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DIHYDRO-OR TETRAHYDROPYRAN DERIVATIVES USEFUL AS ANTI-CANCER 
COMPOUNDS 

FIELD OF THE INVENTION 

5 The present invention relates to new antitumoral compounds, 

pharmaceutical compositions containing them and their use as 

antitumoral agents. 

10 

BACKGROUND OF THE INVENTION 

In 1990, Gunasekera SP et al.. reported the isolation of a new 
polyhydroxyiated lactone, (+)-discodermoiide, from the deep-water 

Caribbean sponge Discodermia dissoluta (Gunasekera SP et al. J. Org. 

Chem. 1990, 55, 4912-4915 and J. Org. Chem. 1991, 56, 1346). 
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This compound has been revealed to be a potent antimitotic agent 

(Hung DT et al. Chem. Biol. 1996, 3, 287-293 and ter Haar E et al. 

Biochemistry 1996, 35, 243-250), possessing a mode of action similar to 
20 that of the clinically proven anticancer agent paclitaxel (Schiff PB et al. 

Nature 1979, 277, 665-667). Both natural products arrest the cell cycle 

at the M phase, promote microtubule formation, and have similar 

inhibitory effects against breast cancer carcinoma (ICso of 2.4 nM and 
2.1 nM, respectively). 
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2 On the other hand, some unusual linear dipeptides containing a 
N-acyl enamide functionality have been isolated from a myxobacteria 
belonging to the Chondromyces genus (Kunze B et al. J. Antibiot. 1994, 47, 
881-886 and Jansen R et al. J. Org. Chem. 1999, 1085-1089). 5 Specifically, 
these compounds are crocacins A, B, C and D and are a group of electron 
transport inhibitors, [err[ [err] Crocacins A-D moderately inhibit the 
growth of a few Gram- 10 positive bacteria and are potent inhibitors of 
animal cell cultures. .ani jLe,Yeral.Ye.as.t;S..anfl, tragi is 
crocacin D which^sliowe9"a'iMTtT''o!f ng/^mCagains^acc§iaromyces 
cerevisiae i$HjJg(ted 
fibroblast cell culture. 15 Gudasheva et al. (Russian Journal of Bioorganic 
Chemistry, 
2006, 40(7) Rfr^iesefei:d¥9W9c^¥o^ed 
the structure of the endogenous tetrapeptide cholescystokinin-4 (CCK-4). In 
2 0 this 5egSp99iftt&llJsthl4aeci©B^®iJH^tare-eMt^iiaf)]^nBd^r&i3iitE>v®Bdea^eigiited 
anxiolytic properties,.and^. the D-thryntophan derivatives, anxiogenic 3 ^roup of electron transport lrimbitors. 
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Crocacins A-D moderately inhibit the growth of a few Gram-

10 positive bacteria and are potent inhibitors of animal cell cultures and 

several yeasts and fungi. The most active is crocacin D which showed a 

MIC of 1.4 ng/mL against the fungus Saccharomyces cerevisiae and 

strong toxicity (IC50 of 0.06 mg/L) toward L929 mouse fibroblast cell 

culture. 
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Gudasheva et al. (Russian Journal of Bioorganic Chemistry, 2007, 

44(4), 413-420, and Pharmaceutical Chemistry Journal, 2006, 40(7), 

367-372) reported the design of dipeptide compounds based on the 

structure of the endogenous tetrapeptide cholescystokinin-4 (CCK-4). In 

20 this regard, it is disclosed that L-thryptophan derivatives exhibited 

anxiolytic properties and the D-thryptophan derivatives, anxiogenic 



properties. Two of the dipeptide compounds disclosed by Gudasheva et al. 
are the following: and the following compounds were disclosed as 
intermediates in the synthesis of compounds R and U: 5 Cancer is a 
leading cause of death in animals and humans. Huge efforts have been and 
are still being undertaken in order to obtain an antitumor agent active and 
safe to be administered to patients- suffering from a cancer. The problem to 
be solved by the present invention is to 10 provide compounds that are 
useful in the treatment of.^cancer...SUMMARY OF, THE INVENTION , , In one . , properties. Two of tne droeptide compounds cuscroseQ Gudasheva e,t aspect, the ̂present invention I'S mrectea to compounds oi"T general 
formula I o^pyo^r|tlt^cfeM&^v$i§§-:ly acceptable salts, tautomers, prodrugs or 
stereoisomers thereof 5 (I) wherein Y is selected from -CHRay-, 
-CHRay-CHRby-, -CRay=CRby-, -CHRay-CHRby-CHRcy- -CHIRay-CRby=CIRcy-, and 
-CHRay-CC-; 5 each Ray, Rby, and Rcy is inde 
hydrogen, substituted or unsubstituted 
unsubstituted C2-C12 alkenyl, and subst 
alkynyl; 

endently selected from 
.2 alkyl, substituted or 
or unsubstituted C2-C12 

Compound R 

Compound U 

and the following compounds were disclosed as intermediates in the 

synthesis of compounds R and U: 

10 

Compound S 

Compound T 



10 each Ri, R2, R3, R4, and R5 is independently selected from hydrogen, 
substituted or unsubstituted Ci-C12 alkyl, substituted or unsubstituted 
C2-C12 alkenyl, and substituted or unsubstituted C2- C 12 alkynyl; R6 is 
selected from NR8R9, and ORio; 15 A is selected from R18 and 20 W is 
selected from 0 and NR7; R7 is selected from hydrogen, COR., COOR., 
substituted or unsubstituted C1-C12 alk^l, substituted or unsubstituted 
C2-C12 alkenyl, and substituted or unsubstituted C2-C12 alkynyl, or R7 and 
R5 6 together with the corresponding—N atom and C atom to which they are 
attached may form a substituted or Jmsujpstituted heterocyclic group; R8 is 
selected from hyd]2d§fe$ar^5©Ra>-<?5bBr^,Vveilbstituted or 5 unsubstituted C -C12 
alkyl, substituted orlunsubstituted C2L-C^2 alkenyl, substituted or 
unsubstituted C2-Cb2^alkynyl, and substituted or unsubstituted C4-C12 
alkenynyl; Rio is selected from hyc^oq^n^^su^strtuted or unsubstituted C 
i-C12 10 alkyl, substituted or unsubstj/tute^pc\-c^ alkenyl, and 
substituted or unsubstituted C2-C12 @=£ftynyl s.each dotted line represents an 
optional additional bond, but when a 6CH2CH3 H Compound V 

Compound W 

COOH 

Compound Y 

O JF=0 
HOOC Compound Z. 

Cancer is a leading cause of death in animals and humans. Huge 

efforts have been and are still being undertaken in order to obtain an 

antitumor agent active and safe to be administered to patients suffering 

from a cancer. The problem to be solved by the present invention is to 

10 provide compounds that are useful in the treatment of cancer. 

SUMMARY OF THE INVENTION 

15 

In one aspect, the present invention is directed to compounds of 

general formula I or pharmaceutical^ acceptable salts, tautomers, 

prodrugs or stereoisomers thereof 



triple bond exists between the C atoms to which Ri and R2 are attached, 15 
Ri and R2 are absent, and when a .triple bond exists between the C atoms to 
which R3 and R4 are attached, R3 and R4 are absent; and 20 when A is R18 , 
then R9 is selected from hydrogen, CORa, COOR., substituted or 
unsubstituted C -C12 alkyl, substituted or unsubstituted C2-C12 25 alkenyl, 
substituted or unsubstituted C2-C12 alkgnyl, and substituted or 
unsubstituted C4-C12 alkenynyl, with the proviso that when Y is -
CHRay-CHRby-CHRcy- or -CHRay-CRby=Cj^.2, y-j-pnd a singly or a double 7 bond 
exists between the C atoms to which. &3 and R4 are attached then R9 is 
substituted or unsubstituted W-Cl^alkadynylM/and jlien A is 5 R18 

Ri R3 O R5 m 

wherein Y is selected from -CHRay-, -CHRay-CHRby-, -CRay=CRby-, -C-C-, 

-CHRay-CHRby-CHRcy-, -CHRay-CRby=CRcy-, and -CHRay-C-C-; 

5 

each Ray, Rby, and Rcy is independently selected from hydrogen, 

substituted or unsubstituted C1-C12 alkyl, substituted or unsubstituted 

C2-C12 alkenyl, and substituted or unsubstituted C2-C12 alkynyl; 

10 each Ri, R2, R3, R4, and R5 is independently selected from hydrogen, 

substituted or unsubstituted C1-C12 alkyl, substituted or unsubstituted 

C2-C12 alkenyl, and substituted or unsubstituted C2-C12 alkynyl; 

R6 is selected from NR8R9, and OR10; 

15 

A is selected from 

20 W is selected from O and NR7; 

R7 is selected from hydrogen, CORa, COORa, substituted or 

unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl, and substituted or unsubstituted C2-C12 alkynyl, or R7 and R5 



0R19 , then R9 is selected from hydrogen, CORa, COORa, substituted or 
unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 10 alkenyl, 
substituted or unsubstituted C2-C12 alkynyl, and substituted or 
unsubstituted C4-C12 alkenynyl; each R16, R17 and Ris are independently 
selected from hydrogen, ORa, OCORa, OCOORa, NRaRb, NRaCORb, and 
NRaC (=NRa) NRa'Rb, substituted 15 or unsubstituted C i-C12 alkyl, substituted 
or unsubstituted C2-C12 alkenyl and substituted or unsubstituted C2-C12 
alkynyl; R19 is, selected from hydrogen, CORa, COORa, CONRaRb, £ (0) Ra, 
S02Ra, 2 0 
sub s t i tuteda^cHg^i^^ 
unsubstituted C2-C12 alkynyl; and each Ra, Rb, and Rc are independently 
selected from hydrogen, substituted or unsubstituted C 1-C 12 alkyl, 
substituted or «nSutati&utfrd 25 h^gl2al^l, 
unsubstituted CZ -c 12 alkynyl, subsriuutea or unsubstitutea aryl and 
substitu^du^uMfittteB&S.itCt^fl2h®fflte5d9C¥«abititgtedupor' Unsubstituted C2-C12 

alkenyl, substituted or unsubstituted C2-C12 alkynyl, and substituted or 

unsubstituted C4-C12 alkenynyl; 

Rio is selected from hydrogen, substituted or unsubstituted C1-C12 

10 alkyl, substituted or unsubstituted C2-C12 alkenyl, and substituted or 

unsubstituted C2-C12 alkynyl; 

each dotted line represents an optional additional bond, but when a 

triple bond exists between the C atoms to which Ri and R2 are attached, 

15 Ri and R2 are absent, and when a triple bond exists between the C 

atoms to which R3 and R4 are attached, R3 and R4 are absent; 

and 

20 when A is 

R-I8 

0 ,then 

R9 is selected from hydrogen, CORa, COORa, substituted or 

unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

25 alkenyl, substituted or unsubstituted C2-C12 alkynyl, and substituted or 

unsubstituted C4-C12 alkenynyl, with the proviso that when Y is -

CHRay-CHRby-CHRcy- or —CHRay-CRby=CRcy- and a single or a double 



In another aspect, the present invention is also directed to a compound of 
formula I, or a pharrnaceutically acceptable salt, 5 tautomer, prodrug or 
stereoisomer thereof, for use as medicament In another aspect, the 
present invention is also directed to a compound of formula I, or a 
pharrnaceutically acceptable salt, tautomer, prodrug or stereoisomer 
thereof, for use as medicament for 10 treating cancer. In a further 
aspect, the present invention is also directed to the use of compounds of 
formula I, or pharmaceutically acceptable, sa.ltis, tautomers^ prodrugs or 
StereoiSomeM4l^«Se%eeh#tS(«efel0 
of a medicaiR|qg:s§^gti^tedt(Jieafi§ieMtiMegWe]f2-aBfe^ay^®fifts of the invention 
are methods of treatment, and compounds for use m these methods. 
Therefore, the present invention further provides a method of treating any 
mammal, not^^U^ £ -^Luman, affected by cancer which comprises administering 
to the affected 20 individual a therapeutically effective amount of a 
compound5of formula I, or a pharrnaceutically acceptable salt, tautomer, 
prodrug or stereoisomer thereof. In a yet further aspect, the present 
invention is also aifrected to a 25 compound of formula I, or a 
pharmaceutiq^lly aji^ept^ble salt, tautomer, prodrug or stereoisomer 
thereof, for usVas asmcancer agent. 9 pharrnaceutically acceptable salt, 
tautomer, prodrug or stereoisomer thereof, together with a pharrnaceutically 
acceptable car^&rofOdiluent. 5 DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS ̂16 The present invention relates to compounds of general 
formula I as defined- above. lOIn these compounds the groups can be selected 
in. accordance with tnld foll&e&ing guidance: Alkyl groups may be branched or 
unbranched, and preferably have from 1 to about 12 carbon atoms. One more 
preferred class of 15 alkyl groups has from 1 to about 6 carbon atoms. Even 
more pref erj^d &reSei<b&te& gMws H$$Jf6g@i,l, C2)Ra3 Dtethyl, 
ethyl, propyl, isopropyl and butyl, including tert-butyl, sec-butyl and 
isobutyl ar<ynsubstituteci C1-C12 alkyl, substituted or unsubstituted C2-C12 

10 alkenyl, substituted or unsubstituted C2-C12 alkynyl, and substituted or 

unsubstituted C4-C12 alkenynyl; 

each Ri6, R17 and Ris are independently selected from hydrogen, ORa, 

OCORa, OCOORa, NRaRb, NRaCORb, and NRaC(=NRa)NRaRb, substituted 

15 or unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl and substituted or unsubstituted C2-C12 alkynyl; 

R19 is selected from hydrogen, CORa, COORa, CONRaRb, S(0)Ra, S02Ra, 

P(0)(Ra)0Rb, SiRaRbRc, substituted or unsubstituted C1-C12 alkyl, 

20 substituted or unsubstituted C2-C12 alkenyl and substituted or 

unsubstituted C2-C12 alkynyl; and 

each Ra, Rb, and Rc are independently selected from hydrogen, 

substituted or unsubstituted C1-C12 alkyl, substituted or unsubstituted 

25 C2-C12 alkenyl, substituted or unsubstituted C2-C12 alkynyl, substituted 

or unsubstituted aryl and substituted or unsubstituted heterocyclic 

group. 



particularly preferred alkyl groups in the compounds of the present 
invention. Another preferred class of alkyl groups has from 6 to about 2 0 
10 carbon atoms; and even more preferably 7, .8 or 9 carbon atoms. Heptyl, 
octyl and nonyl are the most preferred alkyl groups of this class. 
Preferred alkenyl and alkynyl groups in the compounds of the present 
invention may be branched or unbranchedg have one or more 25 unsaturated 
linkages and from 2 to about 12 carbon atoms. One more preferred class of 
alkenyl and alkynyl groups has from 2 to about 6 carbon atoms. Even more 
preferred are alkenyl and alkynyl groups having 2, 3 or 4 carbon atoms. 
Another preferred class of alkenyl and alkynyl groups has from 4 to about 
10 carbon atoms, still more 30 preferably 6 to about 10 carbon atoms; and 
even more pref erg£^0?hei8 is a&§ ^kgnynyl. 
group as an alkyl group containing one or more double bonds and one or more 
triple bond®9mfiQ®.rTgfe:e®fer&®ai''-da:k5nye5rl rc$#ltl to 
about 12 5ca^^p,ldf^0p8pe8gggffijadI^ap. tf|e tiMMeSkeiff011?3 has 
from 6 to about ID 5 carrron atoms. Suitable aryl groups m the 
compounds of the present invention include single and multiple ring 
compounds, including multiple ring compounds that contain separate and/or 
fused aryl groups. Typical aryl 10 groups,, contain f.rom, 1 to 3, separated or 
fused rings and ft<##%> <9586fe W Sffi® .%PefeSt^gr?-l 
groups contg^ftj&ajflj 6oftofortiftH£ 10 §grlaor£ljatfiSa®&atWlySE«®kji<JMepiSS#§rred 
.aryl groups include substituted or unsubstituted phenyl, substituted or 
unsubstitut^J-^S§ffFtil^P^I1i&]5¥'t^teSf<^(§o0¥ru^teEff^t^<S^iii:®S ft9.^R^^5^n^\ikfe,Eituted 
or .unsu^ti^^^^j^gj^nanthryl and substituted or unsubstituted anthryl. 
Suitable heterocyclic groups include heteroaromatic and heteroalicyclic 
groups containing from 1 to 3 separated or fused rings and from 5 to about 
18 ring atoms. Preferably heteroaromatic and 20 heteroalicyclic groups 
contain from 5 tp about, 10 ring atoms, most preferably 5rf. 6 or. 7 ring In a further aspect. TneDrfesenr invention is also directed to me ̂  atoms. Suitable neteroaromatic groups m trie compounas or tne present 
invention c adfnc<sa®§>Qufctfd® ©frfcfrtastei K,e4»epiatmas;ea€taii^eafcc6ptarblN,saQts9r S 
atoms and include, e.g., coumarinyl including 8-coumarinyl, quinolyl 
i nc 1 ud i ng 8 &y^ei?^a n^Le, f, 
pyrimid^l^y^ior S^afc^Aentif^tez^feneftfWzoiy1' 
tetrazolyl, isoxazolyl, oxazolyl, imidazolyl, indolyl, isoindolyl, 
indazolyl, taHoQJi a^jfcgfltsi ic^zth©yjrivepti®fii iofytrpalgjgQljaSQdy 1, 

benzothiazo Jofthefc cd yAe thpii o£ fcrfekiiajgl any CfnammaB, iriQtkblyi aptotiitiarij, d i ny 1 
and furopyridyl. Suitable heteroalicyclic groups,in the compounds of the 
present inv £#§£&$ cfeht<iffl?e6n^(hi<E^oc@51Prises administering to the affected 

20 individual a therapeutically effective amount of a compound of formula 
I, or a pharrnaceutically acceptable salt, tautomer, prodrug or 
stereoisomer thereof. 

In a yet further aspect, the present invention is also directed to a 
25 compound of formula I, or a pharrnaceutically acceptable salt, 

tautomer, prodrug or stereoisomer thereof, for use as anticancer agent. 

In another aspect, the present invention is directed to 
pharmaceutical compositions comprising a compound of formula I, or a 



11 three heteroatoms selected from N, 0 or S atoms and include, e.g., 
pyrrolidinyl, tetrahydrofuranyl, dihydrofuranyl, tetrahydrothienyl, 
tetrahydrothiopyranyl, piperidyl, morpholinyl, thiomorpholinyl, thioxanyl, 
piperazinyl, azetidinyl, oxetanyl, thietanyl, homopiperidyl, oxepanyl, 
thiepanyl, oxazepinyl, diazepinyl, thiazepinyl, 1,2,3,6- tetrahydropyridyl, 
2-pyrrolinyl, 3-pyrrolinyl, indolinyl, ̂ H-pyranyl, 4Hpyranyl, dioxanyl, 
1,3-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl, dihydropyranyl, 
dihydrothienyl, dihydrqfuranyl. -Dyrazolidinyl, , 
imiLzolinyS"iimgffiS5®{i^P!BML^tl«¥cin'trrhi8^-ol0stereolsomer 

azabicyclo or'BifeieSSCPups 
above mentioned may be substituted at one or more available positions by 
one or more suitable groups such as OR', =0, SR', SOR', S02R', N02, NHR', 
NR'R', =N-R', NHCOR', N(C0W)2, NHS02R', 15 NR'C(=NR')NR'R', CN, halogen, 
COR', COOR', OCOR', OCONHR', OCONR'R', CONHR', CONR'R', protected OH, 
substitugedDiarAmEOi-DBSiCiRlEtKKif <5B-PfiJtEEHfi^yEjfflB®ilttMElt,KSited or unsubstituted 
C2-C12 alkenyl-, substituted or unsubstituted C2-C12 alkynyl, substituted or 
unsubstituted aryl, and substituted or unsubstituted heterocyclic 20 group, 
wherein each of pfr£s<^i^nii§niMgt^!^e<y^o§i§^c(^eri^fr f£ftfiufir$up 
consisting of hydrogen, OH, N02, NH2, SH, CN, halogen, COH, COalkyl, C02H, 
substituteda§)]d.egigg4]^te>^guted C i-C12 alkyl, substituted or unsubstituted 
C2-C12 alkenyl, substituted or unsubstituted C2-C12 alkynyl, substituted or 
unsubstituted aryl, and substituted or 25 unsubstituted heterocyclic group. 
Where sil@h groupfei itoes&fceirefKilurafe ihb^rbtiptsedgLnttaeB seiriEteitiiiea<tKa)ndayicbe 
chosen from t;he foregoing li§t. _ Suitable halogen substituents in the 
compounds oF1ra£p^re^^B°i^e?ffi(K3n include F, CI, Br and I. 3 0 12 
chemistry is provided by Wuts, PGM and Greene TW in Protecting Groups in 
Organic Synthesis, 4th Ed. Wiley-Interscience, and by Kocienski PJ in 
Protecting Group&l,ky$i&'ORffs 0&ytdp^fe£%ftf^3^:£Ta^?bT^<f^^4se¥ll^eHE^§r^!3tevide 
sections on^gt^iiifg^gg^ g'%a9Son^ttnffie6fte5iife!1l^ip»gdi«lss of 
incorporated!! try reference m their entirety. Examples of such protected OH 
include lfgthtUcyi l^stifrem le&jtafrsut §ucMtoat^m$^fen®rtaHTe pareferred 
sulfinates, carbonates and garbamat.es. In the case of ethers the protecting 
group for tftie Pntfyt; 
methylthiom^^^pyl(afe^3MtI?%1rfeKi<fiiafeyyilMl^^y5^tJ&iiWl ii&dbfMcA^^Pithyl, 
p-methoxybenzyloxymethyl, [(3,4- dimethoxybenzyl)oxy]methyl, 
p-nitrobenzfS«W5<tol^Prefet!eit#4bSng9!HB^iiBtl!i^lfoiprt43ldsio£ present 
-nitrophenyUett^I^toW^JJft^^gfippjg^t^ f g tQ about 
guaiacolmetnyl, [ (p-phenyXphfenyl J oxyjmethyl, t-Butoxymetnyl, 4-
pentenyS©xyn©tb^h(0®ii-i<t0ffSi©pl^EedLe2eitn9libCBc^fefe®a^tyef ji^lpg-9 iSirbon atoms. 
cyanoethoxymethyl, bis (2- chloroethoxy) methyl, 2,, 2., 2 - tichlorpethoxymethyl, 
2- (trimethyite^lpSt^(^ieR|k^m1KM^S^5rf? ̂  §rouPs offhls ddss' • 
0-bis(2-acetoxyethoxy)methyl, tetrahydropyranyl, fluorous 
tetrahydropyranyl, 3-bromotetrahydropyranyl, tetrahydrothiopyranyl, 
1-methoxycycloheE5af9rr«;dmelk«5^t^«t^!i^0SXJpf-5<ai^SLin4the compounds of the 
me t hoxy t e t r fc%fS&?M%vaW£9<Siaf;m^iae5disfiS&8xide • 

25 unsaturated linkages and from 2 to about 12 carbon atoms. One more 

preferred class of alkenyl and alkynyl groups has from 2 to about 6 

carbon atoms. Even more preferred are alkenyl and alkynyl groups 

having 2, 3 or 4 carbon atoms. Another preferred class of alkenyl and 

alkynyl groups has from 4 to about 10 carbon atoms, still more 

30 preferably 6 to about 10 carbon atoms; and even more preferably 7, 8 or 

9 carbon atoms. 



20 1-[(2-chloro-4-methyl)phenyl]-4-methoxypiperidin-4-yl, 
1-(2-fluorophenyl)-4- methoxypiperidin-4-yl, 
1-(4-chlorophenyl)-4-methoxypiperidin-4-yl, 1,4- dioxan-2-yl, 
tetrahrirofuranyl, tetrahydrothiofuranyl, 
2,3,3a,4,5,6,7,7aoctahydro-7,8,8 -trimethyl-4,7-methanobenzofuran-2-yl, 
1-ethoxyethyl, l-(2- chloroethoxy)ethyl^ 2-hydroxyethyl, 2-bromoethyl, 
1-[2- 25 (trimethylsilyl)ethoxy]ethyl, 1-methyl- 1-methoxyethyl, 1-methyl-1 
- benzyloxyethyl,., 1-.methyl,-1 -benzyloxy-2 -fluojroethyl, 1 -methyl- 1 
-phenoxyethyl, 2^f ^ne °r 

-trichloroefefef^, dfeufel^- b&idk 3ai^xg1§<lu6)IrQn3re feeeflffpESfid preferred 
1-(2-cyanoethoxy)ethyl, 2-trimethylsilylethyl, 2- (benzylthio)ethyl, 
2-phenyl sel§$5£^£^^9u§sl^€ytl!1,0^yk3:WK^x^FS?]-ri fifel^ c^£jbon atoms. 
cyclopropylgjetjj^Jrb^rted^fiS'tf ^KmMVoapW^l1tmE6:1li<ffl5SaisW!1' 
p-methoxyphenyl, p-rfitrophenyl, 2,4-dinicrophenyl, 2,3,5,6-
tetraflu<SroeArbtorafijm©romethyl) phenyl, benzyl, p-methoxybenzyl, 3,4- 13 
climethoxybenzyl,2,6-olimethoxybenzyl,o-nitrobenzyl,p-nitrobenzyl, 
pentadienylnitrobenzyl,pentadienylnitropiperonyl,halobenzyl,2,6-
dichlorobenzyl, , . 
fluorous benzyl, 4-fluorousalkoxybenzyl, trimethylsilylxylyl, 
p-phenylbeni^ludg-pggifyliiids ^QH^il^SbSfiEyi, 
4 - az ido - 3 - a^l^j)^^^^6112 yl' 
p- (methylsulfmyl) benzyl, psiletaifylbenzyl, 4-acetoxybenzyl, 
4- (2 -trii^t^ydispd-F^rii^ihcfeQOTietto^^Bpaargrtled <2r-firsa^dbitihgS.laeidbffcliiji 6^pjab©lt£l, 
4-picolyl, 3-methyl-2-picolyl N-pxido, 2- qu i no 1 inyl methyl,, ̂  
6-methoxy-2-1?4c-#eiVi^^54F#Mi®l;IHP),s iqn1£{n Tronic to about 10 
pyrenylmethfcy^ljg^kttS&kyfep&cIM^hf^to&effi^rpfcii^,include substituted 
phenyldiphenylmethyl,p,p'-clmitrobenzhydryl,5-dibenzosuberyl, 
triphenylme©EyP-(nSft^)g^i|;i4tq<l,ora^h^i^R^feky 1, p-
methoxyphen¥ldje^lptt^bg^ffie6ijgpB|e^ahg^iBftfiKJo6»ju(tea 
methoxyphenyl/methyl,4-(4'-bromopnenacyloxy)phenyldiphenylmethyl, 15 
4,4' , 4" -lt^i^hfenS.ri^i^]a3nidD^b4italiliitHsddxrplirarqlas)tfitet44^iLp4h^-, 4" -
tris(levulinoyloxyphenyl)methyl, 4,4',4"-tris(benzoyloxyphenyl)methyl, 
4,4'- climethoxy-3"-[N-(irnidazolylmethyl)]trityl, 
4,4' -dimethoxy-Sgt^^iiclsagi^eiefi&yl^ftg^mciHiilliiaiitlifeteroaromatic and 
bis(4-methoxyphenyl)-1'-pyrenylmethyl, 4- (17- tetrabenzo [ 
c,g, i] fluor4i^®i^iBRygl)&g!:(®»PSiSSBfeSB«J^4S0iP9yl t? S-SSBMBtjS.oiSfasfSLrWS 
phenyl> xantteyl^ J - ° ani' 3 " 
benzodithioIan-2-yl, and 4,5-bis(etnoxycarbonyl)-[I,3]-dioxolan-2-yl, 
benzisot30i-aiiei§rbaEG^el&i-(gs6'dps dcmt&fre fcsme5ofo sedtilogcQt &6hHng atcan§vraJlK®lting 
group for the OH can be seleqted f rom tr.ime,thylsilyl, triethylsilyl, 
t r i i s op ropy / •^d5m§t9iy?i'SBp i^x^i, ^5 
dimethylhex^g^0itjn<fe-n@pbgjgi^.4^gig^hif^^j^1, ta&tttiifi.d§a§ ti&ff 1 tftree 

heteroatoms selected from N, O or S atoms and include, e.g., 

coumarinyl including 8-coumarinyl, quinolyl including 8-quinolyl, 

25 isoquinolyl, pyridyl, pyrazinyl, pyrazolyl, pyrimidinyl, furyl, pyrrolyl, 

thienyl, thiazolyl, isothiazolyl, triazolyl, tetrazolyl, isoxazolyl, oxazolyl, 

imidazolyl, indolyl, isoindolyl, indazolyl, indolizinyl, phthalazinyl, 

pteridinyl, purinyl, oxadiazolyl, thiadiazolyl, furazanyl, pyridazinyl, 

triazinyl, cinnolinyl, benzimidazolyl, benzofuranyl, benzofurazanyl, 

30 benzothiophenyl, benzothiazolyl, benzoxazolyl, quinazolinyl, 

quinoxalinyl, naphthyridinyl and furopyridyl. Suitable heteroalicyclic 

groups in the compounds of the present invention contain one, two or 



butyldiphenylsilyl,tribenzylsilyl,tri-p-xylylsilyl,triphenylsilyl, 
diphenylmethylsilyl, di-t-butylmethylsilyl, 
bis(t-butyl)-1-pyrenylmethoxysilyl, 
tris(trimethylsilyl)silyl, (2-hydroxystyryl)dimethylsilyl, (2-
hydroxystyryl)diisopropylsilyl,t-butylmethoxyphenylsilyl,t- 30 
butoxydiphenylsilyl, 1,1, 3 , 3 - tetraisoprpjpyl-3 - [2 -
(triphenylmethoxy)ethoxy]disiloxane-1-yl, and fluorous silyl. In the case 
of esters the protecting group for. the ,QH_can be selected .from, formate, 14 
benzoylformcte?,e &Sfef§&^)(mchsroTrJ§ce^"§Pfe , 'cPi ffi 1§r% o^§)'dc etate, 
trichloroac&tf^j^ft^ t, tetrahydrothienyl, 
triphenylmethoxyacetate,phenoxyacetate,p-chlorophenoxyacetate, 
phenylacetat^Fafe4®^k^!|^<t:SB$ke, Bip^H^T^lpr0|fif'®fefeyljbis^liQ0¥^fii^oiiHSkn type 
5 Propanoyl ^^tenpt|^n4 ro^pp^o^, X.4 -tte|telf,n?itoiyietea«anoate' 
5p-bis(4-metnoxypnenyr)nyaroxymethylphenoxylrevulinate, pivaloate, I-
adamanto^t e oxejy^j^iattfeiepfarr^thoxgczepafa^atc&azi^ni^at^ia^egih^hylbA&^'at e, 2 
, 4 , 6-trimethylbenzoate , 4-bromobenzoate, 2, 5 .-dlfJLuorobenzoate, 
pnitrobenzo^ah^i^^^^^^^^-pygrp^^^^^^g^^r^yT, 4H-
4-azidobutyj^r^1yil0(jioxanyi} 1,3-dioxolanyl, pyrazolinyl, dithianyl, dithiolanyl, 
(2-azidomethyl)pnenylacetate,2 -fRtritylthio)oxylmethylJbenzoate,24[(4 -
methoxytrit^Ukjfttop^i^il^ethydilTydtaQ^eeyt- dihydrofuranyl, pyrazolidinyl, 
f imethyl {trityl^ftUmino] Bgaj&i&SjW?? ̂ , %:iibfeclo[3,1 .Olhexvl, „ 3-
mfethoxytritylJtnioTmethylamino)-metnyllbenzoate, "2-(allyloxy)phenylacetate, 
2- (preil]0Lo^afeit^grIb|4).^o&]4!i®p^l, 3H-indolyl, and quinolizinyl. 
6-(levulinyloxymethyl)-3-methoxy-2-nitrobenzoate, 15 
6-(levulinyloxymethyl)-3-methoxy-4-nitrobenzoate, 4-benzyloxybutyrate, 4-
trialkylsilyloxy^^y^^&s^-^e^Hfi^edSmafiB^fe^WW&fon^ or more 
,2-dimethyl-4- pentenoate,2-iodobenzoate,4-nitro-4-methylpentanoate,o-

available positions by one or more suitable groups such as OR', =0, SR', 
SOR', S02R', N02, NHR', NR'R', =N-R', NHCOR', N(COR")2, NHS02R', 

15 NR'C(=NR')NR'R', CN, halogen, COR', COOR', OCOR', OCONHR', 
OCONR'R', CONHR', CONR'R', protected OH, substituted or 

unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl, substituted or unsubstituted C2-C12 alkynyl, substituted or 

unsubstituted aryl, and substituted or unsubstituted heterocyclic 

20 group, wherein each of the R' groups is independently selected from the 
group consisting of hydrogen, OH, NO2, NH2, SH, CN, halogen, COH, 

COalkyl, CO2H, substituted or unsubstituted C1-C12 alkyl, substituted 
or unsubstituted C2-C12 alkenyl, substituted or unsubstituted C2-C12 

alkynyl, substituted or unsubstituted aryl, and substituted or 

25 unsubstituted heterocyclic group. Where such groups are themselves 

substituted, the substituents may be chosen from the foregoing list. 

Suitable halogen substituents in the compounds of the present 

invention include F, CI, Br and I. 

30 
Suitable protecting groups for OH are well known for the skilled 

person. in the art. A general review of protecting groups in organic 



12 

chemistry is provided by Wilts, PGM and Greene TW in Protecting 

Groups in Organic Synthesis, 4th Ed. Wiley-Interscience, and by 
Kocienski PJ in Protecting Groups, 3rd Ed. Georg Thieme Verlag. These 

references provide sections on protecting groups for OH. Examples of 
such protected OH include ethers, silyl ethers, esters, sulfonates, 
sulfenates and sulfmates, carbonates and carbamates. In the case of 

ethers the protecting group for the OH can be selected from methyl, 
methoxymethyl, methylthiomethyl, (phenyldimethylsilyl)methoxyrnethyl, 
bemyloxymethyl, p-methoxybenzyloxymethyl, [(3,4-
dimethoxybenzyl)oxy]methyl, p-mtrobenzyloxymethyl, chnitrobenzyloxymethyl, 
[(i^-l-(2-nitrophenyl)ethoxy]methyl, (4-methoxyphenoxy)methyl, 
guaiacolmethyl, [(p-phenylphenyl)oxy]methyl, t-butoxymethyl, 4-
pentenyloxymethyl, siloxymethyl, 2-methoxyethoxymethyl, 2-
cyanoethoxymethyl, bis(2-chloroethoxy)methyl, 2,2,2-trichloroethoxymethyl, 

2-(trimethylsilyl)ethoxymethyl, menthoxymethyl, o-bis(2-acetoxyethoxy)methyl, 

tetrahydropyranyl, fiuorous tetrahydropyranyl, 3-bromotetrahydropyranyl, 
tetrahydrothiopyranyl, 1 -methoxycyclohexyl, 4-methoxytetrahydropyranyl, 4-

methoxytetrahydrothiopyranyl, 4-methoxytetrahydrothiopyranyl S,S-dioxide, 
l-[(2-chloro-4~methyl)phenyl]-4-methoxypiperidin-4-yl,, 2 -(2-fluorophenyl)-4-
methoxypiperidin-4-yl, l-(4-chlorophenyl)-4-methoxypiperidin-4-yl, 1,4-

dioxan-2-yl, tetrahydrofuranyl, tetrahydrothiofuranyl, 2,3,3a,4,5,6,7„7a-

octehydro-7,8,8-trimethyl-4,7-methanobenzofuran-2-yl, 1 -ethoxyethyl, l-(2-
chloroethoxy)ethyl, 2-hydroxyethyi, 2-bromoethyl, l-[2-
(trimethylsilyl)ethoxy] ethyl, 1 -methyl-1 -methoxyethyl, 1 -methyl-1 -
benzyloxyethyl, 1 -methyl-1 -benzyloxy-2-fluoroethyl, 1 -methyl-1 -phenoxyethyl, 
2,2,2-trichloroethyl, 1,1 -dianisyl-2,2?2-trichloroethyl, 1,1,1,3,3,3-hexafluoro-2-
phenylisopropyl, 1 -(2-cyanoethoxy)ethyl, 2-trimethylsilylethyl, 2-
(ben2ylthio)ethyl, 2-phenylselenyl)ethyl, t-butyl, cyclohex^l, 1-methyl-1-

cyclopropylmethyl, allyl, prenyl, cinnamyl, 2-phenallyl, propargyl, p-
chlorophenyl, p-methoxyphenyl, p-nitrophenyl, 2,4-dinitrophenyl, 2,3,5,6-
tetrafluoro-4-(trifluoromethyl) phenyl, benzyl, p-methoxybenzyl, 3,4-



elajte, 
i •'addition 

However, it will be appreciated that non-pharmaceutically acceptable salts 
also fall within the scope of the invention since those may be useful in 
the preparation of pharrnaceutically acceptable salts. The preparation of 
salts and prodrugs can be carried out by methods known 5 in the art. 
For instance, pharrnaceutically acceptable salts of compounds provided 
herein are synthesized from the parent jepmpound, which contains a basic or 
acidic moiety, by conventional chemical methods. 10 Generally, such salts 
are' foj exrae^6xpfesea flthese 
compounds with a stoicniomeuric amount or the appropriate Base or acid m 
water or inp£$ta<a2^iMM^3^,nt he KaM>er^^era2^y, 
nonaqueous media like ether, ethyl acetate, ethanol, isopropanol or 
acetonitri 
mineral aci^^i^j^r^^^g^s^g^y^g^ ̂ ^6fe^/£-^enyl-
hydrobromide, nydroiodide, sulphate, nitrate, phosphate, and organic acid 
addition5sa2tpropyil£h ^a^lSasiincdieaas^le p-w&k&&Dgy\, t A-S2id©^bclileept®0^i> ma&e ate, 

ia 
EipMes -Of the ' a 

salts inclu<|iet4fl;$6gilgyi,c4s^fofcy&3*%l,a&im, 
calcium and ammonium salts, and organic alkali salts.such as, .for example, 
ethylenediaffl&Hfe^y^&Sto^lat^iKS^y^/ 1 , t^^S^ftanc?!amine 
and basic anmMtts * e^cthQxy-^nfeTOP^-^uifi&aiAR^^ion pay be 
irj crystalline form either as free compounds or as solvates (e.g. hydrates) 
and it I© ipp=em^taetftykt botdaptergdmefegi witpresent 
invention. Methqds,of £olya,tion are .generally knqwn within, the art.! 30 17 
used in thi? §'^spi$)(^WP'?S9ie i-^ ' def in^?£p ne^ea§ m^afehg a cnemiccffsc0mj^c3und 
having undee§pgi^3toitl^jiSh-gs^ffeyld^H^b©gti^B)d^ i on of 
a further chemical group to change (for pharmaceutical use) any of its 
phy s i c o - c a s 
ester and e^0^p^^jyi^lof an 1 ve 

compound per se after administration to a subject. Examples of well known 
methods lc5f ,5adphtempi^±ia£rr^^ihee^l)mEti^dijg compound are k40vft"-to 
those skilled in the.art,andvcan be found^e.^; in, KroasgaardrLiarsen, et al. , 
Textbook of^#^^«9$^Wn6Movltff 2™2) . 
Any compoun<tirg#ti^)^^[JV'Hfir]tesM^nidlh^frft5^ed to repres^4'tdimeBJso^S@?&[^ic 
compound as well as certain variations or forms. In particular, 15 
compounds jfbre 
exist in 9_(9_ 
stereoisomers of the compounds referred to herein, and mixtures thereof, 
are conSQ1 ephenylJbfetaitaert^e §epipKydtfiicddafitlgd:^s@E:i(9-phBr§?liftQ€axo)e(rihba^l,an^,%iven 
compound referred tq herein is intended to represent any one 2p qf a 
racemate, ofeH^Ptter^CTi-etLtiom^ic forms,lsc^fe 3§¥am6>P^diHs"c^?§OTfer?c forms, 
one or more 
compounds of the present invention represented by the above described 
formula I mSf01iMcl(?ld^^n^.¥ic5fS&'s':)^ef^fi@l:f^g 
diastereoism^ fi^oisomer^^^n^^ double 
possible, thereTore in some cases the molecule could exist a 
(Z)-isot^r. difietliyfiiQKylls^libjile Scri^borm^lcfeigM^d^^oubl^UtjyiririBeth^bfljd, double bond 
will have its own, stereqisomerism, tha,t could be .the .same or .different than 
the stereoiM#lffin#%e bon®W»olecMeiify5ingle 
3 0 isomers 3g^ftpfe^fsil?£ ^?®t^%nl&^si^}-t1:MS(t-bfefyl)sp^ftrtfoi6texp^ent 

rcM&lyl, 
CE) - isomer or 

invention. 

30 

tris(trimethylsilyl)silyl, (2-hydroxystyiyl)dimethylsilyl, (2-

hydroxystyryl)diisopropylsilyl, i-butylmethoxyphenylsilyl, t-

butoxydiphenylsilyl, l,l,3,3-tetraisopropyl-3-[2-

(triphenylmethoxy)ethoxy]disiloxane-l-yl, and fluorous silyl. In the case of 

esters the protecting group for the OH can be selected from formate, 



18 Furthermore, compounds referred to herein may exist as geometric 
isomers (i.e., cis and trans isomers), as tautomers, or as atropisomers. 
Specifically, the term tautomer refers to one of two or more structural 
isomers of a compound, that exist in equilibrium and 5 are readily 
converted from one isomeric form to another. Common tautomeric pairs are . 
amine-imine, amide-imide, keto-enol, l^Qjjtamlactim, etc. Additionally, any 
compound referred to herein is intended to represent hydrates, solvates, 

isotopicallsichife^i^i^i^Jatgis. All gectrtfitiSEbacdtatspers, tautrn©ta&yacetate, 
atropisomers, hydrates, solvates, polymorphs, and isotopically labelled 
forms of tfe?&ed tmi 
considered BJpM^^r6pMafe|q51sfli3c§-ous chsffi? $£€>vide a 
more concise description, some of the quantitative expressions given herein 
are not ^ua^rio|)B©.dyVi^tp€teiltoidate;m i 4,4r:i(fith^iae(&thiQ)lM®t^n0&tgfcher the 
term "about 11 i,s. used,,explicitly ,or not,, neyery quantity given herein is vllM^droxvmemvlDnenoxviievulinate, ^pivaloate, . I-meant to re £"^^vvaTufeT""2"0^Mi'iS* Tt:"Ti= al*sb meafit to refer 
to the apprgae^a^fe^^tercfteii^ae^^efttlmyeftteJsatfe, visaafcdatep^pha^Veiizeatiet?ferred 
based on the ordinary skill in the art, including equivalents and 
approximat mea^j.<rSMi?f^,e859M5'tioi?fe for 
such given ^ 
preferred Y is - CHRay- , -CR'ay=CRby-' , v and -CHfeay-CRby=CRey- , "wherein 
Ray, RbJO / (^azidStHgth^pheiisyldirfatiegd bS^ttr%itiB<a)DX5^mella^5¥ng(^£^rr^i{I(fey, Rby, 
and Rey are hydrogen .and 30 substituted or unsubstituted C1-C12 alkyl. More 
preferred ?^roe§en and substituted or unsubstituted 
Ci-Cb alkyl^^^i^^hiKjaaairf^ftit^pin^t^ydrogen, substituted ofi-{{[(4-
unsubstituted methyl, 19 substituted or unsubstituted ethyl, substituted 
or unsubsti 
substituted,^ 
tert-butyl, substituted or unsubstituted isobutyl, and substituted or 
unsubsti6ut6^1e&uB^e^oti§thyl)-SieHife&n^d4-mflDQte±iizo®batsaife OR' , 

CONHR' , CON^gt^noggg(Dtecte2li(^befi«fe.^itute4-iSffo"Pfii4la^a^tWfefidat®l-012 tfilkyl, 
substituted or unsubstituted 02-012 10 alkenyl, substituted or 
unsubsti tut feyt)^cgnQi|ig1±gi|)]^r^f.te, substitut%S)r05^TO?§€^^yifeQ%fed aryl, 
sub s t i tut ed, tfeg R-
groups is independently selected from the group consisting of hydrogen, OH, 
N02 ,_ NH220 S|f^iI(S®acdrtQi3aog^4ayl)lSIQi£patepalk^J(?-<±dJ3SJSgice^(Qd5^atlQyl]J5®i3o®t£, un^j^tituted 

01 012 a 1 ky (ber^yfexyjeti^tlienzQate, 2-[2-(4-methoxybenzyloxy)ethyl]benzoate, 2,6-

aife 

dichloro-4-methylphenoxyacetate, 2,6-dichloro-4-(l, 1,3,3-

tetramethylbutyl)phenoxyacetate, 2,4-bis( 1,1 -dimethylpropyl)phenoxyacetate, 

chlorodiphenylacetate, isobutyrate, monosuccinoate, (E)-2-methyl-2-

25 butenoate, o(methoxycarbonyl)benzoate, a-naphthoate, nitrate, alkyl 

iV,iV,JV',iV-tetramethylphosphorodiamidate, and 2-chlorobenzoate. In the case 

of sulfonates, sulfenates and sulflnates the protecting group for the OH 

can be selected from sulfate, allylsulfonate, methanesulfonate, 

benzylsulfonate, tbsylate, 2-[(4-nitrophenyl)ethyl]sulfonate, 2-

30 trifluoromethylbenzenesulfonate, 4-monomethoxytritylsulfenate, alkyl 2,4-

dinitrophenylsulfenate, 2,2,5,5-tetramethylpyrrolidin-3-one-1 -sulfinate, 

borate, and dimethylphosphinothiolyl. In the case of carbonates the 



15 or unsubstituted 02-012 alkenyl, substituted or unsubstituted C2-C12 
alkynyl, substituted or unsubstituted aryl, and substituted or 
unsubstituted heterocyclic group. Where such groups are themselves 
substituted, the substituents may be chosen from the foregoing list. Even 
more preferred substituents of the above mentioned groups are 20 OH, SCH3,' 
SH, NH2, NHC(=NH)NH2, C0NH2, COOH, phenpgL, p-, m- or ohy dr oxyphenyl, 
indolyl, including 1-, 2-, and 3-indolyl, and imidazolyl, including 4- and 
5-imidazolyl. Hydrogen and methyLnare the most ,pre<ferred .Ra,y. Rbv. . and Rcy _ 7 pratecting^group ion me2 OHr can be selected Tirom metnyr fcarDon&te, ^ i groups. Specifically? when Y is -CHRay- then particularly prererrea R.ay is 
methyl, whemelh(^mi6ffi^]y 33aibt>rlM<£,fcSAjoniite, 
hydrogen and particularly preferred Rby is methyl, and when Y is 
- CHRay-CRby^WQetfeKfen a or •?pi2'0iyl, 

.s 
and 

substitu6ed(tritoieilfa$si^)ietl^tedcfiribo(0&te, a 1 , R4, 
and R5 are hydrogen and substituted, or unsubstituted 01,-06 alkyl., .^and 20 carapnafe. 2-rphenyIsiiIfpn\aT ethyF carbonate. 2^ uipr^ny mfaosp m even more preferred i? hydrogen-; ; suPstixutecT dr unsubstituted methyl, 
sub s t i t u t ed c&fooli&f^b s t i tuta^4^(W^o^te^)fetdffe]$^]c6g?]tetRs3l5ig&6fulait-^'l^^pyl, 
substituted or unsubstituted isopropyl and substituted or unsubstituted 
butyl, inclfia^afeLb^^eg^pnafeu^y^ugg^TO^i-M^lC^oiafest^Mted or 
unsubst itut^^^ty^^ypulgg^t^^d sf£lM-Menyl 
Preferred substituents of said groups are OR^, =0, SR', SOR', S02R^, N02, 
NHR 1 , Nil OR 1 patriate, 1,-naiphthyt £S£rb0HRte£ 6-^bwmp-
halogen, COR' • COOR' OCOR' ,OCQNHR' ,OCONR '£' CONHR' TONR'R' protected 
OH, substitdt!S8%PraP&1It^^ 
unsubstitut^-bo&aCel2 ^-itortsefezylsu^^bftafe^d;pjfieia®S^bgfi^tut£©^b(Sfet^;i23^-lkynyl, 
substituted or unsubstituted aryl, and substituted or unsubstituted 
heterocycl i^S&^b<$^ei^S£&eof ¥^?^mi3p!^^^ndl:pto@fely Selected 
from the std(^b^^ydrc^^t(^he^tiJH2, cgftonQfc, hafccpjp, COH, 
15 COalkyl, COOH, substituted or unsubstituted CTi-C12 alkyl, substituted or 
unsubstIt5atdiWG®p]3Hi^l^%^i(!^fil5or®!l^dt|2!:nitEQ})henyl)pi©p^fe<KirbQm@te, S&yfc 2 2(3 Alkynyl, 
substituted or, unsubstituted aryl, and substituted or unsubstituted. 
heteroCyCli^f^^We9-JuMefie#^"are^fefltlve/«Sgt-ltlW:SS?^le 
substituentgaf«afe2 erred 
substituents of the above mentioned groups are OH, SCH3, SH, NH2, 
NHC (=NH) NH2 pyQ^femii^ffh^egpl, £pafb$patg,r 0H^^^phg^>PPateido^5; 
including 1 aimgtho^MiiiLnWT^^ndiri^az9M)caiTOk^inS!n4 ~ 3-^nzyl 
5-imidazolyl. Hydrogen, methyl, isopropyl, tert-butyl, and benzyl are the 
most pr<2ftertJsHdc£Bbpn&£fe, A&2i,iriR^e eacs& (Kf5cagtommi]ates life jSp^etilfng:gidtprp fpaihecularly 
preferred Ri. R2, R3, and R4 „are hydrpqen. And particularly preferred R5 
are methyl, ^o<£^#l 7 
wherein R7 The gmf§3s?MlcPBeand R8 
are hydrogen and substituted or unsubstituted C1-C12 alkyl. More preferred 
R7 and R8 (?i^6ti^Illpve and 
even more Of p®(ki#^8S^ for 
butyl, including tert- ^ ^ 

25 groups having said function may be known by the skilled person in the art, 

and they are to be understood to be also encompassed by the present 

invention. 

The term "pharrnaceutically acceptable salts, prodrugs" refers to 

30 any pharrnaceutically acceptable salt, ester, solvate, hydrate or any 

other compound which, upon administration to the patient is capable of 

providing (directly or indirectly) a compound as described herein. 



5 butyl. Hydrogen is the most preferred. In another embodiment, it is 
particularly preferred that R7 and R5 together with the corresponding N 
atom and C atom to which they are attached form a substituted or 
unsubstituted heterocyclic group. In this 10 regard, preferred heterocyclic 
group is a heteroalicyclic group containing one, two or three heteroatoms 
selected from N, 0 or S atoms, most pre^rably one N atom, and having from 
5 to about 10 ring atoms, most preferably .5, 6 or 7 ring atoms. A 
pyrrolidineTaroup is the .most preferred. 15 , Particularly preferred is Zt However, ft win be ap-preciatea-tnat rwn-pharmaceuticaHy .acceptable . the presence or on'e or more additional Donas in tne places7 indicated with a 
dotted lineSaM§>^s©rfefle«tf^nitii<£tefgope'ecget!$ig; iafeiSti<&iifcb®iS& iasgydbfcetween 
the C atoms to which Ri and R2_ are attached, and the presence of one or two 
additional 
addition, th?e R^imc^^!y:SdQ^oaKh k®wf?r (Z) . 
The single Isomers and mixtures of tne isomers fall within the scope of the 
present Snvemth.eRrt.25In compounds wherein A is R18 22 When Y is a) 
-CHRay-, -CHRay-CHRby-, -CRay=CRby-,or - CHRay-CC-; or b) 
-CHRay-CHRby-CHRey- or -CHRay-CRby=ClRcy-, and a triple bond exists between 
the C atoms to wKdclinBfiaraied J^aiaiEtacQttiBsailjecipcfeptetbl^aQaitisciiDfaodipppmaderred R9 
is hydrogen, substituted or unsubstituted 5 Ci-Cl 2 alkyl, substituted or 
unsubstituteSWlsM^iieapi AnBaB^&faeSf^cJP'fflkynyl, 
and substit\j§g&igj gfbiet§r, % aiUWSMMiial BteBSMHe&MK&fe' is 
hydrogen, substituted or unsubstituted 02-C12 alkenyl, substituted or 
unsubstMVat©?ngsai!H,2SUch salts are, for example, prepared by reacting the free 

acid or base forms of these compounds with a stoichiometric amount of 

the appropriate base or acid in water or in an organic solvent or in a 

mixture of the two. Generally, nonaqueous media like ether, ethyl 

acetate, ethanol, isopropanol or acetonitrile are preferred. Examples of 

15 the acid addition salts include mineral acid addition salts such as, for 

example, hydrochloride, hydrobromide, hydroiodide, sulphate, nitrate, 

phosphate, and organic acid addition salts such as, for example, 

acetate, trifluoroacetate, maleate, fumarate, citrate, oxalate, succinate, 

tartrate, malate, mandelate, methanesulfonate and p-toluenesulfonate. 

20 Examples of the alkali addition salts include inorganic salts such as, for 

example, sodium, potassium, calcium and ammonium salts, and 

organic alkali salts such as, for example, ethylenediamine, 

ethanolamine, N,N-dialkylenethanolamine, triethanolamine and basic 

aminoacids salts. 

25 

30 

The compounds of the invention may be in crystalline form either 

as free compounds or as solvates (e.g. hydrates) and it is intended that 

both forms are within the scope of the present invention. Methods of 

solvation are generally known within the art. 

Any compound that is a prodrug of a compound of formula I is 

within the scope and spirit of the invention. The term "prodrug" as 



alkynyl, and substituted or unsubstituted C4-C12 alkenynyl. The 10 
preferred substituted alkyl, substituted alkenyl, substituted alkynyl, and 
substituted alkenynyl may present not only one but two or more 
substituents. More.preferred alkyl groups are those having from 6 to about 
10 carbon atoms; and even more preferably 7, 8 or .9 carbon atoms. Heptyl, 
octyl and nonyl are the most preferred ja^Lkyl groups. On 15 the other hand, 
more preferred alkenyl groups are those having from 6 to about 10 carbon 
atoms; and &¥|o |pgj,v 7 is 8 .gjj 9,,' 
octa-1,5-dienyI, octa-1, 4raienyT, octa-1,3- dienyl, nona-T., 7-dienyl, 
nona -1,6 - dieoffilpmjifiiia Uayfc^i^ttjdergDQea -d, 4cheimffi3a^l Aorvis&kSn, 3 -safrcfenyks 
hepta-1,5-dienyl hepta-1,4-dienyl, hepta-1,3- 2 0 dienyl are the most 
preferred ac^ti^e0tftil^tffgRtf(h^Q^1E§r^r^cf:1MI^i#rgroups 
are those oJ°it^^^lcc^fefimc^ln§r(^&i^?^cEirtIerably 
7, 8 or 9 carbon atoms. Oct-7-ynyl, oct-6-ynyl, oct-5-ynyl, oct-4-ynyl, 
oc t - 3 -yn^l, sohtbiHt3yny]b;o^sdlal)ilj^]e,g.nestee ,ofngm-a$:t^gyi, 
P"°n 5 ' compour^1 i^istt. yiefci ftie active1 ̂ oi^^uncf pefr1 ¥e kftSP admi^Wtr&tion to hept-6-ynyl, hept-b-ynyT7, hept-4-ynyI, nept-3-ynyl, nept-2-ynyl, ana hept-
1 -ynyl are lahgutej©©)}; EMSSfiptegetsf wilfefepivrSBCBliiSds <M ptb^ucifeigaaf pteaduiig ©f>ae 
preferred alkenynyl groups are 

given acting compound are known to those skilled in the art and can be 

found e.g. in Krogsgaard-Larsen et al., Textbook of Drugdesign and 

10 Discovery, Taylor & Francis (April 2002). 

Any compound referred to herein is intended to represent such 

specific compound as well as certain variations or forms. In particular, 

15 compounds referred to herein may have asymmetric centres and 

therefore exist in different enantiomeric forms. All optical isomers and 

stereoisomers of the compounds referred to herein, and mixtures 

thereof, are considered within the scope of the present invention. Thus 

any given compound referred to herein is intended to represent any one 

20 of a racemate, one or more enantiomeric forms, one or more 

diastereomeric forms, one or more atropisomeric forms, and mixtures 

thereof. Particularly, the compounds of the present invention 

represented by the above described formula I may include enantiomers 

depending on their asymmetry or diastereoisomers. Stereoisomerism 

25 about the double bond is also possible, therefore in some cases the 

molecule could exist as (E)-isomer or (Z)-isomer. If the molecule 

contains several double bonds, each double bond will have its own 

stereoisomerism, that could be the same or different than the 

stereoisomerism of the other double bonds of the molecule. The single 

30 isomers and mixtures of isomers fall within the scope of the present 

invention. 



those having from 6 to about 10 carbon atoms; and even more preferably 7, 8 
or 9 carbon atoms. Oct- l-en-7-ynyl, oct-l-en-6-ynyl, oct- 30 l-en-5-ynyl, 
oct-l-en-4-ynyl, oct-l-en-3-ynyl, non-l-en-8-ynyl, non-1- en-7-ynyl, 
non-l-en-6-ynyl, non-l-en-5-ynyl, non-l-en-4-ynyl, non-1- en-3-ynyl, 
hept-l-en-6-ynyl, hept-l-en-5-ynyl, hept-l-en-4-ynyl, and 23 
hept-1-en-3-ynyl, are the most preferred alkenynyl groups. Preferred 
substituents for said alkyl, alkenyl, alkynyl and alkenynyl groups are OR', 
= 0, SR', SOR', SQ2R' N02 , NHR ' , NR 'jR ' , =N-R L , .NHCOR ' , N (C0R12 ,. NHS02R ' , 
NR1 C (=NR1 ) NR'R1 , SMR?«' , 
CONHR' , CON^grhet^g'cifeefife^i (JJ£,, a^lkyl, 
substituted or unsubstituted C2-C12 alkenyl, substituted or unsubstituted 
C2 -C12 a 1 ky&^Ppis&fBgt^MiBuM0Slflrefgj^ <Sr 

independently selected from the 10 group consisting of hydrogen, OH, N02, 
NH2, SH, 5CN pj*faaj3ea^lfil$r, cdO^rtQi)afrfri^riL ,orieo(i®D(meribsfortmitfesd airotfoeJSuBotnimaned 
Ci-C12 alkyl. substituted or unsubstituted C2,-C12. alkenyl, substituted or 
unsubstitut»ue5««S Wtfefflll®tilsfe^nllfyP,ctllffil 
substitutedl£etiian§y£>tare 
themselves 15 substituted, the substituents may be chosen from the 
foregoing 
aLkenyl, WaSfiBonO^impbV^^erreaCO^R' ' 
OCONR'R', CONHR', CONR'R', and protected OH, wherein each of the R' groups 
is pref dfkbl^bsEQiecnaag eSd^nh^tj^eaily-feb^kiitfetmS. cMgeome^ribasmtmcs^d 
Ci-C12 alkyl. substituted or unsubs,tituted C2-C12 alkenyl, substituted or 
unsubstitutMu^^2 atiOTP^SSa Wt4^te<S0E¥^suegfeftW' arf5. Even 
more pref erf^0fiiM£iMfclM ^feeajbfr^ou&ldlsej^rn^l^ily&ei^daMkenynyl 
groups are halogen, OR', =0, OCONHR', OCONR'.R', CONHR', CONR'R', and 
protected OMte^i ithgp^fp ̂ iee ccepg^ie^sd g^^nf qfs t£§ePg<!§fi£ty 
selected f r<j^et^.yi}£thylsilyl, triethylsilyl, triisopropylsilyl, 
dimethyl isopropyl si'lyl, diethylisopropylsilyl, dimethylhexylsilyl, 
2-norboriifyldimethylsilyl, t-butyldimethylsilyl, tbutyldiphenylsilyl, 
tribenzylsilyl, tri-p-xylylsilyl. triphenylsilyl, diphenylmethylsilyl,di-
t-butylmethylSil?S,ft%r%^0^)^°f1-c,%'ies<5nPfl0'5' som£rof ffie quarftitaW 
pyrenylmeth(g||Mft%feydn^gJv%iitKif^i|^sIy.^^giifi&rd/Wi?h the term "about". It is 
hydroxystyryl)dimethylsilyl,(2-hydroxystyryl)diisopropylsilyl,t-
butylmethoxjp4ffiftE>§)^l^iat, ^ sepl <^5p#@^yi - 24 

every quantity given herein is meant to refer to the actual given value, 

and it is also meant to refer to the approximation to such given value 

that would reasonably be inferred based on the ordinary skill in the art, 

including equivalents and approximations due to the experimental 

and/or measurement conditions for such given value. 

In compounds of general formula I, particularly preferred Y is -

CHRay-, -CRay=CRby-, and -CHRay-CRby=CRcy-, wherein Ray, Rby, and Rcy 

are as defined before. 

Particularly preferred Ray, Rby, and Rcy are hydrogen and 

substituted or unsubstituted C1-C12 alkyl. More preferred Ray, Rby, and 

Rcy are hydrogen and substituted or unsubstituted C1-C6 alkyl, and 

even more preferred is hydrogen, substituted or unsubstituted methyl, 

20 

25 

30 



3-[2-(triphenylmethoxy)ethoxy]disiloxane-1-yl, and fluorous silyl, and 
wherein each of the R' groups is more preferably selected from hydrogen, 
unsubstituted C1-C6 alkyl, and substituted or unsubstituted aryl, CI, OH, 
=0, 0C0NH2, OCONHPhenyl, and protected OH wherein 5 the protecting group 
for the OH is preferably selected from trimethylsilyl, triethylsilyl, 
triisopropylsilyl, dimethylisopropylsiljyjL, diethylisopropylsilyl, 
dimethylhexylsilyl, 2-norbornyldimethylsilyl, tbutyld.imethylsilyl, 
t-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylyls,ilyltriphenylsilyl, 
diphenylmetftyMsyf? BmMSStj#) 
pyrenylmeth^a^^^itetitaf^iaiptiferi^sgdttfljJtedliSbpfapyltiy&rdxsabSttttitfeddMiie thyls 
ilyl, (2 -hydroxystyryl)diisppro pyls ilyl, tbutylmethoxyphenylsilyl, 
t-butoxyd ipH©§^§^i"^tpd unsubstituted tert-butyl, 
3- [2- (triph^v^^a^^l^^^^gg^^^g^^^cy^s^^^re the 
most preferred substituents for these alkyl, alkenyl, alkynyl and 15 
alkenynyB gseor^ffiityMHtefeYrekfesuBMfi&3«rflSRjcf>ssCifllgiytip®KLreG{HR^y<5^Sp^(SQ5i and a 

preferred. sip^(5(yN|^'^^l!keoigiiy51sJ!§greriP,re©©i^, nQOOK-'lyO®©R^utOC©NIfR',more 
substituents. More preferred alkenynyl groups are those having from 6 to 
about 10 caQQQNgtIjs>ms ;CQ^P^VenOS5i^r^preff^&fes:i^ 7 /^^'ors9a©5ms . 
Oct -1 -en"7 -miibsQftk^i- eer-tri¥n^kyf?cWVsS1fcfecrn^iL' uft&ibkitTffe-d4 
oct-1-en-3-ynyl, non-l-en-8-ynyl, non-l-en-7-ynyl, non-1- 25 en-6-ynyl, 
non -1 - eii 05 - ̂ di^etiy 1 ̂ LQubitifemt-ed- yrayilipsubat-ifiurted - £.lkp$it,- Substit^t-e^nyii:, 
hept-l-en-5-ynyl. .hept.-l-en-4-ynylarid hept-l-en-3-ynyl,, are the most 
preferred MeWWtffiu»WliHSiS»l 
groups are ^Foup,=\^he^ii1i /ea£$Lwof grcM^fe/ isNH@.bpe^S6fltly selfect^d frdSiSlfiS' / 
N(COW)2, NHS02R', NR'C(=NR')NR'R', CN, halogen, COR', 30 COOR', OCOR', 
OCONHR' , OCffifflift consisting of (i^ogen, 0f>t¥02ecM?i,SH> CN> halogen, COH, 

COalkyl, COOH, substituted or unsubstituted C1-C12 alkyl, substituted 

15 or unsubstituted C2-C12 alkenyl, substituted or unsubstituted C2-C12 

alkynyl, substituted or unsubstituted aiyl, and substituted or 

unsubstituted heterocyclic group. Where such groups are themselves 

substituted, the substituents may be chosen from the foregoing list. 

Even more preferred substituents of the above mentioned groups are 

20 OH, SCHs, SH, NH2, NHC(=NH)NH2, CONH2, COOH, phenyl, p-, m- or o-

hydroxyphenyl, indolyl, including 1-, 2-, and 3-indolyl, and imidazolyl, 

including 4- and 5-imidazolyl. Hydrogen and methyl are the most 

preferred Ray, Rby, and Rcy groups. Specifically, when Y is -CHRay- then 

particularly preferred Ray is methyl, when Y is -CRay=CRby- then 

25 particularly preferred Ray is hydrogen and particularly preferred Rby is 

methyl, and when Y is -CHRay-CRby=CRcy- then particularly preferred 

Ray is hydrogen or methyl, particular preferred Rby is hydrogen, and 

particularly preferred Rcy is methyl. 

