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ABSTRACT

Ipomoeassin F, a plant-derived macrolide, exhibigadjle-digit nanomolar growth inhibition activity
against many cancer cell lines. In this repogeres of 5-oxa/aza analogues was prepared anehscre
for cytotoxicity. Replacement of 5-GHvith O/NH simplified the synthesis and led to omlysmall
activity loss.N-methylation almost completely restored the potenéyrther studies with additional 5-
oxa analogues suggested, for the first time, tlzatand flexibility of the ring also significantlgfluence

the bioactivity of ipomoeassin F.
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1. Introduction

Structurally and functionally unique natural prottuconstitute a precious resource for developingcho
drugs and conducting fundamental biomedical rebeamdotably, resin glycosides are underexplored
plant-derived macrocyclic glycolipids. Their maldar skeleton with carbohydrates as part of thg rin
has no structural overlap with any clinical drugsl @imost all other natural products. Despite @abr
range of therapeutic applications in folk medicine, systematic biological investigation has yetrbee
reported for any single family of resin glycosidpsesumably due to their low material availability.

To date, more than 250 resin glycosides have m#atéd.[1] Structural diversity of those natural
products largely comes from their carbohydrate comepts and their peripheral ester decorations. On
the other hand, fatty acid aglycones share a végl degree of similarity. Jalapinolic acid @1
hydroxyhexadecanoic acid) and convolvulinolic adidS-hydroxytetradecanoic acid) are most common
in virtually all members of resin glycosides. Altigh these structural features imply that carbcditedr
and their surrounding ester functionalities aredeinants for a broad range of bioactivities of théries,
it remains unclear about whether or how modifiaagiin the evolutionally conserved fatty acid agheo
could confer resin glycosides improved or even b@hogical functions.

In this regard, the ipomoeassins are a distindawaly of resin glycosides that was isolated frdma t
leaves oflpomoea squamosa in the Suriname rainforest by Kingston's group2i05 (ipomoeassin A—
E)[2] and 2007 (ipomoeassin F)[3]. The presencexyfienation at C-4 for all the members and at C-5

for C-E (Table 1) is rare compared to other familé resin glycosides. Although we showed that the

Table 1. Structures and 1G5, Values of Ipomoeassins —F*

structure 1Cs50 (NM)
1 .
R 5 Ipomoeassin g R2 n Hela L-929 A2780 U937 HT-29  MDA-MB-435 H522-T1
4
o A H Ac 1 64 77.8 500 20.2 46.1 42.6 108.9
o 11
o n B H H 1 2500 N/A2 400 134 396 2700 1070
©/\)Loo 0 6vo ¢ OH Ac 1 1500 >1000 2900 N/A N/A N/A N/A
o&,gqu
o oH Hol e D OAc Ac 1 32 135 35 7.9 11.8 19.9 23.2
/ E OAc H 1 4300 >1000 3300 163 393 1633 967
F H Ac 3 N/A 7.4 36 2.6 4.2 9.4 12.9

2 N/A: not available



ketone group at C-4 had little impact on the cytmity of ipomoeassin F (up to 2—3 fold activitysk),[4]
deoxygenation or acetylation of the free hydroxylup at C-5 leads to varied conclusions. For examp
switching R from H to OAc (A vs. D) significantly enhanced thetency by up to 14-fold against the
A2780 human ovarian cancer cell line (Table 1), iehe the opposite result was observed for B vs. E
against the same cell line, that is, 8-fold acyiditss. Moreover, extension of the lipid tail byot
methylene units (F vs. A) consistently increaseal ahtivity for the six tested cancer cell linesupyto
14-fold (Table 1). Taken together, it is of gréaterest to know how maodifications of the fatty dci
moiety would affect biological activities of thedmoeassins. Unfortunately, to date, only one stitth
analogue with an unnatural aglycone (th&k Ebimer of ipomoeassin F from our group[5]) hasnbee
reported. This research gap also holds true faitlaér resin glycosides.

