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Abstract

Synthesis of conformationally restricted (+)-goniirone () and 7epi-(+)-goniofufurone 2)
analogues, with embeddéHisopropylidene®-methylidene or cyclic carbonate functions is
disclosed starting from-glucose. A number of potential bioisostered ahd2 bearing both 5, 13-
methylidene and 4-substituted cinnamoyloxy funciahthe C-7 position have also been
synthesized. In vitro cytotoxicity of target moléesiagainst a number of human tumour cell lines
were recorded and compared with those observetiéguarent moleculesand2. Some of the
analogues displayed powerful antiproliferative efifeon selected human tumour cell lines, but all
of them were devoid of any cytotoxicity towards tlemal foetal lung fibroblasts (MRC-5). A
SAR study reveals the structural features of thes®nes that may increase their antiproliferative
activity.

Keywords: styryl lactone, goniofufurone, conformational stain, isosterism, antitumour activity,

structure-activity relationships
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1. Introduction

(+)-Goniofufurone {; Scheme 1) and &i-(+)-goniofufurone 2) are naturally occurring styryl
lactones that have attracted considerable attesiime their isolation from the stem bark of
Goniothalamus giganteus (Annonaceae) [1,2]. Their structures were elueiddty spectroscopic
methods, and the relative configurations were datexd by X-ray crystallography. The absolute
configurations were established independently bpg8-5] and Jager [6,7] from the syntheses of
their opposite enantiomers, (-)-goniofufurone arabi?(—)-goniofufurone, respectively. Due to
their unigue structural features and promisingtamtour activities [8—11], both natural produtts
and2, along with a number of their analogues have beenargets of many total syntheses [12—
14]. The development of practical and efficienttesufor the synthesis of analogues of naturally
occurring compounds is of considerable interestfag design and discovery. More potent
analogues can be designed by manipulation of fonatigroups, stereochemistry or by introduction

of a conformational constrain.
Scheme 1

We have recently demonstrated that the embedmeart oketane ring increases the antitumour
potency originally displayed by ledd15]. On the other hand, a study carried out mesty in our
laboratory shows that dephenylated analoguds afd in particular the correspondin@R)-
stereoisomer strongly inhibits the growth of certauman neoplastic cell lines [16]. Based on the
above mentioned observations, we have plannedyttieesis of tricyclic lactones of tyfBeand4

that represent conformationally constrained anae@il and2, annelated with 1,3-dioxane or 2-
substituted 1,3-dioxane heterocyclic rings. Furtiae, a series of new goniofufurone anepi-
goniofufurone bioisosteres of typeand6 has been designed by combining both ring insedranh
isosterism methods. Apparently, the structirasd6 were formally obtained by isosteric
replacement of the phenyl ring 3and4 respectively with a cinnamoyloxy function, or with
substituted cinnamate residues bearing an elegtitthrarawing (F, NQ) or electron-donating
(OMe) substituents in the C-4 position. Speciariest in the cinnamic acid ester group is
associated with its presence in several naturaltyioing styryl lactones that were isolated from th
tropical plantPolyalthia crassa [17] and found to exhibit a potent and selectiy®toxicity against
some human tumour cell lines [15, 17-19]. In additio the synthesis of analogug$, simple

and efficient routes to (+)-goniofufuron®) @nd 7epi-(+)-goniofufurone ) have been developed
in order to provide samples of the leads that weelde as control molecules in antitumour assays.



Furthermore, styryl lactondsand?2 represent possible starting materials for the gnagmn of

conformationally restricted analogugsand4.
2. Resultsand discussion
2.1. Chemistry

Preparation ol and2 started from alcoholg or 8, which are readily available fromglucose
through a modified literature procedure [20,21]H&we 2). For the sake of synthesig of
compound? was first converted to the correspondingodbenzyl etheBa by treatment with benzyl
bromide and sodium hydride MN-dimethylformamide. Hydrolytic removal of the isopiylidene
protective group i®a with aqueous trifluoroacetic acid gave the expbtaetol9b. Subsequent
treatment 0Bb with Meldrum’s acid in DMF in the presence of thglamine, followed by final
hydrogenolytic 5,7-dB-deprotection furnished the natural prodRc?-epi-(+)-Goniofufurone 2)
was thus prepared froimin an overall yield of 39%, over the four stepd arsingle
chromatographic purification. Slightly better ovéseeld (48%) was obtained by using the

compound as a starting material.
Scheme 2

Next, we started a two-step synthetic sequencerigad the natural produdt Thus a selective
oxidation of the benzylic alcohol function 2under the Hunsen conditions [22], first gave the
corresponding keton®) in an almost quantitative yield. Subsequent radoaif the carbonyl
group in10 with NaBH, in the presence aftartaric acid [23] gave a 5:1 mixture of diasteners,
which after chromatographic separation furnishegetid as the major product in 81% yield. All
physical constants and spectroscopic data of treysaped natural productsand2 were in full

agreement with those reported previously [15,21].

Preparation of conformationally constrained anaésgof (+)-goniofufurone and &pi-(+)-

goniofufurone (compoundsand4) is outlined in Scheme 3.
Scheme 3

The synthesis of 5,0-isopropylidene derivative3a and4a was first attempted starting froimand
2, respectively. It is interesting to note that #malogue3a actually represents a natural product that
was isolated in 2001 from the roots@dniothalamus cheliensis [24]. Its structure was determined

on the basis of spectral and chemical evidencerbhtded treatment df with 2,2-



dimethoxypropane in dry acetone and in the presehaeatalytic amount of toluene-4-sulphonic
acid. We applied exactly the same reaction contstio obtain analogué&a (from 1) and4a (from
2) both in 95% yield. The physical constants and"tBespectral data of thus obtained sangale
were consistent with those previously reported [Riwever, the publishetH NMR spectral data
for 3a contain the erroneous assignments for H-5 andnidse chemical shifts should be
interchanged (for the comparison of NMR spectra,lsgble S5 in the Supplementary data). The
authors have probably been confused by a largealicoupling between H-6 and H-7 (8.1 Hz)
which is inconsistent with a chair-like geometrytioé six-membered ring but points to tuei
arrangement of these protons. This is possible ibtitye six-membered ring occupies a twist-boat
conformation with a pseudo-axially oriented H-7mt@s confirmed by a NOE experiment.
Namely, it was found that when the H-3 signal weadiiated, the H-7 peak was enhanced,
suggesting that these protons hawgreorientation that means the phenyl group is pseudo-
equatorially oriented. The single crystal X-ray lgss of 3a, confirmed the twist-boat geometry of
the six-membered ring (Figure 1), as well asathie (trans-diaxial) arrangement of H-6 and H-7 (
=167.2 °), which is consistent with the observaiial couplings of 8.1 Hz. Finally, the distance
between H-3 and H-7 (3.05 A) is consistent with N@&lts.

Figurel

Twist-boat geometry of the six-membered rin@ans not entirely unexpected, because the
alternative chair-like conformation would be degdtabd by strong 1,3-diaxial clashes of bulky Ph
and Me groups. In contrast, a relatively smallnaticoupling between H-6 and H-7 (1.7 Hz) was
observed in théH NMR spectrum of 7-epimeta, and no NOE contacts between non-contiguous
H-atoms were detected. These findings are consigfiéimagauche arrangement of H-6 and H-7,
with the phenyl group in equatorial position, anithvthe six-membered ring occupying a chair-like

conformation.

Methylene acetals were first prepared by treatroéatcoholsl and2 with para-formaldehyde and
toluene-4-sulfonic acid in anhydrous ¢EN at room temperature, following a slightly moddi
literature procedure [25]. Acetalisation of natuwzaimpoundl gave two products: 1,3-dioxalb
(48%) and 1,3,5-trioxaeparde (49%). In this case the exclusive formation of dieexane
derivative has been probably hampered by sterioalding due to the 1,3-diaxial repulsion of Ph
and H in the six-membered ring, while the formatidririoxaepan&c bearing the equatorial
phenyl group is also favourable from the steriealsons. However, methylidenation2afinder the

same reaction conditions exclusively gives the etque5,70-methylidene derivativéb in 82%



yield. No derivative with 1,3,5-trioxaepane functibas been obtained thus demonstrating the
easier formation of the 1,3-dioxane cycle, evidehil sterical reasons. Stereochemistry of
methylene acetaf3b, 3c and4b were confirmed by single crystal X-ray diffractianalysis (for the
crystal structures @b, 3c and4b, see the Supplementary data). Methylidenatiorott batural
compoundd and2 was also attempted by using an adopted proce@6tetat involved their
treatment with SOGIlin dry DMSO at 65 °C. Under these reaction condgicompound again
gave a mixture oBb (38%) and3c (51%), while acetalisation @&solely gave the corresponding
5,7-0-methylidene derivativdb in 95% yield.

Finally, treatment ol and2 with 1,1-carbonyldiimidazole in anhydrous GEIN at 46-48 °C gave
the expected cyclic carbonat&sand4c in 96 and 73% yield, respectively. The structurd purity
of thus obtained produc8l and4c was confirmed on the basis of spectroscopic daid their

stereochemical integrity was confirmed by X-raylgsia (for the crystal structure 8t and4c, see

the Supplementary data).

The synthesis of cinnamic isosteBeand6 commenced with the preparation of hemiac&zal
(Scheme 4).

Scheme 4

As previously reported the reaction between leaddeetate [27] or sodium periodate [28] and 1,2-
O-isopropylidenes-D-glucofuranosella) gave 3,59-methylene derivativé2a as the main

reaction product. Accordingly, we assumed thablaei 1l [29] under similar conditions may give
the desired intermediafi?. It was subsequently shown that treatmeritlofvith periodic acid in

dry acetonitrile indeed givel in 80% vyield. Pure produd® was isolated by flash column
chromatography as a mixture of§7and (R)-stereoisomers. However, the slow crystallization
from a mixture of acetone and hexane afforded piffeisomer in the form of colourless needles

of X-ray quality (for the crystal structure b2, see the Supplementary data). The single crystal X
ray diffraction analysis 0f2 confirmed a chair-like conformation of the newdyrhed 1,3-dioxane

ring with the C-7 hemiacetal hydroxyl group in dXxo) position.

Three independent procedures were used for theecsion 0f12 to the cinnamic esteBsand6 and

the results are presented in Table 1.

Tablel



In our first experiments, lactori2 (a mixture of stereocisomers) was treated with amay!
chloride (entry 1) or with 4-nitrocinnamoyl chloedentry 4) in the presence of DMAP in dry
acetonitrile, to afford ~2:1 mixtures Bfand6 in 86 and 96% combined yields, respectively.
Interestingly, botltH and**C NMR spectra oba contained the peaks & 5.29 (s, 2 H) andc
53.5 ppm corresponding to a g, molecule in the crystalline samg@a. This indicated that
product5a co-crystallized with the solvent molecule, as aonéd by single crystal X-ray

diffraction analysis (for the crystal structureSaf see the Supplementary data).

Next, the esterification step was attempted bygilie Steglich esterification protocol [30]. We
were pleased to find that treatmentl@fwith 4-fluoro- or 4-methoxycinnamic acid, in theepence
of DCC and DMAP in anhydrous dichloromethane gdneedorresponding estesb and5d as the
only reaction products, both in 60% yield (enti2esnd 5). Exclusive formation of §f-configured

products is probably a result of thermodynamic wrdf the process.

