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ABSTRACT

Substances containing a spirooxindole frameworlplays important biological activities.
Natural alkaloid capparine A-(-)-1] has an anti-inflammatory effect. In the presdntsy,
attention has been paid to the first total synthesinatural capparine A3-(-)-1]. Racemic
capparine A [(x)1] was synthesized by bromospirocyclization of 6+moeetly/-1-Boc-brassinin
with water, followed by oxidation of obtained sgirassinol derivatives and removal of the
Boc group. Synthesized racemic capparine A [(tyvas enantioresolved by derivatization
with (1R,2S5R)-menthyl chloroformate, chromatographic separatibdiastereoisomers and
the cleavage of the chiral auxiliary using sodiuratmoxide. Screening of anti-proliferative

activity against human cancer cells revealed nepntiferative activity of the capparine A

[(9-()-1].

Keywords: natural alkaloids, capparine A, indole phytoalsxin spirobrassinin,
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1. Introduction

In 2008, natural alkaloid capparine A {6-methoxyKghethylthio)spiro[$-indole-
3,5 (4H)thiazol]-2(H)-one, §-(-)-1, Fig 1.} was first isolated from the whole plant o
Capparis himalayensi§amily Capparidace' Two years later, capparine A¢(-)-1] was
identified from the caper fruit dEapparis spinosa Its structure was determined by spectral
methods and confirmed on the basis of X-ray cricgehphic analysis. Pharmacological
studies have shown that the capparine A-]] has an anti-inflammatory effect on the
carrageenan-induced paw edema in rhiddoreover, the immature flower buds, leaves,
unripe fruits, seeds, shoots and bark of roothefabove mentioned plants are still used for
the treatment of rheumatism, stomach problems, doted and toothache in traditional
medicine. The mechanism of inhibition is not yeokm?

Due to its structure, capparine AJ{(-)-1] can also be defined as a 6-methoxy derivative of
spirobrassinin. Spirobrassinin§¢(-)-2, Fig 1.] belongs to the group of spiroindoline
phytoalexins biosynthesized by plants of the fanBilpssicaceaeas a defense response to
physical, biological or chemical stressSpirobrassinin [{)-2] offers a broad range of
biological activities, such as antimicrobial, chgreventive, antitumor, antitrypanosomal,

anti-aggregation propertiés?
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Fig 1. Structures of spirooxindole alkaloids capparing®-[-)-1] and spirobrassinin §j-

)-2].

Unpublished total synthesis and significant biotadjiactivity of capparine A §-(-)-1]
prompted us to synthesize and test this alkaloid pstential antitumor compound due to its
structural similarity to the indole phytoalexin srassinin 2).



2. Results and discussion

In the preparation of capparine AS[{(-)-1], the principle of stereoselective synthesis was
primary proposed based on the use of a chiral @gayative of 6-methoxybrassinify which
would undergo bromospirocyclization in the preseotgater as a nucleophile to give four
diastereoisomers of spirobrassiblassuming that one diastereocisomer would be major.
Subsequent oxidation of obtained spirobrasséa the oxindole structur@ and removal of
the auxiliary chiral group would give the&){(-)-enantiomer of capparine A gf(-)-1,
Scheme 1].

Following this principle, the starting 6-methoxyoid-3-carboxaldehyde3) was first
converted to the 6-methoxy-1-RI2S 5R)-menthoxycarbonyl]indole-3-carbaldehydé) oy
reaction with (R,2S5R)-menthyl chloroformate in the presence of triefimyine as base in
84% vyield (Scheme 1). In the next step, the reactb aldehyded4 with hydroxylamine
hydrochloride gave a quantitative mixture Bf and Z-oxime 5. Reduction of mixture oE-
and Z-oxime 5 with sodium borohydride catalyzed by nickel borgleneratedn situ from
NiCl,.6H,O and NaBH provided an unstable amige The crude aminé was immediately
reacted with carbon disulfide, methyl iodide andthrylamine as a base to give 6-methoxy-1-
[(1R,2S5R)-menthoxycarbonyl]brassinirv) in a 51% vyield after two reaction steps starting
from oxime5 (Scheme 1).

In a study of the stereoselective synthesis of aape A [S-(-)-1], the electrophilic
spirocyclization reaction of chiral brassini was subsequently investigated in
dichloromethane using bromine as a cyclizing agedtwater as a nucleophile. This reaction
was expected to result in the formation ofs-diastereocisomers8a,8b and trans
diastereoisomers 8¢,8d of 6-methoxy-1-[(R,2S,3R)-menthoxycarbonyl]spirobrassinol.
However, after the reaction, only one product waseoved in the reaction mixture, namely 7-
methoxy-9-[(R,2S5R)-menthoxycarbonyl]cyclobrassinirl@). Its structure was confirmed
by 1D and 2D NMR methods. Based on this resultda@ded to implement spirocyclization
under other reaction conditions. We hypothesized tioxane dibromide in dioxane in the
presence of water as a nucleophile is more suitdieto the better miscibility of water in
dioxane. The dioxane dibromide-mediated spirocgtiin of brassinin7 in dioxane also
afforded cyclobrassinidO as a sole product (Scheme 1). After sequentiabsytlization of
brassinin 7 with bromine and subsequent oxidation by PCC, otilg formation of

cyclobrassinirlO was also observed on the TLC plate.



The hope for us was known oxidative rearrangemehtsised indole derivatives which is
frequently used in the synthesis of spirooxindof€. We believed that the oxidative
chlorination using oxone and sodium chloride ohvwNaOCI afford spiro produc&a and9b.
Unfortunately, by carrying out the reactions untierse reaction conditions (Table 1), we did
not achieve the rearrangement to spirooxindolevdtvie 9, and decomposition products
were observed in the reaction mixture in additmihie starting material.