Attracted by single-digit nanomolar d£values against several cancer cell lines (Tahldod) total
syntheses of ipomoeassin F have been accomplishetirbe independent research teams including
ourselves.[5-9] In recent NCI-60 cell line screems further confirmed both high potency (the agera
Glso of ~30 nM) and potential novel functional mechami@he correlation index < 0.5 in the compare
analyses) of ipomoeassin F,[6] which suggests thatipomoeassins are unique chemical space for
studying biology. To accelerate future ipomoeassigearch in chemical biology and even drug
discovery, however, analogues that can be syn#émbsiore easily but have biological activity simitar
superior to ipomoeassin F are still highly desiablTherefore, in conjunction with our interest in

modifying the conserved aglycone, we focused dentbon on 4-oxo-8-nonenoic acid (Figure 1). listh
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Figure 1. Structures of ipomoeassin F and its bioisostelic&aza analogues



report, we describe the evolution of the design ayuthesis of several new 5-oxa/aza analogues of
ipomoeassin F, e.d. and2 in Figure 1, and also some critical new SAR (dtres-activity relationship)

information derived from biological tests of thalwility to inhibit cancer cell growth.
2. Results and discussion

4-Oxo-nonenoic acid is an essential late-stagedimgilblock involved in all the reported total syases

of ipomoeassin F. Although its preparation seetodae straightforward by reacting succinic anhyelrid
with the in situ generated Grignard reag8n{Scheme 1),[10] in fact, this single-step transfation
suffered from low efficiency. A significant amouoit dialkylated alcohol produet was obtained due to
the inherently higher reactivity of the ketone ftiogal group in 4-oxo-nonenoic acid than succinic
anhydride. With very careful control of reactioonditions, such as temperature and addition spkéd o
4-ox0-nonenoic acid could be obtained in a yieldipfto ~30% in our hands; however, in many cases,
the yields were only ~20% or even lower.

To overcome this limitation, we thought that 4-axanenoic acid might be replaced with its
ester/amide counterparésand8 (Scheme 1). An oxygen atom or an NH group has lteasidered a
bioisostere of methylene according to the Grimm'gdiitle Displacement Law.[11 ] Bioisosteric
replacement is a strategy commonly utilized in roe@l chemistry for optimization of bioactive
molecules to enhance activity, selectivity, andtability while reducing metabolism.[12] We spextati

that such small changes from a ketone to an estanme would not affect the activity much.

Scheme 1Synthesis of ~-Oxo-nonenoic Acid and Its Bioisosteric Analogues 4 angé
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Before embarking on the syntheses, the moleculafoomations of the various bioisosteric
molecules were first investigated with density fimmal theory (DFT) to ensure the proposed
modifications would indeed not affect the overablletular shape significantly. One particular conce
is the hydrogen of the secondary amide in analdjughich may potentially form an intramolecular
hydrogen bond with one of the oxygen atoms aroured disaccharide core, thereby altering the 3-
dimensional shape of the molecule. The DFT modelias accomplished with the B3LYP exchange
correlation functional[13, 14] with the D2 empiricdispersion correction from Grimme and co-
workers.[15] The 6-311G(d,p) basis set was useahirall electron calculation.[16] All the struatsr
were optimizedn vacuo since the protein binding sites of small moleculksly have relatively low
dielectric constants. The lowest energy stategpfimoeassin F and the 5-oxa/aza analoguesd?2 are
presented in Figure 2.1t can be seen that all the three analogues sharkdlly identical spatial
orientation. The carbon, oxygen, and nitrogen atonipomoeassin A, and2 (indicated by the yellow

text and arrow in Figure 2) almost completely oapped. To our surprise, both the glucose and the

lipid tail

cinnamate

D-fucose
acetate

Figure 2. B3LYP optimized structures for ipomoeassin F,5hexa analogué and the 5aza analogu
2. Ipmoeassin F is shown as ball-and-stick withG coloring scheme. Analogugésnd2 are
shown only as red and blue outlines, respectiviythe three structures overlap with each othdhwi
very minor differences. (Hydrogen atoms are nowshfor clarity.)



fucose moieties adopted the less favorable twisted- conformation, probably due to the favorable
hydrophobic attraction between the lipid tail ahd tinnamate moiety. Such hydrophobic interadtias
been reported before in a crystal structure.[14 ififluence of the rigid carbohydrate rings onakierall
conformation of the molecule may explain why fuctrsmcated analogues are inactive.[18]

With the confidence from the computational analysesthen initiated our experimental work. The
syntheses oB and 8 were highly efficient by reacting succinic anhyidriwith 3-butenol §) or 3-
butenamineq, see the Supporting Information for its synthese3pectively (Scheme 1).