Finally, in order to provide an access to thg§{Fonfigured cinnamic estefd and6d we treated
lactol 12 under the standard Mitsunobu conditions [31]. Thu®en lactond2 reacted with 4-
fluorocinnamic acid, in the presence ogPland DEAD, a ~2:1 mixture &b and5b was obtained

in 65% combined yield (entry 3). However, whbe same reaction was carried out with 4-
methoxycinnamic acid, a 3.5:1 mixtureGaf and5d was obtained in 45% combined yield (entry 6).
The lower yield of previous reaction is probablgeault of partial decomposition of the products
observed during flash column chromatography. Tlsegament of §) stereochemistry at the C-7 in
products6a—d was confirmed by an NOE interaction between H-5tAd indicating that these
protons are in close proximity on the same sidinefring. This effect was not observed in epimers
5a—d, thus implying the opposit&] stereochemistry at C-7.

2.2. Biological evaluation and SAR

After completion of the synthesis, analogB@e8 were evaluated for their in vitro cytotoxicity
against a panel of human malignant cell lines uidiclg myelogenous leukaemia (K562),
promyelocytic leukaemia (HL-60), T cell leukaemiaikat), Burkitt's lymphoma (Raiji), ER
breast adenocarcinoma (MCF-7), BRReast adenocarcinoma (MDA-MB-231), cervix caraomgo
(HeLa), melanoma cells (Hs 294T) and against desingrmal cell line, foetal lung fibroblasts
(MRC-5). Cytotoxic activity was evaluated by usihg standard MTT assay, after exposure of
cells to the tested compounds for 72 h. (+)-Goriofane @), 7-epi-(+)-goniofufurone 2) and the

commercial antitumour agent doxorubicin (DOX) wased as positive controls.



Table?2

According to the recorded igvalues (Table 2), the HL-60, Raji and HelLa celéB are sensitive
to all of the synthesized analogues. Remarkabliherculture of HL-60 cell line, the majority of
synthesized analogues displayed several-fold higbmcy when compared to leddand2. The
highest potency in the culture of these cells veasmed after treatment witlh (1Cso 0.24uM),
which was approximately 4-fold more active than¢benmercial drug doxorubicin. All eight (+)-
goniofufurone mimics3a—5d) demonstrated diverse antiproliferative effectgam HL-60 cells, in
contrast to the leatl which was completely inactive against this dekl With the exception of
analogue$c andéd, all of the remaining &pi-(+)-goniofufurone mimics were more potent than
lead2. The most active molecule in the culture of Rajiis analogu&a (IC5p 1.01uM) that
exhibited about 18- and 3-fold higher potency thantrol compound& and DOX, respectively.
On the other hand, &i-(+)-goniofufurone mimicgla, 4b and6c showed similar potency &sn

this cell line, but were 2- to 3-times more actilvan the commercial antitumour agent doxorubicin.
The most active compound in the culture of HeL#sdelanalogu®&a (ICso 1 nM) that exhibited
over 8300- and 65-fold higher potency when compéwembntrol molecule& and DOX,
respectively. (+)-Goniofufurone mimib also exhibited a potent growth inhibitory activitgainst
HeLa cell line (1G, 20 nM). It demonstrated over 400- and 3-fold hrgh&tivity than lead. and
DOX (65 nM) in the same cell culture, respectivdlze most potent @pi-(+)-goniofufurone

mimic toward the Hela cells is analogbeg that exhibited a submicromolar antiproliferative
activity (1Cso 0.23uM) against these cells, being essentially 4-foldermotent than the parent
compound?. However, comparing to DOX, this analogue exhibBe5-fold lower activity against
HelLa cells. The Hs 294T melanoma cells are thd Emassitive to most of synthesized lactones,
although the analogusb exhibited a potent cytotoxicity (kg2 nM) being over 2250-fold more
active than DOX. The parent compouhdas completely inactive, while épi-(+)-goniofufurone
(2) demonstrated a moderate cytotoxicity in the ealtaf Hs 294T cells. However, the only active
analogue of (cinnamateba) exhibited 17- and 1.8-fold higher potency thantoa compound2
and DOX, respectively. As the results in Table 2hfer illustrate, analoguéb and lead exhibited
the most pronounced antiproliferative activitieaiagt K562 cells (16 23 nM) being
approximately10-fold more potent than doxorubiciriie same cell line. Finally, the analog@ds
4a and5a, as well as the natural produittlisplayed significant growth-inhibitory activityainst

all used tumour cell lines except Hs 294T. Remdskalone of the synthesized styryl lactones nor

the natural products and2 exhibited toxicity toward the normal MRC-5 celis,contrast to the



commercial antitumour agent doxorubicin (DOX) thahibited potent cytotoxic activity (K 0.1
uM) against this cell line.

In an attempt to correlate the structures of sysileel goniofufurone mimics with their cytotoxic
activities, we first considered the influence ofginsertion in the structures of leadand2 [21].

As the data in Table 2 reveal the embedment ofiilb8ane or 2-substituted 1,3-dioxane rings
increases the antitumour potency originally dispthipy leadl, but decreases the cytotoxicity
originally demonstrated by le&l Replacement of the C-7 phenyl grouBimand4b by a

cinnamate moiety caused similar effects. Namely,cihnamic isosteres 8b displayed the
increased antitumour potency with respect to thigirally displayed by the control molecue,
whereas the same structural changetbigave less active analogues when compared to the
corresponding control. Remarkably, replacementheingl ring in compoun8b with

cinnamoyloxy moiety, as in case of compoagproduces the most active analogue in this study
which exhibited antitumour activity in a nanomalange against HelLa cell line &1L nM). The
next round of modifications aimed at improving #adivity was made at the phenyl ring. Therefore,
keeping intact the 3,6-anhydro-2-deoxyzfinnamoyloxy-5,70-methylenep-ido-heptono-1,4-
lactone scaffold, selected electron-withdrawingglectron-donating groups were attached in the
position C-4 of the aromatic ring. Compourtdsand6a have been used as control molecules in
this SAR analysis. To our disappointment, the thiiciion of either electron-withdrawing or
electron-donating groups in the position of C-ghataromatic ring dba did not improve
antiproliferative activity. However, the introduati of a fluorine atom in the C-4 position produces
the active analogusb which exhibited antitumour activity against Hs Z9#elanoma cells in a
nanomolar range (Kg 2 nM), whereas the introduction of a methoxy grouthe same position of
5a led to a 120-fold increase in activity againskaticells (1Go 42 nM). We finally wanted to
explore the effects of absolute stereochemisty-atto antiproliferative activity of analogues. The
importance of this structural feature for the cgiat activities was studied by comparing theoC
values ofl (7R) and2 (79), as well as of seven pairs of analoguBasand4a, 3b and4b, 3d and4c,

5a and6a, 5b and6b, 5¢c and6c, 5d and6d), each of which contains exactly the same sulestttu
and differs only in their absolute stereochemiatr€-7. As the results shown in Table 2 indicate, i
most cases, the $f-configured analoguedd, 4b and4c) show an improved cytotoxicity when
compared to the stereoisomers dR)-8eries Ba, 3b and3d). These results are consistent with our
previous findings [32], which indicated that thgrgt lactones having the §-stereochemistry
represent more potent cytotoxic agents with resjeettte corresponding RJ-epimers. However,

the considerations of the same structural featutbe cinnamic isoster&sand6 reveals that (R)-

8



stereoisomeBa exhibits the higher potency tharS#pimer6a against the majority of tumour
cells under evaluation. The remainingrf€onfigured cinnamic bioisosteresbd) show more
potent cytotoxicities with respect to their coupsats of (B)-series §b—d) against four of eight

tested tumour cell lines.
3. Conclusions

In summary, fifteen analogues of natural styrytdéaes (+)-goniofufuronelf and 7epi-(+)-
goniofufurone 2) were designed, synthesized and evaluated imthik. The analogues were

designed by combining two different techniqueshsag ring insertion and isosterism.

The newly synthesized compounds were tested ia toward a panel of human tumour cell lines,
and the preliminary structure-activity relationshgre briefly discussed. Some of the synthesized
compounds showed potent antitumour activity, eglgcinalogue®a (ICso 1 nM against HelLa)
and5b (ICsp 2 NnM against HS 294T) which displayed the higlaesivity of all molecules under

evaluation.

The preliminary SAR analysis suggested the follgngeneral structural requirements for the anti-
proliferative action of synthesized (+)-goniofufaeomimics: (A) the presence of an additional 1,3-
dioxane or 2-substituted 1,3-dioxane ring incredalsesantitumour potency originally displayed by
leadl, but decreases the cytotoxicity originally demaoatsd by lea@; (B) the replacement of
phenyl group at C-7 iBb by cinnamoyloxy functionalities increases antitwmpotency relative to
the control molecul&b, whereas the same structural changes indbaghve less active analogues;
(C) the heteroannelated styryl lactones havind 78estereochemistry represent more potent
cytotoxic agents than the correspondinB){@pimers, whereas theR}configured cinnamic
bioisosteres exhibits the increased antitumourrmytevhen compared to the corresponding+7

isomers.
4. Experimental section
4.1. General experimental procedures

Melting points were determined on a Buchi 510 agfper and were not corrected. Optical rotations
were measured on an Autopol IV (Rudolph Researala@rimmeter at room temperature. NMR
spectra were recorded on a Bruker AC 250 E instnirmed chemical shifts are expressed in ppm
downfield from TMS. IR spectra were recorded withFT IR Nexus 670 spectrophotometer

(Thermo-Nicolet). High resolution mass spectra jESkynthesized compounds were acquired on
9



an Agilent technologies 6210 TOF LC/MS instruméu@ Series 1200). Flash column
chromatography was performed using Kieselgel 604@®-0.063, E. Merck). All organic extracts
were dried with anhydrous A&Q,. Organic solutions were concentrated in a rotagaperator

under reduced pressure at a bath temperature 386@.
4.1.1. 7-epi-(+)-Goniofufurone (2)

To a cooled (0 °C) and stirred solution8di20] (1.0 g, 2.81 mmol) in dry DMF (20 mL) were
added successively 95% NaH (0.202 g, 8.43 mmol)Baif (0.44 mL, 3.65 mmol). The mixture
was stirred at 0 °C for 0.5 h and then at room tapire for 1.5 h. Absolute MeOH (8 mL) was
finally added, and the mixture was stirred at raemperature for the additional 20 min and
evaporated. The residue was suspended in watemidGhd extracted with EtOAc (3x50 mL).
The combined organic solutions were dried and enzdpd. The remaining cru®a was dissolved
in 50% TFA (20 mL) and the resulting solution wésed for 18 h at room temperature. The
mixture was concentrated by co-distillation witluene and the resulting cruéle was dried in
vacuum for 2 h. To a solution of cru€éle in dry DMF (25 mL) was added Meldrum’s acid (0.809
g, 5.61 mmol) and dry Bt (0.8 mL, 5.8 mmol). The mixture was stirred fé@r 6 at 44—-46 °C and
evaporated. The residue was suspended in 10% [ACINGI) and extracted with EtOAc (3x50
mL). The organic solutions were combined, dried evaborated. A solution of cru®e (1.35 g) in
MeOH (40 mL) was hydrogenated over 10% Pd/C (0tBgcatalyst contained 50% of water).
After 24 h an additional amount of catalyst waseati{D.3 g) and the hydrogenation was continued
for additional 24 h. The mixture was filtered thgbua Celite pad and the catalyst washed with
MeOH. The combined organic solutions were evapdratel the residue was purified by flash
chromatography (19:1 GiEIl,/MeOH) to afford pure (0.336 g, 48% fron8) as a colourless solid.
Recrystallization from MgCO/hexane gave colourless powder, mp 207—2100]6;+[.04.7 €

0.75, EtOH), lit. [15] mp 197-200 °C, (from M&O/light petroleum),d]’s +108.5 ¢ 0.75, EtOH),
lit. [33] mp 200-203 °C,d]% +102.0 ¢ 0.5, EtOH), for (-)-enantiomer: lit. [15] mp 20B&°C
(from EtOAc/hexane), o]’ -98.3 € 0.5, acetone), {R0.19 (7:3 CHCI,/EtOAC). IR,*H and**C
NMR spectroscopic data of thus prepared naturalypt® matched those previously reported by us
[15,21]. HRMS (ESI)mVz 268.1177 (M+NH,), calcd for GsH:sNOs: 268.1180.