30 Particularly preferred Ri, R2, R3, R4, and R5 are hydrogen and 

substituted or unsubstituted C1-C12 alkyl. More preferred Ri, R2, R3, R4, 

and R5 are hydrogen and substituted or unsubstituted C1-C6 alkyl, and 



substituted or unsubstituted Ci-C12 alkyl, substituted or unsubstituted 
C2-C12 alkenyl, substituted or unsubstituted C2-C12 alkynyl, substituted 
25 or unsubstituted aryl, and substituted or unsubstituted heterocyclic 
group, wherein each of the R' groups is independently selected from the 
group consisting of hydrogen, OH, N02, NH2, SH, CN, halogen, COH, COalkyl, 
COOH, substituted or unsubstituted Ci-Gjj^ alkyl, substituted 5 or 
unsubstituted C2-C12 alkenyl, substituted or unsubstituted C2-C12 alkynyl, 
substituted^ 
heterocyclic group. Where such-groups are themselves substituted, tne 
substituentgutP©tft"iitedctorseucm^utos4ityfi©d feti^pisgb^lilattedMqjre Tpisiftesttefied 
substituents for the above mentioned alkenynyl groups 10 are halogen, OR', 
= 0, OCOR" ,. eOTlR'?r ' FPrgl1 

each of the^^ggQ^di^pe^a^ §£|,gfi^d^arM£fiSf&d £¥£-l>W^ted or 
unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 alkenyl, 
sub s t i tu5edsT3bstititfeti£orimQ^Ustai2ited 2s<&liutef isgail, ©rtm^sb^ituted 
unsubstituted arvl,. Jven more, preferred 15, substituents, for JJaese^lkenynyl 
groups are <8tS5Bft SWxSfifeF?' c6fof>?' ?°a5d 
protected OBO^R§re]S©2£h4MJR^t<3®'Rrt,g gMejafc) fftfMCGR?, 0®I(CD©I|3}§pf$JfiS<DyR$elected 
from trimethvlsilyl, triethylsilyl, triisopropylsilyl, 
dimethyl >di€oayi¥s?§fi?bp^iQK>yly Sf^ne» 
2 -norbornyl^^^si^N^ 2 0c^f^im|,^^^{jLylOHt-b^¥^tjiafegny^ilyl, 
tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl, diphenylmethylsilyl, 
di-t-bu€9lmecBitbitito^^ b^s-CiiabiM^al) -Bubp^^te^irmh«t333^BbS|ilB|ted C2-C12 
tris (trimethvlsilyl) silyl^, ,(2- hydroxys ,tyrvl)„ dime thyl silyl,, L2 , , , aHcenyl,. subsututfed. prnunsuBsntuted^C2-Ci2, alfenyl,.. substituted or - hydroxys tyryrj di'isopropyxsiiyl, t- butylmetnoxyphenylsilyr, 
t -butoxydiptiejSiibstiilQtlsd fej§rl,3 ahdteSatestfi®®ed>PFi-u2iSubstituted heterocyclic 
3-[2-(triphenylmethoxy)ethoxyldisiloxane-1-yl, and fluorous silyl, and 
wherein eacgrOT>t^feeiem#^£f tfe? 
unsubstitutg^^-^s^^gLof^rgyftft^t^p^^isg^st^u^^ylcoftl, OH, 
=0, 0C0NH2, OCONHPhenyl, and protected OH wherein the protecting group for 
the OH IS p££feikiabeSKfeaiits£<sdn01 oariajilasJitJ3$acfeDiyG 1,2 

dimethylhexylsilyl, z-norborri^aimecnyisiTyl, CDutyidimetnylsilyl, 
t-butyldiphga^t^i,lyiubSatittiazyisi4jiJubfetteu11dxydi^l,si4e-d, siftfetftet<Btie©ylsilyl, 
diphenylmethylsilyl, di-t-butylmethylsilyl, bis(t-butyl)-1-
pyrenylmethy^^^iH^i^^SK^KygM^lK^^f!^^1 SrouPs are themselves 
hydroxystyr^^p^^y^jl^hs^^^q^^t^y^^sgefip^s^^g list 
butylmethoxyphenylsilyl, t-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl-

20 Even more preferred substituents of the above mentioned groups are 

OH, SCH3, SH, NH2, NHC(=NH)NH2, CONH2, COOH, phenyl, p-, m- or o-

hydroxyphenyl, indolyl, including 1-, 2-, and 3-indolyl, and imidazolyl, 

including 4- and 5-imidazolyl. Hydrogen, methyl, isopropyl, tert-butyl, 

and benzyl are the most preferred Ri, R2, R3, R4, and R5 groups. 

25 Specifically, particularly preferred Ri, R2, R3, and R4 are hydrogen. And 

particularly preferred R5 are methyl, isopropyl, and tert-butyl. 

Particularly preferred W is NR7 wherein R7 is as defined before. 

30 Particularly preferred R6 is NRsR9 and OR10 wherein Rs, R9, and 

Rio are as defined before, and even more preferred R6 is NR8R9. 



5 3- [2-(triphenylmethoxy)ethoxy]disiloxane-1-yl, and fluorous silyl, are 
the most preferred substituents for these alkenynyl groups. 
Particularly preferred R16 is hydrogen, OR. and OCOR., wherein R. is 
selected from hydrogen and substituted or unsubstituted Ci-C12 10 alkyl. 
Particularly preferred R. is hydrogen and substituted or unsubstituted 
Ci-C6 alkyl; and even more preferred is>-(hydrogen, methyl, ethyl, propyl, 
isopropyl and butyl, including tert-butyl. Hydrogen, OH and methoxy are the 
most preferred R16 aroups. 15 Particularly preferred R17,and Ris^are 
hydrogen and fe-ei9r«B8y^dI®fetP®£pEed R17 
and R18 areuteteQf®terti^ B^d^tlilan^nd even 
more preferred are hydrogen. 200n the other hand, in compounds wherein A is 
Particularl?u^feg£#e0r 
Ci-C12 alky^ ds^ti^t^ or^sujp^t^^^C^^^y^y^^ted or 
unsubstituted C2r-CI2 alkynyl, ana sUbstitrutea or unsubstituted T14-C12 
alkenynyl, ta<fylm^^rpg©f igr^tod-inaisi pfar^ffercigfen, 27 substituted or 
unsubstituted C2-C12 alkenyl, substituted or unsubstituted C2-C12 alkynyl, 
and substituted or unsubstituted C4-C12 alkenynyl. The preferred 
substituted alkyft* i^&rf&iR§tituted 
alkenynyl may present not only one 5 but two or more substituients. More 
preferred 
and even moj^ygge 
are the most preferred aJ 
alkenyl l<0roipf^Mfe ptrbfes-Kdia^hiet^ofcyolic 6 gtoupbdiat sLO h^eataaMc^iiixrns graraipl even 
more preferably ;7, 8 10 or 9 qarbqn atoms. Octa-1 „6_-die1nyl, _ ^ 
octa-i, 5-diga#,3few^i?7o-rd?e^p,s' 
nona-1, 6 - di,pr%fgMb^ §n#W&Ycim, to ^03ri&g3ffirfns, 
hepta-1,5-dienyl, hepta-1,4-dienyl, hepta-1,3-dienyl are the most preferred 
alkenyl groiSgfi^.t cffiaTuJ^Sici-f^H^r^f those 
having fromD£ef^Pre?i?out 15 10 cark°n atoms; and even more preferably 7, 8 or 
9 carbon atoms. Oct-7-ynyl, oct-6-ynyl, oct-5-ynyl, oct-4-ynyl, oct-3-ynyl, 
oct-2-yil^l, non-8-ynyl, non-7-ynyl, non-6-ynyl, non-5-ynyl, 
non-4-ynyl, non-3-ytiyl, non-2-ynyl., non-l-ynyl, hept-6-ynyl, hept-5iynyl, 
hept-4- ynyl, he|##^Y,Pfi^§-fnfe 
preferred 2&oft^Wfti£rpii£§ -irteKbEftka dW- ^h&gynyl 
groups are those having from 6 to about 10 carbon atoms; and even more 
preferably VTes&nsg ea%»^ili<»Mfebojsi4iJ>e£wg§)n^hy]^:]atog«tSP-8i!i",5li^ljySn<i 
oot-l-en-4-^yl^o^-l-^-^n^ ^fc#%T86}ifyi, 
non-l-en-6-ynyl, non-1-en-5-ynyl, Tion-1-en-4-ynyl, non-1- 25 en-3-ynyl, 
hept-1 -@0- 6 bgtty&en MagtC- &t@ms5toyw|iilc,h RstistndL&Gkptio±i74he3 -ynyl, 
are the most preferred alkenynyl groups .Preferred substituerits for said 
alkyl, alke^eo^?^pr^ag^]<£|i^Jc|^g^|^t(^,(pi=^;(2JRThe^le SQ2R, ; 
N02, NHR' , m'rfiers th^Sc^BfW^&'entCN, 
halogen, COR', COOR', OCOR', 

invention. 

25 In compounds wherein A is 

^18 

R17\ 



30 OCONHR', OCONR'R', CONHR', CONR'R', protected OH, substituted or 
unsubstituted Ci-C12 alkyl, substituted or unsubstituted C2-C12 alkenyl, 
substituted or unsubstituted C2-C12 alkynyl, substituted or 28 
unsubstituted aryl, and substituted or unsubstituted heterocyclic group, 
wherein each of the R' groups is independently selected from the group 
consisting of hydrogen, OH, N02, NH2, $H,, CN, halogen, COH, COalkyl, COOH, 
substituted or unsubstituted Ci-C12 alkyl, substituted 5 or unsubstituted 
C2-C12 alkenyl, substituted or j^nsub^ituterL C2-CX2 alkynyl ̂substituted or 
unsubstituted aryf^^nd^s&Dsuir^ed ox^ffismT^l'tuSleS' n^fe"f'ociFcl"ic?rgroup. 
Where such ©&H fee 
chosen from the foregoing list. More preferred substituents for the above 
mentioned al^Bi§y&o;n<4£K^^i?et]}$e^|ft|ih^£}^lj§$a^io ^ttaq|}£d; _Q; 
°C°R", OCON^ri ocggg^jL, each 

of the R' groups is preferably selected from hydrogen, substituted or 
unsubstiigut (54 ~ ,a^i!£bititute$ stituteafc tafedy£ 2si£ft^itaAte4 ny 1, 
substituted or unsubstituted C2-C12 alkynyl. ajid substituted, or 15^ 
unsubstitutSS ferQ1 §r]£^1, 
alkenyl, al^y!la]^ya^cen)®a£ fealc£fp¥og&£,' ' sn&sti$0®HHR or 
OCONR'R', CONHR', CONR'R', and protected OH wherein the protecting group 
for the OH l®sp.b§^®'fea^i^CsSlsc%feSnF3Bot8uibgiife|g^icg"i]iyisul^iit^|f^i^i-^ij; 
triisopropylBllv} 
dimethylhexylsixyl, 2-norbornyTdimethylsilyl, t-butyldimethylsilyl, 
tbutyldigtie^yififrie^l substitete^fe&^yjsub^itufedcian^disjilj-^abstitigitafen^lkyriijvi / 
diphenylmethylsilyltdi- t-butylmethylsilyl,bis( t-butyl)- 1 -
pyrenylmeth^s^WWS^^S^XJySWl^^^^^y °n& but two or more 
hydroxys p^efrdaygS^Y^M1^]^ fM & to2 5 
butylmethoxyphenylsilyl, t-butoxydiphenylsilyl, 1,1 
, 3 , 3 - tetraii^put)p^Q.3safl30i1tatpp&®n^t&die^^k5a>®ieh®K§fp®yyiZx§n@r: 9L capl])onanci 
fluorous sil¥l ^er?y) »| ,g' 
selected from nydrogen; urrsuBscicutea CI-C6 alkyl, and substituted or 
unsubstitSatf|He$>£br£r, hfifed, (ifere=^r/ef€^dMkef^p®l|sn§!rle, thost: Itavitigcffcerfii 6H 
wherein 3 0 the protecting group for the OH is preferably selected from 
t r ime t hy 1 s i i¥i ^9rr^r txiy? fffop ilyl, 
diethylisop^^si^a.no^rp^laLftJft^t-hy^ly^ t - 2 9 
butyldimethylsilyl, t-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, 
t riphenyl s i Jij^yldip^liSQ^ll'ih^iiia^ls itH^t!^- 1^6--dignj5Ut5i®ffl&th^l^£3iySo, 1 >l4- butyl) -

20 dienyl are the most preferred alkenyl groups. On the other hand, more 

preferred alkynyl groups are those having from 6 to about 10 carbon 

atoms; and even more preferably 7, 8 or 9 carbon atoms. Oct-7-ynyl, 

oct-6-ynyl, oct-5-ynyl, oct-4-ynyl, oct-3-ynyl, oct-2-ynyl, oct-l-ynyl, 

non-8-ynyl, non-7-ynyl, non-6-ynyl, non-5-ynyl, non-4-ynyl, non-3-

25 ynyl, non-2-ynyl, non-l-ynyl, hept-6-ynyl, hept-5-ynyl, hept-4-ynyl, 

hept-3-ynyl, hept-2-ynyl, and hept-l-ynyl are the most preferred 

alkynyl groups. On the other hand, more preferred alkenynyl groups are 

those having from 6 to about 10 carbon atoms; and even more 

preferably 7, 8 or 9 carbon atoms. Oct-l-en-7-ynyl, oct-l-en-6-ynyl, oct-

30 l-en-5-ynyl, oct-l-en-4-ynyl, oct-l-en-3-ynyl, non-l-en-8-ynyl, non-1-

en-7-ynyl, non-l-en-6-ynyl, non-l-en-5-ynyl, non-l-en-4-ynyl, non-1-

en-3-ynyl, hept-l-en-6-ynyl, hept-l-en-5-ynyl, hept-l-en-4-ynyl, and 



5 butylmethoxyphenylsilyl, t-butoxydiphenylsilyl, 1 , 1 
, 3 , 3-tet'raisopropyl3- [2 - (triphenylmethoxy) ethoxy] disiloxane- 1 -yl, and 
fluorous silyl, are the most preferred substituents for these alkyl, 
alkenyl, alkynyl and alkenynyl groups. lOParticular preferred R16 is 
hydrogen, ORa and OCOR., wherein Ra is selected from hydrogen and 
substituted or unsubstituted Ci-C12 alk^L. Particularly preferred Ra is 
hydrogen and substituted or unsubstituted C1-C6 alkyl; and even more 
preferred is hydrogen, methyl., ethyl, propyl,, isopropyl and hutvl, . 
including tfe 
R16 groups . sSBSfcftjSiitaz&r f^^dai&^yfar^k^l &Mh^SS^g#<§^i^§tituted 
or unsubstituted C1-C12 alkyl and particularly preferred R19 is hydrogen, 
substitutedQil^ u0$uy%'t££U^'eli?Q23^C^fp2aMtpi'> 50^feoiJ4r,R'iwffi4^3R'>iJ4(QffiR^>2o 
substituted»i^^r^ub^,tut^dTvGi^l2 ̂ kyl , More prefer red ̂ 7 and^glS are 
hydrogen anff'SSlfltSSSForinRSfetfffiteaTpfe aSyl SS iS're^prefirred 
RI 9 are SydQ^NHR^SCGNRtR^ GQNH^,uO©i^'R£,eplrcfl4et£a ©H^^ubHlituCm or 
wherein Ra is a substituted or unsubstitu.ted C1-C6 alkyl.. Particularly 
preferred ^ropy^, f^£^)fe^py?r aH!?^u^i^^5 xftc5tiding 
tert-butyl. ai^l^^sBEI^^duR&tibsflMean^^S aH§^d89S®Stui»fei=cularly 
preferred is the presence of one or more additional bonds in the places 
indicated wM$ufcs&&ate^d ®^iie arMbrtu^at^tpl^rear iginisHi)Sfejfeu^ecfe§ig|pqygli§ne 
additional b^jffyjg ^ a.9&<SEgfe?*cMiefiagnS? stfeltf MRfle anJ 
the presence or one or two additional bonds between tne C atoms to which R3 
and R4 4f)e gttna^li^si^m^cMJhyidrogeiiiJi^H, NO2, NH2, SH, CN, halogen, COH, 

CO alkyl, COOH, substituted or unsubstituted C1-C12 alkyl, substituted 

or unsubstituted C2-Ci2 alkenyl, substituted or unsubstituted C2-C12 

alkynyl, substituted or unsubstituted aryl, and substituted or 

unsubstituted heterocyclic group. Where such groups are themselves 

15 substituted, the substituents may be chosen from the foregoing list. 

More preferred substituents for the above mentioned alkenyl, alkynyl 

and alkenynyl groups are halogen, OR', =0, OCOR", OCONHR', 

OCONRT?', CONHR', CONR'R', and protected OH, wherein each of the R' 

groups is preferably selected from hydrogen, substituted or 

20 unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-Ci2 

alkenyl, substituted or unsubstituted C2-C12 alkynyl, and substituted or 

unsubstituted aryl. Even more preferred substituents for these alkyl, 
alkenyl, alkynyl and alkenynyl groups are halogen, OR', =0, OCONHR', 

OCONR'R', CONHR', CONR'R', and protected OH wherein the protecting 

25 group for the OH is preferably selected from trimethylsilyl, triethylsilyl, 

triisopropylsilyl, dimethylisopropylsilyl, diethylisopropylsilyl, 

dime thy lhexylsilyl, 2-norbornyldimethylsilyl, t-butyldimethylsilyl, t-

butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl, 

diphenylmethylsilyl, di-i-butylmethylsilyl, bis(£-butyl)-l-

30 pyrenylmethoxy silyl, tris(trimethylsilyl)silyl, (2-

hydroxystyryl)dimethylsilyl, (2-hydroxystyryl)diisopropylsilyl, t-

butylmethoxyphenylsilyl, t-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl-



30 stereochemistry of each double bond may exist as (E) or (Z). The single 
isomers and mixtures of the isomers fall within the scope of the present 
invention. 5More particularly, preferred compounds of general formula I are 
those also having general formula IA or pharrnaceutically acceptable salts, 
tautomers, prodrugs or stereoisomers thereof 10 RI (IA) wherein Y is 
selected from -CHRay- -CHRay- CHRby- -Cppiy=CRby-, -C H Ray- CHRby- CHRcy-
-CHRay- CRby, = C Rey- , and -CHRay-C-C-; each Ray,. Rby, and Ray is 
independentlyrr.selectecL from hydroqan. .15 substituted -or unsubstitutsd 
ci-d.2 
or unsubstifa}fei#i£%£fe;h2 oflJtMgyR/ groii^fe ±il hseteffitfdn from 
substituted or unsubstituted C1-C12 alkyl, substituted or unsubstituted 
C2 - CI 2 alkefe^9^"°§85bl i s 
selected f rg^^R^Han^ > 
and substituted or unsubstituted C2-C12 alkynyl, or R7 and R5 together with 
the corrSsp<l±iidiipg-ofeGtitngn graiipC Sdnomtlto ^MHchistl^efQBfeljatiselsliiteii mS^orfiorm a 
substituted or unsubstituted heterocyclic group,- M , tnmeihylsilyn irietnyTsiIyl, misopropylsnyl, dimethylisopropylsilyl, 

diethylisopropylsilyl, dimethylhexylsilyl, 2-norbornyldimethylsilyl, t-

butyldimethylsilyl, f-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, 

triphenylsilyl, diphenylmethylsilyl, di-t-butylmethylsilyl, bis(f-butyl)-l-

10 pyrenylmethoxysilyl, tris(trimethylsilyl)silyl, (2-

hydroxystyiyl)dimethylsilyl, (2-hydroxystyryl)diisopropylsilyl, t-

butylmethoxyphenylsilyl, i-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl-

3-[2-(triphenylmethoxy)ethoxy]disiloxane-l-yl, and fluorous silyl, are 

the most preferred substituents for these alkyl, alkenyl, alkynyl and 

15 alkenynyl groups. 

When Y is -CHRay-CHRby-CHRcy- or -CHRay-CRby=CRcy- and a 

single or a double bond exists between the C atoms to which R3 and R4 

are attached, then R9 is substituted or unsubstituted C4-C12 alkenynyl. 

20 The preferred • substituted alkenynyl may present not only one but two 

or more substituents. More preferred alkenynyl groups are those having 

from 6 to about 10 carbon atoms; and even more preferably 7, 8 or 9 

carbon atoms. Oct-l-en-7-ynyl, oct-l-en-6-ynyl, oct-l-en-5-ynyl, oct-1-

en-4-ynyl, oct-l-en-3-ynyl, non-l-en-8-ynyl, non-1-en-7-ynyl, non-1-

25 en-6-ynyl, non-l-en-5-ynyl, non-1-en-4-ynyl, non-l-en-3-ynyl, hept-1-

en-6-ynyl, hept-l-en-5-ynyl, hept-l-en-4-ynyl, and hept-l-en-3-ynyl, 

are the most preferred alkenynyl groups. Preferred substituents for said 

alkenynyl groups are OR', =0, SR', SOR', SO2R', NO2, NHR', NR'R', =N-

R', NHCOR', N(COR')2, NHSO2R', NR'C(=NR')NR'R', CN, halogen, COR', 

30 COOR', OCOR', OCONHR', OCONR'R', CONHR', CONR'R', protected OH, 

substituted or unsubstituted C1-C12 alkyl, substituted or unsubstituted 

C2-C12 alkenyl, substituted or unsubstituted C2-Ci2 alkynyl, substituted 



5 each R8 and R9 are independently selected from hydrogen, CORa, COORa, 
substituted or unsubstituted Ci-C12 alkyl, substituted or unsubstituted 
C2-C12 alkenyl, substituted or unsubstituted C2-C12 alkynyl, and 
substituted or unsubstituted C4-C12 alkenynyl, with the proviso that when Y 
is -CHRay-CHRby-CHRcy- or -CHRay-CRby=CRey- and 10 a single or a double 
bond exists between C3 and C4, then R9 2^ substituted or unsubstituted 
C4-C12 alkenynyl; Rio is selected from hydrogen, substituted or 
unsubstituted CI-CI2.,alkyl, substituted, orjunsubstituted C2-C12 alkenyl, 
and SubStitaEeW1BPfHfi4vM'i!egeauem5daiiiyun^W^We#Sigfrom 
hydrogen, Ogpou$Q$R&reifiQ£3®Raof the 
substituted or unsubstituted C1-C12 alkyl, substituted or unsubstituted 
C2 - CI 2 alkeS^p p£iMrogsn,2 and 
each Ra and^^e or 

unsubstituted Ci-Cl2 alkyl, substituted or unsubstituted C2-C12 alkenyl, 
substitu6edoDiuraai£jffittfettii©iit(e2iOa:2 -aikenylj.l^rtxslij;utedDimas^tetiteitg^ C2-C12 
unsubstituted aryl and substituted or, unsubstituted heterqcYClic, group; and 
each dotted%#tef>W®g^an%PmMk^#S!ti^k SBftd sWKeodmp§Ws of 
general forf0^feab5^tul^rh4tei-<beydliC gr<fif^.rWerli mch -are-<ffi©m=sgRfe§r- , and 
-CHRay-CRby=CRey-, wherein Ray, Rby, , and Rey are as defined before. 32 
Particularlfu^lpgg^^hRa^ub^ientarfaiaKe^e^sg^^^^hfngpriggjgLgi^tted or 

unsubstitut^rgl-^r^]§(^bBt^Qggt#)KgfSfiFtg0^ikei§]?(rnecfiil^^fiy!^0^grOgen 
and substituted or unsubstituted Ci-C6 alkyl, and 

10 are halogen, OR', =0, OCOR', OCONHR', OCONR'R', CONHR', CONR'R', 

and protected OH, wherein each of the R' groups is preferably selected 

from hydrogen, substituted or unsubstituted C1-C12 alkyl, substituted 

or unsubstituted C2-C12 alkenyl, substituted or unsubstituted C2-C12 

alkynyl, and substituted or unsubstituted aryl. Even more preferred 

15 substituents for these alkenynyl groups are halogen, OR', =0, 

OCONHR', OCONR'R', CONHR', CONR'R', and protected OH wherein the 

protecting group for the OH is preferably selected from trimethylsilyl, 

triethylsilyl, triisopropylsilyl, dimethylisopropylsilyl, 

diethylisopropylsilyl, dimethylhexylsilyl, 2-norbornyldimethylsilyl, t-

20 butyldimethylsilyl, f-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, 

triphenylsilyl, diphenylmethylsilyl, di-t-butylmethylsilyl, bis(f-butyl)-l-

pyrenylmethoxy silyl, tris(trimethylsilyl) silyl, (2-

hydroxystyryl)dimethylsilyl, (2-hydroxystyryl)diisopropylsilyl, t-

butylmethoxyphenylsilyl, t-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl-

25 3-[2-(triphenylmethoxy)ethoxy]disiloxane-1 -yl, and fluorous silyl, and 

wherein each of the R' groups is more preferably selected from 

hydrogen, unsubstituted C1-C6 alkyl, and substituted or unsubstituted 

aryl. CI, OH, =0, OCONH2, OCONHPhenyl, and protected OH wherein 

the protecting group for the OH is preferably selected from 

30 trimethylsilyl, triethylsilyl, triisopropylsilyl, dimethylisopropylsilyl, 

diethylisopropylsilyl, dimethylhexylsilyl, 2-norbornyldimethylsilyl, t-

butyldimethylsilyl, t-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, 



5 even more preferred is.hydrogen, substituted or unsubstituted methyl, 
substituted or unsubstituted ethyl, substituted or unsubstituted propyl, 
substituted or unsubstituted isopropyl, and substituted or unsubstituted 
butyl, including substituted or unsubstituted teft-butyl, substituted or 
unsubstituted isobutyl, and substituted or unsubstituted 10 sec-butyl. 
Preferred substituents of said groups a>1^ OR', =0, SR', SOR', S02R', N02, 
NHR', NR'R', =N-R', NHCOR', N(COW)2, NHS02R', NR'C(=NR')NR'R', CN, halogen, 
COR', COOR' .OCOR ', ..OCONHR' , OCONR'R' CONHR' , CONR ' ,R, protected. OH, 
substituted itkyi, "su&s?j?tu?e^dr irnsuBs^tlftuted 
C2-C12 15 a^^H^me®bjife^feil^ted or unsufefetfft-trHfetS^lgilylJsl^l,alkynyl, substituted 
or unsubstituted aryl, and substituted or unsubstituted heterocyclic group, 
wherein eac inde^^S^Ffl?^t3g§rJ)4ji§@girof)^i^lyjlhe gifeup 
consisting 8£t&^Rg^h^lsM, t-M?oxPph®ylsW°3fF3^-^aW^l- C00H' 
substituted or unsubsrituted "Ci-C12 alkiyl, substituted 20 or unsubstituted 
C2-C12 a5ke3y[]2-(teph8tijbiit.fei)^j)EthDX3z|dsadliDi2aatifidl-^,-®Lt2i afliftgtragals, silgribstareuted or 
unsubstituted aryl, and substituted or unsubs.tituted heterocyclic group. 
Where such aR?§ s?IfR^^u&Wt^uents may be 
chosen from the foregoing list. 

Particularly preferred Ri6 is hydrogen, ORa and OCORa, wherein 

Ra is selected from hydrogen and substituted or unsubstituted C1-C12 

10 alkyl. Particularly preferred Ra is hydrogen and substituted or 

unsubstituted C1-C6 alkyl; and even more preferred is hydrogen, methyl, 

ethyl, propyl, isopropyl and butyl, including tert-butyl. Hydrogen, OH 

and methoxy are the most preferred Ri6 groups. 

15 Particularly preferred R17 and Ris are hydrogen and substituted 

or unsubstituted C1-C12 alkyl. More preferred R17 and Ris are hydrogen 

and substituted or unsubstituted C1-C6 alkyl, and even more preferred 

are hydrogen. 

20 On the other hand, in compounds wherein A is 

^18 

Particularly preferred R9 is hydrogen, substituted or 

25 unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl, substituted or unsubstituted C2-C12 alkynyl, and substituted or 

unsubstituted C4-C12 alkenynyl, and more preferably is hydrogen, 



Even more preferred substituents of the above mentioned groups- are 25 OH, 
SCH3, SH, NH2, NHC (=NH) NH2', C0NH2, COOH, phenyl, p-, m- or o-
hydroxyphenyl, indolyl, including 1-, 2-, and 3-indolyl, and imidazolyl, 
including 4- and 5-imidazolyl. Hydrogen and methyl are the most preferred 
Ray, Rby , and Rey groups. Specifically, when Y is -CHRay- then 
particularly preferred Ray is methyl, i^en Y is -CRay=CRby- then 30 
particularly preferred Ray is hydrogen and particularly preferred Rby is 
methyl, and when Y is - CHRay-CRby=CR§y- X h^n particularly, pxef erred 33 Ray 
is hydrogen#W£9l,0£ar£Mi?TriL^ or 

particularlMngm®£gm»M hydrogen 
and substituted or 5 unsubstituted 01-012 alkyl. More preferred R5 is 
hydrogen 
preferred ig^^^^piklk|^s^^tMteTO^at^ju^d^^nofy^^ted or 
unsubstituted ethyl, substituted or unsubstituted propyl, substituted or 
unsubsti5utbd.t Is^EpDDppflireaBiibstitmteiitaitMiroipriffifeTntecitsilkjaltgiaDttpfl:^!:^ those 
including subs.tituted^or unsubstituted tert-butyl, substituted pr„ 0 unSubStitutlavm6a€vS pistWyl8 
Preferred s^0t<§^^>&t^t(Ms.sH§#t^§fe^PaMen6i^LareOtheS8ibst^&ffeiT^PaB<yl N02, 
NHR', NR'R', =N-R', NHCOR', N(C0102, NHS02R', NR'C(=NR,NR'R', ON, halogen, 
COR' , COOR' grqMm' Ono&SjMher d?m<h '^ore (Rjftffiyred ^§e 0H, 
substituted^^y^l^^^^^^^^^gs^t^^^^^^tftjited 
02-012 alkenyl, substituted or unsubstituted 02-012 alkynyl, substituted or 
unsubstiOuteii ^K5alr)3oandt(aiatestQ<Ebafefef6-dienyl],sifl)]otejit5i-idffleii^^tfK±ardy4^diienglyoup, 
wherein each of tJie.R' ,groups is, independently ,-se.lected from the group 
consisting 8!**' 2PcW;rM1,eI:ik, ngBf"M;%gagefl?nW-<e6li5yl, 
COOH, sub s t 4^ieWP,ul?gfekt 0 llfe^ky^dit^P, t ,4«dienyl, 
unsubstituted 02-012_alkenyl, substituted or unsubstituted C2-012 alkynyl, 
substitutedhggt^jrltl^%^o sk ggefgg^t§3"?uB&siQffcufttfef1" 
heterocycli^ggo^ 
substituents 25 may be chosen from the foregoing list. Even more preferred 
substittif§nt§Oo<£aitfcto®i atoms; lacndtever®dngiD3Dippefeaa:MyOM„ 8SQH30, c&HfyoflinsGtQms. 
NHC (=NH) NFI2 , CONH2 , COOH, phenyl,_ p-,, m- or o-hydroxyphenyl, ^ indolyl, • 
including lPc^-T^dOS'-Ei^ylO^M^ltitfS^W1' ifiMfflHr 
5 - imidazoly^et-If^ppaiSn-S^fyylnoii-^pfi^^on-^efrfyibiAfeiilS^fUbeSiS-y^yfi^ the 
most 3 0 preferred R5 groups, and even most preferred methyl, isopropyl, and 
tert-butyl. non-3-ynyl, non-2-ynyl, non-1-ynyl, hept-6-ynyl, hept-5-ynyl, hept-4-

ynyl, hept-3-ynyl, hept-2-ynyl, and hept-l-ynyl are the most preferred 

20 alkynyl groups. On the other hand, more preferred alkenynyl groups are 

those having from 6 to about 10 carbon atoms; and even more 

preferably 7, 8 or 9 carbon atoms. Oct-l-en-7-ynyl, oct-l-en-6-ynyl, oct-

l-en-5-ynyl, oct-l-en-4-ynyl, oct-l-en-3-ynyl, non-l-en-8-ynyl, non-1-

en-7-ynyl, non-l-en-6-ynyl, non-l-en-5-ynyl, non-l-en-4-ynyl, non-1-

25 en-3-ynyl, hept-l-en-6-ynyl, hept-l-en-5-ynyl, hept-l-en-4-ynyl, and 

hept-l-en-3-ynyl, are the most preferred alkenynyl groups. Preferred 

substituents for said alkyl, alkenyl, alkynyl and alkenynyl groups are 

OR', =0, SR', SOR', S02R', N02, NHR', NRTi', =N-R', NHCOR', NfCOR'te, 

NHS02R', NR'C(=NR')NR'R', CN, halogen, COR', COOR', OCOR', 

30 OCONHR', OCONR'R', CONHR', CONR'R', protected OH, substituted or 

unsubstituted Ci-Ci2 alkyl, substituted or unsubstituted C2-Ci2 

alkenyl, substituted or unsubstituted C2-Ci2 alkynyl, substituted or 



34 Particularly preferred W is NR7 wherein R7 is as defined before. 
Particularly preferred R6 is NR8R9, wherein R8 and R9 are as defined 
before. 5 Particularly preferred R7 and R8 are hydrogen and 
substituted or unsubstituted Ci-C12 alkyl. More preferred R7 and R8 are 
hydrogen and substituted or unsubstituted Ci-C6 alkyl; and even more 
preferred are hydrogen, methyl, ethyl, ̂ gropyl, isopropyl and butyl, 
including tert- 1 0 butyl. Hydrogen is the most preferred. In another 
embodiment, it is^.particularly preferred that R7 and^.R.5,. together with the 
corresponai^tim%(j^r'atWt5mMe,ih§f SP§uSg&lilff&4SftPla'c(ic 

substituteagftsu^ini»isfeftij,t8ifeftaojh8feEiRt^ecsiptPisgi»a4penaenflJi%Slefcletf«a»MC<lhe 
preferred heterocyclic^ group is a heteroalicyclic group containing one, two 
or three hegSS4aiSSffl9i^8)ffeiSlCd8'dfggSPi3pIi 6lp2£TfifonSH. rCSthgl<®&j£S$!.one N 
atom, and hggagyjtwggl,jjPSSSff&MSi&teS °r 7 
ring atoms. A pyrrolidine group is the most preferred. 20 when Y is a) 
-CHRay-, 5-CBRapigUM±jtu;ted(3Rgi^£l^^er}3d^ subStRaJetC^Cu^sntostituted C2-C12 
-CHRay-CHRby-CHR.y- or -CHRay-CRby=CRcy- and a triple.bond exists between 
C3 and C4, p^ef&P^M^I hW*ogW$ «ffld°Jr 
unsub s t i tut^sgbsfitiSteS1 telero§y&iit g£$&#.d W8ei%5 tSgm<sfe^e§lkenyl, 
substituted or unsubstituted C2-C12 alkynyl, and substituted or 
unsubstitut§Sbefctj«t¥d, ^b?eS^k§4tUQ^§-^.ye'li©ifefe?§fni|-o^c$fe§g|Qjeg(^0gs^^1tuted or 
unsubstitut^^-^^k^^^g^f^c^^ui^g^^^^-^^kynyl, 
and substituted or unsubstituted C4-C12 alkenynyl. The preferred 
subs t i tiltted aaidk^allkeS^anjdulgrbTapBt®cie airtatogdn,, £5iB'£ 15€X^t<€JC©ER,yr^>CCafMR', 
subs ti tutan(j protected OH, wherein each of the R' 

groups is preferably selected from hydrogen, substituted or 

unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl, substituted or unsubstituted C2-C12 alkynyl, and substituted or 

15 unsubstituted aryl. Even more preferred substituents for these alkyl, 

alkenyl, alkynyl and alkenynyl groups are halogen, OR', =0, OCONHR', 

OCONR'R', CONHR', CONR'R', and protected OH wherein the protecting 

group for the OH is preferably selected from trimethylsilyl, triethylsilyl, 

triisopropylsilyl, dimethylisopropylsilyl, diethylisopropylsilyl, 

20 dimethylhexylsilyl, 2-norbornyldimethylsilyl, t-butyldimethylsilyl, t-

butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl, 

diphenylmethylsilyl, di- f-butylmethylsilyl, bis(f-butyl)-l-

pyrenylmethoxy silyl, tris(trimethylsilyl)silyl, (2-

hydroxystyryl)dimethylsilyl, (2-hydroxystyryl)diisopropylsilyl, t-

25 butylmethoxyphenylsilyl, i-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl-

3-[2-(triphenylmethoxy)ethoxy]disiloxane-l-yl, and fluorous silyl, and 

wherein each of the R' groups is more preferably selected from 

hydrogen, unsubstituted C1-C6 alkyl, and substituted or unsubstituted 

aryl, CI, OH, =0, OCONH2, OCONHPhenyl, and protected OH wherein 

30 the protecting group for the OH is preferably selected from 

trimethylsilyl, triethylsilyl, triisopropylsilyl, dimethylisopropylsilyl, 

diethylisopropylsilyl, dimethylhexylsilyl, 2-norbornyldimethylsilyl, t-



present not only one but two or more substituients. More preferred alkyl 
groups are those having from 6 to about 10 carbon atoms; and 35 even more 
preferably 7, 8 or 9 carbon atoms. Heptyl, octyl and nonyl are the most 
preferred alkyl groups. On the other hand, more preferred alkenyl groups 
are those having from 6 to about 10 carbon atoms; and even more preferably 
7, 8 or 9 carbon atoms. Octa-1,6-dieny^g octa-1,5- 5 dienyl, 
octa-1,4-dienyl, octa-1,3-dienyl, nona-1,7-dienyl, nona-1,6- dienyl, 
nona-1, 5-dienyl,.. nona-.l., 4 - dienyl., ,.npna 3,- dienyl, JiepJta-l., 5- di.en.yl, 
hepta-l, 4-dl#ft^iPt#; . 
On the 6 to 
about 10 carbon atoms; and even more preferably 7<; 8 10 or 9 carbon atoms. 
Oc t - 7 - ynyl, 5 - ynyl, oc^^tr^^nylgi^l^sjlylynyi; oc t - 2(2ynyl, 
oct-l-ynyl, 1' 
non-3-ynyl, non-2-ynyl, non -"1 -ynyl, hept-6-yrfyl, nept-5-yriyl, hept-4-ynyl, 
hep t - 3 - yfiiy 1 e^pEienylsiiy ll^e^fo^GJ^^phemjelstl^ rflcpfe,0, ̂ etfreisopflojajtlkyny 1 
groups. On the other hand, more, preferred 15, alkenynyl groups .are those 

f,re8 or 9 having 
carbon atom^e Qfi&st1 afl§4,- IdteS^ safejfayl and 
oct-l-en-4-ynyl, oct-1-en-3-ynyl, non-1- en-8-ynyl, non-1-en-7-ynyl, 
non-l-en-6- -5-ynyl, en-4-ynyl, non-1-en-3-ynyl, 
hept-l-en-6-ynyl, hept-l-en-5-ynyl, hept-1- 2 0 en-4-ynyl, and 
hept-1-en-3-ynyl, are the most preferred alkenynyl groups. Preferred 
substitdfints f orPa^knlilailpfifprBetkSii^/ils, QiRsiaaSikQS^i^l w^McragfERare OR', 
=0, SR', SOR', S02R' N02, NHR', NWR', =NR' NHCOR' NCCOR)2,,NHSQ^R', 
NR ' C (=NR ' ) NF? 1?^, XrNy ttSTb^W1,1 ' , COUK , UCOR ' , OubNTiRq , TJCONf 
CONHR', CON^ify^ Cp-ef^ec§u^tiigut}^tr©i'eftin®A!ast^1fbi^Mt©i-(©i2 
alkyl, substituted or unsubstituted C2-C12 alkenyl, substituted or 
unsubs t i tut ref^ss^felHe^gSByinetkHk 
substituted^u^ybifdjl^^ nj R. 
groups is independently selected from the group consisting-^ ofTiydrogen, OH, 
N02, NH25 SandCMetHnfflj^ogH3itheC0M)st |)®e®£Eeldkpj6,gi®Mp4, substituted or 
unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 alkenyl, 
substituted or urisubstituted C2-C12 alkynyl, substituted or unsubstituted 
aryl, and substipaftsgkmy 4fcat3?$ m such 
groups are themselves substituted, the substituents may be chosen from the 
foregoing 13^utr^&§t^£f^iee#lwk®g}difepMerr^o^® ifeWm, 
alkenyl, aMW'C8&,' wlfe-e&C(^"is gCONHR' , 
5 OCONR'R', CONHR', CONR'R', ana protected OH, wherein each of the R' 
groups i20 psabeti&tolfegl SBimst&4ti£mteid ©^eC&f^galky 1.sMastiprafetfecbiRit?n2EmjdbsRjituted 
Ci-C12 alkyl, substituted, or ,un.subs,tituted ,C27C12 , alkenyly substituted or 
unsubstitut<Me dW?iell^^,b4W^]9Stm^1We^n?Mt^MMaa??^fe Even 
more prefer^eg^^^i^tgy^^e^^fo^kte^d o^uftitoMlutefl1^^1 

alkenynyl groups are halogen, OR', =0, OCONHR', OCONR'R', CONHR', CONR'R' 
and protect#®doSQJfeef^Sfe&reftReRpi%t^(§&i>S^t1^te^upr fi83S4J?f^it(gi^<idPp£^f^isl3ly 
selected t^ispESgcylsj]^ . j 
dimethylisopropylsixyi, diethylisopropylsilyl, dimethylhexylsilyl, 
2 - norbo2®yl^iiei&y.teig- tert^tSutyt Ris alM R19 are hydrogen, 
butyldiphenylsilyl,tribenzylsilyl,tri-p-xylylsilyl,triphenylsilyl, 
diphenylmethylsilyl,di- t-butylmethylsilyl,bis( t-butyl)- 1 -

Particularly preferred is the presence of one or more additional 

bonds in the places indicated with a dotted line. More preferred is the 

30 presence of one additional bond between the C atoms to which Ri and 

R2 are attached, and the presence of one or two additional bonds 

between the C atoms to which R3 and R4 are attached. In addition, the 



pyrenylmethoxysilyl,tris (trimethylsilyl)silyl,(2-
hydroxystyryl)dimethylsilyl,(2 -hydroxystyryl)diisopropylsilyl,t-
butylmethoxyphenylsilyl, t-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl- 20 
3-[2-(triphenylmethoxy)ethoxy]disiloxane-1-yl, and fluorous silyl, and 
wherein each of the R' groups is more preferably selected from hydrogen, 
unsubstituted C1-C6 alkyl, and substituted or unsubstituted aryl, CI, OH, 
=0, 0C0NH2, OCONHPhenyl, and protected OH wherein the protecting group for 
the OH is 
triisopropylsilyl, aimertnyl I sop ropyls ilyl, diethyrisopropyl silyl, ° 
dimethylhexisfcgftdc&land! i®btttoresno£LthDerfet>h^elrsif&llivitltim tte^dcsj^eifcti^pidsjeht 
t-butyldiphenylsilyl, tribenzylsilyl, tfi-p-xylylsilyl, triphenylsilyl, 
diphenylmetf^i^flP^;, di- t-butylmethylsilyl, bis (t-butyl)-1-
pyrenylmethoxysilyl,tris(trimethylsilyl)silyl,(2- 30 
hydroxystyryl)dimethylsilyl,(2-hydroxystyryl)diisopropylsilyl,t-
butylmetSoxyphenltodlBarfictikcuteop^dfeiJiedn^rseCfiyD^siof^ene^], Ibiigiateal^Sgropyl -
3-[2-(triphenylmethoxy) ethoxyldi1siloxalne^l-yl,1_and fluorous silyl,-, ,are 37 4.V, 4. those also rmving generalformula IA dr faharmaceuucalTy n acceptable the most preferrea substrtutents for tnese alkyl, alkenyl, •alkynyl and 
alkenynyl gsaltg^tautomers, prodrugs or stereoisomers thereof 

0 (IA) 

10 

wherein Y is selected from -CHRay-, -CHRay-CHRby-, -CRay=CRby-, -CSC-, 

-CHRay-CHRby-CHRcy-, -CHRay-CRby=CRcy-, and -CHRay-C-C-; 

each Ray, Rby, and Rcy is independently selected from hydrogen, 

15 substituted or unsubstituted C1-C12 alkyl, substituted or unsubstituted 

C2-C12 alkenyl, and substituted or unsubstituted C2-C12 alkynyl; 

Rs is selected from hydrogen, substituted or unsubstituted C1-C12 alkyl, 

substituted or unsubstituted C2-C12 alkenyl, and substituted or 

20 unsubstituted C2-Ci2 alkynyl; 

R6 is selected from NR8R9, and OR 10; 

W is selected from O and NR7; 

25 

R7 is selected from hydrogen, CORa, COORa, substituted or 

unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 



When Y is -CHRay-CHRby-CHRcy- or -CHRay-CRby=CRcy- and a 5 single or a 
double bond exists between 03 and C4, then R9 is substituted or 
unsubstituted C4-C12 alkenynyl. The preferred substituted alkenynyl may 
present not only one but two or more substituents. More preferred alkenynyl 
groups are those having from 6 to about 10 carbon atoms; and even more 
preferably 7, 8 or 9 carbon atoms. Oct-gLj-en-7-ynyl, oct- 10 1 -en-6-ynyl, 
oct- 1 -en-5-ynyl, oct- 1 -en-4-ynyl, oct- 1 -en-3-ynyl, non-1 - en-8-ynyl, 

non-i ' 
en-4 -ynyl, £oyfgg£on&iifg fifomeft af^oups . 
Preferred substituents for said alkenynyl groups are OR', =0, 15' SR', 
SOR' , S02R' att^g^ed^^y for^ aRSubstfti^ed oftfl^^bst^J^lpgterf^^^group; 
NR'C(=NR')NR'R', CN, halogen, COR', COOR', OCOR', OCONHR', OCONR'R', 
CONHR', CONR'R', protected OH, substituted or unsubstituted C i-C12 alkyl, 
subs tituSedeaxrhuRgufciadi Rat acle GJidgp&ndeati^es^ifcgtedulfeamtibyd&ger^uS^ilihstituted 
02-012 alkynvlrt.^substitnted, or 20 unsubstituted-,aryl,, .and substituted or 

independentkfis&biSf&M 5£P©if hglka&^P sG^MtiSte^gbrotirisab^aated Oe2-Gq§2 , NH2 , 
SH, ON, halogen, COH, 

alkynyl, and substituted or unsubstituted C4-C12 alkenynyl, with the 

proviso that when Y is -CHRay-CHRby-CHRcy- or -CHRay-CRby=CRcy- and 

10 a single or a double bond exists between C3 and C4, then R9 is 

substituted or unsubstituted C4-C12 alkenynyl; 

Rio is selected from hydrogen, substituted or unsubstituted C1-C12 

alkyl, substituted or unsubstituted C2-C12 alkenyl, and substituted or 

15 unsubstituted C2-C12 alkynyl; 

Ri6 is selected from hydrogen, ORa, OCORa, OCOORa, NRaRb, NRaCORb, 

and NRaC(=NRa)NRaRb, substituted or unsubstituted C1-C12 alkyl, 

substituted or unsubstituted C2-Ci2 alkenyl, and substituted or 

20 unsubstituted C2-C12 alkynyl; and 

each Ra and Rb are independently selected from hydrogen, substituted 

or unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl, substituted or unsubstituted C2-C12 alkynyl, substituted or 

25 unsubstituted aryl and substituted or unsubstituted heterocyclic group; 

and 

each dotted line represents an optional additional bond. 

30 In compounds of general formula IA, particularly preferred Y is -

CHRay-, -CRay=CRby-, and —CHRay"CRby=CRcy_, wherein Ray, Rby, and Rcy 

are as defined before. 



COalkyl, COOH, substituted or unsubstituted Ci-C12 alkyl, substituted or 
unsubstituted C2-C12 alkenyl, substituted or unsubstituted 02-012 25 
alkynyl, substituted or unsubstituted aryl, and substituted or 
unsubstituted heterocyclic group. Where such groups are themselves 
substituted, the substituents may be chosen from the foregoing list. More 
preferred substituents for the above meja£ioned alkenynyl groups are 
halogen, OR', =0, OCOR", OCONHR', OCONR'R', CONHR', CONR'R', 30 and 
protected OH, wherein each of the R' groups is preferably selected from 
hydrogen, substituted or unsubstituted C1-C12 alkyl, substituted or 
unsubstituted C2p£ftfcuJ^^n^efe«^tJ^t^yprafS<&sii^tifeiitk$dfic%effi]12ana8 
alkynyl, and substituted or unsubstituted aryl. Even more preferred 
substituent 
OCONR'R', C£NH^.e roup 
for the OH is preferably selected from trimethylsilyl, 5 triethylsilyl, 
t r i i soprtSpyi^eiiiyfligreapiDrfeiiyaiijsctenijp^Bi £}iii)£tifldtedh<yH imsptefj^tedlp-teithyl, 
dimethylhexylsilyl, .2-norbornyldimethyLsilyl,. tbutyldimethylsa]^! * , t-butyldiphfafsm^, ^rim^W^l^ffl^^WMjylT t^imfe^yl, 
diphenylmet^^lly^ub^kutMb&ityiifi^teatlt^titi^lisc^ifiii^lybafl^l ̂ substituted or 
pyrenylmethoxysilyl, tri s (trime thylsilyl) s fly' , {2- 10 
hydroxys tyr^®MI%^s^^>( ffp£^^^^-£utyl, 
tbutylmethoM8^^ai^ns^^^Mc^])^^l^.¥^bs^itJte^,(^-^^^tf6ffi^pyl-
3-[2-(triphenylmethoxy)ethoxy]disiloxane-1-yl, and fluorous silyl, and 
wherein lfifeclaeo-jbutQab Ifref^reriipiabs&tiaenfcs (}frstfi4i|pLbmpsl^OlBQgen, 
unsubstituted C^-C^ alkyl^ ^nd substituted xg^maubstitiJtfid lS^aryl, CI, 
OH, =0, OCONFK?, 'OCuM?Phenyr; ara^rotecrSd wnetein tnV £ rote c tine} group 
for the OH (5©^et&0C^ay&C©Rl,et(t>g&i^Rl, 
triisopropylsilyl, dimethylisopropylsilyl, diethylisopropylsilyl, 
dime thy lhex^¥^3¥^-iR'> 2 -6@roi®'myl@fmel^slsi^9te/ct^ut9Jfeim£¥H§'!i&lt£^:]_ / or 

t - butyldiph^^feitedt Y s s 1 iY1' 
diphenylmethylsilyl, di- t-butylmethylsilyl, bis(t-butyl)-1-
pyrenyliil(5th<a335e^iy]sybstitatied(tarimB6li^fc&Mjb£fli) g&Kyifc, alj^-nyl, substituted or 
hydroxys tyryl) dimethyls ilyl, (2 hydroxys tyryl) diisop .ropy.l silyl ,t.-. 
butyimethoxfea^ffli^ iMm^gyi - • 

group, wherein each of the R' groups is independently selected from the 

group consisting of hydrogen, OH, NO2, NH2, SH, CN, halogen, COH, 

COalkyl, COOH, substituted or unsubstituted C1-C12 alkyl, substituted 

20 or unsubstituted C2-C12 alkenyl, substituted or unsubstituted C2-C12 

alkynyl, substituted or unsubstituted aiyl, and substituted or 

unsubstituted heterocyclic group. Where such groups are themselves 

substituted, the substituents may be chosen from the foregoing list. 

Even more preferred substituents of the above mentioned groups are 

25 OH, SCH3, SH, NH2, NHC(=NH)NH2, CONH2, COOH, phenyl, p-, m- or o-

hydroxyphenyl, indolyl, including 1-, 2-, and 3-indolyl, and imidazolyl, 

including 4- and 5-imidazolyl. Hydrogen and methyl are the most 

preferred Ray, Rby, and Rcy groups. Specifically, when Y is -CHRay- then 

particularly preferred Ray is methyl, when Y is -CRay=CRby- then 

30 particularly preferred Ray is hydrogen and particularly preferred Rby is 

methyl, and when Y is -CHRay-CRby=CRcy- then particularly preferred 



3-[2-(triphenylmethoxy)ethoxy]disiloxane-1-yl, and fluorous silyl, are 25 
the most preferred substituents for these alkenynyl groups. Particular 
preferred R16 is hydrogen, OR. and OCOR., wherein R. is selected from 
hydrogen and substituted or unsubstituted Ci-C12 alkyl. Particularly 
preferred R. is hydrogen and substituted or 30 unsubstituted Ci-C6 alkyl; 
and even more preferred is hydrogen, me&Jiyl, ethyl, propyl, isopropyl and 
butyl, including tert-butyl. Hydrogen, (3H and methoxy are the most 
preferred R16 groups. 39 particularly preferred is, the presence of 
one or more^^c!&u5on§ ^n®£efteabyw¥tfr^ar^ofte^f11 ine . 
More prefergg^-i^afj^jg^^q^y {^En^gyjadditional bond between Ci and C2, 
and/or the 5 presence of one or two additional bonds between C3 and C4, 
and/or the presence of one additional bond between C5 and C6. In addition, 
the BtereochemiBftgf.^fliclL^^j ljftn^smaKySSSk a&ciE'siflfetitfiled sin3le 

isomers and mixtures or the isomers fall withiir the scope of the present 
invention. 4i®isubstit^6l<dth©i&Qi^rfeiilgtllaMcff£'e|arcfe$ife<±:oRgoiisidhydfo^aieaHd 
formula I are those having general, formula IB or pharrnaceutically, . 
acceptable 
150R19 (IB) ^lb^ftiit6ie4)rfrfi8suggS«ted -ffl^7CI®tetitut^a]6rCRby-, 
- CHRay-CHRby-CHIT, y-, - CHRay-CRby=CRcy-, and -CHRay-C=C-; 20 each Ray, Rby, 
and Ray is l^riony®^^titu<|(g^cgrf>§>MkeSuk&tituted 
unsubstitutgd ' 
and substituted or unsubstituted C2-C12 alkynyl; R5 is selected from 
hydrogeiJO segtufegtitUtidb$ft-i4d^ty&uty3,5 mitettuttecte c&r o r 
unsubstituted C2-C12 alkenyl, and,substituted or unsubstituted C2-C12 
alkynyl; or unsubstituted sec-lbutyH 

Preferred substituents of said groups are OR', =0, SR', SOR', SO2R', 

N02, NHR', NR'R', =N-R', NHCOR', N(COR')2, NHSO2R', NR'C(=NR')NR'R', 

CN, halogen, COR', COOR', OCOR', OCONHR', OCONR'R', CONHR', 

15 CONR'R', protected OH, substituted or unsubstituted C1-C12 alkyl, 

substituted or unsubstituted C2-C12 alkenyl, substituted or 

unsubstituted C2-C12 alkynyl, substituted or unsubstituted aryl, and 

substituted or unsubstituted heterocyclic group, wherein each of the R' 

groups is independently selected from the group consisting of hydrogen, 

20 OH, N02) NH2, SH, CN, halogen, COH, COalkyl, COOH, substituted or 

unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl, substituted or unsubstituted C2-C12 alkynyl, substituted or 

unsubstituted aryl, and substituted or unsubstituted heterocyclic 

group. Where such groups are themselves substituted, the substituents 

25 may be chosen from the foregoing list. Even more preferred substituents 

of the above mentioned groups are OH, SCH3, SH, NH2, NHC(=NH)NH2, 

CONH2, COOH, phenyl, p-, m- or o-hydroxyphenyl, indolyl, including 1-, 

2-, and 3-indolyl, and imidazolyl, including 4- and 5-imidazolyl. 

Hydrogen, methyl, isopropyl, tert-butyl and benzyl are the most 

30 preferred R5 groups, and even most preferred methyl, isopropyl, and 

tert-butyl. 



40 W is selected from 0 and NR7; R7 is selected from hydrogen, CORa, COORa, 
substituted or 5 unsubstituted C 1-C12 alkyl, substituted or unsubstituted 
C2-C12 alkenyl, and substituted or unsubstituted C2-C12 alkynyl, or R7 and 
R5 together with the corresponding N atom and C atom to which they are 
attached may form a substituted or unsubstituted heterocyclic group; 10 
each R8 and R9 are independently selected from hydrogen, CORa, COOR., 
substituted or unsubstituted Ci-C12 alkyl, substituted or unsubstituted • 
C2-C12 alkenyl, substituted or unsubstituted C2=£12 alkynyl.,., and 
substituted or uMi?rf^tPi"S%Se-4:ffilsa?fe nfe/f }n & from 
hydrogen, substituted or unsubstituted C1-C12 alkyl, substituted or 
unsubstituted C2-C12 alkenyl, and substituted or unsubstituted C2-C12 
alkynyl; R16 is 0^bR^(in0^@(m4 feafS? MaCORb, 
20 and substituted or unsubstituted C1-C12 alkyl, 
substituted or unsubstituted C2-C12 alkenyl, and substituted or 
unsubstiSuted C 2-C 12 alkynyl; R19 is selected from hydrogen, CORa, COORa, 
CONRaRb, S (0) Ra/TS02R3, ,25 PIO) (RaJORb. JBiRaRbRc, substituted, or , 
unsubstituted CI- W-TOw&iyi and 
siabstituted^ui|jBgeteg^i€v^#'sfflfy]PMoi%I-isael&^red^afia<3fe &Fb h$&rogfcfi Siadare 
independently selected from hydrogen, 30 substituted or unsubstituted 
C1-C12 a 1 ky§ub§ti&i;tg^tSft ed or 
unsubstituted^ -C l^,b&cMkfg and 

substituted or unsubstituted heterocyclics group; and each dottea line 
represeri£)s imtj^t^aiirageiaiMlikdaiEEsl jirefaireck In compounds of general 
formula IB, particularly preferred Y is - CHRay-, -CRay=CRby-, and 
-CHRay-CRby=CIRcy-, wherein Ray, Rby, and Rcy are as defined before. 

In another embodiment, it is particularly preferred that R7 and R5 

together with the corresponding N atom and C atom to which they are 

attached form a substituted or unsubstituted heterocyclic group. In this 

15 regard, preferred heterocyclic group is a heteroalicyclic group 

containing one, two or three heteroatoms selected from N, O or S atoms, 

most preferably one N atom, and having from 5 to about 10 ring atoms, 

most preferably 5, 6 or 7 ring atoms. A pyrrolidine group is the most 

preferred. 

20 

When Y is a) -CHRay-, -CHRay-CHRby-, -CRay=CRby-, -C=C-, or -

CHRay-C=C-; or b) -CHRay-CHRby-CHRcy- or -CHRay-CRby=CRCy- and a 

triple bond exists between C3 and C4, then particularly preferred R9 is 

hydrogen, substituted or unsubstituted C1-C12 alkyl, substituted or 

25 unsubstituted C2-C12 alkenyl, substituted or unsubstituted C2-C12 

alkynyl, and substituted or unsubstituted C4-C12 alkenynyl. More 

preferably is hydrogen, substituted or unsubstituted C2-C12 alkenyl, 

substituted or unsubstituted C2-C12 alkynyl, and substituted or 

unsubstituted C4-C12 alkenynyl. The preferred substituted alkyl, 

30 substituted alkenyl, substituted alkynyl and substituted alkenynyl may 

present not only one but two or more substituients. More preferred 

alkyl groups are those having from 6 to about 10 carbon atoms; and 



lOParticularly preferred Ray, Rby, and Rey are hydrogen and substituted or 
unsubstituted Ci-C12 alkyl. More preferred Ray, Rby, and Rcy are hydrogen 
and substituted or unsubstituted C1-C6 alkyl, and even more preferred is 
hydrogen, substituted or unsubstituted methyl, substituted or unsubstituted 
ethyl, substituted or unsubstituted 15 propyl, substituted or unsubstituted 
isopropyl, and substituted or unsubstituted butyl, including substituted or 
unsubstituted tert-butyl, substituted or unsubstituted isobutyl, and 
substituted or unsubstituted sec-butyl., PreferredTTsubstituents, of said 
groups are W,e 

N (COR') 2, m(^ ^.Il^i^gi^upsP^n h£83,' ' / 
OCONHR', OCONR'R', CONHR', CONR'R', protected OH, substituted or 
unsubstitut©&e£ryl<grQUg&]Sff th§§&:^yyig:ii$:n&36 jl^t^QP2at?®s;a;yft4nyi, 
substituted or ^^y^6^u^t)iteaie9rrllfflftub{SSj.tuted 
aryl, and substituteu or unsubstituted heterocyclic 25 group, wherein each 
of the R5 gafe#^$, l<K:tae;E,<3e&ie&yE;roiDrtshr^^riterjylponeiiatlL^g of 
hydrogen, OH, N02, NH2, SH, ON, halogen, COH, COalkyl, COOH,, substituted or 
unsubstitut^iFWi'- 1 i 2 -^ffaal'Kenyl, 
substituted(j^f1y}.ng^)(gt3-ti|u^^|1yj:2]1^.|;?L-l,3-dienyl are the most preferred alkenyl 

groups. On the other hand, more preferred alkynyl groups are those 

having from 6 to about 10 carbon atoms; and even more preferably 7, 8 

10 or 9 carbon atoms. Oct-7-ynyl, oct-6-ynyl, oct-5-ynyl, oct-4-ynyl, oct-3-

ynyl, oct-2-ynyl, oct-1-ynyl, non-8-ynyl, non-7-ynyl, non-6-ynyl, non-5-

ynyl, non-4-ynyl, non-3-ynyl, non-2-ynyl, non-1-ynyl, hept-6-ynyl, 

hept-5-ynyl, hept-4-ynyl, hept-3-ynyl, hept-2-ynyl, and hept-l-ynyl are 

the most preferred alkynyl groups. On the other hand, more preferred 

15 alkenynyl groups are those having from 6 to about 10 carbon atoms; 

and even more preferably 7, 8 Or 9 carbon atoms. Oct-l-en-7-ynyl, oct-

l-en-6-ynyl, oct-l-en-5-ynyl, oct-l-en-4-ynyl, oct-l-en-3-ynyl, non-1-

en-8-ynyl, non-1-en-7-ynyl, non-1-en-6-ynyl, non-l-en-5-ynyl, non-1-

en-4-ynyl, non-l-en-3-ynyl, hept-l-en-6-ynyl, hept-l-en-5-ynyl, hept-1-

20 en-4-ynyl, and hept-l-en-3-ynyl, are the most preferred alkenynyl 

groups. Preferred substituents for said alkyl, alkenyl, alkynyl and 

alkenynyl groups are OR', =0, SR', SOR', SO2R', NO2, NHR', NR'R', =N-

R', NHCOR', N(COR)2, NHSO2R', NR'C(=NR')NR'R', CN, halogen, COR', 

COOR', OCOR', OCONHR', OCONR'R', CONHR', CONR'R', protected OH, 

25 substituted or unsubstituted C1-C12 alkyl, substituted or unsubstituted 

C2-C12 alkenyl, substituted or unsubstituted C2-C12 alkynyl, substituted 

or unsubstituted aryl, and substituted or unsubstituted heterocyclic 

group, wherein each of the R' groups is independently selected from the 

group consisting of hydrogen, OH, NO2, NH2, SH, CN, halogen, COH, 

30 COalkyl, COOH, substituted or unsubstituted C1-C12 alkyl, substituted 

or unsubstituted C2-C12 alkenyl, substituted or unsubstituted C2-C12 

alkynyl, substituted or unsubstituted aryl, and substituted or 



alkynyl, substituted or unsubstituted aryl, and substituted or 30 
unsubstituted heterocyclic group. Where such groups are themselves 
substituted, the substituents may be chosen from the foregoing list. Even 
more preferred substituents of the above mentioned groups are 42 OH, SCH3, 
SH, NH2, NHC(=NH)NH2, C0NH2, COOH, phenyl, p-, m- or ohydroxyphenyl, 
indolyl, including 1-, 2-, and 3-indol^L-, and imidazolyl, including 4- and 
5-imidazolyl. Hydrogen and methyl are tne most preferred Ray, Rby, and Ray 
groups. Specifically, when Y is. -CHRay- then 5 narticularly^prefexred Ray 
iS methyl,. »i3iHV?#e^cBi^res#-c 

hydrogen angug§g^aliu;j,ysl5g|tft!jjgf^ lSfcy &S dlft/sfeM1fro»<lH»hft»eg)i#i| list. 
-CHRay-CRby=CRcy- then particularly preferred Ray is hydrogen or methyl, 
particular 

un^^titute¥cMmMrl%L«a|F?^®dr^ri^igi'ituted 
or unsub@tiOC@SR94'rCC)I^K;lC09IltR^"®®id k§rdlr<D|$he R' 
substituted or unsubstituted methyl, substituted or 15 unsubstituted ethyl, 
substitutedsil&src^?.c,^eBubs~6?t ut®rr8?eii'nsfSopropyl 
and substit^^fitflg^^^yt^j^ut^bstefe^iee °€2-CI2 
unsubstituted tert-butyl, substituted or unsubstituted isobutyl and 
substituted <s>r fd ©Sid 

10 alkenyl, alkynyl and alkenynyl groups are halogen, OR', =0, OCONHR', 

OCONR'R', CONHR', CONR'R', and protected OH wherein the protecting 

group for the OH is preferably selected from trimethylsilyl, triethylsilyl, 

triisopropylsilyl, dimethylisopropylsilyl, diethylisopropylsilyl, 

dimethylhexylsilyl, 2-norbornyldimethylsilyl, f-butyldimethylsilyl, t-

15 butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl, 

diphenylmethylsilyl, di-f-butylmethylsilyl, bis(f-butyl)-l-

pyrenylmethoxysilyl, tris (trimethylsilyl) silyl, (2-

hydroxystyryl)dimethylsilyl, (2-hydroxystyryl)diisopropylsilyl, f-

butylmethoxyphenylsilyl, f-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl-

20 3-[2-(triphenylmethoxy)ethoxy]disiloxane-1 -yl, and fluorous silyl, and 

wherein each of the R' groups is more preferably selected from 

hydrogen, unsubstituted C1-C6 alkyl, and substituted or unsubstituted 

aryl, CI, OH, =0, OCONH2, OCONHPhenyl, and protected OH wherein 

the protecting group for the OH is preferably selected from 

25 trimethylsilyl, triethylsilyl, triisopropylsilyl, dimethylisopropylsilyl, 

diethylisopropylsilyl, dimethylhexylsilyl, 2-norbornyldimethylsilyl, t-

butyldimethylsilyl, i-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, 

triphenylsilyl, diphenylmethylsilyl, di-f-butylmethylsilyl, bis(t-butyl)-1-

pyrenylmethoxysilyl, tris(trimethylsilyl)silyl, (2-

30 hydroxystyryl)dimethylsilyl, (2-hydroxystyryl)diisopropylsilyl, t-
butylmethoxyphenylsilyl, t-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl-

3-[2-(triphenylmethoxy)ethoxy]disiloxane-1 -y 1, and fluorous silyl, are 



ON, halogen, COR', COOR', OCOR', OCONHR', OCONR'R', CONHR', CONR'R', 
protected OH, substituted or unsubstituted C1-C12 alkyl, substituted or 
unsubstituted 02-012 alkenyl, substituted or unsubstituted C2-C12 alkynyl, 
substituted or unsubstituted aryl, and 25 substituted or unsubstituted 
heterocyclic group, wherein each of the R' groups is independently selected 
from the group consisting of hydrogen, N02, NH2, SH, ON, halogen, COH, 
COalkyl, COOH, substituted or unsubstituted Ci-C12 alkyl, substituted or 
unsubstituted C2-C12 alkenyl,,substituted .or unsubstituted Q2-C12 alkynyl, 
substituted'^ wusffiKs*1® iffd^seMt^w'uJajWimed 
heterocycligiiggj^^m g^S^ig such groups are themselves substituted, the 
substituents may be chosen from the foregoing list. Even more preferred 
substituents 43 of the above mentioned groups are OH, SCH3, SH, NH2, 
NHC < = --NH)NH2, C^, £<$1M°iyl' 
including 1-, 2-, and 3-mdolyI, and lmidazolyl, including 4- and 
5 - imidaz(§lyiin^^r<sigtfesubl©^bJJi(J-exi$te5l)etspeeh/ C£the 
most 5 preferred R5 groups, and even most preferred methyl, isopropyl, and 
tert-butyl. 
before . tW§ sttk§ti&Mht%8 $r%fe»§das 
defined before. 

alkenynyl groups are those having from 6 to about 10 carbon atoms; 
and even more preferably 7, 8 or 9 carbon atoms. Oct-l-en-7-ynyl, oct-

10 l-en-6-ynyl, oct-l-en-5-ynyl, oct-l-en-4-ynyl, oct-l-en-3-ynyl, non-1-

en-8-ynyl, non-l-en-7-ynyl, non-l-en-6-ynyl, non-l-en-5-ynyl, non-1-

en-4-ynyl, non-l-en-3-ynyl, hept-l-en-6-ynyl, hept-l-en-5-ynyl, hept-1-
en-4-ynyl, and hept-l-en-3-ynyl, are the most preferred alkenynyl 

groups. Preferred substituents for said alkenynyl groups are OR', =0, 

15 SR', SOR', S02R', N02, NHR', NR'R', =N-R', NHCOR', NJCOR^, NHS02R', 
NR'C(=NR')NR'R', CN, halogen, COR', COOR', OCOR', OCONHR', 

OCONR'R', CONHR', CONR'R', protected OH, substituted or 

unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl, substituted or unsubstituted C2-Ci2 alkynyl, substituted or 
20 unsubstituted aiyl, and substituted or unsubstituted heterocyclic 

group, wherein each of the R' groups is independently selected from the 

group consisting of hydrogen, OH, NO2, NH2, SH, CN, halogen, COH, 

COalkyl, COOH, substituted or unsubstituted C1-C12 alkyl, substituted 

or unsubstituted C2-C12 alkenyl, substituted or unsubstituted C2-C12 

25 alkynyl, substituted or unsubstituted aryl, and substituted or 

unsubstituted heterocyclic group. Where such groups are themselves 

substituted, the substituents may be chosen from the foregoing list. 

