéric.

Chiral pool Anchimeric Chiral pool
\—/6-\ f\/ assistance /6\/
"\ _0{. OPG, PG,0,,} O fw

1] 1
PG,07>Y"1 "0PG, PG,0" N A;’Q
Organocatalytic \/‘ N N\_/Organocatalytic
aldol reaction 3

aldol reaction

) ) ent-1X
Diastereoselective
reduction

Esquema 1.71
Finalment al capitol 4, s'activat la posiciéd anomeérica de I'aminosucre XV i s'han

realitzat proves de glicosidacid amb un precursor de la fluvirucinina B2 IV, amb la

finalitat d'obtenir un precursor avancat per la sintesi de la Fluvirucina B2 (5).

R A o R A
Glycosidation
OH EWG O method
) ! PG,0 OPG3 l
HN N3

v XV XVI

Esquema 1.72
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CAPITOL 2. SINTESI DE LES
FLUVIRUCININES B, i B>

2.1 Sintesi de la fluvirucinina B2 (11)

2.1.1 Infroduccio
2.1.2 Sintesi de I'acid 156, el fragment C1—Cs
2.1.2.1 Reaccié d'alquilacié estereoselectiva: Sintesi de 110
2.1.2.1.1 Obtencit de 110
2.1.2.2 Sintesi de 160
2.1.2.2.1 Sintesi de I'N-acilimida 159 via reaccié de CM
2.1.2.2.2 Hidrogenacié de I'aducte 159: Obtencid de 160
2.1.2.3 Metilenacid de 160: Sintesi de I'N-acilimida 162
2.1.2.3.1 Obtencié de 162
2.1.2.4 Obtencidé de I'acid (R)-2,6-¢etil-6-heptendic (158)
2.1.3 Sintesi de I'azidoderivat 164, el fragment C7—Cis
2.1.3.1 Infroduccié
2.1.3.2 Sintesi de I'N-acilimida 166
2.1.3.2.1 Preparacidé de Chx2BH (165)
2.1.3.2.2 Obtencié de 166
2.1.3.3 Sintesi de I'N-acilimida 168
2.1.3.4 Sintesi de I (R)-5-azido-2-etilpentanal (48)

59
59
59
61
62
64
65
66
67
69
69
69
70
72
73
73
74

2.1.3.5 Reaccio d’al filacid estereselectiva: Sintesi de I'azidoalcohol

169a
2.1.3.5.1 Sintesi dels al lilsilans quirals de Leighton
2.1.3.5.2 Al'lilacié amb els reactius de Leighton:
Obtencié de I'azidoalcohol 169a
2.1.3.5.3 Determinacié de la configuracio de 169ai 169b
2.1.3.6 Obtencié de |'azidoderivat 164, el fragment
C7—Cis

2.1.4 Sintesi de I'amida 175

2.1.5 Sintesi de la lactama 176

2.1.5.1 Reaccié de RCM de I'amida 175
2.1.6 Reaccid d'hidrogenacid: Sintesi de 178a

2.1.7 Sintesi de la fluvirucinina B2 (11). Correlacié quimica

75
78

79
83

85
85
89
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923
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2.2 Sintesi de la fluvirucinina B (10)

58

2.2.1 Infroduccio

2.2.2 Sintesi de I'acid 155

2.2.3 Sintesi de I'amida 184

2.2.4 Sintesi de la lactama 185

2.2.5 Reaccid d'hidrogenacid: Sintesi de 5éa

2.2.6 Sintesi de la fluvirucinina By (10). Correlacié quimica

98
98
100
101
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2.1 Sintesi de la Fluvirucinina B2 (11)

2.1.1 Introduccidé

Segons I'andlisi retrosintética realitzada en el capitol 1 (vegeu I'esquema 1.66),
per assolir la fluvirucinina B2 (11) cal preparar I'acid VI i I'azido-alcohol V on ambdds
compostos es podrien obtenir a partir d'un intermedi comu, el derivat d'acid alquilat
quiral VIIl (vegeu I'esquema 2.1). En la dilatada experieéncia del grup de recerca en la
utilitzacié d’auxiliars quirals interns es va triar un d’ells per dur a terme la sintesi de VIII

via una reaccid d'alquilacié asimétrica estereoselectiva.

o R
6 B
o= HOT Y YT ’ 6
0 0 | -
x N o R i OH
1
Aux”, e AT - VI R=Me, 155 L= |, o
! R=Et, 156 P w0
! .
vill . PG ; HN
=
9 N3 Il R=Me, 10
R=Et, 11

Esquema 2.1

2.1.2 Sintesi de I'acid 156, el fragment C1-Cs

2.1.2.1 Reaccid d'alquilacié estereoselectiva: Sintesi de 110

En una reaccié asimétrica, es a dir, en la generacié d'una determinada
estereoisomeria en una cadena carbonada és necessari diferenciar un enantiomer o
un diasteredmer de I'altre. Per fer-ho cal partir d'una font de quiralitat que propicii la
induccié asimetrica. Aquesta quiralitat pot venir del substrat, el reactiv o el
catalitzador.4¢

Un auxiliar quiral es pot definir com aquella estructura amb quiralitat inherent
gue s'incorpora a una cadena carbonada (vegeu l'esquema 2.2) i que permet
redlitzar una determinada reaccié de manera altament diastereoselectiva (una
reaccid aldolica, una reaccid d'alquilacié, una addicid de Michael, entre d'altres).
Finalment, I'auxiliar quiral ha de ser facil d'eliminar de I'estructura carbonada en

construccio.
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Cleavage Attachment
chiral auxiliary chiral auxiliary
Rl
Aux R
1 Aux
E

Diastereoselective
reaction

Esquema 2.2

A les decades dels 80 i 90 es van desenvolupar tot un seguit d'auxiliars quirals
interns per a la generacié d'una determinada estereoquimica. Aleshores aparegueren
les oxazolidinones d’Evans i les sultames d’'Oppolzer entre d'altres (vegeu I'esquema
2.3) i s'origind una potent eina sintética en el camp de la sintesi orgdnica que no ha

deixat d'evolucionar fins als nostres dies.46c

0O o o, 0 @ o o S o
A A r L NP G G
) M~ -
Bn 6 < Ph R

Evans (1981) Oppolzer (1983) Helmchen (1984) Fujita/Nagao (1985)
O O o O O
R'\)J\N)J\N)J\/R' )I\N)J\/R'

O
oH | “ 4O
R R R Pr

Davies (1991) Myers (1994) Crimmins (1997) Seebach (1998)

Esquema 2.3

Per dur a terme satisfactoriament una reaccié d'alquilacié asimétrica emprant
un auxiliar quiral intern, cal controlar principalment dos factors: la diastereoselectivitat
en I'enolitzacid i el control de la reaccié d'alquilacié. El primer és realitza per una
enolitzacié estereoselectiva del Z(O)-enolat o I'E(O)-enolat. En el nostre cas, ens
decantarem per la utilitzacié de les oxazolidinones d'Evans. Aguestes N-acilimides
s'enolifzen preferentment en forma de Z(O)-enolat (Z:E >100), emprant condicions de
conftrol cinetic i bases fortes de tipus amidur. El model tedric més acceptat, per a la
formacié del Z o de I'E-enolat és el model d'lIreland.4” Aquest model ens prediu quin

dels enolats formats s'originara de forma majoritaria basant-se en factors esterics i/o
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electronics. La transferéncia de protd en la formacié de I'enolat te lloc de forma
sincronica en un estat de fransicid de é baules en forma de cadira de tipus
Zimmerman-Traxler 4 (vegeu |'esquema 2.4). La Utilitzaci® de bases fortes i poc
impedides (R2 petit) afavoreixen I'estat de transicid que condueix a I'enolat Z tot
minimitzant les interaccions 1,3-diaxials. Per confra, la ulilitzacié de bases molt

impedides (R2 gran) afavoriran I'enolat de tipus E.

. t .
_Li
O’/LI‘ /RZ O
R o-H "N
bMe | - > x_H
R2 Rl
H Me
/[OJ\/ R,NLi TS-E E(O)-enolate
Me
R{
¥ _Li

Li
AN R
Ry —(?,H- N7 ?
H | —_— o Me
M R2 Rl
) H

TS-Z Z(O)-enolate

Esquema 2.4

El segon factor important a controlar per dur a terme una alquilacié asimétrica
amb un auxiliar quiral és la diferenciacié de les dues cares de I'enolat, es a dir, cal
controlar la selectivitat facial. Aixd s'aconsegueix perque les dues cares de I'enolat sén
diastereotopiques. La diferenciacié d'una o de I'altra cara diastereotopica es deguda
a factors estérics i/o electronics (vegeu I'esquema 2.5). En el cas de les oxazolidinones
d'Evans# la configuracid en C4 de I'auxiliar quiral determina la diastereoselectivitat

facial del Z(O)-enolat tot induint a I'estereoquimica del producte d'alquilacid.

~-M.
00
O’;%N/%/

|

RX

Esquema 2.5

2.1.2.1.1 Obtencié de 110

En el nostre cas, per dur a terme la reaccid d'alquilacié estereoselectiva triarem

I'N-butiriloxazolidinona d’Evans derivada de la L-fenilalanina 109. La seva obtencid es

resumeix a la seqUencia sintetica descrita a I'esquema 2.6.
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@
0 a. BuLi, THF, o o

NH;  NaBHg, | HO NH K,CO °
Gooc—( 3 abHy, Iz \_{ 2 23 O)I\NH 0°C O)I\N)i

Bn A THF, Bn (Et0),CO \_( b O

12h Bn i PN Bn

L-Phe 158 108, 86% 109, 98%

Esquema 2.6

Aleshores, en condicions de control cinétic, emprant NoHMDS com a base
forta, i en preséncia de iodur d'al il tingué lloc la reaccid d’'alquilacié asimetrica de
I'N-acilimida 109 tot obtenint-se [|'N-butiriloxazolidinona alquilada 110 amb bon

rendiment i una elevada diastereoselectivitat® (vegeu I'esquema 2.7).

_Na
O O o o O O
| ANF
o)LNJ\k NaHMDS o)\N)\/\ | O)I\NJ\(\/
L( THF, _78°C \—( \—(
Bn Bn Bn
109 Z(0)-Enolate 110, 93%,

d.r.>97:3

Esquema 2.7

2.1.2.2 Sintesi de 160

El segUent pas de sintesi per I'obtencié de I'acid 156 que implicava el nostre
analisi refrosintética (vegeu I'esquema 1.66) era en una reaccid de metdtesi creuada.
Les reaccions de metdtesi es podem classificar principalment en 5 grans grups: les
reaccions de metdtesi creuada (Cross Metathesis, CM), les reaccions de metdatesi de
tancament d’anell (Ring Closing Metathesis, RCM), les reaccions d'obertura d'anell
(Ring Opening Metathesis, ROM), les reaccions de metdtesi per polimeritzacid
d'obertura d’anell (Ring Opening Metathesis Polymerization, ROMP) i les reaccions de
metdtesi per polimeritzacié aciclica de diens (Acyclic Diene Metathesis Polymerization,
ADMET).51
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Esquema 2.8

Les reaccions de CM sén intermoleculars i estan desafavorides en front d'altres
reaccions de metdtesi, com la RCM o ROMP, per raons entropiques i també donen
problemes de quimio i regioselectivitat (vegeu I'esquema 2.8). Grubbs i col. en un
intent d'esbrinar la formacié, o no, d'un producte via CM van establir un model empiric
fonamentat en la capacitat que tenen les olefines per formar els seus homodimers i la
capacitat que presenten aquests en experimentar una segona reaccié de CM.52 Aixi
va classificar les olefines segons aquesta capacitat i les va definir com olefines tipus 1, 11,

i1V, les caracteristiques de les quals es resumeixen tot seguit.

Olefin type
Type | terminal olefins, lary allylic
(fast homodimerization, alcohols, esters, allyl boronate
homodimer consumable) esters, allyl halides
T()éﬁfwn styrenes, acrylates, acrolein,
> : o vinyl ketones, unprotected 3°
s o Qgg"gﬁw‘g}zr'szs‘;'r?:ély allylic alcohols, viny!
§ consumable) epoxides, 2ary allylic alcohols
= Type Ill 1,1-disubstituted olefins, non-bulky
@ B - trisub. olefins, 3ary allylic alcohols,
=) (no homodimerization) 4ary allylic carbons
Type IV vinyl nitro olefins,
(olefins inert to CM, trisubstituted allyl alcohols
spectators to CM) (protected)

Esquema 2.9
En funci®é d'aquest model, Grubbs i col. establiren unes regles, que es

resumeixen a I'esquema 2.10, per predir si una reaccid de CM tindrd lloc de manera

satisfactoria.
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Rules for selectivity in Cross Metathesis

Reaction between two olefins type | Statistical CM
Reaction between two olefins of the same type (non-type 1) Non-selective CM
Reaction between olefins of two different types Selective CM

Esquema 2.10

Segons el model tedric, per a la reaccid de CM que volem redlitzar podem
classificar I'olefina 110, com a tipus | i la etil vinil cetona com a tipus Il. Per tant, seria
d'esperar a priori una elevada selectivitat en la reaccié de CM i d'esperar una bona

selectivitat cap al producte desitjat 159 (vegeu I'esquema 2.11).

o o0 Cross-Metathesis o 9
O/”\ N = . /\/(O catalyst O)]\ N = ()
- Solvent \—<
Bn

Bn
110, Type | Type Il 159, Selective CM
(fast homodimerization, (slow
homodimer consumable) homodimerization)

Esquema 2.11
2.1.2.2.1 Sintesi de I'N-acilimida 159 via reaccioé de CM

En assajar la reaccié de 110 amb [I'etil vinil cetona, en preséncia del
catalitzador de Grubbs I, tot seguint el procediment experimental establert,s2 varem
obtenir I'adducte 159 desitjat amb un 18% de rendiment i una barreja de subproductes
que no identificarem (vegeu I'esquema 2.12). Aquests resultats no ens desanimdarem, ja
qgue, com comenta Grublbs,52 petits canvis en els materials de partida poden ocasionar
estralls en la reaccié i/o afectar al catalitzador. Es per aixd que realitzarem una
optimitzacié de les condicions experimentals de la reacci® amb ['objectiu

d’'augmentar el rendiment.

O (@] 7 © (0] O
22 TU s
\_< Grubbs II, \_<

Bn CH,Cly, rt. Bn

110 159, 18%

Esquema 2.12
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La primera modificacid consisti a barrejar inicialment el catalitzador de Grubbs |
i 'olefina 110, per afavorir la maxima formacié d'homodimer de 110 i, posteriorment,
afegir I'efil vinil cetona. Amb aquestes condicions assolirem rendiments del 50% de 159
(vegeu la taula 2.1). Unes posteriors optimitzacions en la cdrrega del catalitzador i la
temperatura de reaccid, ens permeteren assolir ja rendiments del 70%. Finalment, amb
el canvi de catalitzador de Grubbs Il per el de Hoveydo-Grubbs Il s’obtingueren

rendiments quasi quantitatius de 159, tal i com predeia el model tedric de Grublbs.52

= e}
o o /\E 0O o
O)I\ N)J\li\/ O)J\N)J\(\/\io
\_<Bn Catalyst \_<Bn
110 159

catalyst solvent T time (h) vield (%) 159

~N_ N~
Mes Mes
., Y

A=
P
PCY3

CHCl2  r.t. 5 50

Cl h

~N_ N-
Mes Mes
., Y

A=
P
PCY3

N_ _N
Mes™ “Mes
a, Y

CI,Rlu_E CHCl2  r.t. 3 98
O
7/

Taula 2.1

CHCl2 A 5 70

Cl h

2.1.2.2.2 Hidrogenacié de I'adducte 159: Obtencié de 160

Un cop obtingut el producte de metatesi 159 s'abordd el segUent pas per a la
obtencié de I'acid 156, el fragment Ci-Cs. Aquest consisti en la hidrogenacié del
doble enllac conjugat de 159, mitjancant catdlisi heterogénia de Pd/C sota atmosfera

de hidrogen, tot obtenint el producte de reduccié 160 amb un rendiment quantitatiu.s3

0O o 0 o
o )kN ___0O Ha PdIC O)LN 0
\_( MeOH \_(
Bn Bn

159 160, 100%
Esquema 2.13
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2.1.2.3 Metilenacid de 160: Sintesi de I'N-acilimida 1462

Arribats en aquest punt abordarem la segUent reaccié, una olefinacié o
metilenacié del grup carbonil de tipus cetona de I'adducte 140. Si ens fixem en
aquesta estructura, veiem que presenta 3 grups carbonils: 2 de tipus imida i 1 de tipus
cetona (vegeu I'esquema 2.14). Aixi doncs, cal diferenciar-los per dur a terme una

metilenacidé quimioselectiva sobre el carbonil de tipus cetona.

{

y
OJOLNE\(\AiO/
\_<Bn
160

Esquema 2.14

La reaccié de metilenacié d'un grup carbonil és una reaccié dampliament
utilitzada en el camp de la guimica orgdnica i a la indUstria, com ho demostra la gran

qguantitat de metodes i reactius diferents que existeixen per abordar-la.s4

0 4 ()

I . ) \ Me (o}
PhsP=CH,  PhsP—CH,M Me3SiCH,Li Ti<>AI< Brzn”~ " ZnBr
e
NS 2
Wittig Horner Peterson Tebbe Nysted-Utimoto
(M = Li, Na)

Esquema 2.15

Una cerca bibliografica sobre metilenacions quimioselectives ens ajudd a
desestimar emprar reactius de tipus Wittig o Peterson, degut principalment al seu
cardcter fortament bdsic i que presenten poca quimioselectivitat a I'hora de
diferenciar diferents carbonils en d'una mateixa estructura. En canvi, pel reactiu de
Tebbe % existeixen forca exemples de metilenacions quimioselectives, emprant

principalment el reactiu de Tebbe modificat per Grublbss o Petasiss?.

ﬂ\'/\ Me ﬂ\ R ﬂ\_\\Me
Ti Al Ti Tiy
Me % R % Me

Tebbe Grubbs Petasis

Esquema 2.16
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Com és ben conegut, la modificacié de Petasis del reactiu de Tebbe radica
principalment en la no presencia d'alumini a la seva estructura i la seva facil
preparacid. Aixo li permet ser molt més versatil i aplicable sobre substrats sensibles al
medi acid i, a més a més, la seva manipulacié és molt més senzilla en no ser piroforic.
Tot i qix0, en estat solid descompon exotérmicament. Per agquest motiu, s'ha de
guardar al congelador en una dissolucié de concentracié coneguda de THF o tolué. El
model més acceptat, per aquesta reaccid, passa per la generacid del carbé de tipus
Schrock 161 a partir del titanoce de Petasis-Tebbe, via una o-eliminacié induida
térmicament.s” Aquest carbé 161 reacciona amb la cetona via una cicloaddicié [2+2]
tot formant un oxobutanocicle, que extrusiona el carbonil olefinat, com a producte

desitjat, i I'Oxid de titanoce, com a subproducte de la reacciod.

O

ﬂ\_r\\Me ﬁ\ /U\Rz Cp,Ti—O

o Ry
Ti=CH,| ———2» |_|_R2

] —_—
’Me thermally
induced Ry

a-elimination
161 l

Esquema 2.17
2.1.2.3.1 Obtencid de 162

Els primers assajos de 160 amb el dimetiltitanocé de Petasis-Tebbe (DMT) van
donar rendiments moderats (45-47%) de I'adducte desitjat 162. La resta de material de
la reaccid es va obtenir com a 163. Producte d’'olefinacié del carbonil endociclic de la

imida de I'oxazolidinona 160.

1
o N)J\li\/\(
Bn

)]\ o Cp,TiMe, 162, 45-47%

O N +
( THF, 65 °C
Bn o
RtAGRe

Bn
163, 23-30%

Esquema 2.18
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A la literatura, hi han descrites olefinacions quimioselectives i reaccions
d'olefinacié amb el DMT en les que s'empren scavengers com agents modulants de la
reactivitat del carbe 161.58 Ara bé, en cap cas trobdrem cap exemple quimioselectiu
on aparegui una oxazolidinona d’Evans o es diferencii entre un carbonil de tipus imida

davant d'un altre de tipus cetona.

e SEt Cp,TiMe,, e SEt

ethyl pivalate

OBPS (0] _— OBPS (e}
THF, 55 °C

(¢}
76%
o
F3c\©)‘\
CF3

WO
mQ

0
CFq Q\vah

91%

Oo/ < )OJ\OXR < Oo)\
- -

R = Alkyl, CH,Ph

F CpyTiMey, FsC
©/ sacrificial ester
N Toluene, 80 °C
N._-Ph

Relative reactivity of sacrificial esters

Esquema 2.19

Inicidrem doncs un estudi per modular la reactivitat del carbé del titanoce 161,
mitjancant la utilitzacié de diferents scavengers, i intentar que I'olefinacié maijoritdria
tingués lloc sobre el carbonil de tipus cetona de 160, tot deixant intactes la resta de
grups carbonils de I'estructura.

El primer reactiu que varem assajar va ser I'acetat de tert-butil. Els resultats
obtinguts foren millors (62% de rendiment de 162), perd no deixdvem d'obtenir també
el producte d'olefinacio 183. La utilitzacid de la N-butiriloxazolidinona 109, el producte
de partida de la nostre seqiéencia sintética, com a scavenger va permetre assolir
rendiments semblants als de I'acetat de ferf-butil. Finalment, en emprar la N,N-
dimetilformamida (DMF) va apropar-nos a uns rendiments del 69% del producte 162, tot
recuperant-se el reste de material de partida 160 inalterat. Una posterior optimitzacid
de la reaccié modificant la quantitat d'equivalents de DMF i de DMT, aixi com també
el temps de reaccid, ens va permetre obtenir 162 amb un 75% de rendiment tot

recuperant una 25% de 160 totalment inalterat.

68



Capitol 2

O O O O
O)]\N 0 Cp.TiMe; O)I\N)J\(\/\‘(
\_< Solvent \_<
Bn Bn
160 162
solvent T scavenger  yield (%) 162
THF 65°C — 45
Toluene  70°C — 47
Toluene 70°C AcOtBu 63
Toluene 70°C 109 63
Toluene 70°C DMF 75
Taula 2.2

No s’ha dut a terme cap estudi per esbrinar la capacitat de la DMF per eclipsar
la reactivitat del carbonil de fipus imida de 160. Tot i ser un tema forca interessant, el

desestimarem per desviar-se massa dels objectius d'aquest treball.
2.1.2.4 Obtencié de I'acid (R)-2,6-etil-4-heptenoic (156)
Per obtenir I'dcid 156 restava Unicament eliminar |'auxiliar quiral de 162.

Aquesta etapa sintética es realitzd emprant hidroperoxid de liti, tot dillant I'acid 156

desitjat amb un rendiment quasi quantitatiu.2?.30

O o o}
PN LiOH, H,0,
O N HO
\_< J\(\/\( THF/H,0 (3:1), 12 h )J\(\/\(
Bn
162 156, 99%

Esquema 2.20

2.1.3 Sintesi de I'azidoderivat 164, el fragment C7-Ciz

2.1.3.1 Infroduccié

Havent redlitzat la sintesi de I'acid 156, el fragment Ci—-Cs, el segUent pas
implicava obtenir el sintd V, el fragment C7—Cis, que segons I'andlisi retrosintética
realitzada (vegeu I'esquema 1.66) era I'altre fragment clau per a I'obtencié de la
fluvirucinina By (10) i B2 (11). Aquesta azida 164 representa un intermedi comu
estrategic per ambdues sintesis (vegeu esquema 2.21). La seqlencia sintetica que és

resumeix tot seguit implica la transformacié de 110 el I'azida 168, via el iododerivat 166,
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que es reduird fins I'aldehid 48 en el que s'assajaria una reaccidé d'allilacié per generar

I'estereocentre en Cy i tota la cadena carbonada del fragment C7—Cia.
R

R
. H
6 = 6
OPG OPG
+ 9 meeeaa- > 9
1
OH N3 HN
\ Vv Il
R=Me, 155 PG=TBS, 164 R=Me, 10
R=Et, 156 R=Et, 11
O O O O | O O N3
)J\ _~ Hydroboration
(@) N Y ™ . > O)I\N e O)kN
L{ lodination \_< \_<
Bn Bn Bn
110 166 168
\
OoTBS N3 OH Na 0o N3
7 .
Allylation
Z 13 T Z D H
164 169a 48

Esquema 2.21

2.1.3.2 Sintesi de I'N-acilimida 166

Per a les primeres etapes de sintesi de 164 decidirem seguir els precedents
descrits al grup de recerca.2326 Aixi doncs, per el primer pas sintétic, pensaren en
assajar una reaccié d'hidroboracioé regioselectiva de 110 i tot seguit la infroduccié de
un bon grup sortint, en lloc de I'alquilbord originat, tot seguint els treballs realitzats
préviament per M. Martin23 i G. Freixas2s.

O O O O BR3 O O
Bn Bn Bn

110
Esquema 2.22
Existeix un ampli ventall d'agents hidroborants, molt regioselectius (addicié sin
i/o de tipus anti-Markovnikov) com els alquilborans o dialcoxiborans, perd també

diastereoselectius, com els derivats de l'isopinocanfeilborans (Ipc) de Brown o els

borolans de Masamune. Molts d'aquests reactius sén comercials, ens dissolucions de

70



Capitol 2

molaritat coneguda, el que els fa més estables en front de la humitat i I'exposicid a

I'aire, o es preparen a partir de complexos de bord estabilitzats (BHz THF, BHzSMey,

enfre d'alfres).

Alkylboranes
H H H
B B B
A O U X
165
9-BBN Chx,BH Disiamylborane Thexylborane

Dialkoxyboranes

Jo fo
HB, HB{
o o

Catecholborane Pinacolborane
Brown's Ipc reagents Masamune's borolanes
H H
“B/, B,
P 5L dﬁ Lo
(-)-Ipc2BH (+)-Ipc2BH (S,9) (RR)
Esquema 2.23

Decidirem utilitzar el diciclohexilbord (Chx2BH, 165), com agent hidroborant de
I'N-butiriloxazolidinona alquilada 110, tot seguint els precedents descrits al grup de
recerca.23.2

Quan es redueix un doble enllac amb Chx2BH s'obté el corresponent alquilbord
XVIl com a intermedi de reaccid (vegeu l'esquema 2.24). Normalment aquest
alguilbord es transforma en el corresponent alcohol primari per tractament oxidatiu

amb H202 i medi bdsic.0

BChx, OH
a. CthBH b. H,O,, NaOH
RS R/\) .
THF, r.t. THF/H,O
XVII
Esquema 2.24

Brown i col. tfrobaren que en fer reaccionar els alquilborans XVII en preséncia
de |2 i NoOH obtenien els corresponents iododerivats XVIII (vegeu I'esquema 2.25) amb
rendiments moderatssta (< 67%). Aquests baixos rendiments els afribuiren a la possibilitat

de no poder trencar I'Ultim enllagc C-B del dihidroxialquilbord XIX format. La posterior
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optimitzacié de la reaccié per tractament dels trialquilborans XVII amb NaOMesob els

va permetre assolir rendiments quasi quantitatius dels corresponents iododerivats XVIII.

ChEH I BChx; | I NaOH I B(OH),
X y
RN R/\) 2 R/\) + R/\)
XVII i XVIII XIX
<67%
[ BChx; | |
Chx,BH l,, NaOMe
% 2 + B(OMe
R/\/ , R/\) R/\) ( )3
Xl ' XVl
100%
Esquema 2.25

Ara bé, aquestes condicions de reaccid no es poden aplicar a substrats
sensibles al medi bdsic o susceptibles de patir algun tipus d’eliminacid, com en el cas
de I'N-butiriloxazolidinona alquilada 110. Per evitar agquest inconvenient, Kabalka i col.
desenvoluparen un procediment enfocat a aquet fipus de substrats ¢ . Aquest
procediment implicava la utilitzacié d'una base feble i poc nucledfila, com ara
AcONa, en dissolucidé metandlica, per accelerar la reaccid, i obtenir els corresponents

iododerivats XVIIl amb rendiments acceptables.

BChX2 |
Chx,BH I2
R/\/ - R/\) R/\)
NaOAc / MeOH

XVII XVIII
75_95%

Esquema 2.26

2.1.3.2.1 Preparacié de Chx2BH (165)

Per aplicar aquest procediment, en calia la preparacié del Chx2BH (185), que
es va readlitzar in situ, sota atmosfera inert de N2, a partir d'un complex de bord
estabilitzat amb [I'N-efil-N-isopropilanilina (BACH-EI™),62 i ciclohexé en relacions 1:2.
Aguest complexos de bor amb bases de Lewis derivades de les anilines sén més
reactius que els derivats d’amines alifatiques BHz ‘BUNH2, BHs EfsN i no tant volatils com
el BH3z THF o el BH3 SMex.

BACH EIM O/ \O ; N-Ethyl-N-Isopropylaniline-
Borane Reagent
THF r.t., 45 min. CHCH,™ 3 BHg (BACH-EI™)
2 eq. CHg3- CH
CHs

Esquema 2.27
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2.1.3.2.2 Obtencié de 166

Realitzarem doncs la reaccié d'hidroboracié-iodacio de 110 amb Chx2BH (165),
preparat in situ segons s'ha descrit a I'apartat anterior, tot seguint el procediment
descrit per Kabalka i col.? i optimitzat per G. Freixds.2¢ Inicialment, es genera in situ el
trialquilbord XX (vegeu I'esquema 2.28) com a intermedi de reaccidé, que no dillem i
que fem reaccionar en el mateix matrds de reaccié (one-pot) amb Iz, en preséncia de

AcONa com a base feble en metanol, tot obtenint d’adducte 166 amb un rendiment

notable.
™
o o a. BACH-EI™, o o BChxy 0 o '

)]\ P ciclohexene )J\ b. AcONa, l,, )l\
o” N 0" N o N

\_( THF, 0°C, 3 h \_( THF/MeOH, \_<

on B rt,15h Bn
110 XX 166, 86%
Esquema 2.28

2.1.3.3 Sintesi de I'N-acilimida 168

Per a I'obtencié de I'N-acilimida 168, necessitdvem un intercanvi del iode de
166 pel grup azida en una reaccié de substitucid nucledfila tipus Sh2. Aquest pas de
reaccid va requerir una petita optimitzacié de les condicions inicials que varem assajar.
En efecte, en fer reaccionar 166 amb NaNs en DMF anh. es va obtenir majoritariament
I'amida 1687, fruit de Il'atac de I'ani® azidur (Ns) al carbonil endociclic de

I'oxazolidinona 166 (vegeu I'esquema 2.29).

o 0 | 0] |
)I\ NaN;
o N HO HN
g DMF, r.t. “
Bn Bn
166 167

Esquema 2.29
L'explicacio d'aquest fet experimental la tfrobarem a la literatura.¢? La utilitzacid
de DMF com a dissolvent polar aprotic no permet disgregar el parell idnic Na* i N3-, fet
que disminueix la capacitat nucleodfila de I'anid N3. A mes, el catié Na+* pot coordinar-
se amb els carbonils de la imida de I'oxazolidinona de 166, tot augmentant la seva
electrofilia i apropant encard més I'anid¢ N3 al carbonil endociclic. D'aquesta manera,
I'acilimida 166 pot experimentar més faciiment una reaccié d'addicié-eliminacid que

desencadena I'obtencié de I'amida 167.
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NG

)]\ (0] ! NaNg (@j\(\) O ON/k(\)
0" N o CN -

\—(Bn —

Hydrolysis

o} |

HO HNJ\(\/‘
Bn
167

Esquema 2.30

Alvarez i col. ¢ demostraren que per despullar totalment I'anid Nz-del seu
contraié i fer-lo més nucleofil és necessari la utilitzacid de DMSO con a dissolvent polar
aprotic.

Al assajar la reaccié de 166 amb NaNs, perd aquest cop amb DMSO com a
dissolvent polar aprotic, es va obtenir I'azidoderivat 168 desitjiat amb un rendiment

quasi quantitatiu sense que es detectés producte d'atac endociclic 167.

XE X _r
NaN3
O N O N
\_{ DMSO, r.t. \—<
Bn Bn
166 168, 98%

Esquema 2.31

2.1.3.4 Sintesi de I'(R)-5-azido-2-etilpentanal (48)

L'eliminacié de I'auxiliar quiral de 168 amb borohidrur de litis> a 0°C condui a
I'obtencié de I'azidoalcohol 122 amb bons rendiments. La posterior oxidacié de
I'alcohol primari de 122, emprant condicions de Swern,3¢ va permetre accedir al §-

azidoaldehid 48 amb un rendiment quasi quantitatiu (vegeu I'esquema 2.32).

o a. (COCl),, DMSO,
0 Q N LiBH, oH N3 78 °C. 30 min. Q Na
o N H
\_< THF, MeOH, b. Et3N, CH,Cl,,
0°C, 12 h ~78°C, 10 min.
Bn
168 122, 91% 48, 98%

Esquema 2.32
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2.1.3.5 Reaccidé d’'al lilacié estereoselectiva: Sintesi de I'azidoalcohol 169a

La segUent etapa en la nostra seqUencia sintetica era una reaccid d'allilacié
diastereoselectiva de I'azidoaldehid 48 per tal d'obtenir I'azidoalcohol quiral 169q,

amb I'esterereoquimica en C9.

(e} N M/\/ OH N3

48 169a

Esquema 2.33

Com és conegut, els aldehids que presenten un centre estereogénic en a al
grup carbonil, com ara 48, propicien I'obtencidé d'un diasteredmer o un altre de forma
maijoritdria, davant I'atac d'un nucledfil. Aixd es degut al fet que les dues cares del
sistema 1 del grup carbonil de I'aldehid no esdevenen equivalents energéticament. Els
models més acceptats per racionalitzar aquest fets han estat els models de Cramsé¢i el
de Felkin-Ahn.¢”

El model de Cram racionalitza els resultats en aquells casos en que I'aldehid
disposa d'un substituent que fa possible la formacid d'un intermedi quelat (vegeu
I'esquema 2.34). L'estructura rigida d'aquest quelat disposa els substituents ambdues
cares del grup carbonil, fet que permet la diferenciacid per glestions estériques(s < m)
de la trajectoria d'atac del nucledfil i, propicia I'obtencidé majoritaria de I'adducte

anomenat Cram.$é

1
H oX OH

o
~ X «— ~._ = TTTTmmes - X
N N /s/d-p\m TN NU/S'/'/
m S u H u m S
Cram Cram chelate anti-Cram

Esquema 2.34

El model de Felkin—Ahn¢’ s'aplica per explicar I'evolucid estereoquimica de
I'atac d'un nucledfil sobre un aldehid amb un centre estereogénic en o sempre que no
hi hagi possibilitat de quelacié. Aguest model perd, no pren en consideracié la
conformacio més estable, sind la més reactiva, és a dir, aguella que condueix a I'estat
de transicié de més baixa energia. Per tant, aquest estat de transicié ha d'adoptar una
conformacié que minimitzi les interaccions esteriques o electroniques dels diferents
substituents en a al grup carbonil (L > m > s). Seguint aquesta ordenacid, L, serd el
substituent de major volum estéric o el que tingui I'orbital 6* (C-L) de més baixa

energia i, per contra, s, serd el substituent de caracteristiques contraries (vegeu
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I'esquema 2.35). La disposicid del grup L perpendicular al grup carbonil, per criteris
estérics o estereoelectronics, permet I'atac del nucledfil seguint una trajectoria obliqua
(anomenada la trajectoria de Burgi-DUnitz)¢® pel costat del substituent més petit, s,

conduint al que es coneix com a producte de tipus Felkin.

OH om S 0 OH
L — L —_— L -—------- - ~ L
Nu)Y - E]‘“b, Nu” 7
m S H s\ Tompy m S
Felkin anti-Felkin

Esquema 2.35

Ara bé, en el cas que ens ocupa de I'aldehid 48, la diferéncia entre el grup
gran (CH2CH2CH2aNgs) i el grup mitja (CH2CHa) és petita i el resultat seria un control pobre

de I'addicié nucledfila segons el model de Felkin—Ahn.

0 N3 OH N3
O Me ANF OH
M Z
N = At
Nu
H H m S
48 Felkin 169a
Esquema 2.36

En general, el model de Felkin—Ahn descriu satisfactoriament les addicions que
franscorren via un estat de tfransicid obert, perd quan I'addicié transcorre via un estat
ciclic de ftipus Zimmerman-Traxler, les prediccions tedriques poden allunyar-se dels
resultats experimentals obtinguts.é? Aixd ens va plantejar la necessitat d'utilitzar un
derivat allil metdldic quiral capac de controlar I'estereoquimica del producte final i,
per tant, que aquest control no recaigui en I'aldehid quiral 48.

Existeix un ampli ventall de reactius que poden dur a terme una reaccid
d'allilacié estereoselectiva,’”o com els alfiloorans quirals de Brown’! o el al'liltitanats
derivats del TADDOL de Duthaler,”2 entre d'altres (vegeu I'esquema 2.37). D’entrada
perd els desestimarem per les drastiques condicions de reaccid o per una preparacidé
tediosa i complicada del reactiu d'alfilacié. També cal afegir que la majoria d'aquests
reactius donen lloc a rendiments mediocres quan els carbonils no estan gaire activats,

com és el cas de I'aldehid 48.

. &S oy
P CO,iPr SO,Tol 'Il'i o - Ph
AN 1 "'
B o) N
\2 é\/&,:cozipr \[ ‘B/\/ /\/ 0 (0]
/\/ (e} o N/ P h\\‘\ /\I "
S ph O
SO,Tol

Brown's Dialkylboranes  Roush's Boronates Corey's Allylborane Duthaler's TADDOL

Esquema 2.37
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Amb totes aquestes premisses, condicions suaus de reaccid, alta reactivitat del

allimetallderivat i facil preparacié, trobarem a la literatura els alfilsians de Leighton

170 i 172.73 Aquests reactius es preparen de forma molt senzilla a partir de 1,2-

aminoalcohols o de diamines quirals i les condicions de reaccid sén senzilles i suaus. La

seva reactivitat enfront d'aldehids poc activats és més que notdria com es pot

comprovar en alguns dels exemples descrits pels autors.

©,,,, o} /\/ . Toluene
i H
)iN’SI‘u 110°C,2h
|
170
r p-BrPh
N ~~F CH,Cl,
/SI\ + H
N Cl ~10°C,20h

N

p-BrPh
172

Esquema 2.38

OH

171, 70%, 87% ee

OH

171, 93%, 96% ee

En estructures cicliques, I'atom de silici presenta una activitat inusual com a

acid de Lewis degut a I'alliberament de tensié d'anell (strain released),’4 fet que no es

manifesta quan I'dtom de silici no es troba formant part d'una estructura tensionada

(vegeu I'esquema 2.39).

\S_/
ol
O Ph 0 150 °C
+
H* Ph 8 days
_Si.
O Ph o} 100 °C
+
H™ ~Ph 34 h
N4 0 160 °C
/Si\/\ +
Ph S H)J\Ph 24 h
@ 0 130 °C
Shox T
Ph = H)J\Ph 12h

Esquema 2.39

No reaction

&

o opn
Ph
84%
No reaction
_Si.
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L'atom de silici en una estructura tetraédrica té un angle d’enllac de 109.5°i és

un dacid de Lewis molt feble. En canvi, en trobar-se en una estructura ciclica, aquest

angle d’enllag pot arribar a ser de 90°. Aleshores adoptar una disposicié de bipiramide

trigonal, pentavalent, molt menys tensionada que en una disposicid tetraédrica inicial

(efecte relaxacié de tensid).”s

Tetracoordinated Silane:
109.5°

\?
S,
~~\"'D
A%

Low Lewis acidity

Tetracoordinated Silacycle:

Expected angle 109.5°
Actual angle ~ 90°

i
Sin,
N D
A e

Highly strained
Highly lewis acidity

Esquema 2.40

2.1.3.5.1 Sintesi dels al filsilans quirals de Leighton

90°
B

Nu )

A—Si

Nu

Expected angle 90°
Actual angle ~ 90°

Trigonal bipyramidal
Strain released

Decidits ha emprar com a reactius d'allilacié aquests alfilsians de Leighton

varem passar a sintetitzar-los. Per a la sintesi del silacicle 170 partirem de I'(S,S)-(-)-

pseudoefedrina que en fer-la reaccionar amb I'aliltriclorosil 1G en preséncia de EtsN

s'obtingué els corresponent silacicle de 5 baules 170 amb un rendiment moderat.”3a

Per a la sintesi de ent-170 es repeti la mateixa reaccidé tot utilitzant I'(R.R)-(+)-

pseudoefedrina com a reactiu de partida.

.o

Clsi™ | EN

L

| CH,Cl,,0°C
(S,S)-Pseudoephedrine
OH Clsi™ | EN
'|\‘H CH,Cly, 0 °C
(R,R)-Pseudoephedrine
Esquema 2.41
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Per a I'obtencié dels diazasilacicles 172 i I'enantiomer ent-172 inicialment es
realitzd una aminacié reductiva del p-bromobenzaldehid amb les diamines 173 i ent-
173 en presencia de NaBHs. Posteriorment, les amines obtingudes es tractaren amb
aliltriclorosil 1a i DBU i, s’obtingueren els corresponents diazasilacicles 172 i ent-172 amb

bons rendiments acceptables.”1e

p-BrPh -BrPh
HJ\@ sicl P
NH, 5 NH P 3 f

r N\ /\/
“, , , /S'\
NH,  NaBHs “NH DBU, CH,Cl, N Cl

p-BrPh p-BrPh

173 97% 172, 73%

p-BrPh -BrPh
H r sicl P
NH, )‘\@Br NH A28 r

oL (L
AN
NH,  NaBH, NH DBU, CH,Cl, N Cl

N

p-BrPh p-BrPh
ent-173 99% ent-172, 83%
Esquema 2.42

2.1.3.5.2 Al lilacié amb els reactius de Leighton: Obtencié de I'azidoalcohol 169a

Inicialment assajarem la reaccié d'alliacié dels diferents reactius de Leighton
170 i 172 amb un aldehid model, el hidrocinemaldehid. Quan assajarem aquestes
reaccions en les condicions descrites per Leighton i col.”! s’obtingueren els adductes
174 i ent-174 amb uns bons rendiments i enantioselectivitats de bones a excellents

(vegeu taula 2.3).
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o Leighton reagent ?H
WH ©/\)\/\ R
Solvent 20 °C,
ent-174
solvent reagent ee % (config) yield, %
o s
‘0, O
Toluene ; \Si/\/ 88 (S) 84
N cl
170 |
O, /\/
Toluene Si 88 (R) 86
\\\\\ N Cl
ent-170 !

N\ . =
CHaCl U JSiC 98 (S) 91
"N Cl

“'N\ /\/
CH2Clz Q SIS 98 (R) 73
N Cl
N

ent-172 p-BrPh

Taula 2.3

Leighton i col. proposen un mecanisme per a la reaccié d'allilacié basat en
estudis tedrics sobre models simplificats del diazasilacicle 172. Els autors postulen una
aproximacié a I'estat de transicié concertat ciclic de é baules de tipus Zimmermam-
Traxler (vegeu I'esquema 2.43). Dels 2 atoms de nitrogen del silacicle, un es colloca en
disposicié equatorial de la cadira i I'altire en disposicid axial de I'estructura de
bipiramide trigonal. L'oxigen del grup carbonil de I'aldehid es coldoca en posicié
apical al nitrogen axial de I'estructura de bipirdmidetrigonal,

per minimitzar els
moments dipolars i els efectes estereoelectronics.”'e

t ¥ F ks
ciff Hel I Hel
N N N N, l
s LS Y= SRR
- 1 O = -
A H R H
TS1 0 kcal molt TS2 2.3 keal mol™? TS3 2.9 kcal mol™? TS4 5.0 kcal mol?

Esquema 2.43
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De les 4 possibles aproximacions als estats de transicid, el TS1 de I'esquema 2.43
és el més baix en energia degut a efectes estereoelectronics. El parell d’electrons no
enllacants de I'atom d'oxigen del TS1 en antiperiplanar a I'enllac Si—-Cl estabilitza
I'estructura per efecte anomeéric, un efecte que també té lloc en TS2. Ara bé, en
aqguest TS1 també es minimitza la repulsid del parell d'electrons no enllacants de I'atom
de nitrogen en apical a I'adtom de oxigen amb el parell d’'electrons no enllacants de
I'dtom de ClI, que si apareix en I'estat de transicid TS2 (vegeu I'esquema 2.44). Aixd
permet una millor piramidalitzacié de I'atom de nitrogen en apical de TS1 i per tant

genera una estructura ciclica molt més estable.

_ . _ 3
I o la°si lone-pair/lone-
H dﬁ\ INg Q) pair repulsion
Cly s%3p® 0cl
CZ

N
H\/Sf\j ( N/'Si H
/’/JQO/ N N \/;(\\
R 0 H ! o
anomeric
effect

TS1 TS2

Esquema 2.44

Atés als nostres resultats i, correlacionant-los amb els estudis teodrics i
experimentals de Leighton i col., v&rem determinar que en fer reaccionar ent-170 i ent-
172 amb I'azidoaldehid 48 obtindriem el diasteredmer 169a ( el diasteredmer sin
desitjat) com a producte majoritari. Tot i aixd, varem considerar oportU assajar la
reaccié d'alflilacié amb cadascun dels reactius de Leighton sintetfitzats per tal
d'analitzar els diasteredmers formats i poder determinar la seva configuracid absoluta.

Inicialment assajarem la reaccié d’'allilacié de I'aldehid 48 amb els silacicles
derivats de la pseudoefedrina 170 i ent-170. Seguint el protocol general descrit a la
part experimental d'aquesta Tesi varem obtenir els corresponents adductes 169a (sin) i
169b (anti) amb bones diastereoselectivitats i rendiments. Cal fer esment que la
diastereoselectivitat que s'aconsegui amb ent-170 era de 88:12, es a dir, que I'adducte
sin 169a desitjat s'aconseguia amb bona selectivitat perd pitjor que la que s'obtenia
amb 170, que permetia aillar I'adducte anti 169b amb una diastereoselectivitat de
92:8.

Tot seguit, assajarem la reaccié d'alfilacid de I'azidoaldehid 48 amb els
diazasilacicles 172 i ent-172. Es varen obtenir novament els corresponents adductes
169a i 169b amb unes relacions diastereomeériques excellents i uns rendiments

semblants als silacicles derivats de les pseudoefedrines 170 i ent-170.
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0 N
: Leighton reagent oH N (;)H Na
H = + =
Solvent, 20 °C,
15'h
48 169a 169b
solvent reagent 169a :169b yield, %
o s
“,, -0,
Toluene )i \Si/\/ 8:92 88
N CI
170 |
O, /\/
Toluene Si, 88:12 76
~ N Cl
ent-170 I
p-BrPh
r
N, 7 .
CHoClo O’ s Single 169b 77
"N

wN P4
CH2Cl2 N/SI\CI 98 :2 86

ent-172 p-BrPh

Taula 2.4

Amb el diazasilacicle ent-172 va permetre aconseguir una diastereoselectivitat
molt elevada (98:2) per I'adducte sin 169a. Tot i que la induccid asimétrica de I'aldehid
48 i la propiciada pel reactiu de Leighton ent-172 sén idéntiques i, per tant estem en un
cas mafched, s'observa una disminucié de les diastereoselectivitats de les reaccions
en el casos sin (producte Felkin) davant les reaccions que generen els productes anti
(oroducte anti-Felkin segons |'aldehid 48) L'explicacié d'aquest fet experimental
segons Leighton i col. passa per qué en I'aproximacié al estat de transicié ciclic de
fipus Zimmermam-Traxler (vegeu els esquemes 2.43 i 2.44) apareixen interaccions de
tipus 1-5 pentd,”! que apropen els estats TS1 i TS2, generant una pérdua de la

diastereoselectivitat de la reaccid.
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(0]
L Leighton reagent
H
m Solvent, 20 °C,
15h
B mE:
Cl
\Nq
Si
~
/" NH
syn-pentane syn-pentane
TS1 TS2

Esquema 2.47

2.1.3.5.3 Determinacio de la configuracio de 169ai 169b

Per a la determinacié de la configuracié dels nous estereocentres formats en els
adductes de la reaccié d'allilacié 169a i 169b, seguirem els treballs realitzats
préviaoment al grup de recerca. En efecte, M. Martin22 determind la configuracié
absoluta dels aldols 103a i 103b (vegeu I'esquema 2.48 per un andlisi detallat i
I'esquema 2.49 per I'estructura completa), entre d'altres metodologies, per correlacid
de I'RMN de 'H, tant amb els desplacaments quimics com en les constants
d'acoblament, amb els resultats dels aldols derivats de metil cetones descrites per uns

freballs de Roush i col.”¢

Roush's Model

H,, 52.64 2.88
O OHH, Jax=7.8_10.0 Hz
R R Hp, 8 2.20_2.52
u/ 5y Jpx=1.1 5.4 Hz
a b Me Hy, 5 4.26_4.80 i
103a
Felkin
H,, 8 2.58 2.84 Hy
Q Hx OH Jax=14_2.8Hz L MeLXR o
- R Hp, 8 2.16_2.65 @ o)
2 Jbx=9.2 125 Hz = H
Ha Hp Me Hy, 8 4.02_4.40 L R Hx i
103b
anti-Felkin
Esquema 2.48

G. Freixas?¢ detectd una correlacid de RMN H entre els senyals corresponents
als grups metilens units al grup azida dels aldols 133a i 133b i les assignades per M.

Martin23 als aldols 103a i 103b. Per als aldols de tipus sin, el senyal entre els protons
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geminals i veinals al grup azida presenten una multiplicitat de doblet de triplets, mentre

que per als aldols de tipus anti una multipliciat Unicament de triplet.

. : - -
o) o) o) o)
OH WOH OH WOH
TBDPSO TBDPSO TBDPSO TBDPSO
N3 N3 N3 N3
103a 103b 133a 133b
syn anti syn anti
Ha, & 2.51 ppm Ha, 8 2.58 ppm Ha, 8 2.47 ppm Ha, 8 2.56 ppm
Hp, 8 2.51 ppm Hp, 8 2.50 ppm Hp, 6 2.54 ppm Hp, 5 2.49 ppm
Hy, & 4.04 ppm Hy, & 3.99 ppm Hy, 8 4.02 ppm Hy, & 4.02 ppm
Jax=55Hz Jax=2.2Hz Jax=9.0Hz Jax = 2.8 Hz
Jpx =55 Hz Jpx=9.5 Hz Jox=3.0Hz Jpx=9.2 Hz
2H, CHH'Ng, 2H, CHH'Ng, 2H, CHH'Ng, 2H, CHH'Na,
m 3.3_3.2 ppm t3.25 ppm, dt 3.30 ppm t3.26 ppm,
- J=7.0Hz Jy =18.8 Hz, 6.6 Hz, J=6.8 Hz
dt 3.24 ppm
Jy = 18.8 Hz, 6.6 Hz
Esquema 2.49

Amb aqguests dades i, en consondncia amb els models tedrics de Leighton i
col,”! varem postular la configuracié absoluta de 169a com (4R,5S), aixi doncs, el
producte d'allilacié de tipus sin. Per 169b es postuld la configuracié absoluta (4S,55), el

producte d'alililacié de tipus anti.