4.1.2. 3,6-Anhydro-2-deoxy-7-C-phenyl-L-ido-hept-7-ulosono-1,4-lactone (10)

To a cooled (0 °C) and stirred solution2§0.04 g, 0.16 mmol) andsHDe (0.045 g, 0.2 mmol) in
anhydrous CBCN (5 mL) was added a solution of PCC (0.002 g09.tamol) in anhydrous

10



CH3CN (1 mL) over a period of 1 min. The mixture waisred at O °C for 2 h, then poured into
10% aq NaCl (75 mL) and extracted with EtOAc (3x2B). The combined organic solutions were
evaporated and the residue was purified by flasHunwe chromatography (47:2:1
CH.Cl,/MeOH/Me&,CO) to afford purelO (0.038 g, 96%) as a colourless solid. Recrystitn
from Me,CO/hexane gave colourless crystals, mp 198-201¢,431.2 € 0.5, MeCO); R=0.46
(EtOAC). IR (CHCH): vmax 3411 (OH), 1798 (C=0, lactone), 1681 (PhC=0), 16®0).'H NMR
(acetonitrileds): 6 2.98 (m, 2 H, OH and H-2a), 3.01 (dd, 13,,518.6,J2, 5=5.6 Hz, H-2b), 4.97
(br d, 2 H, H-4 and H-5), 5.20 (dd, 1 B},+~=4.4,J,, 5.1 Hz, H-3), 5.69 (t, 1 Hls 6=Js =4.4 Hz,
H-6), 7.56—7.56 (m, 5 H, PhY’C NMR (acetonitrileds): 5 36.8 (C-2), 76.5 (C-5), 78.8 (C-3), 85.2
(C-6), 89.3 (C-4), 128.9, 129.6, 134.3, 136.8 (RfK.7 (C-1), 196.1 (RP=0O). HRMS (ESI):nvVz
271.0572 (M+Na), calcd for GsHi.NaQ;: 271.0577.

4.1.3. (+)-Goniofufurone (1)

To a suspension aftartaric acid (0.324 g, 0.22 mmol) in dry THF (& nwas added NaBH

(0.084 g, 2.22 mmol) in two equal portions anddhspension was heated at reflux for 2 h before
being cooled to —18 °C. A solution of ketot®(0.108 g, 0.42 mmol) in dry THF (10 mL) was
added in two equal portions and the mixture wasestiat —18 °C for 20 h. The mixture was
evaporated with silica gel and the residue wadipdron a column of flash silica (£2 for 1, then
EtOAc for2). Eluted first was pure (+)-goniofufurone (0.088¢%) isolated as a colourless solid.
Recrystallization from ChkCl,/hexane gave colourless powder, mp 149-151d]G,452.8 € 0.5,
CHCL), lit. [15] mp 154-155 °C (from EtOAc/hexaney] +39.2 € 0.9, CHC}), R=0.19 (7:3
CH,CI,/EtOAC). IR,*H and**C NMR spectroscopic data of thus prepared natucalyctl

matched those previously reported by us [15,21]M3RESI):m/z 251.0912 (M+H), calcd for
Ci3H150s: 251.0914m/z 273.0736 (M+Na), caled for GsH14NaGs: 273.0733m/z 251.0912
(M*+H), calcd for GaH150s: 251.0914. Eluted second was the minor stereois@r(@019 g,

17%).

4.1.4. General procedure for O-isopropylidenation of 1 and 2

To a solution of lactonekor 2 (1 equiv) in dry MeCO (0.02 M) was added 2-8&imethoxypropane
(7 equiv) and TsOHx}D (0.01 equiv). The mixture was stirred at roompenature until the
starting materials were consumed (TLC, 3.5 hlfct.5 h for2). The mixture was neutralized with
10% aq NaHC®and evaporated with silica gel. The residue wasied by flash column
chromatography (1:1 ED/hexane).
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4.1.4.1. 3,6-Anhydro-2-deoxy-5,7-O-isopropylidene-7-C-phenyl-D-glycer o-D-ido-heptono-1,4-

lactone (3a)

Yield 95%. Colourless needles, mp 165-166 °G@Atexane), ] +89.6 € 0.5, MeOH), lit. [24]
mp 165-166 °C,d]% +80.0 € 0.05, MeOH); R=0.33 (1:1 EfO/hexane). IR (KBr)vmax 1785
(C=0), 1607 (Ph). FoiH and"*C NMR data, see Table S5 in the Supplementary d&RAM &l
(ESI): m/z 291.1228 (M+H), calcd for GeH1¢0s: 291.1227.

4.1.4.2. 3,6-Anhydro-2-deoxy-5,7-O-isopropylidene-7-C-phenyl -L-gl ycer o-D-ido-heptono-1,4-
lactone (4a)

Yield 95%. Colourless powder ®/hexane, at —10 °C), mp 85 °C {Btlight petroleum), 4]’
+44.6 € 0.5, MeOH); R=0.33 (3:2 EiO/hexane). IR (CHG): vmax 1789 (C=0), 1499 (PhjH

NMR (CDCh): § 2.58 (dd, 1 Hoas=1.5,242518.8 Hz, H-2a), 2.67 (dd, 1 Bap=5.2, 302 2518.8
Hz, H-2b), 4.08 (t, 1 Hls =Js =2.1 Hz, H-6), 4.67 (br s, 1 H, H-5), 4.69 (d, 1}l=4.3 Hz, H-4),
5.00 (M, 1 Hob 5.4, 1a51.6,J5.=4.1 Hz, H-3), 5.11 (d, 1 Hls =1.8 Hz, H-7), 7.28-7.54 (m, 5
H, Ph).**C NMR (CDCE): 5 29.2 and 29.3 (®e,) 35.8 (C-2), 70.2 (C-7), 73.2 (C-5), 74.0 (C-6),
77.1 (C-3), 86.4 (C-4), 98.&Me,), 126.3, 127.7, 128.2, 137.9 (Ph), 175.3 (C-1))MERESI):m/z
291.1218 (M+H), calcd for GgH190s: 291.1227.

4.1.5. General procedure for O-methylidenation of 1 and 2

Procedure A [25]. To a solution ofl or 2 (1 equiv) in dry CHCN (0.02-0.03 M) was added
paraformaldehyde (3 equiv) and TsOHXH(0.5 equiv). The mixture was stirred at room
temperature (20 h fdk, 72 h for2) then neutralized with solid NaHG@nd evaporated with silica
gel. The residue was purified by flash column chaitography (99:1 C§Cl,/Me,CO).

Procedure B [26]. To a stirred solution af or 2 (1 equiv) in dry DMSO (0.06 M) was added S@CI
(14 equiv). The mixture was stirred at 65 °C fd¥ &, then poured into 10% aq NaCl and extracted
with EtOAc. The combined organic solutions weredrand evaporated and the residue was
purified by flash column chromatography (99:1 LLH/Me,CO).

4.1.5.1. 3,6-Anhydro-2-deoxy-5,7-O-methylidene-7-C-phenyl -D-glycer o-D-ido-heptono-1,4-lactone
(3b)

Yield: 48% (Procedure A); 38% (Procedure B). Coless needles, mp 125 °C (&E,/hexane),
[o]% +182 € 0.2, CHC}); R=0.32 (2:3 light petroleum/ED). IR (film): vimax 1789 (C=0), 1497
12



(Ph).*H NMR (CDCE): 5 2.77 (br d, 1 H}za 2=18.7 Hz, H-2a), 2.85 (dd, 1 Haa 2=18.8,Ja5 5.1
Hz, H-2b), 4.47 (t, 1 HJs =Js=2.3 Hz, H-6), 4.53 (br s, 1 H, H-5), 4.83 and 4(38d, 1 H each,
Jgen=6.1 Hz, GHy), 4.99 (d, 1 HJs 4.3 Hz, H-4), 5.10-5.22 (m, 2 H, H-7 and H-3),1%3.51 (m,
5 H, Ph).2*C NMR (CDC}): 5 35.9 (C-2), 73.8 (C-7), 75.2 (C-3), 76.5 (C-6),17{C-5), 86.1 (C-
4), 86.8 CH,), 127.5, 128.3, 128.8 and 136.5 (Ph), 175.0 (GIRMS (ESI):mz 280.1175
(M*+NHy,), calcd for G4H1gNOs: 280.1180.

4.1.5.2. 1,3,5-Trioxaepane 3c

Yield: 49% (Procedure A); 51% (Procedure B). Colless needles, mp 188 °C (gE,/hexane),
[o]s —65.0 € 0.1, CHCH); R=0.27 (2:3 light petroleum/ED). IR (film): vmax 1775 (C=0), 1603
and 1495 (Ph):H NMR (CDCk): & 2.57 (br d, 1 HJ»a218.2 Hz, H-2a), 2.68 (dd, 1 H,
Joa26718.6,d0p. 4.7 Hz, H-2b), 4.26 (dd, 1 H56=3.4,J5 7=9.1 Hz, H-6), 4.62 (d, 1 H5 3.4 Hz,
H-5), 4.67 (d, 1 HJs 7=9.1 Hz, H-7), 4.77 and 4.82 (2xd, 1 H eakjs,~6.8 Hz , Gi,-a), 4.92-5.03
(m, 2 H, H-3 and H-4), 5.06 and 5.11 (2xd, 1 H edgh6.8 Hz , G1-b), 7.29-7.46 (m, 5 H, Ph).
¥C NMR (CDCE): 8 36.1 (C-2), 77.8 (C-7), 78.0 (C-3), 81.4 (C-5),3B@C-6), 86.9 (C-4), 94.8 and
94.9 (2>CHy), 127.0, 128.2, 128.4 and 139.5 (Ph), 174.9 (GHRMS (ESI):m/z 310.1278
(M*+NHy,), calcd for GsHooNOg: 310.1285.