From the above results, we hypothesize that thmdton of the cyclostructure is due to the
presence of a methoxy group attached at the 6iposiin the benzene nucleus of indole,
because the reaction of 14RPRS,3R)-menthoxycarbonyllbrassinin and 94KRS,TR)-
menthoxycarbonyl]cyclobrassinin carried out undbe tsame reaction conditions gave
spirocompound&®
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(a) (1R,2S,5R)-(-)-menthyl chloroformate, EtzN, THF, 0 °C, 20 min, rt, 30 min, 84%;
(b) NH,OH.HCI, Na,CO3, EtOH, H,0, rt, 30 min, 99%;

(c) NiCl,.6H,0, MeOH, NaBH,;

(d) Et3N, CS,, MeOH, Mel, 20 min, 51%;

(e) DDB, dioxane/H,O 9:1, rt, 20 min, Et3N, 70%;

(f) see Table 1

Scheme 1.



Table 1 Reaction conditions for oxidative rearrangement

Reaction conditions

Entry
Reagent (equiv.) Temperature Reaction time (h)
1 oxone (1.1), ag NaCl (11) r.t. 24
2 oxone (3), ag NaCl (11) r.t. 24
3 oxone (3), ag NaCl (11) 60 °C 24
4 NaOClI, (1.5), AcOH r.t.
5 NaOCI, (10), THF 0°C 4

After an unsuccessful attempt at the synthesispparine A [§-(-)-1], we decided to try the
relatively well-described method of nucleophilidstitution of bromine for methoxy group in
position 6 for indoles and 2,3-indolinEsThe synthesis plan was based on the preparation of
a chiral 6-bromo-1-acyl derivative of brassidis, which would give chiral spirobrassinitg

by cyclization with bromine in the presence of watend subsequent oxidation of
spirobrassinold 6. Subsequent removal of the chiral group would ghes®)-(-)-enantiomer
of 6-bromospirobrasinin §-(-)-18], which in the last step would undergo nucleoghili
substitution in the presence of sodium methoxidgite capparine A B-(-)-1, Scheme 2].
6-Bromo-IH-indole-3-carboxaldehydel{) was used as a starting material in this synthetic
strategy for the synthesis of the key intermediagbromo-1-[(R,2S5R)-
menthoxycarbonyl]brassinirl). Aldehydell was transformed by reaction withR;2S5R)-
methyl chloroformate to the corresponding chiralealydel?2 in an 86% yield (Scheme 2).
From aldehyde 12, 6-bromo-1-[(R,2S5R)-menthoxycarbonyllbrassinin 1% was
subsequently synthesized analogously to 6-metheX$R,2S 5R)-
menthoxycarbonyl]brassini) in 60% yield relative to oxim#&3 (Scheme 2).
Spirocyclization of 1-acylbrassinib5 with DDB in the presence of water as a nucleophile
resulted in the formation of four diastereoisonidg16b, 16¢16d in the ratio 16:16:34:34.
The ratio of diastereocisomet$a-16dwas determined by the integration of non-overlagpi
singlets of the H-2 protons in thel NMR spectrum of crude product mixture. The yiefd
chromatographically isolated mixture ofs-diastereocisomerd6al16b was 30% and the
mixture of transdiastereoisomerd6¢16d was 48% (Scheme 2). The mixture ab
diastereoisomer$6a16b as well as the mixture dfans-diastereoisomers6c¢16d were not
chromatographically separable. Oxidation of indidd mixtures of diastereoisomers
16a16b and 16¢l6d using PCC provided 6-bromo-1-RRS5R)-



menthoxycarbonyl]spirobrassinin derivativEga and17b in the ratio of 50:50. The ratio of

diastereoisomers was determined by accurate guantin of partially overlapping signals
of the H-4b" protons in thdH NMR spectrum using the MestReNova softwére.

Diastereoisomerd7a and17b showed very clos& values in various eluents. By multiple

chromatographic separation using hexanel/ethyl tcefal as an eluent, only pure

diastereoisomet7a was possible to separate. Removal of the chirailiaty from isomer

17aby treatment with sodium methoxide afford&)}({)-6-bromospirobrasinin §-(-)-18]

in 89% vyield. Its absolute configuration at carbGr3 was assigned by comparing the

obtained ECD spectrum with the spectrum of nat(8g(-)-spirobrassinin [§)-(-)-2]*° The

CD curve of (-)18 corresponds to the spectrum of Z-yuggesting that (-)8 also has ai%

configuration. EnantiomerJ-18 showed moderate Cotton effects at 2484{13.9) nm and

228 (Ac +25.9) nm.
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(a) (1R,2S,5R)-(-)-menthyl chloroformate, Et;N, THF, 0 °C, 20 min, rt, 30 min, 86%;
(b) NH,OH.HCI, Na,CO3, EtOH, H,0, rt, 30 min, 95%;

(c) NiCl,.6H,0, MeOH, NaBHy;

(d) Et3N, CS,, MeOH, Mel, 20 min, 60%;

(e) DDB, dioxane/H,0 9:1, rt, 20 min, Et3N, 16a,16b-30%, 16c,16d-48%;

(f) PCC, CH,Cl,, rt, 24 h, from 16a,16b, 61%, from 16c,16d, 76%;

(g) MeONa, MeOH, rt, 20 min, 89%;

(h) MeONa, Cul, DMF, reflux, Table 2.

Scheme 2.