OHH, Mo H,5213ppm 2H, CHHNg,
N, X Jax=9.2Hz 3 dt 3.30 ppm
AT Hp, 8 2.29 ppm Ju=12.0 Hz, 6.8 Hz,
a Mb Et Jbx = 3.6 Hz 5 dt 3.26 ppm
169a Hy, 6 3.65 ppm Jy=12.0Hz, 6.8 Hz
syn
He on  Ns  H, 5231 ppm
P ava Jax = 4.2 Hz 2H, CHH'N3,
- Hp, 8 2.16 ppm 513.28 ppm,
Ha Ho Et Jox = 8.8 Hz J=6.8Hz
169b Hy, 8 3.63 ppm
anti

Esquema 2.50
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2.1.3.6 Obtencié de I'azidoderivat 164, el fragment C7—Ci3

La proteccié de I'alcohol 169a amb clorur de tert-butildimetilsilil i imidazole,””

forni I'azidoderivat 164 amb un excel lent rendiment.

OH a. TBSCI, OTBS
imidazole
= N3 = N3
DMF, r.t.,, 15 h
169a 164, 98%

Esquema 2.51

2.1.4 Sintesi de I'amida 175

Un cop sintetitzats I'acid carboxilic 156, el fragment Ci-Cs i, I'azidoderivat 164,
el fragment C7-Cis, procedirem a la unidé d'aquests dos fragments mitjancant la
formacid d'un enllac amida per tal d'assolir I'amida 175 tot seguint la proposta de
I'analisi retrosintetica (vegeu I'esquema 1.66).

Existeixen nombrosos méetodes per formar enllacos amida a partir d'un dcid i
una amina.’® En la majoria de casos s'activa I'dcid com halur d'acid, acil azida, acil

imida, entre d'altres, i posteriorment té lloc I'atac nucledfil de I'anima sobre el carbonil

activat (vegeu I'esquema 2.52)

i activating agent j)\ R'NH, j)\
R OH R X R NHR'
activation amidation
Esquema 2.52

En el nostre grup de recerca es va iniciar, fa ja molts anys, una linea d'estudi
orientada a la reaccié de formacid d'enllacos amida, enfocada cap a les reaccions
de macrolactamizacid.?? Aquest métode que es va desenvolupar implicd la reduccid

in situ del grup azida, amb complexos d'Sn(ll), prévia activacid de I'dcid com a tioester
d’S-2-piridil.

? °
COOH C-SPy NH
N3 N3

activation reduction and
cyclization

Esquema 2.53
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L'activacié de I'acid en forma de tioester d'S-2-piridil va ser introduida per
Mukaiyama com a alternativa en la sintesi de péptids.”? Aquesta metodica utilitza la
2,2'-ditiopiridina [(PyS)2] que en presencia d'una fosfina genera una especie nucleodfila
de tiopiridilfosfoni, que reacciona amb un dcid carboxiic per donar lloc al
corresponent tioester d'S-2-piridil, I'Oxid de fosfina i la 2-tiopiridona. L'atac de I'amina
en el medi de reaccié sobre el tioester de piridil genera la corresponent amida, de

manera suau i en general amb bon rendiment.

0
X X
s Ul D=l 8 o (L
B NS 57N R™spy © PR, Sy
= ®PR;

Esquema 2.54

Aprofitant aquest mateix protocol, Corey i Nicolaou realitzaren una reaccidé de
macrolactonitzacié d'un precursor avancat d’'una macrolida activant I'dcid en forma

de tioester d'S-2-piridil.&

OH O HO OH O Me
PyS),, PPh
oH ( yS)2 3 o
benzene A o]
PTHO PTHO \)
O
75%

Esquema 2.55

Mes tard, Bai i col. aplicaren aquesta metddica a la macrolactamitzacié de o-
(p-aminofenil)acids emprant (PyS)2 i PPhs, per generar I'dcid activat, que en preséncia

de I'amina a la mateixa estructura carbonada genera la macrolactama.s!

NH2 HN—C:O
(PyS)2, PPhs (CH)10
CH4CN, A
(CH=CH)(CHy),,CO,H (HC——=CH)
67%
Esquema 2.56

Interessats en aquests resultats, el grup de recerca va desenvolupar un metode

de macrolactamitzacié selectiva i eficag, enfront d'altres grups funcionals a la
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molécula, amb la introduccié d'un complex d'estany [EtsN][Sn(SPy)s] com agent

especific reductor d'azides a amines, i I'activacié de I'dcid com a tioester d'S-2-piridil.2”

SPy), PR g [EtsNH][SN(SPy)s] #°
! cooH  (SPy)2 PR | C-SPy 3 ¥)3 NH
3 3

activation reduction and
cyclization

Esquema 2.57

M. Martin, en el seu treball de Tesi, 3 aplicd aquest métode amb notable exit a

la macrolactamitzacid del w-azidodcid 102 per obtenir el precursor avancat de 1'Sch

38516 101.

i
i
i

(0] O O
OMOM  (SPy)s, OMOM _ [EtzNH] OMOM
PBus [Sn(SPy)s]
oo ., WSO A, WSO I,
bencene, | CH3CN/toluene, |
OH 0°C,21h SPy A 4h HN
N3 N3
102 173, 84% 101, 73%

Esquema 2.58

Posteriorment G. Freixas, en la seva Tesi,2é tornar aplicar aquests procediment
de macrolactamitzacié en la sintesi de I'aglicona de I'Sch 38518 (vegeu |'esquema
2.59). En aquest cas, redlitzd la macrolactamitzacié de I'w-azidodcid 135, sense tenir

protegit el grup hidroxil en C9 i s’obtingué I'aglicona de I'Sch 38518 amb un 25% de

rendiment.
OH  (SPy),, OH [EtsNH] OH
PPhs [SNn(SPY)3]
o) o] b, T T o)
CH,Cl,, | | CH3CN/toluene, |
OH r.t., 24 h Spy A, 5 h HN
N3 N3
135 174, 61% 11, 25%

Esquema 2.59

Fruit de I'interés del grup de recerca per millorar els protocols de reduccions del
grup azida, tot minimitzant I'Us de metalls, i cercant I'activacid del grup carboxil
operant en condicions catalitiques, J. Burés en el seu treball de Tesi®2 va desenvolupar

una metddica basada en la utilitzacié del selencester de Se-2-piridil com agent
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activador del grup dcid. Aguesta nova metodica li va permetre emprar quantitats
catalitiques de (PySe)2 per generar in situ el selenoester de Se-2-piridil que reacciona
amb el fosfazé derivat de I'azida i la fosfina per fornir I'amida corresponent amb

rendiments quasi quantitatius (vegeu esquema 2.60).83

0O

/u\ (PySe)2

R OH +
MesP
M83P + N:;_Rl
PySeH + MezP=0

MesP=0

+ R
o}
H
0
R)J\OH
R

Esquema 2.60

O N,
)J\s
ePy MesP=N-R'
o
Ja

|
||3Me3
SePy

Tenint en compte aquest Ultim precedent, aplicdrem aquesta metddica per
I'obtencié de I'amida 175. Aixi doncs, activarem I'acid 156 en presencia de (PySe)2 i
PMes tot generant el selenoester d'Se-2-piridil XVII com a intermedi de reaccidé que no
dilldrem. Posteriorment transformdarem I'azida 163 en el fosfazé XVIIl, que tampoc
aillarem i tot seguit, els feren reaccionar en el mateix matras de reaccid on s’havia
format el selenoester XVII (vegeu I'esquema 2.61), per tal d'obtenir I'amida 175 amb
rendiment quantitatiu sense observar epimeritzacié del centre estereogénic en a al

grup carbonil.

A A <
OTBS (PgI\SAE)z, OTBS
. €3 OTBS
w0 “| toluene, | «~\_O | WSO i,
rt., 24h |

OH SePy HN

N3 NQPMe3
156 164 XVII XVIII 175, 100%

Esquema 2.61
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2.1.5 Sintesi de la lactama 176

Un cop obtinguda I'amida 175 s’abordd la seglent etapa de la sintesi de la
fluvirucinina B2 (11), una reaccié de metatesi de tancament d'anell (RCM), tot seguint
I'analisi retrosintetica proposada (vegeu I'esquema 1.66)

Com s'ha comentat a l'apartat 2.1.2.2, les reaccions de metdatesis han
esdevingut una revolucidé en el camp de la guimica orgdnica en els darrers anys i és
molt habitual trobar en moltes sintesis totals que les darreres etapes estiguin

dissenyades per dur a terme una reaccié de tancament d'anell (RCM).84

Esquema 2.62

Seguint els estudis de Grubbs i col.52 segons el resum de I'esquema 2.9, es
poden classificar les olefines terminals de I'amida 175 en una olefina de tipus |, pel que
fa al'olefina monosubstituida i una olefina de fipus Il per a I'olefina disubstituida (vegeu
I'esquema 2.63). Segons aquest model, cal esperar una elevada selectivitat en la
reaccié de tancament d'anell (RCM), en dur a terme una reaccié de metdtesi entre
olefines de fipus | i Il (vegeu esquema 2.10). Es per aqixd, que per evitar la
homodimeritzacid de 175, la RCM s'ha de dur a terme en condicions d'alta dilucid per

afavorir aixi la reaccié de tancament d’'anell.
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Olefln type Il (slow homodimerization)

Olefin | (fast homodimerization,

homodimer consumable)
X
OTBS RCM OTBS
e - Lo
HN

175 176
Selective RCM

Esquema 2.63

En la RCM s’hauria de formar la lactama 176 que té un anell macrolactdmic de
14 membres de mida intermedia. Segons alguns precedents a la literatura,’.85 uns
precursors avancats semblants a 175 han donat bons resultats en macrociclacions

emprant la reaccié de RCM, alguns exemples es mostren a continuacio.

0} O
O (e}
Grubbs | catalyst
CH2C|2, A, 40 h =
=
79%
OAcC OAc
NHCOCF3 NHCOCF;
¢}
= b OAc OAc
o Schrock catalyst
Benzene, 60 °C
HN
36 37, 90%

Esquema 2.64

2.1.5.1. Reaccidé de RCM de I'amida 175

Animats per aquests resultats de la literatura, varem realitzar la RCM de I'amida
175 tot aplicant les condicions de reaccié de CM Utilitizades a I'apartat 2.1.2.2, en
condicions d'alta dilucié (0.002 M). Les condicions inicials de la reacci® de RCM
implicaren emprar com a dissolvent CH2Cl2 a 40 °C i un 20% en mols de catalitzador de
HG Il. En tots els assaigs realitzats es va obtenir una mescla de les lactames 178E i 1761 |,
com una barreja d'isdomers en relacié 1.4:1 (vegeu la taula 2.5). Inicialment atribuirem

el baix rendiment de 176 als pocs equivalents de catalitzador i a les condicions d'alta
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dilucié. La utilitzacié de quantitats equimolars, o de successives cdrregues de

catalitzador, aixi com també temps de reaccié molt més llargs van donar rendiments

de 176 propers al 60%.

1767 176E
T batch eq. cat. time d.r. yield

(°C) catalyst (mol.) (h) 176Z:176E (%)
40 1 0.2 18 1:1.2 26
40 1 1 48 1:1.4 52
40 2 2 72 1:1.2 56
40 3 3 72 1:1.2 54

Taula 2.5

Tot i tenir uns rendiments acceptables en la RCM de 175, assajarem novament

la reaccié amb tolué com a dissolvent a 80 °C i amb quantitats equimolars de

catalitzador de HG Il. En aquest cas, es va aconseguir la macrolactama 176 amb un

rendiment excellent (85%) com a barreja, novament, d'isomers E/Z en una relacid

1:1.2. Posteriors optimitzacions, tant en la relacié d'equivalents de catalitzador, com els

temps de reaccid, no varem suposar cap millora (vegeu la taula 2.6).

T batch eq. cat. time dr. yield
(°C)  catalyst (mol.) (h) 176Z:176E (%)
80 1 1 15 1:1.2 85
80 2 1 17 1:1.1 75
80 1 0.5 17 1:1.6 44
80 1 1 48 1:1.3 78
Taula 2.6
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Tot i que els resultats eren forca bons, un fet que ens va sorprendre va ser
obtenir la macrolactama 176 com a barreja d'isdmers E/Z en relacidé quasi idéntica.
Cal tenir present que en el cas de la sintesi de I'aglicona de I'Sch 38516 de Hoveyda i
col.? (vegeu l'esquema 2.65), la lactama 37 s'obté com a Unic isdmer Z en la RCM,
emprant el catalitzador d'Shrock.

OAc OAc

NHCOCF; ﬁNHCOCFa
OAc = © e OAc
o]

Schrock catalyst

A\
4
Oun

w0 .

\
\
W

Benzene, 60 °C

36 37, 90%, single
diastereomer (2)

Esquema 2.65

Cal fer esment que aquesta baixa selectivitat de 176 podria ser un problema en
la nostra aproximacid sintética. Un punt al nostre favor era que les macrolactames 1762
i 176E es podien separar per cromatografia en columna. Per contra, la baixa
selectivitat podria fer disminuir el rendiment de la nostra aproximacié de manera
notable, ja que per obtenir I'UItim estereocentre (Cé) ens calia reduir I'alqué de
manera estereoselectiva.

El que és clar, és que segons Grubbs i col.,8¢ els nostres resultats experimentals
demostren que no hi ha estereoselectivitat en la RCM. El canvi de catalitzador o potser
el canvi de grup protector en C9, podria conduir a I'obtenci®é majoritaria d'un dels
isomers. Tot i qixd, no varem dur a terme cap estudi sobre aguesta proposta, pero si
que posteriors treballs han estat encaminats cap a aguesta linea.8”

En la majoria de reaccions assajades de RCM de I'amida 175, tant amb CH2Cl2
com amb tolué, es va recuperar un petit percentatge, entre un 4-8 %, d’homodimer de
condensacié per I'olefina de tipus | 177 (vegeu I'esquema 2.66). Aguest fet no ens va
sorprendre, donat que I'elevada reactivitat del doble enllac de tipus | afavoreix la CM,

enfront de la RCM,83 tot i freballar en condicions d’alta dilucid.
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N N
Mes™ “Mes
cl, T
Ru=
’
[ cI” N
otBs i-Pr’ OTBS
+
WSO i, WSO i,
| (0.002 M), |
HN solvent, A HN
175 176E/Z 177

Esquema 2.66

Aquest material, I'nomodimer 177, és va anar recollectant i es va tornar a fer
reaccionar en condicions de RCM, tot obtenint 176 amb un rendiment moderat (44%) i,

de nou, com a barreja d'isdmers E/Z (1:1.2).

N
Mes™ “Mes
c:|,,,\r
Ru=
cl’| N\
i OTBS
-Pr oTBS
- NG I
Toluene, 80°C l |
HN
177 176Z/E,
44%, d.r.
1:1.2

Esquema 2.67

2.1.6 Reaccid d’hidrogenacié: Sintesi de 178a

La posterior reaccié que calia abordar era la hidrogenacié del doble enllac de
1761 i 176E. Hoveyda i col.” hidrogenen el doble enllag de I'isomer Z 37 en condicions
de catdlisi heterogenia de Pd/C, emprant EtOH com a dissolvent, tot obtenint 38 amb

un excellent rendiment i com a Unic diastereomer.

OAc OAc
NHCOCF; NHCOCF;
= © p OAc OAc

0 Pd/C

H,, EtOH,
HN 12 h
37 38, 72%, single
diastereomer

Esquema 2.68
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A l'estela d'aquesta aproximacié, el segUent pas seria fer aquesta
hidrogenacié catalitica. Com ja hem esmentat abans varem ser capacos d'aillar per
cromatografia en columna cadascun dels isomers de 176 i, per aixd varem dur a terme
la reaccié de hidrogenacié de cada estereocisomer en les mateixes condicions
descrites per Hoveyda i col.” De manera sorprenent, en ambdds casos varem obtenir la
mateixa lactama reduida 178 amb excellents rendiments (93-95%) i

diastereoselectivitats acceptables.

X
OTBS  PpdiC OTBS
N0 A, Hp EtOH, .\_o .,
| ] 4h l
HN N

7N

1767 178, 93%,
d.r. 82:18
-/
\ 6
OTBS
ores  PdC
w_0 R .,
I " H, EtOH, " NgC
HN | 4h | HN
176E 178, 95%,
d.r. 79:21

Esquema 2.69

Aixi, ambdds isdmers, 176Z i 176E, aparentment interaccionen per la mateixa
cara del catalitzador i condueixen al mateix producte reduit 178 de configuracid 6S.88
A més a més, aquest fet fou de nou constatat en hidrogenar una barreja d'isdmers Z/E
de 176 (1:1.2) per obtenir 178, la lactama desitfjada, amb un 82% de rendiment i unes

relacions diastereomeriques (80:20) semblants als casos anteriors.

_/
= 6
OTBS Pd/C OTBS
o (0] , H,, EtOH, o o ‘,
HN an HN
176Z/E 178, 82%,
mixture d.r. 80:20

Esquema 2.70

Encoratjats per aquests resultats, realitzarem una optimitzacié de la reaccid

d’hidrogenacié emprant altres dissolvents i catalitzadors. En tots els casos, les reaccions
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es varen dur a terme sota atmosfera de Hz2 (1 atm) i a temperatura ambient, essent les
millors condicions que es trobaren, tolué com a dissolvent i Pd/C com a catalitzador
(vegeu la taula 2.7), que va permetre arribar a rendiments superiors al 94% i

diastereoselectivitats que fregaven el 90:10.

oTBS Catalyst

R

H, solvent,
time
176 178a 178b

substrate catalyst conditions  solvent fime ar. vield
(h)  178a:178b %
1761 PtO2 20% w/w EtOH 4 62:38 95
176E PtO2 20% w/w EtOH 4 60:40 85
1761 10% Pd/C 10% w/w EtOH 4 82:18 93
176E 10% Pd/C 10% w/w EtOH 4 79:21 95
17867:176E 10% Pd/C  10% Pd/C EtOH 4 80:20 82
1761 10% Pd/C  10%w/w  Toluene 24 90:10 94
176E 10% Pd/C 10% w/w  Toluene 24 88:12 96

Taula 2.7

Finalment, una purificacid per recristal litzacidé, en AcOEt/tolué 1:9, de la barreja
90:10 de 178a:178b ens condui a la obtencié de 178a practicament com a Unic

diasteredmer (= 97:3), amb un rendiment del 90%.

2.1.7 Sintesi de la fluvirucinina B2 (11). Correlacié quimica

Per a la correlacié de la lactama 178a amb el producte natural acetilat 179

calia un canvi de grup protector al hidroxil del centre estereogénic a C9 345

178a 179

Esquema 2.71
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Per abordar-ho, es determind dur a terme la desproteccid del hidroxil de 178a

amb una dissolucié HCI 1% en etanol.8 S'obtingué I'aglicona de 1'Sch 38518 o

fluvirucinina B2 (11) amb un rendiment quasi quantitatiu.

/ -
OTBS  hci1oe
o J,
. ‘ EtOH
HN
178a 11, 98%

Esquema 2.72

La determinacio estructural de 11 no va ser possible, tal com va passar-li al grup
de Hoveyda i col.” L'elevada insolubilitat que presenta 11 en qualsevol dissolvent polar

aprotic, o barreges amb dissolvents polars protics, dificulten la realitzacié i interpretacid

dels espectres de 'Hi 13C.
La reaccié de 11 amb una barreja d'anhidrid aceétic i piridina78 (1:10) va
permetre d'obtenir 179 amb un rendiment forca elevat.

-

-

OH Ac,0

o ~u, Pyridine |\\\‘

HN

11 179, 88%

Esquema 2.73

La correlacié de 179 amb el producte natural acetilat345 va confirmar que
I'estructura 179 era la (2R,6S,9R,10R)-9-acetoxi-2,6,10-trietil-13-tfridecanlactama. Les
dades de 13C de 179 juntament amb les del producte natural acetilat s'indiquen a la
Taula 2.8 i, com es pot observar no hi ha cap diferéncia en els desplacaments de 13C.
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13C Sch 38518  13C 179 A3 Sch/179

175.9 175.9 0
170.9 170.9 0
76.1 76.1 0
50.4 50.4 0
41.1 41.1 0
39.0 39.0 0
38.5 38.5 0
33.7 33.7 0
31.9 31.9 0
27.5 27.5 0
27.0 27.0 0
26.8 26.8 0
26.1 26.1 0
25.2 25.2 0
24.6 24.6 0
24.1 24.1 0
21.7 21.7 0
21.5 21.5 0
12.5 12.5 0
12.4 12.4 0
10.2 10.2 0
Taula 2.8
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2.2 Sintesi de la fluvirucinina B1 (10)

2.2.1 Infroduccié

La sintesi de la fluvirucinina B (10) passa per obtenir aquest producte amb el
grup hidroxil protegit com a eter de tert-butildimetilsilil, que ja abans havia estat
preparat per Hoveyda i per Trost, tal i com s’ha comentat a l'apartat 1.2.2.1.

Per a la obtencié de la fluvirucinina B sililada 56 aplicarem la mateixa andilisi
retrosintética proposada a I'aparat 1.4 d'aquest present treball i seguirem el mateixos
passos sintétics de I'aparat 2.1, que han permés obtenir la fluvirucinina B2 (11), la
fluvirucinina Bz sililada 178a i la fluvirucinina B2 acetilada 179.

Com s'ha comentat a I'apartat 1.4, les fluvirucinines B1 i B2 difereixen Unicament en un
grup metil o etil a la posicié Cé de I'anell macrolactdmic.345 Aixi doncs, compateixen

el mateix sintd, I'azidoaldehid V i difereixen Unicament en el sintd de I'acid VL. Es per

aix0, que per dur a terme la sintesi de la fluvirucina Bi (10) ens calia obtenir I'acid 155.

R

~— Ring Closing
. Metathesis

| e—
Amide =—""HN
Formation
Il \
R = Me, 10
R=Et, 11 ﬂ

diastereoselective Cross Metathesis

¢ OPG (0]
allylation - = . 6
/ ‘.9 N3 HO 1 N
R
\% \

Esquema 2.74 R = Me, 155
R = Et, 156

2.2.2 Sintesi de I'acid 155

Per a la sintesi de I'acid 155, emprarem la mateixa seqUéncia sintética
readlitzada a I'apartat 2.1 i que va permetre obtenir I'acid 156.

Seguint en mateix raonament realitzat I'apartat 2.1.2.2, per a reaccions
d’entrecreuament CM, ja haviem classificat I'olefina 110 com una olefina de tipus II'i
ara classifiguem la metil vinil cetona com una olefina de tipus I. Aleshores, de nou cal
esperar una elevada selectivitat en la reaccid de CM i una elevada especificitat
basant-nos en els resultats precedentss? i per tant en la sintesi de 181 hauria de ser

factible i donar bons rendiments (vegeu I'esquema 2.75).
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o o Cross-Metathesis o 0
)]\ P = 0o catalyst )I\ = O
O N + O N
\—< Solvent \—<
Bn Bn
110, Type | Type Il 181, Selective CM
(fast homodimerization, (slow
homodimer consumable) homodimerization)

Esquema 2.75

En dur a terme la reaccié CM de 110 amb la metil vinil cetona, emprant les
condicions optimitzades a I'apartat 2.1.2.2, es a dir amb el catalitzador de HG II, varem
obtenir 181 amb un 98% de rendiment i, una relacié diastereomerica de I'isdmer E en
front del Z major de 20:1 (vegeu la taula 2.9). Tot i aquest excellent resultat també
assajarem la reaccié de CM de 110 amb la metil vinil cetona utilitzant el catalitzador
de Grubbs Il per contrastar-no amb els resultats obtinguts per a la sintesi de 159 (vegeu
taula 2.1). De nou, amb el catalitzador de Grubbs Il el rendiment és inferior tant a t.a.
(50%) com a reflux de CH2Cl (70%).

= o
LA~ T F Ay
L( Cross- \—<

Bn Metathesis Bn
110 catalyst 181

catalyst solvent T time (h) vyield (%) 181

~N_ N-
Mes Mes
., Y

A=
P
PCY3

CHCl2  r.t. 5 50

Cl h

~N_ N-
Mes Mes
., Y

A%
PCY3

N_ _N
Mes~ “Mes
o, Y

CI,Rlu—E CHCl2  r.t. 3 98
(0]
7/

Taula 2.9

CHClz2 A 5 70
Cl

La hidrogenacié del doble enllagc de 181 via catdlisi heterogenia de Pd/C en
metanol a temperatura ambient forni els corresponent adducte 182 amb un rendiment

quantitafiu.53
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0O o 0O o
H,, Pd/C
A I o trae L 0
L{ MeOH \_<
Bn Bn
181 182, 100%

Esquema 2.76

Arribats en aquest punt, aborddrem la reaccid d'olefinacid o metilenacié del
carbonil de la cetona de 182. Directament assajarem la reaccié de 182 amb el reactiu
de Petassis-Tebbe,” emprant la DMF con a scavenger en quantitafs
subestequiomeétriques. Varem obtenir el producte 183 amb un 73% de rendiment, tot

recuperant la resta de material com a material de partida 182 inalterat.

\ \Me
Tiy
¥ N
O N © QO N
\_< Toluene/DMF, \_<
Bn 70°C,15h Bn
182 183, 73%

Esquema 2.77

L'eliminacié de I'auxiliar quiral de I'N-acilimida 183 amb hidroperdxid de liti va

donar I'acid 155 desitjat amb un rendiment excel lent (97%).29.30
O o 0

L LiOH, H,0,
o N HO
< THF/H,0 (3:1), 12 h

183 155, 97%

Esquema 2.78

2.2.3 Sintesi de I'amida 184

L'obtencid de I'amida 184 a partir de I'acid carboxilic 155 i 'azida 164 es
realitzd tot seguint la metodologia desenvolupada per a I'obtencié de I'amida 175 de
la fluvirucinina B2 178a.84 Aixi tfransformdarem I'acid carboxilic 155 en |'ester de Se-2-piridil
XIX per reaccié amb (PySe)2 i PMes, que no dilldrem, i al mateix temps activarem
I'azida 164 en forma del fosfazé XVIII, que és un excellent nucledfil i I'addiciondarem
sense dillar sobre el selenoester XIX. Aixi, obtinguérem I'amida 184 amb un rendiment

del 91%, sense observar epimeritzacio del centre estereogénic en a al grup carbonil.
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(PySe),
PMe3
0o toluene, | . o
rt, 24 h |
OH SePy
N“PMe3
155 164 XIX XX 184, 91%

Esquema 2.79

2.2.4 Sintesi de la lactama 185

Un cop obtinguda I'amida 184, es dugué a terme la reaccid de metdtesi de
tancament d'anell o RCM.8 Tal i com vam pressuposar per |'obtencié de la lactama
176 (vegeu I'apartat 2.1.5), esperdvem una selectivitat elevada en la reaccié de RCM
en fer reaccionar els 2 tipus de olefines presents a I'amida 184 i una baixa

diastereoselectivitat basant-nos en els resultats precedents descrits a I'apartat 2.1.5.

Oleﬂn type Il (slow homodimerization)

Olefln type | (fast homodimerization,
homodlmer consumable)

oTBS RCM oTBS

185
Selective RCM

Esquema 2.80

Atesos als precedents d'aquesta reaccié de tancament d'anell en aquest
freball de Tesi, aplicdrem directament les condicions optimitzades a les taules 2.5 2.6,
que difereixen en la utilitzacidé de CH2Cl2 o tolueé com a dissolvent de la reaccié. En
aquestes condicions de reaccid, emprant tolué com a dissolvent i realitzant la reaccié
a 80°C, es va obtenir el producte 185 amb un rendiment del 79% i una relacié Z/E de
5:1. Amb CH2Cl2, el rendiment fou una mica inferior (68%) aixi com també Ia

diastereoselectivitat (vegeu taula 2.10).

101



Capitol 2

184 1857 185E
T batch eq. cat. time dr. yield
solvent
(°C) catalyst (mol.) (h) 185Z:185E (%)
CH2Cl2 40 1 1 78 2:1 68
tfoluene 80 1 1 15 51 79
Taula 2.10

2.2.5 Reaccié d’'hidrogenacié: Sintesi de 56a

De cara a I'obtencié de la lactama 56 calia redlitzar la hidrogenacid del doble
enllac dels isomers 185Z i 185E i comprovar si donarien els mateix producte, tal i com
havia passat en la hidrogenacié dels isomers 176Z i 176E (vegeu |'apartat 2.1.6).

Novament varem poder separar per cromatografia en columna cadascun dels
isomers de 185 i van dur a terme les reaccions de hidrogenacié per separat. En aquest
cas, assajarem les condicions optimitzades per Hoveyda i col? Aixi doncs, la
hidrogenacié del doble enllag de 185Z, amb Pd/C en etanol, forni la macrolactama
56a amb un rendiment del 66% i una relacid diastereomeérica de I'estereocentre de Cé
de 91:9. De manera esperada, la hidrogenacié de 185E va donar de nou la lactama
56a amb un rendiment del 68% i gairebé la mateixa relacié diastereomerica que el

isomer Z (vegeu I'esquema 2.81).

N
OTBS  PdiC
SN0 Hp, EIOH, .«
4h
HN
1857 56a, 66%,

d.r.=91:9

1857 56a, 68%,
d.r. =90:10

Esquema 2.81
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L'aplicacié de les condicions d'hidrogenacié de la taula 2.7 a 185Z, 185E o
millor, a una barreja d'isdomers de 185 va augmentar la selectivitat de la reaccid

d’hidrogenacid per obtenir 56a gairebé com a Unic diasteredmer (>95:5).

o i

OTBS Catalyst

H,, solvent, o
time HN
185 56a 56b
fime dar. yield

substrate catalyst conditions  solvent
56a:56b %
1852 10% Pd/C 10% w/w EtOH 4 91:9 66
185E 10% Pd/C 10% w/w EtOH 4 90:10 68
185Z:185E 10% Pd/C 10% w/w EtOH 4 90:10 68
185Z:185E 10% Pd/C 10% w/w  Toluene 24 >95:5 79

Taula 2.11

2.2.6 Sintesi de la fluvirucinina B1 (10). Correlacié quimica

La correlacié de 56a amb les altres aglicones de la Fluvirucina Bi o Sch38516
descrites a la literatura345 va permetre determinar que I'estructura de 56a era la
(2R,6S,9R,10R)-9-tert-butildimetil-2,10-dietil-6-metil-sililoxi- 13-fridecanlactama.’

Les dades de RMN de 3C que hem obtingut i les de Hoveyda i col.” i de Trost i

col.,10 gixi com el valor de [o]p s'indiquen tot seguit:
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OTBS  56a [a]p+8.9 (c 1.12, CHCly)

Trost® [o]p +12.0 (¢ 0.02, CH,Cly)

56a

8 Trost0a 5 Hoveyda? & 56a AS Trost/56a  Ad Hoveyda/56a

174.8 92.7 174.8 0 82.1
73.1 73.8 73.1 0 0.7
50.9 51.6 50.9 0 0.7
429 43.6 429 0 0.7
38.6 39.3 38.6 0 0.7
34.8 35.3 34.8 0 0.5
34.2 34.8 34.1 0.1 0.7
31.5 32.2 31.5 0 0.7
28.6 29.2 28.5 0.1 0.7
27.0 27.6 27.0 0 0.6

— 27.0 26.3 — 0.7
26.2 26.9 26.2 0 0.7
25.9 26.6 25.9 0 0.7
25.2 25.9 25.2 0 0.7
24.4 25.0 24.4 0 0.6
21.1 21.8 21.1 0 0.7
20.9 21.5 20.8 0.1 0.7
18.4 — 18.4 0 —
12.5 13.2 12.5 0 0.7
9.5 9.9 9.2 0.3 0.7
8.1 — — — —
5.7 — -3.7 8.0 —
4.7 -4.0 -4.7 0 0.7

Taula 2.12

Com es pot observar en les dades de la taula 2.12, hi ha algunes discrepdancies
notables i fins hi tot varem detectar diferents errades en els desplacaments de 3C per
part dels altres autors en la determinacié estructural del producte 56a.7.10 Per assegurar
el nostre resultat, decidirem doncs, dur a terme la correlacié de 56a amb el producte
natural acetilat.

Per poder correlacionar 56 amb el producte natural acetilat 186 decidirem

seguir el mateixos passos sintetics que a I'apartat 2.1.7 per la correlacié de 178a.
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La desproteccid del grup hidroxil de C9 amb una dissolucié de HCl 1% en
etanol® condui a I'obtencié de I'aglicona 10, la fluvirucinina Bi, que no vdrem
caracteritzar degut novament a la seva insolubilitat. L'acetilacié del hidroxil de 10 es

dugué a terme en una dissolucié d'anhidrid aceétic i piridina,”8d tot obtenint I'aglicona

protegida 186 amb un rendiment acceptable.

o
o

OTBS OH  Ac,0 OAc

o M.

HCI 1%

X ! EtOH Pyridine

HN HN

56a 10, 88% 186, 63%
Esquema 2.82
La correlacié de 186 amb el producte natural34 acetilat va indicar que 186 era

el compost (2R.6S5,9R,10R)-9-acetoxi-2,10-dietil-6-metil-13-tridecanlactama. Les dades

de 13C s'indiquen a la Taula 2.13.

13C 8Sch 38516 13C 5186  A3Sch/186

o i

175.8 1759 0.1
OAc
o ! 170.8 170.9 0.1
T 76.6 76.6 0
HN
498 50.0 0.2
186

411 411 0
38.8 39.0 0.2

33.7 33.7

33.3 333
311 313 0.2
27.3 27.3 0
26.8 27.0 0.2
26.3 26.3 0
26.2 26.1 0.1

25.0 25.0

23.3 23.3

21.5 21.5
21.2 21.3 0.1

20.8 20.8

123 12.3

10.2 10.2

Taula 2.13
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3.1 Sintesi del precursor de la L-micosamina 222

3.1.1 Introduccié General

La D-micosamina (ent-13) és present en molts productes naturals i la forma més
habitual d'obtenir-la passa per la degradacid d’algun d'aquests.?0 Contrariament a la
configuracié esperada per un aminosucre a la natura, tant a la fluvirucina4 B2 (5) com

als Sch's3 38513 (3) i 38518 (5), la configuracié de la micosamina 13 és de la série L.

E \Q B-D-mycosamine
! HO" OH
{

Amphotericin B

o-D-mycosamine

..................

N l i}

_ ' 1 l
: ! . .
H E o ~OH 3 ~OH E
' . |

. .

, ' NH» '

' : !

N 1 l

R .
t, o-L-mycosamine: N o-L-mycosamine:

Sch 38513 Sch 38518 or
Fluvirucina B,

Esquema 3.1

Com ja hem comentat en el capitol 1, hi ha descrites a la literatura varies
aproximacions sintetiques a diferents precursors de la D-micosamina’®!? ent-13 i una
sintesi estereoselectivalé (vegeu capitol 1, apartats 1.2.3 i 1.3.2). Aquesta peculiaritat
de no haver-hi cap sintesi estereoselectiva de la L-micosamina 13 va despertar el
nostre interes per dur-la a terme. Com ja s'ha esmentat a I'apartat 1.4.1.2 de la
infroduccié, I'andlisi refrosintética proposada per la sintesi dels enantidomers de la
micosamina 13 i ent-13 (vegeu esquema introduccid 1.67) és fruit d'una opftimitzacié

de diverses aproximacions previes que varen ajudar-nos a assolir la seva preparacio.
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3.1.2 Introduccié a I'organocatailisi

Tot i I'experiencia del grup en reaccions de tipus aldoliques,23:25.27.41.49.50 emprant
auxiliars quirals interns o cetones quirals, dissenyarem una ruta sintética per I'obtencid
de la L-micosamina (13), basada en I'organocatdlisi,?! per generar la esterequimica
desitjada i per a la introduccid dels grups funcionals presents al aminosucre 13.

El terme “catdlisi orgdnica” va ser introduit a principis del segle XX per Wolfgang
LangenbecK intentant reproduir les reaccions enzimatiques per reaccions catalitzades
per substdncies orgdniques de baix pes molecular. 92 Posteriorment, el terme
evolucionaria cap al que es coneix actualment com a “organocatdlisi asimetrica”.
Unes publicacions destacables, que han confribuit al desenvolupament de
I'organocatdlisi, foren les aportacions de Eder-Sauer-Wiechert?3 i Hajos-Parrish?4 I'any
1971, que varen descriure algunes reaccions aldoliques intramoleculars asimétriques

catalitzades per L-prolina que tingueren posteriors aplicacions industrials en la sintesi

O
a. L-proline (47 mol%) Ji;,é Eder-Sauer-Wiechert
O

S 1 N HCIO,
CHZCN, 80°C, 20 h

d’esteroides.

87 % yield
84 % ee
(0] o} . (0]
a. L-proline (3 mol%),
DMF, rt, 20 h . .
Hajos-Parrish
o b. p-TsOH, CgHg 9)
92 % yield
94 % ee

Esquema 3.2

Posteriorment, no es tornaria a parlar de I'organocatalisi fins I'any 2000 en el
que List, Lerner i Barbas en un estudi pioner que van descriure la reaccid alddlica
inftermolecular enantioselectiva entre I'acetona i diferents aldehids emprant novament

la prolina com a catalitzador.?s

o} O OH
(0] L-proline (30 mol %)
)J\ +oH
DMSO, rt, 4 h
NO, NO,
68 % vyield
76 % ee

Esquema 3.3
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Aquesta publicacié va esdevenir un referent en I'estudi massiu de I'activitat de
la prolina com a catalitzador i ha estat extrapolada a reaccions tant diverses com
reaccions aldoliques,?¢ reaccions de Mannich,?” addicions de Michael,?® epoxidacions,

a-halogenacions i reaccions de Diels—Alder, entre d'altres.

En aquest breu resum del mén de I'organocatdlisi asimétrica ens fixarem
Unicament en les reaccions dels compostos carbonilics activats mitjangant catdlisi
d'amines, més concretament en |I'aminocatalisi mitjancant la prolina i els seus derivats.
Ates aquest tipus de catalitzador (prolina i derivats) es poden diferenciar els cicles
catalitics del catalitzador en funcié si actua com a base de Lewis, dcid de Lewis, base

de Bronsted o dcid de Bronsted, % tal i com s'esquematitza tot seguit.

B*-s’ s: A-St
| Lewis Acid
Catalysis

Lewis Base
Catalysis

4

B: B*HP" A-H AP'H
Bronsted Base Bronsted Acid
Catalysis ,\/ w Catalysis
P-H P

Esquema 3.4

El cicle de catdlisi dcida (de Lewis o Bronsted) ha estat el més estudiat en estar
directament relacionat amb I'aplicacié de I'aminocatdlisi de la prolina i els seus
derivats.100 Aquest cicle catalitic respon a les dues maneres d'activacié principals que
hi ha en I'aminocatdlisi: I'activacid via enamina i I'activacié via imina o ié imini. Segons
aquesta activacid es poden accedir a reaccions via HOMO (nucledfil) o via LUMO
(electrofil) que determina I'espécie reactiva i el tipus de reaccid, tal i com es resumeix

a I'esquema seguent.
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Enamine Catalytic Cycle
HE *
Rl

y

(e (e
.. X + X

g:o
2

I;j
> %
(
N
o)

Z+
*
x

*
N X

HA'N A NI A |
HE HE _* H HE* M\

%R j/‘\Rl W)\Rl = Rl
Rz R2 R2

A o

HOMO activation
*
N X
HA+E —= A +HE"

>
s
>

X
Ko

Iminium Catalytic Cycle

e,
S

=0

Y
e

Iz
T
>><
(
N
o

A IN ADONTTX A DR TX
H Ry | |
alkg

R2 * Nu R7 Ry “:Nu

O\ NU-H | yMO activation

,'\] X

Z R, HA

R, * " Nu

Esquema 3.5

Existeix encara un tercer tipus d'activacié en I'aminocatadlisi, que esmentarem
perd no entrarem en detalls en del cicle catalitic. Es tracta de les reaccions via SOMO,
desenvolupades per MacMillan i col. 107 Aquestes reaccions tenen lloc per
transferéncies monoelectroniques i han esdevingut clau per les anomenades reaccions

fipus fandem.102
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(0]

o 7 /
N N
Ph -+)~tBu Ph 0+)~tBu
N N
. » HE* »
Nu'\)(‘\H \/(‘\H

R R
SOMO activation

Esquema 3.6

Per tal d'explicitar sobre el tipus de reaccié que s'empra en aquesta Tesi, ens
centrarem en les reaccions d’'animocatdlisi asimetrica via enamina o activacié via
HOMO dutes a terme amb la L i D-prolina. Més concretament, en la reaccié alddlica
intfermolecular catalitzada per la prolina entre una cetona (nucledfil) i un aldehid
(electrofil).?7 El cicle catalitic general més acceptat s’ha resumit a I'esquema 3.7. La
condensacié de la L-prolina (L-pro) amb el carbonil de la cetona XXIV genera
I'especie reactiva imina o i6 imini XXV. Aguest i imini pot experimentar una rdpida
desprotonacié en a per generar |'espéecie nucleodfila enamina XXVI que construeix un
nou enllagc C-C en preséncia d'un electrofil XXVII en el medi de reaccid, tot originant-
se una segona inima XXVIII, que en hidrolitzar-se regenera el catalitzador (L-Pro) i

forneix el producte final XXIX.

O OH

0
[
Rl)J\./I\Rg @\(o RZ\)\Rl

XXIX R, N1 XXIV
H,O / L-pro H,O

05““@ Q\(O

e \

9 ’ o

Rl)\:/l\Rg \,/‘\Rl
XXVIII R, R, XXV

S

H)J\R3 %\Rl

XXVII R,

(E)-anti-enamine
XXVI

Esquema 3.7

Per dur amb éexit una reaccié alddlica intermolecular d'aminocatdlisi asimetrica
emprant L-prolina, com a catalitzador i font de quiralitat, s’han de controlar diferents
factors. Els més importants sén el control estereoquimic i la discriminacié facial de les

cares diastereotopiques de I'enamina. Existeixen diferents models per a racionalitzar
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aquest control, essent perd el més acceptat el model de Houk-List (vegeu esquema
3.8).103 Aquest model proposa un estat de transicid de 6 baules (tipus Zimmerman-
Traxler48), on la E-enamina XXVI adopta preferentment una configuracié anti, allunyant
el grup voluminds (R2) del grup quiral acid de la posicid 2 de I'anell de la pirrolidina
(control estereoquimic). El control diastereotopic de les 2 cares de I'E-anti-enamina
XXVI ve donat per un efecte electronic originat per I'enllag d’hidrogen enfre I'oxigen
de I'aldehid XXVII i el grup carboxil de I'anell de pirrolidina. S’ha de tenir en compte
perd, que en aguest model el substituent més voluminds de I'aldehid XXVII es
collocard sempre en la disposicid equatorial de la cadira (cara Re de I'aldehid). Aixo
determina que en el cas d'una reaccid alddlica la configuracié obtinguda sigui

preferentment anti (vegeu I'esquema 3.8).

Houk-List Model

O\ \“O
O \
bl -

OH

=z

OH 04 =
XXIV L-pro \|1—|/ R, 0 O - o
N

i

R

R3 H o+
L R _

XXVIII

Esquema 3.8

L'altre factor a considerar per a I'eficiencia del cicle catalitic de I'aminocatdlisi
de la L-prolina és la rapida formacié de la imina XXV versus la condensacid del
catalitzador amb I'electrofil, en el nostre exemple I'aldehid XXVII. Aquest factor arriba
a tenir tant de pes en el cicle catalitic que va impulsar a Seebach i Eschenmoser a
proposar un model de cicle alternatiu al de Houk-List per racionalitzar I'evolucid de les
reaccions de la funcionalitzacid en o de compostos carbonilics.'03.104 Aquest cicle
catalitic alternatiu es basa principalment en |'observacid experimental (bdasicament
espectroscopica) de la formacié d'oxazolidinones entre la prolina i els diferents

compostos carbonilics presents en el medi de reaccié.
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esquema 3.10)

H  OH 120
WH L-pro WH
R;— =0 Ry=—0 Oxazolidinone

Oxazolidinone

N
XXXII R; “E

XXX

2
(E)-syn-enamine
XXVI

Esquema 3.9

Seeback-Eschenmoser Model

Esquema 3.10

En aquest cicle catalitic de Seeback i Eschenmoser es planteja un control de
I'estereoselectivitat de la reaccid via una (E)-sin-enamina XXVI i la discriminacié de les
cares diastereotopiques (addicid de I'electrdfil per la cara Re de I'enamina) té lloc fruit

de l'impediment estéric del grup carboxil de la posicid 2 de la pirrolidina (vegeu

Tot i considerar-se inicialment que les oxazolidinones eren productes parasitaris
de la reaccié d'aminocatdlisi de la prolina,’05 va quedar palés després dels treballs de
Seebach i Eschenmoser la importdncia d'aquests sistemes biciclis en el transcurs del
cicle d'aminocatdlisi asiméetrica. En aquest sentit, el nostre grup de recerca aportd el
seu granet de sorra tot demostrant la utilitat sintetica de I'oxazolidinona XXXIV (solpro)
com a precursora (molt més soluble) de la L-prolina en reaccions de tipus aldolic'0s

(vegeu esquema 3.11), tornant a posar de manifest I'importdncia d'aquestes especies

117



Capitol 3

en el cicle d'aminocatdlisi de la prolina. Posteriors estudis han estat encaminats a
detectar altres espécies intermédies que participen en la reaccié de la prolina {i

derivats) amb diferents aldehids i cetones.107

~H
. e}

x
x
X
=2
;
e
m
l/j Y
@]
Py
$_
Py
;

R, H OH XXIV
H,0 L-pro H,0
~H WH
Nl N
R;— =0 - »
Oxazolidinone B Oxazolidinone

Ry
XXXII /e R,
+E.N
. +
N —

OH |[— OH|=—| Il 0 — I o~

"R, R R{ Ry
R2

R2 R2 RZ
(E)-anti-enamine (E)-syn-enamine
XXVI XXVI XXV
Esquema 3.11
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3.1.3 Primera aproximacié

Inspirats en treballs de MacMillan i col.,'%8 i d'Enders i col.,'%? proposdrem la
primera andlisi retrosintética per a la sintesi del precursor de la L i D-micosamina (13) i
(ent-13) com s'ilustra a I'esquema 3.12. Aquesta andlisi retrosintética contemplava la
infroduccidé del grup amino abans que de dur a terme la formacié de I'hemiacetal
piranodsic (vegeu esquema 3.12). La L-micosamina (13) s'obtindria per ciclacié del
polihidroxialdehid XXXV convenientment protegit que al seu torn podria provenir del
poliol XXXVI. La sintesi de XXXVI s'assoliia a partir d'una reaccié d'organocatdlisi
asimétrica entre la cetona 187 i I'(S)-propanal XXXVII. Un canvi en I'aldehid de partida
((R)-propanaldehid ent-XXXVII) i catalitzador en la reaccié d’organocatdlisi asimetrica
(D-prolina) ens hauria de permetre d'obtenir la D-micosamina ent-13, sense cap alire

tipus de modificacié en I'analisi retrosintética inical proposada.

., O._OH O N; OH OH OH 0 0
1 = s 3
J/\J [ e— H)lj\l/:,’\:/l\(Sl:(} 1 1:” - s——> l% H)J\-/G
HO NH OH OPG,0PG, o><(') OPG; o><o OPG,
2
L-mycosamine XXXV XXXVI 187 XXXVII
13
6
O._OH O Nz OH OH OH o o
1 = z 3
L3 | e— H)]J-\:/‘?"\l/\G | e— 1H\:|3/\|/6|:> 1% H)J\l/ﬁ
HO OH OPG,0PG, O__O OPG; ONge) OPG;
NH, K x
D-mycosamine ent-XXXV ent-XXXVI 187  ent-XXXVII
ent-13
Esquema 3.12

Atés a aquesta aproximacid, per a I'obtencid de I' a-hidroxialdehid XXXVII
decidirem utilitzar I' (S)-lactat de metil que varem protegir-lo com a éter de PMB.!10 Aixi,
emprant les condicions estdndards de NaH i clorur de p-metoxibenzil es va obtenir
I'ester 188 amb uns rendiments acceptables i sense observar I'epimeritzacié del centre
en a. La reduccié de I'ester de metil 188 amb DIBAL-H ens va permetre obtenir el

corresponent aldehid 189 amb un bon rendiment.110.11

(0] O b O
a. NaH . DIBAL-H
\l)j\OMe \|)J\0Me H)J\:/
188, 78% 189, 87%

Esquema 3.13
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Per a la preparacié de la cetona 187 seguirem el protocol establert per Enders i
col.m2 Aixi inicidrem la sintesi de 187 a partir del reactiu comercial TRIZMA®, que sota
condicions de catdlisi acida de p-TSOH en DMF i 2,2-dimetoxipropd va generar
I'aminoalcohol XXXVIII que sense dillar-lo varem fer reaccionar amb NalOs, en tampd

fosfat de pH 7, i va conduir a la cetona 187 amb un 71% de rendiment global.

HO— NH, sHCl HO— NH, o}

a. p-TsOH, DMF % b. NalO, HH

OH OH Meo><o|v|e Oxo aqueous buffer o. .0

XXXVIII 187, 71%

Esquema 3.14

Un cop obtinguda la cetona 187 i I'aldehid 189, varem dur a terme una reaccid
aldolica organocatalitica, emprant L-prolina com a catalitzador, tot seguint el protocol
establert per Enders i col. '3 (vegeu GP3 part experimental).?¢a.113 Després de la
corresponent purificacié, es va obtenir I'aldol 190 amb un 91% de rendiment i una

relacio diastereomeérica d'1.5:1.

Q o OH
HH HJJ\_/ L-Proline - -
(@] O z z z
7< OPMB DMSO oxo OPMB
187 189 190, 91%,
dr=15:1

Esquema 3.15

La baixa diastereoselectivitat obtinguda ens va empényer a repetir la reaccio,
perd amb I'enantiomer de I'aldehid 189 i del catalitzador. Aixi doncs, per I'obtencid de
I'aldehid ent-189 partirem aquest cop del (R)-lactat de metil que protegirem com a
eter de PMB i assolirem I'ester ent-188.710 La posterior reduccié amb DIBAL-H!10.111 ens va

permetre d'obtenir ent-189 amb un rendiment excel lent.

O O b o)
a. NaH . DIBAL-H
\:/U\OMe \:)J\OMe H
oH PMBCI, DMF 5PMB Toluene OPMB
ent-188, 65% ent-189, 95%

Esquema 3.16
La reaccidé d'organocatdlisi de la cetona 187 i I'aldehid ent-189 en les

condicions establertes per Enders abans esmentades,?¢a.113 ens conduiren a I'obtencid

de I'aldol ent-190 amb un 86% de rendiment i una relacid diastereomerica d'1.1:1.
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o

S 3
i ) HJ\|/ D-Proline
7< OPMB DMSO o><o OPMB
187 ent-189 ent-190, 86%,
dr=1.1:1

Esquema 3.17

Tot i aquests resultats inicials tan poc encoratjadors de les reaccions aldoliques
de la ceftona 187 amb els aldehids 189 i ent-189 decidirem continuar endavant la
sintesi del precursor de la L-micosamina (13) emprant I'aminocatadlisi asimétrica com a
reaccidé clau per a la generacié de |'estereoquimica a la cadena carbonada en
construccié. No realitzrem cap estudi encaminat a elucidar els resultats experimentals
obtinguts en les dues reaccions aldoliques descrites i els atribuirem a la induccid
asimetrica de I'aldehid enfront a la proporcionada per la reaccid d'organocatdlisi.