The diol compoun® (Scheme 2) is a key intermediate in our firstlteyathesis of ipomoeassin F.[5]
With 6 and8 in hand, they were selectively coupled with thiengry hydroxyl group o® using DCC-
mediated Steglich esterification to give the cquoesling dienel0 and 11. Subsequently, the ring-
closing metathesis reaction was performed with ldaeGrubbs catalyst (11)[19, 20] (20 mol%) to affor
the macrolidel2 and 13 as a mixture oE andZ stereoisomers. To achieve better chemoselectivity
between di- and tri-substituted alkenes, Wilkinsoratalyst was then employed for hydrogenatioh2of

and13to furnish the saturated macrocy@ééandl15in good yield. The penultimate step of introdgcin

Scheme 2. Synthesis Bioisosteric t.-Oxa/Aza Analogues (1 and 2) of Ipomoeassir
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the cinnamate moiety to produd®é and 17 was realized by Steglich esterification bf and 15 with
cinnamic acid. For fast removal of the two TBSup®, we first tried to tredt6 and17 with TBAF at
-10 °C for three hours. The 5-oxa analogliavas obtained smoothly; however, compour@iwas
isolated instead of the desired 5-aza anal@8xheme 2). The process for the formatiof&®¢ould be
proposed as follows. The basic fluoride aniort fiesnoved the amide proton to fo¥b-iminodihydro-
2-furanone and simultaneously release the C-6 alkoanion, which subsequently caused the migration
of the cinnamate moiety. The Z-geometry was confirmed by a NOESY
(Nuclear Overhauser Effect Spectroscopy) experirhenause of missing correlation between 3-@htl
6-CH, (see the Supporting Information). To prevent #iike reaction, acetic acid was added to decrease
the basicity of the reaction mixture. By perforgithe desilylation reaction at room temperature,5h
aza analogug was obtained in good yield.

Using the fluorescent Alamar Blue or colorimetricTM assay,the cytotoxicity of 1 and 2 was
evaluated against two breast cancer cell lines (MIBx231 and MCF7) using ipomoeassin F as the
positive control and vehicle-treated cells as tbgative control. The results are presented in€lablAs
we expected, the ester analodueas still potent, although about 4- and 2-foldsles than ipomoeassin
F. Compared td, the amide analogugwas slightly less active against MDA-MB-231cell§, = 48.7

nM) but significantly less active against MCF7 se{lCG, = 351.3 nM). Given the large activity
Table 2. Cytotoxicity (ICso nM)® ° of Ipomoeassin F and Its Analogues 1, 2, 18 and

MDA-MB-231° MCF7  MCF-10A°

Ipomoeassin F 7.7 36.4 5.1
1 315 81.2 26.9
2 48.7 351.3 75.2
18 >25000 >25000 S
21 14.4 69.2 17.5
22 68.3 306.9 27.2
23 808.5 3280.7 =
24 259.9 816.5 <
25 290.3 710.5 <

2 3-day treatment” The data were obtained from at least
independent experiments, and the standard errerswihin
20%:°Alamar Blue:® MTT; ¢ “~" = not tested.




differences (up to 80-fold) between ipomoeassinn@ ipomoeassin A/D (Table 1), the relatively low
activity of 2 is not that surprising, presumably due to the iaseel local polarity or hydrophilicity of the
amide group. The ring-opened side prodi&tvas essentially inactive.

N-methylation is a viable strategy to improve bid&alality of peptides as drug candidates.[21] We
envisioned thal-methylation of the analogu&could also decrease polarity and enhance hydragibob
of the secondary amide, therefore improving theepoy. To test this idea, we next designedthe

methylated analogue of ipomoeassirRE Scheme 3).