Pedra® and Klik&* described a simple and inexpensive method for rahéng
enantiopurity of some spirooxindole phytoalexingngsa chiral NMR shift agent. The
enantiomeric excess of the obtain&}&-bromospirobrassinin §-(-)-18] was 87% ee and
was determined using the chiral shift ageRk(@)-1,1'-bi-2-naphthol (~ 3 equiv.) ingDs.
The enantiomeric excess of the resolv8d6-bromospirobrassinin §-(-)-18] sample was
accurately measured by integration of the areahefH NMR peaks corresponding to the
SCH; group and the doublet of H-4b” proton of each &oarer. The optical rotation of
prepared $)-6-bromospirobrassinin §-(-)-18] {[ «]p*>’ = -50.0 (c 0.16, CHC})} had the
samesign and a comparable magnitude ®sspirobrassinin [)-(-)-2] {[ a]o>° -53.0 € 0.30
CHCly)}. %

Subsequently, nucleophilic substitution @&)-(-)-6-bromospirobrassinin $-(-)-18] was
performed in the presence of sodium methoxide ¢LOve) and copper iodide (2 equiv.) as a
catalyst in DMF. After 6 hours of reflux, only tih@rmation of decomposition products was
observed on a TLC plate. By lowering the tempemtto 80 °C, in addition to the
decomposition products, an unidentifiable produas isolated'H and**C NMR spectra of
the unidentifiable product showed a deficit of ®€H; group. It was assumed that copper
(Cul) probably showed an affinity for the sulfur tife SCH group. Therefore, further
substitution attempts were made with 0.5 equicagper iodide (Table 2). However, neither
by changing the amount of reagent, catalyst orhmgnging the temperature and time, was
the desired substitution produe)<l observed in the reaction mixture. In experimenré ih
addition to by-products, unreacted starting malterés observed on the TLC plate.

Table 2 Nucleophilic substitutionf (S)-(-)-6-bromospirobrassinin §-(—)-18]

Reaction conditions

Entry
Reagent (equiv.) Temperature Reaction time (h)

1 CHzONa (10), Cul (2) 120 °C 6

2 CHzONa (10), Cul (2) 80 °C 6

3 CHsONa (10), Cul (0.5) 120 °C 6

4 CHzONa (10), Cul (0.5) 100 °C 6

5 CHzONa (10), Cul (0.5) 80 °C 6

6 CHsONa (20), Cul (0.5) 80 °C 12

The repeated unsuccessful result of the preparafiocapparine A [§)-(-)-1] finally led us to
consider the possibility of usingtart-butoxycarbonyl group in the preparation of ach@al
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methoxy-1-Boc-brassinin2@), which would provide by bromospirocyclization tvitvater
easily oxidizing spirobrassino®3 to oxindole (£)25. After deprotection of the Boc group
and attachment of the chiral auxiliary group to theemate (), spirooxindole structure3a
and9b can be obtained. After separation of diastereoe&se®a and9b and the subsequent
removal of the chiral group, giv&fcapparine A [§-1, Scheme 3].

According to the above strategy, 6-methoxyindoleaBoxaldehyde 3) was used as a
starting material for the synthesis of brassi2iy Reaction of aldehyda with di-tert-butyl
dicarbonate in the presence of DMAP as a catalysiviged 6-methoxy-1tért-
butoxycarbonyl)indole-3-carboxaldehyde 19 in 92% yield. 6-Methoxy-1tért-
butoxycarbonyl)brassinin2@) was obtained in a yield of 51% by the sequenc&nmiwn
reactions (Scheme 3).

Subsequent cyclization of the prepared brassidih by the action of DDB as a
bromospirocyclizing agent in a mixture dioxane/wdge1) providedcis- (x) - andtrans(z) -
diastereoisomers of 6-methoxy-eit-butoxycarbonyl)spirobrassinol [(23a and ()23

in 48% yield, which were chromatographically sepéan the eluent hexane/ethyl acetate
2:1. Their ratio of 26:74 in favor of the isom28b was determined based dH NMR
spectrum of the crude product by integrating tHéedint hydrogen signals H-4b” and H-2.
The low yield of cyclization was caused by the fation of cyclobrassinin derivativ4
(40%, Scheme 3).

The presence of the cyclo product in the spiroggtion reactions of 6-methoxy-substituted
brassinins7 or 22 is probably conditioned by the influence of thetmoy group, which
fundamentally affects the overall course of thectieas. Bromospirocyclizations performed
with 1-substituted brassinins without O€id position 6 in the presence of methanol or water
as nucleophiles proceeded to form spiro compoundlBout observation of the cyclo
product?**®In the case of cyclization of 6-methoxybrassirirend22, the reaction begins at
the thiocarbamoyl group, where the action of bramiproduces sulfenyl bromidé.
Subsequently, the electrophilic sulfur attacks fpmsi 3 of the indole nucleus to provide
spirointermediat®, which may form spiro compour8, or it rearranges onto cyclobrassinin
structureC by opening the spiro ring. The 6-methoxy groupodalizes the electrons of the
oxygen lone pairs into the ring up to the carboB GFf the indole in intermediatB. This
forces the C-S bond to migrate to the C-2 positoth the formation an intermediate C
(Scheme 4). The difference of the size of the gadias (Boc, menthoxycarbonyl) can be

responsible for the extent of the formation of ¢igelo product.