Aixi ens replantejarem un canvi de grup protector de I'aldehid XXXVII. Aquest
cop tfridrem com a grup protector un éter de silici, concretament el tert-butildifenilsilil
eter (OTBDPS). Per tant, preparem I'aldehid 192 a partir de I'(S)-lactat de metil que en
presencia de clorur de tert-butildifenilsili i imidazole en THF forni I'ester 191 amb un
rendiment del 98%. La posterior reduccid amb DiBAL-H de 191 condui a I'aldehid 192

amb un 95% de rendiment sense observar epimeritzacié de I'esterocentre en a.!"!

0 0 0
a. TBDPSCI b. DIBAL-H
Meo)l\:/ MeOJJ\:/ A
OH imidazole, CH,Cl, OTBDPS ~—78°C, CHyCl, OTBDPS
191, 98% 192, 95%

Esquema 3.18

Quan es va assajar la reaccié de la cetona 187 i I'aldehid 192 en preséncia de
L-prolina s’aconsegui obtenir I'aldol 193 amb un 921% de rendiment i una relacié
diastereomeérica superior a 95:5. Aquest cop, la induccié quiral que proporciona la L-
prolina eclipsa per complet la induida per I'aldehid i s'obté el producte de
configuracié anti, segons I'estat de transicié resumit en la infroduccié d'aquest capitol,

per a reaccions d'aminocatdlisi asimetrica de la prolina (vegeu punt 3.1.2).97

O OH

OTBDPS  DMSO o7<c') OTBDPS

187 192 193, 91%,
dr > 955

Q (0]
% HJ\_/ L-Proline
o.__0O I
X

Esquema 3.19
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Amb aquest bon resultat, decidirem assajar la reaccié de la cetona 187 amb
I'aldehid ent-192 en presencia de D-prolina, com a catalitzador. En aquest cas, de nou

es va obtenir I'aldol ent-193 amb un 91% de rendiment i una relacid diastereomeérica
superior a 95:5.

o) 0 0
a. TBDPSCI b. DIBAL
Yo YO
OH imidazole, CH,Cl, OTBDPS -78°C, CH,Cl, OTBDPS
194, 75% ent-192, 97%
HOH I 1
! ! H)J\l/ D-Proline
7< OTBDPS DMSO O7<O OTBDPS
187 ent-192 ent-193, 91%,
dr > 95:5
Esquema 3.20

La segUent reaccié va ser la proteccid de I'hidroxil dels aldols 193 i ent-193 com
a éter de tert-butildimetilsilil (OTBS). La tria d'aquest grup protector fou deguda a que
ens hauria de permetre desprotegir selectivament els grups hidroxils en etapes
posteriors. La proteccidé de 193 i ent-193 es redlitzd tant amb TBSOTf!'4 com amb

TBSCI,19? tot obtenint-se els productes 195 i ent-195 amb rendiments molts semblants.

O OH (0]
1. TBSCI, imidazole, DMF, 70%

OTBS

Oxé OTBDPS 1. TBSOT!, 2,6-utidine, CH,Cl,, 58%  o_ & OTBDPS
193 195
O OH O OTBS
~ 1. TBSCI, imidazole, DMF, 65% 2
O><O oteDps 1. TBSOTH, 2,6-lutidine, CH,Cl,, 76% o o) OTBDPS
ent-193 ent-195

Esquema 3.21
La posterior reduccid del grup carbonil de I'aldol protegit ent-195 emprant L-

selectride!15109 condui a I'obtencid de I'adducte 1,3-anti 196 amb un bon rendiment i

una relacié diastereomeérica superior a 98:2.
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o oTBS OH OTBS
~ L-Selectride ~

O><O OTBDPS THF, -78°C

O0._ 0O OTBDPS
A

ent-195 196, 93%,
dr >98:2

Esquema 3.22

En aquest punt, i amb la idea de poder infroduir un grup nitrogenat en C3,
decidirem dur a terme un bescanvi del grup isopropilide cetal de I'anell de 6 baules
entre la posicid C1-C3 de 196, a un anell de 5 baules entre la posicié C1-C2 197 (vegeu
esquema 3.23).

OH OTBS OH OTBDPS
1 3 _~ 1 = -

2
________ -~ O/\:‘/\l/\
o7<o OTBDPS )VO OTBS

196

Esquema 3.23

Segons la literatura,’8p.11¢ els acetals o cetals isopropilidenics son més estables
quan formen anells de 5 baules que en el cas dels de 6 baules (vegeu esquema 3.24).
D'altre banda, en casos de 1,2,3-triols?8.117 |a formacidé del cetal isopropilidénic més

substituit esta afavorida, sobretot si els substituents de I'anell de 5 baules estan en frans.

OH OH WL X
: Acetone, TsOH Q OH o O
HO oA + HO\/:\I/‘

o)(
TsOH H.
O\)\l/-\/ —_— HO ~ o

. H
OH 1:10

= CHsCN, PPTS
H 83%
HO OTBS
Esquema 3.24

Atesos els precedents de la literatura descrits anteriorment, el nostre intent de
bescanviar el grup isopropilide de les posicions C1-C3 de 196 a les posicions C1-C2 197

estava predestinat al fracds. Tot i aixi, decidirem assgjar la reaccié emprant acid
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trifluorodcetic (TFA) en CH2Cl2 a temperatura ambient.'8 Varem obtenir I'adducte 197
desitjat només amb un 7% de rendiment i essent el compost majoritari el producte amb
les posicions C2-C3 protegides com a cetal isopropilidenic 198 (67% de rendiment) i, en

segon lloc, el triol 199 amb un 21% de rendiment.

OH OTBS OH OTBDPS
: TFA cat. O OTBDPS OH OTBS R
o z z .\ = . O/\S/\l/\
O__O OTBDPS CH,Cl ]/\I/\ o0 oTBS
7< OTBS OH OH OTBDPS
HO
196 198, 67% 199, 21% 197, 7%
Esquema 3.25

Aixi doncs, desestimdrem aqguesta transformacio i optarem per la desproteccid
del grup isopropilidé?8.11? de 196, per tal d'obtenir el triol 199 (75% de rendiement). La
posterior proteccié de les posicions C1-C2 com a cetal isopropilidénic forni 197 amb un

rendiment del 86%.98

OH OTBS OH OTBS

a. PPTS cat.

oxo otebps THFIMeOH oy oH OTBDPS
196 199, 75%
b. PPTs cat.
MeO. OMe
>, CHCl,

OH OTBDPS OH OTBS

)Vé OTBS oxo OTBDPS

197, 86% 196, 7%
Esquema 3.26

Un cop obtingut I'alcohol 197, ja podiem dur a terme la introduccid del grup
nitrogenat a la cadena carbonada en construccié i varem decidir utilitzar un grup
azida.10%,120 Es per aixd que activarem I'hidroxil en C3 com a grup de sortida (LG), en
forma del mesilat 200 que obtinguérem amb un rendiment quantitatiu. Tot seguit,
intentarem desplacar el mesilat, via una reaccio tipus SN2, per reaccié amb NaNs. En
cap de les proves redlitzades, (vegeu esquema 3.27) varem ser capacos d'introduir el
grup azida en la cadena carbonada, ja que en tofs els casos s'obtenien mescles

complexes, o barreges amb producte de partida inalterat.
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OH OTBDPS OMs OTBDPS N; OTBDPS
e a. MsCl, DMAP ~ b. NaNz, DMF -
o : o T 1T = e - O
)VO OTBS CHCl, )VO OTBS 18-crown-6, o OTBS
N 100°C, 40 h
197 200,98% . N; OTBDPS
.« b.NaN -
\‘ 1:11:113’11::* O N
| DMSO, O OTBS
| 80°C, 25 h
N; OTBDPS
b. NaN ~
\.,t_,_,,_,_,f_,_,t_,* O B
Aliquot 336, )VO oTBS
toluene:H,O
1:1, 80°C, 15 h
Esquema 3.27

A la vista d'aquests resultats, desestimarem la introduccid del grup azida sobre
el mesilat 200 i intentdrem assajar una reaccié de tipus Mitsunobu!2! sobre I'alcohol 197
per infroduir el grup azida. Un alire cop, tofs els intents varen ser infructuosos i
Unicament s'observaren mescles complexes de degradacié del material de partida. A
més a més, intentdrem activar el grup hidroxil en C3 de 197 amb un altre LG, aquest
cas OTf, i desplacar-ho amb NaNs. Els resultats varen ser altre cop decebedors tot

obtenint mescles complexes fruit de la degradacid del material de partida.

OH OTBDPS N; OTBDPS
L DEAD, DPPA -
0/\5/\I/\ _____________ N O/\:)\I/\
)VO OTBS PhsP, THF, )Vo‘ OTBS
24h
197
OH OTBDPS OTf OTBDPS N; OTBDPS

a. szo =z NaN3
O/\:/Y\ 77777777777 > O

)VO OTBS 2,6-lutidine, O OTBS DMF, )Vé OTBS
CH,ClI, 0°C_rt, 36 h

197

Esquema 3.28

A la vista dels resultats obtinguts en intentar infroduir una azida sobre |'alcohol
197 o un derivat activat, com el mesilat 200 o el corresponent friflat, decidirem introduir
I'azida sobre un derivat de la cetona 195 convenientment protegida, activada en la
posici6 C3 amb un grup bon grup de sortida (LG)(vegeu l'esquema 3.29). En

conseqUencia, ens plantejarem transformar la cetona 195 en una cetona com ara
XXXIX.
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O OTBS O OTBS
oxé OTBDPS PGO LG OTBDPS
195 XXXIX
Esquema 3.29

La desproteccid de I'acetal isopropilidenic de 195 en presencia de PPTS en una
barreja de MeOH/THF 1:1 forni la cetona 201, del que protegirem selectivament
I'hidroxil de la posicid C1 com a éter de tert-butildimetilsilil 202. El posterior tfractament
de 202, amb MsCl, i catdlisi de DMAP, condui a I'obtencié de la cetona 203, un
producte preparat per dur a terme una reaccié tipus Sn2 en la posicid C3. Quan es va
fer reaccionar la cetona 203 amb NaNz no aconseguirem obtenir el producte desitjat
en cap dels assajos realitzats i en tots els casos dilldrem mescles complexes de

productes de degradacio del material de partida.

(0] OTBS OTBS (o) OTBS

M a. PPTS b. TBSCI

O__O OTBDPS MeOH/THF  on O OTBDPS 'm'gél\l/fo'er TBSO OH OTBDPS

x 1:1, 40°C, 18 h

195 201, 67% 202, 72%

c. MsCl,
DMAP,

O OTBS

(@)
(@)
—{
{ w
o
Yo
Lz
P
L2
W

DMSO, H
TBSO Ns oteDps @:20h TBSO  OMs OTBDPS

/
’
’

OTBS  d.NaN / / 203, 64%

Hkl/l\/ DMSO

TBSO N, OTBDPS 80°C 23h

Esquema 3.30

Com a Ultima alternativa, intentarem introduir el grup azido sobre la cetona 202
assajant una reaccié de tipus Mitsunobu.'2! En cap cas detectarem el producte

desitjat i només obteniem mescles complexes o recuperdvem parcialment el material

de partida.
O OTBS DEAD, DPPA O OTBS
o PhsP, THF, :
TBSO OH OTBDPS 26 h TBSO N; OTBDPS
202

Esquema 3.31
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3.1.4 Segona aproximacié

Davant de la impossibilitat d'infroduir el grup azido sobre la cadena carbona
dels compostos 197, 200, 202 i 203 ens plantejarem una nova andlisi retrosintética que
contemplés la introduccié del grup azido un cop format I'hemiacetal pirandsic XLI, tot

seguint alguns dels precedents a la literatura.16.18.19

OPGl OPGOH OH OH
LIJ/ J\l/l\/l\ = 1(:\3)\/ 6 = 1%
"OH pG o) "'OPG ER :
NHZ 3 2 OPG,0PG, 7<o OPG, OPG,
L-mycosamine XLI XL XXXV 187 XXXVII

13

Esquema 3.32

La nova andlisi retrosintética implica 4 grups protectors pels diferents hidroxils de
I'aldehid XL. La tria acurada d'aquests grups protectors ens hauria de permetre obtenir
amb éxit el producte desitjat XLI. Es per aixd que decidirem emprar els seglUents grups

protectors per els hidroxils de les estructures XL i XLI com es resumeix tot seguit.

J\l/?iG/z?i MEMO  OTBDPS
OPG,0PG, 7‘/\-)\5:53
XL
o OPGl B TBDPSO
Pego “'OPG,
OH ’V'eo OMEM
XLI

Esquema 3.33

Aixi doncs, inicidrem la sintesi preparant I'aldehid 205 a partir de I'(S)-lactat de
metil en presencia de clorur de tert-butildimetilsilil i imidazole en THF, tot obtenint I'ester
204 amb un rendiment quantitatiu. La posterior reduccid amb DiBAL-H de 204 condui a
I'aldehid 205 amb un excellent rendiment sense observar epimeritzacidé de
I'estereocentre en a, de manera similar als casos anteriorment descrits en I'apartat

3.1.3.

O o O
a. TBSCI b. DIBAL-H
MeOJ\:/ MQOJ\:/ A
OH imidazole, CH,Cl, OTBS —78°C, CH,Cl, OTBS
204, 100% 205, 100%

Esquema 3.34
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La posterior reaccidé d'aminocatadlisi asimétrica amb la L-prolina entre la cetona
187 i I'aldehid 205, seguint els mateix protocol de I'apartat anterior forni I'aldol anti 206

amb un 95% de rendiment i una relacié diastereomérica superior al 95:5.

(‘?ﬁ 0 OH
! ! HJJ\:/ L-Proline : :
7< OTBS DMSO o7<o OTBS
187 205 206, 95%,
dr > 955

Esquema 3.35

La proteccid de I'hidroxil de 206 com a éter de tert-butildifenilsili'4 forni la
cetona 207 amb un 87% de rendiment i el posterior tractament de 207 amb L-

selectride!1s forni I'alcohol 208 amb un rendiment del 87% i una relacié diastereomeérica
superior al 98:2.

O OH O OTBDPS OH OTBDPS
a. TBDPSCI b. L-Selectride =
o7<c') OTBS g‘,_'ldzgzlf'e’ o7<(') otes 1P -78C oxé OTBS
206 207, 87% 208, 87%,
dr >98:2

Esquema 3.36

Per a la proteccid de I'hidroxil de la posicid C2 de I'alcohol 208 tricrem el eter
de metoxietoximetil'22 (OMEM), tenint en compte les etapes posteriors i I'estabilitat

d'aquest grup protector en les restants reaccions proposades. Aixi es va obtenir 209
amb un rendiment quasi quantitatiu.

OH OTBDPS MEMO  OTBDPS
2 MEMCI, DIPEA ~

oxé orBs CHCl,40°C,6h o 0O OTBS

208 209, 94%
Esquema 3.37

L'eliminacié del cetal isopropelidenic de 209, en les condicions optimitzades a
la primera aproximacié, condui al diol 210 amb bon rendiment.’'? La proteccid
d'aquest diol 210 com a éter de ftrietilsilil'23 forni I'aducte 211, que en sotmetre’l a les
condicions d’oxidacié de Swern, només s'oxidd I'nidroxil primari, 124 ot obtenint-se

I'aldehid 212, amb excel lent rendiment, sense observar cap efecte en els altres grups
protectors de I'estructura.
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MEMO  OTBDPS MEMO  OTBDPS
2 a. PPTS 2

O__0 OTBS MeOH/THF OH OH OTBS

>< 11, rt

209 210, 86%

b. TESCI,
imidazole,
THF, rt, 12 h

c. (COCl),, DMSO,
HMEM(:) OTBDPS ez, o MEMO  OTBDPS

O OTesOTBS  EtN-78Cort OTESOTESOTBS
212, 98% 211, 100%

Esquema 3.38

Arribats a aquest punt haviem d'enfrontar la reaccié de formacié de
I'hemiacetal pirandsic, I'anell de é baules, tal i com haviem proposat a I'andlisi
retrosintética. D'entrada, ens vam proposar dur la ciclacid del sucre en un sol pas de
sintesi, per desproteccid del grup hidroxil de la posicid C5 de 212 i al mateix temps la
desproteccio selectiva de I'hidroxil de la posicié C3’, protegit com a éter de trietilsilil.

+ “,,, O _OH

MEMO  OTBDPS H
HM ---------- - J/\IJ
7Y TBDPSO ‘'OMEM
O OTESOTBS MeOH OH
212 213

Esquema 3.39

En aquest sentit, assdjarem la reaccidé de ciclacié de 212 emprant catadlisi dcida
i en les condicions de reaccié que s'adjunten a la taula 3.1. En tots els casos, es varen

obtenir barreges dels isomers a/p en relacions 1:1 aprox., perd només amb PPTS

s'obtingué un 94% de I'hemiacetal piranodsic desitjat 213.

MEMQO  OTBDPS
H\H/E\/l\/ Acid catalyst
B B solvent TBDPSO “OMEM TBDPSO “OH TBDPSO

O OTESOTBS

212 213 214 215
yield (%)
catalyst solvent T fime (h)
213 214 215
p-TSOH THF/H20 (6:1) 40°C 12 — — 95
p-TSOH MeOH r.t. 12 — 67 —
PPTS THF/MeOH (10:1) r.t. 12 94 — —

Taula 3.1
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Un cop obtingut I'hemiacetal 213, com una barreja d’anomers o/p, procedirem
a la formacié del glicosid de metil. Assajarem la reaccié en les condicions descrites a
I'esquema 3.40 i s'obtingueren els glicdsids 216 i 214, ambdds com una barreja

d'andomers o/f, amb un 92% de rendiment i una relacié de 3:1.

’,

., O._OH p-TSOH %, O._OMe %, O._OMe
, i + i 31
TBDPSO “OMEM MeOH, TBDPSO “OMEM TBDPSO "“OH 92%
CH(OMe)s,

OH 3A sieves, OH OH
0'5h, 0°C 216 214
213 a/p 1:1 ol 1:1

Esquema 3.40

Mentre que el glicdsid 216 era el desitjat, 217 implica la desproteccié del grup
MEM en les condicions de reaccid. Constatdrem doncs, que l'eleccié del grup
protector de I'hidroxil de C2' (el grup MEM) no havia estat del tot encertada. En
efecte, ja havia calgut optimitzar la formacid de I'hnemiacetal 212 per minimitzar la
seva eliminacié i, de nou, en la formacié del glicosid de metil 216 torndvem a a tenir
eliminacié d'aquest grup protector. Tot i aquest problema, decidirem seguir endavant
amb la sintesi i aborddrem la segUent reaccid: la introduccidé del grup amino
emmascarat com a azida. Per fer-ho seguirem els precedents descrits a la literatura per
Nicolaou i col.’® i per Carreira i col.' En tractar 216, amb anhidrid triflic i 2,6-lutidina en
CH2Clz varem obtenir el triflat XLII que no dilldrem i que es feu reaccionar amb NaNz en
DMF. S'obtingueren els adductes 217 i 218 amb uns rendiments que oscil {aven entre el
5-15% i 10-30% respectivament.

“

., _O_OMe  a ThO 1, _O._OMe
TBDPso’(.Jj'OMEM 2,6-lutidine, TBDPSO/Eljj'OMEM

CH,Cly,

OH —40°Crt oTf
216 XLII
alp 1:1
b. NaN3,
15-crown-5
DMF
~,, O._OMe ©, O._OMe
Lr - 1
TBDPSO o ™8DPSO” > “OH
N3
217 218
10-30% 5-15%

Esquema 3.41

Semblava doncs, altre cop, que I'eleccid del grup protector de I'hidroxil en C2'

(MEM) no era encertada i torndvem a tenir desproteccié d'aquest grup en les
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condicions de reaccié. La formacidé de 218 la vdarem atribuir a la desproteccid
prematura del grup OMEM en C2' de l'intermedi XLIl i la posterior reaccié de SN2 de

I'hidroxil en C2'en competencia amb NaNs pot explicar la generacié de I'epoxid 217.

OMe

2

OMe 3

Tfog
TBDPS "j/\OJ/OMe . /(OJ/
— \/4 > ,
N3 L o] TBDPSO “OH TBDPSO o
o]

XLII 218 217

Esquema 3.42

3.1.5 Obtencié del precursor de la L-micosamina 222

Arribats a aquest punt, ens plantejarem accedir a la sintesi d'un precursor de la
L-micosamina 222 aprofitant algun dels intermedis obtinguts anteriorment. Plantejarem
inicialment dues alternatives (vegeu els esquemes 3.43 i 3.44). La primera d’elles
implicava la generacié de I'hemiacetal a partir de 212 en unes noves condicions que
haurien de conduir a I'obtencié de 219, en el que el grup MEM s’hagués utilitzat per
generar un grup protector cetdlic entre els hidroxils en C1' i C2'. Posteriors
fransformacions ens haurien de permetre obtenir el producte 220 amb la

funcionalitzacié nitrogenada incorporada en C3'.

Alternative A

MEMO  OTBDPS

'/,,, O OH
H\H/\)\/ A (Lewis acid) Ll;r Y
: L LR L > 2, N /\/O\
O OTESOTBS TBDPSO ORE
OH A

212 ,
i
":CJ\\\O> a. EWG ., O mO>
TBDPSO” 'O b. NaN5 TBDPSO "0
N3 OH
220 219

Esquema 3.43

La segona opcid plantejada era menys arriscada i passava per I'aprofitament
del glicosid 215 que haviem obtingut amb bons rediments (vegeu taula 3.1) i realitzant
una proteccid dels grups hidroxils de les posicions C1' i C2' com a l'acetal
isopropilidénic 221 i infroduccid posterior de la funcionalitzacié nitrogenada per fornir el
sucre 222.
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Alternative B

/'/,, O OH ; '///, O \\\O>< a. EWG '/:C)J‘\\O><
TBDPSOLljf’OH MeO. _OMe TBDPSOLlj NS b.NaN; TBDPSO” > O
OH PN OH N3
215 221 222
Esquema 3.44

Aixi doncs, segons la primera opcid plantejada, al tractar I'aldehid 212 amb
BF3Et2O 125 varem obtenir I'adductes 219, com a Unic isomer B amb un 57% de
rendiment en el millor del casos, i el glicosid 215 amb rendiments variables que es

movien entre el 151 el 40%.

MEMO  OTBDPS BF,.Et,0 11, SO mo> , ~O~_-OH

H ~ ", + .,
7\/\)\/ CH,Cly, TBDPSOL|J o TBDPSO/K'J/'OH

(e} OTESOTBS 0°C-rt OH OH

212 219 215

57%, 15-40%,

single isomer alf 1:1

Esquema 3.45

Tot i que el rendiment era variable i moderat, fransformdarem I'hidroxil en C3' de
219 amb el corresponent triflat que feren reacionar amb NaNz'819 per obtenir el glicosid

220 amb un 75% de rendiment global (vegeu I'esquema 3.46).

,,ITJ\\\O> a. TfZOv pyr. ,"/, o u\O> b. NaN3 ,/"Lojn|o>
"0 CH,Cl,, "o DMF,
TBDPSO _1g°C 5 30ec TBDPSO 15-crown-5  TBDPSO” Y~ O
OH 1h oTf 1h N3
219 220
75% 2 steps
Esquema 3.46

Tot i haver obtingut el precursor de la L-micosamina 220 decidirem explorar la
segona opcid proposada. Al redlitzar la proteccid dels grups hidroxils de les posicions
C1'i C2' de 215, en condicions de catdlisi dcida i I'acetal dimetilic de la cetona es va
obtenir el producte 221 amb un rendiment del 52% com a Unic isdomer B. El posterior
fractament d'aquest amb TfO» i piridina i bescanvi amb NaNs'8.1? forni el producte 222

amb un 92% de rendiment per ambdues etapes.
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", O _OH 3 ppTS 1, OO b. szo pyr.
TBDPSO “'OH MeO__OMe TBDPSOJ/\IJ ><  CHCl TBDPSO
> ~78°C —-20°C

OH OH 1h
215 c. NaNg,
2201 DM|:3,
52%, 15 5
as p isomer -Crown-o,
1h
TBDPSOJ/\J
222
92% 2 steps
Esquema 3.47

Amb aquests bon resultats per a I'obtencié de 220 i 222, ambdds precursors de
la L-micosamina (13), decidirem repetir la seqUencia sintetica per a I'obtencié de 222
(en donar aquesta aproximacid un major rendiment i menys problemes en la
generacid del glicosid 212) optimitzant alguns passos de la sintesi (I'etapa de ciclacid
de 212 i proteccidé de 215). Finalment, es va obtenir el precursor de la L-micosamina

222 en un total de 11 etapes i un rendiment global del 37% (vegeu esquema 3.48).

O OH b, TBOPSC OH OTBDPS
Kuﬁ J\/ a. L-Proline M “imidazole, 81% RN
7< o6TBs DMSO O._0O OTBS c. L-Selectride 0.0 OTBS
7< THF, -78°C 7<
187 205 206, 95%, 208, 87%,
dr>95:5 dr >98:2
d. DIPEA,
MEMCI,
CH2C|2,
40°C,6 h
e. PPTS MEMO OTBDPS
MEMO  OTBDPS 9. (COCl),, DMSO, MEMO  OTBDPS THF/MeOH :
oS —78°C— —-40°C : 1:1,rt, 86% Y
T o o._0 0TBS
* = Et3N, -78°C— rt S ~ f. TESCI
O OTESOTBS ™ 98% OTESOTESOTBS " imidazole, /N
THF, rt, 12 h
212, 98% 211, 100% 209, 94%
h. p-TSOH,
THF/H,0
, i. MeO.__OMe , j. TH,0, pyr., ,
v, O~ _-OH >< v, O ‘\\O>< CH,Cl,,~78°C :EOJ\\\O><
TBDPSO “on PTSOH, CH:Cl 1gppg0 k. NaNs, DMF, 1gppso
15-crown-5
OH OH Ns
215, 87% 221, 76% 222
92% 2 steps
11 steps

37% overall
Esquema 3.48
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3.1.6 Tercera aproximacio

Malgrat I'exit assolit en la nostre segona aproximacid, ens proposdarem portar a
freme una tercera aproximacié en la que partint de I'experiencia i I'optimitzacié
realitzades en les anteriors aproximacions ens permetés escurcar i fer més eficient la
sintesi del precursor de la L-micosamina 222.

Partint de la segona aproximacid i en sentit sintétic, els canvis que voliem fer
eren redlitzar una reaccié de bescanvi de I'acetal isopropilidénic de 208 per obtenir
223, assajar la reaccié d'oxidacid d'aquest per obtenir I'aldehid 224 i, tot seguit,
desprotegir selectivament 224 per obtenir, amb bons rendiments, el glicosid 215 (vegeu

esquema 3.49).

OH OTBDPS
2 OTBDPS + #,,, O_OH

N
K\)\/ . . . H Llj/
- TBDPSO ""OH
7< O -0 OTBS
OH

208 223 224 215
Esquema 3.49

Aixi doncs, inicidrem aquesta tercera aproximacidé a la sintesi del precursor de
la L-micosamina 222, redlitzant I'intercanvi del grup isoprolilidénic'!617 de 208 de les
posicions C1-C3 a les posicions C2-C3, tal i com vdarem readlitzar a la primera
aproximacid, és a dir emprant TFA en quantitats catalitiques a temperatura ambient
(vegeu I'apartat 3.1.3 i I'esquema 3.25). Com era d'esperar, es va obtenir I'alcohol 223
amb un 67% de rendiment i I'alcohol 225, el producte de migracié del grup
isopropilidénic a les posicions C1-C2. Cal dir que al tornar a sotmetre I'alcohol 225 en
les condicions de reaccid del bescanvi del grup isopropilidénic, s'obté novament 223
com a producte de la reaccié (vegeu esquema 3.50). En resum, el rendiment del
bescanvi del grup isopropilidénic de 208 en I'alcohol primari 223 es pot considerar

quasi com a quantitatiu.

OH OTBDPS WLO OTBDPS
: TFA cat. oA
- - —_— + - -
0_0 oTBs _CHCh, OH G
K 0°C— 1t, 2h OH OTBS
208 223, 67%, 225, 28%
(100% brsm)
0 OTBDPS
WLO QTBDPS  1pA cat. 2

O

= CH,Cl,,
OH OTBS 0°Carton O

225 223, 69%,
(100% brsm)

Esquema 3.50
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La posterior oxidacié de I'alcohol 223, via oxidacié de Swern,3¢ va permetre
d’obtenir I'aldehid 224 amb rendiment quasi quantitatiu. El fractament de I'aldehid 224
en condicions acides de p-TSOH, en una barreja de THF/H20 (10:1), va fornir el glicosid
215 amb un rendiment del 90%.

O~ OTBDPS & (C700|)z, DMSO,

O OTBDPS w, O .OH
8°C, 30 o b. pTSOH
o EtsN —78°C—> rt - THF/H,0 TBDPSO “'oH
Ho Lo oOTBS oLo omBs 157 % OH
223 224, 99% 215, 73%
Esquema 3.51

Aixi, en la tercera aproximacid, haviem aconseguit sintetitzar el precursor de la

L-micosamina 222 en un total de 9 etapes i un rendiment global del 42% (vegeu
I'esquema 3.52).

imidazole, 81%

o 0O (e} OH OH OTBDPS
HJ\ HJ\/ a. L-Proline Hj\/l\/ b. TBDPSCI, K-\)\/
O7<O

OTBS DMSO O._ _O OTBS

7< c. L-Selectride Oxo OTBS
THF, ~78°C
187 205 206, 95%, 208, 87,
dr > 95:5 Gr> 082
d. TFA cat.,
CH,Cl,,
0°C—rt
., O~ -OH 09 QTBDPS ¢ (cocl), Dmso, @) QTBDPS
, f.p-TSOH H_ .~ 28°C. 30 =
TBDPSO “OH THFH,0 0“0 OTBS ELN-78Cort HO O OTBS
10:1, rt
OH
215, 90%

224, 99% 223, 69%

g. MeO.__OMe | p-TSOH,
| CH,Cly

e o h. Tf,0, pyr.,

w

>< CH,Cl,~78°C ":CJNOX
TBDPSO "0 i. NaN3,DMF,

g
15-crown-5 TBDPSO H
OH N3
221, 76% 222
92% 2 steps
9 steps

42% overall

Esquema 3.52
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3.1.7 Correlacié quimica del derivat de la L-micosamina 222

Per a la correlacié de 222 amb I'enantiomer natural convenientment protegit!2¢

ent-226, haviem de dur a terme la desproteccid de I'hidroxil de la posicid C4'.

(e} o><
hes
N3

222 226 ent-226
natural product
IH, BC and [a]p

’

:QOJNOK
TBDPSO J/\J"'o><

3

2
an

Esquema 3.53

Quan 222 es fer reaccionar TBAF-3H20 en THF, varem obtenir I'adducte 226

amb un 92% de rendiment.

J/\j TBAF-3H,0 LJ”\
TBDPSO e "g

222 226, 92%

Z"‘
Z"‘

Esquema 3.54

La comparacié de H, 3C i [a]o de I'estructura 226 amb el producte natural2¢
protegit ent-226, com s'indica en la taula 3.2, ens va permetre corroborar I'estructura

226 com la 3-azido-1,2-dioxolan-4-desoxi-L-micosamina.

6 13C ent-22612¢ 5 13C 226 A8 ent-226/226

O _0
\[II >< 112.4 112.4 0
HO" © 96.6 96.6 0
N3

77.0 769 0.1
ent-226
[alp=_51.2 (c 1.00) 71.2 71.2 0
o 710 710 0
Q >< 628 63.1 03
g
HO™ 27.7 27.7 0
2o 2538 2538
folo = +47.1 (¢ 0.66) 17.3 17.3
Taula 3.2
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3.2 Sintesi del precursor de la D-micosamina ent-222

3.2.1 Introduccié

Per I'obtencié del precursor de la D-micosamina ent-226 aplicarem la
segléncia sintética de la tercera aproximacio proposada a I'apartat 3.3. Aixi doncs,
I'analisi retrosintética que varem realitzar per ent-226 es mostra a I'esquema 3.55. Tal
com s'ha comentat a la infroduccié del present treball (vegeu I'apartat 1.4.1.2), un
canvi de catdlitzador en la reaccid d'aminocatadlisi asimetrica i d'aldehid ent-205,

haurien de conduir amb éxit a I'obtencié del precursor de la D-micosamina ent-226.

O OTBDPS
(lI >< U >< \ H\’l‘/kzl/\l/
TBDPSO o 0 OTBS

OH
ent-226 ent-221 ent-224
o o OH OTBDPS

1 3 1 3 :
HH H)J\l/ 6 — H\l/\l/ 6
7<O OTBS O><O OTBS

187 ent-205 ent-208

Esquema 3.55
3.2.2 Obtencidé del precursor de la D-micosamina ent-222

Inicidrem la sintesi del precursor de la D-micosamina, ent-226, preparant
I'aldehid ent-205. Per fer-ho protegirem I'(R)-lactat d'isobutili amb clorur de tert-
butildimetilsili i imidazole en THF,110 fot obfenint 227 amb un rendiment quasi
quantitatiu. La posterior reduccié de 227 amb DIBAL-H!'' condui a I'aldehid ent-205

amb un excellent rendiment sense observar epimeritzacié de I'esterocentre en a.

o) 0 o)
a. TBSCI, imidazole DIBAL, -78°C
Y o Y o 9y
OH CH,Cl, OTBS CHCl, OTBDPS
227, 98% ent-205, 95%

Esquema 3.56
La posterior reaccié d'aminocatdlisi asimétrica amb la D-prolina, la cetona 187 i

I'aldehid ent-205, en les condicions descrites anteriorment,!3 forni I'aldol ent-206 amb

un 84% de rendiment i una relaci¢ diastereomérica superior al 95:5.
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K[OJ\ 0 O OH
i ) + H D-Proline
7< OTBS DMSO O

O OTBS
A

187 ent-205 ent-206,
84%, dr > 95:5

Esquema 3.57

La proteccidé de I'hidroxil de I'aldol ent-206 com a eter de tert-butildifenilsilil'o?
condui a la cetona ent-207 amb un rendiment del 82%. El posterior tractament de ent-
207 amb L-selectride!4 forni ent-208 amb un rendiment del 78% com a Unic

diastereomer.

O

OH O OTBDPS OH OTBDPS
= a. TBDPSCI = b. L-Selectride =
o7<o OTBS g-lidz?:zlfle o7<o orgs  |HF.-78°C oxo OTBS
ent-206 ent-207, 87%, ent-208
(100% brsm) 78%, dr >98:2
Esquema 3.58

El tractament de I'alcohol ent-208 en condicions de catdlisi dcida de TFA!6117
condui a I'alcohol primari ent-223 amb un 64% de rendiment. La posterior oxidacid de
I'alcohol primari de ent-223, emprant les condicions de Swern,3¢ forni I'aldehid ent-224
amb un rendiment del 85%. La desproteccid selectiva de I'hidroxil en C5 de I'aldehid
ent-224, en condicions de catdlisi dcida de p-TSOH va permetre d'obtenir I'nemiacetal

pirandsic ent-215 amb un 83% de rendiment com a barreja d'andmers o/ 1:1.

OH OTBDPS o)
: a. TFA cat.

OTBDPS b. (COCI),, DMSO, O~ OTBDPS
: ~78°C> -40°C :

O OTBS EtzN -78°C— rt

0°C—> 1t, 2h 0 -0 OTBS

o><o otes _ CHxCl, HO
ent-208 ent-223, 64% ent-224, 85%
c. p-TSOH

THF/H,O
10:1, rt

UOH
TBDPSO" Y “OH

OH
ent-215, 83%,
alf 1:1

Esquema 3.59

Per a la infroduccié del grup azida, a I'anell pirdnic de ent-215, seguirem les

condicions optimitzades a I'apartat 3.3. Aquestes impliquen la proteccid selectiva dels
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hidroxils de C1' i C2' com a cetal isopropilidénic, en presencia d'ortoformiat de metil i
catdlisi de p-TSOH, per donar lloc Unicament I'andmer B ent-221. La posterior activacié
de I'hidroxil en C3' de ent-221 emprant T20 i bescanvi amb NaNs,'819 va permetre
aillar ent-222 amb un 90% de rendiment en ambdues etapes.

OH & MeO OMe

(0) b. Tf,0, pyr., 0__0
U U >< CH,Cl,-78°C ><
TBDPSO™ > “OH pTSOH, TBDPSO'" c. NaN3,DMF, TBDPSO'" o
OH CH,Cl, 15-crown-5 N
3
ent-215 ent-221, 55% ent-222
90% 2 steps

Esquema 3.60

La seqUéncia sintética per a I'obtencidé del precursor de la D-micosamina ent-
222 s'il ustra a I'esquema 3.61. S’ha dut a terme la sintesi de I'enantiomer de 222, ent-

222, reproduint la mateixa ruta sintética com s'havia previst, en un total de 9 etapes i
un rendiment global del 20%.

o ]

7 o b. TBDPSCI g greees
HJ\ H)j\l/ a. D-Proline ’)J\l/-\l/ ' imidazole,’ 87% ~
OXO OTBS DMSO oxo OTBS . | _selectride o7<o OTBS
THF, -78°C
187 ent-205 ent-206 ent-208
84%, dr > 95:5 78%, dr >98:2
d. TFA cat.,
CH,Cl,,
0°C—rt

O~ OTBDPS

O._OH ©) OTBDPS . (COCI),, DMSO,
U f.p-TSOH . . ~78°C
TBDPSO"

OH THFH,0 o Lo oTBs EtN-78C—ort HO

z O OTBS
OH 10:1, rt
ent-215, 83%, ent-224, 85% ent-223, 64%
alpl:1
g. MeO__ OMe| p-TSOH,
><""| cHCl,
h. Tf,O, pyr.,
o 2 o}
\(IO>< CH,Cl,—78°C O><
TBDOPSO™ Y O i NaNs, DME, TBDPSO™ o
OH 5-crown-5 Ns
ent-221, 55% ent-222
90% 2 steps
9 steps
20% overall

Esquema 3.61
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3.2.3 Correlacié quimica del derivat de la D-micosamina ent-222

Per a la correlacid de ent-222 amb I'enantidmer natural convenientment

protegit2é ent-226, haviem de dur a terme la desproteccié de I'hidroxil de la posicid

C4'.
O O>< (@) O><
TBDPSO?QI o Hc:‘il/\E o

N3 N3

ent-222 ent-226

natural product deriv.
IH, 8¢ and [o]p

Esquema 3.62

En fer reaccionar ent-222 amb TBAF -3H20O en THF, es va obtenir I'adducte ent-
226 amb un 67% de rendiment.

0 O>< TBAF-3H,0 o o><
TBDPSO™ 0 THF HO™ o
N3 N3

ent-222 ent-226, 67%

Esquema 3.63

La correlacié de H, 3C i [a]o de I'estructura ent-226 amb el producte natural
protegit,26 com s'indica en la taula 3.3, ens va permetre corroborar I'estructura ent-226

com la 3-azido-1,2-dioxolan-4-desoxi-D-micosamina.

§13C §13C AS ent-226
0O O>< ent-226 (it.'2%)  ent-226 (it.12¢) /ent-226
HO™ o 112.4 112.4 0
N3 96.6 96.6 0
ent-226 (lit.)
oz 512 (¢ 1.00) 77.0 77.0 0
71.2 71.2 0
© O>< 71.1 71.1 0
HO™ ¢ 62.8 63.0 0.2
N3 27.7 27.7 0
ent-226
[o]lp = _50.6 (c 0.47) 25.8 25.8
17.3 17.3
Taula 3.3
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CAPITOL 4. GLICOSILACIO DE LA FLUVIRUCININA B>
AMB LA L-MICOSAMINA

4.1 Introduccié general

4.1.1 Introduccié a les reaccions de glicosilacié
4.2 Obtencié del fluorur de glicosil 231
4.3 Proves de glicosilacié amb el glicosid-donador 231
4.4 Optimitzacié de els etapes finals

4.5 Correlacié quimica del precursor triacetilat 239 amb I'Sch 38513 (3)
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4.1 Introduccié general

Un cop sintetitzats els productes 5é6a, 179, 222 i ent-222 teniem la possibilitat de

dur a terme una reaccid de glicosilacié que ens podria permetre obtenir tot un seguit

de fluviricines o Sch’s34 o, fins hi tot, diferents andlegs, alguns dels quals hem resumit tot

seguit.
I -
: : OH
: o Ny
OTBS "ji'j\\\o>< o" NH
N "__,_'__:__; OH
N0, TBDPSO” Y~ 'O N 0,
HN | N3 HN
179 222 5
Sch 38518 or
Fluvirucine B,
: \OH
: o Ny
OTBS 11, -0~ O, o" NH,
O LJI/, R e OH
| TBDPSO” ™ WSO A,
HN Na HN
56a 222 3
Sch 38513
- ~ :
: : A OH
N T
OTBS o o>< 07" "NH,
. TTTTIIN . C-)H
N0 | TBDPSO' o N 0,
HN N3 HN
179 ent-222
: A _OH
N T
OTBS o o>< 07" "NH,
. TTTTIIN e C-)H
N0 A, TBDPSO' o N0,
HN | N HN |
56a ent-222

Esquema 4.1

Plantejarem inicialment dur a terme la reaccié de

glicosilacié entre la

fluvirucinina 179 i I'aminosucre 222, en tractar-se d'un dels objectius d’'aquest present

treball de Tesi, tot seguint I'andlisi retrosintética proposada al capitol 1 (vegeu I'apartat

1.4.1,iI'esquema 4.2)
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- -
: WOH z
o R
“ 1, O_OH
o NHy OH 4 U
w O . OH w (0] . HO z %OH
R , R , NH,
HN HN
5 11 1]
Sch 38518 or
Fluvirucine B,
Esquema 4.2

Per acoseguir-no, haviem de desprotegir I'nidroxil de C9 de 179, per tal

d'obtenir 11 (vegeu I'apartat 2.1.7) i activar la posicié anomeérica de 222.

- -
OTBS OH
o (0] ., K o} ‘1,
HN HN
179 11
/,I.J‘no>< ,,:QOJ/EWG
TBDPSO” Y~ O T8DPSO” Y “OPG
N3 N3
222 XLII
Esquema 4.3
Tot i qixi, tenint en compte els problemes de solubilitat d'11 (vegeu apartat

2.1.7), la lactama desprotegida, i seguint rigorosament els precedents de la literatura’
(vegeu I'apartat 1.2.1), decidirem unir el fragment del precursor de la fluvirucinina B2

175 i I'aminosucre 222 abans de dur a terme la reaccié de tancament d’anell.

OTBDPS
ﬁNg

AN N O ops
OTBS "'J/\ijo>< o)
o O 1y, TBDPSO e /II o O ',
HN N3 HN |

175 222
Esquema 4.4
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Aixi doncs, per aconseguir-no s'havia de desprotegir I'hidroxil de la posicié C9
de 175 i obtenir 228, per posteriorment dur a terme la reaccidé de glicosilacid amb

I'aminosucre 222, previa activacio de la posicid anomerica.

N N
OTBS OH
w_o ., . o ..
HN HN
175 228
TBDPSO” 'O T8DPSO” Y “OPG
N3 N3
222 XLl

Esquema 4.5

4.1.1 Introduccid a les reaccions de glicosilacié

Les reaccions de glicosilacié, i en general tot el relacionat amb carbohidrats,
aminosucres, glicals, entre d'altres, esdevenen un apartat molt especific de la quimica
orgdnica, fins al punt d'existir fonts bibliografiques i revistes cientifiques, entre
especialitzades en aquest camp concret.

Com a introduccidé a les reaccions de glicosidacié,'?” podem esmentar que per
que la reaccid esdevingui regioselectiva, davant dels 5 hidroxils presents normalmant
al carbohidrat, s'activa o es diferencia la posicid anomeérica introduint un grup de
sortida o LG, tot transformant el sucre en un glicdsid-donador.'28 La preséncia d'un
promotor/activador, anomenat habitualment catalitzador, facilita I'intercanvi del LG
per un nucledfil o un glicosid-acceptor present en el medi, via un mecanisme tipus Sn1
(en la majoria dels casos). A contfinuacié, a I'esquema 4.6 s'illustra un el mecanisme

de glicosilacié més acceptat.

H\ 0
(OP)n ﬁ Activator | (OP)n OP)y g | O (OPh
LG b S A Glycosyl o<—A
acceptor
Glycosyl Glycosyl Oxocarbenium 1,2-cis, a- or
donor cation ion 1,2-trans, B-

linked glycosides

Esquema 4.6
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Tal i com es pot observar a I'esquema 4.6, la formacié del catidé oxocarbeni
(hibridacié Sp? en el carboni anomeéric) implica que ambdues cares poden ser
equivalents en front de un nucleofil (estereocespecificitat de la reaccié de glicosilacio).
Tot i qixi, el producte de glicosilacié a o 1,2-cis €s termodindmicamnet més favorable,
degut al anomenat efecte anomeric.'? Ara bé, en aquells casos on no hi participacié
d’'ajut anguimeéric de cap del grups protectors presents a I'anell del sucre, s’obté una
proporcié de producte cinetic, p o 1,2-tfrans, degut al cardcter irreversible de la propia

reaccié de glicosilacio (vegeu I'esquema 4.7).

v&/ Actlvator @
LG Glycosyl tﬁ
- Y@ Yg Clycosy Pobs—o,
P
Glycosyl donor Glycosyl Oxocarbenium 1,2-cis, a-Gchoside
(P-non participating cation ion main product
group) (anomeric effect)

Esquema 4.7

Per tenir un control més exhaustiu de I'estereoespecificitat de la reaccié de
glicosilacid, s'infrodueixen grups protectors a I'anell del sucre, que per ajut anquimeéric
afavoreixen la formacié d'un o altre isdomer. El cas més conegut sén els grups

protectors de tipus acil en I'hidroxil de la posicié C2' (vegeu esquema 4.8).130

® H\ \\/O
o /\ Activator o\?b RCOOL/ 0 o
W/LG R \‘ . // Glycosyl W/O—\\\//&
OCOR E&) acceptor RCOO
Glycosyl donor 060 1,2-trans, B-Glycoside
(COR-participating L % - main anomer
group) R

Acyloxonium ion
(major intermediate)

Esquema 4.8

Existeixen principalment dos modes d’'activacié per a I'obtencié de glicosid-
donadors: via catdlisi acida i via catdlisi basica.’® En funcid del tipus d'activacio
s'accedeix a uns o altres glicosid-donadors que, en preséncia d'activadors/promotors,
donaran lloc a la reaccié de glicosilaciéd amb el nucledfil o glicosid-acceptor present

al medi (vegeu I'esquema 4.9).
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(OP)n
|—0

N eoH
ACID ACTIVATION BASE ACTIVATION
exchange of anomeric Substate retention of anomeric
oxygen atom oxygen atom

HA B
(OP), (OPhn

|—0Q
=2os £ N0 e’

Koenigs—Knorr Fischer— anomeric trichloroacetimidate

(X=F,Cl,Br) 1 Helferich O-alkylation 1 3 method
and related HOR R*X Y=Z 7\ (Y=Z = CI;CCON)
methods 04+ A HATH,O BH'X B M methods
(OP), B (OP)n 0. ~2H (OP),
%x - >\ %O_Rl kf‘\ = - O, .zH

acidor HOR!

.
HOR! MY MX+BH'X
Glycosyl donor Lewis acid

X =leaving group MY = activator/promoter
(Hal, SR, etc)  {oR? = glycosyl acceptor Catalyst

Product Glycosyl donor

O. -ZH
Y

leaving group

Esquema 4.9

De I'ampli ventall de méetodes de generacié de glicodsid-donadors (vegeu
I'esquema 4.10), i donada la naturalesa del nostre precursor 222, ens centrdrem en els
glicdsid-donadors activats via catdlisi dcida. Més concretament en els tioglicosids i els

halurs de glicosid.128.129

Classic methods Q QO Q QO
early 190016 wmBr  \\nCl N2 0H N 0C0CH;

1960s Bromides Chlorides Hemiacetals Acetates R><O/SR'
R oO_0
Methods from o} Q NR' Q o} N -O
1970s to early mF mo—q mSR mo_« )O‘lw
. . R R
1980s  Fluorides O-Imidates S-Alkyl/Aryl Thicimidates R Orthoesters
Recent methods Q Q Q Q OR Q 9,0R
(late 1980s to mOCORmO N oHet mo-ROR 0P gn
present) Carboxylates/
carbonates Alkenyl glycosides Heteroaryl deriv.  Phosphites Phosphates
Q Q O 0 Q
TAwsR T nSCR oSSR o SCN NAeser
o S
Sulfoxides/ Xanthates Disulfides Thiocyanates Se-glycosides
sulfones
Q Q O 0 Q NR' Q
T T T2 T Rrer TR0 TR
XR /,N
o Novel N
lodides Epoxides Glycals Te-glycosides (thio)imidates Diazirines

Esquema 4.10

Els halurs de glicdsid varen ser introduits al 1901 per Koenigs and Knorr!32 (més
concretament els bromurs i clorurs de glicosid) essent emprats al llarg de més 50 anys
com el millor métode d'obtencié de glicosid-donadors. Tot i qixi, anys després I'halur

de glicosid més emprat ha estat el fluorur i per aixo triarem el fluorur de glicosid com a
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candidat per formar el glicosid-donador de 222. Aqguest glicosid-donador s'obté
facilment a partir del hemiacetal en fer-lo reaccionar amb diferents agents generadors
d'ions fluor.’3 A continuacié, es detalla el mecanisme de formacié d'un glicosid de

fluor emprant DAST com agent fluorant.134

(©OP) Et:N—g—F
N e K AP 1 Y
TN e, Ty N e T
FO F F HOSF,NEt,
Esquema 4.11

Al 1981, Mukaiyama i col. desenvoluparen les condicions de reaccid per emprar
els fluorurs de glicosil com a glicdsid-donadors.!35 Els principals avantatges respecte als
altres halurs de glicosil sén la seva facilitat de preparacid i I'estabilitat en moltes
condicions de reaccid i purificacié. Aquesta estabilitat ve donada principalment per
I'elevada energia d'enllag C-F (552 kJ mol-!) en front dels altres halurs de glicosids (C—
Cl: 39729 kJ mol!, C-Br: 280+21 kJ mol'). Aquest fet també origina que la reaccié de
glicosilacié tingui lloc preferentment via una reaccid fipus Sn2 en lloc de Sn1, com
acostuma a ser habitual per aquests tipus de reaccions. Un altre factor a destacar dels
glicosids de fluor és I'activacié amb dcids de Lewis febles, a diferéncia dels altres halurs
de glicosil que necessiten dcids de Lewis molt més forts, fet que els fa incompatibles
amb molts grups protectors habituals en quimica de sucres.!36.136 Aquests fets han
esdevingut clau en les reaccions de glicosidacié i han generat que aquest métode de

formacié de glicosid-donadors esdevingui el més emprat fins a I'actualitat.