Scheme 3. Synthesis of Methylatec-Aza Analogue (21) of Ipomoeassin
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Given the well-established 5-step process for foaingtion of9 to a final product (Scheme 2), the
carboxylic acid building block9 was key to the synthesis 8f. In brief, 3-butenamin& was first
reacted with benzyl chloroformate. Without furthmrrification, the resulting crude benzyl carbamate
compound was fully reduced by LiAlHo give N-methyl-3-butenamin&9 in good yield over two steps.
Subsequently, the treatment X with succinic anhydride under basic conditions sthly produced the
desired carboxylic acid0. Although the overall yield was relatively loviet conversion 020 and9 to
make 21 did not encounter any major problems (see the &tipg Information for synthetic details).
Instead, interpretation of the NMR spectra 20 and several of its succeeding derivatives was
challenging due to the coexistencecisFtrans amide bond rotamers. Nevertheless, the final yoro2il

was fully characterized and confirmed the ratiohef two rotamers was almost 1:1. To our delighéra



screening against the two breast cancer cell liaeslogue21 regained biological activity within 2-fold
of the original natural product (Table 2).

With a better synthetic profile for the 5-oxa machtion, we decided to carry out two more studies
that were very challenging for carbon-chain algy@mnalogues of ipomoeassin F. An alkene is a
common functionality in many macrocylic natural gots. Because a double bond was created by RCM
during the total synthesis of ipomoeassin F, we k@&l hard to isolate stereochemically pure
components along the way to the end. Due to theeraely close polarity of all the intermediates,
however, the final produ@2 (Figure 3) could be obtained only as a mixtur&/@isomers. Fortunately,
the E/Z isomers of 5-oxa intermediati? (Scheme 2) could be separated by column chromegtbgr

Therefore, we were able to obtain the pure 54paBs- andcis- mimics of ipomoeassin 28 and 24,

O&SABO’XQQ\ x 00&02 SoANS
0
~7 9% 0 AN
OH HO
©/\)t OAc o OH  HOOAG
/ 4
24 25

Figure 3. Structures of aglycone-modified ipomoeassin F anee22-25.

Figure 3) (see the Supporting Information for swetith details). Due to the signal overlap, it was n
possible to confirm the correlation between 7,Cdhd 10-CH in 24 from the NOESY spectrum
(available in the Supporting Information); howevéhng trans- isomer 23 was assigned because the
desired correlation was clearly absent. The diightger coupling constant between 8-CH= and 9-CH=
in 23 (J = 15.4 Hz) than 4 (J = 10.5 Hz) also supports our assignment. Nextobical assays of
analogue®2-24 were conducted (Table 2). Although thenalogue24 was ~3-fold more potent than

the E-counterpar®3, all three compounds showed lower activity (8—-@a)fcompared to ipomoeassin F



and 1. Therefore, for the first time, we demonstratldttincreasing rigidity around C-8/C-9 was
disfavored.

Despite the poor activity of8, our earlier studies showed that unlike many othacrolides, the
cyclic structure of ipomoeassin F is not absolutelycial because one ring-opened analogue showgd on
a 2~3-fold cytotoxicity loss against seven testel lmes.[4] Hence, we surmised that we mightabée
to change the ring size from the 20-membered mmgall the ipomoeassins to improve existing or even
search for new biological activity. However, tidea was quite hard to test because of the lowieffcy
in making pure carbon chain analogues of 4-oxo-noiteacid with various chain lengths. Since the 5-
oxa analogud was found to be active, it would be possible fta explore the effect of ring size more
efficiently by usingl as the surrogate of ipomoeassin F. Therefor@ peeliminary experiment, we
synthesized the 19-membered 5-oxa anal@ju@gigure 3) by replacing 3-butenol with allyl aladt{see
the Supporting Information for synthetic detail§omewhat to our surprise, compared to the ringregpe
analogue, removing only one methylene unit insieering caused a significantly greater activitysl@-
fold for both MBA-BD-231 and MCF7 when compared tpTable 2). Although further studies are
needed to elucidate the role of the ring size, itidécates for the first time that the ring sizealso an
important parameter for the biological activitytbé ipomoeassins.

We investigated the relationship between the oldipaphilicity of different analogues based on
their HPLC retention times and their bioactivitg¢sCharts S1 and S2 in the Supporting Informatidn).
correlations were observed from the charts. Howdweal lipophilicity/hydrophilicity and/or H-bondp
network around the ketone moiety at C-4 influerfaehiological activity of the natural product.