Boc Boc
3 19 20 21
S>,SCH3 SCH3 SCH3
%3/ NE-SCH,
v @EQ
4d> i» 9a 1
Q * HsCO N
H3;CO \ H;CO Boc
H5CO N Boc
gp BoOC cis-(+)-23a 26:74 trans—(i)—23b 24
f \
3\( CHj; N\[/SCH3
H 4a Si . s
e o
H,CO N 2 H.CO N
3 \ 3
7 ! Boc H
(+)-25 ()1
h‘
N~_-SCHs N.__-SCHs
- .S S
H,CO N H;CO N
COOR COOR
9a 9b
50:50
(a) (Boc),0, DMAP, THF, 5 °C, 1h, 92%; ) )
(b) NH,OH.HCI, Na,COj3, EtOH, H,0, 50 °C, 15 min, 98%; ! I
(c) NiCl,.6H,0, MeOH, NaBHg;
(d) EtsN, CS,, MeOH, Mel, 25 min, 51%; N_-SCH; N._SCHs
(e) DDB, dioxane/H,0 9:1, rt, 20 min, EtsN, 23a-17%, 23b-31%, 24-40%; / g =
(f) CrO3, AcOH, H,0, tt, 2 h, 66%; " S S
(g) CF3COOH, CH,Cly, 1t, 5 min, 91%; o o
(h) (1R,2S,5R)-(-)-menthyl chloroformate, Et;N, THF, 0 °C, N N
20 min, rt, 30 min, 78%; HsCO HsCO
(i) MeONa, MeOH, rt, 20 min, (-)-1, 75%, (+)-1, 73%. (S)-(-)>1 (R)-(+)1
92% ee 60% ee
Scheme 3.

= N
NH = n Y—sCH;
SBr S ZNO)d
; B ; “ HC®O ®7 "N H 10
I
HsCO N 2~ |H,co N e e NN N — P g

c Nu o 23+24

Scheme 4.

Oxidation of a mixture of diastereocisomers 28a and (x)23b with chromium oxide in
acetic acid gave racemic 6-methoxyt@r(butoxycarbonyl)spirobrasdinin [(25] in 66%
yield, which by removing théert-butoxycarbonyl group with acid trifluoroacetic aajave
racemic capparine A [()} in 91% vyield. Synthetic capparine [(]-was enantioresolved by
chiral auxiliary method. Racemic capparine [H)-reacted with (R,2S5R)-mentyl
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chloroformate with the addition of triethylaminer foeaction acceleration to produce two
chiral derivatives9a and 9b (Scheme 3). After multiple chromatographic sepanatof
isomers9a and9b in hexane/ethyl acetate 6:1 as an eluent, purees8a and isomeb
enriched with9a were obtained. In the last step, removal of chaakiliary with sodium
methoxide afforded §)-(-)-6-methoxyspirobrassinin, i.e. capparine A){(-)-1, 92% ee]
from isomer9a in 75% yield andR)-(+)-6-methoxyspirobrassinin R-(+)-1, 60% ee] from
the isome®b in 73% yield (Scheme 3). The overall yield of $yegized capparine AJ-(-)-

1] was 9% after 9 reaction steps. Spectroscopic (R, IR) of (§-(-)-1 and R)-(+)-1
were fully identical with those of the natural cagpe A [9-(-)-1].! The optical rotation of
synthesized 9-(-)-1{[ a]p*>’ -10.6 € 0.16, MeOH)} had a comparable magnitude and the
samesign as natural capparine AS[{(-)-1] {[ a]o®®> -9.88 € 0.16, MeOH)} The value of
optical rotation of unnatural capparine ARJ{(+)-1] was [o]p>’ = +3.7 (c 0.10, MeOH).
Circular dichroism (CD) proved to be a powerful lttm verify the chirality of enantiomers.
CD spectroscopy is extremely sensitive, fast, sengrld relatively inexpensive method. We
realized CD studies to confirm the absolute comgan of prepared capparine AS[{(-)-1]
and [R)-(+)-1]. Figure 2 displays CD spectra and W\ absorption spectra of)1 and (+)-

1. Their CD curves are completely mirror images. §igctrum of prepared-)1 displays
comparable curve shape like the spectrum of sgisstimin [§)-(—)-2]*° and spectrum of (+)-
1 like (R)-(+)-2,*° suggesting that (- has an $-configuration and (+} has R)-
configuration. Enantiomer (-)-showed an exciton-type split at 228¢(+30.9) nm in the
short-wavelength region and two negative Cottoactéf at 2714 —8.2) and 3154¢ -11.1)

in the long-wavelength region (Fig. 2). Enantior(¥1 showed an exciton-type split at 228
(Ae —10.2) nm in the short-wavelength region and twoatigg Cotton effects at 2711\g
+2.8) and 3154¢ +3.7) in the long-wavelength region (Fig. 4). Upkstra of capparine A
[(9-(-)-1] and its enantiomeR)-(+)-1 show absorption at 228 nm, (legr1.69 for §-(-)-1,
log € +0.65 for R)-(+)-1, Fig. 2).

To determined accurate ee values of the targetacaqgpA [S-(—)-1] and its enantiomeR)-
(+)-1, a chiral NMR shift agenR)-(+)-1,1"-bi-2-naphthol (~ 3 equiv.yvas used in non-polar
CsDs (Fig 3. and Fig 4.). Complete enantioresolutiod distinct signals for each enantiomer
were observed for the singlet of the SQifoup and the doublet of H-4b" proton in tie
NMR spectrum (Fig 3. and Fig 4.). By the integmatiof the areas corresponding to the
individual signals for both enantiomers was detesdi enantiomeric excess for {-)ee =
92%. The (+)1 enantiomer showed optical purity ee = 60%.