4.1.5.3. 3,6-Anhydro-2-deoxy-5,7-O-methylidene-7-C-phenyl-L-glycer o-D-ido-heptono-1,4-
lactone (4b)

Yield: 82% (Procedure A); 95% (Procedure B). Coless needles, mp 195 °C (&8,/hexane),
[0]% +72.0 € 0.1, CHCH); R=0.3 (1:2 light petroleum/ED). IR (film): vmax 1789 (C=0), 1497
(Ph).™H NMR (CDCk): 8 2.60 (dd, 1 HJ»a218.8,J2a5=1.1 Hz, H-2a), 2.18 (dd, 1 Hza 2:18.9,
Job5=5.6 Hz, H-2b), 4.18 (t, 1 His =Js =1.9 Hz, H-6), 4.55 (br s, 1 H, H-5), 4.89 (d, 1J;=1.7
Hz, H-7), 4.93 (d, 1 Hlgen=6.6 Hz, GH,-a), 4.95 (d, 1 HJ3,~4.7 Hz, H-4), 5.19 (m, 1 H, H-3),
5.24 (d, 1 HJ)4en=6.5 Hz, GH2-b), 7.48-7.29 (m, 5 H, Ph)OE contact: H-4 and H-3YOE
contact: H-7 and H-6>C NMR (CDC}): § 35.7 (C-2), 75.6 (C-6), 77.2 (C-7), 77.6 (C-3),7/{C-
5), 85.3 (C-4), 92.2GH,), 126.0, 128.0, 128.3 and 137.1 (Ph), 175.2 (GHHBMS (ESI):m/z
280.1175 (M+NHy,), calcd for G4H1gNOs: 280.1180.

4.1.6. General procedure for the preparation of cyclic carbonates 4c and 3d

To a solution ofl. or 2 (1 equiv) in dry CHCN (0.03 M) was added Z;tarbonyldiimidazole (2
equiv) and the mixture was stirred at 46—48 °C (iLtér 1, 2 h for2). After the mixture cooled to
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room temperature it was concentrated and the regdtfied by flash chromatography (24:1
CH,Cl,/Me,CO for3d, 24:1 CHCIl,/Me,CO for4c)."

4.1.6.1. 3,6-Anhydro-2-deoxy-5,7-O-carbonyl-7-C-phenyl-D-glycer o-D-ido-heptono-1,4-lactone
(3d)

Yield 96%. Colourless needles, mp 165 °C ¢CH/hexane), ¢]% +159.0 ¢ 0.1, CHCl,); R=0.48
(24:1 CHCI/Me,CO). IR (KBr): vmax 1815 (C=0, cyclic carbonate), 1759 (C=0, lactotéf9
(Ph).™H NMR (CDCk): 6 2.78 (d, 1 HJ,425=18.7 Hz, H-2a), 2.89 (dd, 1 B342518.9,J,,+6.4
Hz, H-2b), 4.50 (t, 1 HJs6=Js =2.9 Hz, H-6), 4.97 (d, 1 H5 2.9 Hz, H-5), 5.11 (d, 1 H+~4.3
Hz, H-4), 5.18 (m, 1 H, H-3), 5.70 (d, 1 B4:=2.3 Hz, H-7), 7.23-7.58 (m, 5 H, PAJC NMR
(CDCl): 6 35.5 (C-2), 75.2 (C-6), 77.9 (C-3), 79.6 (C-5),77@C-7), 84.8 (C-4), 124.9, 129.4,
134.5, 135.2 (Ph), 146.€€0, cyclic carbonate), 173.6 (C-1). HRMS (ES$#z 294.0971
(M*+NHy,), calcd for G4H16NOg: 294.0972.

4.1.6.2. 3,6-Anhydro-2-deoxy-5,7-O-carbonyl-7-C-phenyl-L-glycer o-D-ido-heptono-1,4-lactone
(4c)

Yield 73%. Colourless needles, mp 223 °C (CH/CHCL), [0]% +85.0 € 0.1, CHCl,); R=0.32
(24:1 CHCI/MexCO). IR (KBr): vmax 1794 (C=0, cyclic carbonate), 1732 (C=0, lactot&}2
(Ph).™H NMR (DMSO-dg): 8 2.52 (d, 1 HJ4218.7 Hz, H-2a), 2.92 (dd, 1 K, 2=18.9,
Joa56.6 Hz, H-2b), 4.77 (br s, 1 H, H-6), 5.01 (m, 1HH3), 5.17 (d, 1 HJ34=4.5 Hz, H-4), 5.37
(d, 1 H,J45=3.1 Hz, H-5), 5.90 (br s, 1H, H-7) and 7.30-7.86 § H, Ph)}*C NMR (DMSO): &
35.3(C-2), 72.8 (C-6), 77.2 (C-7), 78.0 (C-3),8(C-5), 84.7 (C-4), 126.7, 128.5, 128.7, 135.2
(Ph), 146.9C=0, cyclic carbonate), 175.1 (C-1). HRMS (ES#Jz 294.0970 (M+NHy,), calcd for
C14H16NOs: 294.0972.

4.1.7. (79)-3,6-anhydro-2-deoxy-7-C-hydr oxy-5,7-O-methyl ene-D-ido-heptono-1,4-1actone (12)

A solution of11 [29] (0.33 g, 1.62 mmol) andstDg (0.331 g, 1.45 mmol) in dry GEN (30 mL)
was stirred at room temperature for 20 h. The méxtuas evaporated, and the residue purified by
flash column chromatography (9:1 gE,/Me,CO). Purel2 (0.26 g, 80%) was isolated as a white
glassy solid. Recrystallization from M2O/hexane gave cloudy needles, mp 152-153d, [
+130.0 € 0.25, MeCO); R=0.31 (9:1 CHCIl,/Me,CO). IR (KBr): vimax 3338 (OH), 1763 (C=OJH

" Anhydrous solvents must be used as eluents fsh flalumn chromatography. Otherwise, it may causigrificant
drop in yield.
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NMR (CDCk): 5 2.53 (dd, 1 Hyra2518.7,d2a 1.4 Hz, H-2a), 2.92 (dd, 1 Bza218.7,J0656.1
Hz, H-2b), 3.71 (d, 1 Hls6=2.7 Hz, H-6), 4.48 (br s, 1 H, H-5), 4.61 (d, 1J:=6.3 Hz, GH,-a),
4.92 (d, 1 HJs =4.1 Hz, H-4), 5.02 (m, 1 H, H-3), 5.15-5.25 (nH 2H-7 and &,-b), 5.95 (d, 1
H, J;.0r=4.3 Hz, OH)X3C NMR (CDCE): § 36.1 (C-2), 75.9 (C-5), 76.1 (C-6), 78.5 (C-3),6883
(CH), 86.3 (C-4), 90.2 (C-7), 175.8 (C-1). HRMS (ESijz 220.0816 (M+NH,), calcd for
CgH1aNOg: 220.0816.

4.1.8. (79)- (5a) and (7R)-3,6-anhydro-2-deoxy-7-C-cinnamoyl oxy-5, 7-O-methyl ene-D-i do-heptono-
1,4-lactone (6a)

To a cooled (0 °C) and stirred solution1@f(0.12 g, 0.59 mmol) andans-cinnamoyl chloride
(0.148 g, 0.89 mmol) in dry GJEN (5 mL) was added DMAP (0.145 g, 1.19 mmol). Tngture
was stirred at 0 °C for 0.5 h and then at room tnapire for 2 h. The mixture was poured into 5%
ag NaCl (100 mL) and extracted with &, (2x30 mL) and EtOAc (30 mL). The combined
organic solutions were dried and evaporated andesidue was purified by flash column
chromatography (9:1 toluene/EtOAc). Eluted firssvpaire5a (0.12 g, 61%) isolated as a
colourless solid. Recrystallization from g@El,/hexane gave colourless needles, mp 180d)5, [
+205.8 € 0.5, CHC}); R=0.33 (4:1 toluene/EtOAC). IR (filmymax 1793 (C=0, lactone), 1724
(C=0, cinnamate), 1636 (C=C, cinnamate), 1578 &%&¥ 1Ph).*H NMR (CDCk): 5 2.70 (br d, 1
H, Ja25=18.2 Hz, H-2a), 2.82 (dd, 1 By, 25=18.9,J5=5.4 Hz, H-2b), 3.90 (br s, 1 H, H-6), 4.65
(br s, 1 H, H-5), 4.82 (d, 1 Hgen=6.5 Hz, GH,-a), 4.96 (d, 1 H)s,=4.2 Hz, H-4), 5.12 (m, 2 H, H-
3 and ®1y), 5.29 (s, 2 H, B,Cl,), 6.32 (s, 1 H, H-7), 6.46 (d, 1 By 3=16.1 Hz, H-2), 7.33-7.61
(m, 5 H, Ph), 7.77 (d, 1 Hy 3=16.1 Hz, H-3. *C NMR (CDCE): & 35.6 (C-2), 53.5 (CkCl,),

73.5 (C-6), 75.5 (C-5), 77.8 (C-3), 85@H>), 85.4 (C-4), 88.2 (C-7), 116.5 (C}2128.3, 129.0,
130.9, 133.8 (Ph), 147.0 (C)3164.4 C=0, cinnamate), 174.6 (C-1). HRMS (EStyz 371.0545
(M*+K), calcd for G/H16KO7: 371.0528.

Eluted second was puéa (0.05 g, 25%). Recrystallization from @El,/hexane gave colourless
powder, mp 176-177 °Cq]; +6.8 € 0.25, MeCO); R=0.27 (4:1 toluene/EtOAC). IR (KBr¥max
1793 (C=0, lactone), 1732 (C=0, cinnamate), 1638JQinnamate), 1578 and 1497 (Ph).

NMR (CDCk): 6 2.81 (d, 2 HJ, =3.4 Hz, H-2), 4.18 (t, 1 Hls .=Js ~=1.8 Hz, H-6), 4.61 (br s, 1 H,
H-5), 4.91-4.98 (m, 2 H, H-4 andHg), 5.12 (d, 1 HJyen=6.9 Hz, GH,), 5.20 (m, 1 H, H-3), 6.15
(d, 1 H,Js=1.6 Hz, H-7), 6.54 (d, 1 Hlz 3=16.0 Hz, H-2,7.59-7.32 (m, 5 H]=8.8 Hz, Ph), 7.82
(d, 1 H,J25=16.1 Hz, H-3. *C NMR (CDCE): & 35.6 (C-2), 73.9 (C-6), 78.3 (C-5), 78.6 (C-3),
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84.7 (C-4), 90.2QH,), 90.6 (C-7), 116.2 (C*R 128.3, 128.9, 130.9, 133.8 (Ph), 147.5 (-3
164.6 (C-1), 174.6 (C-1). HRMS (ESIyVz 350.1236 (M+NH,), calcd for GiHoNO7: 350.1234.

4.1.9. (79- (5b) and (7R)-3,6-anhydr 0-2-deoxy- 7-C-(trans-4-fluor ocinnamoyl oxy)-5, 7-O-
methyl ene-D-ido-heptono-1,4-lactone (6b)

Procedure A. To a stirred solution df2 (0.065 g, 0.32 mmol) in dry G&l, (7 mL) were added
successivelyrans-4-fluorocinnamic acid (0.123 g, 0.74 mmol), DCC1@&L g, 0.78 mmol) and
DMAP (0.181 g, 1.48 mmol). The mixture was stireg@doom temperature for 24 h, then poured in
water (100 mL) and extracted with @El, (3x25 mL). The combined extracts were washed with
10% ag NaCl (100 mL), dried and evaporated. Flasimen chromatography (9:1 toluene/EtOAC)
of the residue afforded pufb (0.068 g, 60%) as a colourless glassy solid.