(OP), (OP)q
= =9
F N SnCl,/AgClO,4
He w0 MS 4A, o=
o= Eyo, 15°C 8408
o/ B =84:16

Esquema 4.12

La formacié de tioglicdsids va ser introduida a I'any 1909,1% perd la seva
utilitzacid com a glicosid-donadors no es va aplicar fins a finals de la década dels 70.138
Els tioglicosids tenien avantatges enfront dels altres glicosid-donadors més emprats fins
aleshores (els bromurs o clorurs de glicosil), com per exemple una gran estabilitat
enfront a reaccions de manipulacié del glicosid-acceptor o de grups protectors.
També hi ha un gran nombre d'activadors,!3? entre ells cal destacar la utilitzacié de
NBS o NIS.™0 El mecanisme més acceptat utilitzant com a promotor/coactivador N-

bromosuccinimida (NBS) s’indica a I'esquema 4.13.
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Br—
(OP)n ( (OP)n OPh o (OP),

=9 R

I/O l—0 R _0
T oy g e Yot

OR'
H
BrSR" HO-R' o

Esquema 4.13

4.2 Obtencié del fluorur de glicosil 231

A la vista dels precedents decrits a la literatura,”181? | donada la naturalesa del

precursor 222, decidirem formar inicialment el fioglicosid 229 i

tfransformar-lo en el fluorur de glicosil XLII.

TBDPSO TBDPSO TBDPS OLIOPG

posteriorment

B e OH
N . z
N3 N3
222 229 XLl
Esquema 4.14

Com a grup protector de I'hidroxil en C3' de XLIIl, decidirem utilitzar un grup
acetil, per aixi aprofitar I'ajut anquiméric d'aquest grup en la reaccié de glicosidacio i

obtenir majoritariament el producte XLIV Unicament com a I'andmer ¢.7.18:19.129

i, OnF activator 7, A0 8/:0: L 1, OO Ny O NU
. = I o T
PGO” > "'0Ac pco” > "0 PGO” "CHJ PGO” > "0Ac
N3 N3 N3 N3
XLIII XLIV
PG=TBDPS maofri's%rr?]‘gfm

Esquema 4.15

Aixi doncs, en fractar 222 amb p-tert-butiltiofenol i BFz Et2O varem obtenir 229
amb un 96% de rendiment com a barreja d'andmers a/p 1:1.126.140a

LJ >< ‘BUPhSH, BF3-Et,0 ";,EOJ/SPWBU
TBDPSO CHCl,, "'OH

~20°C.2h 1BPPSO

Z"'

N3
222 229, 96%,
off 1:1

Esquema 4.16
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La proteccid de I'hidroxil de la posicid C3' del tioglicdsid 229 es va dur a terme
en condicions estdndards, amb anhidrid acétic i piridina, amb que varem obtenir el
producte 230 amb un 99% de rendiment. L'intercanvi del grup tiol per fluor a la posicid
anomeérica de 230 es realitzd amb DAST. Aixi s'obtingué el fluorur de glicosid 231 amb

un rendiment excel1ent i una relacié d’andmers o/p 5:1.141

‘s, t 7 t ,
:EOJ/SPh BU Ac,0, Pyr. fjsph BU  pAST, NBS :l/\OJ/F
TBDPSO” " “OH CHLL  1pppso”™>""0ac  CH2Clz _15°C. 18ppso”>""0Ac
: : Th—0C, 2h :
N3 N3 N3
229 230, 99% 231, 94%,
o/f 5:1

Esquema 4.17

4.3 Proves de glicosilacié amb el glicosid-donador 231

Com s'ha comentat a I'apartat de la infroduccié (vegeu I'apartat 4.1), el
nucledfil en la reaccié de glicosilacié, amb el glicdsid-donador 231, havia de ser el
producte de desproteccid de I'hidroxil de la posicid C? de 175. Per obtenir-lo es va
tractar I'amida 175, amb una dissolucié HCI 1% en etanol®? o amb TBAF-3H20. Es va

aillar la hidroxiamida 228 amb rendiments notables.

OTBS 4. TBAF-3H,0, THF, 93%

a. HCI (1%), EtOH, 95%

175 228
Esquema 4.18

Un cop obtinguts el nucledfil 228 i el glicosid-donador 231 varem assajar la

reaccié de dglicosilacido emprant SnClz i AgCIO4.136137 Un estudi exhaustiu de les dades

espectroscopiques del producte obtingut ens confirmd que s’havia obtingut, amb un

73% de rendiment i com a Unic isdmer (andmer o, r.d. 295:5).
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OTBDPS
7 A N3
6
o
617 6 X 67~ 6 X Y OAc
6" OH = O Snclz, AgC|O4 (-)
o Et,0,4 A, /o)
AcO OTBDPS _,540c_s goC |
HN N3 HN
228 231 232, 73%,
aolp > 95:5

Esquema 4.19

L'explicacid d'aquests fets experimentals és que en condicions de catdlisi dcida
té lloc una migracié del doble enllac de la posicid C6-C7 a la posicid Cé-Cé' més
substituida. Tot i I'esfor¢c realitzat assajant la reaccié modificant les condicions
experimentals no aconseguirem evitar la migracié del doble enllag, de forma total o
parcial, ni tampoc la separacié per cromatografia en columna del posible producte
desitjat, tot obtenint majoritariament I'amida 232.

Per evitar aquest problema, ens calia portar a terme la reaccidé de glicosidacio
sense la presencia d'aquest doble enllag. Aixd implicd anar forca enrere de la
seqUéncia sintetica, fins la formacid de I'enllac amida entre I'acid 156 i I'alcohol 16%9a
(vegeu I'apartat 2.1.4). Aixi doncs, determindrem dur a terme la reaccid de glicosilacié
de 231 amb I'alcohol 169a.

"OTBDPS!

Esquema 4.20

En assajar la reaccid entre 231 i 16%9a es va obtenir el producte de glicosidacié

233 en un 77% de rendiment i, com a Jnic anomer a.

&\ ~OTBDPS
X X
OH F._O SNnCly, AgCIO, 0" N3
+ OAc
“ Ao "'OTBDPS zEct)%% 4 (/)-\O,C |
N3 Ns = N3

169a 231 233, 77%,

alp > 955

Esquema 4.21
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Per continuar endavant amb la sintesi varem dur a terme la reaccié de
formacié de I'enllac amida entre I'azidoglicosid 233 i I'acid 156, en les condicions
optimitzades al capitol 2 (vegeu I'apartat 2.1.4). Aixi, s'obtingué la lactama 234 amb

un rendiment del 51%.

~OTBDPS ~OTBDPS

(PySe)z, PMe3

toluene, 0°C

234, 51%

Esquema 4.22

4.4 Optimitzacié de les etapes finals

Un cop obtinguda la lactama 234 decidirem assajar les darreres etapes de la
ruta sintética dissenyada per a I'obtencid de la fluvirucina B2 (5),4 emprant la lactama
obtinguda en els primers assajos de glicosilacié 232.

En fer reaccionar 232 en les condicions de tancament d'anell, amb el
catalitzador de HG Il i seguint les condicions optimitzades al capitol 2 (vegeu I'apartat
2.1.5.1), varem obtenir la macrolactama glicosilada 235 amb un 63% de rendiment i

una relacié Z/E de 2:1

OTBDPS _N. N- OTBDPS

H Mes Mes =
N3 Cln,\r N3
o Gl SR ¢
C O

20 " TOAc o} A v~ "OAc
5 i-Pr” 5
o (@] ‘1, toluene, 80°C |\\\\ O //,,|

HN HN

232 235, 63%,
ZIE=2:1

Esquema 4.23

El segUent pas de sintesi va ser la hidrogenacié de la barreja d'isdmers Z/E 235
amb Pd/C i sota atmosfera de hidrogen. En assajar la reaccid s'aconsegui obtenir la

lactama 236 amb un 80% de rendiment i una relacid diastereomerica de 88:12.
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o
Qi
®) z
> I
(g} N

H,, Pd/C
w toluene o o o
HN
235 236, 80%,
d.r 88:12

Esquema 4.24

Aixi doncs, s'havia aconseguit arribar a I'estructura del Sch 38513 amb els dos
grups hidroxils protegits. Tot seguit decidirem realitzar successives manipulacions dels
grups protectors de I'aminosucre de 236 amb I'objectiu d'optimitzar aquest passos de
sintesi per tal d'obtenir un precursor que presentés totes les posicions protegides en
forma d'acetil, per poder correlacionar-los amb els productes naturals descrits a la
literaturag.3d.4b

La proteccid de I'amina en C3' de I'aminosucre de 236 es redlitzd amb Ac20 i
piridina, amb que varem obtenir el producte 237 amb un 93% de rendiment. La
posterior desproteccié de I'hidroxil en C4' de 237, amb TBAF -3H20, forni 238 que no es
purificd i s'utilitza directament en la seglent etapa. Finalment, la proteccidé de I'hidroxil
en C4' de 238, com acetil, generd el producte 239 amb un rendiment global per a les

dues etapes del 72%.

OTBDPS OTBDPS OH OAc
ﬁNHZ \/\':/LNHAC \/\':[NHAC \/\_:/LNHAC
© ~ "OAc © " "OAc © ¥ "OAc © ~ "OAc
o} a. Ac,O o) b. TBAF-3H,0 0] a. Ac,0 )
W' o ‘", pyridine 0 ", THF, rt. o 0 , pyridine " 0 ",
HN HN HN | I HN
236 237, 93% 238 239,

72%, 2 steps

Esquema 4.25
Un cop optimitzats aquests darrers passos, per dur a terme sintesi de la

fluvirucina B2 240,4 només caldria reproduir la seqUencia sintetica proposada (vegeu

I'esquema 4.26) a partir de I'amida 234.
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OTBDPS OTBDPS
= N3 \/;[Ng
O
X Y~ "OAc X © X OAc
O a. HG-Il o
NGO A, toluene, 80°C N0,
HN | HN
234 b. H,, Pd/C, , toluene
¥
OAc OTBDPS
~ ~ NHAc ~ \/\-:ENHZ
‘. O ‘. O
" "OAc < OAc
o c. Ac,0, pyr o}
WINgO d. TBAFTHF  "N\gO ",
HN e. Ac,0, pyr. HN
240

Fluvirucine B,

Esquema 4.26

Ara bé, per manca de temps, el present treball de Tesi finalitzd en aguest punt.
Reportem, doncs, una aproximacié a la sintesi de la fluvirucina B2 240, quasi be del tot

finalitzada, resten 5 etapes per aconseguir el producte final acetilat 240.

4.5 Correlacié quimica del precursor friacetilat 239 amb I'Sch 38513 (3)

Com hem esmentat abans, el producte 239 és el producte natural Sch 38513
(3).3d Tant mateix aquest producte, 239, no estd descrit a la literatura amb 3 grups
acetils a les posicions C2', C3' i C4'. Per determinar la configuracié absoluta de 239, es
pot comparar amb els productes naturals protegits amb acetils, la fluvirucina B2 240 la
fluvirucina B 241.40 Per un costat es pot correlacionar I'aminosucre de 239 amb el de la
fluvirucina B2 240i, per I'altre es pot correlacionar I'aglicona de 239 amb la de la

fluvirucina By 241 (vegeu esquema 4.27)

~OAC

NHAc

239 240 241
Sch 38513 fluvirucine B, fluvirucine B,

Esquema 4.27
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Com es pot comprovar a la taula 4.1, la correlacié dels valors de desplacament
de CBB de 239 amb els productes naturals acetilats 240 i 2414 ens va permetre
determinar que 239, el producte que haviem sintetitzat, era la (2R,6S,9R,10R)-2,10-dietil-
6-metil-9-(2',4'-bi-O-acetil-3'-N-acetil-3’,6’-didesoxi-a-L-glucopiranosil) oxi- 13-
fridecanlactama (Sch 38513).

6 13C §13C  AS 241 (it )/ 6 13C 613C  AS 240 (lit.40)/

241 (iit4) 239 239 240 (it.4) 239 239
1 176.0 176.0 0 K 94.0 94.0 0
2 50.7 50.8 0.1 2 72.1 72.2 0.1
2’ 26.4 26.4 0 3 48.3 48.4 0.1
2 12.2 12.2 0 4 72.9 73.0 0.1
3 33.4 33.4 0 5 66.5 66.5 0
4 24.5 24.6 0.1 6 17.3 17.4 0.1
5 34.1 34.0 0.1
6 30.9 30.9
6 20.8 20.8
7 24.9 24.9
8 21.4 21.3 0.1
9 77.9 78.3 0.4 .
10 40.5 40.6 0.1 \
10’ 21.1 21.0 0.1 236
10 8.6 8.6 0 Sch 38513
1 25.2 25.1 0.1
12 28.1 28.2 0.1
13 38.6 38.6 0

Taula 4.1
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Resum i conclusions

En el present treball de Tesi Doctoral s'ha desenvolupat una ruta sintética per a
I'obtencié de gairebé totes les fluvirucines o Schs descrits a la literatura, realitzant petits

canvis en cadascuna de les rutes convergents que la constitueixen (vegeu I'esquema

1).

R
* Ry
3 z
NH,
6 6R

OH oo/ 1 .

— 9 + - 3

W2 _o 10 ", 1 NH,

3
OH

1
R;=H R,=0OH R3=H — Fluvirucin By, 9 E R;=Et R,=H R3=OH- Fluvirucin B,, 5
R;=Me R,=OH R3=H — FluvirucinB;,4 ! R;=Et R,=OH R3=H — Fluvirucin Bz, 6

Esquema 1

Al capitol 2 s’ha sintetitzat la fluvirucinina B2s o les aglicones dels Schs 38518 i
39185 (11). Dels 4 centres estereogénics presents a la macrolactama 11, dos d’'ells
s'han assolit via alquilacié d'enolats de N-aciloxazolidinonas. Un tercer estereocentre
s'ha aconseguit per mitjad d'una alfilacié diastereoselectiva i el quart per una reduccid
catalitica estereocespecifica. S’ha dut a terme una reaccid de metatesi creuada (cross
metathesis, CM) i una reaccié de tancament d'anell (ring-closing metathesis, RCM)

(vegeu I'esquema 2).

o) a. Chx,BH, AcONa, O O N .
P i P I, THF/MeOH L * ¢. LiBH, THF, 0°C o N3
o N Q N o
\ { b. NaN3, DMSO \_< d. Swern oxidation  H
Bn Bn
110 168, 84% 48, 89%
= 0] e. Leighton reagent | f. TBSCI,
a HG I, ent-170, toluene imidazole
CH,Cl,
X
o O b. Hy, Pd/IC, o O
M _~_0 MeOH P d. LiOH, H,0,, oTBS
Q"N QN — % +
\—< c. CpyTiMe,, L THF/H0 . “n,
Bn toluene, DMF Bn l“ = |
oH Ns
159, 98% 162, 75% 156, 99% 169a, 84%
. . (PySe),, | toluene
Catalytic Ring-closing ’ (I;':K/Ieg,)2
hydrogenation metathesis, RCM '

s

I

~N
Cross k/ﬂ
metathesis,

CM w Diastereoselective OTBS A
on allylation h. HG II, toluene oTBS
Diastereoselective o ~— o . Pd/C. tol o
alkylation ~_. ‘v, S i , toluene .« ",
U NGy - -

HN . )

Amide formation /' Diastereoselective 178a, 82%
11 alkylation 8 steps 175, 100%

51% overall

Esquema 2
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Al capitol 2 també s'ha sintetitzat la fluvirucinina By o I'aglicona dels Schs 38513 i
38516 (10), com a exemple de la versatilitat de la potent ruta sintética desenvolupada.
Un canvi, de material de partida, en la reaccié de metatesi creuada (cross metathesis,
CM) ens permet obtenir la fluvirucinina Bi (10) seguint la mateixa ruta sintética

proposada (vegeu I'esquema 3)

a. Chx,BH, AcONa,

o] 0O o N ,
N i I, THFMeOH — J[_ ® c.LiBH, THF, 0°C o N3
=
O N Q N o H
\{ b. NaN3, DMSO \_< d. Swern oxidation
Bn Bn
110 168, 84% 48, 89%
a. - O| HG I, e. Leighton reagent | f. TBSCI,
CH,Cl, ent-170, toluene imidazole
X
)Ol\ O b'. H,, Pd/C, O O OTBS
P o) MeOH d'. LiOH, H,0,,
o N O)]\N 202 .
‘—< c. szTiMez, \-—< THF/H,0O “ fe) ',
Bn toluene, DMF BN |“
oH Ns
181, 98% 183, 73% 155, 97% 169a, 84%

g. (PySe),, toluene

PMeg,
X
OH OTBS| h. HG II, toluene OTBS
o o) ", K o) “w, i. Pd/C, toluene o ",
HN HN | HN
10 56a, 62% 184, 91%
8 steps
35% overall

Esquema 3

Al capitol 3 s'"ha dut a terme la sintesi d'un precursor de I'aminosucre L-
micosamina 222 emprant una ruta sintética molt versatil. Dels 5 centres estereogénics
presents a I'estructura de I'aminosucre 222, els estereocentres en C2' i C3’ s’han assolit
via una reaccié aldolica enantioselectiva via organocatdlisi. L'estereocentre en C4'
s'ha obtingut per una reduccié diastereoselectiva, mentre que |'estereocentre C5'
s'ha aprofitat del “chiral pool”. Finalment, I'esterocentre en C1' (carboni anomeéric)

s'ha assolit per ajut anquiméric.
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H
o b. TBDPSCI, OH OTBDPS
J\/ a. L-Proline imidazole,
z z -_—— z z
>< OTBS DMSO O._O OTBS c.L-Selectride 0.0 OTBS
x THF, -78°C ><
187 205 206, 95%, 208, 70%,
dr > 95:5 dr>98:2
d. TFA cat., | e. Swern
CH,ClI, oxidation
h. TfO,, pyr., f. pTSOH, THF/ QO°H OTBDPS
v, O . ~7qo v, O .0 ’ N
j/\)\‘ >< CH2CI2' 78°C . W >< Hzo H .
o) i. NaN3,DMF, J/\lj : B
TBDPSO”™ ™ 15-coown-5  TBDPSO g. M90><0M6 O -0 OTBS
N3 OH pTSOH, CH,Cl,
222 221, 68%, 224, 99%
92% 2 steps as ﬁ isomer
9 steps
42% overall Chiral pooI Anchimeric
>< assistance
3
Organocatalytlc : Qlastereoselectlve
aldol reaction N reduction
PG = TBDPS
Esquema 4

Al capitol 3 també s'ha dut a terme la sintesi del aminosucre D-micosamina ent-
222, com l'enantiomer de 222, deixant demostrat I'alta versatilitat d'aquesta ruta
sintetica per a I'obtencié de tots els possibles aminosucres presents a les fluvirucines i
Schs. Un petit canvi, de material de partida i catalitzador, en la reaccié d’'aminocatdlisi

asimétrica, ens permet arribar amb éxit a I'aminosucre ent-222 tot repetint la mateixa

seqUéncia sintetica que el seu enantiomer 222 (vegeu I'esquema 5).

0O
0 _ oH b. TBDPSCI, QH QOTBDPS
HJ\I/ a. D-Proline imidazole
o._0O OTBS DMSO O.__0O OTBS c.L-Selectride o. 0O O0TBS
< X A
187 ent-205 ent-206 ent-208
84%, dr > 95:5 68%, dr > 98:2
d. TFA cat., | e. Swern
CH,ClI, oxidation
o h. TfO,, pyr., o f. pTSOH, THF/ O OTBDPS
I|I0>< CH,Cl,-78°C UO>< H,0 H 2
o i. NaN3,DMF, o
TBDPSO 15-coown-5  TBDPSO" ™ g. Me0><)l\/le O -0 OTBS
N3 CH pTSOH, CH,Cl,
ent-222 ent-221, 46%, ent-224, 85%
90% 2 steps as P isomer
9 steps
20% overall
Esquema 5
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Al capitol 4 s’"han dut a terme diferents reaccions entre el glicosid-donador 231,
i diferents nucleofils. Hem aconseguit arribar a la sintesi d'un precursor molt avancat de
la fluvirucina B2 o Sch 38518 234. De retruc, i optimitzant les darreres etapes de la sintesi

de la fluvirucina Bz, s’ha sintetitzat el precursor triacetilat 239 del Sch 38513 triacetilat 3

(vegeu esquema 6).

OTBDPS
N,
o
A Xy N
a. SnCly, - OAc
OH Fa, O AgCIO, o)
.
AcO ""OTBDPS ZEé%Cé 4 (/)&O,C
Ng Ng B Na
169a 231 233, 77%,
OAc OTBDPS a/p > 95:5
“_NHACc “_Ns
: \/;’L b. (PySe),,
.0 o
" NoAc Xy N NoAd PMes,
- - toluene
o o

o M, e
HN HN
239 234,51% 156
Sch 38513
Esquema 6

Finalment, a I'esquema 7, s’ha resumit tota la ruta sintética de I'aproximacié a

la sintesi de la fluvirucina B2 240, amb les darreres etapes pendents de realitzar-se.

164



Resum i conclusions

(0] OH b. TBDPSCI, ?H OTBDPS
HH J\/ a. L-Proline M imidazole - g
OTBS DMSO 0. _O OTBS c. L-Selectride 0. O OTBS
7< 7< THF, -78°C
187 205 206, 95%, 208, 70%,
dr > 95:5 dr>98:2
d. TFA cat., | e. Swern
a'. Chx,BH, j idati
CH,CI oxidation
AcONa, Iy, o o N3 2z

_ _ THFIMeOH )L OTBDPS

L( b NaNs, DMSO L(

e}

6 OTBS

o}
110 168, 84% 225, 99%
a". ~ O| He I, c'. LiBHg4 d'. Swern f. pTSOH, | g. dimethoxi
CH,Cl, THF, 0°C|  oxidation THF/H,O |  propane,
pTSOH
i o o) N3
= O
O N
L H TBDPSO
Bn
159, 98% 48, 89% 222, 68%,
as f isomer
b". Hy, PdIC, | ¢". Cp,TiMe,, e'. Leighton reagent | . TBSCI, h. TfO,, pyr., i. NaN3,DMF,
MeOH toluene, DMF ent-170, toluene imidazole CH,Cl,-78°C 15-crown-5
)Ok o) OTBS N3
o - Lj
\ < TBDPSO
Bn
162, 75% m. SnCl,, AgClO,  169a, 84% 223, 92%
d". LIOH, | THF/H,0 B0, MS 4 A . j. 'BUPhSH, | k- Ac0, Pyr.
H,0,, .
~ N3 , O _F NBS «, _O._SPh'Bu
\C[ U CH,Cly, J/\j/
(0] . “
- OAc TBDPSO < ‘OAc TBDPSO < ‘OAc
o) N3 N3
231, 94%, 230, 95%
| a/p 5:1
156, 99% 233, 77%,
alp > 95:5
n. (PySe),, | toluene
PMe3,

OTBDPS

240

234,51% "
fluvirucine B,

11 steps
18% overall

Esquema 7
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General experimental methods

1. General Experimental Methods

All reactions were conducted in oven-dried glassware under inert atmosphere of
nifrogen with anhydrous solvents. The solvents and reagents were purified and dried
according to standard procedures.

Thin-layer chromatography analyses (TLC) were carried out on analytical silica gel
plates (0.25 mm, F254, Merck). The eluent is indicated in parentheses. The TLCs were
analyzed by UV (254 nm) and stained with p-anisaldehyde or KMnQOg4 solutions. Rf values
described are approximate.

Melting points (mp) were determined with a Gallenkamp apparatus and are
uncorrected.

Specific rotations ([a]p) were determined at rt with a Perkin-Elmer 241-C polarimeter
using the D line of sodium (589 nm) unless otherwise noted. The concentration (% w/v)
and solvents used are indicated for each case.

Infrared spectra (IR) were recorded with a Nicolet 510 Fourier transform spectro-
photometer on NaCl support. Representative frequencies are given in cm-!.

NMR spectra were recorded with a Varian 300 Unity Plus (TH at 300 MHz, 13C at 75.4 MHz)
or a Mercury 400 ('H at 400 MHz, 13C at 100.6 MHz) apparatus. Chemical shifts are given
in & (ppm) using tetramethylsilane ("H NMR) or CDCls (13C NMR, 77.0 ppm) as internal
standards. Coupling constant values (J) are given in Hz. Where necessary, 2D
experiments (NOESY, ROESY, COSY, HSQC) were used. The following abbreviations are
employed for the multiplicities: s = singlet, d = doublet, t = triplet, g = quadruplet, quint =
quintuplet, sext = sextuplet, hept = heptuplet, m = multiplet (and their corresponding
combinations).

Column chromatographies were carried under low pressure (flash) conditions, using
silica gel 60 (0.040-0.063 mm particle size) (Merck) with the indicated eluent.
High-pressure liquid chromatography (HPLC) analyses were performed under isocratic
conditions with a 0.9 mL/min flow at rt, with a Shimadzu LC-6A pump, a Rheodyne
manual injector (20 ul loop), a Shimadzu SPD-6A detector (UV, 254 nm), a Shimadzu C-
R6A integrator and a BGY 126 column (250 x 4 mm) with a silica gel Spherisorb S3W
stationary phase. The eluent and the retention time are specified for each case.

The low (Cl) and high resolution (ESI+) mass spectra have been recorded by the Serveis

Cientifico-Tecnics de la Universitat de Barcelona.
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EXPERIMENTAL SECTION OF CHAPTER 2
2.1. SYNTHESIS OF FLUVIRUCININE B2 (11)

2.1.1. Synthesis of acid 156
L-Phenylalaninol (158)

L-Phenylalanine (25.0 g, 151.4 mmol) was added portionwise to a suspension of NaBH4
(13.73 g, 363.3 mmol) in 150 mL of THF under N2, cooled to 0°C. A solution of |2 (38.42 g,
151.4 mmol) in 100 mL of THF was then added dropwise. When the addition was finished
the reaction mixture was heated at reflux for 13 h (gas was produced when heating).

The mixture was allowed to reach rt and MeOH was carefully added until a colourless
solution was obtained and gas evolution stopped. After removing the solvents in vacuo,
350 mL of aqueous KOH (20%) were added and the solution was stired aft rt for 3.5 h. It
was extracted with CH2Cl2 (3 x 150 mL) and the combined organic extracts were dried
over MgSO4 and concentrated to afford the aminodiol 1568 in 98% yield (22.53 g, 149.0

mmol).

HO NH,| White solid. mp 89-91°C. [alo ~22.2 (c 0.98, EOH). IR (KBr) v 3360, 2950,

1585, 1070 cm-1. TH NMR (300 MHz, CDCl3) & 7.4-7.0 (5H, m, ArH), 3.61 (1H,

158 B 44, U= 108, 38 Hz, CHaHbOH), 3.4 (1H, dd, J = 10.8, 7.2 Hz, CHaHbOH),

3.2-3.0 (1H, m, CHNH2), 2.75 (1H, dd, J = 13.4, 5.2 Hz, CHaHuPh), 2.72 (3H,

brs, NHz + OH), 2.55 (1H, dd, J = 13.4, 8.6 Hz, CHaHuPh). 13C NMR (75.4 MHz, CDCl3) &
139.2, 129.7, 128.9, 126.2, 66.7, 54.1, 41.0.

(S)-4-Benzyloxazolidin-2-one (108)

A solufion containing amino alcohol 158 (22.53 g, 149.0 mmol), K2CQOs (3.14 g, 22.7
mmol) and diethyl carbonate (37 mL, 302.8 mmol) was fitted with a distillation
apparatus and heated at 135°C. One hour later EtOH was distiled and heating was
maintained until the temperature of the distillate was higher than 100°C. Afterwards, the
reaction mixture was allowed to reach rt, diluted with 200 mL of water and exiracted
with CH2Cl2 (3 x 100 mL). The combined organic extracts were dried over Na2SO4 and
the solvent was removed in vacuo to afford a white solid, which was recrystallized from
hexanes/EtOAc (2:1). The desired oxazolidinone 108 was obtained in 86% yield (22.70 g,

128.1 mmol).
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0o white solid. mp 85-87°C. Rf 0.27 (hexanes/EtOAc 70:30). [a]p +4.1 (c 1.10,
)J\ EtOH). IR (KBr) v 3250, 1755, 1710, 1020, 710 cm~'. 'TH NMR (300 MHz, CDCls)
\_< 5 7.4-7.1 (5H, m, ArH), 6.6-6.5 (1H, brs, NH), 4.6-4.0 (3H, m, OCH2CHN)}), 2.70

BNl (2H, d, J = 8.6 Hz, CH2Ph). 13C NMR (75.4 MHz, CDCl3) § 160.2, 136.4, 129.6,
129.5,127.7,70.0, 54.3, 41.8.

(S)-4-Benzyl-N-butyryl-1,3-oxazolidin-2-one (109)

Oxazolidinone 108 (3 g, 16.93 mmol) and 15 mg of PhsCH (used as an indicator) were
dissolved in THF (34 mL) under N2 and the solution was cooled to —78°C. Butyllithium (1.6
M in hexanes, 12 mL, 18.96 mmol) was added dropwise, and 10 min later butyryl
chloride (2 mL, 18.96 mmol) was syringed. The reaction mixture was stirred at —=78°C for
30 min and at rt for further 30 min.

The reaction was quenched with 30 mL of saturated aqueous NH4Cl, diluted with water
(50 mL) and extracted with CH2Cl2 (3 x 50 mL). The combined organic exiracts were
washed with T M NaOH (50 mL) and brine (50 mL), dried over MgSQy, filtered and
concentrated. Purification by flash column chromatography on silica gel (hexanes/
EfOAc from 90:10 to 70:30) afforded the desired N-acyloxazolidinone, 109, as a white
solid in 98% yield (4.11 g, 16.59 mmol).

Colourless oil. Rf 0.59 (hexanes/EtOAc, 70:30). [alo +58.3 (c 1.11,

o o
O)J\N CHCls). IR (film) v 3100-2900, 1790, 1710, 1220 cm-'. H NMR (400 MHz,
- CDCls) 6 7.5-7.0 (5H, m, ArH), 4.8-4.5 (1H, m, NCH), 4.3-40 (2H, m,
Bn CH20), 3.30 (1H, dd, J = 13.4, 3.2 Hz, CHaHbPh), 3.0-2.8 (2H, m, COCHba)

109

2.75 (1H, dd, J = 13.4, 9.6 Hz, CHoHbPh), 1.73 (2H, sext, J = 7.4, CHaCHa),
1.01 (3H, t, J = 7.4, CHoCHs). 13C NMR (100.6 MHz, CDCls) 6 173.1, 153.4, 135.2, 129.4,
128.9,127.1, 66.0, 54.9, 37.7, 37.3,17.5, 13.5.

(S)-4-Benzyl-3-[(R)-2-ethyl-1-0x0-4-penten-1-yl]-2-oxazolidinone (110)

A solution of NaHMDS (1 M in THF, 6.18 mL, 6.18 mmol) under N2 was cooled to —78°C. N-
Acyloxazolidinone 109 (1.39 g, 5.63 mmol) dissolved in THF (14 mL) was added via
cannula. The brown solution obtained was stired for 30 min at —78°C before freshly
distilled allyl iodide (1.47 mL, 1.84 mmol) was added. After stirring for 3.5 h at —=78°C the
reaction was quenched by the addition of 20 mL of NH4CI. Stirring was maintained for
10 minutes. The reaction mixture was poured into a separation funnel, diluted with

NaHSO3 (100 mL) and Et20 (3 x 25 mL). The organic layers were combined and washed
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with NaHCO03 (50 mL) and then with brine (50 mL). The organic extract was dried over
MgSOs and filtered, and the solvent was removed in vacuo. Flash column
chromatography on silica gel (hexanes/EfOAc from 80:20 to 70:30) to afford the N-
dllyloxazolidinone 110 (1.51 mg, 521 mmol, 93% vyield) as a single diastereomer
determined by 'H NMR (400 MHz).

O o Colourless oil. Rf 0.45 (hexanes/EtOAc, 80:20). [a]lo +55.3 (c 1.14,
O)]\NJ\(V/ CHCIs). IR (film) v 3100-2800, 1780, 1690, 1380, 1220 cm~'. 'TH NMR
\_< (400 MHz, CDCl3) 6 7.4-7.1 (5H, m, ArH), 5.84 (1H, ddt, J = 17.2,
Bnllo 10.1, 7.0, CH=CHz), 5.2-5.1 (1H, m, CHgHb=CH), 5.1-5.0 (1H, m,

CHoHo=CH), 4.8-4.6 (1H, m, NCH), 4.2-4.0 (2H, m, CH20), 3.86 (1H,
tt,J=7.7,58, COCH), 3.30 (1H, dd, J = 13.4, 3.2 Hz, CHaHcPh), 2.67 (1H, dd, J = 13.4, 9.6
Hz, CHoHoPh), 1.8-1.6 (TH, m, CHaCHbCHs), 1.6-1.5 (1H, m, CHaCHCHs), 0.92 (3H, t, J =
7.4, CH2CHs). 13C NMR (100.6 MHz, CDCls) 6 175.9, 153.2, 135.4, 135.2, 129.4, 128.9, 127.3,
117.1, 66.0, 55.5, 43.7, 38.1, 36.3, 24.6, 11.6.

(S)-4-Benzyl-3-[(R)-2-ethyl-1,6-dioxo-4-octen-1-yl]-2-oxazolidinone (159)

(S)-4-Benzyl-3-[(R)-2-ethyl-1-ox0-4-penten-1-yl]-2-oxazolidinone 110 (745 mg, 2.59 mmol)
and ethyl vinyl ketone (1.03 mL, 10.37 mmol) were dissolved in CH2Cl2 (10 mL) under Na.
Then, a solution of Hoveyda-Grubbs Il catalyst (HG 1l) (81 mg, 0.13 mmol) in 4 mL of
CH2Cl2 was added via cannula. The reaction mixture was stirred for 3 h at r.t. Then, it
was filtered on Celite® with CH2Cl2 and the solvent was removed in vacuo. Purification
of the residue by flash column chromatography on silica gel (hexanes/EfOAc from
80:20 to 70:30) afforded 159 (871 mg, 2.54 mmol, 98% yield) as a colourless ail.

0O o Colourless oil. Rs: 0.33 (hexanes/EtOAc, 70:30). [alp +46.6 (c
OJ&NW 1.07, CHCI3). IR (film) v 1778, 1697, 1671, 1388, 1211 cm-1. H
L{ NMR (400 MHz, CDCls) § 7.35-7.23 (4H, m, ArH), 7.21-7.18
Bn 156 (1H, m, ArH), 6.82 (1H, dt, J = 16.0, J = 7.2, CH2CH=CH), 6.16

(1H, dt, J = 16.0, J = 1.2, CH=CHCO), 4.68 (1H, dddd, J =
10.0, J = 6.8, J = 3.6, J = 3.2, CHBn), 4.20 (1H, dd, J = 9.0, J = 6.8, OCHaHbCHN), 4.16 (1H,
dd, J = 9.0, J = 3.2, OCHaH-CHN), 3.90 (1H, tt, J = 8.0, J = 5.8, COCH(CH2)2), 3.27 (1H, dd,
1H, J = 13.2, J = 3.6, CHaHbPh), 2.68 (1H, dd, J = 13.2, J = 10.0, CHoHsPh), 2.64 (1H, dddd,
1H,J=14.4,1=7.21=60,J =12, CHsHoCH=CH), 2.56 (2H, q, J = 7.2, COCH2CHs), 2.44
(1H, dddd, J = 14.4,J =7.2,J = 6.0, J = 1.2, CHaHoCH=CH), 1.77 (1H, ddt, J = 8.0, J=7.2, J
= 5.8, CHCHoHbCHa), 1.58 (1H, ddt, J = 8.0, J = 7.2, J = 5.8, CHCHaHbCHs), 1.08 (3H, 1, J =
7.2, COCH2CHzs), 0.94 (3H, t, J = 7.2, CHCH2CHz). 3C NMR (100.6 MHz, CDCls) 6 200.7,
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175.1, 153.2, 143.1, 135.1, 132.0, 129.4, 129.0, 127.4, 66.1, 55.5, 43.4, 38.0, 34.5, 33.3, 24.8,
11.4, 8.1. HRMS (ESI+) m/z calcd. for CooH2sNO4 [M+H]*: 344.1862; found: 344.1849.

(S)-4-Benzyl-3-[(R)-2-ethyl-1,6-dioxo-1-octyl]-2-oxazolidinone (160)

To a solution of 159 (800 mg, 2.33 mmol) in 10 mL of MeOH at rt was added Pd/C (80
mg, 10% w/w). The heterogeneous mixture was purged with hydrogen several times,
and then stired for 3 h under 1 atm of hydrogen. The reaction mixture was filtered
through Celite®, washed with CH2Cl2, concentrated, and purified by flash
chromatography on silica gel (hexanes/EtOAc from 80:20 to 70:30) to afford 160 (804

mg, 2.33 mmol, 100% yield) as a colourless oil.

O o Colourless oil. Rs: 0.40 (hexanes/EtOAc, 70:30). [alp +23.3 (c
O)kN O| 0,95 CHCIs). IR (film) v 1778, 1696, 1455, 1387, 1210 cm-'. 'H
\_< NMR (400 MHz, CDCls) 6 7.36-7.21 (5H, m, ArH), 4.69 (1H,
Bn 160 dddd, J =100, J=3._8,J=3.3,J= 1.2, CHBn), 4.19 (1H, dd,

J=92,J=12, OCHuHoCHN), 4.16 (1H, dd, J =9.2, J = 3.8,
OCHGHbCHN), 3.72 (1H, tt, J = 7.6, J = 5.6, COCH(CH2)2), 3.35 (1H, dd, J = 13.2, J = 3.3,
CHaHoPh), 2.74 (1H, dd, J = 13.2, J = 10.0, CHoHbPh), 2.44 (2H, 1, J = 6.8, CH2COCH2CHjs),
242 (2H, g, J = 7.2, CH.COCH2CHgs), 1.78-1.47 (6H, m), 1.05 (3H, 1, J = 7.2, COCH2CHs),
0.91 (3H, 1, J = 7.2, CHCH2CHzs). 13C NMR (100.6 MHz, CDCls) & 211.1, 176.4, 153.2, 135.4,
129.4, 128.9, 127.3, 66.0, 55.5, 43.9, 42.1, 38.1, 35.9, 31.3, 24.8, 21.2, 11.6, 7.8. HRMS (ESI+)
m/z calcd. for C2H27NO4 [M+H]*: 346.2013; found: 346.2013.

(S)-4-Benzyl-3-[(R)-2,6-ethyl-1-0x0-6-hepten-1-yl]-2-oxazolidinone (162)

Preparation of Petasis-Tebbe reagent

A solution of Cp2TiCl2 (3.320 g, 13.33 mmol) in 50 mL of Et2O under N2 was cooled to 0°C
and Meli (1.6 M solution in Ef20, 18.25 mL, 29.25 mmol) was added dropwise. The
reaction mixture was stired for 2 h at 0°C and then it was poured info a mixture of
crushed ice and water. The layers were separated and the organic phase was dried
over MgSOs. The solvent was removed in vacuo to fumish the desired
dimethyltitanocene as a light-sensitive bright orange solid in 94% vyield (2.54 g, 12.2
mmol). The product thus obtained was dissolved in 24 mL of dry toluene and the

resulting solution (~0.5 M) was stored in the freezer.
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Bright orange solid. TH NMR (400 MHz, CDCl3) 6 6.06 (10H, s, ArH), -0.15
(6H, s, Ti{(CHzs)2); 13C NMR (100.6 MHz, CDClz) 6 113.1, 45.4.

Petasis

Without additive

Test 1: Using THF as the solvent

A 0.5 M solution of Cp2TiMe2 in THF (800 uL, 0.4 mmol) was added under N2 to a solution
of the methyl ketone 160 (126 mg, 0.36 mmol) in THF (0.5 mL). The resulting orange
solution was shielded from the light and stirred at 65 °C for 15 h. Then, it was filtered on
Celite® with hexanes and the solvent was removed in vacuo. Purification by flash
column chromatography on silica gel (CH2Clz/hexanes from 80:20 to CH2Clz) afforded
162 (55 mg, 0.16 mmol, 45% yield) and 163 (28 mg, 0.08 mmol, 23% yield).

O o Pale yellow oil. R: 0.44 (CH2Cl2/hexanes, 80:30). [a]p +33.1
OXNW (c 1.17, CHCls). IR (film) v 1780, 1697, 1455, 1387, 1209 cm-'.
-y TH NMR (400 MHz, CDCls) 6 7.36-7.21 (5H, m, ArH), 4.74-
Bn 16 4.67 (3H, m, CHBn + C=CHa), 4.18 (1H, dd, J = 10.0, J = 9.0,

OCHoHoCHN), 4.14 (1H, dd, J = 9.0, J = 3.5, OCHcHoCHN),
3.76 (1H, 1t, 4 =7.9, J = 5.4, COCH(CHz2)2), 3.31 (1H, dd, J = 13.2, J = 3.3, CHaHoPh), 2.72
(TH, dd, J =13.2, J = 9.8, CHoHbPh), 2.05 (2H, 1, J = 7.6, CH2CCH2CHs), 2.01 (2H, 9, J =7.2,
CH2CCH2CHg), 1.79-1.66 (2H, m), 1.61-1.44 (4H, m), 1.02 (3H, t, J = 7.2, COCH2CHs), 0.91
(3H, 1, J = 7.2, CHCH2CHzs). 3C NMR (100.6 MHz, CDCls) 6 176.7, 153.2, 151.0, 135.4, 129.4,
128.9,127.3, 107.8, 65.9, 55.4, 44.0, 38.1, 36.2, 31.6, 28.6, 25.2, 25.0, 12.3, 11.6. HRMS (ESI+)
m/z calcd. for C21H29NO3 [M+H]*: 344.2226; found: 344.2213.

o Pale yellow oil. Ri: 0.19 (CH:Ch/ETOAC, 95:5). H NMR
=\ HN)K(\/\/[O (400 MHz, CDC) 6 7.31-7.19 (SH, m), 5.59 (1H, brd, J =
“— 8.0), 4.69 (IH, brs), 464 (1H, brs), 451 (IH, m), 407

" ea (2H, dq, J = 8.0, J = 6.0), 2.85 (2H, dq, J = 8.0, J = 6.8),

2.07 (3H, s), 2.00-1.94 (4H, m), 1.86 (1H, m), 1.60-1.22
(8H, m), 1.01 (3H, t, J = 7.2), 0.83 (3H, 1, J = 7.2). 13C NMR (100.6 MHz, CDCls) & 175.3,
171.0, 150.9, 136.9, 129.1, 128.6, 126.7, 107.7, 65.0, 49.7, 49.1, 37.7, 36.1, 32.3, 28.6, 26.0,
25.5,20.8,12.3, 11.9.
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Test 2: Using toluene as the solvent

A 0.5 M solution of Cp2TiMe2 in toluene (3.04 mL, 1.52 mmol) was added under N2 to a
solution of the methyl ketone 160 (350 mg, 1.01 mmol) in toluene (0.5 mL). The resulting
orange solution was shielded from the light and stired at 70 °C for 15 h. Then, it was
filtered on Celite® with hexanes and the solvent was removed in vacuo. Purification by
flash column chromatography on silica gel (CH2Clz/hexanes from 50:50 to 70:30)
afforded 162 (155 mg, 0.45 mmol, 45% yield) and 163 (73 mg, 0.21 mmol, 21% yield).

Test 3: With teri-Butyl acetate additive

A 0.5 M solution of CpzTiMez in toluene (396 uL, 0.198 mmol) was added under N2 to @
solution of the ethyl ketone 160 (70 mg, 0.20 mmol) and fert-butyl acetate (2.8 uL, 0.02
mmol) in toluene (0.5 mL). The resulting orange solution was shielded from the light and
stired at 70 °C for 15 h. Then, it was filtered on Celite® with hexanes and the solvent was
removed in vacuo. Purification by flash column chromatography on silica gel
(CH2Cl2/hexanes from 70:30 to 90:10) afforded 162 (43 mg, 0.13 mmol, 63% yield) and
163 (17 mg, 0.05 mmol, 25%).

Test 4: With 109

A 0.5 M solution of Cp2TiMe2 in toluene (480 uL, 0.24 mmol) was added under N2 to @
solution of the ethyl ketone 160 (86 mg, 0.25 mmol) and 109 (12 mg, 0.05 mmol) in
toluene (0.5 mL). The resulting orange solution was shielded from the light and stirred at
70 °C for 15 h. Then, it was filtered on Celite® with hexanes and the solvent was
removed in vacuo. Purification by flash column chromatography on silica gel
(CH2Cl2/hexanes from 60:40 to 50:50) afforded 162 (54 mg, 0.16 mmol, 63% vield) and
163 (13.8 mg, 0.04 mmol, 16%).

Test 5: With DMF

A 0.5 M solution of Cp2TiMe2 in toluene (165 yL, 0.08 mmol) was added under N2 to @
solution of the ethyl ketone 160 (30 mg, 0.09 mmol) and DMF (1.5 pL, 0.015 mmol) in
toluene (0.5 mL). The resulting orange solution was shielded from the light and stirred at
70 °C for 15 h. Then, it was filtered on Celite® with hexanes and the solvent was
removed in vacuo. Purification by flash column chromatography on silica gel
(CH2Cl2/hexanes from 60:40 to CH2Cl2) afforded 162 (22 mg, 0.065 mmol, 75% vyield) and
160 (93 mg, 0.015 mmol).
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(R)-2,6-Ethyl-6-heptenoic acid (156)

The methylenated product 162 (300 mg, 0.88 mmol) was dissolved in 12 mL of THF and
cooled in an ice-water bath. H202 30% w/w (1 mL, 8.8 mmol) was added, followed by a
solution 1 M of LIOH (2.70 mL, 2.67 mmol) in water, and it was allowed to slowly warm up
for.t. After 16 h, in an ice-water bath, the reaction was quenched by the addition of 10
mL of 1T M solution of NaHSOa. Stirring was maintained for 10 minutes. The reaction
mixture was poured into a separation funnel, diluted with NaOH 2 M (20 mL) and CH2Cl2
(3 x 25 mL). The layers were separated and the aqueous phase was diluted with HCI 2
M (40 mL) and was extracted again with Et2O (3 x 25 mL) and washed with brine (30
mL). The organic extract was dried over MgSO4 and filtered, and the solvent was
removed in vacuo. Flash column chromatography on silica gel (from CH2Cl2 to 80:20
CH2Cl2/EtOAC) gave the desired acid 156 (159 mg, 0.86 mmol, 98% yield) as a colourless

oil.

o) Colourless oil. R: 0.22 (CH2Cl2/EtOAc, 25/05). [alpo -8.4 (c 1.10,
CHCI3). IR (diamond ATR) v 3460-2567, 1701, 1645, 1460, 1210
cm. TH NMR (400 MHz, CDCls) 6 4.70 (2H, m, CH2=C), 2.31 (1H,

156 tt, J = 85, J = 52, COCH(CH2)), 203 (2H, t, J = 7.6,
CH2CCH2CHs), 2.00 (2H, g, J = 7.2, CH2CCH2CHas), 1.72-1.39

(6H, m), 1.02 (3H, t, J = 7.2, CCH2CHs), 0.94 (3H, t, J = 7.6, CHCH2CHzs). '3C NMR (100.6

MHz, CDCls) 6 182.0, 151.0, 107.8, 46.9, 36.0, 31.4, 28.6, 25.4, 25.2, 12.3, 11.7. HRMS (ESI+)

m/z calcd. for C11H2002 [M-H]: 183.1385; found: 183.1391.

HO

2.1.2. Synthesis of azido alcohol 169a

(S)-4-Benzyl-3-[(R)-2-ethyl-5-iodo-1-0xo0-1-pentyl]-2-oxazolidinone (166)

A solution of cyclohexene (1.27 mL, 12.52 mmol) in THF (13 mL) in an ice-water bath was
added a commercial available solution of borane N-ethyl-N-isopropylaniline complex
(BACH-EI®) (2 M in THF, 3.13 mL, 6.26 mmol). The resultant mixture was allowed to warm
up to r.t and stirred for 1 h. The solution was cooled again to 0 °C before (S)-4-benzyl-3-
[(R)-2-ethyl-1-ox0-4-penten-1-yl]-2-oxazolidinone 110 (1.00 g, 3.47 mmol) in THF (15 mL)
was added via cannula. After stiring for 30 min at 0 °C and 90 min af room
temperature, a solution of NaOAc (2.28 g, 27.8 mmol) in MeOH (10 mL), followed by I2
(6.25 g, 24.64 mmol) in MeOH, (20 mL) were added via cannula. The resulting mixture
was stired overnight at r.t. The mixture thus obtained was diluted with Na2S:O3 (100 mL)

and extracted with hexanes (3 x 100 mL). The organic extracts were washed with HCI 1
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M (100 mL), brine (100 mL), dried over MgSQOy, filtered, and concentrated in vacuo. The
resultant oil was purified on silica gel (CH2Clz), to furnish the desired iodo derivate 166 as

colourless oil (1.24 g, 2.98 mmol, 86% yield).

O O | Colourless oil, Ri: 0.56 (CH2Cl2). [a]p +29.6 (c 0.87, CHCI3). IR (film)
)k v 1781, 1695, 1389, 1210 cm-'. TH NMR (400 MHz, CDCls) & 7.36—
7.22 (5H, m, ArH), 4.70 (1H, dddd, J =10.0, J=6.8,J=3.4,J=1.5,
CHBN), 4.19-4.17 (2H, m, OCH2CHN), 3.75 (1H, tt, J = 7.7, J = 5.8,
COCH(CHz2)2), 3.31 (1H, dd, J = 13.4, J = 3.4, CHoHwPh), 3.22-3.16
(2H, m, CHo2l), 2.75 (1H, dd, J = 13.4, J = 10.0, CHcHbPh), 1.89-1.53 (6H, m), 0.92 (3H, t, J =
7.4, CHCH2CHa). 13C NMR (100.6 MHz, CDCls) 6 176.1, 153.2, 135.3, 129.4, 129.0, 127.4,
66.0, 55.5, 43.3, 38.1, 32.7, 31.1,25.0, 11.6, 6.1.

(S)-4-Benzyl-3-[(R)-5-azido-2-ethyl-1-0xo0-1-pentyl]-2-oxazolidinone (168)

Attempts for the introduction of an azido group in 166

Test 1: Using DMF as the solvent

To a solution of the (S§)-3-[(R)-2-ethyl-5-iodo-1-ox0-1-pentyl]-4-(phenylmethyl)-1,3-
oxazolidin-2-one 166 (124 mg, 0.30 mmol) in DMF (0.5 mL), was added portionwise NaN3
(78 mg, 1.20 mmol), and the reaction mixture was heated at reflux for 15 h. Then the
mixture was allowed to reach rt and was added 10 mL of water. The resulting mixture
was extracted with Ef20 (3 x 50 mL) and the organic layers were washed with brine (100
mL) and dried over MgSQOsa. Purification by flash column chromatography on silica gel
(from CH2Cl2 to CH2Cl2/AcOEt 80:20) afforded 187 (69 mg, 0.18 mmol, 60% vyield) and
168 (18 mg, 0.05 mmol, 18% yield).

o | Colourless oil. Ri: 0.33 (CH2Cl2). TH NMR (300 MHz, CDCls) 6 7.34-

7.19 (5H, m, ArH), 5.52 (1H, br d, J = 8.4), 4.40 (1H, dddd, J = 8.1,

J=751=421=239),3.51 (I1H,dd, J =12, J = 4.2), 3.38 (IH,

3’1767 dd,J=12,J=42),3.14 (2H, t1, J = 6.6, J =3.6),2.85 (2H, dd, J =

7.5, J=>5.1),1.88 (1H, m), 1.64-1.23 (6H, m), 0.87 (3H, t, J = 7.5).

13C NMR (75.4 MHz, CDCls) 6 174.8, 136.9, 129.1, 128.7, 126.9, 53.7, 51.3, 49.6, 49.2, 37.9,
29.6,26.6,26.1,11.9.