10



CD spectra

Ae O T T T T T T
_102_M25n 310 350

a0 | (S)-(--1
Am 0 | (R)-(+)1

UV spectra

1,8
1,6
1,4
1,2
log 51 ]
0,8 -
064 .
04 1
0,2 4
0

(R)-(+)-1
(S)H-)-1

210 230 250 270 290 310 330 350

Fig. 2CD and UV spectra ofjf-capparine A [-(-)-1] and R)-capparine A [R)-(+)-1]
(CH;OH, ¢ ~ 0.075 mM).
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Fig. 3 'H NMR spectrum of enantiodifferentiated S|gnals foe SCH smglet and H-4b”
doublet of §-capparine A [§-(-)-1] with (R)-(+)-1,1"-bi-2-naphthol (~ 3 equiv.) ingDe
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Fig. 4 '"H NMR spectrum of enantiodifferentiated signals foe SCH singlet and H-4b’
doublet of R)-capparine A [R)-(+)-1] with (R)-(+)-1,1"-bi-2-naphthol (~ 3 equiv.) ingDs

Racemic ()1 and natural enantiomer of the capparine &-{¢)-1] were screened for anti-
proliferative/cytotoxic activities on the panel thfe following ten human cancer cell lines:
Caco-2, HCT116 (colorectal carcinoma), CCRF-CEMutecT-lymphoblastic leukemia),
MCF-7, MDA-MB-231 (mammary gland adenocarcinomagLH (cervical adenocarcinoma),
A-549 (non-small cell lung cancer), U-87 MG (gliabtoma astrocytoma), SK-OV-3, A2780
(ovarian carcinoma) and a non-malignant cell linkel §T3 (murine fibroblasts). Cytotoxicity
assay against cancer cell lines was performed byMAT (Thiazolyl Blue Tetrazolium
Bromide) method® The potencies of racemic (})and enantiopure capparine AAK(-)-1]
are presented in Table 3 assJCrvalues. This table also include siCvalues for the
conventional anticancer agent cisplatin for congmari Racemic capparine A [(]-
exhibited moderate activity on the proliferationtbé HeLa, MCF-7 and CEM cells. Natural
enantiomer §-capparine A [§-(-)-1] showed no anti-proliferative activity against lallman
cancer cell lines. The unnatural (+)-enantiomecagparine A [R)-(+)-1] seems to be more
promising than the natural alkaloid regarding tl@spect and its antiproliferative activity is

currently examined.

Table 3 Antiproliferative activities of racemic (£)-and enantiopure capparine §-(-)-1

Cell line I1Cso (umol x L)

comp. HeLa MCF-7 MDA A-549 CEM  HCT116 CaCo-2 U-87 MG SK-OV-3  A2780 3T3
(3)-1 52.4 57.6 >100 >100 44.95 nt nt nt nt nt nt

(9-(-)-1 >100 >100 >100 nt nt >100 >100 >100 >100 >100 >100

Cisplatirf® 13.1 15.6 175 9.5 nt 15.3 15.2 nt nt nt 20.9

nt — not tested
The potency of compounds was determined using th& fThiazolyl Blue Tetrazolium Bromide) assay affé h incubation of cells and
presented as g (concentration of a given compound that decreassalint of viable cells to 50% relative to untreatedtrol cells).
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3. Conclusion

In this paper, we report the first concise totatthgsis of the natural alkaloid capparine A
[(9-(-)-1]. Synthesis of racemic capparine A [(H)was achieved by the bromine-mediated
spirocyclization of 6-methoxy-1-Boc-brassinin irethresence of water as a nucleophile with
the formation of spirobrassinols, subsequent oldabf spirobrassinol derivatives and
removal of the Boc group. To enantioresolve synteesracemic capparine A [(d} a
chiral auxiliary method was applied. Enantioredolut of (x)-1 was achieved by
derivatization with (R,2S5R)-menthyl chloroformate, chromatographic separatioh
diastereoisomers and their cleavage with sodiumhoxéde. An examination of the anti-
proliferative activity of the capparine AJf-(-)-1] against human cancer cells revealed no
effecton cellproliferation.

4. Experimental
4.1. Chemistry

'H NMR (400.13 MHz) and™C NMR (100.61 MHz) spectra were measured at room
temperature on a Varian Mercury Plus spectrom&pgectra were recorded in CRGInless
otherwise stated with an internal standard tetrbgpigtane (TMS, 0.00 ppm). Coupling
constants J) were obtained by first-order analysis and meakuneHertz (Hz). Infrared
spectra were taken on an Avatar FT-IR 6700 spe&t®n{Thermo Scientific, UK) using an
attenuated total reflectance (ATR) method in theyea4000 — 400 cth Microanalyses were
performed on a Perkin-Elmer CHN 2400 elementaryaeal Melting points were determined
on a Kofler hot-stage apparatus and remained uactea. Optical rotations were measured at
room temperature in a 10 cm cell on a polarimet8A0 P-2000 at the sodium D-line. CD
spectra were obtained in a 10 mm quartz cell onASCD J-810 spectrometer. The
enantiomeric excess of synthesized enantiomersdetesmined by solution-stafél NMR
spectroscopy using the chiral NMR shift ageR)-(+)-1,1"-bi-2-naphthol in €Ds. The
chemical reactions were monitored on TLC-sheets BRAM® SIL G/UV.s4 (Macherey-
Nagel, Germany). Detection was carried out witlramiblet light (254 nm). Preparative

column chromatography was performed on KieselgeMiééck Type 9385 (0.040-0.063 mm).

4.1.1. General procedure for the synthesis of gidie$d and12.
To a corresponding solution of aldehyafé, 11 (4.926 mmol) in THF (20 mL) at 0 °C was
added triethylamine (0.523 g, 0.72 mL, 5.172 mmbie reaction mixture was stirred at 0 °C
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for 10 min. (R,2S55R)-(-)-Menthyl chloroformate (1.131 g, 1.1 mL, 5.1##nol) was then
added and the reaction mixture was stirred at 0fdilC20 min and for 30 min at room
temperature. After the reaction was finished, THiSwvaporated. The residoletained after
evaporation of the solvent was subjected to colwhromatography on silica gel. The

obtained products were further crystallized fronh éthanol tcafford aldehyded and12.