More preferred substituents for the above mentioned alkenynyl groups 

are halogen, OR', =0, OCOR', OCONHR', OCONR'R', CONHR', CONR'R', 

30 and protected OH, wherein each of the R' groups is preferably selected 

from hydrogen, substituted or unsubstituted C1-C12 alkyl, substituted 

or unsubstituted C2-Ci2 alkenyl, substituted or unsubstituted C2-C12 



Particularly preferred R7 and R8 are hydrogen and substituted or 
unsubstituted Ci-C12 alkyl. More preferred R7 and R8 are hydrogen and 15 
substituted or unsubstituted Ci-C6 alkyl; and even more preferred are 
hydrogen, methyl, ethyl, propyl, isopropyl and butyl, including tertbutyl. 
Hydrogen is the most preferred. In another embodiment, it is particularly 
preferred that R7 and R5 2 0 together wi^L the corresponding N atom and C 
atom to which they are attached form a substituted or unsubstituted 
heterocyclic group. In t ̂.his regard, preferred, heterocyclic group is, a 
heteroalicy8#<?yifr8{$ g8M™g%i}^sWW4:lSm SlfeiBSEgrSW^ted 
from N, 0 ogugsQkarpfts rf@^ttS^feg@^J^nppeg^)1^Dmareanga^gf1ngo^'pm=®, to 
about 10 ring atoms, 25 most preferably 5, 6 or 7 ring atoms. A_pyrrolidine 
group is 

subs titulgedtr^hyMl^ti tut ed fMsQ{b&{S^lfe%1ynyl, anddimefc;$is©f)®<sp$d&|lyl4.s 
hydrogen, substituted or -unsubstituted,C2-C12 alkenyl,,,.substituted or 44 
unsub s t - A 2. 
alkenynyl. #£^ylsilyl, 
substituted alkynyl and substituted alkenynyl may present not only one but 
two or more t^ab^l§Ugkt^iph^yfengM§iisleddiaib%lyl§klQgte llaving 
from 6 to atoms; and 7, 8 or carbon 
atoms. Heptyi, octyl ana nonyl are the most preferred alkyl groups. On the 
other h^®d, hydim^i^^dtffliitl^lkSyiyl gr^ii^dBo^stjbcy^diisopropylsilyl, t-

butylmethoxyphenylsilyl, f-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl-

3-[2-(triphenylmethoxy)ethoxy]disiloxane-1 -yl, and fluorous silyl, and 

wherein each of the R' groups is more preferably selected from 

hydrogen, unsubstituted C1-C6 alkyl, and substituted or unsubstituted 

15 aryl, CI, OH, =0, OCONH2, OCONHPhenyl, and protected OH wherein 

the protecting group for the OH is preferably selected from 

trimethylsilyl, triethylsilyl, triisopropylsilyl, dimethylisopropylsilyl, 

diethylisopropylsilyl, dimethylhexylsilyl, 2-norbornyldimethylsilyl, t-

butyldimethylsilyl, t-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, 

20 triphenylsilyl, diphenylmethylsilyl, di-f-butylmethylsilyl, bis(f-butyl)-l-

pyrenylmethoxysilyl, tris(trimethylsilyl)silyl, (2-

hydroxystyiyl)dimethylsilyl, (2-hydroxystyiyl)diisopropylsilyl, t-

butylmethoxyphenylsilyl, t-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl-

3-[2-(triphenylmethoxy)ethoxy]disiloxane-l-yl, and fluorous silyl, are 

25 the most preferred substituents for these alkenynyl groups. 

Particular preferred Ri6 is hydrogen, ORa and OCORa, wherein Ra 

is selected from hydrogen and substituted or unsubstituted C1-C12 

alkyl. Particularly preferred Ra is hydrogen and substituted or 

30 unsubstituted C1-C6 alkyl; and even more preferred is hydrogen, methyl, 

ethyl, propyl, isopropyl and butyl, including tert-butyl. Hydrogen, OH 

and methoxy are the most preferred Ri6 groups. 



having from 6 to about 10 carbon atoms; and even more preferably 7, 8 or 9 
carbon atoms. Octa-1,6-dienyl, octa-1,5-dienyl,. octa-1,4-dienyl, 10 
octa-1,3-dienyl, nona-1,7-dienyl, nona-1,6-dienyl, nona-1,5-dienyl, 
nona-1,4-dienyl, nona-1,3-dienyl, hepta-1,5-dienyl, hepta-1,4-dienyl, 
hepta-1,3-dienyl are the most preferred alkenyl groups. On the other hand, 
more preferred alkynyl groups are thos^^iaving from 6 to about 10 carbon 
atoms; and even more preferably 7, 8 or 9 carbon atoms. 15 Oct-7-ynyl, 
oct-6-ynyl, oct-5-ynyl, oct-4-ynyl, oct-3-ynyl, oct-2-ynyl, oct-1-ynyl, 
non-8-ynyl, non-7-ynyl, non-6-ynyl, non-5-ynyl, non-4-ynyl, non-3-ynyl, 
non - 2 - ynyl, non ok§Bfc- fcioiWWdditional 
hept-3-ynyl, hept-2-ynyl, and hep.t-1-ynyl are the most preferred alkynyl 
groups. On se 
having from 6 atifSSlflfteBfid 6^«ffItr£fdPef,f1S®te1 fee8 or 9 
carbon atoms. Uct-1-en-7-ynyl, oct-.1-en-6-ynyl, oct- 1-en-5-ynyl, 
oc t -1 - en 54 - pwjslenoeaif-olneeor Bwgis^dJditionsd-ftoadis GacandL C4£an<i/pn$Bie 
non-1-en-6-ynyl, non-1-en-5-ynyl y non-1-en-4-ynyl, non-1- en,-3-ynyl, 
hept-l-en-GPi^c^e^-W-^Wlbo^^m^-fH^lV^afe WltloA' iHe 

hept -1 - en - 3 ,S9§6 fi^gSi§riisS(EpW^[Z).PF]S#^e^# 
substituents for said alkyl, alkenyl, alkynyl and alkenynyl groups are 

isomers and mixtures of the isomers fall within the scope of the present 

invention. 

10 

Another particular preferred compounds of general formula I are 

those having general formula IB or pharrnaceutically acceptable salts, 

tautomers, prodrugs or stereoisomers thereof 

O 

15 0R19 (IB) 

wherein Y is selected from -CHRay-, -CHRay-CHRby-, -CRay=CRby-, -C=C-, 

-CHRay-CHRby-CHRcy-, -CHRay-CRby=CRcy-, and -CHRay-C-C-; 

20 each Ray, Rby, and Rcy is independently selected from hydrogen, 

substituted or unsubstituted C1-C12 alkyl, substituted or unsubstituted 

C2-C12 alkenyl, and substituted or unsubstituted C2-C12 alkynyl; 

Rs is selected from hydrogen, substituted or unsubstituted C1-C12 alkyl, 

25 substituted or unsubstituted C2-C12 alkenyl, and substituted or 

unsubstituted C2-C12 alkynyl; 

R6 is selected from NRsRg, and OR 10; 



OR', =0, SR', SOR', S02R', N02, NHR', NR'R', =N-R', NHCOR', N(COR12, 
NHS02R', NR'C(=NR)NR'R', CN, halogen, COR', COOR', OCOR', OCONHR', 
OCONR'R', CONHR'., CONR'R', protected OH, substituted or 30 unsubstituted 
C1-C12 alkyl, substituted or unsubstituted C2-C12 alkenyl, substituted or 
unsubstituted C2-Ci2 alkynyl, substituted or unsubstituted aryl, and 
substituted or unsubstituted heterocycLip 45 group, wherein each of the R' 
groups is independently selected from the group consisting of hydrogen, OH, 
N02, NH2, SH, CN, halogen, COH, COalkyl, COOH, substituted or unsubstituted 
Ci-C12 alkyl, substituted or unsubstituted C2-C12 alkenyl, substituted or 
unsubstitut^i^^g^dEifrgjy^i&fid NJ^bstituted or unsubstituted aryl, and 
substituted or unsubstituted heterocyclic group. Where such groups are 
themselves substituted, the substituents may be chosen from the foregoing 
list. More grefjerrgg e^st^t&en^df or ̂  hec^ve ̂ ^on^y^g^ , 0?lkynyl 
and alkenynyl groups are halogen/ OR**, =0, OCOR", OCCMHR', 10 OCONR'R'-, 
CONHR' , (30NgiinStibs®itn^t^ro£p<Gi@dw]s©±)sliitiufesadchoiDfutoilsabBtitigtiedup©2-ik2 
preferably selected from hydrogen, substituted or unsubstituted 02^012 
alkyl, subs&fewi>da£4 
unsubstitutf^^e£^tlf4^I®l:res?Mdi^^&toiftQSh<S>]C Even 
more preferred substituents for these alkyl, 15 alkenyl, alkynyl and 
alkenynyl gm&yiicmQeansub?titute$ pr(MT^^titu^^Mt^o9yc^^SK)up; CONR' R' , 
and protected OH wherein the protecting group for the OH is preferably 
selected from trimethylsilyl, triethylsilyl, triisopropylsilyl, 
dime thy ]lt)soBs;eJB>yR§i4$ri, R$ i at^iyiiiiteppiEidpyfll^ i §§ligtedi rfectrtiy 1 £D,Ra, 
2-norbornyldimethylsilyl, t-butyldimethylsilyl. t- 2,0 , , 
butyldiphen^¥¥3?5"l s^rly^^^a®^f^f4yx^ ll^l , or 

diphenylmet]j^^^u^- %to4it#@eSa( dr-ittifecWstitfeted C2-C12 
pyrenylmethoxysilyl,tris(trimethylsilyl)silyl,(2-

butylmethoxyphenylsilyl, t-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl- 25 
3[2-(triphenylmethoxy)ethoxyldisiloxane-1-yl, and fluorous silyl, and 
wherein i^cUjgjfistfeeleEtecferfcoipshydrogen pmbf&tafeflyoEeilBsmb^itfciitedi EydOragen, 
unsubstituted Ci-C6 alkyl, and substituted or unsubstituted aryl,, CI, OH, 

up for 
the OH is 30 trimethylsilyl, triethylsilyl, 
triisopropylsilyl, dimethylisopropylsilyl, diethylisopropylsilyl, 
dimethylhexylsilyl, 2-norbornyldimethylsilyl, tbutyldimethylsilyl, 
t-butyldiph^l#^te(fNRaRb; NRaCORb, 

20 and NRaC(=NRa)NRaRb, substituted or unsubstituted C1-C12 alkyl, 

substituted or unsubstituted C2-C12 alkenyl, and substituted or 

unsubstituted C2-C12 alkynyl; 

R19 is selected from hydrogen, CORa, COORa, CONRaRb, S(0)Ra, S02Ra, 

25 P(0)(Ra)0Rb, SiRaRbRc, substituted or unsubstituted C1-C12 alkyl, 

substituted or unsubstituted C2-C12 alkenyl and substituted or 

unsubstituted C2-C12 alkynyl; and 

each Ra, Rb and Rc are independently selected from hydrogen, 

30 substituted or unsubstituted C1-C12 alkyl, substituted or unsubstituted 

C2-C12 alkenyl, substituted or unsubstituted C2-C12 alkynyl, substituted 



46 triphenylsilyl, diphenylmethylsilyl, di- t-butylmethylsilyl, bis( 
t-butyl)-1- pyrenylmethoxysilyl,tris(trimethylsilyl)silyl,(2-
hydroxystyryl)dimethylsilyl,(2-hydroxystyryl)diisopropylsilyl,t-
butylmethoxyphenylsilyl, t-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl- 5 
3- [2- (triphenylmethoxy)ethoxy]disiloxane-1-yl, and fluorous silyl, are 
the most preferred substituents for th^&e alkyl, alkenyl, alkynyl and 
alkenynyl groups. Particular preferred R16 is hydrogen, ORa and OCOR., 
wherein Ra 10 is selected from hydrogen and substituted or ,unsubstituted 
Ci-C12 alkyS^ 
unsubstitut^Q-^--^^ lkyl; and even more preferred is hydrogen, methyl, 
ethyl, propyl, isopropyl and butyl, including tert-butyl. Hydrogen, OH and 
methoxy are the most preferred R16 groups. 15 Particularly preferred 
Rig is hydr?gggao!ĵ y|:u^sgfltsu^^f(b^YMttM¥oI#.ki'1 and C0R'i 
wherein Ra is a substituted or unsubstitutea Ci-Cl2 alKyl. More preferred 
R19 is hydrogen, substituted or unsubstituted C1-C6 alkyl and CORa, wherein 
R. is a substituted or 20 unsubstituted Ci-C6 alkyl., Particularly.preferred 
R. is methyl, . 
Even more P^^rrei^^lyaCte Ji^pggH^P^j^^g^rl^^ifgif^Ri-e^Sa^eR^resence 
of one or more additional 25 bonds in the places indicated with a dotted 
line. More presence of one additional bond between CI and 
C2, and/or the presence of one or two additional bonds between C3 and C4, 
and/or the presence of one additional bond between C5 and 06. In addition, 
the steil^fcichemisBa^ticaflad^clprSfiBrbiffe Ka^d R\$y aradstRc^isaf£) hydrd^ln. §thd single 
30 isomers and mixtures of the. isomers fall within the scone of the .present 
invention. s^stituteH 
synthetical^ i^fgjg^i^pndi^e^Bgti^amgpt^^sit^^teficinal^ Sfi&eme A. 

even more preferred is hydrogen, substituted or unsubstituted methyl, 

substituted or unsubstituted ethyl, substituted or unsubstituted 

15 propyl, substituted or unsubstituted isopropyl, and substituted or 

unsubstituted butyl, including substituted or unsubstituted tert-butyl, 

substituted or unsubstituted isobutyl, and substituted or unsubstituted 

sec-butyl. Preferred substituents of said groups are OR', =0, SR', SOR', 

SO2R', NO2, NHR', NR'R', =N-R', NHCOR', NfCOR'h, NHSO2R', 

20 NR'C(=NR')NR'R', CN, halogen, COR', COOR', OCOR', OCONHR', 

OCONR'R', CONHR', CONR'R', protected OH, substituted or 

unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl, substituted or unsubstituted C2-C12 alkynyl, substituted or 

unsubstituted aiyl, and substituted or unsubstituted heterocyclic 

25 group, wherein each of the R' groups is independently selected from the 

group consisting of hydrogen, OH, NO2, NH2, SH, CN, halogen, COH, 

COalkyl, COOH, substituted or unsubstituted C1-C12 alkyl, substituted 

or unsubstituted C2-C12 alkenyl, substituted or unsubstituted C2-C12 

alkynyl, substituted or unsubstituted aiyl, and substituted or 

30 unsubstituted heterocyclic group. Where such groups are themselves 

substituted, the substituents may be chosen from the foregoing list. 

Even more preferred substituents of the above mentioned groups are 



\./ R2 Fragment C - Fragment D Scheme A where Ri, R2, R3, R4, R5, 
R6, A, Y and W are the desired groups or an 10 appropriate protecting group 
as needed, and J, K, L, and M are appropriate reacting or leaving groups. 
The compounds of the invention can be obtained by either of the following 
strategies: 15 1) Fragments A and B can be coupled following standard 
procedures in organic chemistry (i.e. S^anszky M and Bodanszky A, The 
Practice of Peptide Synthesis, Springer-Verlag, 1993). 202) Fragments C 

Transition MolylWiA^di^^v^Ypgfcd S-Mddlyl, and imidazolyl, 

including 4- and 5-imidazolyl. Hydrogen and methyl are the most 

preferred Ray, Rby, and Rcy groups. Specifically, when Y is -CHRay- then 

5 particularly preferred Ray is methyl, when Y is -CRay=CRby- then 

particularly preferred Ray is hydrogen and particularly preferred Rby is 

methyl, and when Y is -CHRay-CRby=CRcy- then particularly preferred 

Ray is hydrogen or methyl, particular preferred Rby is hydrogen, and 

particularly preferred Rcy is methyl. 

10 

Particularly preferred Rs is hydrogen and substituted or 

unsubstituted C1-C12 alkyl. More preferred Rs is hydrogen and 

substituted or unsubstituted C1-C6 alkyl, and even more preferred is 

hydrogen, substituted or unsubstituted methyl, substituted or 

15 unsubstituted ethyl, substituted or unsubstituted propyl, substituted 

or unsubstituted isopropyl and substituted or unsubstituted butyl, 

including substituted or unsubstituted tert-butyl, substituted or 

unsubstituted isobutyl and substituted or unsubstituted sec-butyl. 

Preferred substituents of said groups are OR', =0, SR', SOR', SO2R', 

20 NO2, NHR', NRTi', =N-R', NHCOR', NJCOR^, NHSO2R', NR'C(=NR')NR'R', 

CN, halogen, COR', COOR', OCOR', OCONHR', OCONR'R', CONHR', 

CONR'R', protected OH, substituted or unsubstituted C1-C12 alkyl, 

substituted or unsubstituted C2-C12 alkenyl, substituted or 

unsubstituted C2-C12 alkynyl, substituted or unsubstituted aiyl, and 

25 substituted or unsubstituted heterocyclic group, wherein each of the R' 

groups is independently selected from the group consisting of hydrogen, 

OH, NO2, NH2, SH, CN, halogen, COH, COalkyl, COOH, substituted or 

unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl, substituted or unsubstituted C2-C12 alkynyl, substituted or 

30 unsubstituted aiyl, and substituted or unsubstituted heterocyclic 

group. Where such groups are themselves substituted, the substituents 

may be chosen from the foregoing list. Even more preferred substituents 



48 Fragments A, B, C and D can be independently prepared following 
standard procedures in organic synthesis. 5Deprotection of the protecting 
groups can be achieved according to known procedures in organic synthesis 
(Greene and Wuts, Protective Groups in Organic Synthesis, 3rd ed., 
Wiley-Interscience; Burke and Danheiser, Handbook of Reagents for Organic 
Synthesis: Oxidizing and Reducing Agent^, Wiley; Pla D et al. J. Org. Chem. 
2005, 70, 8231). 10 When necessary, appropriate protecting groups can 
be used on the substituents to ensure that reactive graui^TareTTnQ±,T 
affected. T?3' emprdy^reCT^tsoi: suBstifeients 
which can bg, pPptfPW3nd@lyi,^MMdfegt j_tuent. 
15 Saturation or unsaturation m the ring-structure can be introduced or 
removed as gartaijst 3iigdB^H|^simi^g^ngirw3it<l®fcfk iBSf rlnifMwtekn be 
modified aS[idaf3pd tfflegOSUij| ®g>P0ff<W£ „ „ 
addition, analogxies can also bB synthesizecr from the obtained compounds by 
usual pr<5ce^r^&ednR§ygrtto^|carid:^reitLcriK)lsfenpre£0ryed/hjieth33p isapafo^p^waondby a 
person skilled in the art. The synthetic routes above mentioned can be 
modified as^^EnH^a to give stereospecific compounds as well as mixtures of-
stereoisomers. It is possible to synthesize specific stereoisomers or 
specific mixtures by 25 various methods including the use of stereospecific 
reagents or by («<§]tf|gfyM<^b^Q£eL-ng the 
synthesis. It is possible to introduce one or more stereocenters during 
synthesis and also invert existing stereocenters. In addition, it is 
possibl30to sepaP®ttte\d&riyepiid'eriredsR§nise NR^Rg^osw^eEeiiii RfisaitaikeRLg s^retkesized 
by standard 3 0 resolution techniques known to the skilled reader. 4 9 An 
important felrGIre 45f°r6he above described compounds of formula I' is their 
bioactivity and in particular their cytotoxic activity. With this invention 
we provide novel pharmaceutical compositions 5 of compounds of general 
formula I that pBie«8daElyt3S«sferi«diRltw4lJ5« amhKgs^ruagdjSilgiSjtjf&Slngf 
agents ffMTfipiftiMnd n n 
compositions comprising a compound of tnis invention, a pharrnaceutically 
acceptance sab&titittSKitOTriciiisi^flStitote^ ©f-C^alfe^iaQdiesvebhaiOEe^ne ferine A are 
pharrnaceutically acceptable carrier. 1Q The term "carrier" refers to a 
diluent, adj^^S^S?/1'x^^'atftcxWinL§i^'ffeient is 
administere^utSui^frilfe^^ffl^fiS^^ferf^riers are described in 
"Remington's Pharmaceutical Sciences" by E. W. Martin, 1995. 

In another embodiment, it is particularly preferred that R7 and Rs 

20 together with the corresponding N atom and C atom to which they are 

attached form a substituted or unsubstituted heterocyclic group. In this 

regard, preferred heterocyclic group is a heteroalicyclic group 

containing one, two or three heteroatoms selected from N, O or S atoms, 

most preferably one N atom, and having from 5 to about 10 ring atoms, 

25 most preferably 5, 6 or 7 ring atoms. A pyrrolidine group is the most 

preferred. 

Particularly preferred Rg is hydrogen, substituted or 

unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

30 alkenyl, substituted or unsubstituted C2-C12 alkynyl, and substituted or 

unsubstituted C4-C12 alkenynyl, and more preferably is hydrogen, 

substituted or unsubstituted C2-C12 alkenyl, substituted or 



15Examples of pharmaceutical compositions include any solid (tablets, 
pills, capsules, granules, etc.) or liquid (solutions, suspensions or 
emulsions) compositions for oral, topical or parenteral administration. 
2 0Administration of the compounds or ccimpositions of the present invention 
may be by any suitable method, such as intravenous infusion, oral 
preparations, and intraperitoneal and intravenous administration. We prefer 
that infusion times of up to 24 hours are used, more preferably 1-12 hours, 
with 1-6 hours most preferred... Short infusion .25 times which allow, 
treatment 
especially .Tffe>w<|^ifeiT^f^®Lfc<aat0)K!d bglk^l, tsu$<&ita^s eElkefiJ^n 
longer if required. Infusion may be carried out at suitable intervals of 
say 1 to 4 
invention in 
sustained release formulations or by other standard delivery means. 50 
The c o r r<§c t h&ros^gfeoof 6tibeabGMtp3Ara^b<Mi Moms^ndce^ndmraxge tpajefetaablgra'Z:,t8. cu 1 a r 
formulation, the mode of application, and the particular situs,, host and 
tumour bein§r§r^fe.am%-rH!eHof^ylfieSS^fed^W#P,retaF,da!8'f, time 
of administp^gi,OBa0S5 Q>lh@^®ag^o^or(eqi^feli=<gai afeU&ose 
combinations, reaction sensitivities and severity of the disease shall be 
taken into (SFP"eS1u:?10£©iPf%r 
periodical 1&t^otlhttfiaiin^aatp^g^ j . 
compositions of this invention may be used 10 with other drugs to provide a 
combinatilCfonottei^iiierll^i/e aatolmarl ^7rdipsiyt^ayn6oaml ,£>adilen^lf; thenars-dierapbs i t ion, 
or be provided as a,separate composition for administration ,at the .same 
time or at S??&et^n4iePime .nona~ ' en^A'ntrl^?Ii&6r'al WE^i'vf'fPe^-xfi§^e 
compounds GftPte® (5t»er, and 
breast cancer. EXAMPLES EXAMPLE 1: SYNTHESIS OF FRAGMENT 9 20 Scheme 1 
provides anheMn^er^Br^^egySjfe^igrQjg^§£§iffeftge ^lavir^frpg®^ to about 

10 carbon atoms; and even more preferably 7, 8 or 9 carbon atoms. 

15 Oct-7-ynyl, oct-6-ynyl, oct-5-ynyl, oct-4-ynyl, oct-3-ynyl, oct-2-ynyl, 

oct-1-ynyl, non-8-ynyl, non-7-ynyl, non-6-ynyl, non-5-ynyl, non-4-ynyl, 

non-3-ynyl, non-2-ynyl, non-1-ynyl, hept-6-ynyl, hept-5-ynyl, hept-4-

ynyl, hept-3-ynyl, hept-2-ynyl, and hept-l-ynyl are the most preferred 

alkynyl groups. On the other hand, more preferred alkenynyl groups are 

20 those having from 6 to about 10 carbon atoms; and even more 

preferably 7, 8 or 9 carbon atoms. Oct-l-en-7-ynyl, oct-l-en-6-ynyl, oct-

l-en-5-ynyl, oct-l-en-4-ynyl, oct-l-en-3-ynyl, non-l-en-8-ynyl, non-1-

en-7-ynyl, non-l-en-6-ynyl, non-l-en-5-ynyl, non-l-en-4-ynyl, non-1-

en-3-ynyl, hept-l-en-6-ynyl, hept-l-en-5-ynyl, hept-l-en-4-ynyl, and 

25 hept-l-en-3-ynyl, are the most preferred alkenynyl groups. Preferred 

substituents for said alkyl, alkenyl, alkynyl and alkenynyl groups are 

OR', =0, SR', SOR', S02R', N02, NHR', NR'R', =N-R', NHCOR', NfCOR^, 

NHSO2R', NR'C(=NR')NR'R', CN, halogen, COR', COOR', OCOR', 

OCONHR', OCONR'R', CONHR', CONR'R', protected OH, substituted or 

30 unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl, substituted or unsubstituted C2-C12 alkynyl, substituted or 

unsubstituted aiyl, and substituted or unsubstituted heterocyclic 



OH S03.Pyr TBSOco2Et 
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group, wherein each of the R' groups is independently selected from the 

group consisting of hydrogen, OH, NO2, NH2, SH, CN, halogen, COH, 

COalkyl, COOH, substituted or unsubstituted C1-C12 alkyl, substituted 

or unsubstituted C2-C12 alkenyl, substituted or unsubstituted C2-Ci2 

5 alkynyl, substituted or unsubstituted aryl, and substituted or 

unsubstituted heterocyclic group. Where such groups are themselves 

substituted, the substituents may be chosen from the foregoing list. 

More preferred substituents for the above mentioned alkenyl, alkynyl 
and alkenynyl groups are halogen, OR', =0, OCOR', OCONHR', 

10 OCONR'R', CONHR', CONR'R', and protected OH, wherein each of the R' 

groups is preferably selected from hydrogen, substituted or 

unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl, substituted or unsubstituted C2-C12 alkynyl, and substituted or 

unsubstituted aryl. Even more preferred substituents for these alkyl, 

15 alkenyl, alkynyl and alkenynyl groups are halogen, OR', =0, OCONHR', 

OCONR'R', CONHR', CONR'R', and protected OH wherein the protecting 

group for the OH is preferably selected from trimethylsilyl, triethylsilyl, 

triisopropylsilyl, dimethylisopropylsilyl, diethylisopropylsilyl, 

dimethylhexylsilyl, 2-norbornyldimethylsilyl, f-butyldimethylsilyl, t-

20 butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl, 

diphenylmethylsilyl, di-t-butylmethylsilyl, bis(t-butyl)-l-

pyrenylmethoxy silyl, tris(trimethylsilyl) silyl, (2-
hydroxystyryl)dimethylsilyl, (2-hydroxystyiyl)diisopropylsilyl, t-

butylmethoxyphenylsilyl, f-butoxydiphenylsilyl, 1,1,3,3-tetraisopropyl-

25 3-[2-(triphenylmethoxy)ethoxy]disiloxane-1 -yl, and fluorous silyl, and 

wherein each of the R' groups is more preferably selected from 

hydrogen, unsubstituted C1-C6 alkyl, and substituted or unsubstituted 

aryl, CI, OH, =0, OCONH2, OCONHPhenyl, and protected OH wherein 

the protecting group for the OH is preferably selected from 

30 trimethylsilyl, triethylsilyl, triisopropylsilyl, dimethylisopropylsilyl, 

diethylisopropylsilyl, dimethylhexylsilyl, 2-norbornyldimethylsilyl, t-

butyldimethylsilyl, £-butyldiphenylsilyl, tribenzylsilyl, tri-p-xylylsilyl, 



TBSO 10 To a 0 C solution of 
(2S,3,9-3,5-Bis([(tert-butyl)dimethylsilyl]oxy}-2- methylpentan-1-ol (P. 
Phukan, S. Sasmal and M.E. Maier Eur'. J. Org. Chem. 2003, 1733-1740) (50 g, 
0.14 mol) in a mixture of 52 Dichloromethane/DMSO (331mL/149 mL), Et3N 
(96.1 mL, 0.69 mol) was added via addition funnel. After 10 min, S03.Pyr 
(54.8 g, 0.34 mol) was added portionwi^ and the solution was stirred for 
another 2h at 0 C. Then, it was diluted with dichloromethane (800 ml) and 
quenched 5 with HC1., (,0.5Nt 800 mL) , .The organic lay ex ..was., decanted H dried 
over MgS04 
(hexane/EtOAGj^fl^j^tgg^yiia,) afforded of aldehyd(§-l. 
1H NMR (CDC13, 300 MHz)o: 9.79 (s, 1H), 4.30 (m, 1H), 3.65 (m, 2H), 10 2.51 
(m, 1H) , 1. feyd^(^styjyl)dim@^hy(i§[ilyl3H, j(2-feiy4lW,stWy^ii§QB]5PPJ#;il3ieH) , t-

i n t e r me d £a t Q - [2>-(tripHBa^lrQeliK)^)^h&^]ddsilo^nalfi§4,y ciaidl fKi^ogis (feifyE, IBOT&) in 
toluene (625 mL) 20 Carboe,thoxye.thylidene-triphenylphosphorane (113 ,g, 0.31 
mol) was adte^RS1 ^"Win^he 
solvent wasareduced pressure and the resulting oil was 
purified by column chromatography (hexane/EtOAc 100:0 to 10:1) affording 
53.3 g (yield: 96%) of ester compound 2. 25 1H NMR (CDC13, 300 MHz)S: 6.71 

Ef'im: ?.es1 ?1 
0 . 98 (d,103Hjs feefedfed ,frQixBGxytiiTDg&SHdnd0 substituted 2 Hi) .ufl§i£b§®i3Sitdd;DCl-£Ji2 75 
MHz) 3 : 168.3. 145.4 126.7, 72 2, 60.4, .59 ,7,, 38.4, 3Q 38..0, 25.9, 18.2, 
18 1 14 3 ai^yl-3 P§^tlcg^lacly 43ref^"r^d hydrogen and substituted or 

unsubstituted C1-C6 alkyl; and even more preferred is hydrogen, methyl, 

ethyl, propyl, isopropyl and butyl, including tert-butyl. Hydrogen, OH 

and methoxy are the most preferred Ri6 groups. 

15 

Particularly preferred R19 is hydrogen, substituted or 

unsubstituted C1-C12 alkyl and CORa, wherein Ra is a substituted or 

unsubstituted C1-C12 alkyl. More preferred R19 is hydrogen, substituted 

or unsubstituted C1-C6 alkyl and CORa, wherein Ra is a substituted or 

20 unsubstituted C1-C6 alkyl. Particularly preferred Ra is methyl, ethyl, 

propyl, isopropyl and butyl, including tert-butyl. Even more preferred 

R19 is hydrogen. 

Particularly preferred is the presence of one or more additional 

25 bonds in the places indicated with a dotted line. More preferred is the 

presence of one additional bond between Ci and C2, and/or the 

presence of one or two additional bonds between C3 and C4, and/or the 

presence of one additional bond between C5 and C6. In addition, the 

stereochemistiy of each double bond may exist as (E) or (Z). The single 

30 isomers and mixtures of the isomers fall within the scope of the present 

invention. 



53 Synthesis of intermediate 3 TBSO 5 Over a -78 C cooled solution of 
ester 2 (46.7 g, 0.105 mol) in anhydrous THF (525 mL) under argon 
atmosphere, Diisobutylaluminum hydride (DIBAL) 1M in toluene (231 mL, 0.231 
mol) was added over a period of 10 min and the mixture was stirred at -78 
C. After 4 hours the reaction 10 was quenched with MeOH (10 mL) and a 
saturated solution of sodium potassium ̂ irtrate was added (800 mL) and 
diluted with EtOAc (1000 mL). This mixture was stirred for 2 h and then the 
organic layer was, decanted., The ,aqueous. residue was .extracted,.with, 
additional Et0Ac% cpWUflS 0E^fflF^mffli#%P|&fflS<I1^5StIWfebSried 
over anhydr^i^d^gg^f^^^fts aSPikYKg&eHSfi The resulting oil 
was purified by column chromatography (hexane/EtOAc 20:1 to 10:1) affording 
32.5 g (yield: 77%) of alcohol 3. 1H NMR (CDC13, 300 MHz)o: 5..31 (d, 
1H, J= 9.6 Hz), 3 q98 ^n, 2H),03.66 (m, 3H) , 2 . ft 9 ($. 1H) , 1.67 (s,03H), 
1.70-1.62 (m, 2H),|20.9l (d, 3H, J= 20 6.9 Hz), J?). 88 (m, 18H) , 0.03jf(m, 
12H) . 13C N]^YKj[^>a^^ ^9.9,^^7^^3 7.5, 
25.9, 18.3, . 18.ll, J5.9JI 13 J 9 , -4 . 4~, *4.4, - 3 . 3 . I Synjjhesis of intermediate 
4 25 TBSO TBSORI R3 O RS R, R3 O 5 

Fragment A Fragment B 

vVA 
R3 O R5 

Fragment D 

Scheme A 

where Ri, R2, R3, R4, Rs, R6, A, Y and W are the desired groups or an 
10 appropriate protecting group as needed, and J, K, L, and M are 

appropriate reacting or leaving groups. 

The compounds of the invention can be obtained by either of the 

following strategies: 

15 
1) Fragments A and B can be coupled following standard 

procedures in organic chemistry (i.e. Bodanszky M and Bodanszky A, 

The Practice of Peptide Synthesis, Springer-Verlag, 1993). 

20 2) Fragments C and D can be coupled following standard 

procedures of organometallic chemistry (Le. R.B. Crabtree, "The 
Organometallic Chemistry of the Transition Metals", 2nd Ed., Wiley, 

NuevaYork, 1994). 



54 mixture was stirred at room temperature for 2 hours. This mixture was 
filtrated over a silica gel column eluting with EtOAc (3L) and the 
resulting solution was dried under reduced pressure to afford 29.1 g 
(yield: 94%) of aldehyde 4. 5 1H NMR (CDC13, 300 MHz): 9.37 (s, 1H), 6.44 
(d, 1H, J= 9.6 Hz), 3.82 (dd, 1H, J = 6.3, 10.8 Hz), 3.65 (m, 2H), 2.82 (m, 
1H), 1.74 (s, 3H), 1.67 (m, 2H), 1.02 3H, J= 6.9 Hz), 0.86 (s, 18H), 
0.04-0.01 (m, 12H). 13C NMR (CDC13, 75 MHz)S: 195.4, 157.8, 138.3, 72.0, 
59.5, 38.7, 37.5, 25.8, 18.2, 18.0, 14.3, 9.4, -4.4, -4.5, -5.4. 10 
Synthesis of intermediate 5 TBSO 15 To a suspension of iodomethyl 
t r iphenylphosphop^ih^cli^eB^ & c^Q^ndipenatM^]]##p^dLMfe§tfftg 198 9, 
30(17), 2173) (96.3 g, 181. 7 mmol) in anhydrous THF (72 7 mL) at 0 C, a 1M 
solution of (181.7 mL, 181.7 mmol) was 
slowly added, via addition funnel, over a period of 10 min. After stirring 
for an 20 additional 5 min, the solution was cooled to -78 C and 
1, 3 -Dimethyl - 3,0ef>rcftefc1$dHffadfyfclDeopfbti^ng^6ra^:iaHm&e (£»tfietyed(&&c<$rdatig 3 63.4 
mmol) was then added via, canijula, followed fc>y.J:he addition of. aldehyde 4 
(29.1 g, 72^^®^ ® Y^fe^felMture 
was kept atQrS&pS 3^3^FW»^IiS1te*S<riificg;5Bfefee2ai^urs . 
Hexane (1L) was added and the resulting slurry was filtrated over celite 
and washed .fof j^rgg.pi% Q^^Jgifygt^Qdunder 
reduced £tkwJ^ 
chromatography (hekane/EtOAc 100:0 to 20:1) affording 32 g (yield: 84%) of 
iodide 30 55 1H NMR (CDC13, 300 MHz)6: 6.73 (d, 1H, J= 8.4 Hz), 6.09 (dd, 
1H, J = 8.4, 1.2 Hz), 5.57 (dd, 1H, J= 9.6, 1 ..2 Hz), 3. 63-3.. 71 (m, 3H) , 
2.58 (m, 1H), l.^e^Pe§mS,^fWP^n^)Pr<ate^n?dir,0^,C^ ̂,Se?.9nHz) , 
0.88 (s, 18^ ^tfelitAfets1- ^ens^ir J lgtouf>% alffiefct^d. TM-1/ 
131.8, 74.6, 72.9, 59.8, 38.1, 

synthesis can he designed to employ precursor substituents which can 

be converted at the appropriate stage to a desired substituent. 

15 Saturation or unsaturation in the ring-structure can be introduced or 

removed as part of the synthesis. Starting materials and reagents can 

be modified as desired to ensure synthesis of the intended compound. 

In addition, analogues can also be synthesized from the obtained 

compounds by usual procedures in synthetic organic chemistry which 

20 are known by a person skilled in the art. 

The synthetic routes above mentioned can be modified as desired 

to give stereospecific compounds as well as mixtures of stereoisomers. It 

is possible to synthesize specific stereoisomers or specific mixtures by 

25 various methods including the use of stereospecific reagents or by 

introducing chiral centers into the compounds during the synthesis. It 

is possible to introduce one or more stereocenters during synthesis and 

also invert existing stereocenters. In addition, it is possible to separate 

stereoisomers once the compound has been synthesized by standard 

30 resolution techniques known to the skilled reader. 



37.9, 26.0, 18.3, 18.2, 15.7, 15.7, -4.4, -5.2, -5.2. Synthesis of 
intermediate 6 TBSO To a solution of iodide 5 (12 g, 22.9 mmol) in EtOH 
(114 mL) pyridinium p-toluenesulfonate (PPTS) (2.01 g, 8.0 mmol) was added 
and the reaction mixture was stirred at room temperature for 25 hours. Then 
15 the solvent was removed under reduced pressure and the resulting oil was 
purified by column chromatography (hexq^e/EtOAc 10:1) affording 8.7 g 
(yield: 93%) of alcohol 6. 1H NMR (CDCIT, 300 MHz)5: 6.69 (d, 1H, J= 8.4 
Hz), 6.12 (d, 1H. J= 8.4 Hz) t 5.47 (d, .1H) ,J= 9 .,9 HzJ , , 3 . 67 - 3 . 87. (mr 4H) , 
2.71 (m, 1H), l.4§ ^pov|Hjl(es5ri^d (gom^unji=s (af9 Hz) # 

0.91 (s, 9H^orn9uis t§ie3r1§io4!Stiv6:^knd1-9f c^oMMib1 • 4 / 136.4, 
132.6, 75.8, 75.2, 60.0, 38.1, 36.4, 26.1,. 18.2, 17.1, 16.0, -4.1, -4.2. 25 
Synthesis of intermediate 7 TBSO 56 

With this invention we provide novel pharmaceutical compositions 

5 of compounds of general formula I that possess cytotoxic activity and 

their use as antitumor agents. Thus the present invention further 

provides pharmaceutical compositions comprising a compound of this 

invention, a pharrnaceutically acceptable salt, tautomer, prodrug or 

stereoisomer thereof with a pharrnaceutically acceptable carrier. 

10 

The term "carrier" refers to a diluent, adjuvant, excipient or 

vehicle with which the active ingredient is administered. Suitable 

pharmaceutical carriers are described in "Remington's Pharmaceutical 

Sciences" by E. W. Martin, 1995. 

15 Examples of pharmaceutical compositions include any solid 

(tablets, pills, capsules, granules, etc.) or liquid (solutions, suspensions 

or emulsions) compositions for oral, topical or parenteral 

administration. 

20 Administration of the compounds or compositions of the present 

invention may be by any suitable method, such as intravenous infusion, 

oral preparations, and intraperitoneal and intravenous administration. 

We prefer that infusion times of up to 24 hours are used, more 

preferably 1-12 hours, with 1-6 hours most preferred. Short infusion 

25 times which allow treatment to be carried out without an overnight stay 

in hospital are especially desirable. However, infusion may be 12 to 24 

hours or even longer if required. Infusion may be carried out at suitable 

intervals of say 1 to 4 weeks. Pharmaceutical compositions containing 

compounds of the invention may be delivered by liposome or 

30 nanosphere encapsulation, in sustained release formulations or by 

other standard delivery means. 



To a 0 C solution of alcohol 6 (8.7 g, 21.2 mmol) in a mixture of 
Dichloromethane/DMSO (50.9 mL/22.9mL), Et3N (14.8 mL, 106 mmol) was added 
via addition funnel. After 10 min, S03-Pyr (8.43 g, 53.0 mol) was added 
portionwise and the solution was stirred for another 2h at 0 5 C. Then, it-
was diluted with Dichloromethane (800 mL) and quenched with HC1 (0.5N, 50 
mL) . The organic layer was decanted, dig^d over MgS04 and concentrated in 
vacuo. Purification by column chromatography (hexane/EtOAc 10:1) afforded 
6.9 g (yield: 80%,) of aldehyde 7.10 1H NMR (CDC 13, 300 MHz 1.8: 9.83 (t, 1H, 
J= 1.5 Hz), 6.67T%(coJff(ctii0^g| §o^o^icfsI^inif=a^^cW5^ng5t(l^d( 1H; 
J= 10.2 Hz) jbaPtknil&r 3H, J= 
6.6 Hz), 0.86 (s, 9H) , 0.06 (s, 3H) , 0.03 (s, 3H) . 13'CNMR (CDC13, 75 
MHz) . 5 : 2 01 4ms$, arid 5ti$moBS 3bging7 |ren|:ed7.i C^heiL sfasfcor?; li£§ . 3ge,2 feo4y 18.0, 
16.7, 15.9, Wp^gj|j./ sexJ &iet^¥mef)¥:'aS^mi^fl'&Bon®?^tSf §x^r%?io£?xo^dit?(§i?x>f To 
a solution of T)ietnyl(methoxyrmethoxycarbonylTmetnyl)phosphonate (5.51 g, 
14.45 mmigl) tlSgi(ii6fe®,-dn9^ito$nbiiiktfeE@, rMcfldnth§0 mL) 
stirred under argon atmosphere at -78 C, a 0.5 M Potassium 
bis (trimeth^^lsfeMg )Ac^ni?4r^i9(n §%n Ae. g^M^was 
added dropw j§gt.in^§]^ ̂ p^ed&M^ifen^h^ir&anuM anhydrous 
THF was added dropwise over a period of 30 min and stirred at -78 C for 90 
min. Then, the reaction was quenched with 

The compounds and compositions of this invention may be used 

10 with other drugs to provide a combination therapy. The other drugs 

may form part of the same composition, or be provided as a separate 

composition for administration at the same time or at different time. 

Antitumoral activities of these compounds include, but are not 

15 limited to lung cancer, colon cancer, and breast cancer. 

EXAMPLES 

20 

EXAMPLE 1: SYNTHESIS OF FRAGMENT 9 

Scheme 1 provides an example of the synthesis of fragment 9. 



a saturated NH4C1 solution (2001 mL), warmed to room temperature and diluted 
with Dichloromethane (1000 mL). The organic phase was dried 30 over 
anhydrous Na2S0 4 and evaporated at reduced pressure. 57 Purification by 
column chromatography (hexane/Et20 20:1) afforded pure 4.2 g (59%) of 
(E) - 8 . 1H NMR (CDC13, 300 MHz)o: 6.70 (d, 1H, -J = 8.4 Hz), 6.08 (d, 1H, J =" 
8.4 Hz), 5.47 (d, 1H, J = 9.9 Hz), S.SWt, 1H, J = .7.2 Hz), 3.78 (s, 3H) , 
5 3.60 (s, 3H), 3.60 (m, 1H), 2.79 (m, 1H), 2.52-2.67 (m, 2H) 
3H), 0.99 (d, 3H, J= 6.6 Hz), 0.89 (s, 9H) 

1.83 (s, 
0 . 05 (s, • 3H)/; 0 . 04 (s, 3H) . 

13C NMR (CDC13, 75 MHz 
TBSO. 

TBSO 

163.7, 145.9, 142.1, 1137.3 fh3I5^.1, 110.4, 
OH S03-Pyr TBSO. 

TBSO 

C02Et 

TBSO. 

TBSO 
COoEt DIBAL TBSO 

TBSO 

OH MnOo 

TBSO. 

TBSO 

0 Ph3PCH2l, I TBS0 

NaHMDS TBSO 

5 

PPTS HO. 

TBSO 

S03-Pyr 0. 

TBSO 

0--P(OEt)2 

MeO^CC^Me 
COpMe 

MeO' 

MeO. 

HCI 

TBSO MeOH 

Scheme 1 

Synthesis of intermediate 1 

TBSO 

10 To a 0 °C solution of (2S,3S)-3,5-Bis{[(te?t-butyl)dimethylsilyl]oxy}-2-

methylpentan-1-ol (P. Phukan, S. Sasmal and M.E. Maier Eur. J. Org. 

Chem. 2003, 1733-1740) (50 g, 0.14 mol) in a mixture of 



75.4, 74.8, 55.4, 51.9, 38.1, 32.3, 25.9, 18.1, 16.5, 15.7, -4.3, -4.5. 10 
Synthesis of intermediate 9 To a solution of ester 8 (4.15 g, 8.39 
mmol) in MeOH (125 mL) at room 15 temperature, HC1 37% (1.04 mL) was added 
and the reaction mixture was stirred for 6 hours. Then the mixture was 
neutralized with a saturated aqueous solution of NaHC03 (pH 7-8) and the 
organic solvent was evaporated under r^djaced pressure. The resulting 
suspension was extracted with Dichloromethane (3 x 200 mL), dried and 
evaporated. 20 Filtration bv column chromatography (hexane/EtOAc 10,: 1 to 
2:1) affordPa^^^^^i^^^iPk/^offi^.^M TOl3)6: 
6.68 (d, lHwatJ ^<$^v§lz^ddi$ioSi0fu^el.1ftfte'F K) fttiri. 2-5' 
6.5 Hz), 5.43 (d, 1H, J= 10.0 Hz), 4.19 (m, 1H) , 3.65 (s, 311), 2.84 (m, 
1H) , 2.55 (W£.si3$4ed2 pQCtio(rs®i^eig^d Jrhe $ob4ti®i WEB. g fg^ ,atiO 87 (s, 

aWq&feniiid2' 
5 with HC1 (0.5N, 800 mL). The organic layer was decanted, dried over 

MgSCU and concentrated in vacuo. Purification by column 

chromatography (hexane/EtOAc 100:0 to 10:1) afforded 45 g (yield: 

90%) of aldehyde 1. 

iH NMR (CDC13, 300 MHz)S: 9.79 (s, 1H), 4.30 (m, 1H), 3.65 (m, 2H), 

10 2.51 (m, 1H), 1.69 (m, 2H), 1.04 (d, 3H, J= 6.9Hz), 0.85-0.88 (m, 18H), 

0.03-0.07 (m, 12H). 

i3C NMR (CDCI3, 75 MHz)S: 205.4, 69.4, 59.6, 51.7, 37.5, 26.1, 26.0, 

18.4, 18.2, 8.0, -4.3, -4.5, -5.2. 

15 Synthesis of intermediate 2 

TBSO 

Over a solution of aldehyde 1 (45 g, 0.12 mol) in toluene (625 mL) 

20 Carboethoxyethylidene-triphenylphosphorane (113 g, 0.31 mol) was 

added and the mixture was heated at 60 °C over 17 h. Then, the solvent 

was removed under reduced pressure and the resulting oil was purified 

by column chromatography (hexane/EtOAc 100:0 to 10:1) affording 

53.3 g (yield: 96%) of ester compound 2. 

25 1H NMR (CDCI3, 300 MHz)5: 6.71 (dd, 1H, J= 1.5, 10.2 Hz), 4.19 (m, 

2H), 3.77 (m, 1H), 3.66 (m, 2H), 2.61 (m, 1H), 1.85 (d, 3H, J= 1.5 Hz), 

1.68 (m, 2H), 1.30 (t, 3H, J= 7.2 Hz), 0.98 (d, 3H, 6.9 Hz), 0.90 (m, 

18H), 0.05 (m, 12H). 

13C NMR (CDCI3, 75 MHz)8: 168.3, 145.4, 126.7, 72.2, 60.4, 59.7, 38.4, 

30 38.0, 25.9, 18.2, 18.1, 14.3, 14.3, 12.6, -4.4, -4.6, -5.4. 



81.7, 77.4, 55.4, 37.1, 26.6, 16.5, 16.1. 58 EXAMPLE 2: SYNTHESIS OF 
FRAGMENTS 21 AND 22 Scheme 2 provides an example of the synthesis of 
fragments 21 and 22. i)mC PBA, DCM ii) (R,R)Co-salenBuLi, BF30Et2,THF 
lOAcOH, H2 011 1 ==co2H HATU HOAt, DIP EA DCM, DM F OTBS 0 R Air H 

53 

Synthesis of intermediate 3 

TBSO^YI^J^OH 
TBSO 

5 

Over a -78 "C cooled solution of ester 2 (46.7 g, 0.105 mol) in anhydrous 

THF (525 mL) under argon atmosphere, Diisobutylaluminum hydride 

(DIBAL) 1M in toluene (231 mL, 0.231 mol) was added over a period of 

10 min and the mixture was stirred at -78 °C. After 4 hours the reaction 

10 was quenched with MeOH (10 mL) and a saturated solution of sodium 

potassium tartrate was added (800 mL) and diluted with EtOAc (1000 

mL). This mixture was stirred for 2 h and then the organic layer was 

decanted. The aqueous residue was extracted with additional EtOAc (2 

x 400 mL) and the combined organic layers were dried over anhydrous 

15 Na2S04 and the solvent was evaporated. The resulting oil was purified 

by column chromatography (hexane/EtOAc 20:1 to 10:1) affording 32.5 

g (yield: 77%) of alcohol 3. 

!H NMR (CDC13, 300 MHz)5: 5.31 (d, 1H, J= 9.6 Hz), 3.98 (m, 2H), 3.66 

(m, 3H), 2.49 (m, 1H), 1.67 (s, 3H), 1.70-1.62 (m, 2H), 0.91 (d, 3H, J = 

20 6.9 Hz), 0.88 (m, 18H), 0.03 (m, 12H). 
13C NMR (CDCI3, 75 MHz)5: 133.9, 129.8, 73.1, 69.1, 59.9, 37.8, 37.5, 

25.9, 18.3, 18.1, 15.9, 13.9, -4.4, -4.4, -5.3. 

Synthesis of intermediate 4 

25 

TBSO^Y^J^O 
TBSO 

Over a solution of alcohol 3 (31.2 g, 77.5 mmol) in ethyl ether (387 mL) 

under argon atmosphere, Mn02 (101 g, 1.16 mol) was added and the 



N H 0 22a R=tBu 22b R= 'Pr 59 Scheme 2 Synthesis of intermediate 11 10TBS 
5 To a solution of intermediate 10 (72.3 g, 0.39 mol)) in anhydrous 
dichloromethane (D CM) (918 mL) at room temperature 3- Chloroperbenzoic 
acid (m-CPBA) (100 g, 0.58 mol) was added portionwise, and the mixture was' 
stirred at room temperature for 18 h. 10 The white precipitate was quenched 
with saturated aqueous solution of NaHQpj3, extracted with DCM (3 x 250 mL) 
and washed again with saturated aqueous solution of NaHC03 (3 x 250 mL). 
The organic layers were, combined, dried over.anhydrous_Na2SQ4 and 
concentrate 
(Hexane-Et0||{tfa&&: Ure£5a t&lig£O^d§0&Bfitii^ftitir§£ awiffil^3E)i^^69, 
82%). To a solution of racemic epoxide (30 g, 0.15 mol) in anhydrous THF 
(7.5 mL) (Rr^uIlpng-sqlvtipp-B^S 4^d5UQ4e%^u^^gsi«§ylLqL(f|fee^-^9.12g 
-cyclohexane^^^p^^ciob^jljtl^IJg Jj.(R, R) Co (II) complex] (448 mg, 0.74 mmol) was 
added, followed'by AcOH TO .'14 mL) . The solution was cooled to 0 C and water 
(1.2 mL) 5wa4H2N^HG@^OJ&c$0frfcmz)$h@.35fe^tliBfr 6v44 (djLl£fyejfl=t3}6v\Hz)p 3t8>2room 
temperature and stirred for 18 h. After that time the volatile materials 
were concen!4^l?t-K' ^^2utP'§rMz)t]?e^§:i;1i51d^^a§'^.l®!:t?f^)' iocihfel 3®'af "liTlica 
gel column. 
eluent, provided chiral epoxide (+)-11 (13.6 g, yield: 46%) as a 25 
colourless &£1NMR](QE)Gl3,+754VIHz)5(d96P4cffiSI^, .138.3, 72lQj Stag, 3^1^-37.5300 
MHz)6: 3.74 (t 2H J = 6 3 Hz) 3 01 (m, IK), 2.74 (t, 1H, J = 4.6 Hz), 
2.48 (dd, lH?"?r =5\I, "'.lffir;' 1'70* (M?' 2H) ; 0.87 (s, 30 9H) , 0.04 (s, 
6H) . 13 (| (jNMR (CDC13, 75 MHz)S: 60.2, 50.2, 47.3, 36.1, 26.1, 18.4, -5.2. 

Synthesis of intermediate 5 

TBSO 

15 To a suspension of iodomethyl triphenylphosphonium iodide (Gilbert 

Stork, KZ. Tetrahedron letters 1989, 30(17), 2173) (96.3 g, 181. 7 mmol) 

in anhydrous THF (727 mL) at 0 °C, a 1M solution of sodium 

hexamethyldisilazane (NaHMDS) (181.7 mL, 181.7 mmol) was slowly 

added, via addition funnel, over a period of 10 min. After stirring for an 

20 additional 5 min, the solution was cooled to -78 °C and 1,3-Dimethyl-

3,4,5,6-tetrahydro-2(lH)-pyrimidinone (DMPU) (43.9 mL, 363.4 mmol) 

was then added via cannula, followed by the addition of aldehyde 4 

(29.1 g, 72.7 mmol) dissolved in anhydrous THF (727 mL). The 

temperature was kept at -78 °C while the reaction mixture was stirred 

25 for 2 hours. Hexane (1L) was added and the resulting slurry was 

filtrated over celite and washed with additional hexane (3L). The filtrate 

was evaporated under reduced pressure and the resulting oil was 

purified by column chromatography (hexane/EtOAc 100:0 to 20:1) 

affording 32 g (yield: 84%) of iodide 5. 



60 Synthesis of intermediate 12 OTBS Propyne (10 mL, 0.176 mol) was 
condensed at -78C and dissolved in anhydrous THF (165 mL). n-Butyllithium 
(75.1 mL, 0.188 mol) was added dropwise under N2 over 3 0 min, and the 
resultant white suspension was stirred for an additional 30 min at -78C. A 
solution of 10 (+) (R)-2- [21 tert-butyldimethylsilyloxy)ethyl] oxirane 11 
(23.7 g, 0.117 mol)) in anhydrous THF ^lg25 mL) was then added dropwise 
followed by addition of BF3.0Et2 (22.1 mL, 0.176 mol). The mixture was 
stirred for 1 h at -78 C and for„an additional hour at,0„C.,The reaction 
mixture was ̂ uSMSi4*3ifi/mL) and 
15 extracte^iffc -9.^.2^,dried 
over Na2S04, filtered, and. concentrated. Flash chromatography (hexane/EtOAc 
10:1 to 1: l5II$j:<l*SiQl^J ^iHfcohcFD (U2, 31Q!,.0.9|j, (c^eUdU J8fB^>6ai-^Ii?^lQnSiSL^;s oil. 
FadD = +5.61£cn0oly4 CHC12J.J 20 1H NMR (500 MHz, CDC13) 8: 3.75-3.90 (m, 
3H) , 3.47 (driH, 7 Hi'. OH), 2.34 (m, 2H) , 1.79, (t, 3H, J= 2.4 Hz), 
1.75 (m, 52H)3^ gross (C©C1S,H75 MHSjS: (1^2 JHl 38.113 Q3f18, TK9, SSCS^fc. 16 : 77.8, 
75.8, 70.7, 62.4, 37.6, 27.6, 26.1, 18.3, 3.7, -5.3, -5.4. 25 MS (ES) m/z 
243.2 [M+H1?7-^S^.-^' M+M^-2S^]ftli'efet-5r'of-4infe4?m^.-ate 13 OTBS 61 

Synthesis of intermediate 6 

10 TBSO 

To a solution of iodide 5 (12 g, 22.9 mmol) in EtOH (114 mL) pyridinium 

p-toluenesulfonate (PPTS) (2.01 g, 8.0 mmol) was added and the 

reaction mixture was stirred at room temperature for 25 hours. Then 

15 the solvent was removed under reduced pressure and the resulting oil 

was purified by column chromatography (hexane/EtOAc 10:1) affording 

8.7 g (yield: 93%) of alcohol 6. 

JH NMR (CDCb, 300 MHz)5: 6.69 (d, 1H, J= 8.4 Hz), 6.12 (d, 1H, J = 

8.4 Hz), 5.47 (d, 1H, J= 9.9 Hz), 3.67-3.87 (m, 4H), 2.71 (m, 1H), 1.89 

20 (s, 3H), 1.73-1.86 (m, 2H), 1.01 (d, 3H, J= 6.9 Hz), 0.91 (s, 9H), 0.087-

0.115 (m, 6H). 
13C NMR (CDCb, 75 MHz)8: 142.4, 136.4, 132.6, 75.8, 75.2, 60.0, 38.1, 

36.4, 26.1, 18.2, 17.1, 16.0, -4.1, -4.2. 

25 Synthesis of intermediate 7 

TBSO 



Over a solution of 12 (41.8 g, 0.173 mol) and 18-crown-6 ether (50.27 g, 
0.190 mol) in anhydrous THF (1190 mL) at -78 C under N2 atmosphere, a 0.5N 
solution of KHMDS in toluene (380 mL, 0.190 mol) was added via adittion 
funnel over a period of 30 min. The mixture was 5 stirred at this 
temperature for 45 min, followed by adittion of a solution of 
4-methoxybenzyl chloride (PMBC1) (23.8%^, 0.176 mol) in anhydrous THF (100 
mL). After 2 h at -78 C, the mixture was quenched with saturated aqueous 
solution of JSTH4C1 ol^OO.mL). The, orgaiy_c0l^iyer_ w^P separated and the ̂ aqueous 
phase was e^fts^i^^^aftilfWElFjRgbA?^ "WSom®Jr%o<?Sbined 
organic (S@.^ffiaV^.tffll^pB^fMi.Bim,q?)^afiJiol)dried 
over anhydrous Na2 S04, filtered, and concentrated to afford 13 as yellow 
oil, which YH1 ^^igic£t^Q<3R0^61. 3 g, 
yield: 9 9•«) ^tirr^Q/fo1? aTio^hZr at 6 * 90 
2H, J = 15 8.7 Hz), 4.45 (m, 2H), 3.80 (s, 3H), 3.65 (m, 3H), 2.40 (m, 2H), 
1.82 (m, 52H)C- ThcM, i(ttwa§Hiilufced2wfthHBichl0r.cfMetln^e9{8)OjO finl£)5an(ciquSffithed 
Synthesis of .intermediate-14 QPMR, CIOTB. .S .20 To a solution of 13 (61.3 g, 
0.169 mol) T?ei°if^iya¥?^fflSipAeffm,S'tfro c 
Schwartz-s Mgmpt a<£&s (6Qficto^6ddiMiyl\)£fe4^onFtiHfMiofihl^id@oftM^fiide, 
Cp2ZrHCl) (130.3 25 g, 0.507 mol) was added and the reaction was stirred 5 
min at roomC^Sftp^^QgFi&P^y ll@i^e£lf@Q4^ vfe§ Sn(yi^^s^P°^fc Qfo C 
over a periodj^t.^Oymin and stirred at 50 C for 2.5 h. During this time the 
reaction solution turned of orange colour. The reaction was cooled to 0 C 

'and N-cllDDrd)MiiaMRipEl0te, 80©.MH^5: ®.8®4{®, m±U^z5 ifi)ft^.6SriXd9il«,3i)=E&#tion. 
Stirring was continued for 3 0 min at room temperature and the 

Hz), 6.13 (d, 1H, J= 8.4 Hz), 5.43 (d, 1H, J = 10.2 Hz), 3.98 (m, 1H), 

2.59-2.69 (m, 3H), 1.85 (s, 3H), 1.01 (d, 3H, J= 6.6 Hz), 0.86 (s, 9H), 

0.06 (s, 3H), 0.03 (s, 3H). 

i3C NMR (CDCls, 75 MHz)5: 201.8, 141.9, 135.2, 133.3, 76.3, 71.9, 

15 49.3, 39.3, 25.8, 18.0, 16.7, 15.9, -4.4, -4.5. 

Synthesis of intermediate 8 

C02Me i | I 

TBSO 

20 

To a solution of Diethyl(methoxy[methoxycarbonyl]methyl)phosphonate 

(5.51 g, 14.45 mmol) and 18-crown-6 (11.5 g, 43.34 mmol) in 

anhydrous THF (390 mL) stirred under argon atmosphere at -78 °C, a 

0.5 M Potassium bis(trimethylsilyl)amide solution (KHMDS) (43.34 mL, 

25 21.67 mmol) was added dropwise. After 15 min aldehyde 7 (5.9 g, 14.45 

mmol) in anhydrous THF was added dropwise over a period of 30 min 

and stirred at -78 °C for 90 min. Then, the reaction was quenched with 

a saturated NH4CI solution (200 mL), warmed to room temperature and 

diluted with Dichloromethane (1000 mL). The organic phase was dried 

30 over anhydrous Na2SC>4 and evaporated at reduced pressure. 



62 reaction was diluted with Hexane/EtOAc (95:5; 500 mL). Removing of the 
solid by filtration and evaporation of volatiles provided 14 as yellow oil 
which was used without further purification (15.1 g, yield: 86 %). La]D= 
+20.5 (c 1, CHC13). 5 1H NMR (CDC13, 300 MHz)6: 7.25 (d, 2H, J = 8.7 Hz), 
6.87 (d, 2H, J = 8.7 Hz), 5.64 (td, 1H, J= 7.8, 0.9 Hz), 4.45 (q, 2H, J= 
11.1 Hz), 3.80 (s, 3H), 3.70 (m, 2H), i^62 (m, 1H), 2.27 (t, 2H, J = 6.9 
Hz), 2.03 (s, 3H) , 1.70 (m, 2H) , 0.89 Cs, 9H) , 0.05 (s, 6H) . 13C NMR 
(CDC13, 75 MHz.) .5:. 159.4, 13 0 . 9 13 0 . 7, 125.6., 124.2 114 0 1(175.2, 71.4, 
59.8, 55.5, k ¥$^n2<ihTpm^gga.ph% ffiMdiate 
15 OPMB OH 14 (23 9' 0-058 mol)) in anhydrous THF (288 
mL) under N2 and at 0 C a solution of Tetrabutylammonium fluoride (TBAF) 
(115.3 mL, SHlNMRn(t0PGfcss3Q^(MHz)St(^)^Qa(#, d^r^a1 6-i092td,mi.H, {fclie 

TOIklWiPjM WAmtion 
of NH4C15(2§Q5Q^ 
exhaustively extracted with EtOAc (3 x 150 mL). The combined organic layers 
were dried ©v^(4ja¥So^,= %-^L¥§)r&^^fi?(^¥i3ift;@§t(§B.%¥feP'PScl§h^¥A:romatography 
(hexane /Et^^J, fcbfel lS2h, •.*> 
yield: 73%). 1H NMR (CDCi3, 300'MHz)o: 7.25 (d, 2H^ J = 8.7 Hz), 6.^6 (d, 
2H, J = 8.77S^,,7^.8£S5.(4,,5:E3, 3&Fl,732.3£25,9,418.a, (li6,5,2H5.,7,34&3-4E5. 3H) , 3.70 
(m, 3H), 2.35 (m, 2H), 2.03 (s, 3H), 1.75 (m, 2H). 63 OPMB 
(Diacetoxyiodo)benzene (BAIB) (11.5 g, 35.7 mmol) was added to a 

10 Synthesis of intermediate 9 

To a solution of ester 8 (4.15 g, 8.39 mmol) in MeOH (125 mL) at room 

15 temperature, HC1 37% (1.04 mL) was added and the reaction mixture 

was stirred for 6 hours. Then the mixture was neutralized with a 

saturated aqueous solution of NaHCC>3 (pH 7-8) and the organic solvent 

was evaporated under reduced pressure. The resulting suspension was 

extracted with Dichloromethane (3 x 200 mL), dried and evaporated. 

20 Filtration by column chromatography (hexane/EtOAc 10:1 to 2:1) 

afforded 2.76 g (yield: 94%) of lactone 9. 

iH NMR (500 MHz, CDC13)5: 6.68 (d, 1H, J = 9.0 Hz), 6.20 ,(d, 1H, J = 

8.5 Hz), 5.63 (dd, 1H, J= 2.5, 6.5 Hz), 5.43 (d, 1H, J= 10.0 Hz), 4.19 

(m, 1H), 3.65 (s, 3H), 2.84 (m, 1H), 2^5 (m, 1H), 2.43 (dc, 1H, J= 3.0, 

25 12.0, 15.0, 18.0 Hz), 1.87 (s, 3H), 1.16 (d, 3H, J= 6.5 Hz). 

i3C NMR (125 MHz, CDC13)8: 161.6, 145.2, 141.8, 134.4, 132.7, 108.3, 

81.7, 77.4, 55.4, 37.1, 26.6, 16.5, 16.1. 