HO HN
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O O N Colourless oil. Rs: 0.62 (CH2Cl2). [alo +41.0 (c 1.00, CHCIs). IR
O)]\N (flm) v 2099, 1780, 1696, 1389, 1211 cm-. '"H NMR (400 MHz,
\—< CDCls) 6 7.36-7.27 (3H, m, ArH), 7.24-7.21 (2H, m, ArH), 4.70 (1H,

Bn

dddd, J=10.0,J =6.4,J=3.6,J =32, CHBn), 4.19 (1H, dd, J =
9.2, J = 6.4, OCHoHoCHN]), 4.16 (1H, dd, J = 9.2, J = 3.6,
OCHHbCHN), 3.75 (1H, tt, J = 7.8, J = 5.4, COCH(CH2)2), 3.33 (1H, dd, J = 13.2, J = 3.2,
CHaHoPh), 3.31 (2H, dt, J = 6.8, J = 2.8, CH2Ns), 2.73 (1H, dd, J = 13.2, J = 10.0, CHaHsPh),
1.84-1.10 (6H, m), 0.92 (3H, 1, J = 7.2, CHCH2CHs). 3C NMR (75.4 MHz, CDCls) 6 176.1,
153.2, 135.3, 129.6, 128.9, 127.3, 66.0, 55.5, 51.3, 43.6, 38.1, 28.8, 26.5, 24.9, 11.5. HRMS
(ESI+) m/z calcd. for Ci7H22N4O3 [M+H]*: 331.1770; found: 331.1791.

168

Test 2: Using DMSO as the solvent

A 0.5 M solution of NaNs in DMSO (3.32 mL, 1.66 mmol) was added under N2 to a
solution of the (S)-3-[(R)-2-ethyl-5-iodo-T1-ox0-1-pentyl]-4-(phenylmethyl)-1,3-oxazolidin-2-
one 166 (627 mg, 1.51 mmol) in DMSO (0.5 mL), and was stired af room temperature for
3.5 h. The mixture was cooled at 0 °C in an ice-water bath and was added 10 mL of
water. The resulting mixture was extracted with Et2O (3 x 50 mL) and the organic layers
were washed with brine (100 mL) and dried over MgSOa. Purification by flash column

chromatography on silica gel (CH2Cl2) afforded 168 (498 mg, 1.50 mmol, 98% yield).

(R)-5-Azido-2-ethy-1-pentanol (122)

A solution of 168 (712 mg, 2.15 mmol) in THF (14 mL) under N2 was cooled to 0 °C. MeOH
(87 L, 2.15 mmol) followed by a 2.0 M solution of LiBH4 in THF (1.07 mL, 2.15 mmol) were
added dropwise. The reaction mixture was stired at 0 °C overnight. Afterwards, 15 mL
of a safturated aqueous solution of potassium sodium tartrate was added and the
reaction mixture was vigorously stired at to r.t for 10 min. It was diluted with brine,
extracted with Et20 (3 x 25), dried over MgSO4, and concentrated in vacuo. Purification
of the residue by flash column chromatography on silica gel (CH2Cl2) afforded the
desired (R)-5-azido-2-ethy-1-pentanol 122 (304 mg, 1.93 mmol, 91% yield).

OH Ny Colourless oil. Re: 0.12 (CH2Cl2). [alo -1.1 (c 1.00, CHClg). IR (film) v 3600~
3100, 2099 cm-'. 'TH NMR (400 MHz, CDCls) 6 3.59 (1H, dd, J =10.8, J =

K(\/ 4.8, HOCHaHb), 3.55 (1H, dd, J =10.8, J = 5.0, HOCHuHb), 3.28 (2H, 1, J =
122 7.0, CH2Ng), 1.67-159 (1H, m, OHCH2CH), 1.49-1.31 (6H, m), 0.91 (3H, 1, J

= 7.4, CHs). 3C NMR (100.6 MHz, CDCl3) 6 64.9, 51.8, 41.6, 27.6, 26.3,
23.3,11.1.
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(R)-5-Azido-2-ethylpentanal (48)

A stirred solution of (COCI)2 (167 L, 1.93 mmol) in CH2Cl2 (8 mL), under N2 at =78 °C, was
tfreated with DMSO (278 uL, 3.84 mmol). Five minutes later, a solution of (R)-5-azido-2-
ethy-1-pentanol 122 (253 mg, 1.61 mmol) in CH2Cl2 (8 mL) was transferred to the
reaction mixture via cannula. After 35 min, EfsN (1.21 mL, 8.70 mmol) was syringed into
the reaction mixture, which was kept at —78 °C for 10 min before it was allowed to warm
fo r.t. Afferwards, it was diluted with hexanes (100 mL), washed with saturated aqueous
NaHCO3 (3 x 50 mL), brine (100 mL), dried over Na2SO4 and filtered. The solvent was
removed in vacuum affording the aldehyde 48 as a yellowish oil (244 mg, 1.57 mmol,

98% yield), which was used without further purification.

Yellowish oil. Ri: 0.64 (CH2Cl2). IR (film) v 2100, 1715 cm-'. TH NMR

O 3
(400 MHz, CDC3) 6 9.60 (1H, d, J = 2.6, HCOCH), 3.30 (2H, 1, J = 6.5,
H
CH2Ns), 2.22 (1H, dtt, J = 8.2, J = 5.4, J = 2.6, HCOCH), 1.77-1.66
o (2H, m, CH2CH2Ns), 1.65-1.49 (4H, m), 0.94 (3H, 1, J = 7.4, CHs). 13C

NMR (100.6 MHz, CDCls) 6 204.7, 52.8, 51.3, 26.4,25.3,21.8, 11.3.

Preparation of Leighton reagent 170.

To a cooled (0°C) solution of allyltrichlorosilane (3.1 mL, 21.8 mmol) in CH2Cl2 (25 mL)
under N2 was added EfsN (5.09 mL, 36.3 mmol). (15,25)-Pseudoephedrine (3.0 g, 18.15
mmol) was added via cannula in CH2Cl2 (20 mL) over 5 min and the resulting mixture
was stirred for 12 h. The solvent CH2Cl2 was then removed by distillation and hexanes (50
mL) was added. After stiring the reaction mixture for 1 hour to ensure complete
precipitation of the triethylamine salts, the mixture was filtered through a pad of Celite®.
The filtfrate was concentrated to afford a yellowish oil that was distilled under reduce
pressure to yield a colourless oil 170 (2.776 g, 10.36 mmol, 57%) as a 2:1 mixture of
diastereomers. The product thus obtained was dissolved in 51.8 mL of dry CH2Cl2 and

the resulting solution (~0.2 M) was stored in the freezer.

Colourless oil. IR (film) v 2971, 1633, 1494, 1014 cm'. '"H NMR
@ o /\/ (300 MHz, CDCl3) 6 7.51-7.22 (5H, m, ArH), 6.01-5.72 (1H, m,
)iN’Si\CI CH=CHg2), 5.25-5.02 (2H, m, CH=CH?»), 4.57 (1H, d, J = 8.3 Hz,
| PhCH), 3.05-2.92 (1H, m, CHsCH), 2.50 (3H, s, CHsN), 2.06 (2H, d,
170

J = 7.8 Hz, CH:CH=CH2), 1.10 (3H, d, J = 6.0 Hz, CH3sCH). 13C
NMR (75.4 MHz, CDCls) 6 141.5, 141.4, 131.0, 130.6, 128.8, 128.5, 127.2, 127.0, 117.3, 86.1,
84.7, 64.0, 63.4, 30.5, 29.6, 24.4, 17.2, 16.9. HRMS (ESI+) m/z calcd. for CisHisCINOSI
[M+H]*: 268.0919; found: 268.0924.
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Preparation of Leighton reagent ent-170.

To a cooled (0°C) solution of allyltrichlorosilane (3.1 mL, 21.8 mmol) in CH2Cl2 (25 mL)
under N2 was added EfsN (5.09 mL, 36.3 mmol). (1R,2R)-Pseudoephedrine (3.0 g, 18.15
mmol) was added via cannula in CH2Cl2 (20 mL) over 5 min and the resulting mixture
was stirred for 12 h. The solvent CH2Cl2 was then removed by distillation and hexanes (50
mL) was added. After stiring the reaction mixture for 1 h to ensure complete
precipitation of the triethylamine salts, the mixture was filtered through a pad of Celite®.
The filtrate was concentrated to afford a yellowish oil that was distilled under reduced
pressure to yield a colourless oil ent-170 (3.162 g, 11.80 mmol, 65%) as a 2:1 mixture of
diastereomers. The product thus obtained was dissolved in 59 mL of dry CH2Cl> and the

resulfing solutfion (~0.2 M) was stored in the freezer.

Colourless oil. IR (film) v 2971, 1633, 1494, 1014 cm-'. 'TH NMR
o /| 800 MHz CDCE) 6 7.517.22 (5H, m, ArH). 601-572 (1H, m.
N,SLCI CH=CH_), 5.25-5.02 (2H, m, CH=CHa), 4.57 (IH, d, J = 8.3 Hz,
| PhCH), 3.05-2.92 (1H, m, CHsCH), 2.50 (3H, s, CHsN), 2.06 (2H, d.,
ent-170 J = 7.8 Hz, CH2CH=CHa), 1.10 (3H, d, J = 6.0 Hz, CHsCH). 13C
NMR (75.4 MHz, CDCls) 6 141.5, 141.4, 131.0, 130.6, 128.8, 128.5, 127.2, 127.0, 117.3, 86.1,
84.7, 64.0, 63.4,30.5, 29.6, 24.4,17.2, 16.9.

N

Preparation of Leighton reagent 172.

To a solution of (R,R)-ciclohexane-1,2-diamine (1.00 g, 8.76 mmol) in MeOH (25 mL) was
stired at r.t. for 10 min and then was allowed to warm up to 65°C. To this solution was
added via cannula p-bromobenzaldehyde (3.25 g, 17.54 mmol) in MeOH (15 mL). The
resulting mixture was stired 30 min at 65°C and then was allowed fo r.t. and cooled to
0°C. After that, NaBH4 (700 mg, 18.4 mmol) was added in small portions at 0°C to the
solution and was warmed again at 65°C. After 30 min, the mixture was cooled to r.t and
15 mL H20 was added and stirred over 10 min. Then, it was extracted with CH2Cl2 (3 x 25
mL) and the organic layers were rinsed with brine (25 mL), dried over MgSO4, and the
solvents were removed in vacuo. The pale brown oil residue obtained, (R,R)-N,N’-bis-(4-
bromobenzyl)cyclohexane-1,2-diamine (3.85 g, 8.52 mmol, 7% yield), was used without
further purification.

To a cooled (0°C) solution of allyltrichlorosilane (680 uL, 4.76 mmol) in CH2Cl2 (10 mL)
under N2 was added DBU (1.42 mL, 9.53 mmol). The mixture was stired and then (R.R)-
N.,N’-bis-(4-bromobenzyl)cyclohexane-1,2-diamine (1.80 g, 3.97 mmol) in CH2Cl2 (10 mL)
was added dropwise over 2-3 h. After that, the mixture was warmed to r.t and was
stired for 15 h. CH2Cl2 was distilled under N2, and Et20 (25 mL) was added and stirred for

1 h (this procedure was repeated 2 times). Organic layers were combined and

187



Experimental section of chapter 2

concentred. The oil obtained was stored in the freezer (-20 °C) and gave a white solid
172 (1.659 g, 2.92 mmol, 73%). The product thus obtained was dissolved in 14.6 mL of dry

CH2Cl2 and the resulting solution (~0.2 M) was stored in the freezer.

p-BrPh | White solid. IR (film) v 3078-3035, 2934, 2690, 1958, 1899, 1814,
N(\ | 1633 1494,1405 e, TH NMR (300 MHz, CiDe) 6 7.43 (2H. 0 J =
QN,S'\CI 8.4 Hz, ArH), 7.42 (2H, d, J = 8.4 Hz, ArH), 7.18 (2H, d, J = 8.5 Hz,

L ArH), 7.17 (2H, d, J = 8.5 Hz, ArH), 5.72 (1H, m, CH=CHa), 5.00-4.92
172 p-BPh J o4, m, CH=CHy), 3.98 (1H, d, J = 16.2 Hz, NCHgHoAr), 3.95 (1H, d,
J = 15.1 Hz, N'CHaHbAT), 3.65 (1H, d, J = 15.1 Hz, N'CHaHbAr), 3.64 (1H, d, J = 16.2 Hz,
NCHaHbAr), 2.75-2.63 (2H, m, CHN + CHN'), 1.79-1.42 (6H, m), 1.05-0.83 (4H, m). 13C NMR
(75.4 MHz, CeDe) 6 141.7, 140.7, 131.7, 131.4, 130.3, 129.5, 128.7, 121.2, 120.9, 116.6, 66.8,

65.8,48.3,47.5,31.1,30.7, 25.1, 25.0.

Preparation of Leighton reagent ent-172.

A solution of (S.,5)-ciclohexane-1,2-diamine (290 mg, 8.67 mmol) in MeOH (25 mL) was
stired aft r.t. for 10 min. and then was heated up to 65°C. To this solution was added via
cannula p-bromobenzaldehyde (3.21 g, 17.34 mmol) in MeOH (15 mL). The resulting
mixture was stirred for 30 min at 65°C and then was allowed to r.t. and cooled to 0°C.
After that, NaBHs was added in small portions (689 mg, 18.21 mmol) at 0°C to the
solution and was warmed again at 65°C. Thirty minutes later, the mixture was cooled to
r.t, after addition of 15 mL of water, stired over 10 min. Then, it was exiracted with
CH2Cl2 (3 x 25 mL) and the organic layers were rinsed with brine (25 mL), dried over
MgSOs4, and the solvents were removed in vacuo. The pale brown oil residue obtained,
(8,5)-N,N’-bis-(4-bromobenzyl)cyclohexane-1,2-diamine (3.201 g, 8.58 mmol, 99% yield),
was used without further purification.

To a cooled (0°C) solution of allyltrichlorosilane (722 uL, 5.06 mmol) in CH2Cl2 (10 mL)
under N2 was added DBU (1.51 mL, 10.12 mmol). The mixture was stired and then (S.S)-
N,N’-bis-(4-bromobenzyl)cyclohexane-1,2-diamine (2.081 g, 4.360 mmol) in CH2Cl2 (4 mL)
was added dropwise over 2-3 h. Later, the mixture was warmed to r.t and was stirred for
15 h. CH2Cl2 was distilled under N2, and Ef20 (15 mL) was added and stirred for 1 h (this
procedure was repeated 2 times). Organic layers were combined and concentrated.
The oil obtained was stored in the freezer (-20 °C) and gave as a white solid ent-172
(1.871 g, 3.28 mmol, 71%). The product thus obtained was dissolved in 16.4 mL of

anhydrous CH2Cl2 and the resulting solution (~0.2 M) was stored in the freezer.
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p-BrPh | White solid. IR (film) v 3078-3035, 2934, 2690, 1958, 1899, 1814,
1633, 1494, 1405 cm-'. TH NMR (300 MHz, C4Ds) 6 7.43 (2H, d, J =
Q :Si\/v/ 8.4 Hz, AH), 7.42 (2H, d, J = 8.4 Hz, ArH), 7.18 (2H, d, J = 8.5 Hz,

N © ArH), 7.17 (2H, d, J = 8.5 Hz, ArH), 5.72 (1H, m, CH=CH), 5.00-4.92
ent-172  p-BrPh (2H, m, CH=CHa), 3.98 (1H, d, J = 16.2 Hz, NCHaHbAr), 3.95 (1H, d,
J = 15.1 Hz, N'CHaHbAr), 3.65 (1H, d, J = 15.1 Hz, N'CHaHbAr), 3.64 (1H, d, J = 16.2 Hz,
NCHaHbAr), 2.75-2.63 (2H, m, CHN + CHN'), 1.79-1.42 (6H, m), 1.05-0.83 (4H, m). 13C NMR
(75.4 MHz, CsDe) 6 141.7, 140.7, 131.7, 131.4, 130.3, 129.5, 128.7, 121.2, 120.9, 116.6, 66.8,
65.8, 48.3, 47.5, 31.1, 30.7, 25.1, 25.0.

—

General Procedure 1 (GP1)

A 0.2 M CH2Cl2 solution of Leighton reagent (2 equiv) was added dropwise at =20 °C to
the aldehyde (indicated in each case) under N2. The homogenous solution was kept at
—20 °C for 15 h. To this cooled solution was added 1 M HCI (5 mL) and EtOAc (5 mL) and
the mixture was vigorously stirred at r.t. for 10 min. The layers were separated and the
aqueous phase was extracted with EFOAc (2 x 50 mL). The combined organic extracts
were washed with a saturated aqueous solution of NaHCO3 (50 mL), and brine (50 mL),
dried over MgSQOy, filtered, and concentrated. The crude was purified by flash column

chromatography on silica gel (from CH2Clz to CH2Cl/EtOAC).

Approach for 174:ent-174

Test 1:
GP1 was followed using 1.85 mL of Leighton reagent 170 (0.37 mmol) and 33 pL of
dihydrocinnamaldehyde (0.25 mmol); 37 mg of a 88:12 mixture of 174:ent-174 (0.21

mmol, 84%) were obtained.

Test 2:
GP1 was followed using 1.85 mL of Leighton reagent ent-170 (0.37 mmol) and 33 uL of
dihydrocinnamaldehyde (0.25 mmol); 38 mg of a 12:88 mixture of 174:ent-174 (0.22

mmol, 86%) were obtained.

Test 3:
GP1 was followed using 2.5 mL of Leighton reagent 172 (0.5 mmol) and 35 pL of
dihydrocinnamaldehyde (0.26 mmol); 45 mg of a 98:2 mixture of 174:ent-174 (0.25

mmol, ?1%) were obtained.
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Test 4:
GP1 was followed using 2.5 mL of Leighton reagent ent-172 (0.5 mmol) and 33 uL of
dihydrocinnamaldehyde (0.25 mmol): 32 mg of a 2:98 mixture of 174:ent-174 (0.18

mmol, 73%) were obtained.

OH Colourless oil. Ri: 0.35 (CH2Cl2). IR (film) v 3370, 1640 cm-!. H

x| NMR (300 MHz, CDCly) § 7.32-7.28 (2H, m), 7.23-7.18 (3H, m),

5.82 (1H, ddt, J = 16.2, J = 9.9, J = 7.2 Hz, CH=CHj), 5.17-5.11

174 (2H, m), 3.68 (1H, m), 2.87-2.66 (2H, m), 2.38-2.29 (1H, m), 2.24-

2.13 (1H, m), 1.84-1.75 (2H, m), 1.67 (TH, br S). 13C NMR (75.4 MHz, CDCls) & 142.1, 134.6,
128.4, 128.3, 125.8, 118.3, 69.9, 42.1, 38.4, 32.0. HPLC (Chiral OD, hexanes/PrOH = 9/1, 1

mL/min) tr (S)-(-), 6.5 min; tr (R)-(+), 2 min. HRMS (ESI+) m/z calcd. for Ci2HisO [M+H]*:
177.1274; found: 177.1279.

Colourless oil. R: 0.35 (CH2Cl2). IR (film) v 3370, 1640 cm-'. H
NMR (300 MHz, CDCls) & 7.32-7.28 (2H, m), 7.23-7.18 (3H, m),
582 (1H, ddt, J =16.2, J = 9.9, J = 7.2 Hz, CH=CHy), 5.17-5.11
(2H, m), 3.68 (1H, m), 2.87-2.66 (2H, m), 2.38-2.29 (1H, m), 2.24-
2.13 (1H, m), 1.84-1.75 (2H, m), 1.67 (1H, br). 13C NMR (75.4 MHz, CDCls) & 142.1, 134.6,
128.4, 128.3, 125.8, 118.3, 69.9, 42.1, 38.4, 32.0. HPLC (Chiral OD, hexanes/IPrOH = 9/1, 1
mL/min) tr (S)-(-), 6.5 min; tr (R)-(+), 9 min.

IIIO
T

ent-174

Approach for 169a:169b

Test 1:
GP1 was followed using 4.8 mL of Leighton reagent 170 (0.96 mmol) and 73 mg of
aldehyde 48 (0.48 mmol); 83 mg of a 8:92 mixture of 169a:169b (0.42 mmol, 88%) were

obtained.

Test 2:
GP1 was followed using 4.3 mL of Leighton reagent ent-170 (0.86 mmol) and 67 mg of
aldehyde 48 (0.43 mmol); 64 mg of a 88:12 mixture of 169a:169b (0.33 mmol, 76%) were

obtained.

Test 3:
GP1 was followed using 4.8 mL of Leighton reagent 172 (0.96 mmol) and 73 mg of
aldehyde 48 (0.48 mmol); 73 mg of 169b (0.37 mmol, 77%) was obtained as a single

diastereomer.
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Test 4:
GP1 was followed using 3.9 mL of Leighton reagent ent-170 (0.78 mmol) and 61 mg of
aldehyde 48 (0.39 mmol); 66 mg of a 98:2 mixture of 169a:169b (0.34 mmol, 86%) were

obtained.

Colourless oil. Rs: 0.22 (CH2Cl2). [a]lp +8.0 (c 1.40, CHCls). IR
/\)\(\/ (film) v 3421, 2096, 1640, 1462 cm-'. TH NMR (400 MHz, CDCls) &
5.88-5.78 (1H, m, CH2=CH), 5.18-5.16 (1H, m, CHaHb=CH), 5.14—
169a 5.13 (1H, m, CHoHo=CH), 3.65 (1H, dt, J = 9.2, J = 3.6, CHOH),
3.30 (1H, dt, J =120, J = 6.8, CHaHoNa), 3.26 (1H, dt, J=12.0, J
= 6.8, CHaoHbN3), 2.29 (1H, dddt, J =13.8,J=6.2, J =3.6, J = 1.4, CH2=CHCHaHb), 2.13 (1H,
dddt, J=13.8,J=9.2,J=8.0,J = 1.0, CH2=CHCHaHp), 1.68-1.60 (2H, m, CH2CH2Ns), 1.55-
1.27 (5H, m), 0.93 (3H, t, J = 7.2, CH3). 13C NMR (100.6 MHz, CDCl3) 6§ 135.4, 118.2, 71.8,

51.8,44.2,38.4,26.8,26.5,21.7, 11.7. HRMS (ESI+) m/z calcd. for CioH19N3O [M+H]*:
198.1606; found: 198.1608.

OH Ns Colourless oil. Ri: 0.20 (CH2Cl2). IR (film) v 3421, 2096, 1640, 1462
/A/'\(\/ cm'. TH NMR (400 MHz, CDCls) & 5.88-5.78 (1H, m, CH>=CH),
518-5.16 (1H, m, CHaHo=CH), 5.14 (1H, m, CHeHo=CH),

169b 3.63(1H, df, J = 8.8, J = 4.2, CHOH), 3.28 (2H, br 1, J = 6.8,

CH2N3), 2.31 (1H, dddt, J = 138, J = 9.6, J = 42, J = 1.4,
CHy=CHCHaHb), 2.16 (1H, df, J = 13.8, J = 8.8, CHa=CHCHaHo), 1.75-1.26 (7H, m), 0.92 (3H,
t,J=7.2, CHs).

2.1.3. Synthesis of macrolactam 178a

(4R,5R)-8-Azido-4-tert-butyldimethyisilyloxi-5-ethyl-1-octene (164)

To a solution of 169a (200 mg, 1.01 mmol) in DMF (2 mL) were added imidazole (83 mg,
1.21 mmol) and TBSCI (167 mg, 1.11 mmol) aft r.t. After stiring for 18 h under N2, the
mixture was poured info saturated NH4Cl and extracted with EtOAc (3 x 25 mL). The
combined organic layers were washed with brine, dried over Na2SO4, and concentred
in vacuo. The residue was purified on silica gel (from hexanes/CH2Cl2 90:10 to 80:20) to

give 164 (307 mg, 0.98 mmol, 98% yield) as colourless oil.
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Colourless oil. Ri: 0.44 (hexanes/CH2Cl2 80:20). [a]lo +8.3 (c
1.00, CHCI3). IR (diamond ATR) v 2093, 1462, 1251 cm'. H
NMR (400 MHz, CDCls) 6 5.79 (1H, tdd, J =17.0,J=10.2, J =
164 7.0, CH2=CH), 5.06-5.05 (1H, m, CHaHw=CH]), 5.03-4.99 (1H, m,
CHoHo=CH), 3.72 (1H, ddd, J = 7.0, 5.3, 2.8, CHOTBS), 3.25 (2H,
t, J = 6.8, CH2N3), 2.23-2.10 (2H, m, CH2CHOTBS), 1.65-1.49 (3H, m), 1.38-1.17 (4H, m),
0.91 (3H. t, J = 7.2, CHs), 0.88 (9H, s, C(CHs)s), 0.04 (3H. s, SiCHs), 0.03 (3H, s, SiCHs). 13C
NMR (100.6 MHz, CDCl3) 6 136.1, 116.5, 73.5, 51.9, 44.8, 37.8, 27.3, 26.5, 25.9, 22.6, 18.1,
12.2, -4.2, -4.5. HRMS (ESI+) m/z calcd. for CigHzsNsOSi [M+H]*: 312.2471; found:
312.2472.

OTBS N

(2R)-N-[(4R,5R)-4-Ethyl-5-tert-butyldimethylsilyloxi-7-octenyl]-2,6-diethyl-é-
heptenamide (175)

Preparation of 2,2'-dipyridyl diselenide

To a solution of selenium powder (6.0 g, 75.60 mmol) in EfOH anh. (130 mL) under N2
stired for 30 min at r.t., NaBH4 (3.50 g, 91.0 mmol) in EtOH (20 mL) was added via
cannula. After 30 min. 2-bromopyridine (7.27 mL, 75.60 mmol) was syringed to the
mixture that was heated to reflux of 48 h. After that, the reaction mixture was allowed
to cool to r.t. and then air was bubbled to the reaction mixture for 2 h. It was diluted
with H20 (250 mL) and extracted with CH2Cl2 (3 x 35 mL). The organic layers were
combined and filtered, dried over MgSO4, and the solvents were removed in vacuo.
Purification of the resulting oil by flash chromatography on silica gel (from
hexanes/EtOAc 80:20 to 70:30) afforded 2,2'-dipyridyl diselenide (8.61 g, 27.40 mmol,
72% yield) as a yellow solid.

Yelow solid. Rs: 0.30 (hexanes/EtOAc 80:20). IR (film) v 3060, 1565,

| t 1552, 1444, 1408, 1105 cm'. TH NMR (400 MHz, CDCls) & 8.34 (2H,
N 22 ddd, J=45,J=18,J=10Hz),7.69 (2H, ddd, J =80, J=1.4, J =
| 1.0),7.41 (2H,ddd, J=8.0,J=7.0,J=10), 695 (2H,ddd J=7.0, J =
NA| 45, = 1,4). 3C NMR (100.6 MHz, CDCls) 6 153.6, 148.8, 136.7,

(PySe), 122.8, 120.6.

A commercially available MesP solution (1.0 M in toluene, 300 pL, 0.30 mmol) was
added to a mixture of carboxylic acid 156 (22 mg, 0.12 mmol), azido derivative 164 (31
mg, 0.10 mmol) and 2,2'-dipyridy! diselenide (32 mg, 0.11 mmol) in toluene (0.2 mL), at 0

°C under N2. The reaction mixture was allowed to warm up to r.t and further stirred for 72
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h. The solution was cooled again to 0 °C, water (2 mL) was added, and the mixture was
stired for 10 min. Then, it was diluted with 1 M HCI (25 mL) and extracted with CH2Cl2 (3
x 25 mL). The organic layers were rinsed with brine (25 mL), dried over MgSOs4, and the
solvents were removed in vacuo. Purification of the resulting oil by flash
chromatography on silica gel (from hexanes/EtOAc 90:10 to 70:30) afforded amide 175
in quantitative yield (45 mg, 0.10 mmol, 100% yield).

Colourless oil. Ri: 0.60 (hexanes/EtOAc 70:30). [alp +5.9 (c 0.97,
CHCl3). IR (film) v 3286, 3077, 2960-2851, 1641, 1550, 1253 cm-.
H NMR (400 MHz, CDCl3) § 5.79 (1H, tdd, J = 17.2, J =102, J =
7.0, CH2=CH), 5.53 (1H, br t, J = 6.0, NH), 503 (1H, m,
CHaoHo=CH), 5.00 (1H, m, CHaHb=CH), 4.68 (2H, m, C=CHa), 3.71
(1H, ddd, J =7.0,J =5.2,J=3.1, CHOTBS), 3.25 (2H, td, J = 12.2,
J = 6.0, CH2NH), 2.23-2.09 (2H, m, CH2CHOTBS), 2.03-1.96 (4H,
m, CH2CCH2), 1.94-1.87 (1H, m, COCHCHy), 1.67-1.13 (13H, m), 1.01 (3H, t, J = 7.4, CHs),
0.89 (6H, m, 2 x CHs), 0.88 (9H, s, C(CHa)s), 0.04 (3H, s, SiCHs), 0.03 (3H, s, SiCHs). 13C NMR
(100.6 MHz, CDCls) 6 175.5, 151.2, 136.2, 116.4, 107.7, 73.6, 49.9, 44.8, 39.7, 37.8, 36.2,
32.5,28.6 (x2), 28.2, 26.7, 26.1, 25,9, 22.5, 18.1, 12.3, 12.1 (x2), —4.2, —4.5. HRMS (ESI+) m/z
calcd. for C27Hs3NO2Si [M+H]*: 452.3924, found: 452.3922.

175

(2R,9R,10R)-9-tert-Butyldimethylsilyloxi-2,6,10-triethyl-13-tridec-6-enelactam (17427)
(2R,9R,10R)-9-tert-Butyldimethylsilyloxi-2,6,10-triethyl-13-tridec-6-enelactam (1746E)

To a solution of amide 175 (45.2 mg, 0.10 mmol) and 1,4-benzoquinone (1.1 mg, 0.01
mmol) in 50 mL of toluene under N2 was added via cannula a solution of HG Il catalyst
(12.5 mg, 0.02 mmol) in 10 mL of toluene. The solution was stired at 80 °C for 15 h and
then it was filtered on Celite® with CH2Cl2, and concentrated in vacuo. The residue was
analyzed by 'H NMR (400 MHz) and was determined to be a mixture of 176Z and 174E
isomers in 1:1.2 rafio. This crude residue was separated by flash column
chromatography on silica gel (from hexanes/EtOAc 98:2 to 95:5) to furnish 176Z (15.6
mg, 0.037 mmol, 37% vyield) and 1786E (20.4 mg, 0.048 mmol, 48% vyield) as pure
diastereomers according to the TH NMR (400 MHz).
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Colourless wax. Ri: 0.22 (hexanes/EfOAc 95:5). [a]lp +19.7 (c 1.06,
CHCls). IR (film) v 3282, 1641, 1604, 1463, 1253 cm-'. TH NMR (400
MHz, CDCls) 6 5.55 (1H, br dd, J = 8.6, J = 4.0 NH), 5.18 (1H, brt, J
= 7.6, CH=C), 3.70-3.59 (2H, m, CHoHoNH + CHOTBS), 2.95 (1H,
dddd, J=13.2,J=6.4,J =40, J = 2.6, CHeHoNH), 2.25 (1H, ddd,
J=13.6,)J=7.6,J =50, CHHoCHOTBS), 2.17 (1H, ddd, J = 13.6, J
1767 =10.4, J = 5.2, CHaHoCHOTBS), 2.07-1.92 (4H, m, CH.CCHb>), 1.87
(TH, m, COCHCH>), 1.68-1.13 (13H, m), 0.97 (3H, t, J = 7.4, CHa), 0.89 (3H, 1, J = 7.4, CHa),
0.88 (9H, s, C(CHs)s), 0.82 (3H, 1, J = 7.2, CHs), 0.02 (6H, s, Si(CHa)2). 3C NMR (100.6 MHz,
CDCls) 6 175.5, 142.0, 118.9, 74.0, 49.9, 43.9, 39.1, 33.7, 32.4, 31.0, 30.2, 27.6, 27.5, 26.7,
26.0, 25.7, 22.1, 182, 12.8, 12.3, 10.6, -4.2, —4.5. HRMS (ESI+) m/z calcd. for CasH4NO-:Si
[M+H]*: 424.3611; found: 424.3591.

Colourless wax. Ri: 0.11 (hexanes/EtOAc 95:5). [alo —4.6 (c
1.11, CHCIs). IR (diamond ATR) v 3297, 1641, 1548, 1460, 1250
cm. TH NMR (400 MHz, CDCls) 6 5.27 (1H, br dd, J = 6.6, J
4.4, NH), 5.19 (1H, br t, J = 7.0, CH=C), 3.67 (1H, ddd, J=7.5, J
= 4.4, J =3.0, CHOTBS), 3.55 (1H, dddd, J =12.0, J =10.7, J
6.6,J = 4.0, CHaHoNH), 3.01 (1H, dddd, J =12.0,J=9.2,J=5.2,
176E J = 4.4, CHoHoNH), 2.27 (1H, ddd, J = 150, J = 7.0, J = 3.0,
CHoHoCHOTBS), 2.19 (1H, ddd, J =15.0, J = 7.5, J = 7.0, CHoH,CHOTBS), 2.10-1.84 (5H, m,
CH2CCH2 + COCHCHy), 1.67-1.14 (13H, m), 0.91 (3H, 1, J = 7.6, CHs), 0.86 (3H, t, J = 7.4,
CHs), 0.86 (9H, s, C(CHa)s), 0.85 (3H, t, J = 7.4, CHa), 0.03 (3H, s, SiCHas), 0.01 (3H, s, SiCH3).
13C NMR (100.6 MHz, CDCls) 6 175.6, 141.4, 120.4, 73.4, 48.6, 43.5, 39.4, 34.1, 32.7, 31.6,
27.4, 26.3, 25.9, 25.2, 25.1, 24.0, 22.1, 18.1, 12.7, 12.3, 11.4, -4.3, -4.8. HRMS (ESI+) m/z
calcd. for CasHsNO2Si [M+H]*: 424.3611; found: 424.3595

To a solution of amide 177 (52 mg, 0.11 mmol) and 1,4-benzoquinone (1.0 mg, 0.011
mmol) in 50 mL of toluene under N2 was added via cannula a solution of HG Il catalyst
(14 mg, 0.022 mmol) in 10 mL of toluene. The solution was stirred at 80 °C for 15 h and
then it was filtered on Celite® with CH2Cl2, and concentrated in vacuo. The residue was
analyzed by 'H NMR (400 MHz) and was determined to be a mixture of 176Z and 176E
isomers in a 1:1.2 ratio. This crude residue was separated by flash column
chromatography on silica gel (from CH2Cl2 to CH2Clo/ETOAC 95:5) to furnish 176Z (9 mg,
0.021 mmol, 19% yield) and 176E (11.8 mg, 0.027 mmol, 25% yield) as pure diastereomers
according to the TH NMR (400 MHz).
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(2R,6S,9R,10R)-2,6,10-Triethyl-9-tert-butyldimethylsilyloxy-13-tridecanelactam (178a)

Macrolactam 176Z (12.0 mg, 0.028 mmol) was dissolved in 1 mL of toluene and Pd/C
(10 mg, 10% w/w) was added to the solution. The heterogeneous mixture was purged
with hydrogen several times, and then stirred for 24 h under atmosphere of hydrogen at
r.t. The catalyst was removed by filtration through Celite® and the solvent was removed
in vacuo to provide 178 as a white solid (11.3 mg, 0.028 mmol, 94% yield). The dr of the
filtered product was 90:10 according to the TH MNR (400 MHz). Recrystallization of this
crude product (hexanes/EtOAc 90:10) afford 178a (10.6 mg, 0.024 mmol, 90% yield) with
adr=97:3.

Macrolactam 176E (14.8 mg, 0.035 mmol) was dissolved in 1 mL of toluene and Pd/C
(1T mg, 10% w/w) was added to the solution. The heterogeneous mixture was purged
with hydrogen several times, and then stirred for 24 h under atmosphere of hydrogen at
rt. The catalyst was removed by filtiration through Celite® and the solvent was
evaporated in vacuo to provide 178 as a white solid (14.3 mg, 0.034 mmol, 96% yield).
The dr of the filtered product was 88:12 according to the 'H MNR (400 MHz).
Recrystallization of this crude product (hexanes/EtOAc 90:10) afford 178a (12.1 mg,
0.028 mmol, 85% yield) with a dr = 97:3.

/

White solid. Ri: 0.22 (CH2Cl2/EtOAc 95:5). [a]lp +15.6 (c 0.71,
CHCl3). IR (diamond ATR) v 3291, 1640, 1553, 1459, 1248, 1065
cm. TH NMR (400 MHz, CsDs) 6 4.51 (1H, br dd, J =8.8, J =3.2,
NH), 3.78 (1H, m, CHoaHbNH), 3.50 (1H, dt, J = 9.0, J = 3.4,
CHOTBS), 2.46 (1H, tdd, J =13.4,J =5.0, J = 3.2, CHoHbNH), 1.89-
178a 1.74 (1H, m, COCHCHz2), 1.68-1.15 (22H, m), 1.04 (9H, s, C(CHa)s),

0.98 (3H,t,J =7.2, CHs), 0.90 (3H, 1, J = 7.6, CHs), 0.82 (3H, t, J =
7.2, CHzs), 0.13 (3H, s, SiCHs), 0.11 (3H, s, SiCHs). 3C NMR (100.6 MHz, CDCls) 6 175.9, 73.0,
50.9, 42.8, 39.0, 38.5, 33.7, 32.0, 27.8, 27.2 (x2), 26.6, 26.0, 25.9, 25.1, 22.6, 21.1, 18.1, 12.4,
12.3, 9.5, =3.9, —-4.8. HRMS (ESI+) m/z calcd. for CasHs51NO2Si [M+H]*: 426.3767; found:
426.3761.

(2R,6S,9R,10R)- 9-Acetoxy-2,6,10-triethyl-13-tridecanelactam (179)
To macrolactam 178a (25.7 mg, 0.061 mmol) was added a stock solution of 1% HCI in

aqueous ethanol (3 mL). The reaction mixture was stired at room temperature for 18 h.

Then, it was filtered on a short pad of silica gel (CH2Cl2/MeCOH 90:10) and concentrated
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in vacuo. The white solid residue obtained 11 (19.0 mg, 0.061 mmol, 100% yield) was
used without further purification.

The crude macrolactam 11 (19.0 mg, 0.061 mmol) was dissolved in pyridine (1.5 mL)
under N2 and Ac20 (0.5 mL) was added with syringe. The reaction mixture was stirred for
15 h at r.t. Then, it was concentrated in vacuo and coevaporated with toluene. The
white residue was purified by flash column chromatography on silica gel (from CH2Cl2
to CH2Cl2/EtOAcC 1:1) to afford Sch 38518 aglycon 179 as a white solid (18.7 mg, 0.053
mmol, 88% yield).

White solid. Ri: 0.28 (CH2CL/EfOAc 90:10). [alo +10.3 (c 0.70,
CHCli). IR (diamond ATR) v 3293, 1719, 1639, 1547, 1444, 1374,
1245 cm1. TH NMR (400 MHz, CDCls) & 5.58 (1H, br dd, J = 8.0, J =
4.2, NH), 4.81 (1H, m, CHOAc), 3.74 (1H, m, CHaHoNH), 2.93 (1H,
m, CHaHoNH), 2.03 (3H, s, OCCHz), 1.95 (1H, m, COCHCH2), 1.68—
1.05 (22H, m), 0.89 (3H, t, J = 7.4, CHs), 0.84 (3H, t, J = 7.4, CHa),
179 0.82 (3H, f, J = 7.4, CHs). 3C NMR (100.6 MHz, CDCl) & 175.9,
170.9, 76.1, 50.4, 41.1, 39.0, 38.5, 33.7, 31.9, 27.5, 27.0, 26.8, 26.1, 25.2, 24.6, 24.1, 21.7,
21.5, 12.5, 12.4, 10.2. HRMS (ESI+) m/z calcd. for CasHsiNOoSI [M+H]*: 354.3008; found:
354.3002.

/

196



Experimental section of chapfter 2

2.2 Synthesis of Fluvirucinine By (10)
2.2.1. Synthesis of acid 155

(S)-4-Benzyl-3-[(R)-2-ethyl-1,6-dioxo-4-hepten-1-yl]-2-oxazolidinone (181)

(S)-4-Benzyl-3-[(R)-2-ethyl-1-ox0-4-penten-1-yl]-2-oxazolidinone 110 (1.66 g, 5.77 mmol)
and methyl vinyl ketone (1.89 mL, 20.08 mmol) were dissolved in CH2Cl2 (29 mL) under
N2. Then, a solution of Hoveyda-Grubbs Il catalyst (HG 1l) (0 mg, 0.14 mmol) in 4 mL of
CH2Cl2 was added via cannula. The reaction mixture was stirred for 3 h at r.t. Then, it
was filtered on Celite® with CH2Cl2 and the solvent was removed in vacuo. Purification
of the resultant oil by flash column chromatography on silica gel (hexanes/EtOAC from
80:20 to 70:30) afforded 181 (1.86 g, 5.65 mmol, 98% yield) as a colourless ail.

Colourless oil. Rr: 0.23 (hexanes/EtOAc, 70:30). ). [a]p +45.25
O)]\NJ\(\/\’//O (c 1.77, CHCI3). IR (film) v 2965, 2926, 2863, 2359, 2340,
\_< 1774,1694, 1673, 1388, 1211 cm-'. TH NMR (400 MHz, CDCl3)

Bn 181 6 7.35-7.26 (m, 3H, ArH), 7.21-7.19 (2H, m, ArH), 6.80 (1H,

dat, J =16.0, J = 7.2, CH:.CH=CH), 6.13 (1H, dt, J = 16.0, J =

1.3, CH=CHCO), 4.69 (1H, dddd, J =10.0, J = 6.8, J = 6.6, J = 3.2, CHBn), 421 (1H,dd, J =
9.2,J=1.5 OCHHoCHN), 4.17 (1H, dd, J = 9.2, J = 3.2, OCHoHoCHN), 3.91 (1H, t1, J = 7.6,
J =5.6, COCH(CH2)2), 3.27 (1H, dd, J = 13.2, J = 3.2, CHaHoPh), 2.69 (1H, dd, J =132, J =
10.0, CHoHoPh), 2.65 (1H, ddd, J = 14.4, J =72, J = 6.0, J = 1.4, CHHoCH=CH), 2.46 (1H,
dddd, J=14.4,J=7.2,0=6.0,J =1.4, CHiH,CH=CH), 2.24 (3H, s, COCHa), 1.78 (1H, dq, J
=15.2,J=7.6, CHCHuHbCHa), 1.58 (1H, ddqg, J =152, J = 7.6, J = 5.6, CHCHuHbCHs), 0.93
(3H, t, J = 7.6, CHCH2CHa). 13C NMR (100.6 MHz, CDCl3) 6 198.1, 174.9, 153.1, 144.6, 135.1,

133.1, 129.3, 128.9, 127.3, 66.1, 55.4, 43.3, 37.9, 34.4, 26.9, 24.7, 11.4. HRMS (ESI+) m/z
calcd. for Ci9H23NO4 [M+H]*: 330.1698; found: 330.1700.

(S)-4-Benzyl-3-[(R)-2-ethyl-1,6-dioxo-1-heptyl]-2-oxazolidinone (182)

To a solution of 181 (600 mg, 1.84 mmol) in 9 mL of MeOH at r.t was added Pd/C (60
mg, 10% w/w). The heterogeneous mixture was purged with hydrogen several times,
and then stired for 3 h under 1 atm of hydrogen. The reaction mixture was filtered
through Celite®, washed with CH2Cl,, concentrated, and purified by flash
chromatography on silica gel (hexanes/EfOAc from 98:2 to 90:10) to afford 182 (609

mg., 1.84 mmol, 100% yield) as a colourless oil.
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o o Colourless oil. Ri: 0.50 (CH2Cl2/EtOAc, 95:5). [alo +36.07 (c
O*N)k(\/\fo 1.73, CHCl3). IR (diamond ATR) v 2929, 2875, 1771, 1692,
\_< 1445, 1386, 1348, 1208 cm-'. TH NMR (400 MHz, CDCls) 6
Bn 182 7.37-7.22 (5H, m, ArH), 4.69 (1H, dddd, J = 6.5, J =38, J =

3.3, J = 1.2, CHBN), 4.20-4.15 (2H, m, OCH2CHN), 3.72 (1H,
tt,J=6.8,J =5.6, COCH(CH2)2), 3.35 (1H, dd, J = 13.2, J = 3.3, CHaHoPh), 2.74 (1H, dd, J =
13.2, J =10.0, CHoHoPh), 2.14 (2H, 1, J = 6.8, CH2COCHs), 1.77-1.49 (6H, m), 0.91 (3H. 1, J =
7.4, COCHgs), 0.91 (3H, 1, J = 7.2, CHCH2CHa). '3C NMR (100.6 MHz, CDCls) 6 208.4, 178.3,
153.2, 135.4, 129.4, 128.9, 127.3, 65.9, 55.3, 43.8, 43.3, 38.0, 31.2, 29.9, 24.8, 21.1, 11.6.
HRMS (ESI+) m/z calcd. for Ci19H2sNO4 [M+H]*: 332.1854; found: 332.1856.

(S)-4-Benzyl-3-[(R)-2-ethyl-3-methyl-1-0x0-é-hepten-1-yl]-2-oxazolidinone (183)

A 0.5 M solution of CpzTiMez in toluene (2.56 mL, 1.28 mmol) was added under N2 to @
solution of methyl ketone 182 (243 mg, 0.73 mmol) and DMF (14 pL, 0.18 mmol) in
foluene (2.4 mL). The resulting orange solution was shielded from the light and stirred at
70 °C for 15 h. Then, it was filtered on Celite® with hexanes and the solvent was
removed in vacuo. Purification by flash column chromatography on silica gel
(CH2Cl2/hexanes from 50:50 to 70:30) afforded 183 (175 mg, 0.53 mmol, 73% yield) and
182 (53 mg, 0.16 mmol).

o o Pale yellow oil. Re: 0.40 (CH2Cl2/hexanes, 80:30). IR (film) v
OJ\NW 1778, 1697, 1456, 1388, 1209 cm-'. "TH NMR (400 MHz, CDCls)
\_< 6 7.35-7.22 (5H, m, ArH), 4.73-4.67 (3H, m, CHBn + C=CHa),
Bn 183 4.17 (2H,dd, J =5.2, J = 3.4, OCH2CHN), 3.75 (1H, t1, J = 7.9,

J = 5.4, COCH(CHa)2), 3.32 (IH, dd, J = 13.2, J = 3.3,
CHaHoPh), 2.72 (1H, dd, J = 13.2, J = 9.8, CHaHsPh), 2.04 (2H, 1, J = 7.1, CH2CCHs), 1.78-
1.71 (2H, m), 1.61-1.47 (4H, m), 1.02 (3H, 1, J = 7.2, CCHa), 0.91 (3H, 1, J = 7.4, CHCH2CHs).
13C NMR (100.6 MHz, CDCls) 6 176.7, 145.5, 135.4, 129.4, 128.9, 127.3, 110.1, 65.9, 55.6,
44.6, 38.1, 37.7, 31.5, 25.0, 22.3, 11.6. HRMS (ESI+) m/z calcd. for CaoHNOs [M+H]*:
330.2067; found: 330.2064.

(R)-2-Ethyl-6-methyl-6-heptenoic acid (155)
The methylenated product 183 (294 mg, 0.90 mmol) was dissolved in 13 mL of THF and

cooled in an ice-water bath. Hydrogen peroxide 30% w/w (1 mL, 9.0 mmol) was added,

followed by a solution 1 M of LIOH (2.70 mL, 2.69 mmol) in water, and it was allowed to
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slowly warm up to r.t. After 16 h, in an ice-water bath, the reaction was quenched by
the addition of 10 mL of 1 M solution of NaHSOa. Stirring was maintained for 10 minutes.
The reaction mixture was poured info a separation funnel, diluted with NaOH 2 M (20
mL) and CH2Cl2 (3 x 25 mL). The layers were separated and the aqueous phase was
diluted with HCI 2 M (40 mL) and was extracted again with Et2O (3 x 25 mlL) and
washed with brine (30 mL). The organic extract was dried over MgSO4 and filtered, and
the solvent was removed in vacuo. Flash column chromatography on silica gel (from
CH2Cl2 to 80:20 CH2Cl2/EtOAc) gave the desired acid 155 (149 mg, 0.87 mmol, 97%

yield) as a colourless ail.

o) Colourless oil. R: 0.26 (CH2Cl2/EtOACc, 95/05). IR (diamond ATR)

v 3460-2567, 1701, 1645, 1460, 1210 cm. 'TH NMR (400 MHz,

CDCl3) 6 4.71 (1H, brs, CHaCHb=C), 4.67 (1H, br s, CHoCHx=C),

155 2.31 (1h, ft, J = 8.5, J = 5.0, COCH(CHz2)2), 2.02 (2H, t, J = 7.0,

CH2CCHs), 1.70 (3H, s, CCHa), 1.68-1.44 (6H, m), 0.94 (3H, 1, J =

7.2, CHCH2CHa). 13C NMR (100.6 MHz, CDCls) 6 182.0, 145.4, 110.1, 46.9, 37.6, 31.2, 25.2
(x2),22.2, 11.7. HRMS (ESI+) m/z calcd. for CioHi1802 [M=H]-: 169.1234; found: 169.1231.

HO

2.2.2. Synthesis macrolactam 5éa

(2R)-N-[(4R,5R)-5-tert-Butyldimethylsilyloxi-4-ethyl-7-octenyl]-2-ethyl-6-methyl-6-
heptenamide (184)

A commercial available MesP solution (1.0 M in toluene, 550 pL, 0.55 mmol) was added
to a mixture of carboxylic acid 155 (38 mg, 0.22 mmol), azido derivative 164 (45 mg,
0.14 mmol) and 2,2'-dipyridyl diselenide (76 mg, 0.24 mmol) in toluene (1.0 mL), at 0 °C
under N2. The reaction mixture was allowed to warm up to r.t and further stirred for 72 h.
The solution was cooled again to 0 °C, water (2 mL) was added, and the mixture was
stired for 10 min. Then, it was diluted with 1 M HCI (25 mL) and exiracted with CH2Cl2 (3
x 25 mL). The organic layers were rinsed with brine (25 mL), dried over MgSQOs4, and the
solvents were removed in vacuo. Purification of the residue by flash chromatography
on silica gel (from CH2Cl2/EtOAc 95:5 to 90:10) afforded amide 184 (55 mg, 0.13 mmol,
921% yield).
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Colourless oil. Rs: 0.67 (CH2Cl2/EtOAC 95:5). IR (film) v 3286, 3077,
2960-2851, 1771, 1641, 1550, 1253 cm. TH NMR (400 MHz,
CDCls) 6 5.79 (1H, tdd, J =17.2, J =10.4, J = 7.2, CH2=CH), 5.48
(1H, br t, J = 5.0, NH), 5.03 (1H, m, CHoHb=CH]), 5.00 (1H, m,
CHqHb=CH), 4.68 (1H, br s, C=CHaHb), 4.65 (1H, br s, C=CHaHp),
3.71 (1H, ddd, J = 7.0, J = 3.6, J = 3.2, CHOTBS), 3.25 (2H, m,
CHaNH), 2.22-2.09 (2H, m, CH2CHOTBS), 2.00 (2H, br t, J = 7.2,
CCH2), 1.93-1.86 (1H, m, COCHCH2), 1.69 (3H, s, CHas), 1.65-1.14 (m, 13H), 0.89 (6H, m, 2 x
CHs), 0.88 (9H. s, C(CHs)s), 0.04 (3H, s, SiCHa), 0.03 (3H, s, SiCHa). 13C NMR (100.6 MHz,
CDCla) 6 175.5, 145.5, 136.2, 116.4, 109.9, 73.6, 49.8, 44.8, 39.7, 37.8, 37.7, 32.4, 28.2 (x2),
26.7,26.1, 25,9 (x3), 25.6, 22.5,22.3, 18.1, 12.1 (x2), -4.2, -4.5.