4.1.1.1.6-Methoxy-1-[(1R,2S 5R)-menthoxycarbonyl]indole-3-carboxaldehydg. (Following
the general procedure, proddctvas obtained using aldehy@€ (0.863 g, 4.926 mmol) and
separated on silica gel (30 mhexane/acetone 3:1). Yield: 1.48 g (84%); whitgstals; mp
121-123 °C (ethanol)p]p**~77.1 € 1.08, CHCY); R; 0.55 f-hexane/acetone 3:1); IR (neat)
Vmax 2954, 2925, 2869, 1741 and 1675 (C=0), 1550, 14987, 1264 cf; Anal. Calcd for
C21H27NO4 requires (357.44): C, 70.56; H, 7.61; N, 3.92.mbuC, 70.45; H, 7.50; N, 3.91;
'H NMR (400 MHz, CDCJ): 6 10.06 (s, 1H, CHO), 8.15 (s, 1H, H-2), 8.13 (d, I+ 8.7
Hz, H-4), 7.75 (d, 1H) = 2.3 Hz, H-7), 7.00 (dd, 1H,= 8.7 Hz,J = 2.3 Hz, H-5), 4.98 (dt,
1H,J =10.9 Hz,J = 4.5 Hz, H-1"), 3.88 (s, 3H, OGH 2.28-2.21 (m, 1H, H-6"), 2.07-1.97
(m, 1H, H-8"), 1.84-1.72 (m, 2H, H-3", H-4"), 1.72054 (m, 2H, H-2", H-5"), 1.28-0.94 (m,
3H, H-3", H-4", H-6"), 0.97 (d, 3H] = 7.0 Hz), 0.96 (d, 3H] = 6.5 Hz) [H-9", H-107], 0.85
(d, 3H,J = 6.9 Hz, H-7");*C NMR (100 MHz, CDGJ): ¢ 185.8 (CHO), 159.1 (C-6), 150.1
(C=0), 137.3 (C-7a), 135.0 (C-2), 122.8 (C-4), »X-3), 119.7 (C-3a), 113.9 (C-5), 99.4
(C-7), 79.3 (C-1), 55.7 (OCH{ 47.4 (C-27), 41.0 (C-6"), 34.1 (C-4"), 31.6 (§;326.6 (C-
8), 23.6 (C-37), 22.0, 20.9 (C-9°, C-10"), 16.51Q.

4.1.1.2. 6-Bromo-1-[(R,2S5R)-menthoxycarbonyl]indole-3-carboxaldehyde?); Following
the general procedure, prodd@was obtained using aldehydié (1.104 g, 4.926 mmol) and
separated on silica gel (30 mhexane/acetone 5:1). Yield: 1.72 g (86%); whitgstals; mp
56-58 °C (ethanol);op*>—71.9 € 0.80, CHCY); R 0.72 fr-hexane/acetone 5:1); IR (neat)
Vmax 2955, 2926, 2870, 1748 and 1662 (C=0), 1546, 142@6 cni; Anal. Calcd for
Co0H24BrNO;3 requires (406.31): C, 59.12; H, 5.95; N, 3.45. kebuC, 59.03; H, 5.87; N,
3.39;'H NMR (400 MHz, CDGJ): 6 10.09 (s, 1H, CHO), 8.39 (d, 18= 1.7 Hz, H-7), 8.23
(s, 1H, H-2), 8.16 (d, 1H] = 8.4 Hz, H-4), 7.51 (dd, 1H,= 8.4 Hz,J = 1.7 Hz, H-5), 4.50
(dt, 1H,J = 11.0 Hz,J = 4.5 Hz, H-1"), 2.28-2.21 (m, 1H, H-6"), 2.10-L®n, 1H, H-8"),
1.85-1.75 (m, 2H, H-3", H-4"), 1.72-1.54 (m, 2H2HH-5"), 1.28-0.95 (m, 3H, H-3", H-4",
H-67), 0.98 (d, 6H,) = 6.5 Hz, H-9", H-10"), 0.85 (d, 3H,= 6.9 Hz, H-7");*C NMR (100
MHz, CDCk): ¢ 185.4 (CHO), 149.5 (C=0), 136.6 (C-7a), 136.0 (C428.1 (C-5), 124.9
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(C-3a), 123.3 (C-4), 121.6 (C-3), 120.0 (C-6), BLE-7), 79.7 (C-1°), 47.2 (C-2), 40.8 (C-
6'), 33.9 (C-4), 31.5 (C-5"), 26.5 (C-8"), 23.530), 21.9, 20.7 (C-9°, C-10"), 16.4 (C-7").

4.1.2. General procedure for synthesis of oxiB)ds3 and20.

To a stirred solution of corresponding aldehyidd 2, 19 (4.932 mmol) in ethanol (31 mL)
was added a solution of hydroxylammonium chlori@e82 g, 8.384 mmol) and sodium
carbonate (0.41 g, 3.797 mmol) in water (2.6 mlie Tixture was stirred for 30 min at room
temperatureq, 13) or heated at 50 °C for 15 mi2(). After evaporation of ethanol and
addition of water (13 mL), the product was extrdatgth diethyl ether, 20) or ethyl acetate
(13) (1 x 40 mL, 1 x 30 mL, 1 x 20 mL) and after diyiwith anhydrous N&O, the solvent
evaporated. Thebtained products were further crystallized frorahtbromethanethexane

or ethyl acetatethexane tafford oximesb, 13 and20.