5 solution of alcohol 15 (9.2 g, 32. 4 mmol) and 2,2,6,6-
Tetramethylpiperidine 1-oxyl (TEMPO) (515 mg, 3.3 mmol) in anhydrous 
dichloromethane (92 mL). The reaction mixture was stirred at room 
temperature for 20 h until the alcohol was no longer detectable (TLC), and 
then it was quenched with a saturated aqueous solution of NH4C1 10 and 
extracted with DCM (3 x 100 mL) . The cojn^iined organic phases were dried 
over anhydrous Na2S04, filtered and concentrated. The residue was purified 
by flash " » 
colourless oTf^ yiela. O2P?)—TITIIR—fCbtH. T, J UU . MHz) 6 : 9.78 (s, 1H) 
7.25 (d, 2H, J= 8.7 Hz), 6.85 15 (d, 2H, J= 8.7 Hz), 5.64 (t, 1H, J= 7.8 
Hz) , 4.45 (|ch§jpe %pr^idSs^ex^ng^ ̂he^th^si^cpffgag^ts ̂  1 ̂ id(^2. 2H) , 
2.35 (m, 2H) , 2.03 (s, 3H). . 13C NMR (CDC13, 75 MHz) 6: 201, 159.6, 132.1, 
130.1, 129.7, 122^,^14^1, 7lBP9S^^,PS^5, $^5^4 8^3, 33~5T21.3. 20 
Synthesis of intdrmediSi.1^ 17 jQ^j^c^ *To a suSj^nsigxQ ̂ iqEt2 jHF* ll)(n,moo-jsajen DUU, Drawee j nr 
lodomethyltriphenylj^osphonii^BoPtfWl&ae (16.6^; 31 25 mmol) in anhydrous THF 
(12 6 mL), at room temperature, a 1M solution of NaHMDS in anhydrous THF 
(31.27 Ml, 31.27 mol) fflps slowly added. Aftegp^irring for 2 min, the 
yellow mixture wa-^coc|ledv to -7SP^c^nd a^plj|ti_gn of i)$P2^r6l9l3To|cj, 22 mmol) in 
anhydrous THF (82 mtTw^ a^jLfjJggl / The reactidff^i^^e was stirred at 
-78 C for 2 h, and at room 64 temperature for 5 min, diluted with hexane 
and filtered through S plug of Celite(r) . The13plug was rinsed with hexane, 
the combined filtrates were evaporated under reduced pressure and the 
resulting oil was purid£Rfc/®3 by column chromatogjfqyghy (Hexane/EtOAc 12:1 to 
8:1) affording TBAF BAIB/ TEMPO 

[ THF | 0H CH2CI2 

14 15 

OPMB 
PPh3CH2U 

16 

NaHMDS /THF 
-78° C 

OPMB 

17 

i) DDQ, DCM:H20 

ii) NaBH4 

iii) TBSOTf / DCM 

OTBS 

OTBS 

200 SC 

Cul / K2C03 

NN-DMEDA 
DMF / 909C 

/=\ 
Bu3Sn C02H 

20a R='Bu 
20b R='Pr 

Y^NH2 HATU 
II HOAt, DIPEA 
° DCM,DMF 

Y^NHBoc 
19aR=,Bu 0 

19b R='Pr 

Bu3Sn O R .. 

H S 
21a Rr'Bu 
21b R='Pr 

-CO2H 

HATU 
HOAt, DIPEA 
DCM,DMF 

OTBS 

OTBS 

5 
22a R='Bu 
22b R='Pr 



5 yellow oil (5.6 g, yield: 62%). 1H NMR (CDC13, 300 MHz)3: 7.25 (d, 2H, J 
= 8.7 Hz), 6.85 (d, 2H, J = 8.7 Hz), 6.25 (m, 2H) 5.64 (t, 1H, J= 7.8 Hz), 
4.42 (m, 2H), 3.80 (s, 3H), 3.55(m, 1H), 2.40 (m, 2H), 2.25 (m, 2H), 2.03 
(s, 3H). 10 Synthesis of intermediate 18 OTBS CI 
2,3-Dichloro-5,6-dicyano-p-benzoquinone (DDQ) (3.6g, 16 mmol) was 15 added 
to a solution of 17 (5 g, 12 mmol) in Q£^-H20 (20:1, 98 mL) under N2 
atmosphere at room temperature. After 1.5 h (TLC Hexane/EtOAc 4:1 showed no 
starting material) the reaction was (Quenched by pouring into Et20 (200 mL) 
and washing with 1M NaOH (3 x 50 mL) s?Mn£)rine (50 mL) . The organic phase 
was dried > filtered and concentrated. • 
Chromatographic separation of p-methoxybenzaldehyde was facilitated by 
reduction to pmethoxybenzyl alcohol. Towards this end, a solution of the 
obtained residue in MeOH (98 mL) w^h NaBH4 (0.60g, 16 mmol) under N2 
atmosphere was maintained at room for l,h. The reaction 25 
mixture was then quenched by pouring into Et20 (100 mL) and washing with 1 
M HC1 (4® mL) and brine (40 mL). The organic phase was dried over anhydrous 
Na2S04, filtered g^l wjg silica 

gel (Hexane / EtoAc ru: r to 4:1/ to provide tn'e seconda'ry alcohol as 
colourless ^hloi^§tt^n^i^l>&M)pO%(£i8 65nE)p ^tsoiyMion t©iipfe¥att»iar^-alcohol 
(2.8 g; 10 mmol) in anhydrous DCM (38 mL), under N2 atmosphere and at 0 C, 
2 , e-lutidin^h^Qrca^rfeiEi^zQi© rftfi&i) (WaQP^tkediQ.Q'o^tfi^^fcHM?^we^a?}ya£i€t&4t ion of 
tertButyldi^^r^^^n1tf:^.HgffiH^t^g&%g|L^pa?tgbl^T^p^ltl([fe^. ^.12 5 
mmol). The reaction mixture was stirred for 2 h. At this point the crude 
was queii<£heiTh5ei\tehit6 .jfiiac^E33!tlat^2^asaIjtieHCiljle(t»titim(safefiraM(tlac}DiiEMu$2SQiutienri!i[if) . The 
combined organic layers were'.wasjhed, with a_saturated aqueous solution of 
NaHC03 and \iasXdriedmove^TJa^?!u4e( jf^L'erea, and 
concentrate^at^rte^a^Qileesa^WS^M f*£S?©Q§ (3& i§<9QAE). Srganig Qayle>rs 
provided 18 as a colourless oil (3.14 g. yield: 80%). 1H NMR (CDC13, 300 
MHz) 6 : 6.25 wfffie effpbgi^, <^£iedi®ye£^h3pr$^; N£?§§>4 (ftnd^nc^tj^te^- in2H, j= 
6.0Hz), 2 . T&I're^ultirfe- ikl^sls p&rft&d^Sn sfflc^a gfil- ^Pexfee-Mfe) Acp 1 (s' 
6H) . 15 13C NMR (CDC13, 75?fflz)6: 137.7, 130.9, r24\3, 84.6, 70.6, 42.5, 
3 6.6, 25159, t<2 Iprl&yidleS e^oxidfe. &s sSpahJiHrieiss oiff (6rf:t&®i^32%]teTa to sDtUBCJon of 

racemic epoxide (30 g, 0.15 mol) in anhydrous THF (7.5 mL) (i?,i?)-(-)-

iV,iV-Bis(3,5-di-tert-butylsalicylidene)-l,2-cyclohexanediaminocobalt(H) 

[(i?,i?)Co(II) complex] (448 mg, 0.74 mmol) was added, followed by AcOH 

(0.14 mL). The solution was cooled to 0 °C and water (1.2 mL) was 

20 added dropwise. The reaction was allowed to warm to room temperature 

and stirred for 18 h. After that time the volatile materials were 

concentrated in vacuo and the crude was directly loaded on a silica gel 

column. Flash chromatography using Hexane/EtOAc (15:1 to 12:1) as 

eluent, provided chiral epoxide (+)-ll (13.6 g, yield: 46%) as a 

25 colourless oil. 

[<x]D= +14.1 (c 1, CHCla). 

m NMR (CDCI3, 300 MHz)8: 3.74 (t, 2H, J = 6.3 Hz), 3.01 (m, 1H), 2.74 

(t, 1H, J = 4.6 Hz), 2.48 (dd, 1H, J = 5.1, 3.1 Hz), 1.70 (m, 2H), 0.87 (s, 

30 9H), 0.04 (s, 6H). 

i3C NMR (CDCI3, 75 MHz)8: 60.2, 50.2, 47.3, 36.1, 26.1, 18.4, -5.2. 



200CI A resealable Schlenk tube was charged with copper (I) iodide (148 mg, 
0.78 mmol), potassium carbonate (1.076 g, 7.78 mmol) and Boc-tert- LeuC0NH2 
(prepared following the procedure described in Pozdnev, V. 25 F., 
Tetrahedron Letters 1995, 36, 7115-7118) (0.96 g, 4.15 mmol), evacuated and 
filled with N2. N,N-Dimethylethylenediamine (DMEDA) (0.166 mL, 1.55 mmol), 
vinyl iodide 18 (1.04g, 2.59 mmol) and^anhydrous DMF (15 mL) were added 
under N2. The Schlenk tube was sealed, neated at 90 C for 18h and cooled to 
room temperature. The 66 resultant mixture was diluted with EtOAc and 
quenched with water. The organic layer was washed with water and dried over 
anhydrous removed under reduced pressure and the 
residue was purified by flash chromatography on silica gel (Hexane/ EtOAc, 
20:1 to 15:1). Intermediate 19a (670 mg, yield:53%) was obtained as an oil. 
1H NMR (CDC13, 300 MHz)6: 7.72 (d>^lH, 9!rl= 9.9 Hz), 6.70 (t, 1H, J= 9.6 Hz), 
5.54 (t, 1H, J= 7.8 Hz), 5.35 (d, ) , 4.76 (q, 1H, J= 7.8 Hz), 
3.89 (d, 1H, J= 9.0 Hz), 3.73-3.68 (m, 1H), 2.12 (m, 4H), 1.98 10 (s, 3H), 
1.40 (s, 59H) , 0.97 (s, 9H) , 0.84 (s, 9H) , 0.02 (s, 3H) , 0.01 (s, 3H) . 13C 
NMR (CDC13 , 75 MHz)6- 168 .9^156 .,0 131 .1, ,123 .5 , 1220fi , 1Q8..2 , ,79, 9, 71.6, 
62.5, 36.5, P59P3?;e go ̂ §-\76 C ii$5 
Synthesis o^^f^dpHiJce(1^Dngi)B%.Butymthium (75il mL> 0.188 mol) was 

added dropwise under N2 over 30 min, and the resultant white 

suspension was stirred for an additional 30 min at -78°C. A solution of 

10 (+) (R)-2-[2-(£ert-butyldimethylsilyloxy)ethyl]oxirane 11 (23.7 g, 0.117 

mol)) in anhydrous THF (125 mL) was then added dropwise followed by 

addition of BF3.0Et2 (22.1 mL, 0.176 mol). The mixture was stirred for 1 

h at -78 °C and for an additional hour at 0 °C. The reaction mixture 

was quenched with saturated aqueous solution of NH4CI (150 mL) and 

15 extracted with EtaO (3 x 150 mL). The combined organic layers were 

dried over Na2SC>4, filtered, and concentrated. Flash chromatography 

(hexane/EtOAc 10:1 to 1:1) provided alcohol 12 (22.7 g, yield: 80%) as a 

colourless oil. 

[a]D = +5.6 (c 0.1, CHCI3). 

20 'H NMR (500 MHz, CDCI3) 8: 3.75-3.90 (m, 3H), 3.47 (d, 1H, J= 2.7 Hz? 

OH), 2.34 (m, 2H), 1.79, (t, 3H, J= 2.4 Hz), 1.75 (m, 2H), 0.89 (s, 9H), 

0.07 (s, 6H). 

i3C NMR (125 MHz, CDC13) 8: 77.8, 75.8, 70.7, 62.4, 37.6, 27.6, 26.1, 

18.3, 3.7, -5.3, -5.4. 

25 MS (ES) m/z 243.2 [M+H]+, 265.2 [M+Na]+ 

Synthesis of intermediate 13 

OPMB 

"OTBS 

30 



OCI A resealable Schlenk tube was charged with copper (I) iodide (40.4 mg, 
20 0.213 mmol), potassium carbonate (294 mg, 2.13 mmol) and Boc- Val- CONH2 
(prepared following the procedure described in Pozdnev, V. F., Tetrahedron 
Letters 1995, 36, 7115-7118) (230 mg, 1.06 mmol), evacuated and filled with 
N2. N,N-Dimethylethylenediamine (45 111., 0.426 mmol), vinyl iodide 18 (283 
mg, 0.71 mmol) and anhydrous DMF 25 (3^jmL) were added underN2. The Schlenk 
tube was sealed, heated at 90 C for 18h and cooled to room temperature. The 
resultant mixture wag diluted with EtOAc and quenched with, watj&r__The 
organic The 
solvent wasor^pvg^jpq^e^ri^^^l ppffpsipjr^Qin^h^tre^gd^e w^dg^f ied by 
67 flash chromatography on silica gel (Hexane/EtOAc, 7:1 to 3:1). 
Intermediat&tiffiggpf(c3T£0 ^O.IpespJutiQi?^ ©k. (CDC13, 

3 0 0 MHz) o. j^as°adifejd vM'acfiftidri Junn^l' o^eril filial cfelO W^i'. Th"^ Iki^ture^as 7 ' 5 
Hz), 5.02 (br s, iff) , 4/85-4.76 (m, lH) , 3 . 93 (dd, 1H, J = 8.4, 6.0 Hz), 
3.80-3.73 (©tirrfefci)at £hi§ 3:efiip£2atiiire f&H45 SiiiQ^folfewedHby allit4fi>n(sf,a^®Ji4ti<®n98 (d, 

]s3H)". 6SyfltI^S^Wbfflk^&ltfe(%fe^)(23°8'i g, if)^ mol) Sri anh^ous ) ' ° " 06 

THF (100 mL). After 2 h at -78 °C, the mixture was quenched with 

saturated aqueous solution of NH4CI (600 mL). The organic layer was 

separated and the aqueous phase was exhaustively extracted with 

10 EtOAc (3 x 500 mL). The combined organic layers were washed with 

saturated aqueous solution of NaCl, dried over anhydrous Na2 SO4, 

filtered, and concentrated to afford 13 as yellow oil, which was used in 

the next steps without further purification (61.3 g, yield: 99%). 
JH NMR (CDCI3, 300 MHz)8: 7.25 (d, 2H, J = 8.7 Hz), 6.90 (d, 2H, J = 

15 8.7 Hz), 4.45 (m, 2H), 3.80 (s, 3H), 3.65 (m, 3H), 2.40 (m, 2H), 1.82 (m, 

2H), 1.79 (t, 3H, J= 2.4 Hz), 0.92 (s, 9H), 0.05 (s, 6H). 

Synthesis of intermediate 14 

To a solution of 13 (61.3 g, 0.169 mol) in anhydrous toluene (2.1 L), 

under N2 atmosphere and at 0 °C Schwartz's reagent 

(Bis(cyclopentadienyl)zirconium(IV) chloride hydride, Cp2ZrHCl) (130.3 

25 g, 0.507 mol) was added and the reaction was stirred 5 min at room 

temperature. The reaction temperature was increased to 50 °C over a 

period of 20 min and stirred at 50 °C for 2.5 h. During this time the 

reaction solution turned of orange colour. The reaction was cooled to 0 

°C and N-chlorosuccinimide (58.45 g, 0.440 mol) was added in one 

30 portion. Stirring was continued for 30 min at room temperature and the 



10 OTBS )1\ H2NThrN. OCI A solution of amino protected derivative 19a (670 
mg, 1.33 mmol) in ethylenglycol (30 mL) was heated at 200 C for 15 min. The 
reaction 15 mixture was then cooled at room temperature, diluted with DCM, 
quenched with brine and poured into water. A few drops of 3M NaOH were 
added until the solution reached pH 14 and then was extracted thoroughly 
with DCM. The combined organic phases dried over anhydrous Na2S04, 
filtrated and concentrated in vacuo to afford the 20 primary amine 20a (510 
mg, yield: 95%). as a yellow, oil which was ~u s edrwi thou t further . -
purificatiofieactfi'%ffi?s{?BWeS1 ifi? (t, 
1H, J= 9.6 soSd^fy fiftratl^h aitti eV-a^)(ii^ion4afAfel^filLes:1^tbvi(fed7l4 (S&,yiffifckv 3 .14 
(s, 1H), 2.14 (m, 4H), 1.97 (s, 3H), 0.97 (s, 9H), 0.84 (s. 9H), 0.02 (s, 
6H) . 25 13Cotehi^I^t§^^S94^^9^st.fLlrt^e^puIiflfa^on]^J|.-l1^lig^^:^6 Ym.l, 71.5, 
64.3, 36 . 2 , f 3,4 ;1 24** 5,t , 2 6 . 0 , 21.2, 18.2, -4.4, -4.5. Synthesis of 
intermediates™/2^ (SAPWl 

5 *H NMR (CDCls, 300 MHz)8: 7.25 (d, 2H, J = 8.7 Hz), 6.87 (d, 2H, J = 

8.7 Hz), 5.64 (td, 1H, J= 7.8, 0.9 Hz), 4.45 (q, 2H, J= 11.1 Hz), 3.80 (s, 

3H), 3.70 (m, 2H), 3.62 (m, 1H), 2.27 (t, 2H, J= 6.9 Hz), 2.03 (s, 3H), 

1.70 (m, 2H), 0.89 (s, 9H), 0.05 (s, 6H). 

i3C NMR (CDCls, 75 MHz)5: 159.4, 130.9, 130.7, 129.6, 124.2, 114.0, 

10 75.2, 71.4, 59.8, 55.5, 37.7, 33.8, 26.1, 21.2, 18.5, -5.1. 

Synthesis of intermediate 15 

OPMB 

15 

To a solution of 14 (23 g, 0.058 mol)) in anhydrous THF (288 mL) under 

N2 and at 0 °C a solution of Tetrabutylammonium fluoride (TBAF) 

(115.3 mL, 0.115 mol) was added dropwise over a period of 20 min (the 

solution turned red). The reaction mixture was stirred at room 

20 temperature for 2 h, and then was quenched with saturated aqueous 

solution of NH4CI (200 mL). The layers were separated and the aqueous 

phase was exhaustively extracted with EtOAc (3 x 150 mL). The 

combined organic layers were dried over Na2S04, filtered, and 

concentrated. Flash chromatography (hexane /EtOAc 4:1 to 1:1) 

25 provided 15 as a colourless oil (11.9 g, yield: 73%). 

m NMR (CDCls, 300 MHz)8: 7.25 (d, 2H, J= 8.7 Hz), 6.86 (d, 2H, J = 

8.7 Hz), 5.62 (t, 1H, J= 7.8 Hz), 4.45 (m, 2H), 3.80 (s, 3H), 3.70 (m, 3H), 

2.35 (m, 2H), 2.03 (s, 3H), 1.75 (m, 2H). 

30 Synthesis of intermediate 16 



0 A solution of amino protected derivative 19b (255 mg, 0.52 mmol) in 
ethylenglycol (15 mL) was heated at 200 C for 15 min. The reaction 5 
mixture was then cooled at room temperature, diluted with DCM, quenched 
with brine and poured into water. A few drops of 3M NaOH were added until 
the solution reached pH 14 and then was extracted thoroughly with DCM. The 
combined organic phases were dried over^anhydrous Na2S04, filtrated and 
concentrated in vacuo to afford the 10 primary amine 20b (170 mg, yield 
85%) as a yellow oil which was used without further purification. 1H NMR 
(CDC13, 300 MHz)6: 9.27 (d, 1H, J= 10.2 Hz), 6.76 (dd, 1H, J= 11.1, 9.6 
Hz), 5.61 (t, 1H, J= 7.8 Hz), 4.80-4.72 (fraMBlH), 3.81-3.73 (m, 1H), 3.31 
(d, 1H, J= 3.6 Hz) 2.44-2.33 (m, ̂ 11)^2^0-2^16 (m, 4H) , 2.03 15 (s, 3H) , 
1.59 (br s, 2H) , 1.00 (d, 3H, J = 6Y9Hz)/0:<§ 9 (s, 9H) , 0.82 (d, 3H, J= 
6.9 Hz), 0.05 (s, 6H) . 13C NMR (CDC13, 75 MHz)S: 172.1", 131.1, 124.1, 
122.5, 107.4, 71.5, 60.2, 36.2, 33.7, 30.8, 26.0, 21.3, 20.0, 18.3, 16.1, 
-4.3, -4.4. 20 Synthesis of intermediate 21a OTBS To a solution of amine 
20a (918 {Sgipl), Solution 
of (Z)-35tr^^t^ny^TOaenc|^ (9 2 g> 32 4 mmol) and 2,2,6,6-

Tetramethylpiperidine 1-oxyl (TEMPO) (515 mg, 3.3 mmol) in anhydrous 

dichloromethane (92 mL). The reaction mixture was stirred at room 

temperature for 20 h until the alcohol was no longer detectable (TLC), 

and then it was quenched with a saturated aqueous solution of NH4CI 

10 and extracted with DCM (3 x 100 mL). The combined organic phases 

were dried over anhydrous Na2S04, filtered and concentrated. The 

residue was purified by flash chromatography (Hexane/EtOAc 4:1 to 

1:1) to afford 16 as colourless oil (6.3 g, yield: 69%) 

^H NMR (CDCI3, 300.MHz)8: 9.78 (s, 1H), 7.25 (d, 2H, J= 8.7 Hz), 6.85 

15 (d, 2H, J= 8.7 Hz), 5.64 (t, 1H, J= 7.8 Hz), 4.45 (q, 2H, J= 11.1 Hz), 

4.02 (m, 1H), 3.80 (s, 3H), 2.60 (m, 2H), 2.35 (m, 2H), 2.03 (s, 3H). 
13C NMR (CDCls, 75 MHz) 8: 201, 159.6, 132.1, 130.1, 129.7, 122.8, 

114.1,73.3,71.5,55.5,48.3,33.5,21.3. 

20 Synthesis of intermediate 17 

OPMB 

To a suspension of iodomethyltriphenylphosphonium iodide (16.6 g; 31 

25 mmol) in anhydrous THF (126 mL), at room temperature, a 1M solution 

of NaHMDS in anhydrous THF (31.27 Ml, 31.27 mol) was slowly added. 

After stirring for 2 min, the yellow mixture was cooled to -78 °C and a 

solution of 16 (6.3 g, 22 mmol) in anhydrous THF (82 mL) was then 

added. The reaction mixture was stirred at -78 °C for 2 h, and at room 



acid (1028 mg, 2.84 mmol) in anhydrous DCM was added, under N2 atmosphere, 
and then was cooled at 0 C. Diisopropylethylamine 6 9 (DIPEA) (0.6 mL, 3.4 
mmol), 1-Hydroxy-7-azabenzotriazole (HOAt) (310 mg, 2.27 mmol), and 
N,N,N',N'-Tetramethyl-0-(7-azabenzotriazol-1- yl)uronium 
hexafluorophosphate (HATU) (860 mg, 2.27 mmol) were added to the solution 
and after 3 0 min the cold bath was remcg^ed. The 5 reaction mixture was 
stirred at room temperature for 2h, quenched with a saturated aqueous 
solution of NH4C1, poured into,water and, extracted-with, DCM. The combined 
organic pha^P^^feg W^r^^TO^^fpM^^e&^^iPMtrated. 
The res idue0|vggij|g«rfoete to 
15:1) to give amide 21a (1.11 10 g; yield: 66%) as an oil. 1H NMR (CDC13, 
300 MHz) 8 : ey^r^ed Hgqssi^re^id(gie g$§ul#ngf>jl. ̂agpjurifgsd/(d; 1H; 

S,1 tefl?0^?s((i, 
1H) , 2.15 (yelldWbil (S.@fe, ^teld362%).l . 45 (m, 6H) , 15 1.25 (m, 8H) , 1.0 (s, 
9H), 0.88 (s, 9H), 0.84(m, 13H), 0.06 (s, 6H). Synthesis of intermediate 
21b 20 in 
anhydrous DgyffJF 3HF 5WW' (t, 1 H>CJUCA.8IH£)£ 4.42 (m, 2H), 3.80 (s, 3H), 
(Z)-3-tributylstannylpropenoic acid (197.2 mg, 0.546 mmol) in anhydrous DCM 
was added, 3rS&(m,Nffl), 2.40 (m, 2H), 2.25 (m, 2H), 2.03 (s, 3H). 

10 Synthesis of intermediate 18 

OTBS 

2,3-Dichloro-5,6-dicyano-p-benzoquinone (DDQ) (3.6g, 16 mmol) was 

15 added to a solution of 17 (5 g, 12 mmol) in DCM-H2O (20:1, 98 mL) 

under N2 atmosphere at room temperature. After 1.5 h (TLC 

Hexane/EtOAc 4:1 showed no starting material) the reaction was 

quenched by pouring into Et20 (200 mL) and washing with 1M NaOH (3 

x 50 mL) and brine (50 mL). The organic phase was dried over 

20 anhydrous Na2S04, filtered and concentrated. Chromatographic 

separation of p-methoxybenzaldehyde was facilitated by reduction to p-

methoxybenzyl alcohol. Towards this end, a solution of the obtained 

residue in MeOH (98 mL) with NaBH4 (0.60g, 16 mmol) under N2 

atmosphere was maintained at room temperature for 1 h. The reaction 

25 mixture was then quenched by pouring into Et20 (100 mL) and washing 

with 1 M HC1 (40 mL) and brine (40 mL). The organic phase was dried 

over anhydrous Na2S04, filtered and concentrated. The resulting oil was 

purified on silica gel (Hexane/EtOAc 10:1 to 4:1) to provide the 

secondary alcohol as colourless oil. (2.8 g, yield: 80%). 



atmosphere, and then was cooled at 0 C. DIPEA (0.11 mL, 0.655 25 mmol), 
HOAt (59.4 mg, 0.437 mmol), and HATU (166 mg, 0.437 mmol) were added to the 
solution and after 3 0 min the cold bath was removed. The reaction mixture 
was stirred at room temperature for 2h, quenched with a saturated aqueous 
solution of NH4C1, poured into water'and extracted with DCM. The combined 
organic phases were dried over 7 0 anhvdrous Na2S04, filtered, and 
concentrated. The residue was purified Toy flash chromatography 

1H, J - 5 l^83rrS^,) ur&e?5N2^tmtSphl5Fie °Cf 27$-hitidirMi(2.'28 fiil^ 20) , 6.5 0 
(d, 1H, J= 9.0 Hz), 5.56 (t, J= 6.6 Hz, 1H), 4.83 (q, 1H4 J= 9.0 Hz), 4.41 
(t, 1H, J= 9irooftz)wa§.7&dc£f¥4 lfifop^is^v (fello$^if 01 ) , ofl. m, 7H) , 

MH^ ' 75 

5 9.2, 3 6§5, mMoIJ./Tfii r#act2c$n 5nixMr.e6waS£stilrred! fori2 1L9A15thisEpcBpt the ©rude.. 8, 

O4 30' m^olt • 1 0 a' 
(4.2 mL) atfl-fyC/wtS^WafeWfedPSvitft! • £0 s©C\5th)te^nd 
DIPEA (0.78 pL, 0.44 mmol) were added. The reaction was stirred at 0 C for 

treated 
with a 20 saturgt^aq^^j . 
The combined rilcrates were wasned with H20. After drying ana evaporating 
the sol^@nt/Ee<9&e £©€S;ilc<l<$ 20:4)3 fweddteHelSra^®. wafe)ipieiS£fdSd(3b|4 cgplyieikl: 
chromatography (Ethyl acetate/hexanes mixture) to afford pure compound 22a 
(50 mg, yie S0%)4 0%). 25 1H NMR (CDC13, 300 MHz) 6: 8.20 (d, 1H, J= 10.2 
Hz) , 6.83 (^ ^^36 MI^z)g?6.(i5 (iliH2H$=5.&43(t,H3k', ^=5£s (fiz), W82 J= 6 . 9 
Hz), 4.88 (q, 1H, J= 8.^ Hz)-, 4.58 (d, 1H, J= 9.6 Hz), 3.75 (m, 1H) , 2.90 
(s, 1H) , 2.pi, JrM,), (1?.2M, Jfs=r 6Mf\z)i_2&D (13Hbs (s, 
3H) °-04 (6:8^?S,'9H), 0.05 (s, 6H). 

15 13C NMR (CDCI3, 75 MHz)5: 137.7, 130.9, 124.3, 84.6, 70.6, 42.5, 36.6, 

25.9, 21.3, 18.2, -4.4. 

Synthesis of intermediate 19a 

OTBS 

Hr- H 
BOCHN'^Y'N 

20 0 CI 

A resealable Schlenk tube was charged with copper (I) iodide (148 mg, 

0.78 mmol), potassium carbonate (1.076 g, 7.78 mmol) and Boc-tert-

LeuCONH2 (prepared following the procedure described in Pozdnev, V. 

25 F., Tetrahedron Letters 1995, 36, 7115-7118) (0.96 g, 4.15 mmol), 

evacuated and filled with N2. AT,JV-Dimethylethylenediamine (DMEDA) 

(0.166 mL, 1.55 mmol), vinyl iodide 18 (1.04g, 2.59 mmol) and 

anhydrous DMF (15 mL) were added under N2. The Schlenk tube was 

sealed, heated at 90 °C for 18h and cooled to room temperature. The 



71 13C NMR (CDC13, 75 MHz) 6: 167.5, 152.1, 131.0, 124.1, 122.3, 109.4, 
77.1, 74.8, 71.7, 60.9, 36.5, 35.7, 33.8, 26.7, 26.1, 21.2, 18.3, -4.3, -
4.4. 5 Synthesis of intermediate 22b OTBS To a solution of 20b (200 mg, 
0.51 mmol) and propiolic acid (39 -pL, 0.64 mmol) in anhydrous DCM/DMF 10:1 
(8 mL) at 0 C, HATU (194 10 mg, 0.51 mmol)., HOAt (69 mg, 0.51 mmol) and 
DIPEA (133 pL,- 0.76 mmol) were added, reaction was stirred at 0 C for 
30 min and 2 hours at room temperature. Then, the crude mixture was treated 
with a ̂ turatgd^pueojij' 7?e 
combined filtrates were wasned with HziJ. After aryrng and evaporating 15 
the solventTMsd^aft^Us^gi-" p^smsfeeflh^it^is^eiw^i&idriieflie^A^n^^cwas 
chromatography (Ethyl acetate/ hexanes mixture) to afford pure compound 22b 
(150 mg, yi ¥MSO€.7°Tjie ffil* W Pfas*s'4rl?, a?d J§e4 Hz) # 
6.75 (dd, 1H/ 

J= 9.0, 7.8 Hz) , 4.87 *(q, 1H, J = 7.8 Hz) , 4\ 33 (dd, 1H, J = 8.7, 6.3 Hz) , 
3 . 84-3 . 76' (EtOAaj ,2Q:l83to (dJ5: 1*£) Jnt£rffi£dte.tf 1 l£ft, (§SP, mg,0yidd0§3°/(>)n,w&H) ; 0 . 99 
(d, 6H, J= 6 ̂ Hzi, 0.89 (S, 9H) , 0.08 (s, 3H) , 0.06 (s, 3H) . 25 EXAMPLE 3: 
SYNTHESIS 0? ra8Grc£NrT"^!7 ' Scheme 3 provides an example of the synthesis of 
fragment 2 7IH rfMfepM)©l35 ,36.70 (t, 1H, J= 9.6 

Hz), 5.54 (t, 1H, J= 7.8 Hz), 5.35 (d, 1H, J= 9.0 Hz), 4.76 (q, 1H, J = 

7.8 Hz), 3.89 (d, 1H, J = 9.0 Hz), 3.73-3.68 (m, 1H), 2.12 (m, 4H), 1.98 

10 (s, 3H), 1.40 (s, 9H), 0.97 (s, 9H), 0.84 (s, 9H), 0.02 (s, 3H), 0.01 (s, 3H). 

i3C NMR (CDCh, 75 MHz)5: 168.9, 156.0 131.1, 123.9, 122.6, 108.2, 

79.9, 71.6, 62.5, 36.5, 34.8, 33.8, 28.1, 26.7, 25.9, 21.2, 18.3, -4.3, -

4.4. 

15 Synthesis of intermediate 19b 

OTBS 

A resealable Schlenk tube was charged with copper (I) iodide (40.4 mg, 

20 0.213 mmol), potassium carbonate (294 mg, 2.13 mmol) and Boc-Val-

CONH2 (prepared following the procedure described in Pozdnev, V. F., 

Tetrahedron Letters 1995, 36, 7115-7118) (230 mg, 1.06 mmol), 

evacuated and filled with N2. JV,iV-Dimethylethylenediamine (45 (iL, 

0.426 mmol), vinyl iodide 18 (283 mg, 0.71 mmol) and anhydrous DMF 

25 (35 mL) were added underN2. The Schlenk tube was sealed, heated at 

90 °C for 18h and cooled to room temperature. The resultant mixture 

was diluted with EtOAc and quenched with water. The organic layer 

was washed with water and dried over anhydrous Na2S04. The solvent 

was removed under reduced pressure and the residue was purified by 



TBSO To a suspension of iodomethyl triphenylphosphonium iodide (Gilbert 10 
Stork, KZ. Tetrahedron letters 1989, 30(17), 2173) (6.6 g, 12.47 mmol) in 
anhydrous THP (50 mL) at OC, a 1M solution of sodium hexamethyldisilazane 
(NaHMDS) (12.5 mL, 12.47 mmol) was slowly added, via addition funnel, over 
a period of 10 min. After stirring for an additional 5 min, the solution 
was cooled to -7 8C and 1,3-Dimethyl- 15-y 
3 , 4, 5, 6-tetrahydro-2 (1H)-pyrimidinone (DMPtr) (3.02 mL, 24.95 mmol) was then 
added via cannula, followed, by the .addition nf aldehyde 1_(1.80 a, ,,4.99 
mmol) dissoSm (l«L)gerTfSeTO®Mfee ̂L^e^t^at -78C 
while the (200 mL) was 
added and the resulting slurry was 20 filtrated over Celite(r) and washed 
with additiiH^lM^^C^Qb^©© MI^Z)8:T1I§0 ($3 lft,l<-£?e£b3 ijiiker 

68%> of 
iodide 25. ^=lgj4,l018 Hi)pS380-33Ta® H)£2.m-W2% (A? 5H), 2200 (s,3H)? 1(46 1H) , 
3.67 (m, 2H), 2.57 (m, 1H), 1.75-1.63 (m, 2H), 0.96 Id. 3H. J = .6.9 Hz), 
0.89 (m, isfc (s> 9«)' 

0.07 (s, 3H), 0.06 (s, 3H). 

Synthesis of intermediate 20a 

10 

H5N 

OTBS 

A solution of amino protected derivative 19a (670 mg, 1.33 mmol) in 

ethylenglycol (30 mL) was heated at 200 °C for 15 min. The reaction 

15 mixture was then cooled at room temperature, diluted with DCM, 

quenched with brine and poured into water. A few drops of 3M NaOH 

were added until the solution reached pH 14 and then was extracted 

thoroughly with DCM. The combined organic phases were dried over 

anhydrous Na2SC>4, filtrated and concentrated in vacuo to afford the 

20 primaiy amine 20a (510 mg, yield: 95%) as a yellow oil which was used 

without further purification. 

m NMR (CDCI3 , 300 MHz)8: 8.77 (d, 1H, J= 9.9 Hz), 6.71 (t, 1H, J = 

9.6 Hz), 5.56 (t, 1H, J= 7.8 Hz), 4.71 (m, 1H), 3.72 (m, 1H), 3.14 (s, 1H), 

2,14 (m, 4H), 1.97 (s, 3H), 0.97 (s, 9H), 0.84 (s, 9H), 0.02 (s, 6H). 

25 13C NMR (CDCls. 75 MHz)8: 171.2, 131.0, 124.1, 122.5, 107.1, 71.5, 

64.3, 36.2, 34.5, 33.8, 26.5, 26.0, 21.2, 18.2, -4.4, -4.5. 

Synthesis of intermediate 20b 



HO TBSO To a solution of iodide 23 (520 mg, 1.07 mmol) in EtOH (5.'3 mL) 
pyridinium p-toluenesulfonate (PPTS) (94.4 mg, 0.38 mmol) was added 15 and 
the reaction mixture was stirred at room temperature for 25 hours. Then the 
solvent was removed under reduced pressure and the resulting oil was 
purified by column chromatography (hexane/EtOAc 4:1)- affording 380 mg 
(yield: 87%) of alcohol 24. NMR ^g)C13, 300 MHz) 6: 6.20 (d, 1H, J = 
7.5 Hz), 6.08 (m, 1H), 20 3.87-3.72 (m, 3H), 2.69 (m, 1H), 1.85-1.80 (m, 
1H) , 1.71-1.65 (m, 1H) , 0.99 (d, 3H, J= 6 . ̂ jjs) , 0.90 (m, 9H) , o'. 09 (m, 6H) 
Synthesis of intermediate 25 TBSO 74 Aft an: 1 h, a saturated aqueous 
solution of NaHC03 (50 mL) was adciiad' and rfi^>organic layer was decanted, 
dried over anhydrous MgS04 and conp^ntJf'^ccL in vacuo. Purification by 
column chromatography (hexane/EfeJ&c flT: 1) afforped 350 mg (yield: 93%) of 
aldehyde 25. 5 1H NMR (CDC13, 300 MH@) 6: 9.82CI(t, 1H, J = 2.1 Hz), 6.26 
(dd, 1H, J = 0.6, 7.5 Hz), 6.05 (dd, 1H, J= 1.5, 9.0 Hz), 4.14 (m, 1H) , 
2.68 (m, 1H), 2.58 (m, 2H), 1.01(d, 3H, J= 6.6Hz), 0.87 (m, 9H), 0.07 (s, 
3H) , 0.03 (A, s3Jfii)tioriL @>fS^rnirkepn^eofedLdfeBiTaiMddatSBi 2(255 m'gp^X)52,cman(d^Iution of 
Diethyl (meth^jji^o^^^^ngth^lif^i^eage lg min The 

5 mixture was then cooled at room temperature, diluted with DCM, 

quenched with brine and poured into water. A few drops of 3M NaOH 

were added until the solution reached pH 14 and then was extracted 

thoroughly with DCM. The combined organic phases were dried over 

anhydrous Na2SC>4, filtrated and concentrated in vacuo to afford the 

10 primary amine 20b (170 mg, yield 85%) as a yellow oil which was used 

without further purification. 

m NMR (CDCls, 300 MHz)5: 9.27 (d, 1H, J= 10.2 Hz), 6.76 (dd, 1H, J = 

11.1, 9.6 Hz), 5.61 (t, 1H, J= 7.8 Hz), 4.80-4.72 (m, 1H), 3.81-3.73 (m, 

1H), 3.31 (d, 1H, J= 3.6 Hz) 2.44-2.33 (m, 1H), 2.20-2.16 (m, 4H), 2.03 

15 (s, 3H), 1.59 (br s, 2H), 1.00 (d, 3H, J= 6.9 Hz), 0.89 (s, 9H), 0.82 (d, 

3H, J= 6.9 Hz), 0.05 (s, 6H). 
13C NMR (CDCls, 75 MHz)8: 172.1, 131.1, 124.1, 122.5, 107.4, 71.5, 

60.2, 36.2, 33.7, 30.8, 26.0, 21.3, 20.0, 18.3, 16.1, -4.3, -4.4. 

20 Synthesis of intermediate 21a 

OTBS 

Bu3Sn 0 
kA 

To a solution of amine 20a (918 mg, 2.27 mmol) in anhydrous 

25 DCM/DMF (10:1, 39.6 mL), a solution of (Z)-3-tributylstannylpropenoic 

acid (1028 mg, 2.84 mmol) in anhydrous DCM was added, under N2 

atmosphere, and then was cooled at 0 °C. Diisopropylethylamine 



15 (362 mg, 1.42 mmol) and 18-crown-6 (754 mg, 2.85 mmol) in anhydrous THF 
(27 mL) stirred under argon atmosphere at -78C, a 0.5 M Potassium 
bis(trimethylsilyl)amide solution (KHMDS) (2.85 mL, 1.42 mmol) was added 
dropwise. After 15 min aldehyde 25 (350 mg, 0.95 mmol) in anhydrous THF 
(14mL) was added dropwise over a period of 2 0 3 0 min and stirred at -7 8C 
for 90 min. Then, the reaction was quenched with a saturated NH4C1 solution 
(20 mL), warmed to room temperature ana diluted with Dichloromethane (50 
mL) . The organic..phase was dried,,(a,nhyd,rous JSTa2S04) and ev^orated., at 
reduced pressure ) (ptart:atA^°l?iexan^y u 20:1) 
25 af fordednigirg.^Onjggfoij: 8oW£?%zaMfiz<Mifeko£-1-6.12 
(d, 1H, J= 7.2 Hz), 6.03 (m, 1H), 5.32 (t, 1H, J= 7.5 Hz), 3.78 (s, 3H), 
3.77-3.70 (»l)ui(5|}iun3 .Ig^a^or^pSBhgfcp (MATH}) (8^) ?gLg,(n?(• 2fH9 , 3H, 
J= 6 . 6Hz) , a pd igjhlSolufioSlnif AflSPbo mis rg&ofgi.^ 6 <95 
mg, 0.21 mmolT m MeOH (3.15 mL) at 5 room temperature, HC137% (26 pL) was 
added an<5 theaoteactrdiKtuiTBiscisistir lveadsatstoani^drnfjerafeiitecfbr§,h, Tjtarachhd witkture 
was neutralized with a saturated aqiieous^solution of NaHC03 , (pH 7-81 and 
the organiccrara®f' 5^^6.4ting 
suspension ^»r(x cfi-fecPfeVer 
evaporated. 10 Filtration by column chromatography (hexane/ EtOAc 10:1 to 
2:1) af ford£&2§©0, if^e{§de&rgi c®ii^nfet§.4cffefiere®idue was pjirifeskbycS@^3, 3 00 

<s: ?H, M--iH> ? •62 
2.54 (m,101H^yifel(S:466(%) asajaoil.. 13 (d, 3H, J= 6.6Hz). EXAMPLE 4: SYNTHESIS OF 
FRAGMENT 3 0 2 0 Scheme 4 provides an example of the synthesis of fragment 
30 ScheirM ̂ MI^^CDCls, 300 MHz)8: 7.63 (d, 1H, J= 10.5 Hz), 6.97 (d, 1H, J = 

12.3 Hz), 6.75 (d, 1H, J= 12.3 Hz), 6.72 (t, 1H, J= 9.5 Hz), 6.50 (d, 1H, 

J= 9.0 Hz), 5.56 (t, 1H, J= 6.6 Hz), 4.83 (q, 1H, J= 9.0 Hz), 4.41 (d, 

1H, J= 9.6 Hz) 3.76 (m, 1H), 2.17 (m, 4H), 2.01 (s, 3H), 1.45 (m, 6H), 

15 1.25 (m, 8H), 1.0 (s, 9H), 0.88 (s, 9H), 0.84 (m, 13H), 0.06 (s, 6H). 

Synthesis of intermediate 21b 

OTBS 

Bu3sy 0 V' H kA \N 
M O CI 

20 

To a solution of amine 20b (170 mg, 0.437 mmol) in anhydrous 

DCM/DMF (10:1, 7.7 mL), a solution of (Z)-3-tributylstannylpropenoic 

acid (197.2 mg, 0.546 mmol) in anhydrous DCM was added, under N2 

atmosphere, and then was cooled at 0 °C. DIPEA (0.11 mL, 0.655 

25 mmol), HOAt (59.4 mg, 0.437 mmol), and HATU (166 mg, 0.437 mmol) 

were added to the solution and after 30 min the cold bath was removed. 

The reaction mixture was stirred at room temperature for 2h, quenched 

with a saturated aqueous solution of NH4CI, poured into water and 

extracted with DCM. The combined organic phases were dried over 



Synthesis of intermediate 28 0 5 To a mixture of L-Boc-tert-leucine (300 
mg, 1.3 mmol) in anhydrous DCM (13 mL) and Dicyclohexylcarbodiimide (DCC) 
(2 95 mg, 1.43 mmol) at OC, under N2, the 3-butenol (0.3 ml, 3.9 mmol) and 
the Dimethylaminopyridine (DMAP) (15.9 mg, 0.13 mmol) were added. The 10 
reaction mixture was stirred for 5 minutes at 0C and 4 hours at room 
temperature. The organic solvent was evaporated under reduced pressure and 
the resulting solid was purified by column chromatography (hexane/EtOAc 

of intermediate 29 H2N 0 25 The solution of the ester 28 (180 mg, 
0.63mmol) at room temperature for 24 
hours. The a^d the 
resulting solid was diluted in DCM and washed with H20, the resulting 
organic ]§haag.3 H£)5d(d4dcH,o#erllf^215®,4i/ =f9.J5tHz^d6(.5Qr(d, 

(m, 8H), 0.88 (s, 9H), 0.84 (m, 19H), 0.06 (s, 6H). 

i3C NMR (CDCls, 75 MHz)8: 169.2, 166.8, 153.8, 136.2, 131.1, 123.9, 

10 122.6, 108.7, 71.6, 59.2, 36.5, 33.7, 31.4, 29.5, 27.6, 26.1, 21.3, 19.5, 

18.5, 14.0, 11.8, -4.3, -4.4. 

Synthesis of intermediate 22a 

15 To a solution of 20a (120 mg, 0.30 mmol) and propiolic acid (23 pL, 

0.37 mmol) in anhydrous DCM/DMF 10:1 (4.2 mL) at 0 °C, HATU (113 

mg, 0.30 mmol), HOAt (40 mg, 0.30 mmol) and DIPEA (0.78 pL, 0.44 

mmol) were added. The reaction was stirred at 0 °C for 30 min and 2 

hours at room temperature. Then, the crude mixture was treated with a 

20 saturated aqueous solution of NH4CI and extracted with CH2CI2. The 

combined filtrates were washed with H2O. After drying and evaporating 

the solvent under reduced pressure the crude was purified by column 

chromatography (Ethyl acetate/hexanes mixture) to afford pure 

compound 22a (50 mg, yield: 40%). 

25 *H NMR (CDCls, 300 MHz) 6: 8.20 (d, 1H, J= 10.2 Hz), 6.83 (d, 1H, J = 

9.6 Hz), 6.72 (t, 1H, J= 9.3 Hz), 5.55 (t, 1H, J= 6.9 Hz), 4.88 (q, 1H, J = 

8.7 Hz), 4.58 (d, 1H, J= 9.6 Hz), 3.75 (m, 1H), 2.90 (s, 1H), 2.17 (m, 

4H), 2.00 (s, 3H), 1.02 (s, 9H), 0.87 (s, 9H), 0.05 (s, 3H), 0.04 (s, 3H). 

intermediate 30 

OTBS 



10 DIPEA (0.24ml, 1.4mmol), HOAt (123.3 mg, 0.9 mmol), and HATU (345 mg, 
0.9 mmol) were added to a solution of 29 (168 mg, 0.9 mmol), and 
(Z)-3-tributylstannylpropenoic acid (393mg, 1.2 mmol) in anhydrous DCM/DMF 
(10:1, 14 mL) at 0 C under argon. After 2 hours, the cold 15 bath was 
removed and the reaction mixture was stirred at room temperature for 1 
hour, quenched with saturated aqueous solution of NH4C1, poured into water 
and extracted with DCM. The combined organic phases were dried over 

yield: 72%) 77ifi 0361^5.?,: 33:®,l26&, ^1T2,11833,HZD.3, 6 . 75 (d, 
1H, J= 12.3Hz), 6.03 (d, 1H, J= 9.73 Hz), 5.84-5.69 (m, 1H), 5.14-5.05 (m, 
2H) , 4.60 (&-,4.IH, J= 9.76 Hz), 4.19-4.14 (m, 2H) , 2.40 (q, 2H, J= 6.70 25 
Hz), 1.48-1.40 (m, 6H), 1.31-1.19 (m, 6H), 0.96 (s, 9H), 0.93-0.83 (m, 15H) 
EXAMPLE 5:.SYNTHESIS OF FRAGMENT 37. 78 Scheme 5 provides the synthesis 
of the f gagg^nthetels of int®fM&Bfe.t£h82Biesis of intermediate 31 10 

OTBS 

To a solution of 20b (200 mg, 0.51 mmol) and propiolic acid (39 pL, 

0.64 mmol) in anhydrous DCM/DMF 10:1 (8 mL) at 0 °C, HATU (194 

10 mg, 0.51 mmol), HOAt (69 mg, 0.51 mmol) and DIPEA (133 |iL, 0.76 

mmol) were added. The reaction was stirred at 0 °C for 30 min and 2 

hours at room temperature. Then, the crude mixture was treated with a 

saturated aqueous solution of NH4CI and extracted with CH2CI2. The 

combined filtrates were washed with H2O. After drying and evaporating 

15 the solvent under reduced pressure the crude was purified by column 

chromatography (Ethyl acetate/hexanes mixture) to afford pure 

compound 22b (150 mg, yield: 67%). 

iH NMR (CDCI3, 300 MHz) 6: 7.02 (d, 1H, J= 11.4 Hz), 6.75 (dd, 1H, J = 

20 10.8, 9.0 Hz), 6.53 (d, 1H, J= 10.2 Hz), 5.58 (dd, 1H, J= 9.0, 7.8 Hz), 

4.87 (q, 1H, J = 7.8 Hz), 4.33 (dd, 1H, J = 8.7, 6.3 Hz), 3.84-3.76 (m, 

1H), 2.83 (s, 1H), 2.23-2.11 (m, 5H), 2.05-2.03 (m, 3H), 0.99 (d, 6H, J = 

6.9 Hz), 0.89 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H). 

25 EXAMPLE 3: SYNTHESIS OF FRAGMENT 27 

Scheme 3 provides an example of the synthesis of fragment 27. 



OTBDPS = OTBS A solution of alcohol 12 (2.88 g, 11.9 mmol), 
tert-butyldiphenylsilyl chloride (4.39 mL, 16.89 mmol), and 
4-(dimethylamino)pyridine (43.6 mg) in DMF (14 mL) was stirred overnight at 
room temperature. The 15 mixture was diluted with water and extracted with 
Et2 0, and the organic phase was washed with brine, dried over anhydrous 
Na2S04, 7 9 filtered and concentrated. rW.ash chromatography (Hex/EtOAc, 
95:1) gave the silyl eter 31 (5.3 g, 93%) as a colourless liquid. 1H NMR 
(300 MHz, CDC13) 8:. 7.70-7.66 (m, 4H) , 7.40-7.34 (m, 6H) , 3.99-3.95 (m, 
1H) , 3 . 70-3 . 62 (m, 2H) , 2 .13-2 . 22ph(pGH ̂ ff) , 1.84-1.8J (m, 2H) , 1.69 (t, 3H, J 
= 2.7 Hz), 1 . 05 (S. 39H)2.' 0 . 3 C Nt^]lCDC13, 75 
MHz) 8: 136.1, 134.6,TB^.7, 12 7N&4M[7S' • 8, 76.2TB^p.9, 60.1, 39.6, 27.5, 
27.2, 26.2, 19.6, 18.5, 3.7, -5.1. 10 Synthesis of intermediate 32 OTBDPS 

1 23 

TBSO TBSO 
24 25 

Scheme 3 

5 Synthesis of intermediate 23 

TBSO 

To a suspension of iodomethyl triphenylphosphonium iodide (Gilbert 

10 Stork, KZ. Tetrahedron letters 1989, 30(17), 2173) (6.6 g, 12.47 mmol) 

in anhydrous THF (50 mL) at 0°C, a 1M solution of sodium 

hexamethyldisilazane (NaHMDS) (12.5 mL, 12.47 mmol) was slowly 

added, via addition funnel, over a period of 10 min. After stirring for an 

additional 5 min, the solution was cooled to -78°C and 1,3-Dimethyl-

15 3,4,5,6-tetrahydro-2(lH)-pyrimidinone (DMPU) (3.02 mL, 24.95 mmol) 

was then added via cannula, followed by the addition of aldehyde 1 

(1.80 g, 4.99 mmol) dissolved in anhydrous THF (50 mL). The 

temperature was kept at -78°C while the reaction mixture was stirred 

for 2 hours. Hexane (200 mL) was added and the resulting sluny was 

20 filtrated over Celite® and washed with additional hexane (200 mL). The 



OH PPTS (837.7 mg, 3.33 mmol) was added in one portion to a solution of 15 
31 (4 g, 8.33 mmol) in ethanol (80 mL). The reaction mixture was stirred at 
room temperature for 7 h and then was concentrated. The residue was diluted 
in DCM and washed with a saturated aqueous solution of NaHC03. The organic 
layer was extracted, dried over anhydrous Na2S04, filtered and 
concentrated. Flash chromatography 2 0 (Jfex/EtOAc, 95:1) gave the silyl eter 
32 (2.12 g, yield: 69%) as a colourless oil. 1H NMR (500 MHz, CDC13) 
5: 7.71-7.63 (m, 4H) , 7.45-7.26 (m, 6H3 , 4,, 14-4.01 (m. 2H) , 3-8.0-3..71 (ria, 
1H), 2.31-2^§a%wafefvaaorf4ec{^ermrec^^pre¥uf| t^re^ul^ g4); 1-07 

(s, 9H) . benzene 
(BAIB) (1.93 g, 6.00 mmol) was added to a solution of alcohol 32 (2.0 g, 
5.46 mmol) aff&rcftjig,:i6£4g (3DSfefccfi^h9ig>3^39ine 1-oxyl (TEMPO) (85 mg, 0.55 
mmol) in anhydrous dichloromethane (27 mL). The reaction mixture was 
stirred at room 5 temperature for 18 h until the alcohol was no longer 
detectable <HIN3toR fGScy^^t)0i-MM^s8:(^La]§G&.®9 \tkpQirfy, 
solution of NH4C1 and extracted with DCM (3 x 500 mL) . -..The combined organic 
phases were^fiftd^dP^fSr ri?^rea^ira~cfenre^tra?%arfI'The 
residue was igWiff^Pldf^yi^tesh chromatography (Hexane/EtOAc 20:1 to 10 10:1) 
to afford 33 as' colourless oil (1.64g; yield: 82%). 1H NMR (CDC13, 300 MHz) 
8: 9.72 (s, 1H), 7.71-7.63 (m, 4H), 7.45-7.26 (m, 6H), 4.29 (m, 1H), 2.65 
(m, 2H) , 2.13 nterm.U(lt fe 2^ ' 1" 04 (s' 9H) " 15 sYnthesis of 
intermediate'34—Tu a- suspension of iodomethyltriphenylphosphonium 
iodide J®.14 g; 6.04 mmol) in anhydrous THF (60 mL), at room temperature, a 
1M solution of NaHMDS in THF (6.0 mL) was slowly added. After stirring for 
2 min, the yellow mixture was cooled to -^8 Cj and a solution of 33 (1.57 g, 
4.31 mmol) in anhydrous THF (35 mL^>#^sNs^rnfe«i?Jadded. The 

TBSO 

To a solution of iodide 23 (520 mg, 1.07 mmol) in EtOH (5.3 mL) 

pyridinium p-toluenesulfonate (PPTS) (94.4 mg, 0.38 mmol) was added 

15 and the reaction mixture was stirred at room temperature for 25 hours. 

Then the solvent was removed under reduced pressure and the 

resulting oil was purified by column chromatography (hexane/EtOAc 

4:1) affording 380 mg (yield: 87%) of alcohol 24. 

m NMR (CDCls, 300 MHz) 8: 6.20 (d, 1H, J = 7.5 Hz), 6.08 (m, 1H), 

20 3.87-3.72 (m, 3H), 2.69 (m, 1H), 1.85-1.80 (m, 1H), 1.71-1.65 (m, 1H), 

0.99 (d, 3H, J= 6.6 Hz), 0.90 (m, 9H), 0.09 (m, 6H) 

Synthesis of intermediate 25 

25 TBSO 

To a 0 °C solution of alcohol 24 (380 mg, 1.03 mmol) in anhydrous DCM 

(10.3 mL), Dess-Martin periodinane (870 mg, 2.05 mmol) was added. 



25 reaction mixture was stirred at -78 C for 2 h, and at room temperature 
for 5 min, diluted with hexane and filtered through a plug of Celite(r). 
The plug was rinsed with hexane and the combined filtrates were evaporated 
under reduced pressure and the resulting oil was purified by column 
chromatography (Hexane/EtOAc 50:1) affording 34 as yellow oil 30 (1.31 g, 
yield: 62%). 81 1H NMR (500 MHz, CDC13U4 5 : 7.70-7.66 (m, 4H) , 7.44-7.34 ' 
(m, 6H), 6.27-6.24 (m, 2H), 3.99-3.95 (m, 1H), 2.47-2.41 (m, 2H), 2.27-2.23 
(m, 2H) , 1.71 (t, 3H, J= 2.7, Hz), 1.07, (s, 9H).T T5_Synthesis of intermediate 
35 OTBD PS I? er ( I) 
iodide (85 . jknlSthe^r^irMlaj^^ks -^fJclmmol) 
and Boc-tertLeuC0NH2 (prepared following the procedure described in 
Pozdnev, V.CTO9ei^#^lei:ftoSa£VieteFBrifre0.ttpn3Sby .23 
mmol), evacu^^agdp^^d ^^d^t^a^lag^amlne (DMEDA) 
(0.095 mL, 0.139 mmol), vinyl iodide 34 TO. 727g, 1.49 mmol) 15 and anhydrous 
DMF (11 igL) !M€sTMI^(i©©01^iSi[©^]VHf^cSTL.9.Sae(t,SltI^^nk2tli®fe;),wa6s26^ddp(iH,lafe^ted at 
90C for 18h and cooled to room temperature. The resultant mixture was 
diluted witfi-%t^^cHghd^-§§^^h4<?'v\^fThl^t?eQ.^4hi''b^|cihi^h_sr^§' (^ks*"^^shed 
with water gnfe under 
reduced 20 pressure and the residue was purified by flash chromatography on 
silica gel $15|xane/ EtOAc, 20:1 to 15:1) . Intermediate 35 (388 mg, yield: 
44%) was obtained as an oil. 1H NMR (300 MHz, CDC13) 6: 7.70-7.66 (m, 4H), 
7.53 (d, 1H, J = 10.5 25 Hz), 7.43-7.26 (m, 6H), 6.73 (t, 1H, J= 9.6 Hz), 
5.29 (maolHjSvnfae^s fop inMnetfiatfeSg • 81 (m, 2H) , 2.39-2.30 (m, 1H) , 2.27-2.21 
(m, 3H), 1.88 (s, 3H), 1.43 (s, 9H), 1.06 (s, 9H), 0.97 (s, 9H). Synthesis 
of intermediate 3 6 HN 0 

CO?Me i ! 

MeO' 
TBSO 

To a solution of Diethyl(methoxy[methoxycarbonyl]methyl)phosphonate 

15 (362 mg, 1.42 mmol) and 18-crown-6 (754 mg, 2.85 mmol) in 

anhydrous THF (27 mL) stirred under argon atmosphere at -78°C, a 0.5 

M Potassium bis(trimethylsilyl)amide solution (KHMDS) (2.85 mL, 1.42 

mmol) was added dropwise. After 15 min aldehyde 25 (350 mg, 0.95 

mmol) in anhydrous THF (14mL) was added dropwise over a period of 

20 30 min and stirred at -78°C for 90 min. Then, the reaction was 

quenched with a saturated NH4CI solution (20 mL), warmed to room 

temperature and diluted with Dichloromethane (50 mL). The organic 

phase was dried (anhydrous Na2SC>4) and evaporated at reduced 

pressure. Purification by column chromatography (hexane/Et20 20:1) 

25 afforded pure 370 mg (86%) of (£^-26. 
!H NMR (CDCls, 300 MHz) 5: 6.12 (d, 1H, J= 7.2 Hz), 6.03 (m, 1H), 5.32 

(t, 1H, J= 7.5 Hz), 3.78 (s, 3H), 3.77-3.70 (m, 1H), 3.63 (s, 3H), 2.69 (m, 

2H), 2.58 (m, 1H), 0.97 (d, 3H, J= 6.6Hz), 0.88 (s, 9H), 0.04 (s, 6H). 

30 Synthesis of intermediate 27 



A solution of amino protected derivative 35 (288 mg, 0.487 mmol) in 
ethylenglycol (17 mL) was heated at 200 C for 15 min. The reaction 5 
mixture was then cooled at room temperature, diluted with DCM, quenched 
with brine and poured into water. A few drops of 3M NaOH were added until 
the solution reached pH 14 and then was extracted thoroughly with DCM. The 
combined organic phases were dried oveiy^nhydrous Na2S04, filtrated and 
concentrated in vacuo to afford the 10 primary amine 36 (165 mg, yield: 69 
%) as a yellow oil which was used without further purification. 1H NMR 
(CDC13, 300 MHz) 6: 8.46 (d, 1H, J= 11.1 Hz), 7.71-7.63 (m, 4H), 7.45-7.26 
(m, 6H) , '6.76 (t, 1H, J= 10.2 Hz) Me&<7?s(q, 1H/ J= iO-2 !5 Hz), 3.89 (m, 
1H), 3.06 (s, 1H), 2.30 (m, 2H), 2.24T(mJ 2H), 1.70 (s, 3H), 1.05 (s, 9H), 
0.98 (s, 9H) . Synthesis of intermed^^b^'^SL-^Qi. To a solution of amine 36 
(221 mg, 0.450 mmol) in anhydrous DCM/DMF =(4:1., 5 mL) , a solution of 
(Z)-3-tributylstannylpropenoic acid (195 mg, 0.54 mmol) in anhydrous DCM 
was added, under argon 25 atmosphere, and then was cooled at 0 C. DIPEA 

rimoU4 9*" s'ffiSAiA WW? 'O^ lmSSAAl) iff &eWU(3.(fi?5m£F W° ' 54 83 
5 room temperature, HC1 37% (26 ^L) was added and the reaction mixture 

was stirred for 6 hours. Then the mixture was neutralized with a 

saturated aqueous solution of NaHCOs (pH 7-8) and the organic solvent 

was evaporated under reduced pressure. The resulting suspension was 

extracted with Dichloromethane (4 x 20 mL), dried and evaporated. 

10 Filtration by column chromatography (hexane/EtOAc 10:1 to 2:1) 

afforded 210 mg (yield: 84%) of lactone 27. 

m NMR (CDCls, 300 MHz) 8: 6.32 (dd, 1H, J = 0.6, 7.5 Hz), 6.08 (dd, 

1H, J= 1.5, 9.3 Hz), 5.62 (dd, 1H, J= 3.0, 6.3 Hz), 4.28 (m, 1H), 3.63 (s, 

15 3H), 2.84 (m, 1H), 2.54 (m, 1H), 2.34 (m, 1H), 1.13 (d, 3H, J= 6.6Hz). 

EXAMPLE 4: SYNTHESIS OF FRAGMENT 30 

20 Scheme 4 provides an example of the synthesis of fragment 30. 

BocHN 

H?N 

29 

HATU . 
HOAt, DIPEA 
DCM, DMF 

SnBuo 

HCI/MeOH 

30 

25 
Scheme 4 



were added to the solution and after 3 0 mm the cold bath was removed. The 
reaction mixture was stirred at room temperature for 2h, quenched with a 
saturated aqueous solution of NH4C1, poured into water and extracted with 
DCM. The combined organic phases were dried over 5 anhydrous Na2S04, 
filtered, and concentrated. The residue was purified by flash 
chromatography (Hexane/EtOAc 20:1 to 15*fcL) to give amide 37 (288 mg, yield: 
77%) as an oil. 1H NMR (300 MHz, CDC13) 8.: 7.70-7.66 (m, 4H), 7.61 (d, 1H, 
J = 10.2 10 Hz), 7.42-7.38 (m, 6H), 7.02 (d, 1H, J = 12.0 Hz), 6.77-6-70 
(m, 2H), 6.28 (d,.1H J= 9.6.Hz) 4.82 (q, 1H, J= 8.4Hz), 4.36 (d, 1H, J= 
9.6 Hz), 3 . §¥n¥1(¥%s ffPfdy-.1! y .24 (m, 4H) , 1.94 (s, 3H) , 1.50-1.41 (m, 
6H) , 1.30-1-23 (m, 6H) , 1.07 (s, 9H) , 0.92 (s, 9H) , 0.92-0.84 (m, 15H) . 15 
EXAMPLE 6: SYNTHESIS OF FRAGMENT 40. Scheme 6 provides the synthesis of 
the fragment 40. OPMBOTBDPS CI1.DD$dp-2.NaBH4 3 TBDPSCI, 17Imidazole 
Scheme 6 Synthesis of intermediate 38T 84 OTBDPS 

BocH N 
O 

5 

To a mixture of L-Boc-tert-leucine (300 mg, 1.3 mmol) in anhydrous 

DCM (13 mL) and Dicyclohexylcarbodiimide (DCC) (295 mg, 1.43 mmol) 
at 0°C, under N2, the 3-butenol (0.3 ml, 3.9 mmol) and the 

Dimethylaminopyridine (DMAP) (15.9 mg, 0.13 mmol) were added. The 

10 reaction mixture was stirred for 5 minutes at 0°C and 4 hours at room 

temperature. The organic solvent was evaporated under reduced 

pressure and the resulting solid was purified by column 

chromatography (hexane/EtOAc 10:1) affording ester 28 (300 mg, 

yield: 81%). 

15 

!H NMR (CDCls, 300 MHz) 5: 5.82-5.71 (m, 1H), 5.14-5.06 (m, 2H), 

4.24-4.12 (m, 2H), 4.08 (d, 1H, J = 9.8 Hz), 2.41 (q, 2H, J = 6.7 Hz), 

1.43 (s, 9H), 0.96 (s, 9H). 