As a final note, all the active compounds with &g, lvalue lower than 200 nM against MDA-MB-
231 and 500nM against MCF7 were also assayed agaesimmortalized normal human mammary
epithelial cell line (MCF-10A) to check selectivibetween tumor and non-tumor cells. Unfortunatety,
significant selectivity between the selected dekd was observed for most of the cytotoxic anatéegu
reported here (Table 2). Only the amide analadgwhowed slight selectivity towards MDA-MB-231

cells.



3. Conclusions

Using the previously established synthetic routpanel of 5-oxa/aza analogues of ipomoeassin F was
efficiently synthesized over 4/5 steps from the gwn diol precurso®. They represent the first series of
synthetic analogues with modifications in the carlbdmackbone of the aglycone, not only for the
ipomoeassin class specifically but also for alirrggycosides in general. The exchange of a metigyl
unit by O/NH streamlined the synthesis while ratagnow nanomolar bioactivity, which may accelerate
ipomoeassin research in chemical biology and diggogiery. The findings here convey an important
message that the fatty acid backbone is modifiasléch will open new avenues for engineering the

structure of ipomoeassin F in the future.
4. Experimental section

General Methods

Reactions were carried out in oven-dried glasswatkreagents were purchased from commercial
sources and were used without further purificatimtess noted. Unless stated otherwise, all reaction
were carried out under a nitrogen atmosphere andtoned by TLC using silica gel G& plates with
detection by charring with 5% (v/v).B0Q, in EtOH or by visualizing in UV light (254 nm). @onn
chromatography was performed on silica gel (230-#4&3h). The ratio between silica gel and crude
product ranged from 100 to 50:1 (w/wiH NMR spectra were obtained in deuteriochlorofo@DCls)
with chloroform (CHCJ, & = 7.27 for'H) as an internal referenc€C NMR spectra were proton
decoupled and were in CDGhith CHCL (8 = 77.0 for**C) as an internal reference. Chemical shifts are
reported in ppmd). Data are presented in the form: chemical shiftl{iplicity, coupling constants, and
integration).'H data are reported as though they were first orfilee errors between the coupling
constants for two coupled protons were less th&rHz, and the average number was reported. Proton
assignments, when made, were done so with the faldO&8Y NMR spectra. For some compounds,
HSQC and HMBC NMR were also applied to assign ttoeom signals. Optical rotations were measured

at 25 + 1°C for solutions in a 1.0 dm cell. High resolutimass spectra (HRMS) were performed with an



ion cyclotron resonance analyzer by electrosprayzadion. The purity of the obtained analogues was
determined by HPLC analysis using a C18 column (159 x 4.6 mm, Jum) and a UV detector at the
wavelength of 280 nm. The mobile phase was a Me@Dlfidixture. The tested compounds were at least

95% pure.

General procedure for Steglich esterification

DCC (1.5 equiv) was added in one portion to a ORGQT, (3 mL) solution of alcohol (1 equiv), cinnamic
acid (1.5 eq) and 4-dimethylaminopyridine (0.5 sjuirhe reaction was allowed to warm to ambient
temperature and stirred overnight. At this pointCT(silica, EtOAc—hexanes) showed the reaction was
complete. The reaction mixture was diluted witheetfd mL) and hexanes (2 mL), stirred for 20 misute
then filtered thru a pad of Celite using ether (B)ras the eluent, and the filtrate was concentrated
vacuo. The residue was purified by flash column chromeaphy (silica, EtOAc—hexanes) to give the
cinnamate derivatives as a colorless syrup.

General procedure for Mukaiyama esterification

2-Chloro-1-methylpyridinium iodide (CMPI, 2 equiv),N-dimethylaminopyridine (DMAP, 0.5 equiv)
and EtN (10 eq) were added to a solution of alcohol (di¥gand cinnamic acid (2 equiv) in dry GEl,

(2 mL) at 0°C. The reaction was allowed to warm to ambient &nafpuire and stirred for 24 h. At this
point, TLC (silica, EtOAc—hexanes) showed the reactwvas complete. Evaporation of the solvent
followed by purification of the residue by columhromatography (silica, EtOAc—hexanes) gave the
cinnamate derivatives as a colorless syrup.