4.1.2.1. 6-Methoxy-1-[(R,2S5R)-menthoxycarbonyl]indole-3-carboxaldehyde oxim8). (
Following the general procedure, prodécwvas obtained using aldehyde(1.763 g, 4.932
mmol). Yield: 1.82 g (99%) of a mixture & andZ-isomer in a 70:30 ratio; white crystals
(dichloromethanethexane);R: 0.52 and 0.35nthexane/ethyl acetate 3:1); IR (neaf)ax
3265 (OH), 2955, 2931, 2852, 1728 (C=0), 1614, 148386 cni; Anal. Calcd for
C21H28N20O4 requires (372.46): C, 67.72; H, 7.58; N, 7.52.bC, 67.62; H, 7.50; N, 7.42;
'H NMR (400 MHz, CDCJ): 6 8.55 (s, 0.3H, CH=N min.), 8.26 (s, 0.7H, CH=N haj.97
(d, 0.7H,J = 8.7 Hz, H-4 maj.), 7.83 (s, 0.3H, H-7 min.),8.(&, 0.7H, H-7 maj.), 7.71 (s,
0.3H, H-2 min.), 7.69 (s, 0.7H, H-2 maj.), 7.58 @3H,J = 8.7 Hz, H-4 min.), 6.97 (dd,
0.3H,J = 8.7 Hz,J = 2.3 Hz, H-5 min.), 6.94 (dd, 0.7H,= 8.7 Hz,J = 2.4 Hz, H-5 maj.),
4.95 (dt, 1HJ = 10.8 Hz,J = 4.3 Hz, H-1"), 3.89 (s, 0.9H, OGHhin.), 3.88 (s, 2.1H, OCH
maj.), 2.28-2.20 (m, 1H, H-6"), 2.12-1.99 (m, 1H8H, 1.84-1.72 (m, 2H, H-3", H-4"),
1.72-1.54 (m, 2H, H-2", H-57), 1.28-0.93 (m, 3H3HH-4", H-6"), 0.96 (d, 3H] = 7.1 Hz),
0.95 (d, 3HJ = 6.3 Hz) [H-9", H-107], 0.84 (d, 0.9H,= 6.9 Hz, H-7" min.), 0.83 (d, 2.1H,

= 6.9 Hz, H-7" maj.)}*C NMR (100 MHz, CDGJ): § 158.5 (C-6 maj.), 158.3 (C-6 min.),
150.6 (C=0 min.), 150.4 (C=0 maj.), 145.0 (CH=N /)a}l38.8 (C-2 min.), 137.1 (C-7a
maj.), 135.6 (C-7a min.), 129.7 (CH=N min.), 126232 maj.), 123.0 (C-4 maj.), 122.4 (C-3a
min.), 120.7 (C-3a maj.), 118.8 (C-4 min.), 11433 maj.), 112.9 (C-5 min.), 112.8 (C-5
maj.), 110.9 (C-3 min.), 99.4 (C-7 min.), 99.3 (Gr3j.), 78.4 (C-1" min.), 78.3 (C-1" maj.),
55.6 (OCH min.), 55.5 (OCH maj.), 47.3 (C-2" maj.), 47.2 (C-2" min.), 41.0-§Cmaj.),
40.9 (C-6" min.), 34.2 (C-4" min.), 34.1 (C-4" maBl.5 (C-5" min.), 31.4 (C-5" maj.), 26.5
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(C-8" maj.), 25.9 (C-8" min.), 23.6 (C-3" min.),.23C-3'maj.), 22.2, 21.0 (C-9°, C-10" min.),
21.9, 20.7 (C-97, C-10" maj.), 16.5 (C-7" min.),4A6C-7" maj.).

4.1.2.2. 6-Bromo-1-[(IR 2S5R)-menthoxycarbonyl]indole-3-carboxaldehyde oximé&3)(
Following the general procedure, prodd& was obtained using aldehyde (2.0 g, 4.932
mmol). Yield: 1.97 g (95%) of a mixture & andZ-isomer in a 60:40 ratio; white crystals
(dichloromethane*-hexane);Rs 0.50 and 0.42nthexane/acetone 3:1); IR (neat)ax 3304
(OH), 2954, 2923, 2869, 1736 (C=0), 1431, 1371,11@4#"; Anal. Calcd for GoHsBrN2Os
requires (421.33): C, 57.01; H, 5.98; N, 6.65. kbu@i, 56.92; H, 5.86; N, 6.51H NMR
(400 MHz, CDCY): 0 8.66 (s, 0.4H, CH=N min.), 8.44 (s, 0.4H, H-7 )i®.39 (s, 0.6H, H-7
maj.), 8.27 (s, 0.6H, CH=N maj.), 7.98 (d, 0.6H; 8.4 Hz, H-4 maj.), 7.75 (s, 1H, H-2), 7.58
(d, 0.4H,J = 8.4 Hz, H-4 min.), 7.45 (dd, 0.4Hd,= 8.4 Hz,J = 1.5 Hz, H-5 min.), 7.42 (dd,
0.6H,J =8.4 Hz,J = 1.7 Hz, H-5 maj.), 4.96 (dt, 1Hd,= 10.8 Hz,J = 4.4 Hz, H-1"), 2.27-
2.18 (m, 1H, H-6"), 2.12-1.90 (m, 1H, H-8"), 1.8&2.(m, 2H, H-3", H-4"), 1.70-1.54 (m,
2H, H-2", H-57), 1.30-0.95 (m, 3H, H-3", H-4", H}60.96 (d, 3HJ = 6.6 Hz), 0.90 (d, 3H]

= 6.9 Hz) [H-9, H-10], 0.83 (d, 1.8H,= 6.9 Hz, H-7" maj.), 0.79 (d, 1.2H= 6.9 Hz, H-7"
min.); *C NMR (100 MHz, CDGJ): § 149.9 (C=0), 144.3 (CH=N maj.), 136.6 (C-7a maj.),
135.2 (C-7a min.), 131.6 (CH=N min.), 127.6 (C-227.4 (C-3a min.), 127.0 (C-5 maj.),
126.8 (C-5 min.), 125.9 (C-3a maj.), 123.7 (C-4 .md19.5 (C-6 maj.), 119.4 (C-4 min.),
118.9 (C-6 min.), 118.7 (C-7 min.), 118.4 (C-7 m&jl14.7 (C-3 maj.), 110.0 (C-3 min.), 78.8
(C-17), 47.5 (C-2° min.), 47.2 (C-2" maj.), 41.5-6C min.), 40.9 (C-6" maj.), 34.4 (C-4
min.), 34.0 (C-4" maj.), 31.5 (C-5" min.), 31.3 Cmaj.), 26.3 (C-8" min.), 25.5 (C-8" maj.),
23.6 (C-3" min.), 23.4 (C-3'maj.), 22.1, 20.9 (G-©-10" min.), 21.9, 20.7 (C-9°, C-10" maj.),
16.4 (C-7" maj.), 16.3 (C-7" min.).