20 Synthesis of intermediate 29 

O 

25 
The solution of the ester 28 (180 mg, 0.63mmol) in HCl-MeOH 1M 

(3.6ml) was stirred at room temperature for 24 hours. The organic 

solvent was evaporated under reduced pressure and the resulting solid 

was diluted in DCM and washed with H2O, the resulting organic phase 



2,3-Dichloro-5,6-dicyano-p-benzoquinone (DDQ) (8.70 g, 38 mmol) was added 
to a solution of 17 (12 g; 30 mmol) in dichloromethane-H20 5 (20:1) (236 
mL) under Ar atmosphere at room temperature. After 1:30 h (TLC Hexane/EtOAc 
4:1 showed no starting material) the reaction was quenched by pouring into 
Et20 (400 mL) and washing with aqueous 1M NaOH (3 x 200 mL) and brine (200 
mL). The organic phase was dried over ^hydrous Na2S04, filtered and 
concentrated. Chromatographic 10 separation of p-methoxybenzaldehyde was 
facilitated by reduction to pmethoxybenzyl alcohol. Towards .this end, a 
solution ofwMed^i®iroWfe<fesii^4?i6&' (ffifr4fe)a^thtfeB^lv^f5w§! 38 
mmol) undere^^!&f£feMn^^i#fcid^(P;&) SP29. temperature for 1 h. The 
reaction mixture was then quenched by pouring into Et20 (400 mL) and 
washing 15 with aqueous 1 M HC1 (200 mL) and brine (200 mL). The organic 
phase was dried. .ave^anhvdroiiSj Na2SQ4n _f 44 te remand., gon/sent^at^d,, TJae 
resulting oW '*RS :¥'6?>4 ?lf6to 
provide ghe(tsgKDiyfla]@(7$l^pSfil5 ($? <$ti4 2H}£0$,6 (£} 9H)yield) . To a 
solution of secondary alcohol (6 g; 21 mmol) in anhydrous DMF (25 20 mL), 
under Ar atmosphere and at room temperature, imidazole (3.3 g, 4 8.6 mmol) 
was added iQvS'Eff^siS>?)Pint:lfAi^eR^^ addition of tertButyldiphenylsilyl 
chloride (TBDPSUT) (7.6 mL, 2y.3 mmol) and DMAP (77 mg, 0.63 mmol) . The 
mixture was stirred overnight and at this point the crude was quenched with 
water (30 mL) and extracted with Et20 (3 25 x 30 mL). The combined organic 
layers were washed thoroughly with (ya'b®^ and brine. The organic phase was 
dried over anhydrous Na2S04, filterl^d,J[an<£) cpj^cefLtrated. Flash 
chromatography (Hexane /EtOAc 100 ifff: lj provided 38 (9.6 g, ' 92%) as a 
colourless oil. 85 1H NMR (CDC13 l^z) .3: 7.67 (m, 4H) , 7.45-7.37 (m, 
6H) , 6.25 (m, 2H) , 5.51 (t, 1H, J= 7.83Hz), 3.89 (m, 1H) , 2.30 (t, 2H, J= 
5.5 Hz) ,JQ2 .14 (t, 2H, J= 6.4 Hz), 1.85 (s, 3H) , 1.07 (s, 9H) . 5 Synthesis 
of intermediate 3 9 HN CI A resealable Schlenk tube was charged with copper 
(I) iodide 
Boc-tert- 1 daAfl 
Pozdnev, V. I?6., Tetrahedron Letters 1995, 36, 7115-71r8) (6.8 g, 29.6 
mmol), evaci(^t^riijiDdyteMili^pTi!3dilidrncacrgaxcid ^Q96aig{nelt2ylrsnEi^l3n^ti^fdtfl®s (DMEDA) 

90C for ^h^g]^ ^gl^^n^ejogHdtWe^e^m- i3feSu#^9W^a§firi'e^x1ai&reD(jms 
diluted with EtOAc and quenched with water. The organic layer was washed 
with water under 
reduced presses aj^^e i£^j^rwgfidp^£i£& on 

silica gel.20 (Hexane/EtOAc, 20:1 to 15:1) affording compound 39 (5.8 g, 
yield 51%) asganrehijjjmsesli^sre dried over anhydrous Na2S04, filtered and 

concentrated. The residue was purified by flash chromatography 

20 (Hexane/EtOAc 15:1 to 10:1) to give 30 (340 mg; yield: 72%). 

iH NMR (CDCls, 300 MHz) 8: 7.01 (d, 1H, J = 12.3 Hz), 6.75 (d, 1H, 

J= 12.3Hz), 6.03 (d, 1H, J= 9.73 Hz), 5.84-5.69 (m, 1H), 5.14-5.05 (m, 

2H), 4.60 (d, 1H, J= 9.76 Hz), 4.19-4.14 (m, 2H), 2.40 (q, 2H, J= 6.70 

25 Hz), 1.48-1.40 (m, 6H), 1.31-1.19 (m, 6H), 0.96 (s, 9H), 0.93-0.83 (m, 

15H) 

EXAMPLE 5: SYNTHESIS OF FRAGMENT 37. 



1H NMR (CDC13, 300 MHz) 6: 7.67 (m, 4H), 7.47-7.37 (m, 6H), 7.02 (d, 1H, J= 
10.2 Hz), 6.67 (t, 1H, J= 9.4 Hz), 5.51 (t, 1H, J= 7.3 Hz), 5.23 (d, 1H, J= 
8.4 Hz), 4.72 (q, 1H, J= 8.1 Hz), 3.81 (m, 2H), 2.18-2.04 (m, 25 4H), 1.86 
(s, 3H), 1.42 (s, 9H), 1.05 (s, 9H), 0.97 (s, 9H). Synthesis of compound 40 
86 CI A solution of amino protected derivative 39 (4.75 g, 7.6 mmol) in 
ethylene-glycol (140 mL) was heated at_2,00 C for 15 min. The reaction 
mixture was then cooled at room temperature, diluted with 5 dichlorometane, 
quenched with brine and poured into.water. A few drops of 3M NaOH were 
added unt •extracted thoroughly 
with dichloromethane. The combined organic phases were washed with water, 
dried over anhydrous Na2S04, filtrated and g^ji^ajitrated under resduced 
pressure to a^prdTthe 10 pri|rB®psc^min^^0 95%Pl^Steld) as a yellow 
'oil which was further* purifs]r6ablonOTB.9. -1 :^R*' (CDC13, 300 MHz) 
6: 8.66 (d, 1H, J = 10.5 Hz), 7.66 (m, 4H), 7.47-7.33 Tm, 6H), 6.71 (t, 1H, 
J= 9.3 Hz), 5.53 (t1,2 1H, J= 8.3 Hz), 4.72 (q^lH, J= 8.4 Hz), 3.83 (m, 1H) , 

(s, 1H), 2.22-2.05 (m, 4H), 1.83 15 (s, 3H), 1.05 (s, 9H), 0.99 (s, 

OTBDPS 
3 .19 
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Synthesis of intermediate 31 

OTBDPS 

io >^N^^^VT>TBS 

A solution of alcohol 12 (2.88 g, 11.9 mmol), tert-butyldiphenylsilyl 
chloride (4.39 mL, 16.89 mmol), and 4-(dimethylamino)pyridine (43.6 
mg) in DMF (14 mL) was stirred overnight at room temperature. The 

15 mixture was diluted with water and extracted with Et20, and the 
organic phase was washed with brine, dried over anhydrous Na2SC>4, 



Scheme 7 provides an example of the synthesis of fragment 45. 20 87 0 
CrC12, CH13TBS0 TBSO 41 DMPO p(0El)2 MeOAC,02Me TBSO 42 TBSO 

79 

filtered and concentrated. Flash chromatography (Hex/EtOAc, 95:1) 

gave the silyl eter 31 (5.3 g, 93%) as a colourless liquid. 

iH NMR (300 MHz, CDCls) 8: 7.70-7.66 (m, 4H), 7.40-7.34 (m, 6H), 

5 3.99-3.95 (m, 1H),3.70-3.62 (m, 2H), 2.23-2.22 (m, 2H), 1.84-1.81 (m, 

2H), 1.69 (t, 3H, J = 2.7 Hz), 1.05 (s, 9H), 0.84 (s, 9H), 0.01 (s, 6H). 

i3C NMR (CDC13, 75 MHz) 6: 136.1, 134.6, 129.7, 127.8, 77.8, 76.2, 

69.9, 60.1, 39.6, 27.5, 27.2, 26.2, 19.6, 18.5, 3.7, -5.1. 

10 Synthesis of intermediate 32 

PPTS (837.7 mg, 3.33 mmol) was added in one portion to a solution of 

15 31 (4 g, 8.33 mmol) in ethanol (80 mL). The reaction mixture was 

stirred at room temperature for 7 h and then was concentrated. The 

residue was diluted in DCM and washed with a saturated aqueous 

solution of NaHCCb. The organic layer was extracted, dried over 

anhydrous Na2SC>4, filtered and concentrated. Flash chromatography 

20 (Hex/EtOAc, 95:1) gave the silyl eter 32 (2.12 g, yield: 69%) as a 

colourless oil. 

]H NMR (500 MHz, CDCI3) 5: 7.71-7.63 (m, 4H), 7.45-7.26 (m, 6H), 

4,14-4.01 (m, 2H), 3.80-3.71 (m, 1H), 2.31-2.28 (m, 2H), 1.94-1.80 (m, 

25 2H), 1.79 (t, 3H, J= 2.4 Hz), 1.07 (s, 9H). 

Synthesis of intermediate 33 

OTBDPS 

OH 

OTBDPS 

30 



43 Scheme 7 5 Synthesis of intermediate 41 TBSO To a solution of 
anhydrous CrC12 (2.03 g, 16.55 mmol) in anhydrous THF (30 mL) at OC was 
added a solution of the aldehyde 1 (0.995 g, 10 2.76 mmol) and iodoform 
(2.17 g, 5.52 mmol) in anhydrous THF (10 mL). After 4 hours of stirring at 
23C, the mixture was diluted with Et20 and filtered through Celite(r). The 
filtrated was concentrated to afford a<xesidue which was purified by flash 
chromatography on silica (hexane/dichloromethane from 50:1 to 5:1) to give 
vinyl iodide 41 (0.79 15 g, 57% yield) as a slightly yellow pi_l. 1H NMR 
(CDC13 , 3 0 0 i1#?. 3} iW,01^ W &= 14.5, 
1.3 Hz ), 3 s J]^gjn7 0 0£m, aJcSkol 3 .^2~3 2S.H6 2 niftier!)- ^-,3)6,6-
1.62-1.53 (m, 2H), 0.96 (d, 3H, J= 7.2 Hz), 0.89 (m, 18H), 0.04 20 (m, 
12H) . Tetramethylpiperidine 1-oxyl (TEMPO) (85 mg, 0.55 mmol) in anhydrous 

dichloromethane (27 mL). The reaction mixture was stirred at room 

5 temperature for 18 h until the alcohol was no longer detectable (TLC), 

and then it was quenched with a saturated aqueous solution of NH4CI 

and extracted with DCM (3 x 500 mL). The combined organic phases 

were dried over anhydrous Na2S04, filtered and concentrated. The 

residue was purified by flash chromatography (Hexane/EtOAc 20:1 to 

10 10:1) to afford 33 as colourless oil (1.64 g; yield: 82%). 

!H NMR (CDCb, 300 MHz) 6: 9.72 (s, 1H), 7.71-7.63 (m, 4H), 7.45-7.26 

(m, 6H), 4.29 (m, 1H), 2.65 (m, 2H), 2.33 (m, 2H), 1.70 (s, 3H), 1.04 (s, 

9H). 

15 

Synthesis of intermediate 34 

I 

20 To a suspension of iodomethyltriphenylphosphonium iodide (3.14 g; 

6.04 mmol) in anhydrous THF (60 mL), at room temperature, a 1M 

solution of NaHMDS in THF (6.0 mL) was slowly added. After stirring for 

2 min, the yellow mixture was cooled to -78 °C and a solution of 33 

(1.57 g, 4.31 mmol) in anhydrous THF (35 mL) was then added. The 

25 reaction mixture was stirred at -78 °C for 2 h, and at room temperature 

for 5 min, diluted with hexane and filtered through a plug of Celite®. 

The plug was rinsed with hexane and the combined filtrates were 

evaporated under reduced pressure and the resulting oil was purified by 

column chromatography (Hexane/EtOAc 50:1) affording 34 as yellow oil 

30 (1.31 g, yield: 62%). 



88 Synthesis of intermediate 42 TBSO 5 To a solution of iodide 41 (786 
mg, 1.58 mmol) in EtOH (15 mL) pyridinium p-toluenesulfonate (PPTS) (139 
mg, 0.55 mmol) was added and the reaction mixture was stirred at room 
temperature for 25 hours. Then the solvent was removed under reduced 
pressure and the 10 resulting oil was purified by column chromatography 
(hexane/EtOAc 4:1) affording 379.7 mg £63% yield) of alcohol 42 as 
colourless oil. 1.H NMR (CDC13, 300 MHz) 6: 6.56 (dd, 1H, J = 14.5, 6.7 Hz), 
6.01 (dd, 1H, J = 14.5, 1.3 HZ J , 3.78-3.3^69 (m, 3H). 2 . 45 -2 , 3 9 1H) , 
1.87- 1. 83 $,NM8 ,(599v W;5§D(^3) iH)7.7f^§8((jn, ,£4f-f ^ (s_ 
9H), 15 o.og^_6^v (ffifso 20 
To a 0C solution of alcohol 42 (389 mg, 1.01 mmol) in anhydrous DCM (10 
mL) , Dess-M2H):^Lii,7jie(ti3HiKifefTiS.7(HE^ ln<§)7 ($>• 9H)mmol) was added. After 1 hour 
stirring at 0C and 30 min at 23C the reaction mixture was quenched with a 
saturated aqueous.solution of NgHC03. The organic 25 layer was decanted, 
dried over ffirct Txmcentrated under reduced pressure. 
Purification by column chromatography (hexane/EtOAc 20:1 to 2:1) afforded 
349.3 mg (90% yield) of aldehyde 43 OTBDPScolourless oil. 

Y^NHBOC 
O 

A resealable Schlenk tube was charged with copper (I) iodide (85.1 mg, 

10 0.447 mmol), potassium carbonate (0.618 g, 4.47 mmol) and Boc-tert-

LeuCONH2 (prepared following the procedure described in Pozdnev, V. 

F., Tetrahedron Letters 1995, 36, 7115-7118) (0.514 g, 2.23 mmol), 

evacuated and filled with argon. iV,iV-Dimethylethylenediamine 

(DMEDA) (0.095 mL, 0.89 mmol), vinyl iodide 34 (0.727g, 1.49 mmol) 

15 and anhydrous DMF (11 mL) were added under argon. The Schlenk 

tube was sealed, heated at 90°C for 18h and cooled to room 

temperature. The resultant mixture was diluted with EtOAc and 

quenched with water. The organic layer was washed with water and 

dried over anhydrous Na2S04. The solvent was removed under reduced 

20 pressure and the residue was purified by flash chromatography on 

silica gel (Hexane/ EtOAc, 20:1 to 15:1). Intermediate 35 (388 mg, yield: 

44%) was obtained as an oil. 

m NMR (300 MHz, CDC13) 5: 7.70-7.66 (m, 4H), 7.53 (d, 1H, J= 10.5 

25 Hz), 7.43-7.26 (m, 6H), 6.73 (t, 1H, J= 9.6 Hz), 5.29 (m, 1H), 4.79 (m, 

1H), 3.85-3.81 (m, 2H), 2.39-2.30 (m, 1H), 2.27-2.21 (m, 3H), 1.88 (s, 

3H), 1.43 (s, 9H), 1.06 (s, 9H), 0.97 (s, 9H). 

Synthesis of intermediate 36 

30 



89 1H NMR (CDC13, 300 MHz) 8: 9.77 (t, 1H, J= 2.1 Hz), 6.52 (dd, 1H, J= 
14.7, 7.5 Hz), 6.05 (dd, 1H, J= 14.7, 1.2 Hz), 4.12-4.07 (m, 1H), 2.52-
2.47 (m, 2H), 2.2.43-2.36 (m, 1H),.0.98 (d, 3H, J= 7.2 Hz), 0.87 (s, 9H), 
0.07 (s, 3H), 0.03 (s, 3H). 5 Synthesis of intermediate 44 To a 
solution of Diethyl(methoxy[methoxycarbonyl]methyl)phosphonate 10 (348.4 
mg, 1.37 mmol) and 18-crown-6 (722.3 rng,„ 2.73 mmol) in anhydrous THF (13 
mL) stirred under argon atmosphere at -^vT3C, a 0.5 M Potassium 
bis(trimethylsilyl)amide (KHMDS) solution in toluene (2.74 mL, 1.37 mmol) 
was added dropwise. After 15 mfft^gldenyae 4 3 (349.4 mg, 0.91 mmol) in 
anhydrous THF (9 mL) was added dr^pw^?fe«^^er,vJa^l5 period of 30 mm and 
stirred at -78C for 90 mm. Then, the reacjij^ion^was quenched with a saturated 
aqueous solution of NH4C1 (20 mL) , warmed tfl> riJifei temperature and diluted 
with dichloromethane (50 mL). The organic pfiase was dried (anhydrous 
Na2S04) and evaporated under reduced pressure. Purification by column 
chromatography 20 (hexane/EtOAe 30:1 to 5:1) afforded 410. mg (99% yield) 
of 44 as a afffif®ip&$tfeet3di$£fciyativd? 315 . 1H 
NMR (CDC13, 300 MHz) for (2E,7E)-44 8:, 6 . 51 (dd, 1H. J=. 14^4 , 7.8.Hz), 5.97 
(dd, 1H, J %ate£Hat Jt)p ^/og^ i§ufe2Ti^ region 
3.77-3. 7Qj (^hix^Pe' tyh^fi' c^Stfed &i$$e(§ 1H) ' 
1.00 (d, 3H, J= 6.9 Hz), 0.89 (s, 9H), 0.04 (s, 6H). Synthesis of 
intermediatqu«sch<§c4> witb briigfe£®dipau©£gi sefefewaiQ-. (^f^wgdiffiqps (®f in 
Me OH (13.5 ^j-g^ided until the solution reached pH 14 and then was extracted 

thoroughly with DCM. The combined organic phases were dried over 

anhydrous Na2S04, filtrated and concentrated in vacuo to afford the 

10 primaiy amine 36 (165 mg, yield: 69 %) as a yellow oil which was used 

without farther purification. 

XH NMR (CDCh, 300 MHz) 8: 8.46 (d, 1H, J= 11.1 Hz), 7.71-7.63 (m, 

4H), 7.45-7.26 (m, 6H), 6.76 (t, 1H, J= 10.2 Hz), 4.77 (q, 1H, J= 10.2 

15 Hz), 3.89 (m, 1H), 3.06 (s, 1H), 2.30 (m, 2H), 2.24 (m, 2H), 1.70 (s, 3H), 

1.05 (s, 9H), 0.98 (s, 9H). 

Synthesis of intermediate 37 

To a solution of amine 36 (221 mg, 0.450 mmol) in anhydrous 

DCM/DMF (4:1, 5 mL), a solution of (Z)-3-tributylstannylpropenoic acid 

(195 mg, 0.54 mmol) in anhydrous DCM was added, under argon 

25 atmosphere, and then was cooled at 0 °C. DIPEA (0.094 mL, 0.54 

mmol), HOAt (73.5 mg, 0.54 mmol), and HATU (205 mg, 0.54 mmol) 

OTBDPS 

20 



room temperature, aqueous HC1 37% (160 itL) was added and the 5 reaction 
mixture was stirred for 6 hours. Then the mixture was neutralized with a 
saturated aqueous solution of NaHC03 (pH 7-8) and the organic solvent was 
evaporated under reduced pressure. The resulting suspension was extracted 
with dichloromethane (4x20 mL), dried and evaporated. The crude was 
purified by column 10 chromatography (b^jxane/EtOAc 10:1 to 2:1) to yield 
192 mg (69% yield) of lactone 45 as a white solid. 1H NMR (CDC13, 300 MHz) 
6: 6.32 (dd, 1H J= 14 7, 8 4 Hz), 6.21 Idd, . 1H, J= 14 .7, 1.2 Hz), ,5.62 
(dd, 1H, splijtjq.j Cgljl ^|th 54 (m 

1H) , 2 • 43-2fjy r^Steti^WixiuMwk<l'St&¥ed4t r^ofii feh>ipeM£uf(P?dr 2ti/^iienSBid l 
[M+Na]+. EXAMPLE 8; SYNTHESIS OF FRAGMENT 51 20 Scheme 8 provides an 
example of Mtfa of 
Me0AC02Me extracted with DCM. The combined organic phases were dried over 

5 anhydrous Na2SC>4, filtered, and concentrated. The residue was purified 
by flash chromatography (Hexane/EtOAc 20:1 to 15:1) to give amide 37 

(288 mg, yield: 77%) as an oil. 

*H NMR (300 MHz, CDCh) 8: 7.70-7.66 (m, 4H), 7.61 (d, 1H, J= 10.2 

10 Hz), 7.42-7.38 (m, 6H), 7.02 (d, 1H, J = 12.0 Hz), 6.77-6-70 (m, 2H), 
6.28 (d, 1H, J= 9.6 Hz), 4.82 (q, 1H, J= 8.4Hz), 4.36 (d, 1H, J= 9.6 Hz), 

3.89-3-86 (m, 1H), 2.39-2.24 (m, 4H), 1.94 (s, 3H), 1.50-1.41 (m, 6H), 

1.30-1-23 (m, 6H), 1.07 (s, 9H), 0.92 (s, 9H), 0.92-0.84 (m, 15H). 

15 EXAMPLE 6: SYNTHESIS OF FRAGMENT 40. 

Scheme 6 provides the synthesis of the fragment 40. 
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Synthesis of intermediate 38 
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MeO MeOH TBSO 49 TBSO 50 

84 

OTBDPS 

2,3-Dichloro-5,6-dicyano-p-benzoquinone (DDQ) (8.70 g, 38 mmol) was 

added to a solution of 17 (12 g; 30 mmol) in dichloromethane-H20 

5 (20:1) (236 mL) under Ar atmosphere at room temperature. After 1:30 h 

(TLC Hexane/EtOAc 4:1 showed no starting material) the reaction was 

quenched by pouring into Et20 (400 mL) and washing with aqueous 1M 

NaOH (3 x 200 mL) and brine (200 mL). The organic phase was dried 

over anhydrous Na2S04, filtered and concentrated. Chromatographic 

10 separation of p-methoxybenzaldehyde was facilitated by reduction to p-

methoxybenzyl alcohol. Towards this end, a solution of the residue 

obtained in MeOH (236 mL) with NaBH4 (1.5 g, 38 mmol) under Ar 

atmosphere was maintained at room temperature for 1 h. The reaction 

mixture was then quenched by pouring into Et20 (400 mL) and washing 
15 with aqueous 1 M HC1 (200 mL) and brine (200 mL). The organic phase 

was dried over anhydrous Na2S04, filtered and concentrated. The 

resulting oil was purified on silica gel (Hexane/EtOAc 10:1 to 4:1) to 

provide the secondary alcohol as colourless oil. (6 g, 73 % yield). 

To a solution of secondary alcohol (6 g; 21 mmol) in anhydrous DMF (25 

20 mL), under Ar atmosphere and at room temperature, imidazole (3.3 g, 

48.6 mmol) was added in portions, followed by addition of tert-

Butyldiphenylsilyl chloride (TBDPSC1) (7.6 mL, 29.3 mmol) and DMAP 

(77 mg, 0.63 mmol). The mixture was stirred overnight and at this point 

the crude was quenched with water (30 mL) and extracted with Et20 (3 

25 x 30 mL). The combined organic layers were washed thoroughly with 

water and brine. The organic phase was dried over anhydrous Na2S04, 

filtered, and concentrated. Flash chromatography (Hexane /EtOAc 

100:1 to 30:1) provided 38 (9.6 g, 92%) as a colourless oil. 



To a solution of carbon tetrabromide (8.74 g, '26.35 mmol) in dry 
dichloromethane (26 mL) was added dropwise a solution of 10 
triphenylphosphine (1.38 g, 52.69 mmol) in anhydrous DCM (50 mL) at 0 C. 
The dark yellow solution was cooled to -78 C and aldehyde 1 (4.75 g, 13.2 
mmol) in anhydrous DCM (13 mL) was added quickly. The resulting mixture was 
stirred at -78C (30 min) and at 0 C (lQ^in). The reaction was diluted with 
Et20 and then washed with brine. The 15 aqueous layer was extracted with 
Et20 and the,.oraanin Javers,wpre„ combined., dried, „fjj-tere.d ancL.evaporated 
under reduc^l p^e^l^Gr^:3' Mffrfca'a TSTT~ag?)(¥fexane/ 
dichloromet^mesl^:^) pfz)33.^ (ifi^Hjigl^j as 
colourless oil. To a solution of the dibromoolefin in anhydrous THF (80 mL) 
was added d{fo]§$Ei,s£=dP-4 diQ^teiSf^llithium in hexane (7.03 mL) 
at -78 5 C. The reaction was warmed to -25 C and stirred for 1 h. The 
reaction was cooled back down to -78 C and methyl iodide (0.55 mL, 8.7 9 
mmol) in5angyflttos^s'BEBitfegrrreH.late^9 added dropwise. The resulting mixture was 
allowed to warm to room temperature and stir for an additional lh. The 
reaction was quenched with a saturated aqueous 

A resealable Schlenk tube was charged with copper (I) iodide (1.05 g, 

5.54 mmol), potassium carbonate (7.65 g, 55.4 mmol) and Boc-terf-

10 LeuCONHa (prepared following the procedure described in Pozdnev, V. 

F., Tetrahedron Letters 1995, 36, 7115-7118) (6.8 g, 29.6 mmol), 

evacuated and filled with argon. iV,iV-Dimethylethylenediamine 

(DMEDA) (1.18 mL, 11.1 mmol), vinyl iodide 38 (9.7 g, 18.5 mmol) and 

anhydrous DMF (92 mL) were added under argon. The Schlenk tube 

15 was sealed, heated at 90°C for 18h and cooled to room temperature. 

The resultant mixture was diluted with EtOAc and quenched with 

water. The organic layer was washed with water and dried over 

anhydrous Na2S04. The solvent was removed under reduced pressure 

and the residue was purified by flash chromatography on silica gel 

20 (Hexane/ EtOAc, 20:1 to 15:1) affording compound 39 (5.8 g, yield 51%) 

as a white solid. 

m NMR (CDCls, 300 MHz) 5: 7.67 (m, 4H), 7.47-7.37 (m, 6H), 7.02 (d, 

1H, J= 10.2 Hz), 6.67 (t, 1H, J= 9.4 Hz), 5.51 (t, 1H, J= 7.3 Hz), 5.23 

(d, 1H, J= 8.4 Hz), 4.72 (q, 1H, J= 8.1 Hz), 3.81 (m, 2H), 2.18-2.04 (m, 

25 4H), 1.86 (s, 3H), 1.42 (s, 9H), 1.05 (s, 9H), 0.97 (s, 9H). 

CI 

Synthesis of compound 40 



10 solution of NH4C1 then diluted with Et20. The organic layer was dried, 
filtered and evaporated under reduced pressure. Purification by flash 
chromatography (hexane/ dichloromethane from 50:1 to 5:1) afforded 2.77 mg 
(89% yield) of alkyne 46 as a colourless oil. 15 1H NMR (CDC13, 300 MHz) : 
3.74-3.66 (m, 3H), 2.49-2.46 (m, 1H), 1.83-1.72 (m, 2H), 1.78 (s, 3H), 1.08 
(d, 3H, J= 7.2 Hz), 0.89 (m, 18H) , 0.0^6(s, 3H) , 0.06 (s, 3H) , 0.05 (s, 
6H) Synthesis of intermediate 47 TBSO To a solution of 46 (200 mg, 
0.56 mmol) in anhydrous toluene (7 mL), under Ar and at 23 C 
bis (cyclopentadienyl) zirconium (IV)vNpfilori(S9'B^§ride (432.3 mg, 1.68 mmol) 
was added and the reaction was stirJredQ25j^t 50C for 1 hour. During this 
time the reaction solution turndrfeNofp'raiige| colour. The reaction was cooled 
to 23 C and iodine (284.3 mg, 1.12 nMt&kr wa^added in one portion. Stirring 
was continued for 3 0 min at room temperature and the reaction was diluted 
with hexane and filtered through Celite(r). The filtrated was concentrated 
to afford a A3 SofajEtrardurf Talriinh patsteptjadi e f 39s 1(4 .<715r <gpaT.jfig laptop saluting 
with 93 ethylene-glycol (140 mL) was heated at 200 °C for 15 min. The reaction 

mixture was then cooled at room temperature, diluted with 

5 dichlorometane, quenched with brine and poured into water. A few 

drops of 3M NaOH were added until the solution reached pH 14 and 

then was extracted thoroughly with dichloromethane. The combined 

organic phases were washed with water, dried over anhydrous Na2SC>4, 

filtrated and concentrated under resduced pressure to afford the 

10 primaiy amine 40 (3.8 g, 95% yield) as a yellow oil which was used 

without further purification. 

m NMR (CDCls, 300 MHz) 8: 8.66 (d, 1H, J = 10.5 Hz), 7.66 (m, 4H), 

7.47-7.33 (m, 6H), 6.71 (t, 1H, J= 9.3 Hz), 5.53 (t, 1H, J= 8.3 Hz), 4.72 

(q, 1H, J= 8.4 Hz), 3.83 (m, 1H), 3.19 (s, 1H), 2.22-2.05 (m, 4H), 1.83 

15 (s, 3H), 1.05 (s, 9H), 0.99 (s, 9H). 

EXAMPLE 7: SYNTHESIS OF FRAGMENT 45 

Scheme 7 provides an example of the synthesis of fragment 45. 

20 



hexane/ dichloromethane (from 10:1 to 1:2) to furnish vinyl iodine 47 ( 
140.4 mg, 49% yield) as pale yellow oil. NMR (CDC13, 300 MHz) 6: 6.07 (dd, 
1H, J = 9.9, 1.5 Hz), 3.72-3.67 5 (m, 1H), 3.65-3.61 (t, 2H, J= 6.6 Hz), 
2.53-2.47 (m, 1H) , 2.37 (s, 3H) , 1.68-1.'61 (m, 2H) , 0.92 (d, 3H, J = 6.6 
Hz), 0.89 (m, 18H), 0.05 (m, 12H). Synthesis of intermediate 48 10 HO TBSO 
To a solution of iodide 47 (140.4 mg, (^27 mmol) in EtOH (2 mL) pyridinium 
p-toluenesulfonate (PPTS) (24 mg, 0.09 mmol) was added 15 and the reaction 
mixture was stirred at room temperature for 25 hours. Then the solvent was 
removed under reducedl pressure and the resulting oil was purified by column 
chromatograT5T3^>Q3^xa«kZJ&0A(y^4'ffi1l:? af(8B^TJyield) of alcohol 
48 as colourless oil. 20NMR (CDC13, 300 MI^o6 : 6-01 (dd' 1H' J= 9-9' 1-5 
Hz), 3.78-3.67 (m, 3H) , 2.62-2.55 (m, 1H) , 2.39 (s, 3H) , 2.00-1.98 (m, 1H) , 
1.80-1.62 (m, 2H),10.96 (d, 3H, J= 6.6 Hz), 0.439 (s, 9H) , 0.09 (s, 3H) , 
0.08 (s, 3H). Synthesis of intermediate 49 25 0 TBSO 94 Oip(OEl)2 

°vyVi Me°Ac°2Me 

TBSO TBSO 
42 43 

C02Me • MeO,^? 
' ' HCI ^ 

Mso i MeOH O O 
TBSO 

44 45 

Scheme 7 

5 Synthesis of intermediate 41 

TBSO 

To a solution of anhydrous CrCh (2.03 g, 16.55 mmol) in anhydrous 

THF (30 mL) at 0°C was added a solution of the aldehyde 1 (0.995 g, 

10 2.76 mmol) and iodoform (2.17 g, 5.52 mmol) in anhydrous THF (10 

mL). After 4 hours of stirring at 23°C, the mixture was diluted with Et20 

and filtered through Celite®. The filtrated was concentrated to afford a 

residue which was purified by flash chromatography on silica 
(hexane/dichloromethane from 50:1 to 5:1) to give vinyl iodide 41 (0.79 

15 g, 57% yield) as a slightly yellow oil. 

m NMR (CDCI3, 300 MHz) 5: 6.58 (dd, 1H, J= 14.5, 6.7 Hz), 5.98 (dd, 

1H, J= 14.5, 1.3 Hz ), 3.76-3.70 (m, 1H), 3.67-3.59 (m, 2H), 2.37-2.32 

(m, 1H), 1.62-1.53 (m, 2H), 0.96 (d, 3H, J= 7.2 Hz), 0.89 (m, 18H), 0.04 

20 (m, 12H). 



To a OC solution of alcohol 48 (87 mg, 0.22 mmol) in anhydrous DCM (2 mL), 
Dess-Martin periodinane (140 mg, 0.33 mmol) was added. After 1 hour 
stirring at 0 C and 30 min at 23 C the reaction mixture was quenched with a 
saturated aqueous solution of NaHC03. The organic 5 layer was decanted, 
dried over anhydrous Na2S04 and concentrated under reduced pressure. 
Purification by column chromatography Q^sxane/EtOAc 20:1 to 2:1) afforded 
76.6 mg (86% yield) of aldehyde 49 as a colourless oil. 10 1H NMR (CDC13, 
300 MHz) 6: 9.79 (t, 1H, J= 2.4 Hz), 5.98 (dd, 1H, J= 9.9, 1.5 Hz), 
4.02-3.97 (m, 1H), 2 £7-2 . 51. (m 3H) , 2.38 (s, 3H), 0.97 (d, 3H, J= 6.6 
Hz), 0.87 (§Yntyffis,ls 8* ^eWi1, ,4^) . 04 (s, 3H) . 13C NMR (CDC13, 75 MHz) 6: 
201.5, 143.5, 95.1, 71.3, 49.3, 41.9, 28.3, 26.0, 18.2, 15.8, -4.2, -4.4. 
15 Synthesis of intermediate 50 C02Me MeO TBSO 20 To a solution of 
Diethyl (methoxy [methoxycarbonyl] methyll) phosphonate (73.7 mg, 0.29 mmol) and 
18-crown-6 (153.4 mg, 0.58 mmcdQ^^Ksa^mi^i^OiUS THF (3 mL) stirred under 
argon atmosphere at -78 C, a 0.5 M Pctassium bis(trimethylsilyl)amide 
(KHMDS) solution in toluene (0.58 mL, 0.29 mmol) was added dropwise. After 
15 min aldehyde 49 (76.6 25 mg, 0.19 mmol) was added drop wise in anhydrous 
THF (2 mK) over a period of 10 min and stirred at -78C for 90 min. Then, 
the reactiojp0wgssfiRjf^h^ fisafcfe 
warmed to room temperature and diluted with dichloromethane. The organic 
phase was dE^inp®m^l«Jysnfj§lia^®0^teaHg,TS)-s^^ga?«4 QiMeffn^iS^a^Sftsure. 

and the reaction mixture was stirred at room temperature for 25 hours. 

Then the solvent was removed under reduced pressure and the 

10 resulting oil was purified by column chromatography (hexane/EtOAc 

4:1) affording 379.7 mg (63% yield) of alcohol 42 as colourless oil. 

NMR (CDCls, 300 MHz) 8: 6.56 (dd, 1H, J = 14.5, 6:7 Hz), 6.01 (dd, 

1H, J= 14.5, 1.3 Hz ), 3.78-3.3.69 (m, 3H), 2.45-2.39 (m, 1H), 1.87-

1.83 (m, 1H), 1.71-1.59 (m, 2H), 1.00 (d, 3H, J= 6.6 Hz), 0.90 (s, 9H), 

15 0.09 (s, 3H), 0.07 (s, 3H). 

Synthesis of intermediate 43 

TBSO 

20 

To a 0°C solution of alcohol 42 (389 mg, 1.01 mmol) in anhydrous DCM 

(10 mL), Dess-Martin periodinane (644 mg, 1.52 mmol) was added. After 

1 hour stirring at 0°C and 30 min at 23°C the reaction mixture was 

quenched with a saturated aqueous solution of NaHCCb. The organic 

25 layer was decanted, dried over anhydrous Na2SC>4 and concentrated 

under reduced pressure. Purification by column chromatography 

(hexane/EtOAc 20:1 to 2:1) afforded 349.3 mg (90% yield) of aldehyde 

43 as a colourless oil. 



30 Purification by column chromatography (hexane/EtOAc 30:1 to 5:1) 95 
afforded 89.0 mg (100% yield) of 50 as a mixture E/Z (regioselectivity > 
2.5:1 determined by 1H NMR) as a colourless oil mixture. 1H NMR (CDC13, 300 
MHz) for (2E,7E)-50 6: 6.28 (d, 1H, J = 9.0 Hz), 5 5.33 (t, 1H, J= 9.0 Hz), 
3.84 (s, 3H), 3.61-3.57 (m, 1H), 3.61 (s, 3H), 2.77-2.70 (m, 1H), 
2.64-2.55 (m, 1H), 2.49-2.37 (m, 1H), ̂ 30 (s, 3H), 0.96 (d, 3H, J= 6.6 
Hz), 0.89 (s, 9H) , 0.06 Synthesis of intermediate 51 '(s, 3H) , 0.05 (s, 3H) . 

JH NMR (CDC13, 300 MHz) 5: 9.77 (t, 1H, J= 2.1 Hz), 6.52 (dd, 1H, J = 

14.7, 7.5 Hz), 6.05 (dd, 1H, J= 14.7, 1.2 Hz), 4.12-4.07 (m, 1H), 2.52-

2.47 (m, 2H), 2.2.43-2.36 (m, 1H), 0.98 (d, 3H, J= 7.2 Hz), 0.87 (s, 9H), 

0.07 (s, 3H), 0.03 (s, 3H). 

5 Synthesis of intermediate 44 

To a solution of Diethyl(methoxy[methoxycarbonyl]methyl)phosphonate 

10 (348.4 mg, 1.37 mmol) and 18-crown-6 (722.3 mg, 2.73 mmol) in 

anhydrous THF (13 mL) stirred under argon atmosphere at -78°C, a 0.5 

M Potassium bis(trimethylsilyl)amide (KHMDS) solution in toluene (2.74 

mL, 1.37 mmol) was added dropwise. After 15 min aldehyde 43 (349.4 

mg, 0.91 mmol) in anhydrous THF (9 mL) was added dropwise over a 

15 period of 30 min and stirred at -78°C for 90 min. Then, the reaction was 

quenched with a saturated aqueous solution of NH4CI (20 mL), warmed 

to room temperature and diluted with dichloromethane (50 mL). The 

organic phase was dried (anhydrous Na2SC>4) and evaporated under 

reduced pressure. Purification by column chromatography 

20 (hexane/EtOAc 30:1 to 5:1) afforded 410. mg (99% yield) of 44 as a 

mixture E/Z (regioselectivity >5:1 determined by ]H NMR). 

iH NMR (CDCI3, 300 MHz) for (2E,7E)-44 8: 6.51 (dd, 1H, J= 14.4, 7.8 

Hz), 5.97 (dd, 1H, J = 14.4, 1.2 Hz), 5.29 (t, 1H, J= 7.7 Hz), 3.82 (s, 

3H), 3.77-3.70 (m, 1H), 3.60 (s, 3H), 2.65-2.61 (m, 2H), 2.39-2.21 (m, 

25 1H), 1.00 (d, 3H, J= 6.9 Hz), 0.89 (s, 9H), 0.04 (s, 6H). 

Synthesis of intermediate 45 

10 

TBSO 



To a solution of ester 50 (90.8 mg, 0.19 mmol) in MeOH (3 mL) at room 15 
temperature, aqueous HC1 37% (34 4) was added and the reaction mixture was 
stirred for 6 hours. Then the mixture was neutralized with a saturated 
aqueous solution of NaHC03 (pH 7-8) and the organic solvent was evaporated 
under reduced pressure. The resulting suspension was extracted with 
dichloromethane, dried and evaporated. ^0 The crude was purified by column 
chromatography (hexane/EtOAc 10:1 to 2:1) to yield 34 mg (50% yield) of 
lactone 51 as a white solid. 1H NMR (CDC13, 300 MHz) 6: 5.99 (dd, 1H, J = 
9.9, 1.2 Hz), 5 ..62 (dd, 1H, J= 5 71,) , 4.19-4.11 (m, 1H) , 3.64 (s, 
3H) , 2.78-2.70 (m, 1H) , 2.41 ( s, 3^ (m, 2H) , 1.11 (d, -3H, J= 
6.6 Hz). 25 EXAMPLE 9: SYNTHESIS oP FlO^GMENT^ 5 6 Scheme 9 provides an 
example of the synthesis of fragment 56. "96 OTBSOTBS 452 

To a solution of ester 44 (410.9 mg, 0.90 mmol) in MeOH (13.5 mL) at 

room temperature, aqueous HC1 37% (160 uL) was added and the 

5 reaction mixture was stirred for 6 hours. Then the mixture was 

neutralized with a saturated aqueous solution of NaHCOa (pH 7-8) and 

the organic solvent was evaporated under reduced pressure. The 

resulting suspension was extracted with dichloromethane (4 x 20 mL), 

dried and evaporated. The crude was purified by column 

10 chromatography (hexane/EtOAc 10:1 to 2:1) to yield 192 mg (69% yield) 

of lactone 45 as a white solid. 

m NMR (CDCls, 300 MHz) 5: 6.32 (dd, 1H, J= 14.7, 8.4 Hz), 6.21 (dd, 

1H, J= 14.7, 1.2 Hz), 5.62 (dd, 1H, J= 6.6, 2.7 Hz), 4.27-4.19 (m, 1H), 

15 3.64 (s, 3H), 2.61-2.54 (m, 1H), 2.43-2.34 (m, 2H), 1.14 (d, 3H, J= 6.9 

Hz). 

MS (ES) [m/z]= 331.1 [M+Na]+. 

EXAMPLE 8: SYNTHESIS OF FRAGMENT 51 

20 
Scheme 8 provides an example of the synthesis of fragment 51. 



5556 Scheme 9 5 Synthesis of intermediate 52 TBSO OTBS 10 A solution of 
1.8 M of Lithium diisopropylamide in heptane/THF/ethylbenzene (8.96 mL, 
16.13 mmol) was diluted in 88 mL of anhydrous THF. After cooling down to 
-78C, trimethylsilyldiazomethane (8.06 mL, 2M in THF, 16.13 mmol) wa!s added 
and the resulting mixture was stirred for 30 min. A solution of 4 15 (4.377 
g, 10.75 mmol) in anhydrous THF (35 mL^was added and stirring was 
maintained for 1 h at -78 C and for 2h at 23 C. The reaction mixture was 
added to ice-cooled water, and extracted with Jilt20. The combined organic 
layers were yg^edM aJby^oi)ip^?®P44) tjies^lwl't 1 )^jj3Zrfjgfn^ed. The 
residue was pur"Mi^ipby^ flash 20 clwromatograyhy -€o afford 2 I 3 8 »g (55% 
yield) of 52 as jg§©ow 0H2) nB&l3, l\Mf NMR (CU6S0, 300 Mg)zQ 6: 5.86 (d, 1H, J= 
9.9 Hz), 3.73-3.63 (m, 3H), 2.74 (s, 1H), 2.58-2.50 (m, 1H), 1.80 (s, 3H), 
1.70-1.63 (m, 2H) ,10.93 (d, 3H, J= 6.6 Hz), 0.88 (m, 18H) , 0.04 (m, 12H) . 5 
13C NMR (CDC13, 75 MHz) 6: 143.3, 116.3, 87.1, 73.7, 72.8, 60.0, 38.6, 
38.0, 26.1, 26.1, 18.6, 18.3, 17.4, 15.3, -4.2,1-5.1. Synthesis of 
intermediat^BSO^/^^A^^i PPTS DMP) 

TBSO TBSO 

47 

°-P(OEt)2 

MeOACQ2Me 

TBSO 
49 

Scheme 8 

Synthesis of intermediate 46 

5 

TBSO 

To a solution of carbon tetrabromide (8.74 g, 26.35 mmol) in dry 

dichloromethane (26 mL) was added dropwise a solution of 

10 triphenylphosphine (1.38 g, 52.69 mmol) in anhydrous DCM (50 mL) at 

0 °C. The dark yellow solution was cooled to -78 °C and aldehyde 1 

(4.75 g, 13.2 mmol) in anhydrous DCM (13 mL) was added quickly. The 

resulting mixture was stirred at -78°C (30 min) and at 0 °C (10 min). 

The reaction was diluted with Et20 and then washed with brine. The 

15 aqueous layer was extracted with Et20 and the organic layers were 

combined, dried, filtered and evaporated under reduced pressure. 

C02Me 
' 1 HCI 

Me0 1 I .. 1 MeOH 
TBSO 

50 



OTBS To a solution of 52 (2.05 g, 5.17 mmol) in EtOH (50 mL) pyridinium p-
toluenesulfonate (PPTS) (511.7 mg, 2.04 mmol) was added and the reaction 
mixture was stirred at room temperature for 25 hours. Then 15 the solvent 
was removed under reduced pressure and the resulting oil was purified by 
column chromatography (hexane/EtOAc 4:1) affording 1.055 g (72% yield) of 
alcohol 53 as colourless oil. 1H d^IR. (CDC13, 300 MHz) 6: 5.76 (d, 1H, 
J= 9.9 Hz), 3.73-3.63 (m, 3H) , 20 2.79 fs, 1H) , 2.64-2.59 (m, 1H) , 2.24 
(bs; 1H) , 1 80..(s,. 3R), J.70-1.60 (m, 2H) , 0 . 95 (d,. 3H, J= 6.9 HzJ 0.88 
(S, 9H) , OTBS 
98 After 30^^^4237.1^ (e6%0yfei<jpgf QistMoCSfSsfciS®-. rp§x£ure was 
quenched with a saturated aqueous solution of NaHC03. The organic layer was 
decanted, d®4teJiQ5V#f CM1 S0&yd€©?4%nS?fSt^§ ffi^e5ya§e§4^@^ 

f= istori; . 
1H NMR (<5DCie., TagQ-eSMftidn Sv-a^w&tme&fto *25=°G ahcHsttoa Mt 1 (H., TM jeefctiofl.0 .2 
Hz), 4.02-3.96 (m 1H) , 2 77 (s 1H) , 2.64-2 .53 3jl) ,.„U0 (s 

was cooled back down to -78 C and methyl iodide (0.55 mL, 8.79 

mmol) in anhydrous THF (9 mL) was added dropwise. The resulting 

mixture was allowed to warm to room temperature and stir for an 

additional lh. The reaction was quenched with a saturated aqueous 

10 solution of NH4CI then diluted with Et20. The organic layer was dried, 

filtered and evaporated under reduced pressure. Purification by flash 

chromatography (hexane/ dichloromethane from 50:1 to 5:1) afforded 

2.77 mg (89% yield) of alkyne 46 as a colourless oil. 

15 JH NMR (CDCb, 300 MHz) 8: 3.74-3.66 (m, 3H), 2.49-2.46 (m, 1H), 

1.83-1.72 (m, 2H), 1.78 (s, 3H), 1.08 (d, 3H, J= 7.2 Hz), 0.89 (m, 18H), 

0.07 (s, 3H), 0.06 (s, 3H), 0.05 (s, 6H). 

Synthesis of intermediate 47 

20 TBSO 

To a solution of 46 (200 mg, 0.56 mmol) in anhydrous toluene (7 mL), 

under Ar and at 23 °C bis(cyclopentadienyl)zirconium(IV) chloride 

hydride (432.3 mg, 1.68 mmol) was added and the reaction was stirred 

25 at 50°C for 1 hour. During this time the reaction solution turned of 

orange colour. The reaction was cooled to 23 °C and iodine (284.3 mg, 

1.12 mmol) was added in one portion. Stirring was continued for 30 min 

at room temperature and the reaction was diluted with hexane and 

filtered through Celite®. The filtrated was concentrated to afford a 

30 residue which was purified by flash chromatography eluting with 



10 3H), 0.98 (d, 3H, J= 6.9 Hz), 0.87 (s, 9H), 0.08 (s, 3H), 0.04 (s, 3H). 
13C NMR (CDC13, 75 MHz) 8: 201.7, 141.2, 117.9, 86.6, 74.5, 71.8, 49.4, 
39.7, 26.0, 18.2, 17.6, 16.2, -4.3, -4.4. Synthesis of intermediate 55 To a 
solution of Diethyl(methoxy[methoxycarbonyl]methyl)phosphonate (768.6 mg, 
3.02 mmol) and 18-crown-6 (1.60 g, 6.06 mmol) in 20 anhydrous THF (30 mL) 
stirred under argon atmosphere at -7 8Cg^ 0.5 M Potassium 
bis(trimethylsilyl)amide (KHMDS) solution in toluene (6.1 mL, 3.05 mmol) 
was added dropwise. After 15 min ..aldehyde 54 ,J57£L mg., , 2 ..02, mmol) ija . 
anhydrous liPW ISA 
stirred at i4§Qj. ^^/o^Mld) S&f&le was 25 quenched with a 
saturated aqueous solution of NH4C1, warmed to room temperature and diluted 
with dichloromethane. The organic phase was dried (anhydrous Na2S04) and 

colourless «^1 lipi^c (§,02Hf^iG66©lM2)t:i2f$S}2.474(ni, fiM^e2r®i7i^ 33J), 1H . 
NMR). 99 1H NMR (CDC13, 300 MHz) for (2E. 7E) - 55 6 : 5 .73 (d. 1IL,. J = 9.9 
Hz), 5.33 M') ^ .4(1" ^ 3.59 
(s, 3H) , 2.^^.68 (m, 1H) , 2.73 (bs, 1H) , 2.58-2.44 (m, 2H) , 1.72 (bs, 
3H), 5 0.95 (d, 3H, J= 6.6 Hz), 0.85 (s, 9H), 0.05 (s, 3H), 0.04 (s, 3H). 
Synthesis of intermediate 56 10 To a solution of ester 55 (839.4 mg, 2.29 
mmol) in MeOH X.3 0 .mLl • at ̂  r^(^m ^tejoperature, aqueous HC1 37% (766 1AL, 9.16 
mmol) was aaileff1 cai& Hllie e™ac C. IUII mixture was stirred for 4 hours. Then the 
mixture l^@as neutralized with a saturated aqueous solution of NaHC03 (pH 
7 - 8) and 

To a solution of iodide 47 (140.4 mg, 0.27 mmol) in EtOH (2 mL) 

pyridinium p-toluenesulfonate (PPTS) (24 mg, 0.09 mmol) was added 

15 and the reaction mixture was stirred at room temperature for 25 hours. 

Then the solvent was removed under reduced pressure and the 

resulting oil was purified by column chromatography (hexane/EtOAc 

4:1) affording 90.3 mg (83% yield) of alcohol 48 as colourless oil. 

20 'H NMR (CDCls, 300 MHz) 5: 6.01 (dd, 1H, J = 9.9, 1.5 Hz), 3.78-3.67 

(m, 3H), 2.62-2.55 (m, 1H), 2.39 (s, 3H), 2.00-1.98 (m, 1H), 1.80-1.62 

(m, 2H), 0.96 (d, 3H, J= 6.6 Hz), 0.89 (s, 9H), 0.09 (s, 3H), 0.08 (s, 3H). 

Synthesis of intermediate 49 

25 

TBSO 



15 the organic solvent was evaporated under reduced pressure. The resulting 
suspension was extracted with dichloromethane, dried and evaporated. The 
crude was purified by column chromatography (hexane/EtOAc 10:1 to 1:3) to 
yield 312.7 mg (62% yield) of lactone 56 as a white solid. 20 1H NMR 
(CDC13, 300 MHz) 6: 5.72 (dd, 1H, J= 10.2, 1.8 Hz), 5.60 (dd, 1H, J = 5.1, 
4.2 Hz), 4.20-4.10 (m, 1H), 3.64 (s, 3I&U 2.85-2.2.77 (m, 1H), 2.81 (s, 
1H), 2.41-2.36 (m, 2H), 1.84 ( s, 3H), 1.13 (d, 3H, J = 6.9 Hz) 25 13C NMR 

SYNTHESIS OF2 ^$40^10858 fLdSldt kfter 
synthesis of fragment 62. 31 OTBDPS BAIB / TEMPO CH2C12 57 OTBDPS 

1 hour stirring at 0 °C and 30 min at 23 °C the reaction mixture was 

quenched with a saturated aqueous solution of NaHC03. The organic 

5 layer was decanted, dried over anhydrous Na2SC>4 and concentrated 

under reduced pressure. Purification by column chromatography 

(hexane/EtOAc 20:1 to 2:1) afforded 76.6 mg (86% yield) of aldehyde 49 

as a colourless oil. 

10 m NMR (CDCls, 300 MHz) 8: 9.79 (t, 1H, J= 2.4 Hz), 5.98 (dd, 1H, J = 

9.9, 1.5 Hz), 4.02-3.97 (m, 1H), 2.57-2.51 (m, 3H), 2.38 (s, 3H), 0.97 (d, 

3H, J= 6.6 Hz), 0.87 (s, 9H), 0.08 (s, 3H), 0.04 (s, 3H). 
13C NMR (CDCls, 75 MHz) 8: 201.5, 143.5, 95.1, 71.3, 49.3, 41.9, 28.3, 

26.0,18.2,15.8,-4.2,-4.4. 

15 

Synthesis of intermediate 50 

C02Me 

MeO' 
TBSO 

20 To a solution of Diethyl(methoxy[methoxycarbonyl]methyl)phosphonate 

(73.7 mg, 0.29 mmol) and 18-crown-6 (153.4 mg, 0.58 mmol) in 

anhydrous THF (3 mL) stirred under argon atmosphere at -78 °C, a 0.5 

M Potassium bis(trimethylsilyl)amide (KHMDS) solution in toluene (0.58 

mL, 0.29 mmol) was added dropwise. After 15 min aldehyde 49 (76.6 

25 mg, 0.19 mmol) was added drop wise in anhydrous THF (2 mL) over a 

period of 10 min and stirred at -78°C for 90 min. Then, the reaction was 

quenched with a saturated aqueous solution of NH4CI, warmed to room 

temperature and diluted with dichloromethane. The organic phase was 

dried (anhydrous Na2SC>4) and evaporated under reduced pressure. 

30 Purification by column chromatography (hexane/EtOAc 30:1 to 5:1) 



PPh3CH21,I NaHMDS /THF -78C 5859 OTBDPS tBu 7 HNNH2 620 Scheme 10 5 
Synthesis of intermediate 57 OTBDPS 

95 

afforded 89.0 mg (100% yield) of 50 as a mixture E/Z (regioselectivity > 

2.5:1 determined by :H NMR) as a colourless oil mixture. 

!H NMR (CDCb, 300 MHz) for (2£,7E)-50 5: 6.28 (d, 1H, J = 9.0 Hz), 

5 5.33 (t, 1H, J= 9.0 Hz), 3.84 (s, 3H), 3.61-3.57 (m, 1H), 3.61 (s, 3H), 

2.77-2.70 (m, 1H), 2.64-2.55 (m, 1H), 2.49-2.37 (m, 1H), 2.30 (s, 3H), 

0.96 (d, 3H, J= 6.6 Hz), 0.89 (s, 9H), 0.06 (s, 3H), 0.05 (s, 3H). 

Synthesis of intermediate 51 

To a solution of ester 50 (90.8 mg, 0.19 mmol) in MeOH (3 mL) at room 

15 temperature, aqueous HC1 37% (34 uL) was added and the reaction 

mixture was stirred for 6 hours. Then the mixture was neutralized with 

a saturated aqueous solution of NaHCOs (pH' 7-8) and the organic 
solvent was evaporated under reduced pressure. The resulting 

suspension was extracted with dichloromethane, dried and evaporated. 

20 The crude was purified by column chromatography (hexane/EtOAc 10:1 

to 2:1) to yield 34 mg (50% yield) of lactone 51 as a white solid. 

!H NMR (CDCls, 300 MHz) 5: 5.99 (dd, 1H, J= 9.9, 1.2 Hz), 5.62 (dd, 

1H, J= 5.1, 4.2 Hz), 4.19-4.11 (m, 1H), 3.64 (s, 3H), 2.78-2.70 (m, 1H), 

2.41 ( s, 3H), 2.42-2.37 (m, 2H), 1.11 (d, 3H, J= 6.6 Hz). 

10 

25 
EXAMPLE 9: SYNTHESIS OF FRAGMENT 56 

Scheme 9 provides an example of the synthesis of fragment 56. 



OTBS 10 A flask containing a mixture of 31 (4.73 g, 9.85 mmol), quinoline 
(0.582 mL, 4.92 mmol) and Lindlar catalyst (2.18 g) in ethyl acetate was 
evacuated and flushed with H2. The reaction mixture was stirred at room 
temperature under H2 (1 atm) for 2 h and then filtered through a 15 plug of 
celite. The plug was rinsed with ethyl acetate and the combined filtrates 
were washed with 0.1 % HC1. The organic^.-Layer was dried over 101 anhydrous 
Na2S04, filtered and concentrated to arrord intermediate 57 (4.27 g, yield: 
90%) as a colourless oil that was used without further purification. 1H NMR 
(CDC13, 300-^^) 8j 7J. 7^7.67 (1"MSC^ , 7.-^^7.3,6 (jn, J[H) , 5 . (m, 1H) , 
5.36-5.27 (m, lWl^l9^^.(M) (mr^TT 3 . 71 - 3 >^^^^^^1^.2 . l^Q^d, 2H, J = 
6.9, 6.3 Hz), 1.73-OTB® (m, 2H), 1.41 (dd, 3H, JOiBS . 6, 1.2 Hz), 1.05 (s, 
9H) , 0.84 (s, 9H) , -JJ.02 (s, 6H) . 13C NMR (CDC13, ̂ 5 MHz) 8:136.2, 134.8, 
129.8, 127.8, 126.4, 125.8, 70.9, 60.4, 39.6, 34.8, 27.3, 26.2, 19.7, 18.5, 
13.1, -5.1. 10 Synthesis of intermediate 58 OTBDPS OH OiP(0Et)2 

HCX . DMP O^^ MeOACQ2Me 

OTBS ^ DCM 0TBS KHMDS, THF 
18-Crown-6 

53 54 

5 
Synthesis of intermediate 52 

OTBS 

10 A solution of 1.8 M of Lithium diisopropylamide in 

heptane/THF/ethylbenzene (8.96 mL, 16.13 mmol) was diluted in 88 

mL of anhydrous THF. After cooling down to -78°C, 

trimethylsilyldiazomethane (8.06 mL, 2M in THF, 16.13 mmol) was 

added and the resulting mixture was stirred for 30 min. A solution of 4 

15 (4.377 g, 10.75 mmol) in anhydrous THF (35 mL) was added and 

stirring was maintained for lh at -78 °C and for 2h at 23 °C. The 

reaction mixture was added to ice-cooled water, and extracted with 

Et20. The combined organic layers were dried (anhydrous Na2S04) and 

the solvent was removed. The residue was purified by flash 

20 chromatography to afford 2.38 g (55% yield) of 52 as yellow oil. 



15 PPTS (837.7 mg, 3.33 mmol) was added in one portion to a solution of 57 
(4 g, 8.33 mmol) in ethanol (80 mL). The reaction mixture was stirred at 
room temperature for 7 h and then was concentrated. The residue was diluted 
in DCM and washed with a saturated solution of NaHC03. The organic layer 
was extracted, dried over anhydrous 20 Na2S04, filtered and concentrated. 
Flash chromatography (Hex/EtOAc, '95:1) rfhave the silyl ether 58 (2.12 g, 
yield: 69%) as a colourless oil. 1H NMR (CDC13, 300 MHz) 8: 7.73-7.69 (m, 
4H) , 7.44-7.36 (m, 6H) , 5.44-5.38 (m, 1H) , 5.21-5.17 (m, 1H) , 4.01-3.94 (m, 
1H), 3.84-3.76 (m, 1H), 3.69-3.64 (m, 1H), 2.32-2.14 (m, 2H), 1.89-1.78 (m, 
1H) , 1.70-1 (tUDC^bOQ^Mlfe) Jffl6j9= 93)HZ£ 3Q73-&63pi, -3£)3C NMR 
(CDC13, 75 MHz) 8: 136.2, 134.1, 130.0, 127.8, 126.3, 125.9, 72.3, 60.1, 
3 7.7, 34 . 3 , 2274 1LI§), g;.5§-j2.§0 (g^ntHfe&li§Od(g> iHieM^hl^^(iBe2Hi,o§-^T^)PS BAIB 

'-^DCM1 5L T reaction5^ 
mixture fas i:fe(t^iiMSd(Ca3tClgp®i5 M£fH^f§r£&i3:e£!, El)Gr.3J.®-71®, M3iJZit!Z2-8tl&©.Q^128l6jl was 
no longer detectable (TLC). and then it was queixihed with a saturated 
aqueous sol5§iQnrrr£'Klrafel, c&id:°e^ra'ctea "witTl' DOTI." The combined organic 
phases were dried over anhydrous Na2S04, filtered and concentrated. The 
residue was purified by flash chromatography 10 (Hexane/DCM 5:1 to 1:2) to 
give 59 (i Svathefiis jaf mtermed£atea53 a colourless oil. 1H NMR (CDC13, 300 MHz) 
6: 9.72 (t, 1H, J= 2.7 Hz), 7.74-7.67 (m, 4H), 7.48-7.37 (m, 6H), 5.56-5.45 
(m, 1H), 5.32-5.23 (m, 1H), 4.29-4.20 (m, 1H), 2.51-2.48 (m, 2H), 2.31-2.27 
(m, 2H) , 1.43 (dd, 3H, J = 6.9, 1.5 15 Hfe),|l.06 (s, 9H) . 13C NMR (CDC13, 
75 MHz) 8: 202.3, 136.1, 134.0, 7 . 4 , 

10 OTBS 

To a solution of 52 (2.05 g, 5.17 mmol) in EtOH (50 mL) pyridinium p-

toluenesulfonate (PPTS) (511.7 mg, 2.04 mmol) was added and the 

reaction mixture was stirred at room temperature for 25 hours. Then 

15 the solvent was removed under reduced pressure and the resulting oil 

was purified by column chromatography (hexane/EtOAc 4:1) affording 

1.055 g (72% yield) of alcohol 53 as colourless oil. 

iH NMR (CDCls, 300 MHz) 8: 5.76 (d, 1H, J= 9.9 Hz), 3.73-3.63 (m, 3H), 

20 2.79 (s, 1H), 2.64-2.59 (m, 1H), 2.24 (bs, 1H), 1.80 (s, 3H), 1.70-1.60 

(m, 2H), 0.95 (d, 3H, J= 6.9 Hz), 0.88 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H). 

Synthesis of intermediate 54 

25 

OTBS 

To a 0°C solution of alcohol 53 (140 mg, 0.48 mmol) in anhydrous DCM 

(5 mL), Dess-Martin periodinane (308.5 mg, 0.73 mmol) was added. 



125.1, 69.4, 50.1, 35.1, 27.2, 19.5, 13.1. Synthesis of intermediate 60 20 
OTBDPS To a suspension of iodomethyltriphenylphosphorane (3.32 g, 6.38 
mmol) in anhydrous THF (60 mL) at room temperature 6.83 mL of a 1M 25 
solution of NaHMDS (6.38 mmol) in THF was slowly added. After stirring for 
2 min, the yellow mixture was cooled to -78 C and a solution of 59 (1.67 g, 
4.56 mmol) in anhydrous THF (40 mL) wa^gthen added. The reaction mixture 
was stirred at -78 C for 90 min, then at room temperature for 5 min, 
diluted with hexane and filtered through a. 103,„ plug celite/SiQ2. The plug 
was rinsed ^5Mffes/iTf»a1(Po^M ̂  WHfeg, 
yield: 89%) ca tion. 
1H NMR (CDC13, 300 MHz) 6; 7.70-7.66 (m, 4H) ., 7.45-7.34(m, 6H) , 5 6.21-6.31 
(m, 2H) , 5 . QSgsSlid3 ^.ee§nfed27 l^er 3a.r^-c^w§ flffyjSQB) ,aQd3Q-2 .27 

(73% yield) of aldehyde 54 as a colourless oil. 

m NMR (CDCls, 300 MHz) 8: 9.79 (t, 1H, J = 2.4 Hz), 5.72 (d, 1H, J = 

10.2 Hz), 4.02-3.96 (m, 1H), 2.77 (s, 1H), 2.64-2.53 (m, 3H), 1.80 (s, 

10 3H), 0.98 (d, 3H, J= 6.9 Hz), 0.87 (s, 9H), 0.08 (s, 3H), 0.04 (s, 3H). 
13C NMR (CDCls, 75 MHz) 8: 201.7, 141.2, 117.9, 86.6, 74.5, 71.8, 49.4, 

39.7, 26.0, 18.2, 17.6, 16.2, -4.3, -4.4. 

Synthesis of intermediate 55 

To a solution of Diethyl(methoxy[methoxycarbonyl]methyl)phosphonate 

(768.6 mg, 3.02 mmol) and 18-crown-6 (1.60 g, 6.06 mmol) in 

20 anhydrous THF (30 mL) stirred under argon atmosphere at -78°C, a 0.5 

M Potassium bis (trimethylsilyl) amide (KHMDS) solution in toluene (6.1 

mL, 3.05 mmol) was added dropwise. After 15 min aldehyde 54 (578 

mg, 2.02 mmol) in anhydrous THF (20 mL) was added dropwise over a 

period of 10 min and stirred at -78°C for 90 min. Then, the reaction was 

25 quenched with a saturated aqueous solution of NH4CI, warmed to room 

temperature and diluted with dichloromethane. The organic phase was 

dried (anhydrous Na2SC>4) and evaporated under reduced pressure. 

Purification by column chromatography (hexane/EtOAc 30:1 to 5:1) 

afforded 839.4 mg (>100% yield) of 55 as a colourless oil mixture E/Z 

30 (regioselectivity >4:1 determined by *H NMR). 

15 

OTBS 



Synthesis of intermediate 61 OTBDPS BocHNiN 0 15 A resealable Schlenk tube 
was charged with copper (I) iodide (232.4 mg, 1.22 mmol), potassium 
carbonate (1.688 g, 12.23 mmol) and Boc-tertLeuC0NH2 (2.474 g, 6.12 mmol), 
evacuated and filled with argon. N,NDimethylethylenediamine (0.26 mL, 2.45 
mmol), vinyl iodide 60 (2 g, 4.08 mmol) and anhydrous DMF (35 mL) were 
added under argon. The 20 Schlenk tubers sealed, heated at 90C for 18h. 
and cooled to room temperature. The resultant mixture was diluted with 
EtOAc and quenched with water. The organic layer was washed with water and 
dried over anhydrous Na2S04. The solvent was removed under reduced pressure 
and the resi^^SQg^f I&Hzf <80H,5 1 
(Hexane/ EtOAc, 20:1 to 15:1) . Intermediate 61 (1.06 g, yield: 44 /0) was 
obtained as5a^ <(dd,.lHH^#-§c£xaJl£),33$Q/lfe)3I£), 376^t)^576('^i)(^H),4%^9 (£,43z7.35 

5m56-5! «7 .77 (ra, 
1H) , 2.2§-2oP305 (&},3l4H^r= &.64Hz)(c&83Ifs, gH),®..05^g,)3Hp,.GUM^s„3H£) , 1.06 (s, 
9H), 0.96 (s, 9H). Synthesis of intermediate 62 5 OTBDPS A solution of 
amino protected derivative 61 (847 mg, 1.43 mmol) in ethylenglycol (50 mL) 
was heated §QfThe reaction 

10 

To a solution of ester 55 (839.4 mg, 2.29 mmol) in MeOH (30 mL) at 

room temperature, aqueous HC1 37% (766 |J.L, 9.16 mmol) was added 

and the reaction mixture was stirred for 4 hours. Then the mixture was 

neutralized with a saturated aqueous solution of NaHC03 (pH 7-8) and 

15 the organic solvent was evaporated under reduced pressure. The 

resulting suspension was extracted with dichloromethane, dried and 

evaporated. The crude was purified by column chromatography 

(hexane/EtOAc 10:1 to 1:3) to yield 312.7 mg (62% yield) of lactone 56 

as a white solid. 