Procedure B. To a cooled (0 °C) and stirred solution1@f(0.075 g, 0.37 mmol), BR (0.214 g,
0.82 mmol) andrans-4-fluorocinnamic acid (0.117 g, 0.7 mmol) in driA§CN (10 mL) was added
40% DEAD in toluene (0.32 mL, 0.74 mmol). The mipgwvas stirred at 0 °C for 0.5 h and then at
room temperature for 1 h. The mixture was concézdrand the residue purified on a column of
flash silica (22:3 toluene/EtOAC). Eluted first wasre5b (0.026 g, 20%), which crystallized from
CH.Cly/hexane in the form of colourless needles, mp 190-=C, []% +221.4 ¢ 0.5, MeCO);
R=0.37 (4:1 toluene/EtOAC). IR (KBrymax 1789 (C=0, lactone), 1725 (C=0, cinnamate), 1638
(C=C, cinnamate), 1600 (PHH NMR (CDCk): § 2.71 (br d, 1 HJa 2=18.6 Hz, H-2a), 2.82 (dd,
1 H, Joa 26218.9,J2p 5.4 Hz, H-2b), 3.89 (br s, 1 H, H-6), 4.65 (biL$4, H-5), 4.83 (d, 1 H,
Jyen=6.5 Hz, GH-a), 4.97 (d, 1 H)s ,=4.2 Hz, H-4), 5.07-5.17 (m, 2 H, H-3 an#i£h), 6.31 (s, 1
H, H-7), 6.39 (d, 1 HJ»3=16.0 Hz, H-2), 7.11 and 7.55 (2xm, 4 H, Ph), 7.73 (d, 1J}k=16.0
Hz, H-3). *C NMR (CDCE): & 35.6 (C-2), 73.5 (C-6), 75.5 (C-5), 77.7 (C-3),186H.), 85.4 (C-
4), 88.3 (C-7), 116.4 (C*® 116.0, 116.2, 116.4, 130.1, 130.2, 130.3, 16168,2 (Ph), 145.6 (C-
3), 164.7 (C-1), 174.6 (C-1). HRMS (ESI)1Vz 368.1147 (M+NH.), calcd for G/H1oFNO;:
368.1140. Eluted second was p6e(0.059 g, 45%). Crystallization from GEl,/hexane gave
colourless powder, mp 194-195 °@}§ +10.4 € 0.25, MeCO); R=0.30 (4:1 toluene/EtOAc). IR
(KBF): vmax 1792 (C=0, lactone), 1732 (C=0, cinnamate), 1€37d, cinnamate), 1600 (PHH
NMR (CDCk): 6 2.81 (d, 2 HJ, =3.3 Hz, H-2), 4.17 (br s, 1 H, H-6), 4.61 (br $41H-5), 4.89—
5.00 (m, 2 H, H-4 and ig»-a), 5.12 (d, 1 HJgen=6.8 Hz, GH-b), 5.20 (m, 1 H, H-3), 6.14 (d, 1 H,
Js.7=1.4 Hz, H-7), 6.45 (d, 1 Hlz 5=16.0 Hz, H-2), 7.09 and 7.53 (2xm, 4 H, Ph), 7.78 (d, 1 H,
J»3=16.0 Hz, H-3. NOE contact: H-5 and H-73C NMR (CDCEk):  35.6 (C-2), 73.9 (C-6), 78.5
(C-5), 78.6 (C-3), 84.7 (C-4), 90.2K,), 90.6 (C-7), 116.3 (C£p 115.88, 115.91, 116.0, 130.0,
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130.1, 130.2, 130.4, 162.2, 166.2 (Ph), 146.1§C184.5 (C-1), 174.6 (C-1). HRMS (EShn/z
368.1133 (M+NH,), calcd for G;H1gFNO;: 368.1140.

4.1.10. (79)- (5¢) and (7R)-3,6-anhydr 0-2-deoxy- 7-C-(trans-4-nitrocinnamoyl oxy)-5,7-O-
methyl ene-D-ido-heptono-1,4-lactone (6c¢)

To a cooled (0 °C) and stirred solution1@f(0.115 g, 0.57 mmol) andans-4-nitrocinnamoyl
chloride (0.157 g, 0.74 mmol) in dry GEN (5 mL) was added DMAP (0.108 g, 0.88 mmol). The
mixture was stirred at 0 °C for 0.5 h and theroatm temperature for 1.5 h. A new portionti@ins-
4-nitrocinnamoyl chloride (0.157 g, 0.74 mmol) dxslAP (0.108 g, 0.88 mmol) was added and
stirring at room temperature was continued for totolal 1 h. The mixture was poured into 5% aq
NaCl (100 mL) and extracted with EtOAc (3x30 mLhelcombined organic solutions were dried
and evaporated and the residue purified by flafimwo chromatography (49:1 G8l./Me,CO).
Eluted first was puréc (0.136 g, 63%). Recrystallization from gEl,/hexane gave white flakes,
mp 198-200 °C,d]; +225.8 € 0.5, MeCO); R=0.32 (4:1 toluene/EtOAc). IR (KBrYmax 1780
(C=0, lactone), 1717 (C=0, cinnamate), 1633 (C=hamate), 1604 (Ph), 1514 (MO'H NMR
(CDCl): 6 2.72 (d, 1 Hoa2=17.8 Hz, H-2a), 2.84 (dd, 1 Bha2517.9,J255.4 Hz, H-2b), 3.90
(brs, 1 H, H-6), 4.66 (br s, 1 H, H-5), 4.85 (0H1Jgen=6.5 Hz, CH-a), 4.98 (d, 1 HJ34~=4.1 Hz,
H-4), 5.11 (d, 1 HJgenm6.6 Hz, GH2-b), 5.15 (m, 1 H, H-3), 6.33 (s, 1 H, H-7), 6.89 { H,
J»3=16.0 Hz, H-2), 7.72 and 8.27 (2xd, 4 H=8.8 Hz, Ph), 7.79 (d, 1 Hp3=16.1 Hz, H-3. **C
NMR (CDCk): 8 35.6 (C-2), 73.4 (C-6), 75.5 (C-5), 77.8 (C-3),B&H,), 85.4 (C-4), 88.7 (C-7),
120.8 (C-2), 124.2, 128.9, 139.8, 148.8 (Ph), 143.9 ($163.5 (C-1), 174.6 (C-1). HRMS (ESI):
m/z 395.1085 (M+NHy), calcd for GH19N>Og: 395.1085. Eluted second was the minor
stereoisomeBc (0.07 g, 33%). Recrystallization from @El,/hexane gave colourless powder, mp
232-233 °C,{]%5 —1.6 € 0.5, MeCO); R=0.22 (4:1 toluene/EtOAC). IR (KB¥inax 1794 (C=0,
lactone), 1745 (C=0, cinnamate), 1640 (C=C, cinrtiejna522 (NG), 1603 (Ph)*H NMR

(CDCl): 6 2.82 (d, 2 HJ, 5=4.4 Hz, H-2), 4.18 (t, 1 Hls i=Js /=1.9 Hz, H-6), 4.63 (br s, 1 H, H-5),
4.94 (d, 1 HJgen=6.9 Hz, GHs-a), 4.97 (dd, 1 H)34~4.3,J45=0.6 Hz, H-4), 5.13 (d, Hlgen=6.9

Hz, CH,-b), 5.21 (m, 1 H, H-3), 6.15 (d, 1 Bs =1.7 Hz, H-7), 6.65 (d, 1 H 3=16.0 Hz, H-2),
7.70 and 8.261 (2xd, 4 H+8.8 Hz, Ph), 7.84 (d, 1 Hz 3=16.1 Hz, H-3. NOE contact: H-5 and
H-7.%°C NMR (CDCh): & 35.6 (C-2), 73.8 (C-6), 78.4 (C-5), 78.6 (C-3),BlC-4), 90.3CHy),

91.0 (C-7), 120.6 (Cp, 124.2, 128.9, 139.8 (Ph), 144.3 (§-363.7 (C-1), 174.5 (C-1). HRMS
(ESI): m/z 400.0639 (M+Na), calcd for G;H1sNNaOy: 400.0639.

4.1.11. (79)- (5d) and (7R)-3,6-anhydro-2-deoxy-7-C-(tr ans-4-methoxycinnamoyl oxy)-5,7-O-
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methyl ene-D-ido-heptono-1,4-lactone (6d)

Procedure A. To a stirred solution df2 (0.125 g, 0.62 mmol) in dry G&l, (15 mL) were added
successivelyrans-4-methoxycinnamic acid (0.23 g, 1.29 mmol), DCG#3 g, 1.57 mmol) and
DMAP (0.32 g, 2.61 mmol). The mixture was stirréadam temperature for 20 h, then suspended
in water (100 mL) and extracted with gEl, (3x30 mL). The combined organic solutions were
washed with 10% aq NaCl (100 mL), dried and evaedreFlash column chromatography (9:1
toluene/EtOAC) of the residue gave pbde(0.135 g, 60%) as a colourless solid. Recrystibn
from CH,Cl./hexane gave colourless needles, mp 182-183%j€+B03.6 ¢ 0.25, MeCO);

R=0.33 (4:1 toluene/EtOAC).

Procedure B. To a cooled (0 °C) and stirred solution1@f(0.08 g, 0.39 mmol), BR (0.285 g, 1.09
mmol) andtrans-4-methoxycinnamic acid (0.167 g, 0.94 mmol) in @i;CN (12 mL) was added
40% DEAD in toluene (0.43 mL, 0.99 mmol). The mipegtwvas stirred at 0 °C for 0.5 h and then at
room temperature for 1 h. The mixture was evapdrat® the residue purified by flash column
chromatography (99:4 49:1 CHCI,/Me,CO). Eluted first was pured (0.015 g, 10%) as a
colourless glassy solid. Recrystallization from CH/hexane gave colourless needles, mp 181-182
°C, [0]’s +254.4 ¢ 0.25, MeCO); R=0.33 (4:1 toluene/EtOAC). IR (KB¥max 1773 (C=0,
lactone), 1710 (C=0, cinnamate), 1633 (C=C, cinrtiajna604 (Ph)*H NMR (CDCk): 5 2.71 (br
d, 1 H,J242518.5 Hz, H-2a), 2.82 (dd, 1 Hza2518.9,J2, 5=5.4 Hz, H-2b), 3.84 (s, 3 H, GH