General procedure for TBS removal using TBAF

To a solution of TBS protected compour{dsequiv) in THF (2 mL) was added TBAF (1M solution
THF, 6 equiv) at —10C. The reaction mixture was stirred at the samepégature for 3-5 h at which
point TLC (silica, EtOAc—hexanes) showed it was ptate. The reaction mixture was diluted with&t
(20 mL), washed with 1M HCI (10 mL), saturated Nab¥&10 mL), brine (10 mL). The aqueous layer

was extracted with ED (20 mL). The combined organic layer was driedrdvaSQO, and concentrated



under reduced pressure. The residue was purifiedohymn chromatography (silica, EtOAc—hexanes)
gave analogues.

General procedure for TBS removal using TBAF/AcOH

To a solution of TBS protected compour{dsequiv) in THF (2 mL) was added AcOH (100 equawd
TBAF (1M solution in THF, 50 equiv) at room tempeenra. The reaction was then stirred at 25%@@or
12-48 h. At this point, TLC (silica, EtOAc—hexanespsled the reaction was complete. The reaction
mixture was diluted with O (20 mL), washed with 1M HCI (10 mL), saturatedieous NaHCQ(10
mL), brine (10 mL). The aqueous layer was extrast@d EtL,O (20 mL). The combined organic layer
was dried over N&O, and concentrated under reduced pressure. Thaueesids purified by column

chromatography (silica, EtOAc—hexanes) to give @mas.
Analogue 1.

Steglich esterification df4 (27.6 mg, 0.030 mmol) with cinnamic acid gave e&&(24.1 mg, 77%)
as a colorless syrup. Removal of TBSLH(22.4 mg, 0.0221 mmol) using TBAF gave analotj&4.6
mg, 83%) as a white foamu]p*® —=39.5° € 0.5 CHCL). '"H NMR (400 MHz, CDCJ) § 7.62 (d,J = 16.0
Hz, 1H, Ph-Gi=C-), 7.54-7.45 (m, 2H, 2 x A, 7.44-7.35 (m, 3H, 3 x Af), 6.95-6.85 (m, 1H, Me-
CH-C(Me)-C=0), 6.32 (dJ = 16.0 Hz, 1H, Ph-CH=-), 5.49 (t,J = 10.0 Hz, 1H, H-4-Glp), 5.20-5.05
(m, 2H, H-3-Glyp, H-4-Fu), 4.86-4.52 (m, 2H, H-1-Ghy OH), 4.39 (d,J = 7.6 Hz, 1H, H-1-Fyg),
4.30 (dd,J=12.8, 2.4 Hz, 1H, H-6-Gh), 4.15 (ddJ = 12.4, 2.0 Hz, 1H, H-6-Gh), 4.15-4.00 (m, 3H, -
C(0)O-tH,-, OH), 3.91 (ddJ = 9.6, 3.6 Hz, 1H, H-3-Fyg, 3.83-3.55 (m, 5H, H-2-Gjy H-5-Glwp, H-
2-Fu@, H-5-Fug, -CH,-CH-CH,-), 2.84-2.69 (m, 2H, aglyconeHy), 2.68-2.53 (m, 2H, aglyconeHs),
2.18 (s, 3H, E;-C=0), 1.82-1.70 (m, 6H, K&5-CH-C(CH3)-C=0), 1.68-1.47 (m, 8H, aglyconeg),
1.44-1.22 (m, 8H, aglyconeks), 1.18 (d,J = 6.4 Hz, 3H, H-6-Fug), 0.90 (t,J = 6.8 Hz, 3H, aglycone-
CH,). 3C NMR (100 MHz, CDGJ) § 172.3, 171.8, 171.3, 169.0, 165.2, 146.3, 14(88,9, 130.7, 128.9

(x2), 128.2 (x2), 127.5, 116.5, 106.7, 101.8, 88134, 76.0, 74.3, 72.7, 72.6, 72.1, 68.7, 67.5,68R.3,



34.9, 34.7, 31.9, 29.8, 29.4, 28.4, 26.5, 25.14,222.6, 20.9, 16.4, 14.6, 14.1, 12.0. HRMS (E8H

calcd for GsHgoNaOys [M+Na]* 855.3774, found: 855.3770. Purity: 97.9%+ 15.04 min.
Analogue 2.