184

(2R,9R,10R)-9-tert-Butyldimethylsilyloxi-2,6,10-triethyl-13-tridec-é-enelactam (185Z)
(2R,9R,10R)-9-tert-Butyldimethylsilyloxi-2,6,10-triethyl-13-tridec-6-enelactam (185E)

To a solution of amide 184 (48 mg, 0.11 mmol) and 1,4-benzoquinone (1.1 mg, 0.01
mmol) in 50 mL of toluene under N2 was added via cannula a solution of HG Il catalyst
(14 mg, 0.02 mmol) in 10 mL of toluene. The solution was stired at 80 °C for 15 h and
then it was filtered on Celite® with CH2Cl2, and concentrated in vacuo. The residue was
analyzed by 'H NMR (400 MHz) and was determined to be a mixture of 185Z and 185E
isomers in a 5:1 rafio. This crude residue was separated by flash column
chromatography on silica gel (from hexanes/EfOAc 98:2 to 95:5) to furnish 185Z (32 mg,
0.078 mmol, 71% vyield) and 185E (4 mg, 0.009 mmol, 8%) as pure diastereomers
according to the TH NMR (400 MHz).

Colourless wax. Ri: 0.30 (CH2Cl2/EtOAc 95:5). [a]o +19.8 (c 1.20,

X CHCl). IR (film) v 3286, 2931, 2857, 1641, 1552, 1459, 1253 cm-!.

OTBS| H NMR (400 MHz, CDCls) 6 5.61 (1H, m), 5.19 (1H, brt, J = 6.8),

w0 ., 3.68-3.57 (2H, m), 2.98 (1H, dddd, J =7.2, J = 3.6, J = 2.8, J = 1.6),
N 220 (2H, m), 2.04 (1H, td, J = 12.8, J = 5.6), 2.05-1.94 (1H, m),
1657 1.86 (1H, td, J = 12.4, J = 4.0), 1.68 (3H, s), 1.66-1.20 (13H, m),

0.90 (3H, 1, J =7.2),0.89 (9H, s), 0.81 (3H, t, J = 7.2), 0.03 (6H, s).
13C NMR (100.6 MHz, CDCls) & 175.5, 136.4, 120.6, 73.9, 49.7, 43.9, 39.1, 33.6, 32.8, 32.4,
27.5, 26.9, 26.7, 25.9 (x3), 25.7, 24.0, 21.9, 18.2, 12.3, 10.5, -4.2, —-4.6. HRMS (ESI+) m/z
calcd. for C24H47NO2Si [M+H]*: 410.3445; found: 410.3448.
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Colourless wax. Ri: 0.25 (CH2CI2/EfOAc 95:5). TH NMR (400
MHz, CDCls) § 5.28-5.25 (2H, m), 3.70 (1H, ddd, J=7.2, J = 4.0,
J =28),3.60 (TH, m), 3.01 (1H, m), 2.29 (1H, m), 2.20 (1H, m),
2.09-1.92 (3H, m), 1.70-1.17 (11H, m), 1.60 (3H, s), 0.91-0.87
(6H, m), 0.89 (9H. s), 0.06 (3H, s), 0.04 (3H, s). HRMS (ESI+) m/z
185E calcd. for C24H47NO2NaSi [M+H]*: 432.3266; found: 432.3268.

(2R,6S,9R,10R)-9-tert-butyldimethylsilyloxy-2,10-diethyl-6-methyl-13-tridecanelactam
(56q)

Macrolactam 185Z (12.5 mg, 0.03 mmol) was dissolved in 1 mL of EfOH and Pd/C (12
mg, 10% w/w) was added to the solution. The heterogeneous mixture was purged with
hydrogen several times, and then stirred for 24 h under atmosphere of hydrogen at r.t.
The catalyst was removed by filtration through Celite® and the solvent was removed in
vacuo to provide 56 as a white solid (8.3 mg, 0.021 mmol, é66% yield). The dr of the
filtered product was 91:9 according fo the TH MNR (400 MHz).

Macrolactam 185E (6.1 mg, 0.015 mmol) was dissolved in 1T mL of EtOH and Pd/C (6 mg,
10% w/w) was added to the solution. The heterogeneous mixture was purged with
hydrogen several times, and then stirred for 24 h under atmosphere of hydrogen at r.t.
The catalyst was removed by filtration through Celite® and the solvent was evaporated
in vacuo to provide 56 as a white solid (4.2 mg, 0.01 mmol, 68% yield). The dr of the
filtered product was 90:10 according to the TH MNR (400 MHz).

A mixture of macrolactam 185Z:185E (38 mg, 0.09 mmol) was dissolved in 1 mL of
toluene and Pd/C (35 mg, 10% w/w) was added to the solution. The heterogeneous
mixture was purged with hydrogen several times, and then stired for 24 h under
atmosphere of hydrogen at r.t. The catalyst was removed by filiration through Celite®
and the solvent was evaporated in vacuo to provide 56 as a white solid (29 mg, 0.071
mmol, 79% yield). The dr of the filtered product was >95:5 according to the TH MNR (400
MHz).
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White solid. Ri: 0.58 (CH2Cl2/EtOAc 95:5). [alo +8.90 (c 1.12,

oTBS CHCls). IR (diamond ATR) v 3286, 2956, 2931, 1641, 1548, 1463,

1251, 1068 cm-'. TH NMR (400 MHz, C¢Ds) 6 4.59 (1H, dd, J = 9.2,

NGO J=3.2),3.77 (1H, m), 3.54 (1H, dt, J = 9.2, J = 3.2), 2.48 (1H, m),
HN 1.89-1.77 (1H, m), 1.75-1.19 (20H, m), 1.03 (9H, s), 0.97 (3H,d, J =
56a 6.8),0.89 (3H,1,J=7.6),0.82 (3H,1, J=7.2),0.12 (3H,s), 0.11 (3H,

s). 3C NMR (100.6 MHz, CDCls) 6 174.8, 73.1, 50.9, 42.9, 38.6, 34.8, 34.1, 31.5, 28.5, 27.0,
26.3,26.2,25.9,252,24.4,21.1,20.8, 18.4, 12.5, 9.2, -3.7, —4.7. HRMS (ESI+) m/z calcd. for
C24H49NOSi [M+H]*: 412.3605; found: 412.3606.

(2R,6S,9R,10R)-9-Acetoxy-2,6,10-triethyl-13-tridecanelactam (186)

To macrolactam 56a (17 mg, 0.041 mmol) was added a stock solution of 1% HCI in
aqueous ethanol (1 mL). The reaction mixture was stired at room temperature for 18 h.
Then, it was filtered on a short pad of silica gel (CH2Cl2/MeCOH 90:10) and concentrated
in vacuo. The white solid residue, 10 (10.7 mg, 0.036 mmol, 88% yield), was used without

further purification.

The crude macrolactam 10 (10.7 mg, 0.036 mmol) was dissolved in pyridine (1.5 mL)
under N2 and Ac20 (0.5 mL) was added with syringe. The reaction mixture was stirred for
15 h at r.t. Then, it was concentrated in vacuo and coevaporated with toluene. The
white residue was purified by flash column chromatography on silica gel (from CH2Cl2
to CH2Cl2/EtOAc 80:20) to afford Sch 38518 aglycon 186 as a white solid (7.7 mg, 0.023
mmol, 63% yield).

White solid. Ri: 0.11 (CH2Cl/EfOAc 90:10). [alo -8.0 (c 0.25,
CHCl3). IR (diamond ATR) v 3293, 1719, 1639, 1547, 1444, 1374,
1245 cm-'. TH NMR (400 MHz, CDCls) & 5.56 (1H, m), 4.81 (1H, ddd,
J=18.4,J=56,J=40),3.76 (1H, m), 2.89 (1H, m), 2.04 (3H, s),
1.98-1.91 (1H, m), 1.68-1.03 (20H, m), 0.89 (3H, 1, J = 7.6), 0.86 (3H,
186 t,J=7.6),0.82 (3H,t, J = 7.6). 13C NMR (100.6 MHz, CDCl3) & 175.9,
170.9. 76.6, 50.0, 41.1, 39.0, 33.7, 33.3, 31.3, 27.3, 27.0, 26.3, 26.1, 25.0, 23.3, 21.5, 21.3,
20.8, 12.3, 10.2. HRMS (ESI+) m/z calcd. for CaoHs7NOs [M+H]*: 340.2846; found: 340.2852.

OAc
\\\\ O ’/,,

HN
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EXPERIMENTAL SECTION OF CHAPTER 3
3.1. SYNTHESIS L-MICOSAMINE PRECURSOR 222

3.1.1. The first synthetic approach

2,2-Dimethyl-1,3-dioxan-5-one(187)

A 2 L round-botton flask, equipped with a magnetic stirring bar, was filed with 2-amino-
2-hydroxymethyl-1,3-propanediol hydrochloride (78.0 g, 500 mmol), DMF (160 mL), 2,2-
dimethoxypropane (63.8 g, 600 mmol) and p-toluenesulfonic acid (3,35 g, 25 mmol).
The mixture was stirred at rt for 40 h. Then EfsN (4,2 mL) was added followed by removal
of the solvent under reduced pressure. The residue was dissolved in EtOAc (1,2 L) and
EfsN (67 mL) and stired at rt 10 min. The precipitate was filtered and the solvent was
removed under reduced pressure. The crude R-amino alcohol (50 g, 310 mmol) was
then fransferred to a 2 L three-necked round-botton flask, equipped with an overhead
stirrer, dropping funnel and thermometer and was dissolved in H2O (450 mL). KH2POy4
(42.4 g, 310 mmol) was added and the solution was cooled to 5 °C. Then, an ag NalO4
solution (0,5 M, 940 mL,) was added dropwise over 3 h while the temperature was
maintained at 5-10 °C. The cooling bath was removed and the mixture was stirred at rt
for 15 h. The aqueous solution was extracted with CH2Cl2 (5 x 50 mL). The combined
organic layers were washed with NaHSOs (70 mL) and brine (70 mL), dried over MgSOzg,
filtered and concentrated in vacuo. The crude product was purified by distillation using
a Vigreux column to afford 2,2-dimethyl-1,3-dioxan-5-one 187 as a colorless oil (27,5 g,
71% yield; 2 steps).

1743, 1444, 1427, 1270 cm-'. TH NMR (400 MHz, CDCls) & 4. 16 (4H, s), 1.45 (6H,
s). 13C NMR (100.6 MHz, CDCls) § 208.0, 100.1, 66.8, 23.5.

HOJ\ Colourless oil. R: 0.70 (Hexanes/ETOAc 70:30). IR (diamond ATR) v 3473,2940,
O7<O
187

Methyl (S)-2-(4-methoxybenzyloxy)propanoate (188)

A solufion of PMBCI (1.85 mL, 19.65 mmol), NaH (60% w/w dispersion in mineral oil, 630
mg, 15.75 mmol) in DMF (35 mL) at 0 °C was added dropwise methyl (S)-lactate (1.09 g,
10.5 mmol). The resulting mixture was stired at 0 °C for 2.5 h and then it was allowed to
rt for 15 h. Then it was poured over H20 (15 mL) and extracted with Et20 (3 x 50 mL). The

combined organic layers were washed with H20 (50 mL) and brine (50 mL), dried over
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MgSOyq, filtered and concentrated in vacuo. Purification by flash column on silica gel
(from hexanes/EtOAc 80:20 to 70:30) gave 188 in 78% vield (1.76 g, 7.86 mmol).

Colourless syrup. Ri: 0.48 (Hexanes/EtOAc 70:30). ). [alo —69.8 (c 1.26,
CHCl3). IR (diamond ATR) v 2991, 2953, 2836, 1749, 1450, 1133 cm-'. 'H
NMR (400 MHz, CDCls) 6 7.29 (2H, d, J = 8.6), 6.88 (2H, d, J = 8.6), 4.61
(1H, d, J =11.5), 439 (1H, d, J = 11.5), 4.05 (1H, g, J =7.0), 3.80 (3H, s),
3.75 (3H.s), 1.42 (3H, d, J = 7.0). 3C NMR (100.6 MHz, CDCls) 6 173.8, 159.4, 129.7, 129.6,
113.9,73.6,71.7,55.3,51.9, 18.7.

General procedure (GP2) for reduction of ester to aldehyde

To a round-bottom flask charged with ester (4.57 mmol) and CH2Cl> (15 mL) at =78 °C
was added DIBAL-H (1.0 M in toluene 5.72 mL, 5.72 mmol ). After 25 min at —-78 °C was
added MeOH (6 mL) and then it was allowed to warm to rt. An aqg potassium sodium
tartrate solution (2.0 M, 30 mL) was added and stirred for 2 h. The reaction mixture was
diluted with Et20 (3 x 50 mL), washed with brine (70 mL), dried with MgSOy, filtered and
after evaporation under reduced pressure the crude product was purified by flash

chromatography (SiO2, hexanes/ EtOAC)

(S)-2-(4-Methoxybenzyloxy)propanal (189)

According to GP2 188 (500 mg, 2.23 mmol) was reacted with DIBAL-H (1.0 M in toluene,
4.46 mL, 4.46 mmol) in CH2Cl2 (10 mL) to give 189 (375 mg, 1.94 mmol) in 87 % yield as a

colourless oil.

Colourless oil. Ri: 0.44 (Hexanes/EtOAc 70:30). [alo —25.0 (c 0.95, CHCls).
IR (diamond ATR) v 2940, 2840, 1730, 1615, 1250, 1035 cm-'. TH NMR (400
MHz, CDCls) 6 9.63 (1H, d, J =1.7), 7.29 (2H, d, J = 8.6), 6.89 (2H, d, J =
8.6), 4.58 (1H, d, J=11.5), 453 (1H,d, J=11.5),3.87 (1H,qd, J=1.7,J =
6.8), 3.81 (3H, s), 1.31 (3H, d, J = 6.8). 13C NMR (100.6 MHz, CDCls) § 203.5, 159.5, 129.6,
129.3,113.9,79.1,71.7,55.2, 15.3.

General procedure (GP3) for the proline-catalyzed asymmetric aldol reactions with 187
as the donor

The aldehyde (4.56 mmol) in DMSO (6 mL) was added via canula to a round-bottom
flask charged with proline (315 mg, 2.74 mmol), ketone 187 (1.78 g, 13. 69 mmol) and
water (500 uL, 27.8 mmol) in DMSO (? mL). The resulting mixture was stirred for 24 h at rt.

The reaction was quenched by addition of brine (50 mL) followed by extraction with
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EtOAc (3 x 50 mL). The combined organic layers were dried with MgSOy, filtered and
after evaporation under reduced pressure the crude product was purified by silica gel

column flash chromatography (hexanes/EtOAC).

(S)-4-((1S,25)-1-Hydroxy-2-(4-methoxybenzyloxy)propyl)-2,2-dimethyl-1,3-dioxan-5-
ona (190)

According fo GP3 aldehyde 189 (?7 mg. 0.5 mmol), L-proline (34 mg, 0.3 mmol) was
reacted with ketone 187 (195 mg, 1.5 mmol) to give 190 (144 mg, 0.44 mmol, ?1 %) as a
diasteriomeric mixture (dr (anfi/syn) 1.5:1.0) determined by 'H RMN (400 MHz) and HPLC.

O OH Colourless oil. R 0.22 (Hexanes/EtOAc 70:30). [alo —-115.8 (c 1.20,
CHCl3). TH NMR (400 MHz, CDCls) 6 7.26 (2H, d, J = 8.6), 6.87 (2H, d, J
O & OPME =8.6). 459 (1H d,J=11.2), 444 (1H,dd, J =12, J = 6.4), 439 (1H, d,
7< J=11.2), 427 (1H, dd, J = 1.2, J = 17.2), 404 (1H, J = 17.2), 3.84 (1H,
190 m), 3.80 (3H, s), 3.23 (1H, brd, J = 3.4), 1.43 (6H, s), 1.26 (3H, d, J =
6.4).13C NMR (100.6 MHz, CDCl3) 6 210.9, 159.1, 130.6, 129.3, 113.7, 101.0, 77.2, 73.7, 72.9,
70.8, 66.7, 55.3, 29.7, 23.9, 23.6, 15.5. HPLC (Chiracel AD-H, Hex:iPrOH 90:10, 1.0 mL/min)
tr =7.1 min 190a; t = 9.9 min 190b.

Methyl (R)-2-(4-methoxybenzyloxy)propanoate (ent-188)

To a solution of PMBCI (1.85 mL, 19.65 mmol), NaH (60% w/w dispersion in mineral oil, 630
mg, 15.75 mmol) in DMF (35 mL) at 0 °C was added dropwise methyl (R)-lactate (1.09 g,
10.5 mmol). The resulting mixture was stired at 0 °C 2.5 h and then it was allowed to rt
for 15 h. Then it was poured over H20 (15 mL) and extracted with Et20 (3 x 50 mL). The
combined organic layers were washed with H20 (50 mL) and brine (50 mL), dried over
MgSQ., filtered and concentrated in vacuo. Purification by flash column on silica gel
(from hexanes/EtOAc 80:20 to 70:30) gave ent-188 in 65% yield (1.53 g, 6.83 mmol).

o Colourless syrup. Ry: 0.48 (Hexanes/EtOAc 70:30). ). [alo +71.3 (c 0.90,

CHCl3). IR (diamond ATR) v 2991, 2953, 2836, 1749, 1450, 1133 cm-'. H

OPMB  NMR (400 MHz, CDCls) § 7.29 (2H, d, J = 8.6), 6.88 (2H, d, J = 8.6), 4.61

ent-188 (1H, d, J=11.5), 4.39 (1H, d, J = 11.5), 4.05 (1H, g, J =7.0), 3.80 (3H, s),

3.75 (3H.s), 1.42 (3H, d, J = 7.0). 13C NMR (100.6 MHz, CDCls) & 173.8, 159.4, 129.7, 129.6,
113.9,73.6,71.7,55.3, 51.9, 18.7.

MeO
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(R)-2-(4-Methoxybenzyloxy)propanal (ent-189)

According to GP2 ent-188 (300 mg, 1.34 mmol) was reacted with DIBAL-H (1.0 M in
foluene, 2.68 mL, 2.68 mmol) in CH2Cl2 (5 mL) to give ent-189 (248 mg, 1.28 mmol) in 95

% yield as a colourless oil.

Colourless oil. Ry: 0.44 (Hexanes/EtOAc 70:30). [a]po +26.3 (c 1.00, CHCI3).
IR (diamond ATR) v 2940, 2840, 1730, 1615, 1250, 1035 cm-'. "TH NMR (400
OPMB| MHz, CDCls) § 9.63 (1H, d, J = 1.7), 7.29 (2H, d, J = 8.6), 6.89 (2H, d, J =
ent-189 8.6), 4.58 (1H, d, J = 11.5), 453 (1H, d, J = 11.5), 3.87 (1H, qd, J = 1.7, J =
6.8), 3.81 (3H, s), 1.31 (3H, d, J = 6.8). 13C NMR (100.6 MHz, CDCls) § 203.5, 159.5, 129.6,
129.3,113.9,79.1,71.7, 55.2, 15.3.

(R)-4-((1R,2R)-1-Hydroxy-2-(4-methoxybenzyloxy)propyl)-2,2-dimethyl-1,3-dioxan-5-
ona (ent-190)

According to GP3 aldehyde ent-189 (97 mg, 0.5 mmol), D-proline (34 mg, 0.3 mmol)
was reacted with ketone 187 (195 mg, 1.5 mmol) to give ent-190 (139 mg, 0.43 mmol) in
86 % yield as a diasteriomeric mixture (dr (anti/syn) 1.1:1.0) determined by ."H RMN (400
MHz) and HPLC.

O OH Colourless oil. Ri: 0.19 (Hexanes/EtOAc 70:30). [alo +106.6 (c 1.05,
: CHCls). TH NMR (400 MHz, CDCls) 6 7.26 (2H, d, J =8.4), 6.87 (2H, d, J

O opPmB =8.4).459 (1H,d,J=11.2),4.44 (1H,dd, J=1.2,J = 6.4), 4.39 (1H, d,
7< J=112),427 (1H,dd, J=12,4=17.2), 404 (1H, J =17.2), 3.84 (1H,

ent-190 m), 3.80 (3H, s), 3.23 (1H, brd, J = 3.6), 1.43 (6H, s), 1.27 (3H, d, J =
6.4). 3C NMR (100.6 MHz, CDCls) 6 210.9, 159.1, 130.5, 129.3, 113.7, 101.0, 77.2, 73.7, 72.9,
70.8, 66.7, 55.3, 29.7, 23.9, 23.6, 15.5. HPLC (Chiracel AD-H, Hex:PrOH 90:10, 1.0 mL/min)
tr = 7.1 min ent-190aq; t = 9.6 min ent-190b.

O

Methyl (S)-2-(tert-Butyldiphenyisilyloxy)propanoate (191)

A solution of methyl (S)-lactate (1.09 g, 10,5 mmol), imidazole (1.71 g, 25.2 mmol) in
CH2Cl2 (40 mL) at 0 °C was added dropwise TBDPSCI (3.22 mL, 12.6 mmol). The resulting
mixture was stired at 0 °C 1 h and then it was allowed to rt.

The reaction was stopped after 15 h by adding over brine (30 mL) and exiracted with

CH2Cl2 (3 x 50 mL). The combined organic extracts were dried over MgSOy, filtered and

210



Experimental section of chapter 3

concentrated. The residue was purified on silica gel (hexanes/EfOAc, 90:10) to give 191
in 98% yield (3.52 g, 10.29 mmol).

0 Colourless oil. R: 0.71 (Hexanes/EtOAc 75:25). ). [alp —46.9 (c 1.17,
MeO)K./ CHCI3) IR (diamond ATR) v 2962, 1750, 1598, 1472, 1097 cm-'. H
oTteDPs| NMR (400 MHz, CDCls) 6 7.80-7.60 (4H, m), 7.50-7.30 (6H, m), 4.28

191 (1H, g, J = 6.6), 3.56 (3H, s), 1.37 (3H, d, J = 6.6), 1.09 (9H, s). 13C NMR

(100.6 MHz, CDCls) 6174.2, 135.9, 135.7, 133.5, 133.1, 129.8, 127.6, 127.5, 68.9, 51.6, 26.8,
21.3,19.2.

(S)-2-(tert-Butyldiphenylsilyloxy)propanal (192)

According to GP1 191 (514 mg, 1.5 mmol) was reacted with DIBAL-H (1.0 M in toluene,
1.88 mL, 1.88 mmol) in CH2Cl2 (10 mL) to give 192 (444 mg, 1.42 mmol) in 95% yield as a

colourless ail.

Colourless oil. Ri: 0.33 (Hexanes/EfOAc 90:10). ). [alo -11.2 (c 1.50,
EtOH). IR (diamond ATR) v 3072, 2934, 2893, 2859, 2711, 1740, 1428,
1112 cm'. TH NMR (400 MHz, CDCls) 6 9.65 (1H, d, J = 1.2), 7.68-7.64
(4H, m), 7.45-7.34 (6H, m), 4.10 (1H, qd, J=1.2,J=7.0),1.22 (3H,d, J =
7.0), 1.11 (9H, s). 3C NMR (100.6 MHz, CDCls) 6 203.6, 135.7, 135.6, 133.2, 132.9, 130.0,
129.9,127.8,127.7,74.4,26.8,19.2, 18.4.

(S)-4-((1R,25)-2-(tert-Butyldiphenylsilyloxy)-1-hydroxypropyl)-2,2-dimethyl-1,3-dioxan-
5-ona (193)

According to GP3 aldehyde 192 (156 mg, 0.5 mmol), L-proline (34 mg, 0.3 mmol) was
reacted with ketone 187 (195 mg, 1.5 mmol) to give 193 (202 mg, 0.46 mmol) in 91%
yield as a diasteriomeric mixture (dr (anti/syn) 95:5) determined by ."H RMN (400 MHz)
and HPLC.

O OH Colourless oil. Ri: 0.48 (Hexanes/EtOAc 70:30). [alo -71.1 (c 0.90,
CHCls). TH NMR (400 MHz, CDCls) & 7.72-7.68 (4H, m), 7.45-7.35
5. 6 oteDPS| (6H. m), 436 (1H, dd, J = 1.4, J = 6.8), 420 (1H, dd, J =12, J =
Pt 17.3), 4.14 (1H, qd, J = 2.0, J = 6.4), 3.96 (1H, d, J = 17.3), 3.83 (1H,
193 ddd, J = 2.8, J= 4.0, J = 6.8), 291 (1H, d, J = 40), 1.41 (3H, s), 1.35

(3H, s), 1.10 (3H, d, J = 6.4), 1.06 (9H, s). 3C NMR (100.6 MHz, CDCls) & 210.2, 135.9x2,
134.2,133.6, 129.7, 129.6, 127.6, 127.5, 100.9, 74.4, 73.3, 69.9, 66.7, 27.0, 23.7x2,19.3, 18.2.
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HPLC (Chiracel AD-H, Hex:PrOH 95:5, 1.0 mL/min) tr = 5.7 min 193b; tr = 6.4 min 193a.
HRMS (ESI+) m/z calcd. for CasHz4OsSi [M+H]*: 443.2248; found: 443.2249.

Isobutyl (R)-2-(tert-butyldiphenylsilyloxy)propanoate (194)

A solution of isobutyl (R)-lactate (1.14 g, 7.85 mmol) and imidazole (1.28 g, 18.84 mmol)
in CH2Cl2 (30 mL) at 0 °C was added dropwise TBDPSCI (2.41 mL, 9.42 mmol). The
resulting mixture was stired at 0 °C 1 h and then it was allowed to warm to rt. The
reaction was stopped after 15 h by adding over brine (30 mL) and extracted with
CH2Cl2 (3 x 50 mL). The combined organic extracts were dried over MgSOy, filtered and
concentrated. The residue was purified on silica gel (hexanes/EtOAc, 90:10) to give 194
in 75% yield (2.25 g, 5.85 mmol).

) Colourless oil. R: 0.55 (Hexanes/EtOAc 90:10). ). [alo +42.5 (c

\ho 1.66, CHCl3). IR (diamond ATR) v 3072, 2962, 2859, 1756, 1472,

OTBDPS 1428, 1137, 1112 cm”. 'TH NMR (400 MHz, CDCls) & 7.70-7.65

(4H,m), 7.43-7.30 (6H, m), 4.29 (1H, q, J = 6.4), 3.76 (2H, d, J =

6.7), 1.82 (1H, m), 1.37 (3H, d, J = 6.6), 1.09 (9H, s), 0.85 (6H, d, J = 6.7). '3C NMR (100.6

MHz, CDCls) 6 173.7, 135.8, 135.7, 133.6, 133.1, 129.7, 127.5x2, 70.7, 68.9, 27.6, 26.8, 21 4,
19.3, 19.0x2.

194

(R)-2-(tert-Butyldiphenylsilyloxy)propanal (ent-192)

According to GP2 194 (577 mg, 1.5 mmol) was reacted with DIBAL-H (1.0 M in toluene,
1.88 mL, 1.88 mmol) in CH2Cl2 (10 mL) to give ent-192 (454 mg, 1.45 mmol) in 97% yield

as a colourless oil.

Colourless oil. Ri: 0.44 (Hexanes/EtOAc 90:10). ). [alo +10.7 (c 1.56,
EfOH). IR (diamond ATR) v 3072, 2934, 2893, 2859, 2711, 1740, 1428,
OTBDPS| 1112 cm . TH NMR (400 MHz, CDClz) 6 9.65 (1H, d, J = 1.2), 7.68-7.64
ent-192 (4H, m), 7.45-7.34 (6H, m), 4.10 (1H, qd, J = 1.2, J = 7.0), 1.22 (3H, d, J =
7.0), 1.11 (9H, s). 13C NMR (100.6 MHz, CDCls) & 203.6, 135.7, 135.6, 133.2, 132.9, 130.0,
129.9,127.8,127.7,74.4,26.9, 19.3, 18.4.
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(R)-4-((1S,2R)-2-(tert-Butyldiphenylsilyloxy)-1-hydroxypropyl)-2,2-dimethyl-1,3-dioxan-
5-ona (ent-193)

According to GP3 aldehyde ent-192 (156 mg, 0.5 mmol), D-proline (34 mg, 0.3 mmol)
was reacted with ketone 187 (195 mg, 1.5 mmol) to give ent-193 (202 mg, 0.46 mmol) in
?21% yield as a diastereomeric mixture (dr (anti/syn) 95:5) determined by 'H RMN (400
MHz) and HPLC.

O OH Colourless oil. Rs: 0.48 (Hexanes/EtOAc 70:30). [a]p +72.9 (c 0.95,
: CHCIs). 'TH NMR (400 MHz, CDCls) & 7.72-7.68 (4H, m), 7.45-7.35

O oTBDPs| (6H, m), 436 (1H, dd, J = 1.4, J=6.8), 420 (1H, dd, J =14, J =
7< 17.3), 414 (1H,qd, J =2.0, J = 6.4), 3.96 (1H, d, J =17.3), 3.83 (1H,

ent-193 ddd, J = 2.8, J= 4.0, J = 6.8), 2.90 (1H, d, J = 4.0), 1.41 (3H, s), 1.35
(3H, s), 1.10 (3H, d, J = 6.4), 1.06 (9H, s). 13C NMR (100.6 MHz, CDCl3) & 210.2, 135.9x2,
134.3, 133.6, 129.7, 129.6, 127.6, 127.5, 100.9, 74.4, 73.3, 69.9, 66.7, 27.0, 23.7x2, 19.3, 18.2.
. HPLC (Chiracel AD-H, Hex:PrOH 95:5, 1.0 mL/min) tr = 6.1 min ent-193b; tr = 6.6 min ent-
193a. HRMS (ESI+) m/z calcd. for CasHasOsSi [M+H]*+: 443.2248; found: 443.2246.

O

(8)-4-((1R,25)-1-(tert-Butyldimethylsilyloxy)-2-(tert-butyldiphenylsilyloxy)propyl)-2,2-
dimethyl-1,3-dioxan-5-ona (195)

To a solution of 193 (144 mg, 0.32 mmol) and imidazole (99 mg, 1.46 mmol) in DMF (2
mL) was added in one portion TBSCI (181 mg, 1.20 mmol). The reaction mixture was
stired for 12 h, and then was quenched with NH4Cl sat, extracted with EtOAcC (3x10 mL)
and brine (50 mL). The combined organic layers were dried with MgSOy, filtered and
concentred in vacuo. Purification by flash column on silica gel (from hexanes/EfOAcC
95:5to 70:30) gave 195 in 70% yield (100% brsm) (124 mg, 0.22 mmol).

To a solution of 193 (198 mg, 0.61 mmol) and 1,6-lutidine (280 uL, 2.44 mmol) in CH2Cl2 (3
mL) at =78 °C was added dropwise TBSOTf (420 uL, 1.83 mmol). Stirring was continued for
additional 30 min at -78 °C and then was allowed to warm to rt overnight. The mixture
reaction was quenched with NaHCOs3 (2 mL) and extracted with CH2Cl2 (3%x10 mL). The
combined organic layers were washed with brine (30 mL), dried with MgSQy, filtered
and concentrated under reduced pressure. Purification by flash column on silica gel
(hexanes/EtOAc 95:5) afforded 195 in 58% yield (198 mg, 0.35 mmol).
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Colourless oil. R:: 0.55 (Hexanes/EtOAc 95:5). [alo —61.4 (c 1.70,
CHCl). IR (diamond ATR) v 2930, 2889, 2856, 1748, 1427, 1252,
o o éTBDPS 1224, 1041 cm-. TH NMR (400 MHz, CDCls) & 7.72-7.68 (4H, m),
7< 7.44-7.35 (6H, m), 4.63 (1H, dd, J = 2.0, J = 1.4), 438 (1H, dqg, J =
195 7.6,J=6.4),411 (1H,dd, J=16.2, J=1.4),3.83 (1H,dd, J=7.8,J
=2.0),3.80 (1H, d, J =16.4), 1.42 (3H, s), 1.38 (3H, s), 1.02 (9H, s), 1.01 (3H, d, J = 6.0), 0.82
(9H.s), 0.12 (3H, s), 0.07 (3H, s). HRMS (ESI+) m/z calcd. for C3iHs2NOsSi2 [M+H]*: 574.3375;
found: 574.3379.

O OTBS

(R)-4-((1S,2R)-1-(tert-Butyldimethylsilyloxy)-2-(tert-butyldiphenylsilyloxy)propyl)-2,2-
dimethyl-1,3-dioxan-5-ona (ent-195)

To a solution of ent-193 (167 mg, 0.38 mmol) and imidazole (39 mg, 0.57 mol) in DMF (2
mL) TBSCI (72 mg, 0.48 mmol) was added in one portion. The reaction mixture was
stired 12 h, and them was quenched with NH4Cl sat, extracted with EtOAc (3%x10 mL)
and brine. (50 mL). The combined organic layers were dried with MgSOy, filtered and
concentrated in vacuo. Purification by flash column on silica gel (from hexanes/EtOAcC
95:5 to 70:30) gave ent-195 in 65% yield (100% brsm) (137 mg, 0.25 mmol).

To a solution of ent-193 (80 mg, 0.24 mmol) and 2,6-lufidine (143 uL, 1.24 mmol) in CH2Cl-2
(1.5 mL) at =78 °C TBSOTf (211 L, 0.92 mmol) was added dropwise. Stirring was
continued for additional 30 min at =78 °C and them was warmed to rt overnight. The
reaction mixture was quenched with satd NaHCOz3 solution (2 mL) and exiracted with
CH2Cl2 (3x10 mL). The combined organic layers were washed with brine (30 mL), dried
with MgSQOy, filtered and concentred under reduced pressure. Purification by flash
column on silica gel (hexanes/EfOAc 95:5) afforded ent-195 in 76% yield (104 mg, 0.18

mmol).

O OTBS Colourless oil. Ri: 0.55 (Hexanes/EtOAc 95:5). [alo +52.1 (c 1.37,
E CHCI3). IR (diomond ATR) v 2930, 2889, 2856, 1753, 1462, 1252,

O OTBDPS| 1224, 1110 cm'. TH NMR (400 MHz, CDCls) & 7.71-7.68 (4H, m),
7< 7.44-7.35 (6H, m), 4.63 (1H, dd, J = 2.0, J = 1.4), 4.38 (1H, dqg, J =

ent-195 7.6,0=64),411 (1H,dd, J =162, J = 1.4),3.83 (1H, dd, J =80, J
=1.8),3.80 (1H, d, J =16.2), 1.42 (3H, s), 1.38 (3H, s), 1.02 (%H, s), 1.01 (3H, d, J = 6.0), 0.82
(9H.s), 0.12 (3H, s), 0.07 (3H, s). HRMS (ESI+) m/z calcd. for C3iHs2NOsSi2 [M+H]*: 574.3375;
found: 574.3373.

O

214



Experimental section of chapter 3

General procedure (GP4) for reduction of the carbonyl group

To a solution of ketone (100 mg, 0.17 mmol) in THF (1 mL) were added dropwise L-
selectride (1 M solutfion in THF, 240 pL, 240 mmol) at =78 °C. Afther 3 h the reaction
mixture was warned to rf, then Et20 (2 mL) and NH4Cl sat solution (2 mL) were added,
was stirred for 10 min and was extracted with EfOAc (3x10 mL). The combined organic
layers were dried with MgSQOy, filtfered and after evaporation under reduced pressure
the crude product was purified by silica gel column flash chromatography
(hexanes/EtOAC).

(4S,5R)-4-((1S,2R)-1-(tert-Butyldimethylsilyloxy)-2-(tert-butyldiphenylsilyloxy)propyl)-2,2-
dimethyl-1,3-dioxan-5-ol (194)

According to GP4 ketone ent-195 (100 mg, 0.17 mmol) was reacted with L-selectride (1
M solution in THF, 240 L, 240 mmol) to give 196 (?1 mg, 0.16 mmol) in 93% yield as a
single diasteriomer (dr (syn/anti) 2 98:2) determined by 'H RMN (400 MHz).

OH OTBS Colourless oil. Ri: 0.22 (Hexanes/EtOAc 95:5). TH NMR (400 MHz,

: CDCl3) & 7.70-7.67 (4H, m), 7.46-7.35 (6H, m), 4.02 (1H, dq, J = 6.4,

5. O oTeDps| J=40).3.88-3.84(2H, m),3.79-3.74 (2H, m), 3.49 (1H, brd, J = 4.0),

7< 3.28 (1H, brd, J = 6.4), 1.36 (3H, s), 1.34 (3H, s), 1.07 (9H, s), 1.05
196 (3H, d, J = 6.4), 0.90 (9H, s), 0.17 (3H, s), 0.14 (3H, s).

(4R,5S5)-5-((1S.2R)-1-(tert-Butyldimethylsilyloxy)-2-(tert-butyldiphenylsilyloxy)prop-1-yl)-
2,2-dimethyl-1,3-dioxolan-4-yl)methanol (198)

To a solution of 196 (36 mg, 0.06 mmol) in CH2Cl2 (0.5 mL) at 0°C was added a catalytic
amount of TFA. The reaction mixture was stired overnight at rt and then was added
satd NaHCOs3 solution (2 mL) and stfired for 10 min. After extraction with CH2Cl2 (3%5
mL), washed with brine, and the combined organic layers were dried over MgSO4 and
concentrated under reduced pressure. The crude product was purified by flash
chromatography (from hexanes/EtOAc?0:10 to 70:30) to afford the products 197 (2.3
mg, 0.004 mmol, 7%), 198 (22.5 mg, 0.04 mmol, 67%) and 199 (6.5 mg, 0.012 mmol, 21%)

OoH oTteDpg Colourless oil. Re: 0.44 (Hexanes/EtOAc 85:15). IR (diamond

" - - - ATR) v 2954, 2929, 1471, 1427, 1381, 1250, 1059 cm-'. TH NMR
)Vé OTBS (400 MHz, CDCls) & 7.71-7.68 (4H, m), 7.44-7.34 (6H, m), 4.31
(1H, td, J=7.2,J=2.4),4.16 (1H,dq, J = 6.4, J =1.6), 3.92 (1H,

t,0=7.2),376 (1H,t,J=7.6),3.62 (1H,dd, J=8.0,J =1.6), 3.23

197

215



Experimental section of chapter 3

(1H, brd, J = 8.8, J = 2.4), 1.40 (3H, s), 1.32 (3H, s), 1.08 (9H, s), 1.03 (3H, d, J = 6.4), 0.90
(9H,'s), 0.16 (3H, s), 0.09 (3H, s).

Colourless oil. Re: 0.27 (Hexanes/EtOAc 85:15). TH NMR (400 MHz,
7L? OTBDPS|  CDCls) 6 7.69-7.67 (4H, m), 7.44-7.34 (6H, m), 4.09-4.01 (2H, m),
Oj/\l/\ 3.84 (1H,dd, J=7.2,J=20),381 (1H,q,J=7.2),3.74 (1H, dd, J
HO 12;'33 =11.6, J =3.2),3.58 (1H, dd, J = 7.6, J = 5.6), 1.35 (3H, s), 1.33
(3H,'s), 1.07 (9H, s), 1.01 (3H, d, J = 6.4), 0.90 (9H, s), 0.15 ( 3H, s),

0.12 (3H, s).

OH OTBS Colourless oil. R: 0.15 (Hexanes/EtOAc 70:30). TH NMR (400 MHz,
- CDCls) & 7.70-7.65 (4H, m), 7.46-7.36 (6H, m), 3.97 (1H, m), 3.92
OH OH oTBDPs| (1H.m),3.78 (1H, m),3.71 (1H,dd, J=11.2,J=15.2),3.68 (1H, dd,
199 J=11.2,J=40),1.07 (3H, d, J =5.6), 1.06 (9H, s), 0.88 (?H, s), 0.13
(3H, s), 0.07 (3H, s).

(2R,3S,4S5,5R)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy)hexane-1,2,3-
triol (199)

To a solution of 196 (23 mg, 0.04 mmol) in THF/MeOH 10:1 (1 mL: 100 yL) PPTS was added
in one portion (10 mg, 0.04 mmol). The reaction mixture was stired overnight at rt and
then was added satd NaHCOs solution (1 mL) and stirred for 10 min. After extraction
with CH2Cl2 (3x5 mL) the combined organic layers were dried over MgSOs4 and
concentrated under reduced pressure. The crude product was purified by flash
chromatography (hexanes/EfOAc 70:30) to afford the product 199 (15 mg, 0.03 mmol)
in 75% yield.

(18,2S,3R)-2-(tert-Butyldimethylsilyloxy)-3-(tert-butyldiphenylsilyloxy)-1-((R)-2,2-
dimethyl-1,3-dioxolan-4-yl)butan-1-ol (197)

To a solution of 199 (28 mg, 0.05 mmol) and catalytic amounts of PPTS in CH2Cl2 (0.5 mL)
was added dropwise 2,2-dimethoxypropane (14 pL, 0.11 mmol). The reaction mixture
was stired for 8 h at rt and then was added satd NaHCOs solution (2 mL). After
extraction with CH2Clz2 (3x5 mL) the combined organic layers were washed with brine
(10 mL), dried over MgSQy, filtered and concentred under reduced pressure. The crude
product was purified by flash chromatography (hexanes/EtOAc 70:30) to give 197 (24
mg, 0.043 mmol) in 86% yield and 196 (2 mg, 0,003 mmol, 7%).

216



Experimental section of chapter 3

(1S,2S,3R)-2-(tert-Butyldimethylsilyloxy)- 3-(tert-butyldiphenylsilyloxy)-1-((R)-2,2-
dimethyl-1,3-dioxolan-4-yl)butyl methanesulfonate (200)

To a solution of 197 (14 mg, 0.025 mmol) and DMAP (30 mmg, 0,25 mmol) in CH2Cl> (0.5
mL) were added dropwise MsClI (10 uL, 0.125 mmol) at 0 °C. The reaction mixture was
stired 30 min at 0 °C and then was allowed to rt. After 1 h satd NaHCOg3 solution (2 mL)
was added, extracted with Et20 (3x5 mL) and the combined organic layers were
washed with brine (20 mL), dried over MgSQs, filtered and concentred in vacuo. The
residue was purified on silica gel (hexanes/EtOAc, 85:15) to give 200 in quantitative
yield (16 mg, 0.025 mmol, 98%).

OMs OTBDP Colourless oil. Ri: 0.37 (Hexanes/EtOAc 85:315). TH NMR (400
- - MHz, CDCls) 6 7.72-7.68 (4H, m), 7.44-7.36 (6H, m), 4.86 (1H, dd,
)TO OTBS J=6.0,J=4.0),4.31 (1H, g, J = 6.4), 3.95-3.90 (2H, m), 3.86-3.76
(2H, m), 2.96 (3H, s), 1.39 (3H, s), 1.32 (3H, s), 1.07 (9H, s), 1.03
(3H. d, J=6.4),0.89 (9H.5s), 0.16 (3H,s), 0.13 (3H, s).

Attempts for the introduction of an azido group in 200

To a solution of 200 (15 mg, 0.023 mmol) and NaNs (15 mg, 0.23 mmol) in DMSO (0.6 mL)
were stired at rt overnight. TLC control was demonstrated only unaltered starting
material and then was heated at 80 °C overnight. Starting material was again observed
in TLC control and then was heated at 100 °C overnight. The reaction mixture was
hydrolysed with water and extracted with Et2O (3x10 mL). The combined organic layers
were washed with brine (20 mL), dried over MgSQ., filtered and concentfred under
reduce pressure. 'H RMN (400 MHz) crude reaction was determined as a complex

mixture and the IR experiment was not found azido-group.

To a solution of 200 (10 mg, 0.015 mmol), 15-crown-5 (12 mg, 0.045 mg) and NaNs (10
mg, 0.15 mmol) in DMF (0.5 mL) was heated at 100 °C overnight. After the mixture
reaction was allowed to rt and was hydrolysed with water and extracted with Et20
(3x10 mL). The combined organic layers were washed with brine (20 mL), dried over
MgSOs, filtered and concentred under reduce pressure. 'TH RMN (400 MHz) crude
reaction was determined as a complex mixture and the IR experiment was not found

azido-group.
To a solution of 200 (15 mg, 0.023 mmol), NaNs (15 mg, 0.23 mmol) and aliquot 336 (50

pL) in foluene/water 1:1 (0.5 mL) were heated at 80 °C overnight. After the mixture

reaction was allowed to rt and was hydrolysed with water and extracted with Et20
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(3x10 mL). The combined organic layers were washed with brine (20 mL), dried over
MgSOs, filtered and concentred under reduce pressure. 'TH RMN (400 MHz) crude
reaction was determined a complex mixture and the IR experiment was not found

azido-group.

Attempts for the introduction of an azido group in 197

To a solution of 197 (12 mg, 0.021 mmol) and PhsP (8 mg, 0.032 mmol) in THF (0.5 mL)
were added at 0 °C DEAD (40% toluene, 15 yL, 0.032 mmol). After 5 min was added
DPPA (7 uL, 0.032 mmol) and the stirring was continued for additional 2 h and then was
allowed to rt overninght. The reaction mixture was hydrolysed with water and extracted
with Et20 (3x10 mL). The combined organic layers were washed with brine (20 mL),
dried over MgSQy, filtered and concentred under reduce pressure. 'TH RMN (400 MHz)

crude reaction was determined only recovered starting material 197.

To a solution of 197 (45 mg, 0.08 mmol) and 1,é-lutidine (14 pL, 0.12 mmol) at 0°C in
CH2Cl2 (1.0 mL) was added dropwise frifluoromethanesulfonic anhydride (18 pL, 0.10
mmol). Stirring was continued for 2 h at 0°C and then was allowed for 15 h at rt. The
mixture was diluted with Ef2O0 (10 mL) and washed sequentially with H2O (10 mlL),
aqueous HCI (1M, 10 mL), satd NaHCOs solution (10 mL), brine (10 mL), dried over
MgSQOs4, and concentred in vacuo to give triflate adduct (57 mg, crude), which was
used without further purification.

To a stirred solution of friflate adduct crude (57 mg, 0.08 mmol) and 15-crown-5 (17 L,
0.088 mmol) in dry DMF (0.5 mL) was added NaNs (6 mg, 0.088 mmol) and was stirring
overnigth. The mixture was diluted with Et2O (10 mL) and washed sequentially with H20O
(10 mL), satd NaHCOs; solution (10 mL), brine (10 mLl), dried over MgSQOs, and
concentred in vacuo. Purification by flash chromatography (hexanes/EtOAc 85:15)

gave complex mixture of products.

(3S.4R,55)-4-(tert-Butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy)-1,3-
dihydroxyhexan-2-one (201)

To a solution of 195 (82 mg, 0.15 mmol) in THF/MeOH 10:1 (1.0 mL) was added in one
portion PPTS (37 mg, 0.15 mmol). The reaction mixture was stired overnight at rt and
then was added satd NaHCOs3 solution (2 mL) and stired 10 min. After was extracted
with CH2Cl2 (3%x10 mL) and de combined organic layers were dried over MgSO4 and
concentred under reduced pressure. The crude product was purified by flash
chromatography (hexanes/EtOAc 70:30) to afford the product 201 (56 mg, 0.11 mmol)
in 67% yield.
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0 OTBS Colourless oil. Ri: 0.55 (Hexanes/EfOAc 70:30:). 'TH NMR (400 MHz,

CDCls) & 7.72-7.65 (4H, m), 7.48-7.37 (6H, m), 4.52 (1H, m), 4.38

OH OH oTeDPS| (1H.d.J=19.2),4.27 (1H,d, J=19.2),3.93 (1H, m), 3.84 (1H, dd, J

201 =5.2,J=3.2),3.48 (1H, m), 2.93 (1H, brs), 1.07 (9H, s), 1.05 (3H, d,
J=6.4),0.82 (9H, s), 0.05 (3H, s), 0.04 (3H, s).

(3S.,4R,5S5)-1,4-Bis(tert-butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy)-3-
hydroxyhexan-2-one (202)

To a solution of 201 (45 mg, 0.09 mmol) and and imidazole (9 mg, 0.13 mmol) in DMF
(1.0 mL) was added in one portion TBSCI (16 mg, 0.11 mmol). The reaction mixture was
stired 12 h, and them was quenched with satd NH4Cl solution, extracted with EfOAcC
(3x10 mL) and brine. (30 mL). The combined organic layers were dried with MgSOa,,
filtered and concentred in vacuo. Purification by flash column on silica gel (from
hexanes/EfOAc 95:5 to 90:10) gave 202 in 89% yield (50 mg, 0.08 mmol).

O OTBS Colourless oil. R 0.27 (Hexanes/EtTOAc 95:5). 'TH NMR (400
MHz, CDCla) § 7.72-7.66 (4H, m), 7.46-7.36 (6H, m), 4.4 (TH,
TBSO  OH OTBDPS| M) 442 (1H, d, J =18), 455 (1H, d, J = 18), 3.94 (1H, m), 3.88
202 (1H, dd, J = 5.2, J = 3.6), 3,53 (1H, br s), 1.05 (9H, s), 1.04 (3H,
d, J =6.4),0.89 (9H,5),0.83 (9H, ), 0.06 (3H, ), 0.05 (3H, 5), 0.04 (3H, 5), 0.03 (3H, ).

(3S,4R,55)-1,4-Bis(tert-butyldimethylsilyloxy)-5-(tert-butyldiphenylsilyloxy)hexan-2-one-
3-yl methanesulfonate (203)

To a solution of 202 (52 mg, 0.082mmol) and DMAP (100 mg, 0.82 mmol) in CH2Cl2 (2 mL)
were added dropwise MsCl (32 pL, 0.41 mmol) at 0 °C. The reaction mixture was stirred
30 min at 0 °C and then was allowed to rt. After 3 h satd NaHCOs solution (5 mL) was
added, extracted with Et20 (3x10 mL) and the combined organic layers were washed
with brine (20 mL), dried over MgSQOy, filtered and concentred in vacuo. The residue was
purified on silica gel (from hexanes/EtOAc, 95:5 to 90:10) to give 203 in 84% vyield (49
mg, 0.07 mmol).
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Colourless oil. R 0.22 (Hexanes/EtOAc 95:5). IR (diamond

O OTBS
ATR) v 2955, 2929, 1733, 1700, 1253, 1111 cm-1. 'H NMR (400

TBSO  OMs OTBDPS| MHz CDCls) 6 7.75-7.67 (4H, m), 7.45-7.36 (6H, m), 5.38 (1H, d,
203 J=40), 450 (1H,d, J=18.4), 433 (1H, d, J = 18.4), 406 (1H, 1,

J=48),397 (1H, dq, J = 6.4, J = 5.2), 3.01 (3H, s), 1.06 (9H, s), 1.01 (3H, d, J = 6.4), 0.91
(9H, s), 0.85 (9H, s), 0.11 (3H, s), 0.08 (3H, s), 0.07 (3H, s), 0.06 (3H, s).