3.89 (br s, 1 H, H-6), 4.65 (br s, 1 H, H-5), 4(831 H,Jgen=6.5 Hz, G1,-a), 4.96 (d, 1 H)3 ~4.2
Hz, H-4), 5.07-5.17 (m, 2 H, H-3 andigb), 6.31 (s, 1 H, H-7), 6.32 (d, 1 B 3=16.0 Hz, H-2),
6.93 and 7.51 (2xd, 4 H, Ph), 7.73 (d, 1Jk3=15.9 Hz, H-3. **C NMR (CDCEk): 5 35.6 (C-2),
55.4 (QCH3), 73.6 (C-6), 75.5 (C-5), 77.7 (C-3), 85AH>), 85.4 (C-4), 88.1 (C-7), 113.8 (C)}2
114.4, 126.6, 130.1, 161.9 (Ph), 146.7 ({;-B64.7 (C-1), 174.6 (C-1). HRMS (ESIn/z 380.1339
(M*+NH,), calcd for GgH2NOg: 380.1340. Eluted second was p6de(0.05 g, 35%).
Recrystallization from CkCl,/hexane gave puigd as colourless needles, mp 184 °@45[-0.8 €
0.25, MeCO); R=0.23 (4:1 toluene/EtOAC). IR (KBrymax 1788 (C=0, lactone), 1731 (C=0,
cinnamate), 1632 (C=C, cinnamate), 1602 (B)NMR (CDCk): 5 2.82 (d, 2 H,), s=3.4 Hz, H-
2),3.84 (s, 3H, 085), 4.17 (t, 1 HJ56=J5 =1.8 Hz, H-6), 4.60 (br s, 1 H, H-5), 4.93 (d, 1 H,
Jgen=6.9 Hz, GHz-a), 4.95 (br d, 1 H); 4=4.4 Hz, H-4), 5.11 (d, 1 Hgen=6.9 Hz, GH,-b), 5.20 (m,
1 H, H-3), 6.14 (d, 1 H}s =1.6 Hz, H-7), 6.65 (d, 1 Hl; 3=15.9 Hz, H-2), 6.91 and 7.50 (2xd, 4
H, J=8.7 Hz, Ph), 7.78 (d, 1 Kz 3=15.9 Hz, H-3. NOE contact: H-5 and H-7°C NMR (CDC}):
0 35.6 (C-2), 55.4 (OH3), 74.0 (C-6), 78.3 (C-5), 78.5 (C-3), 84.7 (CH0,2 (CH>), 90.5 (C-7),
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113.8 (C-2), 114.4, 126.6, 130.1, 161.8 (Ph), 147.2 (G-355.0 (C-1), 174.6 (C-1). HRMS (ESI):
mvz 380.1339 (M+NH,), calcd for GgH2oNOg: 380.1340.

4.2. MTT assay
The colorimetric MTT assay was carried out follog/itne procedureecently reported by us [34]
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Appendix A. Supplementary material

CCDC 979783 contains the supplementary crystalfgucadata for structurga. These data can be
obtained free of charge via www.ccdc.cam.ac.uk&logtrieving.html (or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cadg&iCB21EZ, UK; fax: +44 1223 336 033).

Appendix B. Supplementary data

These data include modified experimental procediamegreparation of starting compoundsand
8), and copies ofH, and™C NMR spectra of the most important compounds dtesdiin this
article. Additional crystallographic results arealncluded in this section. Supplementary data

associated with this article can be found in onliagsion.
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Captions

Figure 1. ORTEP presentation of compouBgal

Scheme 1. Design of conformationally constrained (+)-goniofwne and 7epi-(+)-goniofufurone
mimics 3 and4, as well as the corresponding cinnamic isoste@sd6, respectively.

Scheme 2. Reagents and conditions: (a) BnBr, NaH, DMF, 0.5 h, then rt for 1.5 h; (b) 50%
aq TFA, rt, 18 h; (c) Meldrum’s acid, 4&, DMF, 44-46 °C, 66 h; (d)4#Pd/C, MeOH, rt, 48 h,
39% from7, 48% from8; (e) K106, PCC (cat), MeCN, 0 °C, 2 h, 96%; (f) NaB-tartaric acid,
THF, reflux for 2 h, then cooled to —18 °C add€dand stirred for 20 h, 81% af 17% of2.

Scheme 3. Reagents and conditions: (a) M¢OMe),, TsOH, MeCO, rt, 3.5 h fod, 4.5 h for2,
95% of3a, 95% of4a; (b) paraformaldehyde, TsOH, MeCN, rt, 20 hTpA8% of3b, 49% of3c,
72 h for2, 82% of4b; (c) SOC}, DMSO, 65 °C, 1.5 h, 38% 8b, 51% of3c, 95% of4b; (d)
Imd,CO, MeCN, 46-48 °C, 1.5 h fay 96% of3d, 2 h for2, 73% of4c.

Scheme 4. Reagents and conditions: (a) see references {2i7]|28]; (b) HIOs, MeCN, rt, 20 h,
80%.
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Table 1. Preparation of (+)-goniofufurone andef(+)-goniofufurone mimic$a—d and6a—d,
respectively

OH Q i
= =
conditions X
N . s G A N AR
(0]
H O O R o o)

o
L

H O (e} H O [e]
12 C"(‘jr:i’\fl‘;% 3:“ 5a-d (7R) 6a-d (7S)

Cinnamic acid - Major product Minor product
BNty Gerivative Reagentsand conditions ;41 vield, %) (isolated yield, %)
1 R=H, X=Cl g.'gﬂﬁpt'h“e/'ﬁﬁ'}'éfz ﬁ for  sar=H(61) 6aR = H (25)
2 R=F X=OH pCE, DMAP, CHCL. Tt 5 R = F (60) —

u PhP, DEAD, MeCN, 0 °C _ _
3 R=F, X =OH for 05 h thenrtfor 1 60 R=F(45) 5b R = F (20)
DMAP, MeCN, 0 °C for

4 R =NQ, X = Cl 05 h thenmior2eh  SCR=NO(63) 6cR = NO(33)
5 R = OMe, X = OH :%(r:(Z:é ﬁMAP’ CHCL 1t 54 & = OMe (60) —
6 R=OMe, X=0H 1 DEAD, MeCN, 0°C oy p _ gy (35) 5d R = OMe (10)

for 0.5 h, thenrtfor 1 h




Table 2. In vitro cytotoxicity of (+)-goniofufuronel)), 7-epi-(+)-goniofufurone 2), the corresponding
mimics 3a—d, 4a—c, 5a—d, 6a—d and DOX

Compounds ICso (UM)” —
K562 HL-60 Jurkat Raji MCF-7 MDA-MB 231 Hela Hs 294T R@-5

1 0.41 >100 32.45 18.45 16.59 75.34 8.32 >100 >100
3a 16.59 2.36 34.15 3.25 87.45 5.27 1.64 >100 >100
3b >100 10.08 18.21 17.89 23.45 >100 18.87 35.64 >100
3c >100 14.34 13.64 12.45 27.79 >100 12.36 45.32 >100
3d 5.59 33.78 11.52 25.31 1.01 2.37 14.26 >100 >100
5a 3.16 8.08 5.06 1.01 27.32 4.08 0.001 >100 >100
5b >100 2.36 >100 5.78 >100 >100 0.02 0.002 >100
5c >100 6.37 >100 20.01 3.64 1.01 8.79 >100 >100
5d 8.77 1.24 0.042 4.32 >100 >100 12.51 89.74 >100
2 0.028 22.02 18.64 1.25 9.24 58.7 0.89 43.58 >100
da 0.17 1.25 2251 1.01 1.06 24.89 9.75 >100 >100
4b 0.023 0.24 3.33 1.01 8.08 >100 3.02 >100 >100
4c 4.46 12.85 7.89 15.78 32.45 >100 5.67 >100 >100
6a >100 8.45 >100 7.56 >100 2.36 0.23 2.53 >100
6b 4.32 12.07 15.47 87.23 32.22 5.69 11.69 >100 >100
6c >100 35.38 >100 1.32 >100 >100 1.01 >100 >100
6d 3.68 25.61 12.01 69.24 51.79 3.03 221 >100 >100
DOX 0.25 0.92 0.03 2.98 0.20 0.09 0.065 4.50 0.10

#Cso is the concentration of compound required to iithite cell growth by 50% compared to an untreatmutrol. Values are means of three

independent experiments. Coefficients of variati@ne less than 10%.
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Figurel.
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Scheme 1.
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Scheme 2.
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Scheme 3.
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ACCEPTED MANUSCRIPT

Scheme 4.
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Table 1. Preparation of (+)-goniofufurone ande@(+)-goniofufurone mimicda—d andéa—d,
respectively

o o) o

OH = =
o o H X reagents and CE) o)
k R conditions o o H R R o o H R
© Ho™o ko o
R H 0" ~o H O ~o
12 C"é’;a”r\‘l“:; j‘gid 5a-d (7R) 6a-d (79)
Cinnamic acid . Major product Minor product
BNty Gerivative Reagentsand conditions ;41 vield, %) (isolated yield, %)
1 R=H, X =Cl g’g"ﬁpt'h'\e/'ﬁi'}'é?z ﬁ for  sar=H (61) 6aR = H (25)
2 R=F X=OH pCE, DMAP, CHCL. Tt 5 R = F (60) —
- _ PhP, DEAD, MeCN, 0 °C _ _
3 R=F, X=0H for 0.5 h, then rt for 1 h 6b R = F(45) 5b R =F (20)
DMAP, MeCN, 0 °C for
4 R =NQ, X = Cl 05 h ther mfor 2.5 1 5¢ R = NGy (63) 6c R = NO(33)
5 R = OMe, X = OH f[c))fgé DMAP, CHCL 1t 54 & = OMe (60) _
6 R = OMe, X = OH PhyP, DEAD, MeCN, 0°C ¢4 o — e (35) 5d R = OMe (10)

for 0.5 h, thenrtfor 1 h




Table 2. Invitro cytotoxicity of (+)-goniofufuronell), 7-epi-(+)-goniofufurone 2), the corresponding
mimics 3a—d, 4a—, 5a—d, 6a—d and DOX

Compounds ICso (UM)” —
K562 HL-60 Jurkat Raji MCF-7 MDA-MB 231 Hela Hs 294T R€-5

1 0.41 >100 32.45 18.45 16.59 75.34 8.32 >100 >100
3a 16.59 2.36 34.15 3.25 87.45 5.27 1.64 >100 >100
3b >100 10.08 18.21 17.89 23.45 >100 18.87 35.64 >100
3c >100 14.34 13.64 12.45 27.79 >100 12.36 45.32 >100
3d 5.59 33.78 11.52 25.31 1.01 2.37 14.26 >100 >100
5a 3.16 8.08 5.06 1.01 27.32 4.08 0.001 >100 >100
5b >100 2.36 >100 5.78 >100 >100 0.02 0.002 >100
5c >100 6.37 >100 20.01 3.64 1.01 8.79 >100 >100
5d 8.77 1.24 0.042 4.32 >100 >100 12.51 89.74 >100
2 0.028 22.02 18.64 1.25 9.24 58.7 0.89 43.58 >100
4a 0.17 1.25 22.51 1.01 1.06 24.89 9.75 >100 >100
4ab 0.023 0.24 3.33 1.01 8.08 >100 3.02 >100 >100
4c 4.46 12.85 7.89 15.78 32.45 >100 5.67 >100 >100
6a >100 8.45 >100 7.56 >100 2.36 0.23 2.53 >100
6b 4.32 12.07 15.47 87.23 32.22 5.69 11.69 >100 >100
6c >100 35.38 >100 1.32 >100 >100 1.01 >100 >100
6d 3.68 25.61 12.01 69.24 51.79 3.03 2.21 >100 >100
DOX 0.25 0.92 0.03 2.98 0.20 0.09 0.065 4.50 0.10

#Cso is the concentration of compound required to iithite cell growth by 50% compared to an untreatmutrol. Values are means of three

independent experiments. Coefficients of variati@ne less than 10%.
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Highlights

» A series of conformationally constrained goniofufurone mimics were designed and
synthesized.

» Thein vitro antitumour activities were further evaluated.