Removal of TBS in17 (25.9 mg, 0.0244 mmol) using TBAF/AcOH gave ana®g (12.8 mg, 63%)
as a white film. ¢]p*° -41.5° € 0.2, CHC}). *H NMR (400 MHz, CDC}). *H NMR (400 MHz, CDC}) §
7.64 (d,J = 16.0 Hz, 1H, Ph-B=CH-), 7.56-7.47 (m, 2H, 2 x M), 7.45-7.34 (m, 3H, 3 x Af),
6.96-6.85 (m, 1H, Me-B-C(Me)-C=0), 6.34 (dJ = 16.0 Hz, 1H, Ph-CH=8-), 6.01-5.90 (m, 1H, N),
5.45 (t,J = 9.6 Hz, 1H, H-4-Glp), 5.18 (t,J = 9.6 Hz, 1H, H-3-Glp), 5.15-5.07 (m, 1H, H4-Fuq),
4.69-4.57 (m, 2H, H-1-GJy OH), 4.40 (d,J = 7.6 Hz, 1H, H-1-Fug), 4.31 (ddJ = 12.4, 2.0 Hz, 1H, H-
6-Glup), 4.19 (ddJ = 12.2, 1.8 Hz, 1H, H-6-G), 3.96-3.88 (m, 1H, H-3-Fy, 3.84-3.75 (m, 2H, H-
5-Glup, OH), 3.74-3.58 (m, 4H, H2-Glup, H-2-Fu®, H-5-Fu@, -CH,-CH-CH,-), 3.52-3.40 (m, 1H,
NHCH,), 3.13-3.00 (m, 1H, NHB,), 2.88-2.77 (m, 1H, aglyconeHs3), 2.75-2.65 (m, 1H, aglycone-
CH,), 2.61:2.50 (m, 1H aglycone-El,), 2.48-2.38 (m, 1H aglycone-El,), 2.18 (s, 3H, E5-C=0),
1.82-1.71 (m, 6H, B5-CH-C(CH;)-C=0), 1.58-1.15 (m, 19H, H-6-Fpcaglycone-Ei,), 0.90 (t,J = 6.8
Hz, 3H, aglycone-85). **C NMR (100 MHz, CDGCJ) & 173.1, 172.0, 171.9, 168.8, 165.3, 146.4, 139.8,
133.9, 130.8, 129.0 (x2), 128.3 (x2), 127.5, 1160(%.5, 101.3, 83.9, 80.6, 75.6, 74.4, 72.8, 72250,
68.7, 67.5, 62.7, 38.6, 34.4, 34.2, 32.0, 31.91,39.2, 26.6, 25.1, 24.0, 22.7, 20.9, 16.4, 14461, 12.0.
HRMS (ESI)m/z calcd for GiHgiNaOs [M+Na]™ 854.3933, found: 854.3930. Purity: 98.9%+ 6.47

min.
Analogue 21.

Steglich esterification of alcoh8R (see SlI, 60.0 mg, 0.0635 mmol) with cinnamic a@deyesteS3
(see SlI, 41.0 mg, 60%) as a colorless syrup. RenodvEBS in S3(39.0 mg, 0.036 mmol) using TBAF
gave analogul (20.2 mg, 66%) as a colorless syrthh.NMR (400 MHz, CDCJ). *H NMR (400 MHz,
CDCl) 6 7.63, 7.62 (2dJ = 16.0 Hz, 1H, Ph-B=CH-), 7.55-7.46 (m, 2H, 2 x M), 7.44-7.34 (m, 3H,

3 x ArH), 6.96-6.84 (m, 1H, Me48-C(Me)-C=0), 6.34, 6.33 (2d, = 16.0 Hz, 1H, Ph-CH=8-), 5.38,