20 

m NMR (CDCls, 300 MHz) 8: 5.72 (dd, 1H, J= 10.2, 1.8 Hz), 5.60 (dd, 

1H, J= 5.1, 4.2 Hz), 4.20-4.10 (m, 1H), 3.64 (s, 3H), 2.85-2.2.77 (m, 

1H), 2.81 (s, 1H), 2.41-2.36 (m, 2H), 1.84 ( s, 3H), 1.13 (d, 3H, J= 6.9 

Hz). 

25 13C NMR (CDCls, 125 MHz) 5: 161.3, 145.1, 138.6, 118.9, 108.0, 85.9, 

81.3, 74.8, 55.4, 37.2, 26.2, 17.5, 16.2. 

MS (ES) [m/z]= 243.2 [M+Na]+. 

30 
EXAMPLE 10: SYNTHESIS OF FRAGMENT 62 



10 mixture was then cooled at room temperature, diluted with DCM, quenched 
with brine and poured into water. A few drops of 3M NaOH were added until 
the solution reached pH 14 and then was extracted thoroughly with DCM. The 
combined organic phases were dried over anhydrous Na2S04, filtrated and 
concentrated in vacuo to afford the 15 primary amine 62 (435 mg, 62%) as.a 
white foam after purification by flash-.g^romatography (Hexane/EtOAc 10:1 to 
1:2). 1H NMR (CDC13, 300 MHz) 6: 8.50 (d, 1H, J = 10.8 Hz), 7.70-7.66 
4H), 7.45-7 
5.36-5.28 ( 

(m, 
5.40 (m, 1H) , 
' (m, 20 1H), 

3.08 (s, 1H) , 2.22-2.14 (m, 4H) , 1.43 (d, 3H, J= 6.9 Hz), 1.05 (s, 9H) , 
0.97 (s, 9H). 13C NMR (CDC13, 75 MHz) 8: 171.0, 136.1, 134.5, 129.8, 127.8, 
126.3, 126.2, 1 22.1 OT%g^s6, 72 6 64 4, 34.0, 39T%D,PSB 2 .8, 27.2, 26.9, 19.6, 
13.2. 25 EXAMPB^ll'£ SYNTHESIS ^ft-'WAGMENT piPcg^des an example 
of the synthesis of fi(agr®J]§§ 63QUin.,:kft&c Scheme 11 SynthesacSH of 
intermediate 63 OTBDPS 

31 57 

58 

OTBDPS 

60 

BAIB I TEMPO 

CH2CI2 

BocHN NH2 

Cul / K2C03 
NN-DMEDA 
DMF / 90°C 

OTBDPS 

59 

OTBDPS 

PPh3CH2l,l 

NaHMDS /THF 
-78°C 

61 

iBu 

Y'^NHBOC 
O 

200 °C 

OTBDPS 

HN, 

tBu 

Y^NH2 
62 O 

Scheme 10 

Synthesis of intermediate 57 

OTBDPS 

10 

A flask containing a mixture of 31 (4.73 g, 9.85 mmol), quinoline (0.582 

mL, 4.92 mmol) and Lindlar catalyst (2.18 g) in ethyl acetate was 

evacuated and flushed with H2. The reaction mixture was stirred at 

room temperature under H2 (1 atm) for 2 h and then filtered through a 

15 plug of celite. The plug was rinsed with ethyl acetate and the combined 

filtrates were washed with 0.1 % HC1. The organic layer was dried over 



To a solution of amine 62 (575 mg, 1:.17 mmol) in anhydrous DCM/DMF (4:1, 
12.5 mL), a solution of (Z)-3-tributylstannylpropenoic 10 acid (505.6 mg, 
1.4 mmol) in anhydrous DCM was added, under argon atmosphere, and then was 
cooled at OC. DIPEA (0.243 mL," 1.76mol), 7- hydroxybenzotriazole (HOBt) 
(18 9.2 mg, 1.4 mmol), and HATU (532.28 mg, 1.4 mmol) were added to the 
solution and after 3 0 min the cold bath was removed. The reaction mixture 
was stirred at room 15 temperature for zn, quenched with a saturated 
aqueous solution of NE14C1, poured into water and extracted with DCM. The 
combined c^^nd 
concentrate!^ further 
(Hexane/EtOAc 2Cr:lJto 15:1; to give amide 63 (780.4 mg; yield: 77%) as 20 a 
white f oam. pHiHfiISMSoi4CDC13, 300 MHz) 6: 7.70-7.68 (m, 4H) , 7.43-7.36 (m, 

If. 3 Hz?? 34= (m, 
1H), 5. 51^.5.^7^^ ̂s.^rgyl^SiHy,^.^3,5^(^12^, 21K J= 9.6 
25 Hz), 3.89-3.82 (m, 1H), 2.26-2.02 (m, 4H), 1.50-1.42 (m, 6H), 1.43 (d, 
106 3H, J= 3fi,) / lgft} |d$,§£I, £= 1.2 

j3?;3, 
34.0, 32 . 7, 1?C rniR,(C27ClS, 7S7]V0iz)2Sc 136.21,9134.8; 41J29,.8;12J,8^.126.4,EKILSI^E 12 
scheme 12 the 10 inTCntion-

10 
Synthesis of intermediate 58 

15 PPTS (837.7 mg, 3.33 mmol) was added in one portion to a solution of 

57 (4 g, 8.33 mmol) in ethanol (80 mL). The reaction mixture was 

stirred at room temperature for 7 h and then was concentrated. The 

residue was diluted in DCM and washed with a saturated solution of 

NaHCOs. The organic layer was extracted, dried over anhydrous 

20 Na2SC>4, filtered and concentrated. Flash chromatography (Hex/EtOAc, 

95:1) gave the silyl ether 58 (2.12 g, yield: 69%) as a colourless oil. 

iH NMR (CDCls, 300 MHz) 5: 7.73-7.69 (m, 4H), 7.44-7.36 (m, 6H), 

5.44-5.38 (m, 1H), 5.21-5.17 (m, 1H), 4.01-3.94 (m, 1H), 3.84-3.76 (m, 

1H), 3.69-3.64 (m, 1H), 2.32-2.14 (m, 2H), 1.89-1.78 (m, 1H), 1.70-1.60 

25 (m, 1H), 1.37 (d, 3H, J= 6.9 Hz), 1.07 (s, 9H). 
13C NMR (CDCls, 75 MHz) 8: 136.2, 134.1, 130.0, 127.8, 126.3, 125.9, 

72.3, 60.1, 37.7, 34.3, 27.2, 19.5, 13.0. 

Synthesis of intermediate 59 



OTBS 66a R=IBu 066b R=iPr- 107 Synthesis of intermediate 64a 5 (Z) 
To a solution of iodo compound 9 (11 mg, 0.033 mmol) in DMF/Et3N (0.25 ml 
and 0.05 ml) under N2 at -20C, Pd(Ph3P)2C12 (2.3 mg, 0.0033 mmol) and Cul 
(1.9 mg, 0.01 mmol) were added. Then, compound 22a 10 (15 mg, 0.03 mmol in 
0.1 ml DMF) was added and the reaction mixture was stirred at -20 C to room 
temperature for 3 hours. The crude was-^^enched with H2 0 and extracted with 
ethyl acetate. The organic phase was dried (anhydrous Na2S04) and 
evaporated under reduced pressure. Purification by column chromatography 
(Ethyl acetate/hexanes 15 mixture) to afforded pure compound 64a (10 mg, 
yield: 46%). 1H NMR (CDC13, 300 MHZ^S^S^^Q (d, 1H, J = 10.5 Hz), 6.70 (t, 

•1H, J = 10.2 Hz), 6.50 (d, 1H J = t.3 Hz), 6.38 (d, 1H, J= 12.3 Hz), 5.60 
(m, 3H), 5.45 (d, 1H, J= 12.0 Hz), 4.87 (q, 1H, J= 8.1 Hz), 4.37 (d, 1H,. J= 
9.3 Hz), 4.21 (m, 1H), 3.77 (m, 1H), 3.64 (s, 3H), 2.87 (m, 1H), 2.40 (m, 
20 2H) , 2 . 2|$AfB/(lg, m(i¥iDl)3#&s t6aa sdttitioriLof-ilcfrfeol 258, (2J05 gj. 6 Hz) , 
1.02 (s, 9H), 0.89 (s, 9H), 0.07 (s, 3H) , 0.05 (s, 3H). Synthesis pf 
intermediate?-^®11110!) an<^ TEMPO (86.87 mg, 0.56 mmol) in 25 mL of DCM. The 

5 reaction mixture was stirred at room temperature for 16-18 h until the 

alcohol was no longer detectable (TLC), and then it was quenched with a 

saturated aqueous solution of NH4CI, and extracted with DCM. The 

combined organic phases were dried over anhydrous Na2S04, filtered 

and concentrated. The residue was purified by flash chromatography 

10 (Hexane/DCM 5:1 to 1:2) to give 59 (1.733 mg, yield: 79%) as a 

colourless oil. 
]H NMR (CDCls, 300 MHz) 8: 9.72 (t, 1H, J= 2.7 Hz), 7.74-7.67 (m, 4H), 

7.48-7.37 (m, 6H), 5.56-5.45 (m, 1H), 5.32-5.23 (m, 1H), 4.29-4.20 (m, 

1H), 2.51-2.48 (m, 2H), 2.31-2.27 (m, 2H), 1.43 (dd, 3H, J= 6.9, 1.5 

15 Hz), 1.06 (s, 9H). 
13C NMR (CDCls, 75 MHz) 8: 202.3, 136.1,. 134.0, 130.1, 127.9, 127.4, 

125.1, 69.4, 50.1, 35.1, 27.2, 19.5, 13.1. 

Synthesis of intermediate 60 

20 
OTBDPS 

To a suspension of iodomethyltriphenylphosphorane (3.32 g, 6.38 

mmol) in anhydrous THF (60 mL) at room temperature 6.83 mL of a 1M 

25 solution of NaHMDS (6.38 mmol) in THF was slowly added. After 

stirring for 2 min, the yellow mixture was cooled to -78 °C and a 

solution of 59 (1.67 g, 4.56 mmol) in anhydrous THF (40 mL) was then 

added. The reaction mixture was stirred at -78 °C for 90 min, then at 

room temperature for 5 min, diluted with hexane and filtered through a 



OMe To a solution of 9 (40 mg, 0.113 mmol) in DMF/Et3N (1 ml and 0.19 ml) 
at -20C, Pd(Ph3P)2C12 (7.9 mg, 0.113 mmol) and Cul (6.5 mg, 0.034 5 mmol) 
were added. Then, 22b (50 mg, 0.113 mmol in 0.4 ml DMF) was added and the 
reaction was stirred at -20 C to room temperature for 3 hours. The crude 
mixture was quenched with H2 0 and extracted with Ethyl acetate. The organic 
phase was dried (anhydrous Na2S04) and-.evaporated under reduced pressure. 
Purification by column 10 chromatography (Ethyl acetate/hexanes mixture) to 
afforded pure 64h (40 mg. yield: 54%).. 1H NMR (CDC13,,300 MHzl 8:^7,77 (d, 
1H, J= (m, 
3H) , 5.4 6 (igj a^rd ' (21 g8 ̂ ietS> 89%) & ckkHMess^ofllthfefJcWasiH, j= 
8.4; 6.6 Hz), 4.25-4.16 15 (m, 1H), 3.84-3.76 (m, 1H), 3.65 (s, 3H), 
2.92-2.81 (M?edm^h®il4Mh§r9p^gific§ti9n. 2 .22-2 .12 (m, 5H) , 2.10 (s, 3H) , 2.03 

9H) , T.OOM^sWWaSt'3l^d€Ho99 OMe 
To a solTgti©E249-51^3 Jni\olM),iSi.3Sa&#Jt^n^ lHjF3m-S.m)(m^nder N2 
and at room temperature. TBAF 1M in THF (0.Q44 mL. 0.044 5^mmnl) was added. 
The reactioii^a-l-^t?3^^^na2^'o8n?'%§n^)fettStuf:S' io*i? TOur s cLnd quenched 
with a satu^ttg^ aqueous solution of NH4C1 and extracted with EtOAc. The 
combined organic phases were dried over anhydrous Na2S04, filtered and 
concent rat ed3.C fli3;&2]Q^ 3^i^,sii34i3i3 126.4, 

(5 mg; yield: 42 %) . 

10 

Synthesis of intermediate 61 

OTBDPS 

15 A resealable Schlenk tube was charged with copper (I) iodide (232.4 mg, 

1.22 mmol), potassium carbonate (1.688 g, 12.23 mmol) and Boc-tert-

LeuCONFh (2.474 g, 6.12 mmol), evacuated and filled with argon. N,N-

Dimethylethylenediamine (0.26 mL, 2.45 mmol), vinyl iodide 60 (2 g, 

4.08 mmol) and anhydrous DMF (35 mL) were added under argon. The 

20 Schlenk tube was sealed, heated at 90°C for 18h and cooled to room 

temperature. The resultant mixture was diluted with EtOAc and 

quenched with water. The organic layer was washed with water and 

dried over anhydrous Na2S04. The solvent was removed under reduced 

pressure and the residue was purified by flash chromatography on 

25 silica gel (Hexane/ EtOAc, 20:1 to 15:1). Intermediate 61 (1.06 g, yield: 

44 %) was obtained as an oil. 
iH NMR (CDC13, 300 MHz) 8: 7.70-7.67 (m, 4H), 7.43-7.35 (m, 6H), 7.13 

(d, 1H, J= 10.5 Hz), 6.67 (dd, 1H, J= 10.2, 9.6 Hz), 5.56-5.45 (m, 1H), 



1H NMR (CDC13, 300 MHz) 8: 8.78 (d, 1H, J= 9.6 Hz), 6.77 (t, 1H, J= 9.0 
Hz), 6.57 (d, 1H J= 9.0 Hz)., 6.38 (d, 1H, J= 12.3 Hz), 5.60 (m, 3H) , 5.45 
(d, 1H, J= 12.0 Hz), 4.90 (q, 1H, J= 8.7 Hz), 4.29 (d, 1H, J= 9.6 Hz), 4.23 
(m, 1H), 3.80 (m, 1H), 3.65 (s,-3H), 2.86 (m, 1H), 2.66 (bs, 1H), 15 2.40 
(m, 2H), 2.21 (m, 4H), 2.07 (s, 3H), 2.04 (s, 3H), 1.15 (d, 3H, J = 6.6 
Hz)', 1.02 (s, 9H) . Synthesis of compound^65b OMe To a solution of 64h (40 
mg, 0.06 mmol) in anhydrous THF (0.9 ml) under N2 and at room temperature, 

Ifroom 
with CH2C124j^h£4qrpa]3H: H^sidfgL^9t^nli^0r<^i990^aDS^S](s>sg^).evaporated 
under reduced pressure. Purification by•column, chromatography (Ethyl 
acetate/hexanes 'mixture) afforded pure 65b (15 mg, yield: 45%). 10 ,1-1 
NMR (®C13,S30Q MHzljl- 8 1H, J= 10.2 Hz), 6.77 (t, 1H, J = 9.3 
Hz), 6.60 (JT Iffi, !r= TiO If, 6 3 8 (d, 1H, J= 12.6 Hz), 5.64-5.60 (m, 3H) , 
5.45 (d, 51H, J = 12.0 Hz), 4.88 (q, 1H, J= 8.4 Hz), 4.34 (dd, 1H, J= 8.7; 
7.2 Hz), 4.27-4.20 (m, 1H), 3.82-3.74 (m, DTPPPS.65 (s, 3H), 2.92- 2.82 (m, 
1H) , 2.45-2.38 (m, 2H) , 2 .11-2 . 04\lp>, 5H) 57 -1 . 45 (m, 6H) , 15 1.28-1.23 
(m, 3H) , 1.15 (d, 6H, J= 6.6 Hz) . IfyntthesjLs cbf compound 66a 111 OMe To a 
solution of 65a (3.5 mg, 0.0062Hrpj?ioS^'Sfc^^anhy^E!<5us DCM (0.45 mL) at room 
temperature, trichloroacetyl isocyan^te (TCAI) (1 pi, 0.0075 5 mmol) was 
added. The reaction was stirred at room temperature for 3 0 min and then 
neutral aluminium oxide was added (100 mg). The mixture was stirred for 30 
min and then was .soaked into a pad of, aluminium oxide. The. £>roduG>t. was 
washed out Me^t^HismM£<£ated in 
vacuo to giisii^kgglyeefldfSO mL) was heated at 200 °C for 10-20 min. The reaction 

10 mixture was then cooled at room temperature, diluted with DCM, 

quenched with brine and poured into water. A few drops of 3M NaOH 

were added until the solution reached pH 14 and then was extracted 

thoroughly with DCM. The combined organic phases were dried over 

anhydrous Na2S04, filtrated and concentrated in vacuo to afford the 

15 primaiy amine 62 (435 mg, 62%) as a white foam after purification by 

flash chromatography (Hexane/EtOAc 10:1 to 1:2). 

!H NMR (CDCb, 300 MHz) 8: 8.50 (d, 1H, J= 10.8 Hz), 7.70-7.66 (m, 

4H), 7.45-7.33 (m, 6H), 6.67 (dd, 1H, J = 11.1, 9.3 Hz), 5.48-5.40 (m, 

1H), 5.36-5.28 (m, 1H), 4.79 (dd, 1H, J= 16.2, 7.5 Hz), 3.87-3.79 (m, 

20 1H), 3.08 (s, 1H), 2.22-2.14 (m, 4H), 1.43 (d, 3H, J= 6.9 Hz), 1.05 (s, 

9H), 0.97 (s, 9H). 

i3C NMR (CDCls, 75 MHz) 8: 171.0, 136.1, 134.5, 129.8, 127.8, 126.3, 

126.2, 122.1, 107.6, 72.6, 64.4, 34.0, 34.4, 32.8, 27.2, 26.9, 19.6, 13.2. 

25 EXAMPLE 11: SYNTHESIS OF FRAGMENT 63 

Scheme 11 provides an example of the synthesis of fragment 63. 



10 product which was purified by column chromatography (Hexane/EtOAc 2:1 to 
1:2) affording compound 66a (2.5 mg, yield: 70%). NMR (CDC13, 500 MHz) 
6: 8.72 (d/ 1H, J= 10.5 Hz), 6.84 (t, 1H, J= 9.0 Hz), 6.66 (d,•1H J = 10.0 
Hz), 6.38 (d, 1H, J = 12.0 Hz), 5.60 (m, 3H), 5.46 (d, 1H, J = 12.0 Hz), 
4.82 (q, 1H, J = 8.0 Hz), 4.42 (m, 2H), 15 4.22 (m, 1H), 3.65 (s, 3H), 2.88 
(m, 1H), 2.44-2.32 (m, 6H), 2.10 (s, 3H1 2.06 (s, 3H), 1.15 (d, 3H, J= 7.0 
Hz), 1.05 (s, 9H). MS (ES) (m/z) 604.2 "M+1], 626.2 (M+Na+). Synthesis of 
compound 66b 112 OMe To a solution of 65b (32 mg, 0.06 mmol) in^£H2C12 
(4.2 ml) at r.t, trichiS&Blfeetyl isocyanate (TCAI) (8.5 Al, 0.S72 mmol) was 
added. The readfe-ion wpsxstirred agu ^B^-jt^mpeg^gftreofc^y^Q, mirfapd then 
neutral 5 Alumjma j^asj adijted, (450 -mg4—while stirri^^jJ^oJLapiq^Jiona^SO min. 
The reactioifr^MixJfxirSwas filtered OAf^trijalumina using mixture of CH2C12 
/MeOH 1:1 and af©er evaporation o^C^h©IR|E^ltrated at reduced pressure the 
product was purifiedg£>y column chrSfiMt^raphy (Hexane/E^.ct mixtures) to 
afford pure 66b (12 mg, yield: 35%). 10 1H NMR (CDC13, 300 MHz) 6: 8.90 (d, 
1H, J= 10.8 Hz), 6.84 (t, 1H, J= 9.0 Hz), 6.74 (d, 1H, J= 8.7 Hz), 6.38 (d, 
1H, J= 12.0 Hz), 5.64-5.58 (m, 3H) , ^hfe$ne(4l 1H/ J= 12..0 Hz), 5.38 (br s, 
2H), 4.86-4.78 (m, 1H), 4.44- 4.39 (m, 2H), 4.27-4.19 (m, 1H), 3.65 (s, 
3H), 2.96-2.84 (m, 1H), 2.51- 2.39 (m, 2H), 2.37-2.30 (m, 5H), 2.18-2.04 
(m 6H) - 1-00-0.96 <m, 6H) . EXAMPLE 13 
Scheme 13 provTTfes—rri^^37rrrTTHHX5—of several compounds of the 20 invention. 
OTBS 5 

OTBDPS 

To a solution of amine 62 (575 mg, 1.17 mmol) in anhydrous 

DCM/DMF (4:1, 12.5 mL), a solution of (Z)-3-tributylstannylpropenoic 

10 acid (505.6 mg, 1.4 mmol) in anhydrous DCM was added, under argon 

atmosphere, and then was cooled at 0°C. DIPEA (0.243 mL, 1.76mol), 7-

hydroxybenzotriazole (HOBt) (189.2 mg, 1.4 mmol), and HATU (532.28 

mg, 1.4 mmol) were added to the solution and after 30 min the cold 

bath was removed. The reaction mixture was stirred at room 

15 temperature for 2h, quenched with a saturated aqueous solution of 

NH4CI, poured into water and extracted with DCM. The combined 

organic phases were dried over anhydrous Na2SC>4, filtered and 

concentrated. The residue was purified by flash chromatography 

(Hexane/EtOAc 20:1 to 15:1) to give amide 63 (780.4 mg; yield: 77%) as 

20 a white foam. 

m NMR (CDCls, 300 MHz) 8: 7.70-7.68 (m, 4H), 7.43-7.36 (m, 6H), 7.02 

(d, 1H, J= 12.3 Hz), 7.00 (d, 1H, J= 10.8 Hz), 6.75 (d, 1H, J= 12.3 Hz), 

6.66 (t, 1H, J = 9.3 Hz), 6.26 (d, 1H, J = 9.6 Hz), 5.57-5.34 (m, 1H), 

5.38-5.28 (m, 1H), 4.83 (dd, 1H, J= 16.5, 7.8 Hz), 4.31 (d, 1H, J= 9.6 

25 Hz), 3.89-3.82 (m, 1H), 2.26-2.02 (m, 4H), 1.50-1.42 (m, 6H), 1.43 (d, 



2721a CI 68 CI 69 Scheme 13 5 Synthesis of compound 67 CI To a 
solution of alkenylstannane 21a (50 mg, 0.07 mmol) and iodide 27 10 (24.8 
mg, 0.08 mmol) in 1-methyl-2-pyrrolidinone (NMP) (1 mL) at 0C, 

106 

3H, J= 6.9 Hz), 1.33-1.20 (m, 6H), 1.06 (s, 9H), 0.96 (s, 9H), 0.95-0.83 

(m, 15H). 
13C-RMN (CDCls, 75 MHz) 8: 168.0, 166.2, 153.8, 136.3, 136.1, 134.3, 

130.0, 127.8, 126.7, 126.0, 121.6, 109.0, 72.6, 60.7, 35.7, 34.0, 32.7, 

5 29.5, 27.7, 27.2, 26.7, 19.5, 14.0, 13.2, 11,8. 

EXAMPLE 12 

Scheme 12 provides the synthesis of several compounds of the 

10 invention. 
OTBS 

Cul 
DMF / Et3N 

9 22a R='Bu 
22b R='Pr 

TBAF/THF CI TCAI / DCM 

64a R='Bu 
'0 64b R='Pr 

65a R=tBu 
0 65b R= 'Pr 

OMe OMe 

O R 

O x 
O NHZ 

CI 

66a R=1Bu 
'O 66b R= 'Pr 

OMe 

Scheme 12 



114 Copper thiophenecarboxylate (CuTC) (19.2 mg, 0.1 mmol) was added. The 
reaction was stirred at OC for 45 min and 20 min at room temperature. Then, 
the crude mixture was filtered through a plug of neutral alumina, washed 
with EtOAc/Ether 50:50 and the combined 5 filtrates were washed with HC1 
0.5N (3x5 mL). The organic solution was dried and evaporated to give the 
crude product which was purified by column chromatography (Hexane/EtOAc 
10:1 to 6:1) to give triene 67 (19 mg, yield: 44 %) as an oil. 1H NMR 
(CDC13, 300 MHz) 8: 7.73 (d, 1H, J= 10.5 Hz), 7.41 (dd, 1H, J= 10 11.7, 
11.1 Hz), 6.77-6.68 (m, 2H), 6.37 (d, 1H, J= 9.3 Hz), 5.74 (d, 1H, J= 11.4 
Hz), 5.61-5.52 (m, 3H), 4.87-4.79 (m, 1H), 4.37 (d, 1H, J= 9.3 Hz), 
4.21-4.14 (Synthesis izrst€Emedi(aite 64a) . 3.64 (s, 3H) , 3.09-2.99 (m, 1H) , 
2.39-2.35 (m, 2H), 2.20-2.10 (m, 4H), 2.01 (s, 3H), 1.16 (d, 3H, J= 6.6 
Hz), 1.03 (s, 9H), 0.88 (s, 9H), 0.07 (s, 3H), 0.05 (s, 3H). 15 20 To a 
solution of 67 (18 mg, 0.03 mmol) iQ ̂ LtLydroi®$B5'HF (0.42 mL) under N2 and 
at room temperature, TBAF 1M in THFjl^oJ[o5 (jnLjQD . 05 mmol) was added. The 
reaction was stirred at room tem^^at^iifepfor^lfe hours and then quenched 
with a saturated aqueous solutijtfn of NH^^^nd ̂Extracted with EtOAc. The 
combined organic phases were 25 over '^nhyorous Na2S04, filtered, and 
concentrated. The residue was pjgujified by flash chromatography 
(Hexane/EtOAc 3:1 to 1:2) to give\aivcohol 68 (16 mg, yield: 80 %) as an 
oil. 115 1H NMR (CDC13, 300 MHZ)M§S) 8.90 (d, 1H, J= 10.5 Hz), 7.42 (dd, 
1H, J= 11.7, 11.1 Hz), 6 .78-6 .69 rfm,0 2H) , 6.59 (d, 1H, J= 9.3 Hz), 5.75 (d, 
1H, J= 11.4 Hz), 5.64-5.53 (m, 3H^/^ 88-4.80 (m, 1H) , 4.37 (d, 1H, J= 9.3 
Hz), 4.22-4.15 (m, 1H) , 3 .77-3 .69rETm, 1H) , 3.64 (s, 3H) , 3.11-3.01 (m, 5 
1H), 2.3^-2.35 (m, 2H), 2.24-2.14 9M® 4H), 2.03 (s, 3H), 1.16 (d, 3H, J= 
6.6 Hz), 1.03 (s, 9H). Synthesis of compound 69 MeO OOCONH2 

To a solution of iodo compound 9 (11 mg, 0.033 mmol) in DMF/Et3N 

(0.25 ml and 0.05 ml) under N2 at -20°C, Pd(Ph3P)2Cl2 (2.3 mg, 0.0033 

mmol) and Cul (1.9 mg, 0.01 mmol) were added. Then, compound 22a 

10 (15 mg, 0.03 mmol in 0.1 ml DMF) was added and the reaction mixture 

was stirred at -20 °C to room temperature for 3 hours. The crude was 

quenched with H2O and extracted with ethyl acetate. The organic phase 

was dried (anhydrous Na2SC>4) and evaporated under reduced pressure. 

Purification by column chromatography (Ethyl acetate/hexanes 

15 mixture) to afforded pure compound 64a (10 mg, yield: 46%). 
!H NMR (CDCls, 300 MHz) 6: 7.75 (d, 1H, J= 10.5 Hz), 6.70 (t, 1H, J = 

10.2 Hz), 6.50 (d, 1H J= 9.3 Hz), 6.38 (d, 1H, J= 12.3 Hz), 5.60 (m, 

3H), 5.45 (d, 1H, J= 12.0 Hz), 4.87 (q, 1H, J= 8.1 Hz), 4.37 (d, 1H, J = 

9.3 Hz), 4.21 (m, 1H), 3.77 (m, 1H), 3.64 (s, 3H), 2.87 (m, 1H), 2.40 (m, 

20 2H), 2.20 (m, 4H), 2.09 (s, 3H), 2.01 (s, 3H), 1.15 (d, 3H, J = 6.6 Hz), 

1.02 (s, 9H), 0.89 (s, 9H), 0.07 (s, 3H), 0.05 (s, 3H). 

Synthesis of intermediate 64b 



y 10c, To a solution of 68 (15 mg, 0.02 mmol) in anhydrous DCM (0.3 mL) at 
room temperature, trichloroacetyl isocyanate (TCAI) (4.1 jil, 0.64 mmol) 
was added. The reaction was stirred at room temperature for 3 0 min and then 
neutral aluminium oxide was added (450 mg). The mixture 15 was stirred for 
3 0 min and then was soaked into a pad of aluminium oxide. The product was 
washed out using a mixture of DCM/MeOH^Sg:1. The filtrate was, evaporated 
in vacuo to give the crude product which was purified by column 
chromatography (Hexane/EtOAc 3:1 to 2^1) to give compound 69 (14 mg, yield: 
86%). 20 1H NMR (CDC13, 300 MHz) 60 8 . {*9" (d, 1IL J = 10.5 Hz), 7.45 (m, 
1H) , 6.87-6-71 (m, 2H) , 6.53 (d, 1H*<f HE), 5.75 (m, 2H) , 5.60-5.57 
(m, 2H) , 4.81 (m, 1H) , 4 .40-4 ^Hyf 4yrOs(dd, 1H, J= 9 .3, 9.5 Hz), 
3.66 (s, 3H) , 3.06 (m, 1H) , ,2fj40-2.30 WINsS5H) ,/2 .15-2 .08 (m, 1H) , 2.07 (s, 
3H) , 1.17 (d, 3H, J= 4.2 Hz),N^04 (s, 9H) . 25^C NMR (CDC13, 75.5 MHz) 6: 
168.1, 165.9, 161.4, 157.7, 145(12, v 138 .3, 135. 132.0, 125.9, 124.5, 
122.3, 121.8, 108.1, 105.2, 81.4^75.1, 60.7, 55.4, 36.1, 35.0, 32.9,'30.8, 
26.7, 26.3, 21.0, 17.0 116 EXAMPLE 14 Scheme 14 provides the synthesis 
of several compounds of the 5 invention OOOCONH2 NO 72HNI I Scheme 14 117 
Synthesis of compound 70 0 0 - O^TB^S 

OMe 

To a solution of 9 (40 mg, 0.113 mmol) in DMF/Et3N (1 ml and 0.19 ml) 

at -20°C, Pd(Ph3P)2Cl2 (7.9 mg, 0.113 mmol) and Cul (6.5 mg, 0.034 

5 mmol) were added. Then, 22b (50 mg, 0.113 mmol in 0.4 ml DMF) was 

added and the reaction was stirred at -20 °C to room temperature for 3 

hours. The crude mixture was quenched with H2O and extracted with 

Ethyl acetate. The organic phase was dried (anhydrous Na2SC>4) and 

evaporated under reduced pressure. Purification by column 

10 chromatography (Ethyl acetate/hexanes mixture) to afforded pure 64b 

(40 mg, yield: 54%). 
m NMR (CDCls, 300 MHz) 8: 7.77 (d, 1H, J= 11.4 Hz), 6.75 (t, 1H, J = 

10.2 Hz), 6.41-6.36 (m, 2H), 5.64-5.56 (m, 3H), 5.46 (d, 1H, J = 11.7 

Hz), 4.86 (q, 1H, J= 8.1 Hz), 4.31 (dd, 1H, J= 8.4; 6.6 Hz), 4.25-4.16 

15 (m, 1H), 3.84-3.76 (m, 1H), 3.65 (s, 3H), 2.92-2.81 (m, 1H), 2.44-2.39 

(m, 2H), 2.22-2.12 (m, 5H), 2.10 (s, 3H), 2.03 (s, 3H), 1.16 (d, 3H, J = 

6.6 Hz), 0.99 (dd, 6H, J = 9.3; 6.9 Hz), 0.89 (s, 9H), 0.0080 (s, 3H), 

0.0064 (s, 3H). 

20 Synthesis of compound 65a 



0 5 To a solution of alkenylstannane 37 (94 mg, 0.112 mmol) and 9 (47 mg, 
0.135 mmol in 1-methyl-2-pyrrolidinone (NMP) (1.1 mL) at OC, Copper 
thiophenecarboxylate (CuTC) (32.2 mg, 0.168 mmol) was added. The reaction 
was stirred at OC for 45 min and 20 min at room temperature. Then, the 
crude mixture was filtered through a plug of neutral alumina, 10 washed 
with EtOAc/Ether 50:50 and the combine^filtrates were washed with HC1 0.5N 
(3x15 mL). The organic solution was dried and evaporated to give the crude 
product which was purified by column chromatography (Hexane/EtOAc 2:1 to. 
1:1) to give triene 70 (81.4 mg, yi^l'til/79%) an oil. 15 1H NMR (CDC13, 
300 MHz) 6: 7.74 (d, 1H, J = 10.5 Htt) , Jh . ̂  - 7JU4 (m, 4H) , 7.44-7.38 (m, 
6H) , 7.22 (dd, 1H, J= 12.3, 11 .4^Zy,N'6^f6 fcldh 1H, J = 11.7, 11.4 Hz), 
6.70 (dd, 1H, J= 9.9, 9.3 Hz) , r|<40 ft, HHl^ J= Hz) , 6.17 (d, 1H, J= 
11.4 Hz), 5.66 (d, 1H, J= 11.41!HZ>, 5.60 (dd, IHT J= 20 5.4, 3.9 Hz), 5.26 
(d, 1H, J= 10.2 Hz), 4 .84-4 .76 (|p, 1H) , 4.3 (d, HI, J= 9.3 Hz), 
4.20-4.16(m, 1H), 3.88-3.80 (m.,XLH^, 3.64 (s, 3H), 2.89-2.77 (m, 1H), 
2.41-2.33 (m, 3H), 2.28-2.20 (m, JH), 1.91 (s, 3H), 1.82 (s, 3H), 1.13 (d, 
3H, J= 6.9 Hz), 1.02 (s, 9H) , 0. p^Os', 9H) . 118 0 To a solution of 70 
(77.2 mg, 0.106 mmol) in anhydrous^EHF (7.5 mL) under N2 and at room 
temperature, TBAF 1M in THF (0.2 nt, u.2 5 mmol) was added. The reaction 
was stirred at room temperature hours and then quenched with a 
saturated aqueous solution of NH4C1 and extracted with EtOAc. The combined 
organic phases were dried over anhydrous Na2S04, filtered and concentrated. 
The residue was purified by flash chromatography (Hexane/EtOAc 1:2) to give 
alcohol 71 TO a^hrrigpnytfefi-te (13 mg, rati®!) imafl]|^di((0Es:lSiF #&§ ml4) 8: 

.6 •73 

5 . 68-5 . 635 ()wa# a<Me(i^ThfeHrea^tiofi-\fra&stirrdd- &£ rd&n MfcLpe>rat&FeL fffiz 1 g 4.38 
(d, 1H, J= 9.3 Hz), 4.20-4.18 (m, 1H), 15 3.78-3..76 (m, 1H), 3.64 (s, 3H), 
3.10 (br s, We^hefeyith2a a^et^) solyt^ji ^ N%gl # 1-14 

(d, 3H, J= l^t'racfed0'Et^lc. The combined organic phases were dried 

over anhydrous Na2SC>4, filtered and concentrated. The residue was 

purified by flash chromatography (Hexane/EtOAc 3:1 to 1:2) to give 

10 alcohol 65a (5 mg; yield: 42 %). 

iH NMR (CDCls, 300 MHz) 8: 8.78 (d, 1H, J= 9.6 Hz), 6.77 (t, 1H, J = 

9.0 Hz), 6.57 (d, 1HJ = 9.0 Hz), 6.38 (d, 1H, J= 12.3 Hz), 5.60 (m, 3H), 

5.45 (d, 1H, J= 12.0 Hz), 4.90 (q, 1H, J= 8.7 Hz), 4.29 (d, 1H, J= 9.6 

Hz), 4.23 (m, 1H), 3.80 (m, 1H), 3.65 (s, 3H), 2.86 (m, 1H), 2.66 (bs, 1H), 

15 2.40 (m, 2H), 2.21 (m, 4H), 2.07 (s, 3H), 2.04 (s, 3H), 1.15 (d, 3H, J = 

6.6 Hz), 1.02 (s, 9H). 

Synthesis of compound 65b 



To a solution of 71 (21.6 mg, 0.0443 mmol) in anhydrous DCM (3.1 mL) at OC, 
trichloroacetyl isocyanate (TCAI) (6.4 IA, 0.053 mmol) was added. The 
reaction was stirred at OC for 30 min and then neutral aluminium 119 oxide 
was added. The mixture was stirred for 5-30 min and then was soaked into a 
pad of aluminium oxide. The product was washed out using a mixture of 
DCM/MeOH 50:1. The filtrate was evapor^Jgd in vacuo to give the crude 
product which was purified by column 5 chromatography (Hexane/EtOAc 1:2). 
Compound 72 (19.1 mg, yield: 76%) was^obtained as a white solid. 11-1 NMR 
(CDC13, 500 MHz) 6: 8.61 (d, 1H, JQ llVl^Hz) 7.27 (t, 1H, J= 11.4 Hz), 
6.92-6.78 (m, 2H) , 6.52 (d, 1H, ̂  , J. 15 (d, 1H, J = 11.4 Hz), 
5.69 (d, 1H, J= 11.4 Hz), 5 .62^^61 N(?n, AH)/^5s45 (br s, 2H) , 10 5.28 (d, 
1H, J = 9.6 Hz) , 4.87-4.78 (m(| 1H) , 4. ̂¥^^5 |m, 1H) , 4.42 (d, 1H, J = 9.6 
Hz), 4.25-4.20 (m, 1H) , 3.64 ^^3H) , 2 .87-2 . 8oV(th, 1H) , 2.44-2.17 (m, 6H) , 
1.81 (s, 6H) , 1.16 (d, 3H, J= 6|l5 jpz) , 1.04 (s£|9H). EXAMPLE 15 15 Scheme 
15 provides the synthesis of comb'ound 73. MeO 

r 0 

OMe 

To a solution of 64b (40 mg, 0.06 mmol) in anhydrous THF (0.9 ml) 

under N2 and at room temperature, TBAF 1M in THF (0.12 ml, 0.067 

5 mmol) was added. The reaction was stirred at room temperature for 16 

hours and then quenched with NH4CI and extracted with CH2CI2. The 

organic phase was dried (anhydrous Na2SC>4) and evaporated under 

reduced pressure. Purification by column chromatography (Ethyl 

acetate/hexanes mixture) afforded pure 65b (15 mg, yield: 45%). 
10 JH NMR (CDCls, 300 MHz) 6: 8.95 (d, 1H, J= 10.2 Hz), 6.77 (t, 1H, J = 

9.3 Hz), 6.60 (d, 1H, J= 9.0 Hz), 6.38 (d, 1H, J= 12.6 Hz), 5.64-5.60 (m, 

3H), 5.45 (d, 1H, J= 12.0 Hz), 4.88 (q, 1H, J= 8.4 Hz), 4.34 (dd, 1H, J = 

8.7; 7.2 Hz), 4.27-4.20 (m, 1H), 3.82-3.74 (m, 1H), 3.65 (s, 3H), 2.92-

2.82 (m, 1H), 2.45-2.38 (m, 2H), 2.11-2.04 (m, 5H), 1.57-1.45 (m, 6H), 

15 1.28-1.23 (m, 3H), 1.15 (d, 6H, J = 6.6 Hz). 

Synthesis of compound 66a 



930 73 20Scheme 15 Synthesis of compound 73 120 To a solution of 30 
(4 0mg, 0.076 mmol) and 9 (31 mg, 0.0 9 mmol) in NMP (0.8 ml) at 0C, Copper 
thiophenecarboxylate (CuTC, 22 mg, 0.11 5 mmol) was added. The reaction was 
stirred at 0 C for 45 min and an hour at room temperature. Then, the crude 
mixture was filtered through a plug of neutral alumina, washing with 
EtOAc/Ether 50:50 (20 ml) and the comb^^d filtrates were washed with HC1 
0.5N (3x10 ml). After drying and evaporating the solvent under reduced 
pressure 10 the crude was purified by column chromatography (Ethyl 
acetate/hexanes, 5:1 to 2:1) to afford pure 7jB (6 mg, yield: 17%) . 1H NMR 
(CDC13, 300 MHz) 6: 7.27 (t, 1H, 0=^^46 HzQ), SHjJO (t, 1H, J = 11.52Hz), 
6.16 (d, 1H, J= 11.7), 6.03 (d, 5 5AH z) , 5.84-5.70 (m, 15 1H) , 
5.67-5.60 (m, 2H) , 5.28 (d, 1H^J= |^0/$6 rfz) /[ 5 .14-5 .06 (m, 2H) , 4.53 (d, 
1H, J= 9.41 Hz), 4.22-4.10 (rifT 3H) , 2.91-2.81 (m, 1H) , 
2.47-2.34 (m, 4H) , 1.84 (s, 31^ 1.16 (d, 3H, 6.65Hz) , 0.99 (s, 9H) . 20 
EXAMPLE 16 Scheme 16 provides fthe synthesis of several compounds of this 
invention. 25 

ro 

OMe 

To a solution of 65a (3.5 mg, 0.0062 mmol) in anhydrous DCM (0.45 

mL) at room temperature, trichloroacetyl isocyanate (TCAI) (1 jul, 0.0075 

5 mmol) was added. The reaction was stirred at room temperature for 30 

min and then neutral aluminium oxide was added (100 mg). The 

mixture was stirred for 30 min and then was soaked into a pad of 

aluminium oxide. The product was washed out using a mixture of 

DCM/MeOH 50:1. The filtrate was evaporated in vacuo to give the crude 

10 product which was purified by column chromatography (Hexane/EtOAc 

2:1 to 1:2) affording compound 66a (2.5 mg, yield: 70%). 
]H NMR (CDCls, 500 MHz) 8: 8.72 (d, 1H, J= 10.5 Hz), 6.84 (t, 1H, J = 

9.0 Hz), 6.66 (d, 1H J = 10.0 Hz), 6.38 (d, 1H, J = 12.0 Hz), 5.60 (m, 

3H), 5.46 (d, 1H, J= 12.0 Hz), 4.82 (q, 1H, J= 8.0 Hz), 4.42 (m, 2H), 

15 4.22 (m, 1H), 3.65 (s, 3H), 2.88 (m, 1H), 2.44-2.32 (m, 6H), 2.10 (s, 3H), 

2.06 (s, 3H), 1.15 (d, 3H, J= 7.0 Hz), 1.05 (s, 9H). 

MS (ES) (m/z) 604.2 [M+l]+, 626.2 (M+Na+). 

Synthesis of compound 66b 



74 R=TBDPS, Y=CI 75 R=TBDPS, Y=HTBAF 76 R=OH, Y=H ,TCAI, A1203 77 R=0C0NH2, 
Y=H 78 R=TBDPS, Y=CI 79 R=TBDPS,Y=H 80 R=OH, Y=H 81 R=OCONH2,Y=H Scheme 
16 5 Synthesis of compound 74 OTBDPS N OCI 122 

112 

To a solution of 65b (32 mg, 0.06 mmol) in CH2CI2 (4.2 ml) at r.t, 

trichloroacetyl isocyanate (TCAI) (8.5 jul, 0.072 mmol) was added. The 

reaction was stirred at room temperature for 30 min and then neutral 

5 Alumina was added (450 mg) while stirring for additional 30 min. The 

reaction mixture was filtered over alumina using a mixture of CH2CI2 

/MeOH 1:1 and after evaporation of the filtrated at reduced pressure 

the product was purified by column chromatography (Hexane/EOAct 

mixtures) to afford pure 66b (12 mg, yield: 35%). 

10 m NMR (CDCI3, 300 MHz) 8: 8.90 (d, 1H, J= 10.8 Hz), 6.84 (t, 1H, J = 

9.0 Hz), 6.74 (d, 1H, J= 8.7 Hz), 6.38 (d, 1H, J= 12.0 Hz), 5.64-5.58 (m, 

3H), 5.45 (d, 1H, J= 12.0 Hz), 5.38 (br s, 2H), 4.86-4.78 (m, 1H), 4.44-

4.39 (m, 2H), 4.27-4.19 (m, 1H), 3.65 (s, 3H), 2.96-2.84 (m, 1H), 2.51-

2.39 (m, 2H), 2.37-2.30 (m, 5H), 2.18-2.04 (m, 6H), 1.15 (d, 3H, J= 6.6 

15 Hz), 1.00-0.96 (m, 6H). 

EXAMPLE 13 

Scheme 13 provides the synthesis of several compounds of the 
20 invention. 



To a solution of 40 (2.7 g, 5.12 mmol) and propiolic acid (0.41 mL, 6.66 
mmol) in. anhydrous DCM (51.mL) at 0 C, N-(3-dimethylaminopropyl)-
N'-ethylcarbodiimide hydrochloride EDC (1.23 g, 6.4 mmol) was added. The 
reaction was stirred at OC for 30 min and 2 hours at room 5 temperature. 
Then, the crude mixture was quenched with water and extracted with 
dichloromethane. The combined filtrate^were washed with H20. After drying 
and evaporating the solvent under reduced pressure the crude was purified 
by column chromatography (EtOAc/hexanes mixture) to afford pure compound 74 
(2.25 g, 85 % 10 yield) as a white solidi. NMR« (Tji)C13, 300 MHz) 8: 7.66 
(m, 4H) , 7.47-T^^i (m, 6H) , 6 . g^d, lO.fS'Skz), 6 . 6<6JMfQ£uie, J= 9.2 
Hz), 6.62 (t, JkA? H^) ' A/ 4.79 (q,-lH, J = 
8.6 Hz), 4.27°(d,°lH; J*] = 9.4 Hz) (rfl7 ^H) , 2 7^2 (s, 1H) , 2.19-2.04 
(m, 4H) , 1.87 (s, 3fT) , 1.05 (s, 9H) , 15 0099 (s, 9HPI Synthesis of 
intermediate 75 2CUA solution of propiolic acid (45 1.1L, 0.726 mmol), 
amine 62 (275 mg, 0.56 mmol) in anhydrous1 ?)CM (5.6 mL) was cooled to 0 C 
under argon and |\^o(3^imethylaminopropyl) -N'-ethylcarbodiimide 
hydrochloride, EDC ]fl34 mg, 0.7 mmol) was added. The reaction mixture was 
stirred 25 at 0C ̂ ^(^jNpi^anc^ t"Wn. at 33¥BSfor 3 HB&lrjSTHFwas quenched with 
water and extracted withidiq^dtomj|thgne A/The combined organic layers were 
dried (anhydrous Na2S04) , f irfeerApa|rfd (tfonclentrated. The residue was 
purified by flash chromatography (EHMX^?7 hex9!ne' 1:10 to 3:1) to afford 75 
(260 mg, 85% yield) as a colourless foam solid. 123 1H NMR (CDC13, 300 
MHz) 8: 7 .69-7 . 6^e((jm^4H) , 7.!74-7.36 (m, 6H)?'7.08 (d, 1H, J= 10.2 Hz), 
6.67-6.61 (m, 2H), 5^53^5.45 (m, 1H) 5.35-5.26 (m, " 1H), 4.92-4.84 (m, 
1H) , 4.26 (d, 1H, 3^9X1^82 (r^H 1H) , 2.80 5 (s, 1H) , 2.26-2.05 
(m, 4H) , 1.44 (d, 3H, J= f. 8]Hz0^ ]J[o50 (sJ9H) , 0.9^9^^)°^). Synthesis of 
intermediate 7 6 OH To a solution (^44^ 3 mg, 0.45 luiuol) in anhydrous 
THF (5 mL) H 

CI 
68 

Scheme 13 

5 Synthesis of compound 67 

To a solution of alkenylstannane 21a (50 mg, 0.07 mmol) and iodide 27 
10 (24.8 mg, 0.08 mmol) in l-methyl-2-pyrrolidinone (NMP) (1 mL) at 0°C, 



under N2 and at 0 C, TBAF 1M in THF (0.54 mL, 0.54 mmol) was added. The 
reaction was stirred at room temperature for 3 hours and 15 then quenched 
with a saturated aqueous solution of NH4C1 and extracted with EtOAc. The 
combined organic phases were dried over anhydrous Na2S04, filtered and 
concentrated. The residue was purified by flash chromatography 
(hexane/EtOAc 4:1 to 1:2) to give alcohol 76 (94.1 mg, 69% yield) as a pale 
yellow oil. 20 1H NMR. (CDC13, 300 MHz) 8: 9.02 (d, 1H, J= 9.9 Hz), 7.09 

(mi ill),J4. SIPMH'h.I4z9^''35 
2.87 (s, lH^]ie2r^:^g)rp.^va^^n,s|-^^(j ^jL°c(cl6r j^in 6ai§dH2()) / rr3in0£.t (ft»on§H) • 25 
13C NMR (CDC13, 75 MHz) 8: 167.7, 152.4, 127.7, 126.0, 123.5, 109.4, 77.3, 
74.9, 72.1, t<OTp§ratMe4Th§ii,. 1the3eri#e g#x^irei^a§.aig^rfigdiate 
77 124 OCON 0g^& ptodrous DCM 
(1.6 mL) 5 at room temperature, trichloroacetyl isocyanate (TCAI) (23.0 
iii, 0 . IS mfilti4t6sa®eftd#a§hea'lwatlr#teitGliSN atLjJrSTfeg (ffgauiiDOSDltiiixipewabure for 
30 min and then neutral aluminiurn oxide was added (250, mg) . The mixture was 
stirred for^§^^m9ift^^y(§P0fi%^^fe§^<5aK^c5}i(feP5c,pciQ!: . The 
product wascyftg^gdcKMfeiMS|i^p]fy ^S&«ff<£/Ett)A(9 l#P%o@T<lipet&hgi9§ : 1. 
The filtrate was evaporated under reduced pressure to give the crude 
product whi<ttP ##e°<$) SibQiimn chromatography (hexane/EtOAc 3:1 to 

<CD?;I a"oT® >mM 
J = 9.6 H®z) ll$7,9fi.ibHz),W7-^.68qiii,t2Hj,I6.37 (d, atF, ^s)9.35Hi)^-5.74^, 1M, 1H) , 
5.42-5.33 (m, 1H)' 4.86 (q, 1H, J= 8.3 Hz), 4.48-4.30 (m, 1H), 4.39 (d, 1H, 
J= 9.6 Hz) , ^2T. ^)'(i,8l'#)T9 51-1!)'. jb37^, Sf#> ,J "2 ?l%-2 .11 
(m, 1H), 78 

1H), 2.39-2.35 (m, 2H), 2.20-2.10 (m, 4H), 2.01 (s, 3H), 1.16 (d, 3H, J = 

6.6 Hz), 1.03 (s, 9H), 0.88 (s, 9H), 0.07 (s, 3H), 0.05 (s, 3H). 

15 
Synthesis of compound 68 

20 To a solution of 67 (18 mg, 0.03 mmol) in anhydrous THF (0.42 mL) 

under N2 and at room temperature, TBAF 1M in THF (0.05 mL, 0.05 

mmol) was added. The reaction was stirred at room temperature for 18 

hours and then quenched with a saturated aqueous solution of NH4CI 

and extracted with EtOAc. The combined organic phases were dried 

25 over anhydrous Na2S04, filtered, and concentrated. The residue was 

purified by flash chromatography (Hexane/EtOAc 3:1 to 1:2) to give 

alcohol 68 (16 mg, yield: 80 %) as an oil. 



125 OMe To a solution of iodo compound 9 (300 mg, 0.86 mmol) in 
diisopropylamine (4.3 mL) under N2 at room temperature, Pd(Ph3P)4 (20 mg, 
0.017 mmol) and Cul (6.4 mg, 0.034 mmol) were added. Then, 5 compound 74 
(500 mg, 0.86 mmol) was added portionwise and the reaction mixture was 
stirred at room temperature for 2 hours. The crude was quenched with H20 
and extracted with EtOAc. The organic jphgse was dried (anhydrous Na2S04) 
and evaporated under reduced pressure. Purification by column 
chromatography (Hexane/EtOAc 3:1 10 to 1:1) afford pure compound 78 (580 
mg, yield:8 WrBi°-Mzk^f2^a7igT (m, 4H), 
7.48-7.37 (Ti.76%,.i^)56(fi8_6t89 (flf M)y}(d, $?73 ̂ d,1 lMf >'' 6-46 
(d, 1H J= 9.2 rfz) , 6.3*6 (d, 1H, \J= 12.0 Hz) , 5 . ̂ 4-5 .48 (m, 3H) , 5.4^ (d, 
1H, j= 12. IJHZH.44 H2$, 5(^,4-516/3 (m, 3HJ, a^8,-448.(i$mj:d^)ll4,3'&4<i,9lS, ^.^1. 2 0 (m, 

4HJ : i:®! 
0.99 (s, 59H)[H)S2ra?^§^(ifif2HJPB®4ia.l^(iii94H)lia)3r^,^IfpllUf6^, SB, 27 =4113 mg, 
0.325 mmol) in DTPA (1.6 ml) at 23 C, Pd(Ph3P)4 (7 mg, 0.006 mmol) and Cul 
(2.5 mg, 0. §l^*^8iac&-P3vi§r§^dded. Then 75 (195 mg, 0.358 mmol) was added and 
the reaction was 5 stirred at 23 C for 3 hours. The crude mixture was 
quenched with H20 and extracted with EtOAc. The organic phase was dried 
(anhydrous Bg&fMasisafidoHroa3tKaflick6§d under reduced pressure. The residue was 
purified by flash chromatography (EtOAc/hexane 1:3 to 1:1) to afford pure 

To a solution of 68 (15 mg, 0.02 mmol) in anhydrous DCM (0.3 mL) at 

room temperature, trichloroacetyl isocyanate (TCAI) (4.1 jul, 0.64 mmol) 

was added. The reaction was stirred at room temperature for 30 min 

and then neutral aluminium oxide was added (450 mg). The mixture 

15 was stirred for 30 min and then was soaked into a pad of aluminium 

oxide. The product was washed out using a mixture of DCM /MeOH 

50:1. The filtrate was evaporated in vacuo to give the crude product 

which was purified by column chromatography (Hexane/EtOAc 3:1 to 

2:1) to give compound 69 (14 mg, yield: 86%). 

20 *H NMR (CDCls, 300 MHz) 5: 8.89 (d, 1H, J= 10.5 Hz), 7.45 (m, 1H), 

6.87-6-71 (m, 2H), 6.53 (d, 1H, J= 9.6 Hz), 5.75 (m, 2H), 5.60-5.57 (m, 

2H), 4.81 (m, 1H), 4.40-4.37 (m, 2H), 4.19(dd, 1H, J= 9.3, 9.5 Hz), 3.66 

(s, 3H), 3.06 (m, 1H), 2.40-2.30 (m, 5H), 2.15-2.08 (m, 1H), 2.07 (s, 3H), 

1.17 (d, 3H, J= 4.2 Hz), 1.04 (s, 9H). 

25 13C NMR (CDCls, 75.5 MHz) 8: 168.1, 165.9, 161.4, 157.7, 145.2, 138.3, 

135.2, 132.0, 125.9, 124.5, 122.3, 121.8, 108.1, 105.2, 81.4, 75.1, 

60.7, 55.4, 36.1, 35.0, 32.9, 30.8, 26.7, 26.3, 21.0, 17.0 



Hz), 7.46-7.35 (m, 6H), 6.66 (t, 1H, J = 9.6 Hz), 6.59 (dd, 1H, J = 9.9 
Hz), 6.31 (d, 1H, J = 12.6 Hz), 5.62-5.54 (m, 2H), 5.42-5.37 (m, 1H), 5.32 
(d, 1H, J=12.0 Hz), 5.30-5.23 (m, 1H), 4.92-4.84 (m, 1H), 4.42 (d, 1H, J = 
9.6 Hz), 4.23-4.15 (m, 1H), 3.86-3.78 (m, 1H), 3.63 (s, 3H), 15 2.88-2.80 
(m, 1H), 2.41-2.36 (m, 2H), 2.22-2.11 (m, 4H), 2.06 (s, 3H), 1.39 (d, 3H, 
J= 6.9 Hz), 1.13 (d, 3H, J= 6.6 Hz), 1-02 (s, 9H), 0.96 (s, 9H). 20 27.2, 
26.7, 26.6, 19.5, 16.4, 15.5, 13.1. (One Csp2 not located). Synthesis of 
compound 80 0?N0 HN 127 To a solution of 9 (52 mg, 0.15 mmol) in DIPA 
(0.6 ml) at 23 C, Pd(Ph3P)4 (3.5 mg, 0.003 mmol) and Cul (1.14 mg, 0.006 
mmol) were (45.5 mg, 0.15 mmol) in 0.4 ml of DIPA was added 
and the reaction was stirred a't 23 C for 120 min. The crude mixture was 5 
quenched wi^uM Ws tf&ied 
(anhydrous Na2S04) and evaporated under reduced pressure. The residue was 
purifiedSbyirfvlea&iDrchromatography (dichloromethane /MeOH 

Scheme 14 

10 



100:1 to 20:1) to afford pure 80. (59.5 mg, 75% yield) as a colourless oil. 
10 1H NMR (CDC13, 300 MHz) 8: 8.94 (d, 1H, J = 9.9 Hz), 6.75 (t, 1H, J = 
9.3 Hz), 6.69 (d, 1H, J= 9.0 Hz), 6.37 (d, 1H, J= 12.0 Hz), 5.68-5.57 (m„ , 
3H), 5.44 (d, 1H, J = 12.0 Hz), 5.43-5:35 (m, 1H), 4.95-4.87 (m, 1H), 4.34 
(d, 1H, J= 9.3 Hz), 4.24-4.17 (m, 1H), 3.76 (m, 1H), 3.64 (s, 3H), 
2.91-2.78 (m, 1H), 2.63 (bs, 1H), 2.43j2?38 (m, 2H), 2.32-2.11 (m, 4H), 15 
2.07 (s, 3H), 1.62 (d, 3H, J= 6.6 Hz), 1.14 (d, 3H, J= 6.6 Hz), 1.01 (s, 
9H). 13C NMR (CDC13, 125 MHz) 8- 167.5, 161.5, 153.2, 147.9, 145.1, 137.8, 
135.4, 12 7. §Vni^^ Pf SQWffyHPOOV 0, 108.3, 103.0, 88.0, 84.7, 81.4, 72.0, 
61.1, 55.4, 37.0, 35.2, 34.5, 32.8, 26.6, 26.4, 16.2, 15.3, 13.0. 20 128 
To a solution of 9 (43 mg, 0.123 mmol) in DIPA (0.6 ml) at 23 C, Pd(Ph3P)4 
(2.8 mg, 0.0025 mmol) (1. 0 mg, 0.005 mmol) were added. Then, 7 7 (43 
mg, 0.123 mmol) in 0.4 ml if was added and the reaction was stirred at 
23 C for 120 min. The crifi^e Qiix^u^^w^ls qQen^ped wi©l.B5RSD and extracted 
with EtOAc.. The organic phase was 'drie^^i$i}Ja^d^usANa2S04) - and evaporated 
under reduced pressure. The residue was puiftfil ;d kfy fjlash chromatography 
(dichloromethane /MeOH 100:1 to 20:1) to affoliM^^ure 
as a colourless oil. 10 1H NMR (CDC13, 300 MHz) 8: 9." 
Hz), 6.81 (t, 1H, J = 9.6 Hz), 6.73 (d, 1H, J= 9.6 Hz 
12.0 Hz), 5.63-5.56 (m, 5H), 5.45 (d, 1H, J = 11.7 Hz; 

>1 (38 mg, 54% yield) 
'00 (d, 1H, J = 10.8 

6.38 (d, 1H, J= 
5.43-5.36 (m, 1H), 

4.90-4.81 (m, 1H) , 4.40 (d, 1H, J= 9.3 Hz), 4.40-4.33 (m, 1H) . 4.24-4 .17 
(m, 1H) , 53 . a<§olu^p;o^al^n^ls^nr^e ̂  (94,_0> 1 ̂  n^ol^d 2,(4^rag,09 {m# 

1H) , 2.09 (0:13^ iri fl5.1 ̂ L) dbp^>e¥z) ' 
1.01 (s, 9H). EXAMPLE 17 Scheme 17 provides the synthesis of several 
compounds ofhi©5>bignBOai3b©5<^iaJSo(|CuTC)T(t3^2s03gitS<i]§8oEniSPWeW^§s%<^?ffenShgia (i.i 

was 

added. The T&ggtits#cYm&e StikOTftdwa.fe f3tdre(S^br^gteikrptogi)f2ifflemtral alumina? 
temperature. Then, the crude mixture was filtered through a plug of neutral 
a 1 umi na }- Qtf a §^t^e4i ffltlg; t o¥^ it§e c f ^Ifetcr^e re 
washed with^y.^h(M^).BW ^^ie^nA0 

evaporated to give the crude product which was purified by column 
chromatograpte§po(fla&&siil©/giy@Ath® Ciud© pnqd^cjowjjiefe! wa&fftffifgai fay. S^lignnyield: 

66% 1 ?H, -(dd, 
J= 9.9, 

1H, 

15 

20 

yield: 79%) as an oil. 

m NMR (CDCls, 300 MHz) 8: 7.74 (d, 1H, J= 10.5 Hz), 7.66-7.64 (m, 

4H), 7.44-7.38 (m, 6H), 7.22 (dd, 1H, J= 12.3, 11.4 Hz), 6.86 (dd, 1H, J 

= 11.7, 11.4 Hz), 6.70 (dd, 1H, J= 9.9, 9.3 Hz), 6.40 (d, 1H, J= 9.3 Hz), 

6.17 (d, 1H, J= 11.4 Hz), 5.66 (d, 1H, J= 11.4 Hz), 5.60 (dd, 1H, J = 

5.4, 3.9 Hz), 5.26 (d, 1H, J= 10.2 Hz), 4.84-4.76 (m, 1H), 4.3 (d, 1H, J = 

9.3 Hz), 4.20-4.16 (m, 1H), 3.88-3.80 (m, 1H), 3.64 (s, 3H), 2.89-2.77 

(m, 1H), 2.41-2.33 (m, 3H), 2.28-2.20 (m, 3H), 1.91 (s, 3H), 1.82 (s, 3H), 

1.13 (d, 3H, J= 6.9 Hz), 1.02 (s, 9H), 0.86 (s, 9H). 

25 Synthesis of compound 71 



15 9.3 Hz), 6.35' (d, 1H, J= 9.3 Hz), 6.13 (d, 1H, J= 11.4 Hz), 5.66 (d, 1H, 
J= 11.4 Hz), 5.60 '(dd, 1H, J= 5.4,. 3.9 Hz), 5.55 (br t, 1H, J= 7.8 Hz), 
5.26 (d, 1H, J = 10.2 Hz), 4.84-4.76 (m, 1H), 4.3 (d, 1H, J = 9.3 Hz), 
4.20-4.16 (m, 1H), 3.77-3.69 (m, 1H), 3.63 (s, 3H), 2.89-2.77 (m, 1H), 
2.41-2.33 (m, 2H), 2.19-2.13 (m, 4H), 2.00 (s, 3H), 1.82 (s, 3H), 1.13 (d, 
20 25 Synthesis of compound 83 131 (j^gTo a solution of 82 (275 mg, 0.41 
mmol) in anhydrous THF (6 mL) under N2 and at room temperature, TBAF 1M in 
THF (0.82 mL, 0.82 5 mmo^Qwas added. The reaction was stirred at room 
temperature for 18 hours anci^^feen quenched with a saturated aqueous 
solution of NH4C1 and extra^lt^e^Jl^nJ^iE^OAc. TJit^combined organic phases 
were dried over anhydrous fta2§b4,i flTteiled ̂ ndtconcei2!1rated. The residue 
was purified by flash chromatography (Hexane-^cQ.^ 3-rS.to 1:2) to give 10 
alcohol 83 (175 mg; yield: 76 %) as a white feblj^. AH L'MR (CDC13, 300 MHz) 
6: 9.00 (d, 1H, J= 10.2 Hz), 7.25 (dd, 1H, J= 12 lllk Hz), 6.86. (dd, 1H, 
J= 11.7, 11.4 Hz), 6.72 (dd, 1H, J= 9.6, 8.7 Hz), 6.68 (d, 1H, J= 8.7 Hz), 
6.13 (d, 1H, J= 11.7 Hz), 5.68 (d, 1H, J= 11.4 Hz), 5.63-5.58 (m, 2H), 5.27 
(d, 1H, J= 10.2 Hz), 4.85-4.76 (m, 15 1H), 4.42 (d, 1H, J= 9.3Hz), 

2:89:2:75 1.82 
(s, 3H) , 1. Xi4id6d,N3t^cjD'^t6r(foiHzte,mf)ei£GtuJ^, TEEAJF. l$^niteh(3ME& (0£2 anJnpd&i&d 84 20 

MeO 0 0 _j.O ^nmo^ wag acjded. xhe reaction was stirred at room temperature for 18 

hours and then quenched with a saturated aqueous solution of NH4CI 

and extracted with EtOAc. The combined organic phases were dried 

over anhydrous Na2S04, filtered and concentrated. The residue was 

purified by flash chromatography (Hexane/EtOAc 1:2) to give alcohol 71 

10 (25 mg, yield: 44 %) as an oil. 

m NMR (CDCI3, 300 MHz) 8: 8.79 (d, 1H, J= 9.6 Hz), 7.28-7.22 (m, 1H), 

6.85 (t, 1H, J= 11.7 Hz), 6.73 (t, 1H, J= 9.6 Hz), 6.58 (d, 1H, J= 8.7 

Hz), 6.12 (d, 1H, J= 11.4 Hz), 5.68-5.61 (m, 2H), 5.26 (d, 1H, J= 9.9 

Hz), 4.86 (q, 1H, J= 8.1 Hz), 4.38 (d, 1H, J= 9.3 Hz), 4.20-4.18 (m, 1H), 

15 3.78-3.76 (m, 1H), 3.64 (s, 3H), 3.10 (br s, 1H), 2.86-2.79 (m, 1H), 2.41-

2.14 (m, 6H), 1.82 (s, 6H), 1.14 (d, 3H, J= 6.6 Hz), 1.02 (s, 9H). 

Synthesis of compound 72 

To a solution of 71 (21.6 mg, 0.0443 mmol) in anhydrous DCM (3.1 mL) 

at 0°C, trichloroacetyl isocyanate (TCAI) (6.4 jil, 0.053 mmol) was added. 