» Some members showed high antitumor activity when compared to (+)-goniofufurone or 7-
epi-goniofufurone as references.
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I. GENERAL PROCEDURE FOR THE PREPARATION OF 7 AND 8

O Q HO H HO H
7( oM \ o f! > O o Ny P
0 o) .
" Sk T i * S L T oS
RO H © RO y © RO H © rRd H ©
12 13 14 15
S1aR=H S2aR=H 7R=H 7aR=H
S1b R =Bn S2b R =Bn 8R=Bn 8aR=Bn

To a solution of diacetonides S1a or S1b (1 equiv) in dry EtOAc (0.03—0.04 mmol) was added HsIO¢
(1 equiv). The mixture was stirred at room temperature until the starting materials were consumed
(TLC, 3.5 h for S1a, 6 h for S1b). The mixtures were filtered and evaporated and the remaining crude
aldehydes S2a or S2b were dried in a vacuum dessicator for 2 h. To a stirred and cooled (0 °C) solution
of S2 in dry ether (0.03—0.04 mmol) was added a 3 M etheral solution of PhMgBr (10 equiv for S2a, 3
equiv for S2b). The mixture was stirred for 5 h at 0 °C, in an atmosphere of nitrogen, then allowed to
worm up to room temperature, then poured into 10% aq NH4Cl and extracted first with ether, then with
EtOAc. The combined extracts were washed with 10% aq NaCl, organic phase was dried and
evaporated and the residue purified by flash column chromatography.

1,2-O-Isopropylidene-5-C-phenyl-B-L-ido-pentofuranose (7)

Yield 60% (from Sla). Solvent for column chromatography: 2:1 Et,O/light petroleum — Et,0.
Colorless needles, mp 166-168 °C (EtOH), [a]® +14.9 (¢ 1.0, CHCl), lit." mp 162-165 °C (EtOH),
lit.* [a]y +25.0 (¢ 1.1, CHCls); R=0.25 (1:1 toluene/EtOAc). IR (KBr): Vimax 3343 (OH), 1496 (Ph). 'H
and °C NMR spectral data in Table S1. HRMS (ESI): m/z 284.1488 (M '+NH,), calcd for C;4H2,NOs:
284.1492; m/z 289.1042 (M++Na), calcd for Ci4H;sNaOs: 289.1046; m/z 305.0784 (M++K), calcd for
C14H18KO5Z 305.0786.

1,2-O-Isopropylidene-5-C-phenyl-a-D-gluco-pentofuranose (7a)

Yield 19% (from Sla). Solvent for column chromatography: 2:1 Et,O/light petroleum — Et,0.
Colorless needles, mp 106-107 °C (Me,CO/light petroleum), [a]; —28.6 (c 0.5, CHCl3), lit." tt 104106
°C (EtOH), lit.* [a] —26.0 (c 0.8, CHCls); R=0.32 (1:1 toluene/EtOAc). IR (film): vimax 3407 (OH),
1496 (Ph). 'H and ">C NMR spectral data in Table S2. HRMS (ESI): m/z 284.1488 (M"+NH,), calcd
for C14H2NOs: 284.1492; m/z 289.1042 (M'+Na), caled for Ci4H;sNaOs: 289.1046; m/z 305.0785
(M++K), calcd for C14H15KOs: 305.0786.

3-0O-Benzyl-1,2-O-isopropylidene-5-C-phenyl-p-L-ido-pentofuranose (8)

Yield 68% (from S1b). Solvent for column chromatography: 3:1 — 1:1 Et,O/light petroleum. Colorless
oil, [o]’s —40.7 (¢ 1.0, CHCLy), lit.* [a]® —33.5 (¢ 2.0, CHCls); R=0.23 (3:2 light petroleum/Et,0). IR
(film): Vinax 3497 (OH). "H NMR (250 MHz, CDCl3): § 1.33 and 1.52 (2xs, 3 H each, CMe), 3.36 (br.
s, | H, OH), 3.62 (d, 1 H, J34=3.1 Hz, H-3), 4.26 and 4.52 (2xd, 1 H each, J,em=11.5 Hz, PhCH,), 4.39
(dd, 1 H, J34=3.1, J45=7.8 Hz, H-4), 4.61 (d, 1 H, J,,=3.8 Hz, H-2), 5.09 (d, 1 H, J45=7.8 Hz, H-5),
6.04 (d, 1 H, J,,=3.8 Hz, H-1), 7.28-7.48 (m, 10 H, 2xPh). >*C NMR (62.9 MHz, CDCl;): & 25.9 and
26.4 (2xCMe,), 71.3 (PhCHy), 71.9 (C-5), 81.6 (C-2), 81.7 (C-3), 84.3 (C-4), 104.8 (C-1), 111.4

'R. Bruns, A. Wernicke, P. K611, Tetrahedron 55 (1999) 9793-9800.
2 T.D. Inch, Carbohydr. Res. 5 (1967) 45-52.
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(CMe,), 126.8, 127.3, 127.6, 127.7, 127.9, 128.1, 136.8, 139.6 (2xPh). HRMS (ESI): m/z 374.1953
(M™+NHy), caled for C;H,sNOs: 374.1962; m/z 379.1509 (M™+Na), calcd for C;H»4NaOs: 379.1516;
m/z 395.1252 (M++K), calcd for Cy1H»4KOs: 395.1255.

3-O-Benzyl-1,2-O-isopropylidene-5-C-phenyl-a-D-gluco-pentofuranose (8a)

Yield 2% (from S1b). Solvent for column chromatography: 3:1 — 1:1 Et,O/light petroleum. Colorless
oil, [a]y —83.1 (¢ 1.0, CHCly), lit.” [a]® —76.0 (¢ 1.0, CHCl3); R=0.46 (3:2 light petroleum/Et,0). IR
(film): Vinax 3481 (OH). "H NMR (250 MHz, CDCls): & 1.32 and 1.48 (2xs, 3 H svaki, CMe,), 3.14 (br.
s, 1 H, OH), 4.04 (d, 1 H, J54=3.2 Hz, H-3), 4.35 (dd, 1 H, J34=3.2, J45=6.5 Hz, H-4), 4.49 1 4.69 (2xd,
1 H svaki, Jeem=11.5 Hz, PhCH>), 4.63 (d, 1 H, J,,=3.9 Hz, H-2), 5.10 (d, 1 H, J45=6.5 Hz, H-5), 6.03
(d, 1 H, J,,=3.9 Hz, H-1), 7.25-7.43 (m, 10 H, 2xPh). *C NMR (62.9 MHz, CDCls): 6 26.0 and 26.6
(2xCMey), 71.7 (C-5), 72.1 (PhCH,), 81.6 (C-2), 82.4 (C-4), 82.5 (C-3), 105.0 (C-1), 111.5 (CMe,),
126.0, 127.5, 127.8, 128.17, 128.2, 128.6, 136.7, 141.3 (2xPh). HRMS (ESI): m/z 374.1955 (M"+NHy,),
calcd for C,HysNOs: 374.1962; m/z 379.1508 (M++Na), calcd for C,HosNaOs: 379.1516; m/z
395.1251 (M™+K), caled for CyH24KOs: 395.1255.
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II. COMPARISON OF NMR DATA OF KNOWN COMPOUNDS WITH REPORTED
VALUES

Table S1. NMR spectral data (CDCl;) for 1,2-O-isopropylidene-5-C-phenyl-B-L-ido-pentofuranose (7)

P ) o><
Ho H
7
C/H This work R. Bruns, A. Wernicke, P. K6ll, Tetrahedron 55 (1999) 9793.
3y (J) d¢ du (J) e
1 6.01d(3.6) 104.9 5.97d(3.8) 105.0
2 4.50 d (3.6) 85.4 4.47d(3.8) 85.4
3 4.09d (2.6) 76.0 4.05d(2.5) 76.0
4 4.33dd (2.7, 4.8) 82.6 4.30dd (2.5,5.1) 82.8
5 5.05d(4.9) 72.6 5.11d(5.1) 72.6
Me,C 1.31sand 1.47 s 26.2 and 26.8 1.28sand 1.44 s 26.2 and 26.8
Me,C 112.0 112.0
Ph 7.30-7.55 126.8, 128.3, 128.7, 140.0 7.27-7.47 126.8, 128.2, 128.6, 140.0
Table S2. NMR spectral data (CDCls) for 1,2-O-isopropylidene-5-C-phenyl-a-D-gluco-pentofuranose (7a)
H
HO, o]
Ph o><
Ho H
7a
C/H This work R. Bruns, A. Wernicke, P. K6ll, Tetrahedron 55 (1999) 9793.
du (J) e du (J) e
1 6.01d(3.6) 104.9 5.97d(3.8) 104.8
2 4.48 d (3.6) 85.0 4.44d(3.8) 84.9
3 75.3 4.14d (2.5) 75.1
414422 m
4 82.0 4.15d(2.5) 82.1
5 5.25d(3.9) 73.5 5.20d (2.8) 73.1
Me,C 1.29sand 1.45 s 26.1 and 26.6 1.26 sand 1.42 s 25.9126.6
Me,C 111.7 111.6
Ph 7.28-7.51 125.9, 128.2, 128.7, 139.1 7.27-7.43 126.0, 128.1, 128.5, 139.6
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Table S3. NMR spectral data (CDCl;) of (+)-goniofufurone (1)

H
H o]
7 5 : Y O
PH o]
HO H
1
C/H This work V. Popsavin, et al. Tetrahedron 65 (2009) 10596.
Sy (J) 3¢ 3 (J) 3¢
1 175.8 175.4
2a 2.63d(18.8) 2.61d(18.7)
36.0 36.1
2b 2.75dd (18.8, 5.5) 2.74 dd (18.7, 5.6)
3 5.11dd (5.5,4.3) 77.0 5.08 dd (5.6, 4.2) 77.3
4 4.85d(4.3) 87.4 487d(4.2) 87.4
5 4.45d(2.6) 74.2 4.43d(2.7) 74.4
6 4.02 dd (2.6, 5.3) 82.9 4.05dd (2.7, 5.3) 82.9
7 5.14d(5.3) 72.9 512d(5.3) 73.5
Ph 7.32-7.46 m 126.0, 128.3, 128.6, 139.3 7.30-7.44 m 125.8, 128.5, 128.8, 138.8
Table S4. NMR spectral data (DMSO-ds) for 7-epi-(+)-goniofufurone (2)
H
HQ O
; o]
Ph (6]
Ho H
2
C/H This work V. Popsavin, et al. Tetrahedron 65 (2009) 10596.
3 (J) e du (J) e
1 177.4 178.3
2a 2.53d (18.7) 2.50d (18.6)
36.4 36.7
2b 2.85dd (18.7, 6.5) 2.85dd (18.6, 6.4)
3 4.94dd (4.7, 6.5) 77.4 4.93 dd (4.6, 6.4) 77.8
4 4.78 d (4.7) 88.5 4.78 d (4.6) 88.8
5 3.60 d (2.8) 73.5 3.59d(2.8) 73.6
6 3.84 dd (2.8, 8.3) 85.4 3.82dd (2.8, 7.9) 85.5
7 4.73d (8.3) 72.2 4.73d(7.9) 72.6
Ph 7.23-7.41 m 127.6, 128.3, 129.0, 141.4 7.20-7.38 m 127.9, 129.0, 129.4, 142.3
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Table S5. NMR spectral data (CDCI;) for 3,6-anhydro-2-deoxy-5,7-O-isopropylidene-7-C-phenyl-D-glycero-D-ido-

heptono-1,4-lactone (3a)