5.29 (2t,J = 9.8 Hz, 1H, H-4-Glp), 5.20-5.00 (m, 2H, H3-Glup, H-4-Fu@), 4.79-4.08 (m, 5H, Hi1-
Glup, H-1-Fu@, H-6-Glwp, OH), 4.04-3.85 (m, 2H, H-3-Fpc OH), 3.80-3.20 (m, 7H, H-2-Gjy H-5-
Glup, H-2-Fu@, H-5-Fu®, -CH,-CH-CH,-, N(CH;)CH,), 3.05, 2.92 (2s, 3H, Nidy), 2.86-2.52 (m, 4H,
aglycone-G,), 2.18, 2.17 (2s, 3H, 5-C=0), 1.86:1.69 (m, 6H, Ei;-CH-C(CH;)-C=0), 1.66-1.14 (m,
19H, H-6-Fug, aglycone-El,), 0.94-0.85 (m, 3H, aglyconeH3). **C NMR (100 MHz, CDG)) § 172.4,
171.9, 171.8, 171.6, 171.6, 171.1, 169.4, 168.8,416165.3, 146.2, 146.1, 140.4, 139.8, 134.0,933.
130.7, 130.6, 128.9, 128.8, 128.3, 128.2, 127.8,41216.7, 106.2, 106.0, 101.3, 100.8, 83.8, 837,
80.4,76.9, 75.8, 74.3, 72.9, 72.7(4), 72.6(8)6,722.4, 72.3, 68.9, 68.7, 67.6, 66.7, 62.1, 64933, 46.7,
35.2, 34.7, 34.6, 34.3, 33.9, 33.5, 31.9, 31.86,380.4, 28.2, 27.7, 27.3, 27.2, 26.5, 26.4, 2847,
24.0(9), 24.0(6), 22.7, 22.6, 20.9, 16.4, 16.37144.6, 14.1(1), 14.1(0), 12.0, 11.9. HRMS (E®}

calcd for G4HsaNNaOs [M+Na]* 868.4090, found 868.4095. Purity: 95.9%+ 8.63 min.
Biological evaluation

The cytotoxicity of the analogues was evaldaising the fluorescent Alamar Blue or colorimetric
MTT assay. The procedure for the Alamar Blue agsalown below. The procedures for cell culture and
the colorimetric MTT assay are described in thegimentary data.

Alamar Blue Cytotoxicity Assay.Counting of viable cells was performed before eaxperiment.
Experiments were done in triplicate. First, 1000f cell suspension at the density of 50,000 frlls
was seeded in a 96-well plate (5,000 cells/welhiclv was incubated at 37 °C in 5% £fOr 24 hours.
The compounds were dissolved in DMSO (dimethylasitfe) to make drug stocks (10 mM). The stock
solutions were diluted with the complete DMEM/HIGHedium to make a series of gradient fresh
working solutions right before each test. The bgghamount of DMSO was controlled to be lower than
0.5%. Subsequently, the cells were treated withylOof the freshly made gradient working solution in
the total volume of 20@L/well for 72 hours. After that, the media wereaiirded and 200L of the
fresh complete medium containing 10% of AlamarB{tesazurin) stock solution (3 mg/27.15mL) (5

mg/mL) was added to each well. The plate was thenkiated at 37 °C in 5% G@tmosphere for another



3 hours. Next, 18QL of the medium was discarded from each well. fiened formazan crystals were
dissolved with 18QL of DMSO. Absorbance of formazan was detected loyicroplate reader (BioTek
Synergy H1) at excitation 580 nm with emission @20 as the reference wavelength. The percentage of
viability compared to the negative control (DMS@atted cells) was determined.

Activities of synthesized compounds against breaster cell line MDA-MB-231 and human breast
epithelial cell line MCF-10A were tested by the rataBlue cytotoxicity assay. GraphPad Prism 6
software was used to make a plot of % viabilityswsr sample concentration and to calculate the

concentration at which a compound exhibited 50%toydcity (ICs).
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Highlights:

* A pand of 5-oxalaza analogues of ipomoeassin F were synthesized.
» The 5-oxa/aza anal ogues showed low nanomolar cytotoxicity.
» Theevolutionarily-conserved fatty acid backbone is modifiable.

» Ring size and aglycone flexibility have significant influence on the bioactivity.