The reaction was stirred at 0°C for 30 min and then neutral aluminium 



0 Nr HN CI To a solution of 83 (3 00 mg, 0.53 mmol) in anhydrous DCM (7.5 
mL) at OC, trichloroacetyl isocyanate (TCAI) (76 pi, 0.64 mmol) was added. 
The reaction was stirred at 0 C for 3 0 min and then neutral aluminium 132 
oxide was added. The mixture was stirred for 5-3 0 min and then was soaked 
into a pad of aluminium oxide. The product was washed out using a mixture 
of DCM/MeOH 50:1. The filtrate was evaporated in vacuo to give the crude 
product which was purified by column 5 chromatography (Hexane/EtOAc 2:1 to 
1:2) to give compound 84 (0.26 .g. yield: §1%) as a white solid. 1H NMR • 
(CDC13, sooQ^J^s^d^d^dTheLffiix^jreL^ag tge^^s 11>6 
Hz) / 6.91 (inti= 'of1cthiinSfi~tlim ^>xMe. ^Ke^Si'odySt Was :3tffe^hed9o'5tHz) < 
6.51 (d, 1H, J= 9.5 Hz), 6.17 (d, 1H, J= 11.6 Hz), 5.70 (d, 10 1H, J= 11.6 
Hz), 5.63 (U^giH,ffljxtie-e59f £!(§lVt/i4^0g.§©:l(.bThe,filtfg.,tejwag.^a®4))-at©^. (d, 
1H, J= 9.8 Hz), 4 80.(m,1H) 4.41- (m 1H),.4.41 (d, 1H, J=, 9 .5 ,Hz) . 4.24 (ddd, IH, 5*° -m* fe w sWJ, ?.i, 
6.7 Hz) , 52 . ̂ rofoSato^E&ph^ • (4fex4^^EtQRc Ir2)l 'Cohap^ilnd, 72 • (i ) mg? .yi(2ld{ ddd, 
1H, J= 17.3, 6.5, 4.1 Hz), 2.33 (m, 2H), 2.09 (ddd, 15 20 Synthesis of 
compound 857§%o) was obtained as a white solid. 

!H NMR (CDCls, 500 MHz) 5: 8.61 (d, 1H, J= 11.1 Hz), 7.27 (t, 1H, J = 

11.4 Hz), 6.92-6.78 (m, 2H), 6.52 (d, 1H, J= 9.3 Hz), 6.15 (d, 1H, J = 

11.4 Hz), 5.69 (d, 1H, J= 11.4 Hz), 5.62-5.61 (m, 1H), 5.45 (br s, 2H), 

10 5.28 (d, 1H, J= 9.6 Hz), 4.87-4.78 (m, 1H), 4.53-4.45 (m, 1H), 4.42 (d, 

1H, J = 9.6 Hz), 4.25-4.20 (m, 1H), 3.64 (s, 3H), 2.87-2.80 (m, 1H), 

2.44-2.17 (m, 6H), 1.81 (s, 6H), 1.16 (d, 3H, J= 6.5 Hz), 1.04 (s, 9H). 

EXAMPLE 15 
15 

Scheme 15 provides the synthesis of compound 73. 

MeO 

0 

30 

20 Scheme 15 

Synthesis of compound 73 



Over a -78 C cooled solution of compound 84 (10 mg, 0.016 mmol) in 
anhydrous dichloromethane (0.3 mL) under argon atmosphere, 
Diisobutylaluminum hydride (DIBAL) 1M in toluene (0.02 mL, 0.02 mol) 133 
was added and the mixture was stirred at -78 C. After 2 hours the reaction 
was quenched with a saturated aqueous solution of NH4C1 and diluted with 
dichloromethane (2 mL) . This mixture w^gjQStirred for 0.5 h at room 
temperature and then the organic layer was decanted. The 5 aqueous residue 
was extracted with adc^-j-onal dichloromethane (2x4 mL) and the combined 
organic layers were driedvf^hhydrous Na2S04) and the solvent was 
evaporated. The crude was^upq^fi^djay colunmlGhromatography (hexane/EtOAc 
2:1 to 1:2) to give comjftiunQ 85 T^fmgl 5&% ̂ jield) as a colourless oil. 10 
1H NMR (CDC13, 300 MHz) 8: 8.57 (d, . 19 (t, 1H,. J= 11.3 
Hz), 6.92 (t, 1H, J= 11.4 Hz), 6.82 (t, l&j 9.3 Hz), 6.38 (d, 1H, J= 9.5 
Hz), 6.18 (d, 1H, J= 11.5 Hz), 5.64 (d, 1H, J= 11.2 Hz), 5.60 (m, 1H), 5.35 
(d, 1H, J= 10.0 Hz), 5.27 (d, 1H, J= 3.1 Hz), 4.81 (m, 2H), 15 4.46 (m, 

3H1' Hz)!'°2 ! ti1 '4 .H }^M' (wf< (if' 3HK 
1.81 (s, 3H^MP {0® M) al^OPO^Cc^ipferftfoiopSeii^afllox^Hie-C£$l Scheme 
18 provides the synthesis of several compounds of this invention 89 
Scheme 1§ mmol) was added. The reaction was stirred at 0 °C for 45 min and an 

hour at room temperature. Then, the crude mixture was filtered 

through a plug of neutral alumina, washing with EtOAc/Ether 50:50 

(20 ml) and the combined filtrates were washed with HC1 0.5N (3x10 

ml). After drying and evaporating the solvent under reduced pressure 

10 the crude was purified by column chromatography (Ethyl 

acetate/hexanes, 5:1 to 2:1) to afford pure 73 (6 mg, yield: 17%). 

W NMR (CDC13, 300 MHz) 8: 7.27 (t, 1H, J=11.46 Hz), 6.90 (t, 1H, J = 
11.52Hz), 6.16 (d, 1H, J= 11.7), 6.03 (d, 1H, J= 9.55 Hz), 5.84-5.70 (m, 

15 1H), 5.67-5.60 (m, 2H), 5.28 (d, 1H, J= 10.66 Hz), 5.14-5.06 (m, 2H), 

4.53 (d, 1H, J= 9.41 Hz), 4.22-4.10 (m, 3H), 3.65 (s, 3H), 2.91-2.81 (m, 

1H), 2.47-2.34 (m, 4H), 1.84 (s, 3H), 1.16 (d, 3H, J= 6.65Hz), 0.99 (s, 

9H). 

20 EXAMPLE 16 

Scheme 16 provides the synthesis of several compounds of this 

invention. 

25 



5 Synthesis of compound 86 135 To a solution of alkenylstannane 63 
(780.4 mg, 0.904 mmol) and 9 (377.4 mg, 1.085 mmol) in'NMP (9 mL) at 0 C, 
Copper 5 thiophenecarboxylate (258.5 mg, 1.36 mmol) was added. The reaction 
was stirred at 0 C for 45 min and 20 min at room temperature. Then, the 
crude mixture was filtered through a plug of neutral alumina, washed with 
EtOAc/Ether 50:50 and the combined fil^g^tes were washed with HC1 0.5N (3 x 
10 mL). The organic solution was dried and 10 evaporated to give the crude 
product which was purifiediby column chromatography (Hexane/EtOAc 5:1 to 
1:1) to give triene 86 (4vSy<'7 mg,^"^EW§d: 66%) as an oil. 1H NMR (CDC13, 300 
MHz) 6: 7.66-7.64 (m, 4H) (m/ 7H) / , 1H, J= 11.7 Hz), 
6.85 (t, 1H, J= 11.7 Hz^2,N 6^2 fdcU.lH, J= 10.5, 9.3* 15 Hz), 6.41 (d, 1H, 
J= 9.3 Hz), 6.11 (d, 1H, J=Hri-0^4 HzW"5.66 (d,Efl®HC^= H-4 Hz), 5.60 (dd, 

5.7, 5.1 Hz), 5^^,-^1.41 (m, 1$), 5.32-5.27 (m, 1H) , 5.25 (d, 1H, J= 
, 4.83-4.75 (m, 4.32 (d, 1H, J== J . 3 Hz), 4.22-4.15 (m, 1H) , 

1H, J= 
9 . 9 Hz 
3.83-3.78 (m, 1H), 3 
2.20-2.04 (m, 4H), 1 
J= 6.9 Hz), 1.03 (s, 
166.3, 161.8, 145.4, 

62 (s, 
81 (s, 
9H) 

2.40-2.35 (m, 2H), 
z), 1.13 (d, 3H, 

MHz) 8: 168.3, 

74 R=TBDPS, Y=CI 
75 R=TBDPS, Y=H —i TDAF 
76 R=OH, Y=H ^=L__A. _ 
77 R=OCONH2, Y=H ZHTCA|. AI20S 

Cul 

78 R=TBDPS, Y=CI 
79 R=TBDPS,Y=H 
80 R=OH, Y=H 
81 R=OCONH2lY=H 

Scheme 16 

5 Synthesis of compound 74 

OTBDPS 



136.1, 134.8, 134.4, 134.3, 129.9, 127.8, 126.4, 126.1, 124.4, 121.7, 
121.2, 108.4, 109.1, 82.0, 72.6, 60.6, 55.6, 37.5, 35.2, 32.7, 31.1, 27.2, 
26.8, 26.5, 19.5, 17.4, 16.9, 13.1. 25 Synthesis of compound 87 136 

To a solution of 40 (2.7 g, 5.12 mmol) and propiolic acid (0.41 mL, 6.66 

mmol) in anhydrous DCM (51 mL) at 0 °C, N-(3-dimethylaminopropyl)-

N'-ethylcarbodiimide hydrochloride EDC (1.23 g, 6.4 mmol) was added. 

The reaction was stirred at 0°C for 30 min and 2 hours at room 

5 temperature. Then, the crude mixture was quenched with water and 

extracted with dichloromethane. The combined filtrates were washed 

with H2O. After drying and evaporating the solvent under reduced 

pressure the crude was purified by column chromatography 

(EtOAc/hexanes mixture) to afford pure compound 74 (2.25 g, 85 % 

10 yield) as a white solid. 

m NMR (CDCls, 300 MHz) 8: 7.66 (m, 4H), 7.47-7.36 (m, 6H), 6.96 (d, 

1H, J= 10.5 Hz), 6.66 (d, 1H, J= 9.2 Hz), 6.62 (t, 1H, J= 8.9 Hz), 5.52 

(t, 1H, J= 7.4 Hz), 4.79 (q, 1H, J = 8.6 Hz), 4.27 (d, 1H, J = 9.4 Hz), 

3.83 (m, 1H), 2.82 (s, 1H), 2.19-2.04 (m, 4H), 1.87 (s, 3H), 1.05 (s, 9H), 

15 0.99 (s, 9H). 

Synthesis of intermediate 75 

A solution of propiolic acid (45 uL, 0.726 mmol), amine 62 (275 mg, 

0.56 mmol) in anhydrous DCM (5.6 mL) was cooled to 0 °C under argon 

and N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride, 

EDC (134 mg, 0.7 mmol) was added. The reaction mixture was stirred 

25 at 0°C for 10 min and then at 23°C for 3 hours, was quenched with 

water and extracted with dichloromethane. The combined organic layers 

were dried (anhydrous Na2S04), filtered and concentrated. The residue 

was purified by flash chromatography (EtOAc/hexane 1:10 to 3:1) to 

afford 75 (260 mg, 85% yield) as a colourless foam solid. 

122 

OTBDPS 

20 



To a solution of 86 (586 mg, 0.76 mmol) in anhydrous THF (7.5 mL) under N2 
and at room temperature, TBAF 1M in THF (1.53 mL, 2 mmol) 5 was added. The 
reaction was stirred at room temperature for 18 hours and then quenched 
with a saturated aqueous solution of NH4C1 and extracted with EtOAc. The 
combined organic phases were dried over anhydrous Na2S04, filtered and 
concentrated. The residue was purifiedflash chromatography 
(Hexane/EtOAc 3:1 to 1:2) to give alcohol 87 10 (320 mg, yield: 80%) as a 
white solid. 1H NMR (CDC13, 300 MHz) 6: 8.95 (d, 1H, J= 10.2 Hz), 7.25 (t, 
1H, J= 12.0 Hz), 6.85 (t, 1H, J= 11.7 Hz), 6.73 (t, 1H, J= 9.6 Hz), 6.57 
(d, 1H, J= SH7NM33 &C0CI-3? 305)/MHfe) 8J3\6M6^}n, ftlf, V.44V7.35,(mT=6Hft TlOSz) -
5.61 (dd, 1H/ J= 5.4. 3.9 Hz), 5.63-5.58 (m, 1H), 5.44-5.35(m, 1H), 5.26 
(d, 15 1H, & (fft (^),^H35-^2§ J[gi,Hz) ; 
4.24- 4.16 ^ l¥jj, 4^6 jjcfi)l'H,3J-49.89 hM~(h,^ 8&H) ' 
2.86- 2.79 (m/ 1H) , 2.41-2.37 (m, Zrf) , 2 . 2 8 - 2 .14; (m, 4H), v1.82 '(s, 3H) , 
1.61 (d, 53H(s,JlH)§ 252fi^.Q5](trS,4'm)J4.4a^dj3H5 ̂ =ffz8 H4,. D3)5((s, 9M)) 0.9ED(s,137 To 
a solution ftfr,87 (56 mg, 0.105 mmol) in anhydrous DCM (1 mL) at 0C, 
trichloroacetyl isocyanate (15 pL, 0.126 mmol) was added. The reaction was 
stirred at 0 C for 3 0 min and then neutral aluminium oxide was added. The 
mixture was stirred for 5-30 min and then was 5 soaked into a pad of 
aluminium hashed out using a mixture of DCM/MeOH 
50:1. The filtrate was evaporated in vacuo to give the crude product which 
was purified by column chromatography (Hexane/EtOAc 3:1 to 1:2) to give a 
compound 88 (57.6 mg, yield: 96%) as a whiteO£bam. 10 1H NMR (CDC13, 300 
MHz) 6: 8.69 (d, 1H, J = 10.4 Hz)Q StiaO. (dd^lH, J = 11.6, 11.6 Hz), 6.90 
(dd, 1H, J= 11.6, 11.6 Hz), 6.82 |Kddt, WH,Jj=lo.4, 9.1, 0.9 Hz), 6.53 (d, 
1H, J= 9.6 Hz), 6.15 (d, 1H, • 72 T*5r d, 1H, J= 11.6 Hz), 5.63 
(dd, 1H,JQJ= 6.6, 2.7 Hz), 5.6(T [m, H1H)O 5.40 (m, 1H) , 5.29 (d, 1H, J = 9.9 
Hz), 4.82 (m, 1H), 4.45 (m, 1H), 4.44 (d, 15 1H, J= 9.6 Hz), 4.25 (ddd, 1H, 
J= 11.3, 7.0, 4.0 Hz), 3.66 (s, 3H), 2.85 (ddq, 1H, J= 9.9, 7.0, 6.7 Hz), 
2.46 (m, lH)p0 £ <#%5 (^4^?3 tog, rSm^J &P 'anlfykro"&s ' J= 

14.1, 8.0, 8.0 Hz), 1.82 (s, 3H) , 1.63 (dd, 3H, J = 6.8, 1.0 Hz), 1.15 (d, 
3H, j= 6 . 7H»Xi4eI ."QoTl^JFta&feis 1®Fc^36um3U 8@.5gl5 mmol) was 

added. The reaction was stirred at room temperature for 3 hours and 

15 then quenched with a saturated aqueous solution of NH4CI and 

extracted with EtOAc. The combined organic phases were dried over 

anhydrous Na2S04, filtered and concentrated. The residue was purified 

by flash chromatography (hexane/EtOAc 4:1 to 1:2) to give alcohol 76 

(94.1 mg, 69% yield) as a pale yellow oil. 

20 

!H NMR (CDCls, 300 MHz) 8: 9.02 (d, 1H, J= 9.9 Hz), 7.09 (d, 1H, J = 

9.3 Hz), 6.74 (t, 1H, J= 9.9 Hz), 5.65-5.57 (m, 1H), 5.43-5.35 (m, 1H), 

4.93-4.85 (m, 1H), 4.44 (d, 1H, J= 9.3 Hz), 3.78-3.70 (m, 1H), 2.87 (s, 

1H), 2.32-2.12 (m, 4H), 1.61 (d, 3H, J= 6.6 Hz), 1.02 (s, 9H). 

25 13C NMR (CDCls, 75 MHz) 8: 167.7, 152.4, 127.7, 126.0, 123.5, 109.4, 

77.3, 74.9, 72.1, 61.3, 35.4, 34.7, 33.2, 26.8, 13.3. 

Synthesis of intermediate 77 



138 Diisobutylaluminum hydride (DIBAL) 1M in toluene (0.03 mL, 0.034 mol) 
was added and the mixture was stirred at -78 C. After 2 hours the reaction 
was quenched with a saturated aqueous solution of NH4C1 and diluted with 
dichloromethane (2 mL). This mixture was stirred for 0.5 h 5 at room 
temperature and then the organic layer was decanted. The aqueous residue 
was extracted with additional dichloroiji§Jj.hane (2x4 mL) and the combined 
organic layers were dried'(anhydrous Na2S04) and the solvent was evaporated 
to give compound 89 (12 mg, 80 ./0 yield) wi^wgj^ further purification. 10 
11-1 NMR (CDC13, 500 MHz) 6: 8.67 (dj 1H, J 10.^ Hz), 7.17 (m, 1H), 6.92 
(t, 1H, J= 11.4 Hz), 6.81 (t, 1H,0 J>p . 6, Hz^V^ .44 (d, 1H, J= 9.5 Hz), 6.18 
(d, 1H, J= 11.5 Hz), 5.65 (d, , ^^9 (m, 1H) , 5.40 (m, 1H) , 
5.35 (d, 1H, J= 10.0 Hz), 5.2^fs, fjlH)ir 4.83 (q, 1H, J= 8.3 Hz), 4.80 (m, 
1H) , 4.46 (m, 1H) , 4.40 (d, 1H, J= 9.^Hz), 3.85 (m, 1H) , 15 3.57 (s, 3H) , 
3.27 (s, 1H), 2.61 (m, 1H), 2.42 (m, 2H), 2.15-1.99 (m, 4H), 1.83 (s, 3H), 
1.63 (d, 3H, J= 6.7 Hz), 1.08 (d, 3H, J= 6.6 Hz), 1.04 (s, 9H). EXAMPLE 19 
2 0 Scheme 19 provides the synthesis of several compounds of this invention 
139 OR N SsSJj, inmydYois0D&M (1.6 mL) 

5 at room temperature, trichloroacetyl isocyanate (TCAI) (23.0 jul, 0.19 

mmol) was added. The reaction was stirred at room temperature for 30 

min and then neutral aluminium oxide was added (250 mg). The 

mixture was stirred for 60 min and then was soaked into a pad of 

aluminium oxide. The product was washed out using a mixture of 

10 dichloromethane /MeOH 50:1. The filtrate was evaporated under 

reduced pressure to give the crude product which was purified by 

column chromatography (hexane/EtOAc 3:1 to 1:100) affording 

compound 77 (43 mg, 77% yield) as a white solid. 

m NMR (CDCls, 300 MHz) 8: 9.02 (d, 1H, J= 10.5 Hz), 7.12 (bs, 1H), 

7.04 (d, 1H, J= 9.6 Hz), 6.98 (bs, 1H), 6.80 (t, 1H, J= 9.7 Hz), 5.63-

5.53 (m, 1H), 5.42-5.33 (m, 1H), 4.86 (q, 1H, J= 8.3 Hz), 4.48-4.30 (m, 

1H), 4.39 (d, 1H, J= 9.6 Hz), 2.87 (s, 1H), 2.46-2.43 (m, 1H), 2.35-2.30 

(m, 2H), 2.18-2.11 (m, 1H), 1.61 (d, 3H, J= 6.0 Hz), 1.00 (s, 9H). 

15 

20 

Synthesis of compound 78 



(7E)-45 (7Z)-27 Pd(PPh3)4 Cul, iPr2NH MeO 0 OR (7E,11 E)-91a, 
R=TBDPS, Y=H (7E, HE) -91b, R=TBS, Y=CI (7Z, 11E) - 91c, R=TBDPS, Y=H 
(7Z,11E)-91d, R=TBS, Y=CI Scheme 19 Synthesis of intermediate 90a 

125 

OMe 

. 10 

15 

To a solution of iodo compound 9 (300 mg, 0.86 mmol) in 

diisopropylamine (4.3 mL) under N2 at room temperature, Pd(Ph3P)4 (20 

mg, 0.017 mmol) and Cul (6.4 mg, 0.034 mmol) were added. Then, 

compound 74 (500 mg, 0.86 mmol) was added portionwise and the 

reaction mixture was stirred at room temperature for 2 hours. The 

crude was quenched with H2O and extracted with EtOAc. The organic 

phase was dried (anhydrous Na2S04) and evaporated under reduced 

pressure. Purification by column chromatography (Hexane/EtOAc 3:1 

to 1:1) afford pure compound 78 (580 mg, yield:85%) as a yellow solid. 
]H NMR (CDCI3, 300 MHz) 8: 7.67 (m, 4H), 7.48-7.37 (m, 6H), 7.75 (d, 

1H, J= 10.5 Hz), 6.65 (t, 1H, J= 10.1 Hz), 6.46 (d, 1HJ= 9.2 Hz), 6.38 

(d, 1H, J= 12.0 Hz), 5.64-5.48 (m, 3H), 5.43 (d, 1H, J= 12.1 Hz), 4.78 

(q, 1H, J= 7.7 Hz), 4.28 (d, 1H, J= 9.3 Hz), 4.20 (m, 1H), 3.82 (m, 1H), 

3.65 (s, 3H), 2.86 (m, 1H), 2.40 (m, 2H), 2.14 (m, 4H), 2.09 (s, 3H), 1.86 

(s, 3H), 1.15 (d, 3H, J= 6.6 Hz), 1.05 (s, 9H), 0.99 (s, 9H). 

Synthesis of compound 79 



OTBDPS 14Q A solution of (E)-pent-2-en-4-ynoic acid (52 mg, 0.54 mmol), 
amine 62 (232 mg, 0.47 mmol) in anhydrous DCM (5 mL) was cooled to OC under 
argon and N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide hydrochloride, EDC 
(100 mg, 0.52 mmol) was added. The reaction 5 mixture was stirred at 0C for 
10 min and then at 23C for 90 min, was quenched with a saturated aqueous 
solution of NH4C1 and extracted with dichloromethane. The combined organic 
layers were dried (anhydrous Na2S04), filtered and concentrated to afford 
90a (223 mg, 83 A yield) as a colourless foam solid, which was used without 
further 10 purification. 1H NMR (CDC13, 300 MHz) 8: 7.69-7.67 (m, 4H), 
7.44-7.36 (rp0 & ̂ olufieft ̂ of (^(l1fS' rifg1, §.03-2fe >2$ •°€£ (d, 1H 
J= 8.1 Hz), 6.41 (d, 1H J = 15.6 Hz), 5.54-5.45 (m, 1H), 5.36-5.27 (m, 1H), 
4.89-4.81 (^d(IfeFl4i)(7 TOOO.^,6 iamo^=apd3Qri) (2.§.0^-,3O.^3(rfinmE^) weg-e25 (bs, 

164.1, 155 . Itirded4att23 PIDlfot,3 h2)&r§.,TM! Srilde ifliXtiSre \Jv&§ <^uericlied4wit!i2f920, 
121.4, 121.1, 109.2, 84.6. 80.5, 20 72.3, 60.7, 35.3, 33.8, 32.4, 29.7, 
2 7.0, 2 6.5,*§#. §xtr^te^ Jlge dried (anhydrous 

Na2S04) and evaporated under reduced pressure. The residue was 

purified by flash chromatography (EtOAc/hexane 1:3 to 1:1) to afford 
pure 79 (180 mg, 70 % yield) as a colourless foarii solid. 

10 'H NMR (CDCls, 300 MHz) 6: 7.67-7.64 (m, 4H), 7.60 (d, 1H, J = 10.8 

Hz), 7.46-7.35 (m, 6H), 6.66 (t, 1H, J = 9.6 Hz), 6.59 (dd, 1H, J= 9.9 

Hz), 6.31 (d, 1H, J = 12.6 Hz), 5.62-5.54 (m, 2H), 5.42-5.37 (m, 1H), 

5.32 (d, 1H, J =12.0 Hz), 5.30-5.23 (m, 1H), 4.92-4.84 (m, 1H), 4.42 (d, 

1H, J= 9.6 Hz), 4.23-4.15 (m, 1H), 3.86-3.78 (m, 1H), 3.63 (s, 3H), 

15 2.88-2.80 (m, 1H), 2.41-2.36 (m, 2H), 2.22-2.11 (m, 4H), 2.06 (s, 3H), 
1.39 (d, 3H, J= 6.9 Hz), 1.13 (d, 3H, J= 6.6 Hz), 1.03 (s, 9H), 0.96 (s, 

9H). 

i3C NMR (CDCls, 75 MHz) 8:167.5, 161.7, 153.3, 148.2, 145.4, 138.2, 

136.1, 135.7, 134.4, 129.9, 127.8, 127.8, 126.5, 126.1, 121.6, 109.5, 

20 108.5, 103.1, 88.2, 85.1, 81.7, 72.6, 60.8, 55.6, 37.2, 35.6, 34.1, 32.6, 

27.2, 26.7, 26.6, 19.5, 16.4, 15.5, 13.1. (One Csp2 not located). 

Synthesis of compound 80 

25 



OTBS /l\ CI N 25 To a solution of amine 20a (96.04 mg, .0.24 mmol) and 
(E)-pent-2-en-4- ynoic acid (27.4 mg, 0.28 mmol) in dry dichloromethane 
/DMF (10:1, 3.3 mL), under argon atmosphere and at 0 C, DIPEA (0.049 mL, 
0.2 8 141 mmol), HOAt (38.11 mg, 0.28 mmol), and HATU (106.4 mg, 0.2 8mmol) 
were added to the solution and after 30 min, the cold bath was removed. The 
reaction mixture was stirred at room t^si^erature for 2h, quenched with a 
saturated aqueous solution of NH4C1, poured into water and extracted with 

Na2S04, filtered andT concentratecP. The residue was purified by flasn 
chromatograpa^Phy^K^6/filg?^0;003:ftirtiei) letodL Ctflo( lgi4"em§pt)3©0© GbmfcflJL v&reig, 71 % 
yield) as a white foam. 10 1H NMR (CDC 1.3, 300 MHz) 6: 7.91 (d, 1H, J = 10.2 
Hz) , 6 . 74 - 6a#§e^mTh§ft') T6^4^ W,' g.^1 of^^.yag^dffcd ̂  # 
4.89-4.81 (ifhg ^^cticfct 1$is( §tirrle&' at123 %oF 3.^20 ^iiri7 T?ie7<?ru(£fe' rrftStWe^wS-i (d' 
1H, J = 9.3 Hz), 2.18-2.09 (m, 4H), 2.01 (s, 3H), 1.02 (s, 9H), 0.87 (s, 
9H) , 0 . 0§ (q\ieaeft<?d (Wife £8Hl) extectL^Wjts4REte^i®l3>ie7Srg0JB^ pEhasj:6Wa3 , 

364S! ' 3534 
91a 2 0 residue was purified by flash chromatography (dichloromethane /MeOH 

100:1 to 20:1) to afford pure 80 (59.5 mg, 75% yield) as a colourless oil. 

10 *H NMR (CDCls, 300 MHz) 8: 8.94 (d, 1H, J= 9.9 Hz), 6.75 (t, 1H, J = 

9.3 Hz), 6.69 (d, 1H, J= 9.0 Hz), 6.37 (d, 1H, J= 12.0 Hz), 5.68-5.57 (mr 

3H), 5.44 (d, 1H, J = 12.0 Hz), 5.43-5.35 (m, 1H), 4.95-4.87 (m, 1H), 

4.34 (d, 1H, J= 9.3 Hz), 4.24-4.17 (m, 1H), 3.76 (m, 1H), 3.64 (s, 3H), 

2.91-2.78 (m, 1H), 2.63 (bs, 1H), 2.43-2.38 (m, 2H), 2.32-2.11 (m, 4H), 

15 2.07 (s, 3H), 1.62 (d, 3H, J= 6.6 Hz), 1.14 (d, 3H, J= 6.6 Hz), 1.01 (s, 

9H). 
13C NMR (CDCls, 125 MHz) 8: 167.5, 161.5, 153.2, 147.9, 145.1, 137.8, 

135.4, 127.8, 125.5, 123.6, 109.0, 108.3, 103.0, 88.0, 84.7, 81.4, 72.0, 

61.1, 55.4, 37.0, 35.2, 34.5, 32.8, 26.6, 26.4, 16.2, 15.3, 13.0. 

20 

MS (ES) [m/z]= 549.2 [M+Na]+. 

Synthesis of compound 81 



OTBDPS To a solution of 45 (56.2 mg, 0.182 mmol) in DIPA (1.6 ml) at 23C, 
Pd(Ph3P)4 (15.7 mg, 0.014 mmol) and Cul (5.2 mg, 0.028 mmol) were 25 added. 
Then, 90a (114.6 mg, 0.200 mmol) in 0.4 ml of DIPA was added and the 
reaction was stirred at 23 C for 90 min. The crude mixture was quenched 
with H20 and extracted with EtOAc. The organic phase was dried (anhydrous 
Na2S04) and evaporated under reduced pyegsure. The 142 . residue was 
purified by flash chromatography (EtOAc/nexanes 1:4 to .6:1) to afford pure 
91a (96 mg. 70% yield) as a,colourless oil. NHR XCDCll,^. 300, MHz) 8• 
7.68-7.66 (rK° i % V n nf?§6 3V 7 3 • rPF1(^ (P=6 lA afe 5)3, P.' 81 (dd, 
1H, J= 15.3P(i^»ri3F^{2.86n^ 9-3 

Hz), 6.25 (d, 1H, J= 15.1Hz), 6.15 6.32 (dd, 1H, J = 15.9,8.4 Hz), 5.74 
(d, 1H, J= &todHT^9n57^2(4?d!aig, fiHl,23rram€)l)3in Q.4onri^)fpi?/6wa§.a^ie^nan4H) , 

(m, 2H) , 52 . fofith^HtiO ah-c& ixlMcteffiwitfr E3;QA.cfcI3)he Srgte&icf cjahaSi:, w&s 6.9 
Hz), 1.04 (s, 9H) , 0.96 (s, 9H) . 13 C NMR (CDC13, '125 MHz) 8:167.7 164 .3, 
161.3, 145. JNa2£94)_ jnd^pgra^gugde^ ff^cec^gi^ur^hg ? 

12 6.4, 125. Was itaJifffed flijft chroAfii%o^rapW^(d§Ghl^^oAettMbe7 ' 7 2 • 3 , 
60.7, 55.4, 41.5, 35.2, 33.8, 32.4, 29.7, 27.0, 26.5, 25.9, 19.3, 15.5, 
12 . 9 . 100:1 to 20:1) to afford pure 81 (38 mg, 54% yield) as a colourless oil. 

10 JH NMR (CDCI3, 300 MHz) 8: 9.00 (d, 1H, J = 10.8 Hz), 6.81 (t, 1H, J = 

9.6 Hz), 6.73 (d, 1H, J= 9.6 Hz), 6.38 (d, 1H, J= 12.0 Hz), 5.63-5.56 (m, 

5H), 5.45 (d, 1H, J= 11.7 Hz), 5.43-5.36 (m, 1H), 4.90-4.81 (m, 1H), 

4.40 (d, 1H, J = 9.3 Hz), 4.40-4.33 (m, 1H), 4.24-4.17 (m, 1H), 3.64 (s, 

3H), 2.90-2.82 (m, 1H), 2.42-2.31 (m, 5H), 2.18-2.09 (m, 1H), 2.09 (s, 

15 3H), 1.62 (d, 3H, J= 6.6 Hz), 1.15 (d, 3H, J= 6.6 Hz), 1.01 (s, 9H). 

EXAMPLE 17 

Scheme 17 provides the synthesis of several compounds of this 

20 invention 

1 



Synthesis of compound 91b OTBS 20 To a solution of 45 (30.2 mg, 0.098 
mmol) in DIPA (0.5 ml) at 23C, Pd(Ph3P)4 (8 mg, 0.007 mmol) and Cul (3 mg, 
0.014 mmol) were added. Then,- 90b (47.6 mg., 0.098 mmol) in 0.5 ml of DIPA 
was added and the reaction was stirred at 23 C for 90 min. The crude 
mixture was 25 quenched with H20 and extracted with EtOAc. The organic 
phase was dried (anhydrous Na2504) andjg^apora.ted under reduced pressure. 
The residue was purified by flash chromatography (EtOAc/hexanes 1:4 to 1:1] 
to afford p^<gj'91fc> 
(CDC13, 300 MHz 

72 (t, 

(41.2 mg, 64 .A) yield) as a colourless oil. 143 1H NMR 
7.70 (d, 1H, J= 10.2 Hz; 

15 (dd^ lfT, 8.1 HIV3^5 . Tj 
1H, J= 6.3, 3.0 Hz), 5 .62 -51.55 (m, lH^V^N^ 
1H, J= 9.6 Hz), 4.30-4.23 (m, 1H) , 3 . 7 9 - 3 H75 ̂ (m, 1H) 
2.69-2.61 (m, 1H), 2?44-2.32 (m, 2H), 2.20-2.14 (m, 

Hz 
Hz 

6 
6 

B? 1H, J= 15.3, 2.4 
6-25 N^/dJc J= 15 
5.9 HZL—(dd, 

5 10 4.38 (d, 
$,65 (s, 3H), 

,LL1, 4H) , 2.02 (s, 3H) , 1.18 
(d, 3H, J= 6.6 Hz), 1.02 (s, 9H) , 0.87 (S,21IH), 0.07 (s, 3H) , 0.05 (s, 3H) . 
13C NMR (CDC13, Me©>jpz^ 6: 168.1, 164.6, 161.5, 145.7, 145.4, 132.1, 131.2, 
123.9, 122.4, 111.5[ 1$8.9, 108.2, 95i4, 86.9, 81.0, 71.7, 61.0., 55.7, 
41.'-7, 36.5, 35.4, 6 . 8Q >i<2 , 260TBS 21.3, 18.3, 15.7, - 4.3, 
-4.4. Synthesis of compound 91b JJ|^5 J^o ̂  solution of TBAF/(tHF mg, 0.188 
mmol) in DIPA (1.6 mL) at 23C, P^P^pTfT mg, 0.014 mmol^ and Cul (5.3 
mg, 0.028 mmol) were added. Then, 90a ̂ <1^.2 m§^/'0.207 mmol) in 0.4 ml of 
DIPA was added and the reaction was stirred at i|3C for 90 min. The crude 
mixture was 2 0 quenched with H2 0 8?nd extracted with EtOAc. The organic 
phase was drie^eC^njaydrous Na2S04) and evaporated under reduced pressure. 
The residue was purified by flash chromatography (EtOAc/hexanes 1:4 to 6:1) 
to afford pure 9Q?^(D5'2Nstf^ty-'£^iA ^e^bpf as aOhColourless oil. 

TCAI/DCM 

MeO. 

DIBAL 

DCM / -78QC 

84 

Scheme 17 

5 Synthesis of compound 82 



144 10.5, 9.3 Hz), 6.39 (d, 1H, J=9.0 Hz), 6.30 (d, 1H, J= 15.3 Hz), 5.88 
(t, 1H, J = 10.5 Hz), 5.71 (dd, 1H, J = 10.5, 2.1 Hz), 5.69-5.61 (m, 1H), 
5.53-5.47 (m, 1H), 5.35-5.30 (m, 1H), 4.88-4.80 (m, 1H), 4.31 (d, 1H, J = 
9.6 Hz), 4.28-4.19 (m, 1H), 3.87-3.82 (m, 1H), 3.65 (s, 3H), 3.14-3.06 5 
(m, l.H), 2.58-2.47 (m, 1H), 2.41-2.32 (m, 1H), 2.23-2.04 (m, 4H), 1.43 (d, 
3H, J= 6.6 Hz), 1.18 (d, 3H, J= 6.9 Hz^gQl.OS (S, 9H) , 0.98 (s, 9H) . 13C 
NMR (CDC13, 300 MHz) 6: 167.9, 164.5, 161.7, 145.5, 145.4, 136.1, 134.3, . 
132.4, 130.0, 129.9, l^e(£, 127 .8, 126.7', 126.1, 122.2, 121.6, 110.7, 
109.4, 108.4, 93.2, 91.8,>lVtl, 72.6, 61.0, 55.6, 39.6, 35.4, 34.0, 10 
32.7, 29.8, 27.2, 26.8, 23^0x^9x^^^. 8,-lsj^-. Syntbeg is of compound 9 Id 
OTBS ONM{N? H OCI 15 To a soO.utj.on |of (2 7 jJ26 Jp mg, f .11%5 mmol) in DIPEA (4 
ml) at -20 'DC, Pd(Ph3P)2C12 (6 mg, 0. U^8^fqim6^ artaNCul (5mg, 0.025 mmol) 
were added. Then, 90b (45 mg, 0.094 mmol) v\f&S|_^dd^d a^d the reaction was 
stirred at 23 C for 90 min. The crude mixture was quencjned with H20 and 
extracted with EtOAc. The organic phase was dried (anhj«&rous 20 Na2S04) and 
evaporated under reduced pressure. Purification by column chromatography 
(EtOAc/hexanes 1:10 to 2:1) to afforded 91d (44.5 mg, 79% yield) as a 
colourless <T©la s3>Hitl@fEof ^ 1.71. 1.(^7, nifiol)^feid9-p.02)g, 6.81 • 
(dd, 1H, J 15.6, 2.4 Hz), 6.68 (t, 1H J= 9.3 Hz), 6.37 (d, 1H, J= 9.3 Hz), 
6.34 (d, 25 hi?, WP1 m. 3t %C((ftpppffl, J= 

10.8, 2 . £ H^j?&\TCf •(%^2(cing,1I^.2Jfn]§ioi-) ^s' aktfbk. {#he1H' J= 
9.3 Hz), 145 4.28-4.18 tm, 1H) , 3.81-3.72 (m, 1H) , 3.64. (s, 3H) , 3.16-3.06 
(m, l H ) , 2 . f6&dior6 w$® ,stim$4 04°(C- &r3® Unrip awe} 2 02mM at raom (ternjaerjaiuffi, o 4 (s, 
3H) , 1.17 (d, 3H,, J= 6,6 Hz), 1.03 _£s, 9H3, 0-87 (,s, 9H), +0.p7, (s., 3H) , 
0.05 (s, 31lth§nS^mi% ^fough a Plu§ of ndutraralumina, 

washed with EtOAc/Ether 50:50 and the combined filtrates were 

washed with HC1 0.5N (3x15 mL). The organic solution was dried and 

10 evaporated to give the crude product which was purified by column 

chromatography (Hexane/EtOAc 5:1 to 1:1) to give triene 82 (0.66 g, 

yield: 66%) as an oil. 

!H NMR (CDCls, 300 MHz) 5: 7.89 (d, 1H, J= 10.8 Hz), 7.22 (dd, 1H, J = 

12.3, 11.4 Hz), 6.86 (dd, 1H, J= 11.7, 11.4 Hz), 6.70 (dd, 1H, J= 9.9, 

15 9.3 Hz), 6.35 (d, 1H, J= 9.3 Hz), 6.13 (d, 1H, J= 11.4 Hz), 5.66 (d, 1H, 

J= 11.4 Hz), 5.60 (dd, 1H, J= 5.4, 3.9 Hz), 5.55 (br t, 1H, J= 7.8 Hz), 

5.26 (d, 1H, J= 10.2 Hz), 4.84-4.76 (m, 1H), 4.3 (d, 1H, J= 9.3 Hz), 

4.20-4.16 (m, 1H), 3.77-3.69 (m, 1H), 3.63 (s, 3H), 2.89-2.77 (m, 1H), 

2.41-2.33 (m, 2H), 2.19-2.13 (m, 4H), 2.00 (s, 3H), 1.82 (s, 3H), 1.13 (d, 

20 3H, J= 6.9 Hz), 1.02 (s, 9H), 0.86 (s, 9H), 0.4 (s, 3H), 0.03 (s, 3H). 
13C NMR (CDC13, 75 MHz) 8: 168.5, 166.4, 161.8, 145.4, 140.3, 137.3, 

134.4, 134.3, 131.0, 124.3, 124.1, 122.4, 121.2, 108.7, 108.4, 82.0, 

71.6, 60.6, 55.6, 37.5, 36.5, 35.1, 33.8, 26.5, 26.0, 21.3, 18.3, 17.4, 

16.9, -4.3, -4.4. 

25 

Synthesis of compound 83 



To a solution of 91a {IS.2 mg, 0.104 mmol) in anhydrous THF (2 mL) 10 under 
N2 and at 0 C, TBAF 1M in THF (0.2 mL, 0.208 mmol) was added. The reaction 
was stirred at room temperature for 3 hours and then quenched with a 
saturated aqueous solution of NH4C1 and extracted with EtOAc. The combined 
organic phases were dried over anhydrous Na2S04, filtered and concentrated. 
The residue was purified 15 by flash cl|g<jmatography (hexane/EtOAc 4:1 to 

9 mg, 34 A) yield) as a pale yellow oil. 1H 
(d, 1H, J= 10.0 Hz), 6.80 (dd, 1H, J = 15.0, 

9.0 Hz), 6.50 (d, 1H, J= 9.5 Hz), 6.28 (d, 
8^0-vlJ^ , 5.74 (dd, 1H, J 20 = 16.0, 

6]5, 2.59Hz), 5.42- 5.3 9 (m, 
4^8,-4 .23 (m, 1H) , 

1:2) to give alcohol 92a (17 
NMR (CDC13, 500 MHz) 8^ ̂.89 
2.0 Hz) 
1H, J= 
2.5 Hz) 
1H), 4. 
3.79-3 . 
2.34-2 . 
(s, 9H) 

, 6.75 (dd, 1H, J= 
15.5 Hz) , 6.14 (d<Jj, 
, 5 . 68-65 (m, 1H) 5 > 
92-4 . 90 (m, 1H) , 4.37 (d^ 
73 (m, 1H) , 3.65 (s, 3H) , 2 .67 - 2 .62 Km^imj, 2^47-2.37 (m, 2H) . 
15 (m, 4H) , 1.64 (d, 3H, J= 7.0 Hz), l.l?K(d, 3^ J= 6.5 Hz), 1.01 
. 25 Synthesis of compound 92b OH To a soliffition of 91b (41.2 

mg, 0.061 mmol) in anhydrous THF (1 mL) under N2 and at 0 C, TBAF 1M in THF 
(0.12 mL, 0.122 mmol) was 5 added. The reaction was stirred at room 
temperatureT§o£ Muta^gf 
solution of NH4C1 and extracted with EtOAc. The combined organic phases 
were dried r dfthfffi&Sts rgt^46gmpgi.qtitJgf-e3fE^Fd lM)iiQe1WFa(lGfe&2 rpfce Q?§2idue 
was purilie^n^^go^^nhy^li^Wg^Ac^^t^l^ f<pi§ive 
alcohol 92b 10 (14.7 mg, 65 % yield) as a pale yellow oil. 1H NMR (CDC13, 
500 MHz) 6 : qlie¥ichgd2with)9. sS.tiSifet6d,^0qufet!)Us2g31utM)n6a>f JSJJ4C|H, J= 
9.3 Hz), 6.27 (d, 1H 15^ Hz) 6.15 (dd, ,1H, J=15.9, 8.4 Hz),.5.75 (d, 
IH, j = ls.f^zf^w-™ WA^HT1?e4c.^%^o^niM^aie.s4ivera,(1?fid J= 9.3 
Hz), 4.29-4 te/hy®ms 3N3.^S<94,7 filt^Fbd cblic^nfr&t^d?.' TUS) residikS ' 1H) / 
2.69-2.61 (m, 1H), 2.46-2.37 (m, 2H), 2.20- 2.14 (m, 4H), 2.04 (s, 3H), 
1.18 (d, 3Hpujifie4. ^ynS^shictg^rqajtog^hy (Hexane/EtOAc 3:1 to 1:2) to give 

10 alcohol 83 (175 mg; yield: 76 %) as a white solid. 

iH NMR (CDC13, 300 MHz) 6: 9.00 (d, 1H, J= 10.2 Hz), 7.25 (dd, 1H, J = 

12.0, 11.4 Hz), 6.86 (dd, 1H, J= 11.7, 11.4 Hz), 6.72 (dd, 1H, J= 9.6, 

8.7 Hz), 6.68 (d, 1H, J= 8.7 Hz), 6.13 (d, 1H, J= 11.7 Hz), 5.68 (d, 1H, 

J= 11.4 Hz), 5.63-5.58 (m, 2H), 5.27 (d, 1H, J= 10.2 Hz), 4.85-4.76 (m, 

15 1H), 4.42 (d, 1H, J= 9.3Hz), 4.25-4.17 (m, 1H), 3.70-3.69 (m, 1H), 3.63 

(s, 3H), 3.48 (br s, 1H), 2.89-2.75 (m, 1H), 2.42-2.36 (m, 2H), 2.22-2.11 

(m, 4H), 2.04 (s, 3H), 1.82 (s, 3H), 1.14 (d, 3H, J= 6.6 Hz), 1.03 (s, 9H). 

20 

Synthesis of compound 84 

MeO. 

OCONH, 

To a solution of 83 (300 mg, 0.53 mmol) in anhydrous DCM (7.5 mL) at 

0°C, trichloroacetyl isocyanate (TCAI) (76 ,ul, 0.64 mmol) was added. The 

reaction was stirred at 0 °C for 30 min and then neutral aluminium 



Synthesis, of compound 92c 147 added. The reaction was stirred at room 
temperature for 4 hours and then quenched with a saturated aqueous solution 
of NH4C1 and extracted with EtOAc. The combined organic phases were dried 
over anhydrous Na2S04, filtered and concentrated. The residue was purified 
5 by flash chromatography (hexane/EtOAc 4:1 to 1:2) to give alcohol 92c 
(18.1 mg, 37% yield) as a pale yellow . 1H NMR (CDC13, 300. MHz) 6: 8.94 
(d, 1H, J= 9.6 Hz), 6.83 (dd, 1H, J= 15.3, 2.1 Hz), 6.75 (t, 1H J= 9.6 Hz), 

(m, 1H) , 4 . i&lb aJpad9of3allaiiini4n25)xld^.3T14©,pFl£MJUjct3wa^^aslfed(iDutlH) , 
3.65 (s, 3H), 3.14-3.06 (m, 1H), 2.59-2.11 (m, 6H), 1.63 (d, 3H. J = 6.9 
Hz), 1.19 (Ssir^a Saixti^ofe^C^/^H(§0:^H|^es§i^sY&s^^5ffig^1(jjn92d 15 

To a solu^gcflf 6&Wfflder N2 

and at room temperature, TBAF 1M in THF (0.12 mL, 0.12 20 mmol) was added. 
The reac6i onhK®Batagraph$ (Hexane yhEttSAp<S£Ittorb2%d© gi^e teomp©iHidl8ifc(£h2 Quenched 
with a saturat^j.^j^ous as^jA^ti^L jDf NH4C1 and extracted with EtOAc. The 
combined or§&ffic 'pnase^were1 S.riea' over anhydrous Na2S04, filtered and 
concentrate® NMR f(MB(£ftvi6O0aMFBg)i]§ji-ii'^(d),ylM^shlQ3^:H2)|t75g©a(fitty 1H, J = 
(hexane/EtOAc 4:1 to 1:2) to give 25 alcohol 92d (20 mg, 61 % yield) as a 
colourless dill6.- 1l-feH?b-f-^MfeId('Cfe^l3/,"3:b:b6M^>6#?z)8 ((fef ^,19^^97 9 Hz), 
6 . 82 (dd, llfo.gj g=.7^z)S6.^1-td,HfI^' 1&), &¥? (l5rlft;^£^'.6^,65.fc&'(c£H' J= 
9.3 Hz), 6.33 (d, 1H, J= 9J3 Hz), 5.88 (t, 1H, J= 10.5 Hz), 5.71 (dd, 1H, 
J= 10 . 8}02 ,4Hjz^7 £X.^4H5),S63n(4d2a^ ^T8&.5^,6 jH^), Jd6l7 (1ST ftzm, 4/".^(6.^d, 1H, 
J= 9.3 Hz) , Hz^ 5 2g ^ J= g g Hz^ 4 80 ^ 4 41 ^ 1H^ 4 41 ^ J = 

9.5 Hz), 4.24 (ddd, 1H, J= 11.5, 7.1, 4.1 Hz), 3.66 (s, 3H), 2.85 (ddq, 

1H, J= 9.8, 7.1, 6.7 Hz), 2.46 (m, 1H), 2.45 (ddd, 1H, J= 17.3, 11.5, 

2.6 Hz), 2.37 (ddd, 1H, J = 17.3, 6.5, 4.1 Hz), 2.33 (m, 2H), 2.09 (ddd, 

15 1H, J= 14.1, 8.4, 8.1 Hz), 2.06 (s, 3H), 1.82 (s, 3H), 1.15 (d, 3H, J = 

6.7Hz), 1.04 (s, 9H). 

i3C NMR (CDCls, 75 MHz) 8: 168.2, 166.3, 161.6, 157.2, 145.2, 140.2, 

137.6, 134.1, 133.7, 132.0, 124.6, 124.5, 122.4, 120.7, 108.2, 105.0, 

81.9, 74.9, 60.8, 55.4, 37.1, 34.7, 33.0, 30.7, 26.7, 26.1, 21.0, 17.1, 

20 16.3. 

Synthesis of compound 85 

25 

Over a -78 °C cooled solution of compound 84 (10 mg, 0.016 mmol) in 

anhydrous dichloromethane (0.3 mL) under argon atmosphere, 

Diisobutylaluminum hydride (DIBAL) 1M in toluene (0.02 mL, 0.02 mol) 



5 4.28-4.20 (m, 1H), 3.72 (m, 1H), 3.64 (s, 3H), 3.13-3.06 (m, 2H), 2.58-
2.47 (m, 1H), 2.41-2.33 (m, 1H), 2.31-2.15 (m, 4H), 2.05 (s, 3H), 1.18 (d, 
3H, J= 6.9 Hz), 1.02 (s, 9H). EXAMPLE 20 10 

133 

was added and the mixture was stirred at -78 °C. After 2 hours the 

reaction was quenched with a saturated aqueous solution of NH4CI and 

diluted with dichloromethane (2 mL). This mixture was stirred for 0.5 h 

at room temperature and then the organic layer was decanted. The 

5 aqueous residue was extracted with additional dichloromethane (2x4 

mL) and the combined organic layers were dried (anhydrous NaaSCU) 

and the solvent was evaporated. The crude was purified by column 

chromatography (hexane/EtOAc 2:1 to 1:2) to give compound 85 (5 mg, 

50% yield) as a colourless oil. 

10 

*H NMR (CDCls, 300 MHz) 5: 8.57 (d, 1H, J = 10.9 Hz), 7.19 (t, 1H, J = 

11.3 Hz), 6.92 (t, 1H, J= 11.4 Hz), 6.82 (t, 1H, J= 9.3 Hz), 6.38 (d, 1H, 

J = 9.5 Hz), 6.18 (d, 1H, J= 11.5 Hz), 5.64 (d, 1H, J = 11.2 Hz), 5.60 (m, 

1H), 5.35 (d, 1H, J = 10.0 Hz), 5.27 (d, 1H, J = 3.1 Hz), 4.81 (m, 2H), 

15 4.46 (m, 1H), 4.40 (d, 1H, J= 9.5 Hz), 3.85 (m, 1H), 3.57 (s, 3H), 3.21 

(d, 1H, J= 3.1 Hz), 2.61 (m, 1H), 2.46-2.29 (m, 3H), 2.14-2.08 (m, 3H), 

2.06 (s, 3H), 1.81 (s, 3H), 1.08 (d, 3H, J= 6.7 Hz), 1.05 (s, 9H). 

20 
EXAMPLE 18 

Scheme 18 provides the synthesis of several compounds of this 

invention 



Scheme 2 0 provides the synthesis of the following compound of the 
invention. Scheme 2 0 2 0 Synthesis of compound 93 14 9 To a solution of 
92d (6.5 mg, 0.012 mmol) in anhydrous DCM (0.2 mL) at 23 C, trichloroacetyl 
isocyanate (TCAI) (1.7 ill, 0.014 mmol) was 5 added. The reaction was 
stirred at room temperature for 3 0 min and then neutral aluminium oxide was 
added (12 0 mg) . The mix:ture was stirre<|3;|or 3 0 min and then was soaked into 
a pad of aluminium oxide. The product was washed out using a mixture of 
dichlorometlj^ge /MeOH 50:1. The filtrate was evaporated under reduced 
pressure to lOpvi the crude product which was puri< column 
chromatographv-^^j^ei^^^om^thane /MaOIi 100^ 1\L® 40:lj^affording compound 93 
(3 mg, 42% yield) asi a tje sq.lid.U3 jJLH jpMRH (cijci3|^ 300 PMSi CgTC 8 . 83 
(d, 1H, J = 10.5 Hz)" 6.89-6.81 (m, 15^HTN'6>f 1H>-<J= 9 . 9 Hz)*, 6.32 
(d, 1H, J= 15.3 Hz), 5.87 (t, 1H, J= 20 13d Ntfc (CDC13, 125 MHz) 8: 167.9, 
164.3, 161.4, 157 . 6,9145 .1, 145.0 

63 

OTBDPS 

TBAF/THF 

86 

TCAI / DCM 

87 

OCONH2 
DIBAL 

DCM / -782C 

88 

89 

Scheme 18 

5 Synthesis of compound 86 



132.3,132.0,124.5, 122.3,121.9, 110.6, 108.3, 104.9, 92.9, 91.7, 80. .8, 
75.1, 61.2, 55.5, 39.3, 35.0, 32.9, 30.9, 26.7, 26.4, 21.0, 15.9.- 25"MS 
(ES) [m/z]= 590.2 [M+H]. EXAMPLE 21 150 Scheme 21 provides the synthesis 
of several compounds of the invention. OTBDPS /=\ H02CI 

135 

OTBDPS 

To a solution of alkenylstannane 63 (780.4 mg, 0.904 mmol) and 9 

(377.4 mg, 1.085 mmol) in NMP (9 mL) at 0 °C, Copper 

5 thiophenecarboxylate (258.5 mg, 1.36 mmol) was added. The reaction 

was stirred at 0 °C for 45 min and 20 min at room temperature. Then, 

the crude mixture was filtered through a plug of neutral alumina, 

washed with EtOAc/Ether 50:50 and the combined filtrates were 

washed with HC1 0.5N (3 x 10 mL). The organic solution was dried and 

10 evaporated to give the crude product which was purified by column 

chromatography (Hexane/EtOAc 5:1 to 1:1) to give triene 86 (459. 7 mg, 

yield: 66%) as an oil. 
]H NMR (CDCls, 300 MHz) 8: 7.66-7.64 (m, 4H), 7.43-7.32 (m, 7H), 7.23 

(t, 1H, J= 11.7 Hz), 6.85 (t, 1H, J= 11.7 Hz), 6.62 (dd, 1H, J= 10.5, 9.3 

15 Hz), 6.41 (d, 1H, J= 9.3 Hz), 6.11 (d, 1H, J= 11.7 Hz), 5.66 (d, 1H, J = 

11.4 Hz), 5.60 (dd, 1H, J= 5.7, 5.1 Hz), 5.49-5.41 (m, 1H), 5.32-5.27 

(m, 1H), 5.25 (d, 1H, J= 9.9 Hz), 4.83-4.75 (m, 1H), 4.32 (d, 1H, J= 9.3 

Hz), 4.22-4.15 (m, 1H), 3.83-3.78 (m, 1H), 3.62 (s, 3H), 2.86-2.78 (m, 

1H), 2.40-2.35 (m, 2H), 2.20-2.04 (m, 4H), 1.81 (s, 3H), 1.40 (d, 3H, J = 

20 6.9 Hz), 1.13 (d, 3H, J= 6.9 Hz), 1.03 (s, 9H), 0.97 (s, 9H). 

i3C NMR (CDCls, 75 MHz) 8: 168.3, 166.3, 161.8, 145.4, 140.2, 137.3, 

136.1, 134.8, 134.4, 134.3, 129.9, 127.8, 126.4, 126.1, 124.4, 121.7, 

121.2, 108.4, 109.1, 82.0, 72.6, 60.6, 55.6, 37.5, 35.2, 32.7, 31.1, 27.2, 

26.8,26.5,19.5,17.4,16.9,13.1. 

25 

Synthesis of compound 87 



N EDC.HCI 62 Pd(PPh3)4 Cul, IPr2NH 95 N OH 96 Scheme 21 Synthesis of 
intermediate 94 A solution of (Z)-Iodoacrylic acid (365 mg, 1.84 mmol) 
(prepared as described in Takeuchi, R. Tanabe, K., Tanaka, S. J. Org. Chem. 
2000, 151 

136 

To a solution of 86 (586 mg, 0.76 mmol) in anhydrous THF (7.5 mL) 

under N2 and at room temperature, TBAF 1M in THF (1.53 mL, 2 mmol) 

5 was added. The reaction was stirred at room temperature for 18 hours 

and then quenched with a saturated aqueous solution of NH4CI and 

extracted with EtOAc. The combined organic phases were dried over 

anhydrous Na2S04, filtered and concentrated. The residue was purified 

by flash chromatography (Hexane/EtOAc 3:1 to 1:2) to give alcohol 87 

10 (320 mg, yield: 80%) as a white solid. 

m NMR (CDCls, 300 MHz) 5: 8.95 (d, 1H, J= 10.2 Hz), 7.25 (t, 1H, J = 

12.0 Hz), 6.85 (t, 1H, J= 11.7 Hz), 6.73 (t, 1H, J= 9.6 Hz), 6.57 (d, 1H, 

J= 8.7 Hz), 6.12 (d, 1H, J= 11.4 Hz), 5.67 (d, 1H, J= 11.4 Hz), 5.61 

(dd, 1H, J= 5.4, 3.9 Hz), 5.63-5.58 (m, 1H), 5.44-5.35 (m, 1H), 5.26 (d, 

15 1H, J= 9.9 Hz), 4.86 (q, 1H, J= 8.1 Hz), 4.38 (d, 1H, J= 9.3 Hz), 4.24-

4.16 (m, 1H), 3.81-3.71 (m, 1H), 3.64 (s, 3H), 2.96-2.92 (m, 1H), 2.86-

2.79 (m, 1H), 2.41-2.37 (m, 2H), 2.28-2.14 (m, 4H), 1.82 (s, 3H), 1.61 

' (d, 3H, J= 6.6 Hz), 1.14 (d, 3H, J= 6.6 Hz), 1.02 (s, 9H). 
13C NMR (CDCls, 75 MHz) 8: 168.7, 166.6, 161.8, 145.4, 140.3, 137.5, 

20 134.4, 134.3, 127.7, 126.0, 124.4, 123.7, 121.1, 108.9, 108.4, 82.0, 

72.1, 60.9, 55.7, 37.6, 35.0, 34.8, 33.2, 26.9, 26.5, 17.4, 16.9, 13.3. 

Synthesis of compound 88 



65, 1558-1561), amine 62 (700 mg, 1.42 mmol) in anhydrous DCM (12 mL) was 
cooled to OC under argon and N-(3-Dimethylaminopropyl)-N'-
ethylcarbodiimide hydrochloride, EDC (340.8 mg, 1.78 mmol) was added. The 
reaction mixture was stirred at OC for 10 min and then at 5 23C for 3 
hours, was quenched with a saturated aqueous solution of NaCl and extracted 
with dichloromethane. The combined org^g^c layers were dried (anhydrous 
Na2S04), filtered and concentrated. The residue was purified by flash 
chromatography (EtOAc/hexane 1:10 to 1:1) to afford 94 (675 mg, 71 A yield) 
as a colourT@^sgto^c9i^.(^^& W5(TO2§,in3^h^)Ps8I?CMd[l-^L^t(m; 
4H) , 7.44-70°J(6 {flehlS^acetyP iso^aniBe f? 5= u£,- ' mlnfilf affiled? Th$ • 3 Hz) / 
6.90 (d, 1H J = 9.0 Hz), t.68-6.61 (m, 2H), 5.55-5.43 (m, 1H), 5.35-5.26 
(m, 1H) , 4 . g<§ac£icgi w(3ffi; stint)eji ife "QdfpriSaQ ®m gajod itla$p QQigt&ab afecmJmjumH) , 
2.23-2.06 (m,. ,4H) , 1.43 lLJd, 3H, J= 6 . 9, .Hz),, , 1 .^-(s,. 9H), 1.01 (s, 9H) . 

12 9.6, 1£7 . goa-ifito W- £a& / of- iLfrirftiniiiiii -dkidi-.Ofhi ,pi$$lufct 3va$ifec£ out 5.1, 
33.8, 32.5, 27.0, 26.7, 19.3, 12.9. MS (ES) [m/zl= 695.2 [M+Na]+. 20 
Synthesis WCT1%,ino . 45 
mmol) in DI.-§3 ™^iVea1Ehe?3&ucP^ ^h9c$ c<5¥Wh£uI 

(1'2.9 mg, 0.068 mmolT were added. Then, 56 (100 mg, 0.45 mmo~l) was added 
and the reaebiQjnaieg^apbJr(ffe&agne/£10A£o3: i 5tomitQ) tfo^irnnjedsanipfflaJKi! 8&s 
quenched wit±uH20 and, e^xacted with,Et0Ac. The organic phase was dried 
(anhydrous W§2^i54y ancr ev^pora?e8aunder reduced pressure. The residue 
was purii^i edH]qSTVI^^CJgi®0^Mlfij5F«p]§i69(|ctOfH/trex§o.^ Mzf, r.Ql^dS) IK? ^ford 
pure 95 (300 mq, 87 % yield) as a colourless foam solid. 5NMR (CDC13, 300 
MHz) 6: 7.8i1<^,1t#,H§)±69^(M>)1,H7,/ffB1}\%511(-&,H^H£-,8%(cW'71.%Jfm}0-,f,H) , 6.62 
(dd, 1H, J iu}4J^'.6W\, g.l=5 1 $.$ftz)(c^721{Er J= 

10.5, 9.3 Hz), 6.05 (d, 1H, J = 12.3 HzJ, 5.60 (dd, 1H, J = 6.3, 3.0 Hz), 
5.52-5.43 (id, 1HJ)1/=51326-K4^5.6f3, (dldj);H^ j85-&6,72.7(ti^z)iS)^0 4m441H]d/5.4(a, J= 

9(m! IH!: 
J= 6.9 ll§) , 1U,U= (9^6 472=5 fd<$dH?fr, jU (H.3i:,s7.0?i4).Q Hz)?S.6^(s,35tt); 2.85 

(ddq, 1H, J= 9.9, 7.0, 6.7 Hz), 2.46 (m, 1H), 2.44 (m, 1H), 2.39 (m, 1H), 

2.35 (m, 2H), 2.12 (ddd, 1H, J= 14.1, 8.0, 8.0 Hz), 1.82 (s, 3H), 1.63 

(dd, 3H, J= 6.8, 1.0 Hz), 1.15 (d, 3H, J= 6.7Hz), 1.04 (s, 9H). 
13C NMR (CDCls, 75 MHz) 6: 168.2, 166.3, 161.6, 157.6, 145.2, 140.2, 

20 137.5, 134.1, 133.8, 127.1, 124.9, 124.4, 124.2, 120.8, 108.2, 105.8, 

81.9, 75.6, 60.7, 55.4, 37.1, 34.8, 31.4, 30.9, 26.7, 26.1, 17.1, 16.4, 

13.0. 

Synthesis of compound 89 
25 

Over a -78 °C cooled solution of compound 88 (15 mg, 0.0262 mmol) in 

anhydrous dichloromethane (0.5 mL) under argon atmosphere, 



13C NMR (CDC13, 125 MHz) 8: 167.9, 164.6, 161.7, 145.5, 136.1, 134.3, 15 
132.5, 129.9, 127.8, 126.7, 126.1, 121.7, 118.9, 116.4, 108.9, 108.4, 
104.5, 98.8, 82.8, 81.6, 72.6, 60.9, 55.7, 38.0, 35.5, 34.0, 32.7, 27.2, 
26.9, 26.5, 19.5, 17.3, 16.5, 13.1. Synthesis of compound 96 20 N OH To a 
solution of 95 (250 mg, 0.326 mmol) in THF (3.3 mL) under N2 and at 0C, 
TBAF 1M in THF (0.65 mL, 0.65 mmol) was_added. The reaction 25 was stirred 
at room temperature for 3 hours and then quenched with a saturated aqueous 
solution of NH4C1 and extracted with EtOAc. The combined organic phases 
were dried 
was purifie^^^^e^j^g^g^^^^^gto^A^^^s^to give 
alcohol 96 (150 mg, 87 % yield) as a colourless oil. NMR (CDC13, 300 MHz) 
6 : 8.76 (d, rdacjialtw&sSqU&lche'd.WEth (ail a^uSodslfej^tien Df MJtfyCliatt^d J= 9.3 

T.Vi-t'.ll 0 Hz)' 
4.94-4.81) (®t rfeHin t^rr^>ler^.^ire1SridJth^i ^thSz&rgafoi^a^ei^^a^detffiitecS -T6e (m' 
1H), 3.65 (s, 3H), 2.92-2.80 (m, 1H), 2.55- 2.11 (m, 6H), 1.93 (s, 3H), 
1.62 (d, 3H^n?£01&s ,w\|tL ^jic^tional dichloromethane (2x4 

mL) and the combined organic layers were dried (anhydrous Na2S04) 

and the solvent was evaporated to give compound 89 (12 mg, 80 % 

yield) without further purification. 

10 !H NMR (CDCls, 500 MHz) 8: 8.67 (d, 1H, J= 10.7 Hz), 7.17 (m, 1H), 

6.92 (t, 1H, J= 11.4 Hz), 6.81 (t, 1H, J= 9.6 Hz), 6.44 (d, 1H, J= 9.5 

Hz), 6.18 (d, 1H, J= 11.5 Hz), 5.65 (d, 1H, J= 11.4 Hz), 5.59 (m, 1H), 

5.40 (m, 1H), 5.35 (d, 1H, J= 10.0 Hz), 5.27 (s, 1H), 4.83 (q, 1H, J= 8.3 

Hz), 4.80 (m, 1H), 4.46 (m, 1H), 4.40 (d, 1H, J= 9.6 Hz), 3.85 (m, 1H), 

15 3.57 (s, 3H), 3.27 (s, 1H), 2.61 (m, 1H), 2.42 (m, 2H), 2.15-1.99 (m, 4H), 

1.83 (s, 3H), 1.63 (d, 3H, J= 6.7 Hz), 1.08 (d, 3H, J= 6.6 Hz), 1.04 (s, 

9H). 