Ph
z o H
OM
7L° H 0 S0
3a

C/H This work S. Wang, et al. Chin. Chem. Lett. 12 (2001) 787.
du (J) 3¢ 3u (J) 3¢

1 174.5 174.5

2 2.72d (2.8) 36.4 2.71d (3.0) 36.5

3 5.07m 78.3 5.06 m 78.3

4 496 d (3.7) 87.1 4.95d (3.5) 87.0

5 4.67 d (4.6) 74.8 4.56 dd (8.0)“ 74.8

6 4.45dd (4.6, 8.1) 84.8 4.44 dd (4.5, 8.0) 84.9

7 4.57d (8.1) 72.0 4.65d(4.5)" 72.0

Me,C 1.47sand 1.49 s 24.0 and 24.4 1.46 sand 1.47 s 23.9 and 24.4

Me,C 101.3 101.8

Ph 7.30-7.49 m 126.3, 128.0, 128.5, 139.2 7.31-7.41 m 126.3, 128.0, 128.5, 139.2

“ The assignment of these signals should be mutually interchanged.
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III. X-RAY CRYSTAL STRUCTURE DETERMINATION

Single crystals of the synthesized compounds were selected and glued on glass fiber. Diffraction data
were collected on an Oxford Diffraction KM4 Gemini S four-circle goniometer equipped with Sapphire
CCD detector. The frame widths of 1° in ® were used to acquire each frame. The crystal to detector
distance was 45.0 mm and a graphite monochromated MoKa (A = 0.71073 A) X-radiation was
employed. More than a hemisphere of three-dimensional data was collected in all measurements. The
data were reduced using the Oxford Diffraction program CrysAlisPro. A semiempirical absorption-
correction based upon the intensities of equivalent reflections was applied, and the data were corrected
for Lorentz, polarization, and background effects. Scattering curves for neutral atoms, together with
anomalous-dispersion corrections, were taken from International Tables for X-ray Crystallography.’
The structures were solved by direct methods,” and the figures were drawn using MERCURY.’
Refinements were based on F* values and done by full-matrix least-squares® methods. The middle
stages of refinement included atomic positional and displacement parameters for all non-hydrogen
atoms anisotropically. The positions of hydrogen atoms were found from the inspection of the
difference Fourier maps. However, at the final stage of the refinement, H atoms belonging to molecules
were positioned geometrically (O—H = 0.82 and C—H = 0.93-0.97 A) and refined using a riding model
with fixed isotropic displacement parameters.

Figure S1. ORTEP presentation of compound 3b ’

* I.A. Tbers, W.C. Hamilton, International Tables for X-ray Crystallography, Kynoch Press, Birmingham: Birmingham,
1974.

* A. Altomare, G. Cascarano, C. Giacovazzo, A. Guagliardi, J. Appl. Cryst. 26 (1993) 343.

5 C.F. Macrae, P.R. Edgington, P. McCabe, E. Pidcock, G.P. Shields, R. Taylor, M. Towler, J. Van de Streek, J. Appl.
Cryst. 39 (2006) 453.

% G.M. Sheldrick, SHELXL 97, Program for Refinement of Crystal Structures; University of Gottingen: Géttingen, 1997.

7 Crystallographic data for 3b are deposited at the Cambridge Crystallographic Data Centre, the deposition number: CCDC
979780.
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Figure S2. ORTEP presentation of compound 3¢ *

Figure S3. ORTEP presentation of compound 3d ®

¥ Crystallographic data for 3¢ and 3d are deposited at the Cambridge Crystallographic Data Centre, the deposition numbers:
CCDC 979781 and CCDC 979779, respectively.
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Figure S4. ORTEP presentation of compound 4b °

Figure S5. ORTEP presentation of compound 4¢ °

? Crystallographic data for 4b and 4c are deposited at the Cambridge Crystallographic Data Centre, the deposition numbers:
CCDC 979782 and CCDC 979778, respectively.
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Figure $6. ORTEP presentation of compound 12 '°

Figure S7. ORTEP presentation of compound 5a '

10 Crystallographic data for 12 and 5a are deposited at the Cambridge Crystallographic Data Centre, the deposition numbers:
CCDC 979776 and CCDC 979777, respectively.
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IV. SAR STUDIES

The structures and the corresponding cytotoxicity data for establishing the SAR are given in Table S6.

Table S6. Cytotoxicity data for SAR studies

ICs, pM (72 h)

Compds Structures
K562 HL-60 Jurkat Raji MCF-7  MDA-MB231  HeLa Hs249T
Ph 0. b
1 Ho%q(}:o 0.41 558.32 32.45 18.45 16.59 75.34 8.32 4665.49
HO H
Phc, i
3a %ﬁ%o 16.59 2.36 34.15 3.25 87.45 527 1.64 857.01
o H
Ph, o
3b Oﬁ%o 476.09 10.08 18.21 17.89 23.45 1123.69 18.87 35.64
N0 H
3c gmo 367.29 1434 13.64 12.45 27.79 367.19 12.36 45.32
0_0O H o
Ph o H
3d g 5.59 33.78 11.52 25.31 1.01 237 14.26 6012.85
o
Q)V/\©
5a ?\r& 3.16 8.08 5.06 1.01 27.32 4.08 0.001 364.58
© H 07 3o
o
O)v\@
5b 8 ‘ 559.36 2.36 589.36 5.78 289.21 975.31 0.02 0.002
o H 07 %g
o
SN o
5¢ ir& o, 599.01 6.37 201.59 20.01 3.64 1.01 8.79 3815.28
© H 07 Xg
o
E’M@\
5d O%H ove 8.77 1.24 0.042 432 156.32 58231 12.51 89.74
H 07
Ph, b
2 HO>_<:L/O>:° 0.028 22.02 18.64 125 9.24 58.70 0.89 43.58
HO H
P 0. I
4a %;q\?:o 0.17 1.25 2251 1.01 1.06 24.89 9.75 5024.23
d H
b H
4b mo 0.023 0.24 3.33 1.01 8.08 558.28 3.02 3159.46
g e
Ph o H
dc Om 4.46 12.85 7.89 15.78 32.45 639.19 5.67 4682.25
O)’\o 4o o
o
o)v\©
6a T 798.05 8.45 205634 7.56 101.36 2.36 0.23 2.53
o o
o
o)v\@
6b S0 N 432 12.07 15.47 87.23 3222 5.69 11.69 228522
RTaS o
(o]
SRS
6c 7T o, 423.25 35.38 433.55 132 147921 64822 1.01 2239.14
H 07
o
SPel
6d PR P ove 3.68 25.61 12.01 69.24 51.79 3.03 221 6745.29

T
Q
o
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The structure-activity relationships were accessed as follows: the ICsy values of two compounds were
compared, and the A log ICsy was calculated (A log ICsy is a difference between the log ICsy values of
an analogue and the corresponding control compound). Positive A log ICsy values show a decrease of
antiproliferative activity, whereas negative values indicate an increase in the activity upon the structural
modification being considered. The results are presented in Figure S8.

2&4c _E. 6a & 6d -
i P ]
r—- F—
2&4a 6a & 6b
N
1&3d 5a & 5d |
_—
1&3c J_ 5a & 5¢ i
I ,
_— _
1&3b P 5a & 5b !
_E_ -6.00 -4.00 -2.00 0.00 2.00 4.00 6.00
1&3a Alog ICs,
300 200  -1.00 0.00 1.00 2.00 3.00
Alog ICs, | B Hs249T MHela MMDA-MB 231 BMCF-7 M Raji Mlurkat MHL 60 WK562 |
__
4b & 6c H 5¢ & 6¢ :;_7'
4b & 6b 1 5b & 6b '__E
I
-
I
4b & 6a 'E‘_ 5a & 6a
— —
3b & 5d i: 3d & 4¢ j!_--
—
)
3b & 5¢ — 3b & 4b
e
3b & 5b p— 3a&4a —1=
- [—
3b&5a ﬁ 1&2
600  -400  -2.00 0.00 2.00 4.00 6.00 600  -400  -2.00 0.00 2.00 4.00 6.00
Alog ICs, Alog IC50

Figure S8. Contributions of selected structural features to the antiproliferative activities. The influence of: (a) addition
of a six-membered ring, (b) Ph — cinnamate replacement, (c) isosteric replacement at the C-4 position of cinnamate
moiety (H — F, NO, or OMe), (d) stereochemistry at the C-7 position.
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V. COPIES OF NMR SPECTRA OF FINAL PRODUCTS

"H NMR Spectrum of Compound 3a (250 MHz, CDCl;)
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PPM

BC NMR Spectrum of Compound 3a (62.9 MHz, CDCls)
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PPM

7.40268

"H NMR Spectrum of Compound 3b (250 MHz, CDCl,)
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3C NMR Spectrum of Compound 3b (62.9 MHz, CDCl;)
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PPM

"H NMR Spectrum of Compound 3¢ (250 MHz, CDCl;)
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BC NMR Spectrum of Compound 3¢ (62.9 MHz, CDCl;)
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"H NMR Spectrum of Compound 3d (250 MHz, CDCl,)
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3C NMR Spectrum of Compound 3d (62.9 MHz, CDCl;)
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"H NMR Spectrum of Compound 4a (250 MHz, CDCls)

2 240
& ? N
a d 4
M~ |
Ph 0 A
3
7 1
S 5 . O
4a
s I A
_J LJ J_ \
o wlow o o
e oS o =
0o | I
T | T T T ; T T T T I T T L T | T T I T T | T T T _|
6.0 5.0 4.0 3.0 2.0 1.0



BC NMR Spectrum of Compound 4a (62.9 MHz, CDCls)
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"H NMR Spectrum of Compound 4b (250 MHz, CDCl,)
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3C NMR Spectrum of Compound 4b (62.9 MHz, CDCls)
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PPM

"H NMR Spectrum of Compound 4c¢ (250 MHz, DMSO-dg)
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3C NMR Spectrum of Compound 4¢ (62.9 MHz, DMSO-dg)
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"H NMR Spectrum of Compound Sa (250 MHz, CDCls)
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BC NMR Spectrum of Compound 5a (62.9 MHz, CDCls)
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"H NMR Spectrum of Compound 5b (250 MHz, CDCls)
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BC NMR Spectrum of Compound 5b (62.9 MHz, CDCl;)
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"H NMR Spectrum of Compound Sc (250 MHz, CDCl;)
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BC NMR Spectrum of Compound Sc (62.9 MHz, CDCls)
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"H NMR Spectrum of Compound 5d (250 MHz, CDCls)
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BC NMR Spectrum of Compound 5d (62.9 MHz, CDCl;)
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"H NMR Spectrum of Compound 6a (250 MHz, CDCls)
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BC NMR Spectrum of Compound 6a (62.9 MHz, CDCls)
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"H NMR Spectrum of Compound 6b (250 MHz, CDCl,)
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3C NMR Spectrum of Compound 6b (62.9 MHz, CDCls)
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HERTZ

"H NMR Spectrum of Compound 6¢ (250 MHz, CDCl;)
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BC NMR Spectrum of Compound 6¢ (62.9 MHz, CDCls)
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"H NMR Spectrum of Compound 6d (250 MHz, CDCl,)
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3C NMR Spectrum of Compound 6d (62.9 MHz, CDCls)
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