Attempts for the introduction of an azido group in adduct 203

To a solution of 203 ( 30 mg, 0.04 mmol) and NaNs ( 4 mg, 0.06 mmol) in DMSO ( 0.5 mL)
was stired at rt overnight. The reaction mixture was hydrolysed with water and
extracted with Ef20 (3x10 mL). The combined organic layers were washed with brine
(20 mL), dried over MgSQOy, filtered and concentred under reduce pressure. 'TH RMN (400
MHz) crude reaction was determined as a complex mixture and the IR experiment was

not found azido-group.

To a solution of 203 (17 mg, 0.023 mmol), 15-crown-5 ( 12 pL, 0.06 mmol) and NaNs ( 4
mg, 0.06 mmol) in DMF (0.5 mL) was heated at 80 °C overnight. After the mixture
reaction was allowed to rt, was hydrolysed with water and extracted with Et20O (3x10
mL). The combined organic layers were washed with brine (20 mL), dried over MgSQy,
filtered and concentred under reduce pressure. 'H RMN (400 MHz) crude reaction was
determined as a complex mixture and the IR experiment was not found azido-group,

and recovered partial portion of starting material 203.

Attempts for the introduction of an azido group in adduct 202

To a solution of 202 (13 mg, 0.021mmol) and PhsP (1M in toluene, 30 L, 0.026 mmol) in
THF (0.5 mL) were added at 0 °C DEAD (40% toluene, 12 uL, 0.026 mmol). After 5 min
was added DPPA ( 6 yL, 0.026 mmol) and the stirring was continued for addifional 2 h
and then was allowed to rt overninght. The reaction mixture was hydrolysed with water
and extracted with Et20 (3x10 mL). The combined organic layers were washed with
brine (20 mL), dried over MgSQy, filtered and concentred under reduce pressure. H
RMN (400 MHz) crude reaction was determined as a complex mixture and the IR
experiment was not found azido-group, and recovered partial portion of starting

material 202.
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3.1.2. The second synthetic approach

Methyl (§)-2-(tert-butyldimethylsilyloxy)propanoate (204)

A solution of methyl (S)-lactate (1.09 g, 10.5 mmol), imidazole (1.71 g, 25.2 mmol) in
CH2Cl2 (40 mL) at 0 °C was added in one portion TBSCI (1.9 g, 12.6 mmol). The resulting
mixture was stired at 0 °C 1 h and then it was allowed to rt. The reaction was stopped
after 15 h by adding over brine (30 mL) and extracted with CH2Cl2 (3 x 50 mL). The
combined organic extracts were dried over MgSQys, filtered and concentrated. The
residue was purified on silica gel (hexanes/EtOAc, 90:10) to give 204 in quantitative
yield (2.29 g, 10.5 mmol).

Colourless oil. Ri: 0.38 (Hexanes/EtOAc 90:10). ). [alo —28.9 (c 1.00,
CHCIs). IR (diamond ATR) v 2959, 1759, 1740, 1373, 1148 cm-'. 'TH NMR
(400 MHz, CDCls) 6 4.32 (1H, g, J = 6.7), 3.70 (3H, s), 1.38 (3H, d, J =
6.7), 0.88 (?H, s), 0.08 (3H, s), 0.05 (3H, s). 13C NMR (100.6 MHz, CDCls) 6
174.5, 68.4, 51.7,25.6,21.3,18.3, -5.0, -5.3.

(S)-2-(tert-Butyldimethylsilyloxy)propanal (205)

According to GP2 204 (1.0 g, 4.57 mmol) was reacted with DIBAL-H (1.0 M in toluene,
5.72 mL, 5.72 mmol) in CH2Cl2 (15 mL) to give 205 (860 mg, 4.57 mmol) in quantitative

yield as a colourless oil.

Colourless oil. Ri: 0.55 (Hexanes/EtOAc 90:10). [alo —11.7 (c 1.50, CHCl3).
IR (diamond ATR) v 2957, 2934, 1742, 1474, 1375, 1134 cm-'. 'TH NMR (400
MHz, CDCls) 6 9.61 (1H, d, J =1.4),4.09 (1H,qd, J =1.4, J=6.9), 1.28 (3H,
d, J =6.9), 092 (9H,s5), 0.10 (3H, s), 0.09 (3H, s). 13C NMR (100.6 MHz,
CDCls) 6 204.2,73.8,25.7, 18.5, 18.2, -4.8, -4.9.

(S)-4-((1R,25)-2-(tert-Butyldimethylsilyloxy)-1-hydroxypropyl)-2,2-dimethyl-1,3-dioxan-
5-ona (2046)

According with GP3 aldehyde 205 (94 mg, 0.5 mmol), L-proline (34 mg, 0.3 mmol) was

reacted with ketone 187 (195 mg, 1.5 mmol) to give 206 (141 mg, 0.46 mmol) in 89 %
yield as a diasteriomeric mixture (dr (anfi/syn) 95:5) determined by 'H RMN (400 MHz).
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O OH 1 Colourless oil. Ri: 0.51 (Hexanes/EtOAc 70:30). ). [a]lo -87.4 (c 0.85,
CHCI3). IR (diamond ATR) v 2929, 2856, 1746, 1374, 1251, 1224, 1092,
O, & OTes| 835 cm. TH NMR (400 MHz, CDCls) 6 4.41 (1H, dd, J = 1.4, J = 6.1),
7< 427 (1H,dd, J=1.4,J=17.2), 409 (1H,qd, J = 4.8, J = 6.2), 401 (1H,
206 d,J=17.2),376 (1H, ddd, J = 48, J =52, J = 6.1), 2.81 (IH, d, J =
5.2), 1.47 (3H,'s), 1.44 (3H, s), 1.20 (3H, d, J = 6.2), 0.89 (9H, s), 0.08 (3H, s), 0.07 (3H, s). 13C
NMR (100.6 MHz, CDCls) 6 210.1, 100.9, 74.8, 73.5, 68.9, 66.9, 25.8, 23.9, 23.6, 19.2, 18.0, —
4.4, -4.8. HRMS (ESI+) m/z calcd. for C1sH30O0sSi [M+H]*: 319.1935; found: 319.1932.

(S)-4-((1R,25)-2-(tert-Butyldimethylsilyloxy)- 1-(tert-butyldiphenyisilyloxy)propyl)-2,2-
dimethyl-1,3-dioxan-5-ona (207)

To a solution of 206 (965 mg, 3.03 mmol) and imidazole (990 mg, 14.54 mmol) in CH2Cl>
(8 mL) at 0°C was added dropwise TBDPSCI (1.73 mL, 6.66 mmol). The solution was
stired 30 min at 0°C and then was brought to rt overnight. The reaction was quenched
by addition of a satd NaHCOz3 solution (50 mL) followed by extraction with CH2Cl2 (3x50
mL). The combined organic layers were washed with brine (100 mL), dried with MgSQOy4,
filtered and after evaporation under reduced pressure. Purification by flash column on
silica gel (hexanes/EfOAc 95:5) afforded 207 in 87% yield (100% brsm) (1.470 g, 2.64

mmol).

O oTBDpS Colourless oil. R 0.67 (Hexanes/EtOAc 95:5). [a]lo —45.8 (c 1.40,
CHCl). IR (diamond ATR) v 2955, 2890, 1747, 1472, 1427, 1222, 1103,
O & OTBS| 834 cml. H NMR (400 MHz, CDCls) & 7.74 (2H, dd, J = 1.6, J = 8.0),
7< 7.65 (2H, dd, J = 1.6, J = 8.0), 7.44-7.32 (6H, m), 4.40 (1H, dd, J = 1.6, J
207 =20), 425 (1H, dqg, J = 6.0, J = 7.2), 407 (1H, dd, J = 1.6, J = 16.4),
3.96 (1H,dd, J=20,J=72),3.76 (1H,d, J = 16.4), 1.22 (3H, s), 1.19 (3H, s), 1.15 (3H, d, J =
6.0), 1.04 (9H, s), 0.82 (9H, s), 0.01 (3H, s), 0.00 (3H, s). 13C NMR (100.6 MHz, CDCl3) & 207.2,
136.3, 136.0, 134.3, 133.3, 129.6, 129.5, 127.4, 127.3, 100.5, 78.4, 75.8, 69.3, 67.3, 27.1, 25.9,
23.9, 23.2, 21.4, 19.7, 18.0, 4.1, -4.6. HRMS (ESI+) m/z calcd. for CaiHseOsSia [M+NH4]*:
574.3379; found: 574.3375.

(4R,5S)-4-((1R,25)-2-(tert-Butyldimethylsilyloxy)-1-(tert-butyldiphenylsilyloxy)propyl)-2,2-
dimethyl-1,3-dioxan-5-ol (208)

According with GP4 ketone 207 (1.243 g, 2.23 mmol) was reacted with L-selectride (1M
solution THF, 2.97 mL, 2.97 mmol) to give 208 (1.087 g, 1.94 mmol) in 87 % yield as a single
diasteriomer (dr (syn/anti) =2 98:2) determined by ."H RMN (400 MHz).
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oH oTBDpg| Colourless oil. Ri: 0.20 (Hexanes/EtOAc 95:5). IR (diamond ATR) v

- 2930, 2856, 1470, 1381, 1111, 1052, 832 cm-. '"H NMR (400 MHz,

O, & OTBS| CDCh) 6 7.77-7.72.(4H, m), 7.44-7.34 (6H, m), 3.95-3.89 (4H, m), 3.75
7< (1H, dd, J = 2.2, J = 12.2), 3.65 (1H, brd, J = 6.8), 3.17 (1H, d, J = 6.8),
208 1.41 (3H,'s), 1.39 (3H, s), 1.09 (9H, s), 0.99 (3H, d, J = 6.0), 0.81 (9H, s), -

0.07 (3H, s), —0.08 (3H, s). 3C NMR (100.6 MHz, CDCls) & 136.4x2, 133.5x2, 129.6x2,
127.4x2, 98.8.78.3,71.5, 69.7, 65.9, 63.7, 29.4,27.2,26.0, 19.7, 19.1, 18.5, 18.1, 4.2, -4.8.

(4R,5S5)-4-((1R,2S)-2-(tert-Butyldimethylsilyloxy)- 1-(tert-butyldiphenylsilyloxy)propyl)-5-
((2-methoxyethoxy)methoxy)-2,2-dimethyl-1,3-dioxane (209)

To a solution of 208 (1.00 g, 1.79 mmol) and DIPEA (2.49 mL, 14.32 mmol) in CH2Cl2 (12
mL) was added dropwise MEMCI (808 uL, 7.16 mmol) at 0°C. The resulting mixture was
stired for 30 min at 0°C and for 8 h af rt. After the reaction was again allowed to 0°C
and satd NaHCOs solution (20 mL) was added and stirred 10 min. The reaction mixture
was extracted with CH2Cl2 (3x20 mL) and the combined organic layers were washed
with brine (40 mL), dried over MgSQOy, filtered and concentrated under reduce pressure.
The crude of reaction was purified by column chromatography (hexanes/EtOAc 80:20)
fo give 209 in 94% yield (1.08 g, 1.68 mmol).

MEMO  OTBDPS Colourless syrup. Ri: 0.30 (Hexanes/EtOAc 80:20). TH NMR (400

Z MHz, CDCls) 6 7.74 (2H,dd, J=1.4,J=7.8),7.66 (2H,dd, J=1.4,J
=7.8),7.41-7.30 (6H. m), 4.23 (1H, d, J =7.6), 422 (1H, dd, J = 1.4,
7< 7.4), 418 (1H,dd, J =1.6, J = 6.4), 402 (1H, dd, J =20, J =12.8),

209 3.98 (1H,d, J =7.2),383 (1H, ddd, J =3.2, J =48, J=10.8), 3.76
(1H, m), 3.73 (1H, dd, J = 1.2, J =8.4), 3.43 (1H, m), 3.35 (1H, m), 3.32 (3H, s), 3.21(1H, m),
1.39 (3H, s), 1.33 (3H, s), 1.21 (3H, d, J = 6.4), 1.04 (9H, s), 0.82 (?H, s), —0.03 (3H, s), -0.05
(3H, s). 13C NMR (100.6 MHz, CDCls) & 136.3, 135.9, 134.9, 133.4, 129.5, 129.4, 127.4, 127 .3,
98.3,95.9,75.7,73.5,71.6, 71.4, 69.6, 66.6, 64.1,58.1, 29.1,27.0, 26.1, 19.8, 18.8, 18.2, 17 4,
—4.2,-4.7.

(25,3R,4R,5S)-5-(tert-Butyldimethylsilyloxy)-4-(tert-butyldiphenylsilyloxy)-2-
(mehoxyethoxy)methoxyhexane-1,3-diol (210)

To a solution of 209 (893 mg, 1.38 mmol) in THF/MeOH (10:1, 10 mL) was added in one
portion PPTS (346 mg, 1.38 mmol). The reaction mixture was stirred at rf for 12 h and then
was added satd NaHCOs solution (10 mL) and stired 10 min. After was extracted with

CH2Cl2 (3x20 mL) and de combined organic layers were washed with brine (50 mL),
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dried over MgSO4 and concentfred under reduced pressure. The crude product was
purified by flash chromatography (from hexanes/EtOAc 80:20 to 60:40) to afford the
product 210 (719 mg, 1.19 mmol) in 86% yield.

Colourless syrup. Ri: 0.29 (Hexanes/EfOAc 60:40). TH NMR (400

MHz, CDCls) & 7.72-7.68 (4H, m), 7.44-7.32 (6H, m), 4.34 (1H, d, J =

OH OH OTBS | 74). 417 (1H ad. J =24, J=6.4), 407 (1H, d, J = 7.4), 388 (IH,

210 dd, J = 2.6, J = 6.6), 3.80 (1H, m), 3.62 (2H, m), 3.57-3.47 (6H, m),

3.34 (3H, s), 3.21 (1H, m), 1.21 (3H, d, J = 6.4), 1.05 (9H, s), 0.83

(9H, s), 0.01 (3H, s), 0.00 (3H, s). 13C NMR (100.6 MHz, CDCl3) 6 136.3, 136.0, 134.1, 133.4,

129.7, 127.5, 127 .4, 95.9, 80.7, 77.4, 75.5, 71.5, 70.6, 67.4, 64.7, 58.9, 27.0, 25.9, 19.7, 19.2,
18.1,-4.5,-4.6.

MEMO  OTBDPS

(25,3R,4S5,55)-5-(tert-Butyldimethylsilyloxy)-4-(tert-butyldiphenylsilyloxy)-2-
((mehoxyethoxy)methoxy)-1,3-di-(triethylsilyloxy)hexane (211)

To a solution of 210 (116 mg, 0.12 mmol) and imidazole (129 mg, 1.20 mmol) in THF (1.0
mL) at 0°C was added dropwise TESCI (155 uL, 0.91 mmol). The resulting mixture was
stired for 30 min at 0°C and then at rt for overnight. Brine (20 mL) was added and the
reaction mixture was extracted with CH2Cl2 (3x20 mL) and the combined organic layers
were dried over MgSQOy, filtered and concentred under reduced pressure. The crude
product was purified by flash column chromatography (hexanes/EtOAc 90:10) afforded
211 (158 mg, 0.19 mmol) in a quantitative yield.

Colourless oil. Ri: 0.51 (Hexanes/EtOAc 90:10). ). 'TH NMR (400 MHz,

CDCls) 6 7.72-7.68 (4H, m), 7.41-7.29 (6H, m), 4.52 (1H, d, J = 6.4),

OTESOTESOTRS| 440 (TH, d, J = 6.4), 403 (1H, m), 400 (1M, qd, J = 3.0, J = 6.0),

211 3,83 (1H, dd, J = 2.6, J = 5.4), 3.67-3.60 (3H, m), 3.49 (1H, m), 3.45-

3.39 (3H, m), 3.35 (3H, s), 1.17 (3H, d, J = 6.0), 1.08 (9H, s), 0.92 (9H,

t,J=28.0),0.91 (9H, t, J = 8.0), 0.78 (9H, s), 0.59 (6H, q, J = 8.0), 0.53 (6H, g, J = 8.0), -0.02

(3H. s), —0.05 (3H, s). 13C NMR (100.6 MHz, CDCls) 6 136.5, 136.4, 134.5, 129.3, 129.2, 127.3,

127.1, 95.6, 79.6, 79.1,75.3, 71.8, 69.9, 66.7, 63.0, 58.9, 27.2, 25.9, 19.8, 19.6, 18.0, 7.0, 6.8,
6.4,5.2,4.3,-4.3,-4.4.

MEMO  OTBDPS
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(25,3R,4S5,55)-5-(tert-Butyldimethylsilyloxy)-4-(tert-butyldiphenylsilyloxy)-2-
((mehoxyethoxy)methoxy)-3-(triethylsilyloxy)hexanal (212)

A round-bottom flask was filled with CH2Cl2 (2.5 mL) and oxallyl chloride (166 yL, 1.91
mmol) at —=78 °C were added dropwise DMSO (275 pL, 3.78 mmol). The reaction mixture
was sfired 5 min and then was added via cannula a solution of 211 (363 mg, 0.43
mmol) in CH2Cl2 (2 mL). Stirring was contfinued for additional 2 h at —40 °C and EtsN (896
yL, 6.45 mmol) was added. The resulting mixture was stirred 2 h af rt and quenched with
satd NaHCOs3 solution (30 mL). The reaction mixture was extracted with Ef20 (3x40 mL)
and the combined organic layers were washed with brine (80 mL), dried over MgSOy,
filtered and concentred under reduced pressure. The crude product was purified by
flash column chromatography (hexanes/EtOAc 90:10) afforded 212 (305 mg, 0.42
mmol) in 98% yield.

MEMO oTBDps| Colourless oil. Ri: 0.32 (Hexanes/EtOAc 90:10). ). TH NMR (400

Ho -~ MHz, CDCl) 6 9.77 (1H, d, J = 1.2), 7.72 (2H, dd, J =2.0, J = 8.0),
O OTESOTBS| 7.67 (2H, dd, J =20, J = 80), 7.42-7.34 (6H, m), 4.63 (1H, d, J =
212 6.8), 429 (1H, d, J = 6.8), 419 (1H, dd, J = 3.2, J = 5.2), 4.13 (1H,

dd, J=1.2,J=52),3.93 (1H,dt, J=6.0,J=11.6), 3.86 (1H, dd, J
=32,J=56),3.78 (1H,dd, J = 3.6, J = 4.8),3.75 (1H, 1, J = 4.4), 3.56 (1H, m), 3.47 (1H, d, J
= 4.4),3.46 (1H, dd, J = 1.2, J = 3.6), 3.35 (3H, s), 1.06 (9H, s), 0.96 (3H, d, J = 6.0), 0.92 (9H,
t,J=7.6),0.79 (9H,s), 0.57 (6H, q, J = 7.6), —0.01 (3H, s), —0.04 (3H, s). 13C NMR (100.6 MHz,
CDCls) § 201.7, 136.4, 136.2, 133.8, 133.2, 129.7, 129.4, 127.4, 127.3, 96.2, 84.5, 80.7, 74.6,
71.5,69.2, 67.5,59.0,27.2, 25.9, 20.4, 19.9, 18.0, 6.9, 4.9, 4.3, 4.5,

Hemiacetal of aldehyde 212

Test 1: Using THF/H20O (4:1) as the solvent and pTsOH as reagent.

A stirred solution of 212 (40 mg, 0.05 mmol) in THF/H20 (6:1, 0.3 mL) was added catalytic
amount of pTsOH and was heated 40°C for overnight. After the reaction was quenched
with satd NaHCOs solution (2 mL), extracted with CH2Cla (3x10 mL).The combined
organic layers were washed with brine (20 mL), dried over MgSQO., fitered and
concentred under reduce pressure. The crude of reaction was purified by column
chromatography (from hexanes/EfOAc 70:30 to 1:1) to afford 215 (19 mg, 0.047 mmol)

in 95% yield as a mixture of a/p anomers.
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., _O_ _OH Colourless oil. Ri: 0.31 (Hexanes/EtOAc 30:70). IR (diamond ATR)
/ , v 3455, 3071, 2928, 1472, 1428, 1112 cm-'. TH NMR (400 MHz,
TBDPSO “OH|  CDCl) 6 7.65-7.62 (4H, m), 7.47-7.37 (6H, m), 5.07 (TH, m), 4.84
2?? (1H,brd, J=8.4),4.12 (1H, dqg, J = 6.4, J = 2.8), 3.90-3.88 (2H, m),
3.78 (1H, brd, J=3.2),3.71 (1H, dd, J = 5.2, J = 3.2), 2.90 (1H, br
s), 2.47 (1H, brs), 1.09 (9H,s), 1.04 (3H, d, J = 6.4).

Test 2: Using MeOH as the solvent and pTsOH as reagent.

To a solution of 212 (21 mg, 0.029 mmol) in MeOH was added a catalytic amound of
pTsOH and was stired at rt overnight. The reaction mixture was quenched with satd
NaHCOs solution (2 mL), extracted with EtOAc (3x10 mL), dried over MgSO4, filtered
and concentred under reduce pressure. The crude product was purified by flash
column chromatography (hexanes/EtOAc 70:30) to afford 214 (8 mg, 0.02 mmol) in 67%

yield as a mixture of of a/p anomers.

v, _O. _OM Colourless oil. Re: 0.30 (Hexanes/EtOAc 70:30). [alo +22.5 (c
’ 1.40, CHCl). IR (diamond ATR) v 3466, 2930, 2857, 1427, 1111,
TBDPSO "OH | 1086, 858 crn'. TH NMR (400 MHz, CDCls) & 7.68 (2H, dd, J =
Z?Z'a 1.2, =80), 7.63 (2H, dd, J = 1.2, J = 8.0), 7.46-7.35 (6H, m),
4.70 (1H, d, J =1.6), 3.93 (1H, m), 3.84 (1H, m), 3.81-3.78 (2H, m),
3.47 (3H, s), 2.45 (1H, d, J = 1.2), 2.16 (1H, brd, J = 3.2), 1.09 (9H, s), 1.03 (3H, d, J = 6.0).
13C NMR (100.6 MHz, CDCls) 6 135.9, 135.8, 132.9x2, 130.1, 130.0, 127.8, 127.7, 99.0, 72.8,
70.4, 70.3, 69.9, 56.4, 27.0, 19.3, 18.2. . HRMS (ESI+) m/z calcd. for CasHazOsSi [M+NH4]*:
434.2357; found: 434.2359.

. _O. .OM Colourless oil. Ri: 0.26 (Hexanes/EtOAc70:30). IR (diamond
’ ) ATR) v 3467, 2932, 2860, 1429, 1109, 1087, 856 cm-. 'TH NMR
TBDPSO "'OH (400 MHz, CDCls) & 7.72-7.68 (4H, m), 7.46-7.36 (6H, m), 4.48
zcl)rﬁ (1H, d, J =2.4), 401 (1H,dqg, J =1.2,J = 6.4),3.82 (1H, m), 3.70
(TH, m), 3.68 (1H, dd, J = 3.2, J = 8.0), 3.40 (3H, s), 2.89 (1H, br d,

J=6.8),1.09 (9H,s), 1,07 (3H, d, J = 6.4).

Test 3: Using THF/MeOH (10:1) as the solvent and PPTS as reagent

To a solution of 212 (50 mg, 0.07 mmol) in THF/ MeOH (10:1, 1.0 mL) was added a
catalytic amount of pTsOH. The reaction mixture was stirred at rt for 3 h and then was
added satd NaHCOs solutfion (10 mL) and stirred 10 min. After was extracted with EFOAc

(3x10 mL) and de combined organic layers were washed with brine (20 mL), dried over
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MgSO4 and concentred under reduced pressure. The crude product was purified by
flash chromatography (from hexanes/EtOAc 70:30 to 1:1) to afford the product 213 (32

mg, 0.066 mmol) in 94% yield as a mixture of a/B anomers.

.,, _O_ _OH Colourless oil. Re: 0.40 (Hexanes/EtOAc 30:70). TH NMR (400
j/\lj/ MHz, CDCls) 6 7.66-7.64 (4H, m), 7.41-7.37 (6H, m), 4.09 (1H,
TBDPSO "OMEN ) 489 (1M, brs), 458 (1H, d, J = 7.2), 452 (1H, d, J = 7.2),
OH 4,23 (1H, d, J =10.8), 4.13 (1H, dg, J = 6.4, J = 3.2), 3.85-3.83

213
(2H, m), 3.69 (1H, m), 3.55 (1H, m), 3.42-3.39 (2H, m), 3.34 (3H,
s), 1.13 (3H, d, J = 6.4), 1.10 (9H, s).

(2R,3R,4R,5S)-4-(tert-Butyldiphenyilsilyloxy)-1-methoxy-2-((2-methoxyethoxy)methoxy)-
5-methyltetrahydro-5H-pyran-3-ol (216)

To a solution of 213 (32 mg, 0.066 mmol) in 2,2-dimethoxypropane and MeOH (3:1, 2 mL)
was added a catalytic amount of pTsOH and then the reaction mixture was stired at
0°C for 30 min. Afther was added satd NaHCOs solution and extracted with EfOAc
(3x10 mL), washed with brine (20 mL), dried over MgSQy, filtered and concentred under
reduce pressure. Column chromatography (from hexanes/EfOAc 80:20 to 1:1) of the
crude the reaction to afford 216 (26 mg, 0.050mmol) in 72% yield as a mixture of a/p
anomers and 214 (7 mmg, 0.016 mmol) as a byproduct of the reaction in 20% yield as a

mixture of a/R anomers.

m, _O_ _OMe Colourless oil. Ri: 0.22 (Hexanes/EfTOAc 70:30). TH NMR (400

' , MHz, CDCl) 6 7.73 (2H, d, J = 1.6, J = 8.0), 7.69 (2H, J = 1.6, J

TBDPSO OMEN|  _ g, 7.45.-7.35 (6H, m), 4.53 (1H, br s), 4.53 (1H, d, J = 7.2),

2122 450 (1H, d, J = 7.2), 401 (1H, dq, J = 6.4, J = 8.8), 3.76 (1H,

dd, J=1.2,J=3.6),3.68 (1H,dd, J = 2.1, J = 9.0), 3.4 (1H, m),

3.56-3.49 (2H, m), 3.43-3.38 (2H, m), 3.38 (3H, s), 3.33 (3H, s), 3.06 (1H, d, J = 7.2), 1.20 (3H,
d,J=6.4),1.09 (9H, ).

., _O_ .OMe Colourless oil. Ri: 0.20 (Hexanes/EtOAc 70:30). TH NMR (400

/ MHz, CDCls) 6 7.67-7.64 (4H, m), 7.46-7.36 (6H, m), 4.70 (1H,
TBDPSO “OMEN|  pro), 4.69 (1H, d, J = 6.8), 4.61 (1H, d, J = 6.8), 3.82- 3.73, (4H,
212% m), 3.61-3.56 (3H, m), 3.48 (1H, m), 3,43 (3H, s), 3.41 (1H, m),

3.34 (3H,'s), 2.41 (1H, brs), 1.12 (3H, d, J = 6.0), 1.09 (9H, s).
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Attempt to infroduce an azido group in sugar 216

From a trifluoromethanesulfonic intermediate (triflyl derivate)

To a solution of 216 (20 mg, 0.039 mmol) and 1,é-lutidine (9 yL, 0.071 mmol) at =78 °C in
CH2Cl2 (0.5 mL) was added dropwise trifluoromethanesulfonic anhydride (10 L, 0.058
mmol). Stirring was continued for 10 min at =78 °C and then for 2 h at —40 °C. The mixture
was diluted with Et20 (10 mL) and washed sequentially with H2O (10 mL), aqueous HCI
(TM, 10 mL), satd NaHCOs3 solution (10 mL), brine (10 mL), dried over MgSO4, and
concentred in vacuo to give friflate XLII (25 mg, crude), which was used without further
purification.

To a sfirred solution of triflate XLII (25 mg, 0.039 mmol) and 15-crown-5 (23 uL, 0.117
mmol) in dry DMF (0.8 mL) was added NaNs (8 mg, 0.117 mmol) and was stirring during
3 h. The mixture was diluted with Et20 (10 mL) and washed sequentially with H20 (10
mL), satd NaHCOs solution (10 mL), brine (10 mL), dried over MgSO4, and concentred in
vacuo. Purification by flash chromatography (hexanes/EfOAc 80:20) gave 217 (4 mg,
0.01 mmol) in 25% yiel as a mixture of a/B anomers, and 218 (3 mg, 0.006 mmol) in 15%

yield as a mixture of a/p anomers.

Colourless oil. R 0.33 (Hexanes/EtOAc 80:20). IR (diamond

v, O-_OMe
U ATR) v 2916, 2848, 1112, 1069, 702 cm-l. 'H NMR (400 MHz,
TBDPSO™ ™75 CDCls) §7.78 (2H,dd, J=1.6,J=7.6),7.72 (2H, 1 = 1.6, ) = 7.6),
217 7.47-7.38 (6H, m), 470 (1H, d, J =3.2), 3.93 (1H, dq, J = 6.4, J =

9.2),3.61 (1H,dd, J = 1.6, J =9.2), 3.42 (3H,s), 3.32 (1H, dd, J = 3.2, J = 4.4), 2.97 (1H, dd, J
= 1.6, J=44),121 (34, d, J = 6.4), 1.06 (9H, s). HRMS (ESI+) m/z calcd. for CasHasOsSiz
[M+NH.]*: 416.2252; found: 416.2252.

., _O. .OMe Colourless oil. Re: 0.30 (Hexanes/EtOAc 80:20). IR (diamond

U ATR) v 3518, 2930, 2103, 1461, 1139 cm-. TH NMR (400 MHz,
TBDPSO™ " "OH | cpCly) § 7.75-7.70 (4H, m), 7.44-7.37 (6H, m), 5.17 (1H, dd, J =

N
21; 6.4, =60),505 (1H, m), 403 (1H, dqg, J = 6.2, J = 6.0), 3.79 (1H,
dd, J=9.6,J=23.2),3.51 (1H, 1, J=9.6),3.43 (3H, s), 2.80 (1H, br
d,J=32), 1.1 (3H,d, J = 6.2), 1.05 (9H, s).
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Attempt to afford L-mycosamine precursor 222

(3aR,5S,6R,7R,7aR)-é-(tert-Butyldiphenyilsilyloxy)-5-methyltetrahydro-3aH-
[1,3]dioxolo[4,5-b]pyran-7-ol (215)

To a solution of 212 (59 mg, 0.082 mmol) in CH2Cl2 (0.5 mL) at 0°C was added BFs Ef20
(10 pL, 0.082 mmol). The reaction mixture was stired for 2 h at 0°C and then at rt
overnight. After was quenched with NH4Cl (2 mL), extracted with CH2Cl2 (3x10 mL) and
the combined organic layers were washed with brine (20 mL), dried over MgSOs,
filtered and concentred under reduced pressure. The crude product was purified by
flash column chromatography (from hexanes/EtOAc 80:20 to 1:1) afforded 219 (20 mg,
0.046 mmol) in 52% yield and 215 (6 mg, 0.013 mmol) in 17% yield as a mixture of a/p

anomers.
n,, OO Colourless oil. Rs: 0.43 (Hexanes/EtOAc 80:20). [a]p —23.3 (c 1.40,
_ )| CHCL). H NMR (400 MHz, CDCk) & 7.68-7.64 (4H, m), 7.49-7.38
TBDPSO O 1 (6H, m), 538 (1H, d, J = 2.4), 5.16 (1H, d, J = 1.2), 496 (1H, d, J =
21;); 1.2), 402 (1H, 1d, J =20, J = 3.2), 391 (1H, 1, J = 2.8), 3.82 (1H,
da, J=6.0,J=80),3.73 (1H,dd, J =32, J=80),2.50 (1H,d, J =
2.0), 1.11 (9H, s), 0.99 (3H, d, J = 6.0). 13C NMR (100.6 MHz, CDCls) & 135.9, 135.8, 132.9,

132.6, 130.3, 130.2, 127.9%2, 95.4, 95.2, 79.3, 72.9, 68.4, 68.3, 27.1, 19.3, 18.1. HRMS (ESI+)
m/z calcd. for C23H300sSi2 [M+NH4]*: 423.2221; found: 423.2227.

Attempt to infroduce an azido group in sugar 219

(3aR,5S,6R,7R,7aR)-7-Azido-é-(teri-butyldiphenylsilyloxy)-5-methyltetrahydro-3aH-
[1,3]dioxolo[4,5-b]pyrane (220)

To a solution of 219 (16 mg, 0.038 mmol) and pyridine (30 pL, 0.38 mmol) in CH2Cl2 (0.4
mL) at =78 °C was added frifluoromethanesulfonic anhydride (30 pL, 0.19 mmol).The
reaction was stirred at =20 °C for 1 h and then was quenched with satd NaHCO3 (2 mL).
The mixture was extracted with CH2Cl2 and the combined organic layers were dried
over MgSQy, filtered and concentred in vacuo to give triflate adduct (20 mg, crude),
which was used without further purification.

To a stirred solution of triflate adduct (20 mg, 0.038 mmol) and 15-crown-5 (22 ulL, 0.114
mmol) in dry DMF (0.4 mL) was added NaNs (8 mg, 0.114 mmol) and was stirring for 2 h.
The mixture was diluted with Et2O (10 mL) and washed sequentially with H2O (10 mL),
satd NaHCOs solution (10 mL), brine (10 mL), dried over MgSO4, and concentred in
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vacuo. Purification by flash chromatography (hexanes/EtOAc 80:20) gave 220 (12 mg,
0.029 mmol) in 75% vyield.

“, 0.0 Colourless oil. Ri: 0.67 (Hexanes/EtOAc 80:20). [a]p +16.7 (c 1.10,

J/\J“ > CHCIl3). IR (diamond ATR) v 2930, 2892, 2856, 2099, 1427, 1095,

TBDPSO™ Y7 O | 545 o1, 1H NMR (400 MHz, CDCls) 6 7.73-7.69 (4H, m), 7.45-7.39

2;3 (6H, m), 5.28 (1H, d, J = 2.4), 5.24 (1H, d, J = 1.2), 5.03 (1H, brs),

420 (1H, dd, J =28, J = 4.4), 3.66 (1H, 1, J =8.0), 3.54 (1H, dd, J

=44,J)=88), 348 (IH, dg, J = 6.0, J =8.0), 1.08 (3H, d, J = 6.0), 1.05 (?H, s). 13C NMR

(100.6 MHz, CDCls) & 135.9x2, 133.0, 132.9, 129.9, 129.8, 127.7, 127.6, 96.2, 96.1,77.9, 73.0,
72.1,63.0,26.9,19.7,18.7.

(3aR,5S,6R,7R,7aR)-é-(tert-Butyldiphenylsilyloxy)-2,2,5-trimethyltetrahydro-3aH-
[1,3]dioxolo[4,5-b]pyran-7-ol (221)

A round-botton flask filled with 215 (282 mg, 0.7 mmol), 4 A molecular sieves and
catalytic amount of pTsOH in CH2Cl2 (4.5 mL) was added 2,2-dimethoxypropane (860
pL, 7.0 mmol). The reaction was stired 20 min and then was quenched with satd
NaHCOs (2 mL). The mixture was extracted with CH2Cl2 (3x20 mL), washed with brine,
dried over MgSQy, filtered and concenitred under reduce pressure. Purification crude
reaction by flash column chromatography (from hexanes/EfOAc 80:20 to 1:1) afforded

221 (234 mg, 0.53 mmol) in 76% yield and 215 (57 mg, 0.14 mmol) as a unaltered starting

material.
., O o Colourless oil. R 0.78 (Hexanes/EtOAc 80:20). [alo —26.6 (c
., >< 1.13, CHCIs) IR (diamond ATR) v 3478, 2930, 2857, 1427, 1103,

TBDPSO ‘0

OH 1085, 890 cm-'. "TH NMR (400 MHz, CDCl3) & 7.69-7.63 (4H, m),
221 7.49-7.37 (6H, m), 529 (1H, d, J = 2.6), 4.07 (1H, t, J = 2.6), 4.04
(TH, dd, J=4.0,J=28),3.77 (1H, qd, J = 2.6, J = 6.0), 3.76 (1H,
dd,J=28,J=40),255(1H,d, J=1.6), 1.40 (3H,s), 1.31 (3H,s), 1.11 (9H, s), 0.97 (3H, d, J

= 6.0). 13C NMR (100.6 MHz, CDCls) 6 136.0, 135.8, 133.0, 132.7, 130.2, 130.1, 127.8, 127.7,
111.0, 96.0, 79.0, 73.0, 68.6, 67.8, 27.9, 27.1, 26.0, 19.3, 18.2. HRMS (ESI+) m/z calcd. for
C25H3405Si2 [M+Na]*: 465.2068; found: 465.2072.
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Attempt to infroduce an azido group in sugar 221

From a trifluoromethanesulfonic intermediate (triflyl derivate)

A round-bottom flask filled with 221 (220 mg, 0.5 mmol) and pyridine (400 L, 5.0 mmol)
in CH2Cl2 (5 mL) at —40 °C was added frifluoromethanesulfonate (420 pL, 2.50 mmol).
Then the reaction mixture was stired at —20 °C for 1 h. After was added sadt NaHCOs3
solution (5 mL) and extracted with CH2Cl2 (3x10 mL). The combined organic layers were
washed with brine (20 mL), dried over MgSO4, filtered, and concentred under reduce
pressure to afford friflate adduct (285 mg, crude), which was used without further
purification.

To a solution of triflate adduct (285 mg, 0.5 mmol) and 15-crown-5 (295 uL, 1.5 mmol) in
DMF (5.0 mL) was added in one portion NaNs (97 mg, 1.5 mmol). The reaction was
stired 3 h at rt and then was diluted with Et20, poured intfo H20 (30 mL) and extracted
with Et20 (3%x20 mL). The combined organic layers were washed with brine (30 mL),
dried over MgSOy, filtered and concentred in vacuo. Purification of the crude reaction
by flash column chromatography (hexanes/EtOAc, 80:20) gave 222 (212 mg, 0.46
mmol) in 92% yield.

', 0.0 Colourless oil. Re: 0.62 (Hexanes/EtOAc 80:20). [a]lo +28.0 (c

Lj >< 1.60, CHCIl3). IR (diamond ATR) v 2933, 2857, 2100, 1427, 1234,

TBDPSO” Y~ O 1104, 868 cm'. TH NMR (400 MHz, CDCla) & 7.73-7.71 (4H, m),

2N232 7.44-7.37 (6H, m), 5.17 (1H, d, J =2.2), 432 (1H,dd, J =22, J =

4.2),3.66 (1H, 1, J =8.6),3.49 (1H,dd, J =4.2,J =9.0), 3.40 (1H,

dg, J =6.2,J=28.2), 1.43 (3H,s), 1.35 (3H, s), 1.06 (3H, d, J = 6.2), 1.05 (9H, s). 13C NMR

(100.6 MHz, CDCls) 6 135.9x2, 133.3, 133.0, 129.8, 129.7, 127.6, 127.5, 112.1, 96.8, 77.6,

72.5, 72.3, 63.5, 27.7, 26.9, 26.0, 19.7, 18.8. HRMS (ESI+) m/z calcd. for CasHasN3OaSiz
[M+NH4]*: 485.2579; found: 485.2585.
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3.1.3. The third synthetic approach

((4S.5R)-5-((1R,2S)-1-(tert-Butyldimethylsilyloxy)-2- (tert-butyldiphenylsilyloxy)-1-propyl)-
2,2-dimethyl-1,3-dioxolan-4-yl)methanol (223)

To a solution of 208 (449 mg, 0.80 mmol) in CH2Cl2 (4 mL) at 0°C was added dropwise
TFA (61 pL, 0.80 mmol). Stiring was continued for 30 min and then for 2 h at rt. The
reaction was quenched with satd NaHCOs solution (5 mL) and extracted with CH2Cl»
(3x20 mL). The combined organic layers were washed with brine (50 mL), dried over
MgSOs and concentred under reduced pressure. The crude product was purified by
flash chromatography (hexanes/EtOAc 85:15) to afford the products 223 (299 mg, 0.54
mmol) in 67% yield and 225 (124 mg, 0.22 mmol) in 28% yield.

oteDpg Colourless oil. R 0.31 (Hexanes/EtOAc85:15). [a]lo -47.2 (c 1.05,

CHCl3). IR (diamond ATR) v 3491, 2930, 2856, 1470, 1379, 1254,
5  otms| 1103, 832 cm. H NMR (400 MHz, CDCls) 6 7.74-7.71 (4H, m), 7.45-
223 7.34 (6H, m), 3.99 (1H, gd, J = 1.6, J = 6.4), 3.88 (1H, m), 3.87 (1H,
m), 3.82 (1H, m), 3.47 (1H, ddd, J =32, J =5.6,J =11.4),3.38 (1H, dt, J =56, J = 11.4),
1.31 (3H, s), 1.22 (3H, s), 1.18 (3H, d, J = 6.4), 1.09 (9H, s), 0.84 (9H, s), —0.05 (3H, s), —
0.06(3H, s). 13C NMR (100.6 MHz, CDCls) & 136.3, 136.1, 134.0, 133.5, 129.8, 129.7, 127.6,
127.5,109.0, 78.7, 77.9, 70.2, 63.2, 27.2, 26.0, 19.8, 18.6, 18.2, ~4.4, —4.6. HRMS (ESI+) m/z
calcd. for Cz1Hs5005Si2 [M+Na]*: 581.3089; found: 581.3086.

’IIIO

HO

Colourless oil. Ri: 0.53 (Hexanes/EtOAc 85:15). [a]p +9.2 (c 1.15,

WLO OTBDPS|  cHCly). IR (diamond ATR) v 3504, 2930, 2887, 1472, 1371, 1254,

7 1110, 833 cm-'. TH NMR (400 MHz, CDCls) & 7.74-7.72 (2H, m),

'Szg OTBS| 749767 (2H, m), 7.42-7.32 (6H, m), 4.28 (1H, ddd, J = 3.6, J = 6.7,

J=7.6),404 (1H,qd, J =28, J=6.4),377 (IH,dd, J = 6.7, J =

7.6),3.68 (1H, dd, J =28, J=60),3.48 (1H, ddd, J =3.6, J = 6.2, J =7.2), 3.47 (1H, t, J =

7.6), 2.43 (1H, d, J =7.2), 1.31 (3H,'s), 1.15 (3H, s), 1.15 (3H, d, J = 6.4), 1.09 (9H, s), 0.82

(9H, s), =0.03 (3H, s), —0.04 (3H, s). 13C NMR (100.6 MHz, CDCls) & 136.4, 136.0, 134.4, 133.3,

129.6, 129.5, 127.5, 127.4, 109.1, 78.9, 74, 8, 72.4, 70.5, 66.0, 27.1, 26.4, 25.9, 25.3, 19.7,

19.5, 18.1, —4.5, —4.6. HRMS (ESI+) m/z calcd. for C31Hs500sSi2 [M+Na]*: 581.3089; found:
581.3072.

o

To a solution of 225 (443 mg, 0.79 mmol) in CH2Cl2 (4 mL) at 0°C was added dropwise
TFA (60 pL, 0.79 mmol). Stirring was continued for 30 min and then for 2 h at rt. The

reaction was quenched with satd NaHCOs solution (5 mL) and extracted with CH2Clz
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(3x20 mL). The combined organic layers were washed with brine (50 mL), dried over
MgSO4 and concentred under reduced pressure. The crude product was purified by
flash chromatography (hexanes/EtOAc 85:15) to afford the products 223 (298 mg, 0.54

mmol) in 69% yield and 225 (73 mg, 0.13 mmol) as unaltered starting material.

((4R,5R)-5-((1R,2S)-1-(tert-Butyldimethylsilyloxy)-2-(tert-butyldiphenylsilyloxy)-1-propyl)-
2,2-dimethyl-1,3-dioxolan-4-yl)carbaldehyde (224)

A round-bottom flask was filled with CH2Cl2 (5 mL) and oxallyl chloride (100 L, 1.16
mmol) at -78 °C were added dropwise DMSO (168 pL, 2.32 mmol). The reaction mixture
was sfired 5 min and then was added via cannula a solution of 223 (539 mg, 0.96
mmol) in CH2Cl2 (5 mL). Stirring was continued for additional 30 min at =78 °C and EtsN
(724 pL, 5.21 mmol) was added. The resulting mixture was stired 1 h at rt and quenched
with satd NaHCOs3 solution (30 mL).The reaction mixture was extracted with Et20 (3x20
mL) and the combined organic layers were washed with brine (40 mL), dried over
MgSQ., filtered and concentred under reduced pressure. The crude product was
purified by flash column chromatography (hexanes/EtOAc 90:10) afforded 224 (530
mg, 0.95 mmol) in 99% yield.

oTeDps| Colourless oil. Re: 0.55 (Hexanes/EtOAc 90:10). [alo +12.3 (c 0.93,

H CHCl3). IR (diamond ATR) v 2954, 2930, 2892, 1735, 1472, 1381,
o6 L& Hres| 1253, 1104, 831 cml. TH NMR (400 MHz, CDCls) & 9.67 (1H, brs),
224 7.72-7.69 (4H, m), 7.45-7.33 (6H, m), 4.60 (1H, d, J = 5.2), 4.38 (1H,
t,J=50),397 (1H,dd, J =22, J = 4.6),3.89 (qd, J =22, J = 6.4), 1.33 (3H, s), 1.24 (3H, s),
1,12 (3H, d, J = 6.4), 1.11 (9H, s), 0.79 (9H, s), -0.09 (3H, s), —0.10 (3H, s). 1*C NMR (100.6

MHz, CDCls) 6 200.7, 136.3, 136.2, 133.7, 133.4, 129.7, 129.6, 127.6, 127.4, 110.3, 80.9, 76.6,
70.4, 27.1, 26.7, 26.0, 19.6, 19.1, 18.1, —4.5, —4.7. HRMS (ESI+) m/z calcd. for C31HsOsSi2
[M+Na]*: 579.2932; found: 579.2930.

(25,3R,4R,5R,6S)-5-(tert-Butyldiphenylsilyloxy)-6-methyl-tetrahydro-2H-pyran-2,3,4-triol
(215)

A stired solution of 224 (74 mg, 0.13 mmol) in THF/H20 (10:1, 0.5 mL) was added
catalytic amount of of pTsOH and was stired for overnight. After the reaction was
guenched with satd NaHCOs3 solution (5 mL), extracted with CH2Cl2 (3x10 mL).The
combined organic layers were washed with brine (20 mL), dried over MgSQOy, filtered

and concentred under reduce pressure. The crude of reaction was purified by column
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chromatography (from hexanes/EtOAc 70:30 to 1:1) to afford 215 (47 mg, 0.12 mmol) in

?0% yield as a mixture of a/f anomers.

(3aR,5S,6R,7R,7aR)-7-Azido-2,2,5-trimethyltetrahydro-3aH-[1,3]dioxolo[4,5-b]pyran-é-ol
(22¢6)

To a solution of 222 (18 mg, 0.038 mmol) in THF (0.3 mL) was added TBAF (1.0 M solution
in THF, 77 uL, 0.077 mmol) and was stirred af rt overnight. Then the reaction mixture was
diluted with H20 (10 mL) and extracted with CH2Cl2 (3x10 mL). The combined organic
layers were washed with brine (20 mL), dried over MgSQy, filtered and concentred
under reduce pressure. The crude reaction was purified by flash column
chromatography (hexanes/EtOAc, 80:20) to give 226 (8 mg, 0.035 mol) in 92% yield.

Colourless oil. Ri: 0.27 (Hexanes/EtOAc 80:20). [a]lo +47.1 (c 0.66,

‘, O \\\O
J/\j >< CHCI3). IR (diamond ATR) v 3465, 2987, 2103, 1455, 1158 cm-'. 'H
HO™ ™~ O NMR (400 MHz, CDCls) § 5.22 (1H, d, J = 2.1), 430 (1H, dd, J = 2.1, J
2';'2 =3.9),3.69 (1H, 1, J = 9.4), 3.54 (1H, dd, J = 3.9, J =9.7), 3.35 (1H, dq,

J=6.1,J=9.1),224 (1H, brs), 1.57 (3H,s), 1.41 (3H,s), 1.34 (3H, d, J
= 6.1). BC NMR (100.6 MHz, CDCl3) 6 112.4, 96.6, 76.9, 71.2, 71.1, 63.1, 27.7, 25.8, 17.3.
HRMS (ESI+) m/z calcd. for CoHisN3O4 [M+H]*+: 230.1135; found: 230.1141.
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3.2. SYNTHESIS D-MICOSAMINE PRECURSOR ent-222

Methyl (R)-2-(tert-butyldimethylsilyloxy)propanoate (227)

A solution of isobuthyl (R)-lactate (1.14 g, 7.85 mmol), imidazole (1.28 g, 18.84 mmol) in
CH2Cl2 (30 mL) at 0 °C was added in one portion TBSCI (1.42, 9.42 mmol). The resulting
mixture was stired at 0 °C 1 h and then it was allowed to rt. The reaction was stopped
after 15 h by adding over brine (30 mL) and exiracted with CH2Cl2 (3 x 50 mL). The
combined organic extracts were dried over MgSOy, filtered and concentrated. The
residue was purified on silica gel (hexanes/EtOAc, 90:10) to give 227 in 98% yield (2.01 g,
7.69 mmol).

o Colourless oil. Re: 0.65 (Hexanes/EtOAc 90:10). IR (diamond ATR) v
\ho 2963, 2857, 1755, 1471, 1427, 1135, 1111 cm-'. TH NMR (400 MHz,
oTtes| CDCls) 6 4.32 (1H, g, J = 6.4), 3.90 (2H, m), 1.95 (1H, hept, J = 6.8 ),
227 1.40 (3H, d, J = 6.4), 0.93 (6H, d, J = 6.8), 0.90 (9H, s), 0.10 (3H, s).
0.07 (3H,s).

(R)-2-(tert-Butyldimethylsilyloxy)propanal (ent-205)

According to GP2 227 (500 mg, 1.91 mmol) was reacted with DIBAL-H (1.0 M in toluene,
2.40 mL, 2.40 mmol) in CH2Cl2 (6 mL) to give ent-205 (346 mg, 1.81 mmol) in 95% yield as

a colourless oil.

Colourless oil. R: 0.55 (Hexanes/ETOAc 90:10). [alp +12.3 (c 1.20, CHCl3).
HJ\I/ IR (diamond ATR) v 2957, 2934, 1742, 1474, 1375, 1134 cm-'. "H NMR (400
OTBS| MHz CDCls) 6 9.61 (1H, d, J = 1.4), 409 (1H, ad, J = 1.4, J = 6.9), 1.28 (3H,
ent-205 d, J = 69), 092 (9H.,s), 0.10 (3H, s), 0.09 (3H, s). 3C NMR (100.6 MHz,
CDCls) 6 204.2, 73.8,25.7, 18.5, 18.2, 4.8, -4.9.