EXAMPLE 19 

20 Scheme 19 provides the synthesis of several compounds of this 

invention 



10 Hz), 1.01 (s, 9H). EXAMPLE 22 Scheme 22 provides the synthesis of 
several compounds of the 15 invention. 0 OMe 100 0 OMe Scheme 22 5 
Synthesis of intermediate 97 OTBDPS %r"-~ OCI 

139 

HoN C02H 
EDC.HCI 0' 

62 R=TBDPS, Y=H 
20a R=TBS, Y=CI 

MeO 

90a R=TBDPS, Y=H 
90b R=TBS, Y=CI 

O^O' 
(7E)-45 
(7Z)-27 

Pd(PPh3)4 

Cul, 'Pr2NH 

TBAF 

THF 

(7E,11E)-91a, R=TBDPS, Y=H 
(7E,11 E)-91b, R=TBS, Y=CI 
(7Z,11 E)-91c, R=TBDPS, Y=H 
(7Z,11 E)-91d, R=TBS, Y=CI 

MeO 

-(7E,11E)-92a, Y=H 
(7E,11E)-92b, Y=CI 
(7Z,11E)-92c, Y=H 
(7Z,11E)-92d, Y=CI 

Scheme 19 

Synthesis of intermediate 90a 

OTBDPS 



To a solution of 40 (200 mg, 0.38 mmol) and 4-pentynoic acid (48 mg, 10 
0.4 9 mmol) in anhydrous DCM (3.8 ml) at 0 C, EDC (91 mg, 0.4 7 mmol) was 
added. The reaction was stirred at 0C for 3 0 min and 2 hours at room 
temperature. Then, the crude mixture was hydrolized 155 with water and 
extracted with dichloromethane (3x5 mL). After drying and evaporating the 
solvent under reduced pressure the crude was purified by column 
chromatography (hexane/EtOAc, 6:1) to afford pure compound 97 (105 mg, 47 % 
yield) as a colourless oil. 5 1H NMR (CDC13, 300 MHz) 8: 7.66 (m, 4H), 7.43 
(m, 6H) , 7 . ̂sq^tio£H<?f a$nip$ 1H; 

J= 9.1 Hz) , ^ (^4^^) fa gnS^roife-^5 nlE)'wfeti cJofecf^ 0°d tfn&ef d' 1H' 
J= 9.2 Hz) , 3 .81 (m, 1H) , 2\63-2.i0 (m, 4H) , 2.1;9-2.03 (m, 5H) , 1.86 (s, 
3H) , 1.05 (ajrgcfiH) , 0. aad(s, 9I0-.(3lIDiiSfi±5to$iii3op±)p^4)ff^beildQ^l(&0-bo,kdinadeolution 
of iodo compound,9 (.52 mg_^0,JL48 mmolJ rin 15 di isopropyl amine (0.75 mL) 
under N2 at%86rt^gt^?e!^(W3^-|5(^°Sg^lW?«fil(no¥)e (1.0 
mg, 0.00§ m®gi|Ui%^gs^^i.af]0eg,fog;qiCMgL4r^7th^paP23o<§-f^^OrH^b,)w^§s added 
portionwise and the reaction mixture was stirred at room temperature for 2 
hours. The 
organic 2 0 ^e^of^gg^h^u^^g^) ^gv^g^at^e^dpefieduced 

Purification by column chromatography^ (hexane/EtOAc 3:1 to 1:2) pressure. Purification by column chromatography^ (he 
afford pure(scnirptrorii^ N&2S(Q4}5 frii^re<4^ic^ieiid^nteat®d tfjitiidffcrdoSQd .(223 fflfg. 
(CDC13, 300QMf^z) .8.:,. 7 .66 (m, 4H),.7.41 ijg, SH) . 7.26 (d, 1H, J = 10.6 Hz), s. 64 (t, IH?3J1 W1'*} <t?z? Tinf"® «m)Tat w1 (#w 12 0 
Hz), 5.<|£) (|}urffSbktio§i.-4 8 (m- 2H) - 5.35 (d, 1H, J= 11.8 Hz), 

JH NMR (CDCls, 300 MHz) 8: 7.69-7.67 (m, 4H), 7.44-7.36 (m, 6H), 7.11 

(d, 1H, J= 10.8 Hz), 6.72-6.60 (m, 2H), 6.42 (d, 1H J= 8.1 Hz), 6.41 (d, 

1H J = 15.6 Hz), 5.54-5.45 (m, 1H), 5.36-5.27 (m, 1H), 4.89-4.81 (m, 

15 1H), 4.30 (d, 1H, J= 9.3 Hz), 3.89-3.79 (m, 1H), 3.25 (bs, 1H), 2.25-2.02 

(m, 4H), 1.45 (d, 3H, J= 6.3 Hz), 1.05 (s, 9H), 0.97 (s, 9H). 

MS (ES) [m/z]= 593.3 [M+Na]+. 
13C NMR (CDCls, 125 MHz) 8: 167.7, 164.1, 135.8, 134.4, 134.1, 129.7, 

129.7, 127.6, 127.6, 126.4, 125.8, 121.4, 121.1, 109.2, 84.6, 80.5, 

20 72.3, 60.7, 35.3, 33.8, 32.4, 29.7, 27.0, 26.5, 19.3, 12.9. 

Synthesis of intermediate 90b 

OTBS 

25 

To a solution of amine 20a (96.04 mg, 0.24 mmol) and (E)-pent-2-en-4-

ynoic acid (27.4 mg, 0.28 mmol) in dry dichloromethane /DMF (10:1, 

3.3 mL), under argon atmosphere and at 0 °C, DIPEA (0.049 mL, 0.28 



156 4.74 (q, 1H, J= 8.3 Hz), 4.28 (d, 1H, J= 9.2 Hz), 4.16 (m, 1H), 3.81 
(m, 1H), 3.64 (s, 3H), 2.81 (m, 1H), 2.66 (m, 2H), 2.47-2.36 (m, 4H), 2.18-
2.06 (m, 4H), 2.04 (s, 3H), 1.85 (s, 3H), 1.12 (d, 3H, J= 6.6 Hz), 1.04 (s, 
9H), 0.98 (s, 9H). Synthesis of compound 99 OMe 10 To a solution of 98 (75 
mg, 0.0 9 mmol) in anhydrous THF (1.5 mL) under N2 and at room temperature, 
TBAF 1M in THF (0.18 mL, 0.18 mmol) wa^^dded. The reaction was stirred at 
room temperature for 4 hours and then quenched with a saturated aqueous 
solution of NH4ClTand extracted _wiJth EtOAc. The. combined organic phases 
were dried F^SvfelcLnti^^ouS^W&^S?? ,m5^¥^^a^M^conc'etL0%?ea."^SS^residue 
was purifiefofc&r tfte %ktfi°waive 

alcohol 99 (35 mg, 67 % yield) as a white solid. 1H NMR (CDC13, 300 MHz) 8: 
8.92 (d, lHfegiev^..Iha^actjoi?4iii^|urq^asystirr§d^tHS)pm ^eigipe^urjrfor #h, 9 .1 

4.18 (m, 51H]ivAt8r. 7^ndmexttM^tjed3 .vSi4h (dictflH^omStl^he(dXhiHco&bMed! Hf^anig.82 (m, 
1H) , 2.66 (mu 2H) , 2.49-2 ,36 (m, 4H) , 2.24-2.14 (m, 4H) 2.05 (s, 3H), 2.02 
(S, 3H) , i.fhas w? &nid^rH^hy4r(w MHZ) 
6 : 171.3, 1 ffie^resJc&ib &as ijMrified ^Mo^iat^kpdiy (i&karie/ £$3A^ <2 Cft 13 •4' 
108.4, 108.2, 106.1, 94.3, 81.8, 80.2, 71.4, 157 60.9, 36.7, 36.1, 35.3, 
34.5, 33 . 0, tSJggi^e apgidf 9CftLC^)1,-9li5lg471^(6yi?1,d)m«^^taS-is of compound 
100 5 

10 !H NMR (CDCls, 300 MHz) 8: 7.91 (d, 1H, J = 10.2 Hz), 6.74-6.63 (m, 

3H), 6.48 (d, 1H, J= 15.6 Hz), 5.58-5.53 (m, 1H), 4.89-4.81 (m, 1H), 

4.48 (d, 1H, J = 9.3 Hz), 3.77-3.73 (m, 1H), 3.25 (d, 1H, J = 9.3 Hz), 

2.18-2.09 (m, 4H), 2.01 (s, 3H), 1.02 (s, 9H), 0.87 (s, 9H), 0.06 (s, 3H), 

0.04 (s, 3H). 

15 13C NMR (CDCls, 75 MHz) 8: 168.3, 164.4, 134.7, 131.7, 133.9, 122.5, 

121.3, 109.1, 84.8, 80.8, 71.6, 61.0, 36.5, 35.4, 33.8, 26.8, 26.0, 21.2, 

18.3, -4.3, -4.4. 

Synthesis of compound 91a 

20 

OTBDPS 

To a solution of 45 (56.2 mg, 0.182 mmol) in DIPA (1.6 ml) at 23°C, 

Pd(PhsP)4 (15.7 mg, 0.014 mmol) and Cul (5.2 mg, 0.028 mmol) were 

25 added. Then, 90a (114.6 mg, 0.200 mmol) in 0.4 ml of DIPA was added 

and the reaction was stirred at 23 °C for 90 min. The crude mixture was 

quenched with H2O and extracted with EtOAc. The organic phase was 

dried (anhydrous Na2S04) and evaporated under reduced pressure. The 



OMe To a solution of 99 (30 mg, 0.05 mmol) in anhydrous DCM (3.15 mL) at 
room temperature, trichloroacetyl isocyanate (TCAI) (6 il, 0.06 mmol) 10 
was added. The reaction was stirred at room temperature for 3 0 min and then 
neutral aluminium oxide was added (375 mg). The mixture was stirred for 1 h 
and then was soaked into a pad of aluminium oxide. The product was washed 
out using a mixture of dichloromethane1/MeOH 50:1. The filtrate was 
evaporated under reduced pressure to 15 give the crude product which was 
purified by column chromatography (hexane/EtOAc) affording compound 100 (26 
mg, 82 % yii^^swasvffllW%c^i^^H91Mfi^^K^y t(fd# iH; 
J= 10.7 Hz) 6:^-t&-^ffc5rd fJiSre ^la (^^n^toyo^yi^ftl) ^fl'a 10knjt?fesloil.Hz) ' 6 • 06 (d, 
1H, J= 12.0 Hz), 5.75 (bs, 2H), 20 5.61 (m, 2H), 5.45 (d, 1H, J =10.1 Hz), 
5.35 (d, 1H, ,J= 11.9 Hz), 4.80 (q, 1H, J= 8.4 Hz), 4.37 (m, 1H), 4.33 (d, 

2H50 -2 . 273 *4?$?'. # #) % 4z!: 
0.99 (s, 59H|d, 6590T^ffi§,llH?iBP©unds of 

the invention. OTBDPS Scheme 23 Synthesis of compound 101 To a 
solution of (-$$> nfcf; 9Q3 J|Z), I^H^. ](d,i^HT J = 15.3 Hz), 6.15 

6.32 (dd, 1H, J= 15.9, 8.4 Hz), 5.74 (d, 1H, J= 15.9 Hz), 5.62 (dd, 1H, J 

= 6.3, 3.0 Hz), 5.54-5.46 (m, 1H), 5.30-5.27 (m, 1H), 4.84-4.82 (m, 1H), 

4.30 (d, 1H, J= 9.3 Hz), 4.28-4.21 (m, 1H), 3.86-3.82 (m, 1H), 3.65 (s, 

10 3H), 2.68-2.62 (m, 1H), 2.43-2.36 (m, 2H), 2.22-2.04 (m, 4H), 1.43 (d, 

3H, J= 6.6 Hz), 1.18 (d, 3H, J= 6.9 Hz), 1.04 (s, 9H), 0.96 (s, 9H). 

I3C NMR (CDCh, 125 MHz) 8:167.7, 164.3, 161.3, 145.5, 145.2, 135.2, 

134.1, 131.8, 129.8, .129.7, 127.6, 127.6, 126.4, 125.8, 122.2, 121.4, 

15 111.3, 109.1, 108.0, 95.1, 86.7, 80.8, 72.3, 60.7, 55.4, 41.5, 35.2, 33.8, 

32.4, 29.7, 27.0, 26.5, 25.9, 19.3, 15.5, 12.9. 

Synthesis of compound 91b 

OTBS 

20 

To a solution of 45 (30.2 mg, 0.098 mmol) in DIPA (0.5 ml) at 23°C, 

Pd(Ph3P)4 (8 mg, 0.007 mmol) and Cul (3 mg, 0.014 mmol) were added. 

Then, 90b (47.6 mg, 0.098 mmol) in 0.5 ml of DIPA was added and the 

reaction was stirred at 23 °C for 90 min. The crude mixture was 

25 quenched with H2O and extracted with EtOAc. The organic phase was 

dried (anhydrous Na2S04) and evaporated under reduced pressure. The 

residue was purified by flash chromatography (EtOAc/hexanes 1:4 to 

1:1) to afford pure 91b (41.2 mg, 64 % yield) as a colourless oil. 



diisopropylamine (1.1 mL) under N2 at room temperature, Pd(Ph3P)4 (5 15 mg, 
0.004 mmol) and Cul (1.7 mg, 0.008 mmol) were added. Then, compound 97 (132 
mg, 0.217 mmol) was added portionwise and the reaction mixture was stirred 
at room temperature for 2 hours. The crude was quenched with H2 0 and 
extracted with EtOAc. The organic phase was dried (anhydrous Na2S04) and 
evaporated under reduced 20 pressure. Jj^gification by column chromatography 
(hexane/EtOAc 3:1 to 1:2) afforded pure compound 101 (80 mg, 50 % yield) as 

5.63- 5.48 l®,3,3H4,H4),'®72q(t, !H, 9§5&#,z6.,28^<£,2lHdJ^5X) $fe),96.25H$),, 4.14 
(m, 1H), 25 3.81 (m 1H), 3.64 (s, 3H), 2.81 (m, 1H), 2.62 (m, 2H), 
2.46-2.33 (AH, 459143)^)2 GtjSiWB 4H^5.92 8o£ F^,; 53^ (d,ilj$5 J(=§ 15}$) ; i. 12 
(d, 3H, J= ^^'^qk^^3.CpH^5(§2-^J^m^P-^i(^WAYS F°R 

THE DETECTION OF ANTltUMljR ACTIVITY The aim of this assay is to 
evaluate 5th4.38i(dr,itH9 ofcy6b§tH^id.3Q-ML23t(|n,ttH)^e3LS9-3i5r5a(ira:^iH),t3irfffSir(s;ell 
gro„th, 

samples being'tested". CELti LINES" Name ATCC'Spfetrie'S Tissue Characteristics 
A549 CCL-183H)JiitSt8^lfi3H, J= 6.6 Hz), 1.02 (s, 9H), 0.87 (s, 9H), 0.07 (s, 3H), 

0.05 (s, 3H). 

13C NMR (CDCI3, 75 MHz) 5: 168.1, 164.6, 161.5, 145.7, 145.4, 132.1, 

10 131.2, 123.9, 122.4, 111.5, 108.9, 108.2, 95.4, 86.9, 81.0, 71.7, 61.0, 

55.7, 41.7, 36.5, 35.4, 33.8, 29.9, 26.8, 26.2, 26.1, 21.3, 18.3, 15.7, -

4.3, -4.4. 

Synthesis of compound 91c 
MeO. 

OTBDPS 

15 

To a solution of 27 (58 mg, 0.188 mmol) in DIPA (1.6 mL) at 23°C, 

Pd(Ph3P)4 (16.3 mg, 0.014 mmol) and Cul (5.3 mg, 0.028 mmol) were 

added. Then, 90a (118.2 mg, 0.207 mmol) in 0.4 ml of DIPA was added 

and the reaction was stirred at 23°C for 90 min. The crude mixture was 

20 quenched with H2O and extracted with EtOAc. The organic phase was 

dried (anhydrous Na2S04) and evaporated under reduced pressure. The 

residue was purified by flash chromatography (EtOAc/hexanes 1:4 to 

6:1) to afford pure 91c (92 mg, 65 % yield) as a colourless oil. 

25 m NMR (CDCI3, 300 MHz) 8: 7.68-7.66 (m, 4H), 7.46-7.35(mr 6H), 7.15 

(d, 1H, J= 10.5 Hz), 6.85 (dd, 1H, J= 15.3, 2.1 Hz), 6.64 (dd, 1H, J = 



lung carcinoma (NSCLC) HT29 HTB-38 human colon colorectal adenocarcinoma 
MDA-MB- 231 HTB-26 human breast breast adenocarcinoma 15 EVALUATION OF 
CYTOTOXIC ACTIVITY USING THE SBR COLORIMETRIC ASSAY A colorimetric 
type of assay, using sulforhodarnine B (SRB) reaction has been adapted for 
a quantitative measurement of cell growth and viability (following the 
technique described by Skehan P et al^J. Natl. Cancer Inst. 1990, 82, 
1107-1112). 20 This form of assay employs SBS-standard 96-well cell • 
culture microplates (Fairclgth et at Methods in cell science, 1988, 11(4), 
201-205; Mo^Wa&irP-lt11^! t/f"' rt^iS?4flS§Pc^l 1 - 2 ) , 
55- 63). Al^hp^fclg 56^2.1^^5.^-5^ ̂ ffifnt 
types of 25 human cancer, were obtained from the. American Type Culture 
Collection &&fc§)47 (m, 1H), 5.35-5.30 (m, 1H), 4.88-4.80 (m, 1H), 4.31 (d, 1H, J 

= 9.6 Hz), 4.28-4.19 (m, 1H), 3.87-3.82 (m, 1H), 3.65 (s, 3H), 3.14-3.06 

5 (m, 1H), 2.58-2.47 (m, 1H), 2.41-2.32 (m, 1H), 2.23-2.04 (m, 4H), 1.43 

(d, 3H, J= 6.6 Hz), 1.18 (d, 3H, J= 6.9 Hz), 1.05 (s, 9H), 0.98 (s, 9H). 
13C NMR (CDCls, 300 MHz) 8: 167.9, 164.5, 161.7, 145.5, 145.4, 136.1, 

134.3, 132.4, 130.0, 129.9, 127.9, 127.8, 126.7, 126.1, 122.2, 121.6, 

110.7, 109.4, 108.4, 93.2, 91.8, 81.0, 72.6, 61.0, 55.6, 39.6, 35.4, 34.0, 

10 32.7, 29.8, 27.2, 26.8, 23.5, 19.5, 15.8, 13.2. 

Synthesis of compound 9Id 

15 To a solution of 27 (26.2 mg, 0.085 mmol) in DIPEA (4 ml) at -20 °C, 

Pd(Ph3P)2Ch (6 mg, 0.0085 mmol) and Cul (5mg, 0.025 mmol) were 

added. Then, 90b (45 mg, 0.094 mmol) was added and the reaction was 

stirred at 23 °C for 90 min. The crude mixture was quenched with H2O 

and extracted with EtOAc. The organic phase was dried (anhydrous 

20 Na2S04) and evaporated under reduced pressure. Purification by 

column chromatography (EtOAc/hexanes 1:10 to 2:1) to afforded 91d 

(44.5 mg, 79% yield) as a colourless oil. 

'H NMR (CDCls, 300 MHz) 6: 7.75 (d, 1H, J= 11.1 Hz), 6.81 (dd, 1H, J = 

15.6, 2.4 Hz), 6.68 (t, 1H, J= 9.3 Hz), 6.37 (d, 1H, J= 9.3 Hz), 6.34 (d, 

25 1H, J= 11.7 Hz), 5.87 (t, 1H, J= 10.8 Hz), 5.70 (dd, 1H, J = 10.8, 2.4 

Hz), 5.62-5.57 (m, 2H), 4.85 (q, 1H, J= 8.1 Hz), 4.41 (d, 1H, J= 9.3 Hz), 



160 Cells were maintained in Dulbecco's Modified Eagle Medium (DMEM) 
supplemented with 10% Fetal Bovine Serum (FBS), 2mM Lglutamine, 100 U/mL 
penicillin and 100 U/mL streptomycin at 37C, 5% C02 and 98% humidity. For 
the experiments, cells were harvested 5 from subconfluent cultures using 
trypsinization and resuspended in fresh medium before counting and plating. 
Cells were seeded in 96 well microtiteij plates at 5 x 103 cells per well in 
aliquots of 150 pi, and allowed to attach to the plate surface for 10 18 
hours in drug_.<free„medium. One control (untreated)Tplate of each cell line 
was fixed (aS^aeSc^rfifed^felo^'atrcr fe?ed^©?cim§' zlSo^rb^^^ftci^'vyJlie . 
Afterwards, 2tg^2.'¥@n(BiefHKe3'.W^^(ife? 2G2&^¥§^ri,n4fif,n2.W 
dilutions, in aliquots of 50 pL, ranging from 10 to 0.00262 gg/mL. After 48 
hours exposilrfe^ ^fe§lri^tSH)jk0r-OSrh^, SfeQ, ©ff)5n<fehod: 
Briefly, ce^|6 were washed twice with PBS, fixed for 15 min in 1% 
glutaraldehyde solution, rinsed twice in PBS, and stained in 0.4% SRB 
solution 5fofiv&iDhesiia oiteonpaminrh^ffii^arature . Cells were then rinsed several 
times with 1% acetic acid solution and air-dried. SRB was then extracted in 
lOmM trizma base solution and the absorbance measured 20 in an automated • 
spectrophotometric plate reader at 490 nm. Cell survi©ftl was expressed as 
percentage of control cell growth. The final |e£fect ot the sample being 
tested was estimated |i|3§0 applying the NCI 9lgcpit|tfm reoyld MR and Paull KD. 
Drug Dev. Res. 1995, 34,pfl^lL04). 25^^xg^h^me^q^ SD^^J- triplicate 
cultures, a dose-respoi^^gyWe^^^automatHcaily generated using nonlinear 
regression analysis. Three reference parameters were calculated (NCI 
algorithm) by automatic interpolation: GI50 = concentration that produces 
50% growth inhibition; TGI = total growth inhibition (cytostatic effect) 
and LCso = 
effect). 161 Table 1 illustrates data on the biological activity of 
compound® ofmtflee l^rssHhtatiQnM^tTBAF TMDIH THFC^@tn]^cCLt2£)8aaaa$l)-w&gtivity 
Data (Molar) , , Compound 6.4a Compound, A ^ , added. Trie reaction was stirred at room temperature for 3 hours and 

then quenched with a saturated aqueous solution of NH4CI and 

extracted with EtOAc. The combined organic phases were dried over 

anhydrous Na2S04, filtered and concentrated. The residue was purified 

15 by flash chromatography (hexane/EtOAc 4:1 to 1;2) to give alcohol 92a 

(17.9 mg, 34 % yield) as a pale yellow oil. 

iH NMR (CDCb, 500 MHz) 6: 8.89 (d, 1H, J= 10.0 Hz), 6.80 (dd, 1H, J = 

15.0, 2.0 Hz), 6.75 (dd, 1H, J = 10.0, 9.0 Hz), 6.50 (d, 1H, J= 9.5 Hz), 

6.28 (d, 1H, J= 15.5 Hz), 6.14 (dd, 1H, J= 15.5, 8.0 Hz), 5.74 (dd, 1H, J 

20 = 16.0, 2.5 Hz), 5.68-65 (m, 1H), 5.63 (dd, 1H, J= 6.5, 2.5 Hz), 5.42-

5.39 (m, 1H), 4.92-4.90 (m, 1H), 4.37 (d, 1H, J= 9.0 Hz), 4.28-4.23 (m, 

1H), 3.79-3.73 (m, 1H), 3.65 (s, 3H), 2.67-2.62 (m, 1H), 2.47-2.37 (m, 

2H), 2.34-2.15 (m, 4H), 1.64 (d, 3H, J= 7.0 Hz), 1.18 (d, 3H, J= 6.5 Hz), 

1.01 (s, 9H). 

25 Synthesis of compound 92b 



65a Compound 66a Compound 64b MDA- MB-231 G150 4.89E-06 3.56E-06 4.47E 
1.33E-06 TGI >1.48E-05 9.98E-06 7.78E-07 >1.51E-05 
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OH 

MeO 

O 

10 

15 

To a solution of 91b (41.2 mg, 0.061 mmol) in anhydrous THF (1 mL) 

under N2 and at 0 °C, TBAF 1M in THF (0.12 mL, 0.122 mmol) was 

added. The reaction was stirred at room temperature for 18 hours and 

then quenched with a saturated aqueous solution of NH4CI and 

extracted with EtOAc. The combined organic phases were dried over 

anhydrous Na2S04, filtered and concentrated. The residue was purified 

by flash chromatography (hexane/EtOAc 4:1 to 1:2) to give alcohol 92b 

(14.7 mg, 65 % yield) as a pale yellow oil. 

*H NMR (CDCI3, 500 MHz) 8: 8.85 (d, 1H, J= 10.2 Hz), 6.84-6.73 (m, 

2H), 6.61 (d, 1H, J= 9.3 Hz), 6.27 (d, 1H, J= 15.6 Hz), 6.15 (dd, 1H, J = 

15.9, 8.4 Hz), 5.75 (d, 1H, J= 15.9 Hz), 5.63-5.60 (m, 2H), 4.92-4.84 

(m, 1H), 4.41 (d, 1H, J= 9.3 Hz), 4.29-4.23 (m, 1H), 3.79-3.76 (m, 1H), 

3.65 (s, 3H), 3.10 (bs, 1H), 2.69-2.61 (m, 1H), 2.46-2.37 (m, 2H), 2.20-

2.14 (m, 4H), 2.04 (s, 3H), 1.18 (d, 3H, J= 6.9 Hz), 1.02 (s, 9H). 

Synthesis of compound 92 c 

To a solution of 91c (71.5 mg, 0.095 mmol) in anhydrous THF (2 mL) 

under N2 and at 0 °C, TBAF 1M in THF (0.19 mL, 0.19 mmol) was 



LC50 >1.48E-05 >1.78E-05 >1.66E-05 >1.51E-05 A549 G150 4.44E-06 3.39E-06 
3.31E-08 6.80E-07 TGI >1.48E-05 6.24E-06 3.97E-07 3.33E-06 LC50 
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added. The reaction was stirred at room temperature for 4 hours and 

then quenched with a saturated aqueous solution of NH4CI and 

extracted with EtOAc. The combined organic phases were dried over 

anhydrous Na2S04, filtered and concentrated. The residue was purified 

5 by flash chromatography (hexane/EtOAc 4:1 to 1:2) to give alcohol 92c 
(18.1 mg, 37% yield) as a pale yellow oil. 

m NMR (CDCls, 300 MHz) 8: 8.94 (d, 1H, J= 9.6 Hz), 6.83 (dd, 1H, J = 

15.3, 2.1 Hz), 6.75 (t, 1H J= 9.6 Hz), 6.57 (d, 1H, J= 9.6 Hz), 6.32 (d, 

1H, J= 15.3 Hz), 5.88 (d, 1H, J= 10.2 Hz), 5.74-5.70 (m, 1H), 5.67-5.62 

10 m, 2H), 5.44-5.36 (m, 1H), 4.95-4.86 (m, 1H), 4.38 (d, 1H, J= 9.3 Hz), 

4.28-4.23 (m, 1H), 3.77-3.73 (m, 1H), 3.65 (s, 3H), 3.14-3.06 (m, 1H), 
2.59-2.11 (m, 6H), 1.63 (d, 3H, J= 6.9 Hz), 1.19 (d, 3H, J= 6.6 Hz), 

1.02 (s,9H). 

Synthesis of compound 92d 

To a solution of 9Id (40 mg, 0.06 mmol) in anhydrous THF (0.6 mL) 

under N2 and at room temperature, TBAF 1M in THF (0.12 mL, 0.12 

20 mmol) was added. The reaction was stirred at room temperature for 18 

hours and then quenched with a saturated aqueous solution of NH4CI 

and extracted with EtOAc. The combined organic phases were dried 

over anhydrous Na2S04, filtered and concentrated. The residue was 

purified by flash chromatography (hexane/EtOAc 4:1 to 1:2) to give 

25 alcohol 92d (20 mg, 61 % yield) as a colourless oil. 

15 



>1.48E-05 1.18E-05 > 1.66E-05 >1.51E-05 HT29 G150 2.22E-06 1.78E-06 
1.21E-08 4.23E.07 TGI 4.29E-06 3.03E-06 5.13E-08 6.50E-07 LC50 >1.48E-05 
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^H NMR (CDC13, 300 MHz) 8: 8.90 (d, 1H, J= 9.9 Hz), 6.82 (dd, 1H, J = 

15.6, 2.4 Hz), 6.74 (t, 1H, J= 9.6 Hz), 6.66 (d, 1H, J= 9.3 Hz), 6.33 (d, 

1H, J= 9.3 Hz), 5.88 (t, 1H, J= 10.5 Hz), 5.71 (dd, 1H, J= 10.8, 2.4 

Hz), 5.64-5.59 (m, 2H), 4.84 (q, 1H, J= 7.8 Hz), 4.40 (d, 1H, J= 9.3 Hz), 

5 4.28-4.20 (m, 1H), 3.72 (m, 1H), 3.64 (s, 3H), 3.13-3.06 (m, 2H), 2.58-

2.47 (m, 1H), 2.41-2.33 (m, 1H), 2.31-2.15 (m, 4H), 2.05 (s, 3H), 1.18 
(d, 3H, J= 6.9 Hz), 1.02 (s, 9H). 

EXAMPLE 20 
10 

Scheme 20 provides the synthesis of the following compound of the 

invention. 

OH 
TCAI, DCM 

O' xvv 
o 

OCONH2 

CI o ci 

92d 93 

15 

Scheme 20 

20 Synthesis of compound 93 



7.31E-06 2.81E-06 2.42E-06 Table 1. (cont.) Compound 65b Compound 66b 
Compound 67 Compound 68 MDA- MB-231 G150 5.48E-07 
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To a solution of 92d (6.5 mg, 0.012 mmol) in anhydrous DCM (0.2 mL) 
at 23 °C, trichloroacetyl isocyanate (TCAI) (1.7 jul, 0.014 mmol) was 

5 added. The reaction was stirred at room temperature for 30 min and 

then neutral aluminium oxide was added (120 mg). The mixture was 

stirred for 30 min and then was soaked into a pad of aluminium oxide. 

The product was washed out using a mixture of dichloromethane 

/MeOH 50:1. The filtrate was evaporated under reduced pressure to 

10 give the crude product which was purified by column chromatography 

(dichloromethane /MeOH 100:1 to 40:1) affording compound 93 (3 mg, 

42% yield) as a white solid. 

JH NMR (CDCb, 300 MHz) 8: 8.83 (d, 1H, J= 10.5 Hz), 6.89-6.81 (m, 

15 2H), 6.62 (d, 1H, J= 9.9 Hz), 6.32 (d, 1H, J= 15.3 Hz), 5.87 (t, 1H, J = 

9.0 Hz), 5.73 (dd, 1H, J = 10.5, 2.4 Hz), 5.65-5.57 (m, 2H), 5.38 (bs, 

2H), 4.84-4.76 (m, 1H), 4.48 (d, 1H, J = 9.3 Hz), 4.40-4.33 (m, 1H), 

4.28-4.21 (m, 1H), 3.66 (s, 3H), 3.19-3.10 (m, 1H), 2.58-2.42 (m, 3H), 

2.35-2.30 (m, 2H), 2.14-2.06 (m, 1H), 2.08 (s, 3H), 1.20 (d, 3H, J= 6.6 

20 Hz), 1.03 (s, 9H). 

i3C NMR (CDCls, 125 MHz) 8: 167.9, 164.3, 161.4, 157.6, 145.1, 145.0 

132.3, 132.0, 124.5, 122.3, 121.9, 110.6, 108.3, 104.9, 92.9, 91.7, 

80.8, 75.1, 61.2, 55.5, 39.3, 35.0, 32.9, 30.9, 26.7, 26.4, 21.0, 15.9. 

25 MS (ES) [m/z]= 590.2 [M+H]+. 

EXAMPLE 21 



2 .71E- 08 9.10E-07 7.84E-07 TGI >1.83E-05 3.73E-07 1.04E-06 1.49E-06. LC50 
>1.83E-05 4.58E-06 1.21E-06 6.50E-06 A549 G150 3.11E-07 2.54E-08 

150 

Scheme 21 provides the synthesis of several compounds of the 

invention. 

OTBDPS 

H,N 
H I I HO^I 

62 

EDC.HCI 

Pd(PPh3)4 

Cul, 'Pr2NH 

OTBDPS 
TBAF 

THF 

95 

96 

Scheme 21 

Synthesis of intermediate 94 

10 
OTBDPS 

H I 0 
WANA.N 

H o 

A solution of (Zj-Iodoacrylic acid (365 mg, 1.84 mmol) (prepared as 

described in Takeuchi, R. Tanabe, K., Tanaka, S. J. Org. Chem. 2000, 



1.57E-06 1.47E-06 TGI 1.81E-06 8.13E-08 2.82E-06 4.21E-06 LC50 > 1.83E-05 
> 1.69E-05 4.86E-06 > 1.91E-05 HT29 G150 1.83E-07 2.20E-08 1.88E-06 
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10 

15 

20 

65, 1558-1561), amine 62 (700 mg, 1.42 mmol) in anhydrous DCM (12 

mL) was cooled to 0°C under argon and N-(3-Dimethylaminopropyl)-N'-

ethylcarbodiimide hydrochloride, EDC (340.8 mg, 1.78 mmol) was 

added. The reaction mixture was stirred at 0°C for 10 min and then at 

23°C for 3 hours, was quenched with a saturated aqueous solution of 

NaCl and extracted with dichloromethane. The combined organic layers 

were dried (anhydrous Na2SC>4), filtered and concentrated. The residue 

was purified by flash chromatography (EtOAc/hexane 1:10 to 1:1) to 

afford 94 (675 mg, 71 % yield) as a colourless foam solid. 

m NMR (CDCh, 300 MHz) 8: 7.69-7.66 (m, 4H), 7.44-7.36 (m, 6H), 7.24 

(d, 1H, J= 9.6 Hz), 7.06 (d, 1H, J = 9.3 Hz), 6.90 (d, 1H J = 9.0 Hz), 

6.68-6.61 (m, 2H), 5.55-5.43 (m, 1H), 5.35-5.26 (m, 1H), 4.89-4.81 (m, 

1H), 4.38 (d, 1H, J= 9.3 Hz), 3.88-3.80 (m, 1H), 2.23-2.06 (m, 4H), 1.43 

(d, 3H, J= 6.9 Hz), 1.05 (s, 9H), 1.01 (s, 9H). 
13C NMR (CDC13, 125 MHz) 6: 167.4, 164.3, 135.8, 134.1, 133.0, 129.7, 

129.6, 127.6, 127.5, 126.4, 125.8, 121.4, 109.1, 88.3, 72.3, 60.4, 35.1, 

33.8, 32.5, 27.0, 26.7, 19.3, 12.9. 

MS (ES) [m/z]= 695.2 [M+Na]+. 

Synthesis of compound 95 

To a solution of 94 (304.4 mg, 0.45 mmol) in DIPA (5.5 ml) at 23°C, 

Pd(Ph3P)4 (39.3 mg, 0.034 mmol) and Cul (12.9 mg, 0.068 mmol) were 

added. Then, 56 (100 mg, 0.45 mmol) was added and the reaction was 

stirred at 23°C for 45 min. The crude mixture was quenched with H2O 

and extracted with EtOAc. The organic phase was dried (anhydrous 

OTBDPS 



4.59E-07 TGI 4.94E-07 2.88E-08 2.35E-06 7.07E-07 LC50 > 1.83E-05 4.24E-08 
3.14E-06 > 1.91E-05 162 Table 1. (cont.) Compound 
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10 

15 

20 

Na2SC>4) and evaporated under reduced pressure. The residue was 

purified by flash chromatography (EtOAc/hexane 1:4 to 3:1) to afford 

pure 95 (300 mg, 87 % yield) as a colourless foam solid. 

m NMR (CDCls, 300 MHz) 6: 7.82 (d, 1H, J= 9.3 Hz), 7.68-7.65 (m, 4H), 

7.46-7.29 (m, 7H), 6.62 (dd, 1H, J= 10.2, 9.3 Hz), 6.14 (d, 1H, J= 12.3 

Hz), 6.08 (dd, 1H, J= 10.5, 9.3 Hz), 6.05 (d, 1H, J= 12.3 Hz), 5.60 (dd, 

1H, J = 6.3, 3.0 Hz), 5.52-5.43 (m, 1H), 5.33-5.25 (m, 1H), 4.85-4.77 

(m, 1H), 4.44 (d, 1H, J= 9.3 Hz), 4.24-4.23 (m, 1H), 3.88-3.80 (m, 1H), 

3.64 (s, 3H), 2.91-2.79 (m, 1H), 2.54-2.34 (m, 2H), 2.23-2.04 (m, 4H), 

1.92 (s, 3H), 1.42 (d, 3H, J= 6.9 Hz), 1.13 (d, 3H, J= 6.6 Hz), 1.04 (s, 

9H), 0.99 (s, 9H). 

13C NMR (CDCls, 125 MHz) 8: 167.9, 164.6, 161.7, 145.5, 136il, 134.3, 

132.5, 129.9, 127.8, 126.7, 126.1, 121.7, 118.9, 116.4, 108.9, 108.4, 

104.5, 98.8, 82.8, 81.6, 72.6, 60.9, 55.7, 38.0, 35.5, 34.0, 32.7, 27.2, 

26.9, 26.5, 19.5, 17.3, 16.5, 13.1. 

Synthesis of compound 96 

To a solution of 95 (250 mg, 0.326 mmol) in THF (3.3 mL) under N2 and 

at 0°C, TBAF 1M in THF (0.65 mL, 0.65 mmol) was added. The reaction 

was stirred at room temperature for 3 hours and then quenched with a 

saturated aqueous solution of NH4CI and extracted with EtOAc. The 

combined organic phases were dried over anhydrous Na2S04, filtered 

and concentrated. The residue was purified by flash chromatography 

OH 



69 Compound 70 Compound 71 Compound 72 MDA- MB-231 G150 3.36E-07 1.70E-06 
2.09E-07 2.46E-10 TGI 1.63E-06 2.48E-06 2.85E-06 
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(hexane/EtOAc 4:1 to 1:3) to give alcohol 96 (150 mg, 87 % yield) as a 

colourless oil. 

!H NMR (CDCls, 300 MHz) 8: 8.76 (d, 1H, J= 9.9 Hz), 7.83 (d, 1H, J = 

5 9.0 Hz), 6.74 (t, 1H, J= 9.3 Hz), 6.17 (d, 1H, J= 12.0 Hz), 6.15-6.09 (m, 

1H), 6.07 (d, 1H, J= 12.0 Hz), 5.74-5.60 (m, 1H), 5.61 (dd, 1H, J= 6.3, 

3.0 Hz), 5.44-5.37 (m, 1H), 4.94-4.85 (m, 1H), 4.41 (d, 1H, J= 9.3 Hz), 

4.25-4.17 (m, 1H), 3.76 (m, 1H), 3.65 (s, 3H), 2.92-2.80 (m, 1H), 2.55-
2.11 (m, 6H), 1.93 (s, 3H), 1.62 (d, 3H, J= 6.6 Hz), 1.14 (d, 3H, J= 6.6 

10 Hz), 1.01 (s, 9H). 

EXAMPLE 22 

Scheme 22 provides the synthesis of several compounds of the 
15 invention. 



1.93E-09 LC50 8.13E-06 3.53E-06 > 1.90E-05 > 1.76E-07 A549 G150 2.30E-07 
2.09E-06 2.66E-07 1.76E-10 TGI > 1.77E-05 2.61E-06 1.84E-06 2.81E-09 
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OTBDPS MeO. 
OTBDPS 

H,N 
Cul 

DMF / 'Pr2NH 
Pd(Ph3P)4 

OMe 

Scheme 22 

5 Synthesis of intermediate 97 

OTBDPS 

To a solution of 40 (200 mg, 0.38 mmol) and 4-pentynoic acid (48 mg, 

10 0.49 mmol) in anhydrous DCM (3.8 ml) at 0 °C, EDC (91 mg, 0.47 
mmol) was added. The reaction was stirred at 0°C for 30 min and 2 

hours at room temperature. Then, the crude mixture was hydrolized 



LC50 > 1 . 77E-05.3.27E-06 8.54E-06 > 1.76E-07 HT29 G150 1.73E-07 1.96E-06 
5.89E-08 5.79E-11 TGI 4.24E-07 2.74E-06 1.75E-07 1.25E-10 
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with water and extracted with dichloromethane (3x5 mL). After drying 

and evaporating the solvent under reduced pressure the crude was 

purified by column chromatography (hexane/EtOAc, 6:1) to afford pure 

compound 97 (105 mg, 47 % yield) as a colourless oil. 

5 JH NMR (CDCls, 300 MHz) 8: 7.66 (m, 4H), 7.43 (m, 6H), 7.14 (d, 1H, J 

= 10.6 Hz), 6.65 (t, 1H, J= 9.3 Hz), 6.40 (d, 1H, J= 9.1 Hz), 5.52 (t, 1H, 

J= 7.2 Hz), 4.75 (q, 1H, J= 7.6 Hz), 4.29 (d, 1H, J= 9.2 Hz), 3.81 (m, 

1H), 2.63-2.40 (m, 4H), 2.19-2.03 (m, 5H), 1.86 (s, 3H), 1.05 (s, 9H), 

0.98 (s, 9H). 

To a solution of iodo compound 9 (52 mg, 0.148 mmol) in 

15 diisopropylamine (0.75 mL) under N2 at room temperature, Pd(Ph3P)4 

(2.3 mg, 0.002 mmol) and Cul (1.0 mg, 0.005 mmol) were added. Then, 

compound 97 (90 mg, 0.148 mmol) was added portionwise and the 

reaction mixture was stirred at room temperature for 2 hours. The 

crude was quenched with H2O and extracted with EtOAc. The organic 

20 phase was dried (anhydrous Na2S04) and evaporated under reduced 

pressure. Purification by column chromatography (hexane/EtOAc 3:1 to 

1:2) afford pure compound 98 (105 mg, 86% yield) as a white solid. 

!H NMR (CDCI3, 300 MHz) 8: 7.66 (m, 4H), 7.41 (m, 6H), 7.26 (d, 1H, J 
= 10.6 Hz), 6.64 (t, 1H, J= 10.1 Hz), 6.42 (d, 1H J= 9.3 Hz), 6.06 (d, 

25 1H, J= 12.0 Hz), 5.61 (m, 1H), 5.48 (m, 2H), 5.35 (d, 1H, J= 11.8 Hz), 

10 

Synthesis of compound 98 

OMe 
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10 

15 

20 

4.74 (q, 1H, J= 8.3 Hz), 4.28 (d, 1H, J= 9.2 Hz), 4.16 (m, 1H), 3.81 (m, 

1H), 3.64 (s, 3H), 2.81 (m, 1H), 2.66 (m, 2H), 2.47-2.36 (m, 4H), 2.18-

2.06 (m, 4H), 2.04 (s, 3H), 1.85 (s, 3H), 1.12 (d, 3H, J= 6.6 Hz), 1.04 (s, 

9H), 0.98 (s, 9H). 

Synthesis of compound 99 

To a solution of 98 (75 mg, 0.09 mmol) in anhydrous THF (1.5 mL) 

under N2 and at room temperature, TBAF 1M in THF (0.18 mL, 0.18 

mmol) was added. The reaction was stirred at room temperature for 4 

hours and then quenched with a saturated aqueous solution of NH4CI 

and extracted with EtOAc. The combined organic phases were dried 

over anhydrous Na2S04, filtered and concentrated. The residue was 

purified by flash chromatography (hexane/EtOAc 3:1 to 1:3) to give 

alcohol 99 (35 mg, 67 % yield) as a white solid. 

m NMR (CDCI3, 300 MHz) 8: 8.92 (d, 1H, J= 10.1 Hz), 6.74 (t, 1H, J = 

9.5 Hz), 6.67 (d, 1H, J= 9.1 Hz), 6.06 (d, 1H, J= 12.0 Hz), 5.62 (m, 2H), 

5.47 (d, 1H, J= 9.8 Hz), 5.34 (d, 1H, J= 11.9 Hz), 4.84 (q, 1H, J= 8.5 

Hz), 4.32 (d, 1H, J= 9.1 Hz), 4.18 (m, 1H), 3.73 (m, 1H), 3.64 (s, 3H), 

3.20 (d, 1H, J= 4.0 Hz), 2.82 (m, 1H), 2.66 (m, 2H), 2.49-2.36 (m, 4H), 

2.24-2.14 (m, 4H), 2.05 (s, 3H), 2.02 (s, 3H), 1.12 (d, 3H, J= 6.6 Hz), 

1.00 (s, 9H). 
13C NMR(CDC13, 75 MHz) 8: 171.3, 168.4, 161.7, 145.1, 142.1, 135.5, 

134.4, 131.7, 123.6, 123.4, 108.4, 108.2, 106.1, 94.3, 81.8, 80.2, 71.4, 

OMe 
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60.9, 36.7, 36.1, 35.3, 34.5, 33.0, 29.6, 26.5, 26.3, 21.0, 16.4, 16.1, 

15.5. 

Synthesis of compound 100 

To a solution of 99 (30 mg, 0.05 mmol) in anhydrous DCM (3.15 mL) at 

room temperature, trichloroacetyl isocyanate (TCAI) (6 JJ.1, 0.06 mmol) 

10 was added. The reaction was stirred at room temperature for 30 min 

and then neutral aluminium oxide was added (375 mg). The mixture 

was stirred for 1 h and then was soaked into a pad of aluminium oxide. 

The product was washed out using a mixture of dichloromethane 

/MeOH 50:1. The filtrate was evaporated under reduced pressure to 

15 give the crude product which was purified by column chromatography 

(hexane/EtOAc) affording compound 100 (26 mg, 82 % yield) as a white 

solid. 

m NMR (CDCh, 300 MHz) 8: 8.87 (d, 1H, J= 10.7 Hz), 6.81 (t, 1H, J = 

9.8 Hz), 6.62 (d, 1H, J= 9.5 Hz), 6.06 (d, 1H, J= 12.0 Hz), 5.75 (bs, 2H), 

20 5.61 (m, 2H), 5.45 (d, 1H, J= 10.1 Hz), 5.35 (d, 1H, J= 11.9 Hz), 4.80 

(q, 1H, J= 8.4 Hz), 4.37 (m, 1H), 4.33 (d, 1H, J= 9.3 Hz), 4.18 (m, 1H), 

3.64 (s, 3H), 2.83 (m, 1H), 2.66 (m, 2H), 2.50-2.27 (m, 8H), 2.05 (s, 3H), 

2.03 (s, 3H), 1.12 (d, 3H, J= 6.6 Hz), 0.99 (s, 9H). 

5 
0 

OMe 

25 EXAMPLE 23 



>1.31E-5 >1.90E-5 >1.76E-5 >1.64E-8 A549 GIs >1.25E-5 >1.31E-5 9.30E-8 
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Scheme 23 provides the synthesis of several compounds of the 
invention. 

51 
0 

97 

OTBDPS 

CI 

Pd(Ph3P)4 

Cul 

10 

Scheme 23 

Synthesis of compound 101 

To a solution of iodo compound 51 (70 mg, 0.217 mmol) in 

diisopropylamine (1.1 mL) under N2 at room temperature, Pd(Ph3P)4 (5 

15 mg, 0.004 mmol) and Cul (1.7 mg, 0.008 mmol) were added. Then, 

compound 97 (132 mg, 0.217 mmol) was added portionwise and the 

reaction mixture was stirred at room temperature for 2 hours. The 

crude was quenched with H2O and extracted with EtOAc. The organic 

phase was dried (anhydrous Na2S04) and evaporated under reduced 
20 pressure. Purification by column chromatography (hexane/EtOAc 3:1 to 

1:2) afforded pure compound 101 (80 mg, 50 % yield) as a white solid. 

!H NMR (CDCls, 300 MHz) 6: 7.66 (m, 4H), 7.41 (m, 6H), 7.25 (d, 1H, J 
= 10.6 Hz), 6.65 (t, 1H, J= 10.1 Hz), 6.44 (d, 1H J= 9.3 Hz), 5.63- 5.48 

(m, 3H), 4.78 (q, 1H, J= 8.3 Hz), 4.32 (d, 1H, J= 9.2 Hz), 4.14 (m, 1H), 

25 3.81 (m, 1H), 3.64 (s, 3H), 2.81 (m, 1H), 2.62 (m, 2H), 2.46-2.33 (m, 
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4H), 2.18-2.05 (m, 4H), 2.02 (s, 3H), 1.85 (s, 3H), 1.12 (d, 3H, J= 6.6 

Hz), 1.04 (s, 9H), 0.98 (s, 9H). 

5 EXAMPLE 24: BIOASSAYS FOR THE DETECTION OF ANTITUMOR 

ACTIVITY 

The aim of this assay is to evaluate the in vitro cytostatic (ability 

to delay or arrest tumor cell growth) or cytotoxic (ability to kill tumor 

10 cells) activity of the samples being tested. 

CELL LINES 

Name N° ATCC Species Tissue Characteristics 

A549 CCL-185 human lung lung carcinoma (NSCLC) 

HT29 HTB-38 human colon colorectal adenocarcinoma 

MDA-MB-

231 
HTB-26 human breast breast adenocarcinoma 

15 EVALUATION OF CYTOTOXIC ACTIVITY USING THE SBR COLORIMETRIC ASSAY 

A colorimetric type of assay, using sulforhodamine B (SRB) reaction 

has been adapted for a quantitative measurement of cell growth and 

viability (following the technique described by Skehan P et al. J. Natl. 

Cancer Inst. 1990, 82, 1107-1112). 

20 

This form of assay employs SBS-standard 96-well cell culture 

microplates (Faircloth et al. Methods in cell science, 1988, 11(4), 201-205; 

Mosmann et al, Journal of Immunological. Methods, 1983, 65(1-2), 55-

63). All the cell lines used in this study, derived from different types of 

25 human cancer, were obtained from the American Type Culture 

Collection (ATCC). 
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Cells were maintained in Dulbecco's Modified Eagle Medium 

(DMEM) supplemented with 10% Fetal Bovine Serum (FBS), 2mM L-

glutamine, 100 U/mL penicillin and 100 U/mL streptomycin at 37°C, 

5% CO2 and 98% humidity. For the experiments, cells were harvested 

5 from subconfluent cultures using tiypsinization and resuspended in 

fresh medium before counting and plating. 

Cells were seeded in 96 well microtiter plates at 5 x 103 cells per 

well in aliquots of 150 jj.L, and allowed to attach to the plate surface for 

10 18 hours in drug free medium. One control (untreated) plate of each cell 

line was fixed (as described below) and used for time zero reference 

value. Afterwards, test samples were added to the cultures in ten serial 

dilutions, in aliquots of 50 jiL, ranging from 10 to 0.00262 ng/mL. After 

48 hours exposure, the antitumor effect was estimated by the SRB 

15 method: Briefly, cells were washed twice with PBS, fixed for 15 min in 

1% glutaraldehyde solution, rinsed twice in PBS, and stained in 0.4% 

SRB solution for 30 min at room temperature. Cells were then rinsed 

several times with 1% acetic acid solution and air-dried. SRB was then 

extracted in lOmM trizma base solution and the absorbance measured 

20 in an automated spectrophotometric plate reader at 490 nm. Cell 

survival was expressed as percentage of control cell growth. The final 

effect of the sample being tested was estimated by applying the NCI 

algorithm (Boyd MR and Paull KD. Drug Dev. Res. 1995, 34, 91-104). 

25 Using the mean + SD of triplicate cultures, a dose-response curve 

was automatically generated using nonlinear regression analysis. Three 

reference parameters were calculated (NCI algorithm) by automatic 

interpolation: GI50 = concentration that produces 50% growth inhibition; 

TGI = total growth inhibition (cytostatic effect) and LC50 = concentration 

30 that produces 50% net cell killing (cytotoxic effect). 
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Table 1 illustrates data on the biological activity of compounds of 

the present invention. 

Table 1. Cytotoxicity assay - Activity Data (Molar) 

Compound 

64a 

Compound 

65a 

Compound 

66a 

Compound 

64b 

MDA-

MB-231 

GI50 4.89E-06 3.56E-06 4.47E-08 1.33E-06 
MDA-

MB-231 
TGI >1.48E-05 9.98E-06 7.78E-07 >1.51E-05 

MDA-

MB-231 
LC50 >1.48E-05 >1.78E-05 >1.66E-05 >1.51E-05 

A549 

GI50 4.44E-06 3.39E-06 3.31E-08 6.80E-07 

A549 TGI >1.48E-05 6.24E-06 3.97E-07 3.33E-06 A549 

LC50 >1.48E-05 1.18E-05 > 1.66E-05 >1.51E-05 

HT29 

GIso 2.22E-06 1.78E-06 1.21E-08 4.23E-07 

HT29 TGI 4.29E-06 3.03E-06 5.13E-08 6.50E-07 HT29 

LC50 >1.48E-05 7.31E-06 2.81E-06 2.42E-06 

Table 1. (cont.) 

Compound 

65b 

Compound 

66b 

Compound 

67 

Compound 

68 

MDA-

MB-231 

GIso 5.48E-07 2.71E-08 9.10E-07 7.84E-07 
MDA-

MB-231 
TGI >1.83E-05 3.73E-07 1.04E-06 1.49E-06 

MDA-

MB-231 
LC50 >1.83E-05 4.58E-06 1.21E-06 6.50E-06 

A549 

GIso 3.11E-07 2.54E-08 1.57E-06 1.47E-06 

A549 TGI 1.81E-06 8.13E-08 2.82E-06 4.21E-06 A549 

LC50 > 1.83E-05 > 1.69E-05 4.86E-06 > 1.91E-05 

HT29 

GIso 1.83E-07 2.20E-08 1.88E-06 4.59E-07 

HT29 TGI 4.94E-07 2.88E-08 2.35E-06 7.07E-07 HT29 

LC50 > 1.83E-05 4.24E-08 3.14E-06 > 1.91E-05 • 



>1.21E-5 1.32E-5 A549 G150 1.38E-10 7.78E-6 1.11E-7 3.06E-6 TGI 2.79E-10 
>1.90E-5 4.95E-7 6.62E-6 LC50 8.19E-10 >1.90E-5 >1.21E-5 
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Table 1. (cont.) 

Compound 

69 

Compound 

70 

Compound 

71 

Compound 

72 

MDA-

MB-231 

GI50 3.36E-07 1.70E-06 2.09E-07 2.46E-10 
MDA-

MB-231 
TGI 1.63E-06 2.48E-06 2.85E-06 1.93E-09 

MDA-

MB-231 
LC50 8.13E-06 3.53E-06 > 1.90E-05 > 1.76E-07 

A549 

GI50 2.30E-07 2.09E-06 2.66E-07 1.76E-10 

A549 TGI > 1.77E-05 2.61E-06 1.84E-06 2.81E-09 A549 

LC50 > 1.77E-05 3.27E-06 8.54E-06 > 1.76E-07 

HT29 

GI50 1.73E-07 1.96E-06 5.89E-08 5.79E-11 

HT29 TGI 4.24E-07 2.74E-06 1.75E-07 1.25E-10 HT29 

LC50 > 1.77E-05 4.05E-06 > 1.90E-05 > 1.76E-07 

Table 1. (cont.) 

Compound 

78 

Compound 

79 

Compound 

80 

Compound 

81 

Compound 

85 

MDA-

MB-

231 

GI50 >1.25E-5 >1.31E-5 1.52E-7 2.98E-6 1.02E-9 MDA-

MB-

231 

TGI >1.25E-5 >1.31E-5 >1.90E-5 >1.76E-5 1.81E-9 

MDA-

MB-

231 LC50 >1.25E-5 >1.31E-5 >1.90E-5 >1.76E-5 >1.64E-8 

A549 

GIso >1.25E-5 >1.31E-5 9.30E-8 2.28E-6 7.23E-10 

A549 TGI >1.25E-5 >1.31E-5 3.04E-7 8.43E-6 1.64E-9 A549 

LC50 >1.25E-5 >1.31E-5 >1.90E-5 >1.76E-5 >1.64E-8 

HT29 

GI50 >1.25E-5 5.10E-6 4.94E-8 1.26E-6 3.45E-10 

HT29 TGI >1.25E-5 >1.31E-5 9.49E-8 2.98E-6 6.25E-10 HT29 

LC50 >1.25E-5 >1.31E-5 >1.90E-5 >1.76E-5 1.97E-9 



1.22E-5 HT29 G150 8.02E-11 5.89E-6 5.32E-8 9.00E-7 TOT 1.27E-10 8.92E-6 
7.01E-8 2.21E-6 LC50 2.27E-10 >1.90E-5 1.69E-7 5.77E-6 
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Table 1. (cont.) 

Compound 

89 

Compound 

96 

Compound 

98 

Compound 

99 

MDA-

MB-231 

GI50 2.96E-10 1.31E-5 1.04E-7 2.72E-6 
MDA-

MB-231 
TGI >1.74E-9 >1.90E-5 1.81E-7 6.11E-6 

MDA-

MB-231 
LC50 >1.74E-9 >1.90E-5 >1.21E-5 1.32E-5 

A549 

GI50 1.38E-10 7.78E-6 1.11E-7 3.06E-6 

A549 TGI 2.79E-10 >1.90E-5 4.95E-7 6.62E-6 A549 

LC50 8.19E-10 >1.90E-5 >1.21E-5 1.22E-5 

HT29 

GI50 8.02E-11 5.89E-6 5.32E-8 9.00E-7 

HT29 TGI 1.27E-10 8.92E-6 7.01E-8 2.21E-6 HT29 

LC50 2.27E-10 >1.90E-5 1.69E-7 5.77E-6 

5 Table 1. (cont.) 

Compound 100 

MDA-

MB-231 

GIso 3.48E-7 
MDA-

MB-231 
TGI >1.58E-5 

MDA-

MB-231 
LC50 >1.58E-5 

A549 

GIso 3.95E-7 

A549 TGI 2.21E-6 A549 

LCso >1.58E-5 

HT29 

GI50 5.38E-8 

HT29 TGI 3.01E-7 HT29 

LC50 7.59E-6 
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CLAIMS 

1. A compound of general formula I 

^2 ^4 

WxA 
0 

A 

Ri R3 0 Rs (1) 

5 

wherein Y is selected from -CHRay-, -CHRay-CHRby-, -CRay=CRby-, -CSC-, 
-CHRay-CHRby-CHRcy-, -CHRay-CRby=CRcy-, and -CHRay-C^C-; 

each Ray, Rby, and Rcy is independently selected from hydrogen, 
10 substituted or unsubstituted C1-C12 alkyl, substituted or unsubstituted 

C2-Ci2 alkenyl, and substituted or unsubstituted C2-C12 alkynyl; 

each Ri, R2, R3, R4, and Rs is independently selected from hydrogen, 
substituted or unsubstituted C1-C12 alkyl, substituted or unsubstituted 

15 C2-C12 alkenyl, and substituted or unsubstituted C2-C12 alkynyl; 

Re is selected from NRSRQ, and OR10; 

A is 

20 OR19 

W is selected from O and NR7; 

R7 is selected from hydrogen, CORa, COORa, substituted or 
25 unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 alkenyl, 
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and substituted or unsubstituted C2-C12 alkynyl, or R7 and Rs together 

with the corresponding N atom and C atom to which they are attached 

may form a substituted or unsubstituted heterocyclic group; 

5 Rs is selected from hydrogen, CORa, COORa, substituted or 

unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 alkenyl, 

substituted or unsubstituted C2-C12 alkynyl, and substituted or 

unsubstituted C4-C12 alkenynyl; 

10 Rio is selected from hydrogen, substituted or unsubstituted C1-C12 alkyl, 

substituted or unsubstituted C2-C12 alkenyl, and substituted or 

unsubstituted C2-C12 alkynyl; 

each dotted line represents an optional additional bond, but when a 

15 triple bond exists between the C atoms to which Ri and R2 are attached, 

Ri and R2 are absent, and when a triple bond exists between the C 

atoms to which R3 and R4 are attached, R3 and R4 are absent; 

Rg is selected from hydrogen, CORa, COORa, substituted or 

20 unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 alkenyl, 

substituted or unsubstituted C2-C12 alkynyl, and substituted or 

unsubstituted C4-C12 alkenynyl; 

each Ri6, R17 and Ris are independently selected from hydrogen, ORa, 

25 OCORa, OCOORa, NRaRb» NRaCORbs and NRaC(=NRa)NRaRb, substituted 

or unsubstituted C1-C12 alkyl, substituted or unsubstituted C2-C12 

alkenyl and substituted or unsubstituted C2-C12 alkynyl; 

R19 is selected from hydrogen, CORa, COORa, CONRaRb, S(0)Ra, S02Ra, 

30 P(Oj(Ra)ORb, SiRaRbRc, substituted or unsubstituted C1-C12 alkyl, 

substituted or unsubstituted C2-C12 alkenyl and substituted or 

unsubstituted C2-C12 alkynyl; and 
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each Ra, Rb, and Rc are independently selected from hydrogen, 

substituted or unsubstituted Ct-Ci2 alkyl, substituted or unsubstituted 

C2-C12 alkenyl, substituted or unsubstituted C2-C12 alkynyl, substituted 

5 or unsubstituted aryl and substituted or unsubstituted heterocyclic 

group; or 

a pharrnaceutically acceptable salt, tautomer or stereoisomer thereof. 

10 2. A compound according to claim 1, wherein R19 is selected from 

hydrogen, substituted or unsubstituted C1-C6 alkyl and CORa, and 

wherein Ra is a substituted or unsubstituted C1-C6 alkyl. 

3. A compound according to claim 2, wherein R19 is hydrogen. 

15 

4. A compound according to any one of the preceding claims, wherein 

Ri6 is selected from hydrogen, ORa and OCORa, wherein Ra is selected 

from hydrogen and substituted or unsubstituted C1-C6 alkyl. 

20 5. A compound according to claim 4, wherein Rie is selected from 

hydrogen, OH and methoxy. 

6. A compound according to any one of the preceding claims, wherein 

one additional bond is present between the C atoms to which Ri6 and 

25 R17 are attached. 

7. A compound according to any one of the preceding claims, wherein 

Riy and Ris are hydrogen. 

30 8. A compound according to any one of the preceding claims, wherein 

Ri, R2, R3 and R4 are independently selected from hydrogen and a 

substituted or unsubstituted Ci-Ce alkyl. 
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9. A compound according to claim 8 wherein Ri, R2, R3 and R4 are 

hydrogen. 

5 10. A compound according to any one of the preceding claims, wherein Y 

is selected from -CHRay-, -CRay=CRby- and -CHRay-CRby=CRcy-, and 

wherein Ray, Rby and Rcy are independently selected from hydrogen and 

substituted or unsubstituted C1-C6 alkyl. 

10 11. A compound according to claim 10, wherein Ray, Rby and Rcy are 

independently selected from hydrogen and methyl. 

12. A compound according to any one of the preceding claims, wherein 

Rs is selected from hydrogen and a substituted or unsubstituted Ci-Ce 

15 alkyl. 

13. A compound according to claim 12, wherein R5 is selected from 

methyl, isopropyl and tert-butyl. 

20 14. A compound according to any one of the preceding claims, wherein 

W is NR7 and wherein R7 is as defined in claim 1. 

15. A compound according to claim 14, wherein R7 is hydrogen. 

25 16. A compound according to any one of claims 1 to 11, wherein W is 

NR? and wherein Ry and R5 together with the corresponding N atom and 

C atom to which they are attached form a substituted or unsubstituted 

pyrrolidine group. 

30 17. A compound according to any one of the preceding claims, wherein 

R6 is NRsRg and wherein Rs is hydrogen and Rg is selected from 

hydrogen, substituted or unsubstituted C1-C12 alkyl, substituted or 
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unsubstituted C2-C12 alkenyl, substituted or unsubstituted C2-C12 

alkynyl, and substituted or unsubstituted C4-C12 alkenynyl. 

18. A compound according to claim 17, wherein R9 is selected from a 

5 substituted C2-C12 alkenyl and a substituted C4-C12 alkenynyl that are 

substituted in one or more positions with halogen, OR\ =0, OCOR', 

OCONHR', OCONR'R', CONHR1, CONR'R' and protected OH, wherein 

each of the R' groups is independently selected from hydrogen, 

substituted or unsubstituted Ci-Ci2 alkyl, substituted or unsubstituted 

10 C2-C12 alkenyl, substituted or unsubstituted C2-C12 alkynyl and 

substituted or unsusbtituted aryl. 

19. A compound according to any one of the preceding claims, wherein 

one additional bond is present between the C atoms to which Ri and R2 

15 are attached and one or two additional bonds are present between the C 

atoms to which R3 and R4 are attached. 

20. A compound according to claim 1, having the following formula: 

MeO 

HO' 

20 CI , or 

MeO 

HO' 

or a pharrnaceutically acceptable salt, tautomer or stereoisomer thereof. 

25 
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21. A pharmaceutical composition comprising a compound according to 

any one of the preceding claims, or a pharrnaceutically acceptable salt, 

tautomer or stereoisomer thereof, and a pharrnaceutically acceptable 

diluent or carrier. 

22. A compound according to any one of claims 1 to 20, or a 

pharrnaceutically acceptable salt, tautomer or stereoisomer thereof, for 

use as a medicament. 

23. A compound according to any one of claims 1 to 20, or a 

pharrnaceutically acceptable salt, tautomer or stereoisomer thereof, for 

use as a medicament for treating cancer. 

24. Use of a compound according to any of claims 1 to 20, or 
pharrnaceutically acceptable salts, tautomers, or stereoisomers thereof, in 
the preparation of a medicament for the treatment of cancer. 

25. A process for the preparation of compounds according to formula I 

R1 R3 O R5 
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as defined in any one of claims 1 to 20 wherein A, Y, W, Ri, R2, R3, R4, 

Rs and R6 are also as defined in any one of claims 1 to 20 

comprising the coupling of Fragments C and D 

wherein Ri, R2, R3, R4, Rs, R6, A, Y and W are the desired groups as 

defined in the compound of formula I or an appropriate protecting group 

as needed, and L and M are the appropriate reacting or leaving groups. 

10 

26. A process according to claim 25, wherein the compound of formula I 

is any one of the compounds defined in claim 20. 

27. A process according to claim 25 or claim 26 wherein leaving group 

15 "L" is iodide. 

28. A process according to any one of claims 25 to 27 wherein reacting 

group WMW is tributyl tin. 

20 29. A process for the preparation of a compound according to formula I 

5 

R3 O R5 

Fragment C Fragment D 

Ri R3 O R5 
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as defined in any one of claims 1 to 20 wherein A, Y, W, R], R2, R3, R4, 

Rs and RG are also as defined in any one of claims 1 to 20 

comprising the coupling of Fragments A and B 

R2 R4 O 

K. 
'Re 

Rs 

Fragment A Fragment B 
5 

wherein Ri, R2, R3, R4, Rs, Re, A and Y are the desired groups or an 

appropriate protecting group as needed, and J and K are the appropriate 

reacting or leaving groups. , ' 

10 30. A process according to claim 29, wherein the compound of formula I 
is any one of the compounds defined in claim 20. 

31. A compound when prepared according to the process of claim 25 or 
claim 29. 