(R)-4-((1S,2R)-2-(tert-Butyldimethylsilyloxy)-1-hydroxypropyl)-2,2-dimethyl-1,3-dioxan-
5-ona (ent-206)

According with GP3 aldehyde ent-205 (94 mg, 0.5 mmol), D-proline (34 mg, 0.3 mmol)
was reacted with ketone 187 (195 mg, 1.5 mmol) to give ent-206 (133 mg, 0.42 mmol) in
84 % yield as a diasteriomeric mixfure (dr (anfi/syn) 25:5) determined by .'"H RMN (400
MHz).
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O OH Colourless oil. Ri: 0.51 (Hexanes/EtOAc 70:30). ). [alo +113.7 (c 0.95,
: CHCI3). IR (diamond ATR) v 2929, 2856, 1745, 1374, 1251, 1223, 1078,
O OTBS 834 cm. TH NMR (400 MHz, CDCls) 6 4.41 (1H, dd, J = 1.4, J = 6.1),
7Ent-206 427 (1H,dd, J=1.4,1=17.2), 409 (1H, qd, J = 4.8, J = 6.3), 401 (1H,
d, J=17.2),3.76 (1H,ddd, J=4.8,J=5.2,J=6.1),2.81 (1H,d, J =5.2),
1.47 (3H,s), 1.44 (3H, s), 1.20 (3H, d, J = 6.3), 0.89 (9H, s), 0.08 (3H, s), 0.07 (3H, s). 13C NMR
(100.6 MHz, CDCls) 6 210.1, 101.0, 74.8, 73.5, 68.9, 66.9, 25.8, 23.8, 23.6, 19.2, 18.0, 4.4, -
4.8. HRMS (ESI+) m/z calcd. for C1sH30OsSi [M+Na]*: 341.1755; found: 341.1758.

O

(R)-4-((1S,2R)-2-(tert-Butyldimethylsilyloxy)- 1-(tert-butyldiphenylsilyloxy)propyl)-2,2-
dimethyl-1,3-dioxan-5-ona (ent-207)

To a solution of ent-206 (536 mg, 1.68 mmol) and imidazole (550 mg, 8.08 mmol) in
CH2Cl2 (3.3 mL) at 0°C was added dropwise TBDPSCI (260 uL, 3.70 mmol). The solution
was stired 30 min at 0°C and then was brought to rt overnight. The reaction was
quenched by addition of a satd NaHCOs solution (50 mL) followed by extraction with
CH2Cl2 (3x50 mL). The combined organic layers were washed with brine (100 mL), dried
with MgSOy, filtered and after evaporation under reduced pressure. Purification by flash
column on silica gel (hexanes/EtOAc 95:5) afforded ent-207 in 87% yield (100% brsm)
(812 mg, 1.46 mmol).

O oTBDPS) Colourless oil. Re: 0.67 (Hexanes/EtOAc 95:5). [alo +56.5 (c 1.00,
E CHCls). IR (diomond ATR) v 2955, 2891, 1748, 1472, 1427, 1223, 1104,

O OTBS| 834 cm’.H NMR (400 MHz, CDCls) 6 7.74 (2H, dd, J = 1.6, J = 8.0),
7< 7.65 (2H,dd, J=1.6,J =8.0), 7.44-7.32 (6H, m), 4.40 (1H, dd, J = 1.2,

ent-207 J=1.46),424 (1H,dg, J=62,J=7.2),406 (1H, dd, J=1.2,J=164),
3.95(1H,dd, J=2.0,J=72),376 (1H,d, J=16.4), 1.21 (3H,s), 1.18 (3H,5), 1.15 (3H, d, J =
6.4), 1.03 (9H, s), 0.82 (9H, s), 0.01 (3H, s), 0.00 (3H, s). 13C NMR (100.6 MHz, CDClzs) 6 207.2,
136.3, 136.0, 134.3, 133.3, 129.6, 129.5, 127.4, 127.3, 100.5, 78.4, 75.8, 69.3, 67.3, 27.1, 25.9,
23.9, 232, 21.4, 19.7, 18.0, —4.1, —4.6. HRMS (ESI+) m/z calcd. for C3iH4sOsSi2 [M+Na]*:
579.2932; found: 579.2935.

O
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(4S,5R)-4-((1S,2R)-2-(tert-Butyldimethylsilyloxy)- 1-(tert-butyldiphenylsilyloxy)propyl)-2,2-
dimethyl-1,3-dioxan-5-ol (ent-208)

According with GP4 ketone ent-207 (205 mg, 0.36 mmol) was reacted with L-selectride
(TM solution THF, 489 uL, 0.489 mmol) to give ent-208 (158 mg, 0.28 mmol) in 78 % yield
as a single diasteriomer (dr (syn/anti) = 98:2) determined by ."H RMN (400 MHz).

OH oTBDpS) Colourless oil. R 0.20 (Hexanes/EtOAc 95:5). [alo -73.8 (c 1.20,

E CHCI3). IR (diamond ATR) v 2930, 2856, 1470, 1381, 1111, 1052, 832

O. O OTBS| c<m'.™H NMR (400 MHz, CDCls) 6 7.77-7.73.(4H, m), 7.44-7 .34 (6H, m),

X 3.96-3.89 (4H, m), 3.75 (1H, dd, J = 2.0, J = 12.4), 3.65 (1H, brd, J =
ent-208

6.4), 3.18 (1H, d, J = 6.8), 1.41 (3H, s), 1.392 (3H, s), 1.09 (9H, s), 0.99
(3H, d, J = 6.4), 0.81 (9H, s), —0.07 (3H, s), -0.08 (3H, s). 13C NMR (100.6 MHz, CDCls) &
136.4%2, 133.4%x2, 129.6%x2, 127.4%x2, 98.8. 78.3, 71.5, 69.7, 65.9, 63.7, 29.4, 27.2, 26.0, 19.7,
19.1, 18.5, 18.1, —4.2, —4.8. HRMS (ESI+) m/z calcd. for CsiHs00sSi2 [M+Nal*: 581.3089;
found: 581.3080.

((4R,5S)-5-((1S,2R)-1-(tert-Butyldimethylsilyloxy)-2-(tert-butyldiphenylsilyloxy)-1-propyl)-
2,2-dimethyl-1,3-dioxolan-4-yl)methanol (ent-223)

To a solution of ent-208 (132 mg, 0.23 mmol) in CH2Cl2 (1 mL) at 0°C was added
dropwise TFA (20 uL, 0.23 mmol). Stirring was continued for 30 min and then for 2 h at rt.
The reaction was quenched with satd NaHCOs solution (5 mL) and extracted with
CH2Cl2 (3x10 mL). The combined organic layers were washed with brine (30 mL), dried
over MgSO4 and concentred under reduced pressure. The crude product was purified
by flash chromatography (from hexanes/EtOAc 85:15 to 80:20) to afford the products
ent-223 (82 mg, 0.15 mmol) in 64% yield and ent-225 (12 mg, 0.02 mmol) in 9% yield.

O~ OTBDPS|  Colourless oil. Ri: 0.31 (Hexanes/EtOAc85:15). [alo +37.5 (c 1.06,
‘ ) CHCls). IR (diamond ATR) v 3476, 2930, 2856, 1470, 1380, 1254,
en(t)—223OTBS 1104, 832 cm-'. TH NMR (400 MHz, CDCls) & 7.74-7.71 (4H, m), 7.45-

7.34 (6H, m), 3.99 (1H, qd, J = 1.6, J = 6.4), 3.88 (1H, m), 3.87 (1H,
m), 3.82 (1H, m), 3.47 (1H, ddd, J =32, J = 6.0, J = 11.6), 3.38 (IH, df, J = 5.6, J = 11.6),
1.31 (3H, s), 1.22 (3H, s), 1.18 (3H, d, J = 6.4), 1.09 (9H, s), 0.84 (9H, s), —0.05 (3H, s), —
0.06(3H, s). 13C NMR (100.6 MHz, CDCls) 6 136.3, 136.1, 134.0, 133.5, 129.8, 129.7, 127.6,
127.5,109.0, 78.7, 77.9, 70.2, 63.2, 27.2, 26.0, 19.8, 18.6, 18.2, —4.4, —-4.6. HRMS (ESI+) m/z
calcd. for C31Hs5005Si2 [M+Na]*: 581.3089; found: 581.3088.
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WLO OTBDPS Colourless oil. Re: 0.53 (Hexanes/EtOAc 85:15). [a]o —-11.5 (c 0.97,
@) R CHCls. IR (diamond ATR) v 3504, 2930, 2887, 1472, 1371, 1254,
OH OTRs| 1110833 cm. TH NMR (400 MHz, CDCls) & 7.74-7.72 (2H, m),
ent-225 7.69-7.67 (2H, m), 7.42-7.32 (6H, m), 4.28 (1H, ddd, J =3.6, J = 6.7,
J=7.6),404 (1H,qd, J=28,J=6.4),3.77 (1H,dd, J= 6.7, J=7.6),3.68 (1H,dd, J =28, J
=6.0),3.48 (1H,ddd, J=3.6,J=6.2,0=7.2),3.47 (1H,1,J=7.6),2.43 (1H,d, J=7.2), 1.31
(3H.s), 1.15 (3H,s), 1.15 (3H, d, J = 6.4), 1.09 (9H,s), 0.82 (9H, s), -0.03 (3H, s), -0.04 (3H, s).
13C NMR (100.6 MHz, CDCls) 6 136.4, 136.0, 134.4, 133.3, 129.6, 129.5, 127.5, 127.4, 109.1,
78.9.74,8,72.4,70.5, 66.0,27.1,26.4,25.9,25.3,19.7,19.5,18.1, -4.5, -4.6.

To a solution of ent-225 (76 mg, 0.13 mmol) in CH2Cl2 (0.6 mL) at 0°C was added
dropwise TFA (60 L, 0.79 mmol). Stirring was continued for 30 min and then for 2 h at rt.
The reaction was quenched with satd NaHCOs solution (2 mL) and extracted with
CH2Cl2 (3x10 mL). The combined organic layers were washed with brine (20 mL), dried
over MgSO4 and concentred under reduced pressure. The crude product was purified
by flash chromatography (from hexanes/EfOAc 85:15 to 80:20) to afford the products
ent-223 (43 mg, 0.08 mmol) in 61% yield and ent-225 (11 mg, 0.02 mmol) as unaltered

starting material.

((4S,55)-5-((1S,2R)-1-(tert-Butyldimethylsilyloxy)-2-(tert-butyldiphenylsilyloxy)propan-1-
yl)-2,2-dimethyl-1,3-dioxolan-4-yl)carbaldehyde (ent-224)

A round-bottom flask was filled with CH2Cl2 (1.5 mL) and oxallyl chloride (27 L, 0.31
mmol) at -78 °C were added dropwise DMSO (45 L, 0.62 mmol). The reaction mixture
was stired 5 min and then was added via cannula a solution of ent-223 (144 mg, 0.26
mmol) in CH2Cl2 (1.5 mL). Stirring was continued for additional 30 min at —78 °C and EtsN
(195 uL, 1.4 mmol) was added. The resulting mixture was stired 2 h at rt and quenched
with satd NaHCOs solution (10 mL).The reaction mixture was extracted with Ef2O (3x20
mL) and the combined organic layers were washed with brine (30 mL), dried over
MgSQ., filtered and concentred under reduced pressure. The crude product was
purified by flash column chromatography (hexanes/EfOAc 90:10) afforded ent-224 (120
mg, 0.22 mmol) in 85% yield.

O~ OTBDPS Colourless oil. Ri: 0.55 (Hexanes/EtOAc 90:10). [a]lo -19.2 (c 1.20,
: CHCs). IR (diamond ATR) v 2954, 2930, 2893, 1735, 1472, 1381,
o0 Lo OTBS| 1253,1104,831 cm. TH NMR (400 MHz, CDCls) § 9.67 (1H, brd, J =

ent-224 0.8), 7.72-7.68 (4H, m), 7.45-7.33 (6H, m), 4.60 (1H, d, J = 5.2), 4.38
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(1H, dd, J = 4.4, J = 5.2), 3.97 (1H, dd, J = 2.0, J = 4.4), 3.89 (qd, J = 2.0, J = 6.4), 1.33 (3H,
s), 1.24 (3H,'s), 1,12 (3H, d, J = 6.4), 1.10 (9H, s), 0.79 (9H, s), -0.09 (3H, s), —0.10 (3H, s). 13C
NMR (100.6 MHz, CDCls) & 200.7, 136.3, 136.2, 133.7, 133.4, 129.8, 129.6, 127.6, 127.4,
110.3, 80.9, 76.6, 70.4, 27.1, 26.7, 26.0, 19.6, 19.1, 18.1, —4.5, -4.7. HRMS (ESI+) m/z calcd.
for CaiHaOsSi» [M+Nal]*: 579.2932; found: 579.2922.

(2R,3S,4S5,5S,6R)-5-(tert-Butyldiphenylsilyloxy)-6-methyltetrahydro-2H-pyran-2,3,4-triol
(ent-215)

A stirred solution of ent-224 (120 mg, 0.21 mmol) in THF/H20 (10:1, 2.0 mL) was added
catalytic amount of of pTsOH and was stired for overnight. After the reaction was
quenched with satd NaHCOs solution (5 mL), extracted with CH2Cl> (3x10 mL).The
combined organic layers were washed with brine (20 mL), dried over MgSQOs, filtered
and concentred under reduce pressure. The crude of reaction was purified by column
chromatography (from hexanes/EtOAc 80:20 to 1:1) to afford ent-215 (70 mg, 0.17

mmol) in 83% yield as a mixture of a/p anomers.

O. oH) Colourlessoil. Re: 0.31 (Hexanes/EtOAc 30:70). IR (diamond ATR)

U v 3455, 3071, 2928, 1472, 1428, 1112 cm-'. 'TH NMR (400 MHz,
TBDPSO" i OH| cDCl) 6 7.65-7.62 (4H, m), 7.47-7.37 (6H, m), 5.07 (1H, m), 4.84
ent.215 (1H, br d, J = 8.4), 412 (1H, dq, J = 6.4, J = 2.8), 3.90-3.88 (2H,

m), 3.78 (1H, br d, J = 3.2), 3.71 (1H, dd, J = 5.2, J = 3.2), 2.90
(1H, brs), 2.47 (1H, brs), 1.09 (9H, s), 1.04 (3H, d, J = 6.4).

(3a$S,5R,6S,75,7aS)-6-(tert-Butyldiphenylsilyloxy)-2,2,5-trimethyltetrahydro-3aH-
[1,3]dioxolo[4,5-b]pyran-7-ol (ent-221)

A round-boftton flask filled with ent-215 (70 mg, 0.17 mmol), 4 A molecular sieves and
catalytic amount of pTsOH in CH2Cl2 (1.2 mL) was added 2,2-dimethoxypropane (213
pL, 1.73 mmol). The reaction was stired 20 min and then was quenched with satd
NaHCOs (5 mL). The mixture was extracted with CH2Cl2 (3x10 mL), washed with brine,
dried over MgSQys, filtered and concenfred under reduce pressure. Purification crude
reaction by flash column chromatography (from hexanes/EfOAc 80:20 to 1:1) afforded
ent-221 (41 mg, 0.092 mmol) in 55% yield and ent-215 (14 mg, 0.034 mmol) as an

unaltered starting material.
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YIO>< Colourless oil. Ri: 0.78 (Hexanes/EtOAc 80:20). [alp +22.4 (c
TBDPSO" ) 2.00, CHCI3) IR (diamond ATR) v 3556, 2931, 2857, 1427, 1230,

OH 1085, 890 cm-'. TH NMR (400 MHz, CDCls) & 7.69-7.63 (4H, m),
7.49-7.37 (6H, m), 5.29 (1H, d, J = 2.6), 4.07 (1H, t, J = 2.6), 4.04
(1H, dd, J =4.0,J=28),3.77 (1H, gqd, J = 2.6, J = 6.0), 3.76 (1H, dd, J = 2.8, J = 4.0), 2.55
(1H, d, J = 1.6), 1.40 (3H, s), 1.31 (3H, s), 1.11 (9H, s), 0.97 (3H, d, J = 6.0). 13C NMR (100.6
MHz, CDCls) 6 136.0, 135.8, 133.0, 132.7, 130.2, 130.1, 127.8, 127.7, 111.0, 96.0, 79.0, 73.0,

68.6, 67.8, 27.9, 27.1, 26.0, 19.3, 18.2. HRMS (ESI+) m/z calcd. for CasHa4OsSiz [M+NH4]*:
460.2514; found: 460.2516.

ent-221

Attempt to intfroduce an azido group in sugar ent-221

From a trifluoromethanesulfonic intermediate (triflyl derivate)

A round-bottom filled with ent-221 (40 mg, 0.09 mmol) and pyridine (73 L, 0.9 mmol) in
CH2Cl2 (0.5 mL) at —40 °C was added trifluoromethanesulfonate (76 L, 0.45 mmol). Then
the reaction mixture was stired at =20 °C for 1 h. After was added sadt NaHCOs solution
(5 mL) and extracted with CH2Cl2 (3x10 mL). The combined organic layers were washed
with brine (20 mL), dried over MgSO4, filtered, and concenfred under reduce pressure
to afford triflate adduct (53 mg, crude), which was used without further purification.

To a solution of triflate adduct (53 mg, 0.09 mmol) and 15-crown-5 (53 uL, 0.27 mmol) in
DMF (0.4 mL) was added in one portion NaNs (17 mg, 0.27 mmol). The reaction was
stired 3 h at rt and then was diluted with Et20, poured intfo H20 (15 mL) and extracted
with E20 (3x10 mL). The combined organic layers were washed with brine (10 mL),
dried over MgSQy, filtered and concentred in vacuo. Purification of the crude reaction
by flash column chromatography (hexanes/EtOAc, 90:10) gave ent-222 (38 mg, 0.08
mmol) in 90% vyield.

o 0 Colourless oil. R 0.60 (Hexanes/EtOAc 80:20). [alo —29.2 (c

\ >< 1.17, CHCI3). IR (diamond ATR) v 2933, 2857, 2100, 1427, 1234,
TBDPSO" O ]

I\ 1104, 868 cm-'. 'TH NMR (400 MHz, CDCl3) & 7.73-7.71 (4H, m),

ent_gzz 7.44-7.37 (6H, m), 517 (1H, d, J=2.2),432 (1H, dd, J =22, J =

42),3.66 (1H, 1, J = 8.6),3.49 (1H, dd, J = 4.2, J = 9.0), 3.40 (1H,
dq, J = 6.2, J =82), 1.43 (3H, s), 1.35 (3H, s), 1.06 (3H, d, J = 6.2), 1.05 (9H, s). 13C NMR
(100.6 MHz, CDCls) & 135.9x2, 133.3, 133.0, 129.8, 129.7, 127.6, 127.5, 112.1, 96.8, 77.6,
72.5,72.3, 63.5,27.7, 26.9, 26.0, 19.7, 18 8.
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(3aR,5S,6R,7R,7aR)-7-Azido-2,2,5-trimethyltetrahydro-3aH-[1,3]dioxolo[4,5-b]pyran-é-ol
ent-226

To a solution of ent-222 (26 mg, 0.055 mmol) in THF (0.4 mL) was added TBAF (1.0 M
solution in THF, 110 uL, 0.11 mmol) and was stired at rt overnight. Then the reaction
mixture was diluted with H2O (10 mL) and extracted with CH2Cl (3x10 mL). The
combined organic layers were washed with brine (20 mL), dried over MgSQOy, filtered
and concentfred under reduce pressure. The crude reaction was purified by flash
column chromatography (hexanes/EtOAc, 80:20) to give ent-226 (8.5 mg, 0.037 mol) in
67% yield.

Colourless oil. Ri: 0.27 (Hexanes/EtOAc 80:20). [a]o -50.6 (c 0.47,
CHCI3). IR (diamond ATR) v 3467, 2989, 2105, 1457, 1157 cm-'. 'H
NMR (400 MHz, CDCls) 6 5.22 (1H, d, J =2.1), 430 (1H,dd, J = 2.1, J

N3
ent-226 =3.9),3.69 (1H, 1, J=9.4),3.54 (1H,dd, J=3.9,J=9.7),3.35 (1H, dq,

J=6.1,J=9.1),224 (1H, brs), 1.57 (3H,s), 1.41 (3H,'s), 1.34 (3H, d, J
= 6.1).13C NMR (100.6 MHz, CDCl3) 6 112.4, 96.6, 77.0, 71.2,71.1, 63.0, 27.7, 25.8, 17.3.
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EXPERIMENTAL SECTION OF CHAPTER 4
4.1. SYNTHESIS OF GLYCOSYL DONOR 231

(3R.4S,5R,65)-4-Azido-5-(tert-butyldiphenylsilyloxy)-2-(4-tert-butylphenylthio)-6-methyl-
tetrahydro-2H-pyran-3-ol (229)

A round-bottom flask filled with 222 (206 mg, 0.44 mmol) in CH2Cl2 (4.5 mL) at =20 °C was
added sequentially BFs Ef20 (163 pL, 1.32 mmol) and 'BuPhSH (760 uL, 4.40 mmol). The
reaction mixture was stired 2h at =20 °C and then was quenched with satd NaHCO3
solution (10 mL). The mixture was extracted with CH2Cl2 (3x20 mL), washed with brine
(30 mL), dried over MgSQ., filtered and concentred under reduce pressure. The crude
reaction was purified by flash column chromatography (from hexanes/EtOAc 95:5 to
90:10) to afford 229 (243 mg, 0.42 mmol) in 96% yield as a mixture of a/p anomers
(80:20) determined by ."H RMN (400 MHz)

.. _O. .Sphiyl Colourless oil. Ri: 0.33 (Hexanes/EtOAc 90:10). [alo +15.1 (c

U 0.80, CHCl3). IR (diamond ATR) v 3480, 2961, 2857, 2100,

TBDPSO™ " 'OH 1462, 1110, 822 cm-'. TH NMR (400 MHz, CDCls) & 7.72-7.69
N

999 (4H, m), 7.45-7.37 (8H, m), 7.33-7.31 (2H, m), 4.76 (1H, d, J =

1.0), 421 (1H, ddd, J =10, J =32, J=6.0), 3.61 (IH, 1, J =
9.0),3.45 (1H, dqg, 4 =6.0, J =9.0),3.30 (1H, dd, J =3.2, J =9.6), 2.27 (1H, d, J = 5.6), 1.31
(PH, s), 1.15 (3H, d, J = 6.0), 1.03 (?H, s). 13C NMR (100.6 MHz, CDCls) 6 151.1, 136.0, 135.9,
133.2, 132.9, 131.8, 129.8, 129.7, 127.6, 127.5, 126.1, 87.2, 77.9, 72.3, 72.2, 67.9, 34.6, 31.2,
26.9, 19.7, 18.8. HRMS (ESI+) m/z calcd. for CsHaN3OsSSi [M+NH4]*: 593.2976; found:
593.2970.

,, O ~SPh'Bu Colourless oil. Ri: 0.22 (Hexanes/EtOAc 90:10). [alo -79.4 (c

LJ 0.70, CHCl3). IR (diamond ATR) v 3450, 2959, 2856, 2105,

TBDPSO™ ~~ 'OH 1488, 1111, 822 cm'. 'H NMR (400 MHz, CDCls) & 7.74-7.71
N

2293B (4H, m), 7.45-7.39 (8H, m), 7.34-7.32 (2H, m), 5.28 (IH, J =

2.8),4.27-4.19 (2H, m), 3.63 (1H, dq, J = 6.4, J = 8.8), 3.59 (1H,
t,J=8.0),2.18 (1H,d, J=4.8),1.30 (9H,s), 1.12 (3H, d, J = 6.4), 1.05 (9H, 5). 13C NMR (100.6
MHz, CDCls) 6 151.1, 136.0, 135.9, 133.1, 133.0, 131.7, 129.7, 127.8, 126.2, 86.9, 73.1, 71.7,
70.6, 65.3, 34.6, 31.2, 29.7, 29.6, 26.9, 19.7, 18.2. HRMS (ESI+) m/z calcd. for Ca2H41N3O3SSi
[M+NH.4]*: 593.2976; found: 593.2977.
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(3R.4S,5R,4S)-4- Azido-5-(teri-butyldiphenylsilyloxy)-2-(4-tert-butylphenylthio)-6-methyl-
tetrahydro-2H-pyran-3-yl acetate (230)

To a solution of 229 a/p mixture (129 mg, 0.22 mmol) in CH2Cl> (2.0 mL) was added
sequentially pyridine (215 uL, 2.64 mmol) and AC20 (130 uL, 1.34 mmol). The resulting
clear, light yellow reaction mixture was stired overnight at rt and then poured onto
NaHSO4 (1 M solution, 20 mL). The mixture was extracted with CH2Cl2 (3x20 mL) and the
combined organic layers were washed with satd NaHCO3 solution (20 mL), Brine (20
mL), dried over MgSQys, filtered and concentred in vacuo. Purification of the crude
reaction by flash column chromatography (hexanes/EtOAc 90:10) afforded 230 (132
mg, 0.21 mmol) in 97% yield as a mixture of a/B anomers (80:20) determined by ."H RMN
(400 MHz).

O. .sphigyl Colourless oil. Re: 0.44 (Hexanes/EtOAc 90:10). [alpo -5.3 (c

U 1.10, CHCIs) IR (diamond ATR) v 2961, 2857, 2104, 1753,

TBDPSO™ Y~ "OAc 1427, 1214, 1110, 805 cm-'. TH NMR (400 MHz, CDCls) & 7.73-
N

230 o 7.70 (2H, m), 7.68-7.65 (2H, m), 7.43-7.36 (8H, m), 7.32-7.30

(2H, m), 5.58 (1H, dd, J = 1.0, J = 3.2), 478 (1H, d, J = 1.0),
3.52-3.43 (3H, m), 2.02 (3H, s), 1.30 (9H,'s), 1.22 (3H, d, J = 5.6), 1.03 (9H, s). 13C NMR (100.6
MHz, CDCls) & 170.1, 151.4, 136.2, 135.8, 133.2, 132.9, 132.2, 129.7, 129.5, 127.5, 127.4,
126.1, 85.6, 77.7, 72.2, 71.6, 66.7, 34.6, 31.2, 27.0, 20.5, 19.7, 18.7. HRMS (ESI+) m/z calcd.
for CaaHasN3O4SSi [M+NH4]*: 635.3082; found: 635.3085.

', O ~SPh'Bu Colourless oil. Ri: 0.38 (Hexanes/EtOAc 90:10). IR (diamond

LJ ATR) v 2965, 2859, 2110, 1756, 1429, 1216, 1111, 806 cm-'. 'H

TBDPSO™ ™ "OAc NMR (400 MHz, CDCls) 6 7.76-7.67 (4H, m), 7.45-7.37 (8H, m),
N

230 7.33-7.30 (2H, m), 5.38 (1H, dd, J = 2.0, J = 3.2), 5.26 (1H. d, J

=20), 425 (1H,dq, J = 6.4, J =8.8),3.67 (IH,dd, J=3.2,J =
9.6),3.58 (1H, 1, J = 8.8), 1.96 (3H,s), 1.29 (9H,s), 1.14 (3H, d, J = 6.4), 1.07 (9H, s).

(3R.4S,5R,45)-4- Azido-5-(tert-butyldiphenylsilyloxy)-2-fluoro-é-methyltetrahydro-2H-
pyran-3-yl acetate (231)

To a solution of 230 a/p mixture (117 mg, 0.189 mmol) and DAST (34 L, 0.26 mmol) in
CH2Cl2 (2 mL) at =20 °C was added in one portion NBS (53 mg, 0.299 mmol). The
reaction was stired at —20 °C for 2 h and then satd NaHCOs solution (5 mL) was added.
The resulting mixture was extracted with CH2Clz2 (3x10 mL) and the combined organic

layers were washed with brine (20 mL), dried over MgSQs, filtered and concentred
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under reduce pressure. Purification the crude reaction by flash column
chromatography (hexanes/EtOAc 95:5) to afford 231 (85 mg, 0.18 mmol) in 95% as a
a/P mixture anomers (83:17) determined by 'H RMN (400 MHz).

v, O F Colourless oil. Ri: 0.44 (Hexanes/EtOAc 95:5). [a]lp -130.0 (c

U 1.13, CHCI3). IR (diamond ATR) v 2932, 2858, 2111, 1758, 1427,

TBDPSO™ “OAc| 1222, 821 cm-'. TH NMR (400 MHz, CDCls) & 7.74-7.69 (4H, m),

23'113“ 7.45-7.39 (6H, m), 5.40 (1H, dd, J = 1.6, J = 49.6), 5.27 (1H, dd, J

=16,J=32),397 (1H,dq, J=6.2,J=92),3.73 (IH,ddd, J =

1.6,J=32,0=92),353 (1H,t,J=9.2),1.97 (3H,5s), 1.15 (3H, d, J = 6.2), 1.05 (9H, s). 19F

NMR (400 MHz, CFsCOQOH) 6 -137.71 (1F, d, J = 52.8). 13C NMR (100.6 MHz, CDCls) § 169.6,

136.1, 135.8, 133.0, 132.9, 129.8, 129.7, 127.6, 127.5, 104.3 (d, J = 219),71.9, 714 (d, J =

2.4),69.2 (d, J =40.4), 61.6,27.0,20.5,19.7, 18.3. HRMS (ESI+) m/z calcd. for C24H30FN3O.Si
[M+Na]*: 494.1882; found: 494.1893.

v, O .F Colourless oil. R: 0.33 (Hexanes/EtOAc 95:5). IR (diamond ATR)

LJ v 2938, 2863, 2109, 1758, 1429, 1226, 821 cm-. TH NMR (400

TBDPSO™ "OAC|  MHz, CDCl) & 7.76-7.65 (4H, m), 7.46-7.39 (6H, m), 5.47 (1H, m),

23'1'31’» 5.38 (1H, dd, J = 1.6, J = 3.2), 3.79-3.70 (2H, m), 3.64 (1H, dd, J =

5.6, J = 6.8), 209 (3H, s), 1.23 (3H, d, J= 6.8), 1.07 (9H, s). 1°F

NMR (400 MHz, CFsCOOH) 6 -139.60 (1F, dd, J =15.2, J = 55.6). 3C NMR (100.6 MHz,

CDCls) 6 169.9, 135.9, 135.8, 132.7, 132.6, 130.0x2, 127.8x2, 104.3 (d, J = 221),73.7 (d, J =
21.2), 73.1 (d, J =200), 67.9 (d, J =20.4), 61.5 (d, J =2.9), 26.9, 20.5, 19.4, 19.1.

4.2 SYNTHESIS OF AMIDE GLYCOSIDE 234

(2R)-N-[(4R,5R)-4-Ethyl-5-hydroxy-7-octenyl]-2,6-diethyl-6-heptenamide (228)

To a solution of amide 175 (80 mg, 0.17 mmol) in THF (2 mL)was added a stock solution
TBAF-3H20 (1 M in THF, 350 pL, 0.35 mmol). The reaction mixture was stired at room
temperature for 18 h. Then, the solution mixture was diluted with H2O (25 mL) and
extracted with CH2Cl2 (3 x 15 mL). The organic layers were combined and washed with
NaHCOs and brine (20 mL) dried over MgSOs4, and the solvent was removed in vacuo.
Purification of the resultant oil by flash chromatography on siica gel (from
hexanes/EtOAc 80:20 to 70:30) afforded 228 (53 mg, 0.16 mmol, 93% vyield) as a

colourless oil.
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To a solution of amide 175 (29 mg, 0.06 mmol) was added a stock solution of 1% HCI in
aqgueous ethanol (1,5 mL). The reaction mixture was stired at room temperature for 15
h. Then, the solution mixture was added NaHCO3 (2 mL), stired over 10 min, and diluted
with H20O (10 mL). The organic layers were extracted with CH2Cl2 (3 x 15 mL) and
filtrered, dried over MgSQO4, and the solvent was removed in vacuo. Purification of the
resultant oil by flash chromatography on silica gel (from hexanes/EfOAc 80:20 to 70:30)
afforded 228 (20 mg, 0.057 mmol, 95% yield) as a colourless oil.

Colourless oil. Rf: 0.40 (hexanes/EtOAc 75:25). [a]o -1.07 (c 1.96,
CHCI3). IR (film) v 3295, 2960, 2930, 2873, 1641, 1547, 1459, 1233
cm-'. TH NMR (400 MHz, CDCls) 6 5.83 (1H, tdd, J =17.6,J =8, J =
6.0), 5.73 (1H, brt, J = 6.0), 5.15 (1H, d, J = 4), 5.12 (1H, br s), 4.69
(1H, s), 4.67 (1H, s), 3.66 (1H, m), 3.27 (2H, dt, J = 6.8, J = 6), 2.27
(TH, m), 2.12 (1H, m), 2.02-1.96 (5H, m), 1.92 (1H, m), 1.65-1.22
(13H, m), 1.01 (3H, t, J =7.2),091 (3H, t,J=72),089 (3H, t, J =
7.2). ). 3C NMR (100.6 MHz, CDCls) & 175.7, 151.1, 135.5, 117.9, 107.6, 71.8, 49.7, 44.1,
39.4, 38.3, 36.1, 32.5, 28.6, 27.6, 26.6, 26.1, 25.8, 21.9, 12.3, 12.1, 11.8. HRMS (ESI+) m/z
calcd. for C21H3sNO2 [M+H]*: 338.3054, found: 338.3051.

228

4.2.1. Aitempt to obtain amide glycoside 234

To a magnetically stirred cold suspension (-20 °C) of AgCIO4 (66 mg, 0.32 mmol), SnCl-
(60 mg, 0.32 mmol), and 4 A molecular sieves (600 mg, crushed and flamed) in dry
ether (1.0 mL) was added via cannula alcohol 228 (49 mg, 0.145 mmol) in dry ether (1.0
mL). Afther 2 min, the fluoride 231 (68 mg, 0.145 mmol) in dry ether (1.0 mL) was added
via cannula, and the reaction was allowed to stir at =20 °C for 2 h and then at rt for 10
h. The reaction mixture was diluted with ether and filtered through Celite®. Washing the
filtrate with satd NaHCOs; solution (20 mlL), brine (20 mL), dried over MgSO4 and
concentred under reduce pressure. Flash column chromatography of the crude
product (from hexanes/EtOAc 80:20 to 70:30) to afford 232 (74 mg, 0.094 mmol) in 65%
yield.
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OTBDPS Colourless oil. Ri: 0.49 (Hexanes/EtOAc 75:25). [alo —24.5 (c
“__N3 | 236, CHCl). IR (diamond ATR) v 3325, 2930, 2857, 2105,
m 1751, 1642, 1472, 1225, 1126, 702 cm-. "H NMR (400 MHz,
S OACl  CDCly) 6 7.74-7.69 (4H, m), 7.43-7.38 (6H, m), 5.74 (1H, ddit, J
=72,1=100,J=168), 549 (1H, m), 5.18 (1H, m), 5.11-5.05
(3H, m), 4.71 (1H, d, J = 1,6), 3.81 (1H, dq, J = 6.4, J = 8.8),
3.63 (1H, dd, J =32, J = 9.4),3.53 (1H, 1, J = 9.2), 3.28 (2H,
232 m), 2.24 (2H, brt, J = 6.4), 2.02-1.88 (2H, m), 1.95 (3H, s), 1.64-
1.26 (12H, m), 1.58 (3H, s), 1.55 (3H, d, J = 4), 1.08 (3H, d, J = 6.4), 1.05 (9H, s), 0.92 (3H, 1, J
=7.6), 0.89 (3H, t, J = 7.6). 13C NMR (100.6 MHz, CDCls) § 175.6, 169.9, 151.0, 136.1, 136.0,
135.8, 134.4, 133.3, 133.2, 129.6, 129.5, 127.5, 127.4, 117.7, 96.1,79.7, 72.7, 71.5, 69.5, 62.2,
49.8, 42.8,39.7,39.5,36.1,35.0, 32.7, 32.3, 32.2, 31.2, 27.8, 27.0, 26.9, 26.0, 25.9, 22.2, 20.7,
19.7, 18.4, 12.1, 11.8. HRMS (ESI+) m/z calcd. for CasHesQsSi [M+H]*: 789.4962; found:
789.4981.

4.2.2. Preparation of glycoside 233

To a magnetically stired cold suspension (-20 °C) of AgCIO4 (38 mg, 0.184 mmol), SnCl-
(35 mg, 0.184 mmol), and 4 A molecular sieves (200 mg, crushed and flamed) in dry
ether (0.4 mL) was added via cannula alcohol 169a (17 mg, 0.084 mmol) in dry ether
(0.8 mL). Afther 2 min, the fluoride 231 (40 mg, 0.084 mmol) in dry ether (0.8 mL) was
added via cannula, and the reaction was allowed to stir at =20 °C for 2 h and then at rt
for 10 h. The reaction mixture was diluted with ether and filtered through Celite®,
Washing the filtrate with satd NaHCOs solution (20 mL), brine (20 mL), dried over MgSO4
and concentred under reduce pressure. Flash column chromatography of the crude
product (from hexanes/EtOAc 90:10 to 80:20) to afford 233 (41 mg, 0.065 mmol) in 77%
yield.

oTeDps| Colourless oil. Ri: 0.45 (Hexanes/EtOAc 80:20). [a]o -25.2 (¢ 1.50,
- CHCls). IR (diamond ATR) v 2932, 2858, 2104, 1749, 1427, 1226,
1111, 703 cm'. "H NMR (400 MHz, CDCls) & 7.74-7.70 (4H, m),
7.44-7.38 (6H, m), 5.75 (1H, ddt, J = 6.8, J = 10.0, J = 17.2), 5.12-
5.06 (3H, m), 4.71 (1H, brd, J = 1.6), 3.81 (1H,dq, J = 6.4, J=9.2),
3.66 (1H, m), 3.63 (1H, dd, J = 3.2, J = 9.6), 3.52 (1H, t, J = 9.2),
3.31 (2H, td, J = 1.6, J = 6.8), 2.24 (2H, brt, J = 6.8), 1.96 (3H,
5),1.09 (3H, d, J = 6.4), 1.05 (9H, s5), 0.94 (3H, 1, J = 7.2). 13C NMR
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(100.6 MHz, CDCls) 6 170.0, 136.1, 135.8, 134.5, 133.3, 133.2, 131.7, 129.7, 129.6, 127.5,
127.4,117.8, 96.2, 79.8, 72.7, 71.5, 69.5, 62.2, 51.8, 42.9, 34.8, 27.0, 26.8, 22.4, 20.7, 19.7,
18.4, 11.9. HRMS (ESI+) m/z calcd. for C34HasNeOsSi [M+NH4]*: 666.3794; found: 666.3789.

4.2.3 Preparation of amide glycoside 234

To a solution of acid 156 (4.2 mg, 0.023 mmol) and (PySe)2 (2 mg, 0.03 mmol) in PMes
(TM solution in toluene, 55 pL, 0.055 mmol) at 0 °C was added via cannula 233 (15 mg,
0.023 mmol) in toluene (200 uL). The reaction was stirred at 0 °C overnight and then was
diluted with H20 (2 mL) and extracted with CH2Cl2 (3x10 mL). The combined organic
layers were washed with brine (20 mL), dried over MgSQOys, filtered and concentred
under reduce pressure. The crude reaction was purified by column chromatography
(hexanes/EtOAc 85:15) to afford 234 (9 mg, 0.012 mmol) in 51% yield.

Colourless oil. R: 0.67 (Hexanes/EtOAc 90:10). [alo —23.8 (c
0.90, CHCI3). IR (diamond ATR) v 2927, 2855, 2095, 1746,
1680, 1599, 1499, 1231, 1110, 704 cm-'. TH NMR (400 MHz,
CDCla) 6 7.74-7.69 (4H, m), 7.44-7.38 (6H, m), 5.74 (1H, ddt, J
=7.2,J=100,J=17.2), 543 (1H, m), 5.11-5.05 (3H, m), 4.70
(2H, m), 4.67 (1H, brs), 3.81 (1H, dq, J = 6.4, J = 9.2), 3.64 (1H,
m), 3.63 (1H, dd, J = 3.2, J =9.6), 3.53 (1H, t, J = 9.2), 3.28
234 (2H, m), 2.24 (2H, brt, J = 6.4), 2.04-1.86 (6H, m), 1.96 (3H, s),
1.67-1.21 (12H, m), 1.09 (3H, d, J = 6.4), 1.05 (9H, s), 1.01 (3H,1,J=7.2),0.92 (3H, 1, J =7.2),
0.89 (3H, t, J =7.2). 13C NMR (100.6 MHz, CDCls) 6 175.6, 170.0, 152.9, 136.1, 135.8, 134.5,
133.3, 133.2, 129.7, 129.6, 127.5, 127.4, 117.8, 107.8, 6.1, 79.8, 72.7, 71.5, 69.5, 62.2, 49.9,
42.8,39.6, 36.2, 35.1, 32.5, 29.7, 28.7 (x2), 27.9, 27.0, 26.9, 26.1, 25.9, 22.2, 20.7, 19.7, 18.4,
12.2, 11.8 (x2). HRMS (ESI+) m/z calcd. for CasHgsOeSi [M+H]*: 789.4958; found: 789.4981.

4.3. PREPARATION OF TRIACETYL SCH 38513 (239)

Attempt to obtain macrolactam glycoside 235

To a solution of amide glycoside 232 (51 mg, 0.064 mmol) and 1,4-benzoquinone (0.7
mg, 0.007 mmol) in dry toluene (25 mL) was added via cannula a solufion of HG I
catalyst (8 mg, 0.012 mmol) in dry toluene (5 mL). The solution was stirred at 80 °C for 15
h and then was diluted with CH2Cl2 filtered through Celite® and concentrated in vacuo.
The residue was analyzed by 'H NMR (400 MHz) and determined as a mixfure of

2357:235E isomers in 2:1 ratio. The crude residue was purified by flash column
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chromatography (from hexanes/EtOAc 90:10 to 70:30) to give 235 (30 mg, 0.04 mmol) in
63% yield.

Colourless oil. Ri: 0.4 (Hexanes/EtOAc 75:25). [alpo —216.4 (c
0.90, CHCl3). IR (diamond ATR) v 3292, 2929, 2857, 2105,
1747, 1640, 1427, 1225, 1127, 1053, 755 cm-'. TH NMR (400
MHz, CDCls) & 7.74-7.70 (4H, m), 7.44-7.38 (6H, m), 5.52 (1H,
dd, J = 4.0, J = 8.0), 5.07-5.04 (2H, m), 4.72 (1H, brd, J = 1.6),
3.83 (1H, da, J = 6.0, J = 9.2), 3.68 (1H, dd, J = 3.2, J = 9.6),
3.70-3.51 (2H, m), 3.54 (1H, t, J = 9.2), 3.08 (1H, m), 2.25 (2H,
235 m), 2.00-1.92 (4H, m), 1.96 (3H, s), 1.70-1.21 (12H, m), 1.08
(3H, d, J = 6.0), 1.05 (9H, s), 0.91 (3H, d, J =7.2), 0.89 (3H, 1, J =7.2), 0.88 (3H, 1, J = 7.2).
13C NMR (100.6 MHz, CDCls) § 175.5, 170.0, 137.9, 136.1, 135.8, 133.4, 133.3, 129.7, 129.6,
127.5,127.4, 118.7, 94.8, 78.6, 72.8, 71.6, 69.5, 62.4, 50.0, 41.9, 39.0, 33.5, 32.5, 28.3, 27.7,
27.0, 26.7, 25.8, 24.0, 22.0, 20.7, 19.7, 18.4, 12.3, 10.0. HRMS (ESI+) m/z calcd. for
CaoHsaN4OgSi [M+H]*: 747.4493; found: 747.4511.

OTBDPS

Reduction of macrolactam glycoside 235

To a suspension of macrolactam glycoside 235 (10 mg, 0.013 mmol) and Pd/C (10 mg,
10% w/w) in toluene (1.0 mL) was stired under 1 atm. hydrogen atmosphere at rt for
overnight. Then the reaction mixture was purged, diluted with CH2Cls, filtered through
celite® and the solvent was concentred under reduce pressure. The crude reaction was
purified with flash column chromatography (from hexanes/EtOAc 90:10 to 1:1) afforded
236 (7.5 mg, 0.01 mmol) in 80% yield. The dr of the filtered product was 88:12 according
to the 'TH MNR (400 MHz).

OTBDPS Colourless oil. Ri: 0.40 (Hexanes/EtOAc 70:30). IR (diamond
R NH, ATR) v 3290, 2929, 2856, 1743, 1657, 1461, 1232, 1110, 702
cm-'. 'TH NMR (400 MHz, CDCl3) 6 7.75-7.71 (4H, m), 7.45-7.39
(6H, m), 5.36 (1H, dd, J = 4.0, J = 8.4), 4.72-4.71 (2H, m), 3.82
(1H, dq, J = 6.0, J = 9.2), 3.68 (1H, m), 3.53 (1H, m), 3.39 (1H,
t, J =9.2),3.06 (1H, dd, J = 3.2, J = 9.2), 2.99 (1H, m), 2.06
(1H, m), 1.89 (3H, s), 1.77-1.66 (2H, m), 1.66-1.17 (13H, m),
236 1.22 (3H, d, J = 6.0), 1.04 (9H, s5), 0.88 (3H, t, J = 7.2), 0.87 (3H,
d,J=7.2),0.87 (3H, 1, J = 7.2). HRMS (ESI+) m/z calcd. for CazHeeN20Si [M+H]*: 723.4763;
found: 723.4768.
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Triacetyl Sch 38513 (239)

To a solution of 236 (9.7 mg, 0.013 mmol) in pyridine (300 uL) was added Ac20 (100 uL).
The reaction mixture was stirred at rt for 4 h and then was diluted with toluene (3x1 mL)
and concentred in vacuo. The crude reaction was purified by flash column
chromatography (EtOAc/hexanes 80:20) to afford diacetyl Sch 38513 (237) (6.5 mg.
0.012 mmol) in 93% vield.

OTBDPS Colourless oil. R 0.51 (Hexanes/EtOAc 70:30). IR

~_NHAC (diamond ATR) v 2957, 2926, 2855, 1744, 1657, 1648, 1548,
U 1461, 1233, 1110, 1055 cm. 'TH NMR (400 MHz, CDClg) 6
7.78-7.76 (2H, m), 7.69-7.65 (2H, m), 7.49-7.41 (6H, m), 6.12
(1H, brd, J = 6.4), 5.71 (1H, dd, J = 9.2, J = 3.2), 4.76-4.72
(TH, m), 4.69 (1H, m), 4.53 (1H, dd, J = 8.8, J = 4), 4.41 (1H,
m), 4.00 (1H, dqg, J = 8.8, J =6.4), 3.80 (1H, m), 3.72-3.58
- 7 (2H, m), 2.97 (1H, m), 1.97 (3H, s), 1.89 (1H, m), 1.80 (3H,s),
1.79-1.28 (13H, m), 1.14 (3H, d, J = 6.4), 1.01 (9H, 5), 0.89 (3H, d, J=7.2),0.88 (3H, t, J =
7.0),0.84 (3H, 1, J=7.0).

237

To a solution of 237 (11.4 mg, 0.015 mmol) in THF (0.5 mL) was added TBAF-3H20 (1M
solution THF, 500 pL, 0.5 mmol) and the reaction was stirred for 1 h. Then was diluted with
H20 (2 mL) and washed wit EfOAc (3x5 mL). The organic layers were washed with brine
(10 mL), dried over MgSQy, filtered and concentred under reduce pressure o give 238
(6.5 mg , crude), which was used without further purification.

To a solutfion of 238 (6.5 mg, 0.013 mmol) in pyridine (150 uL) was added Ac20 (75 pL).
The reaction mixture was stirred at rt for 3 h and then was diluted with toluene (3x1 mL)
and concentred in vacuo. The crude reaction was purified by flash column
chromatography (EtOAc/hexanes 80:20) to afford friacetyl Sch 38513 (239) (6.1 mg,

0.011 mmol) in 72% yield overall.

OAc Colourless oil. Re: 0.23 (EfOAc/Hexanes 80:20). IR

) NHAC|  (diamond ATR) v 3320, 2930, 1750, 1680, 1640, 1550, 1380,
: UOA 1240, 1050 cm-'. TH NMR (400 MHz, CDCl3) 6 5.64 (1H, d, J
Cc

=9.2), 5.56 (1H, dd, J = 7.2, J =8.8), 4.84 (1H, brs), 4.82 (1H,
dd, J=1.6,J=32), 479 (1H,1, J = 10.4), 4.60 (1H, ddd, J =
32,1=9.2,J=10.4), 400 (1H, dq, J = 6.4, = 9.6), 3.75 (1H,
m), 3.60 (1H, m), 2.98(1H, m), 2.16 (3H, s), 2.08 (3H, s), 1.93
(3H, s), 1.89 (1H, m), 1.77-1.20 (20H, m), 1.18 (3H, d, J =

O
\\\\ O ’/,,

HN

239
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6.4),0.89 (3H,d, J=7.2),088 (3H,t, J=7.2),0.83 (3H, t, J = 7.2). 13C NMR (100.6 MHz,
CDCls) 6 176.0, 171.6, 170.1, 169.8, 94.0, 78.3, 73.0, 72.2, 66.5, 50.8, 48.4, 40.6, 38.6, 34,0,
33.4, 30.9, 28.2, 26.4, 25.1, 24.9, 24.6, 21.4, 21.0, 20.8, 17.4, 12.2, 8.6. HRMS (ESI+) m/z
calcd. for CsoHs2N20s [M+H]*: 569.3797; found: 569.3796.
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Abreviatures i acronims

add. Additiu

anh. Anhidre

ag. Aquds

AL Acid de Lejia

Ar Aril

Bn Benzil

Bu Butil

Brsm Basat en el material de partida recuperat
cat. Catalitzador

Chx Ciclohexil

conc. Concentracio

conv. Conversid

CSA Acid camforasulfonic

DBU 1,8-Diazabicicloundec-7-&

DDQ 2,3-Dicloro-5,6-diciano-1,4-benzoquinona
DEAD Azodicarboxilat de diefil

DET Tartrat de dietil

diast. Diasteredmer

dis. Dissolvent

DIBAL-H Hidrur de diisobutilalumini

DIPEA N,N-Diisopropiletilamina

DMAP 4-Dimetilaminopiridina

DMF Dimetilformamida

DMP Peiodind de Dess-Martin

DMSO Dimetil sulfoxid

DPPA Difenilfosforil azida

ar Relacié diastereomeérica

E Electrofil

ee Exces enantiomeric

equiv. Equivalents

Et Etil

GP Grup protector

HOMO Highest occupied molecular orbital
HRMS-ESI High resolution mass spectroscopy-electrospray ionization
HSQC Heteronuclear Single Quantum Coherente
IR Espectroscopia d'infraroig

KHMDS Bis(trimetilsilil)amidur de potassi

LA Lewis Acid
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LDA

lit.
LUMO
LG
mCPBA
MEM
MOM
MsCl
NOESY
Pyr

Piv
PMB
PPTS
rdf.
sat.
SOMO

f.a.
TBAF
TBDPS
TBS
TES
Tf
TFA
THF
THP
TIPS
T™MS
TsCl
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Diisopropilamidur de lifi

Literatura

Lowest unoccupied molecular orbital
Leaving group

Acid metacloroperbenzodic
2-Metoxietoximetil

Metoximetil

Clorur de mesil

Nuclear Overhauser effet spectroscopy
Piridina

Pivaloil

p-Metoxibenzil

p-toluensulfonat de piridini
Rendiment

Saturat

Single occupied molecular orbital
Temperatura

Temps

Temperatura ambient

Fluorur de tetrabutilamoni
tert-Butildifenilsilil
tert-Butildimetilsilil

Trietilsilil

Trifluorometansulfonil

Acid trifluoroacétic

tetrahidrofurd

Tetrahidropird

Triisopropilsilil

Trimetilsilil

Clorur de tosil
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