4.1.2.3. 6-Methoxy-1-tert-butoxycarbonyl)indole-3-carboxaldehyde oxint)( Following
the general procedure, prod@@ was obtained using aldehydé” (1.357 g, 4.932 mmol).
Yield: 1.40 g (98%) of a mixture dE- andZ-isomer in a 70:30 ratio; white crystals (ethyl
acetatai-hexane);R; 0.68 and 0.50nthexane/ethyl acetate 2:1); IR (neathx 3389 (OH),
2979, 2930, 1718 (C=0), 1430, 1381, 1213'cmnal. Calcd for GsH1gN-Os requires
(290.31): C, 62.06; H, 6.25; N, 9.65. Found: C981H, 6.19; N, 9.46'"H NMR (400 MHz,
CDCl): 6 8.54 (s, 0.3H, CH=N min.), 8.27 (s, 0.7H, CH=N maj.93 (d, 0.7HJ = 8.7 Hz,
H-4 maj.), 7.77 (s, 0.6H, H-2 min., H-7 min.), 7. 0.7H, H-7 maj.), 7.65 (s, 0.7H, H-2
maj.), 7.55 (d, 0.3H) = 8.7 Hz, H-4 min.), 6.94 (dd, 0.3d= 8.7 Hz,J = 2.2 Hz, H-5 min.),
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6.91 (dd, 0.7HJ = 8.7 Hz,J = 2.2 Hz, H-5 maj.), 3.88 (s, 0.9H, Oghhin.), 3.87 (s, 2.1H,
OCH; maj.), 1.68 [s, 2.7H, C(CHt min.], 1.67 [s, 6.3H, C(Chk maj.]; **C NMR (100 MHz,
CDCl): 0 158.3 (C-6 maj.), 158.1 (C-6 min.), 149.5 (C=0 ;in49.3 (C=0 maj.), 144.9
(CH=N maj.), 138.9 (C-2 min.), 136.9 (C-7a maj.354 (C-7a min.), 130.2 (CH=N min.),
126.8 (C-2 maj.), 122.7 (C-4 maj.), 122.3 (C-3a.mih20.6 (C-3a maj.), 118.7 (C-4 min.),
114.3 (C-3 maj.), 112.7 (C-5 min.), 112.6 (C-5 mdj09.6 (C-3 min.), 99.3 (C-7 min.), 99.2
(C-7 maj.), 84.4 [C(Ch)3 min.], 84.3 [C(CH)3 maj.], 55.5 (OCH), 28.1 [C(CH)3].

4.1.3. General procedure for synthesis of brassifih5 and22.

To a solution of NiGL.6H,O (0.938 g, 3.946 mmol) in methanol (36 mL) was eatld
corresponding oximé&, 13 and 20 (3.587 mmol) in methanol (50 mL) followed by NaBH
(2.357 g, 35.87 mmol) in one portion with stirriagd cooling with flowing cold water. After
5 min, methanol in the reaction mixture was evaggarao % of its original volume and
mixture was poured into 180 mL of water containif@gmL of 26% NHOH. After extraction
of products with ethyl acetate (1 x 120 mL, 1 xriD and 1 x 50 mL), drying the extracts
with N&SQ, and evaporation of the solvent, the obtained cramées6, 14 and21 were
immediately dissolved in methanol (25 mL) and tygamine (1.089 g, 1.5 mL, 10.76 mmol)
and carbon disulfide (0.819 g, 0.65 mL, 10.76 mmadye added. After stirring for 5 min,
methyl iodide (1.527 g, 0.67 mL, 10.76 mmol) waslel and stirring was continued for 20
min at room temperature. The solvent was evaporatedl the residue obtained after
evaporation of the solvent was subjected to chrography on silica gel to give brassinins
15and22.

4.1.3.1. 6-Methoxy-1-[(R,2S5R)-menthoxycarbonyl]brassinin7), Following the general
procedure, produdt was obtained using oxinte(1.336 g, 3.587 mmol) and isolated on silica
gel (60 g,n-hexanelethyl acetate 4:1). Yield: 0.82 g (51%)epellow oil; [1]p*>-53.9 €
1.18, CHC}); Rs 0.45 p-hexanel/ethyl acetate 4:1); IR (neathx 3285 (NH), 2953, 2920,
2867, 1728 (C=0), 1618, 1488, 1391 trAnal. Calcd for GaHsN,OsS, requires (448.64):
C, 61.57; H, 7.19; N, 6.24. Found: C, 61.39; H57M, 6.12;'"H NMR (400 MHz, CDC}): 6
7.77 (s, 1H, H-7), 7.53 (s, 1H, H-2), 7.44 (d, DH; 8.6 Hz, H-4), 7.05 (br s, 1H, NH), 6.91
(dd, 1H,J = 8.6 Hz,J = 2.2 Hz, H-5), 5.01 (s, 1.6H, GH4.92 (dt, 1HJ = 10.9 HzJ = 4.4
Hz, H-1"), 4.71 (s, 0.4H, ChH 3.88 (s, 3H, OCH), 2.74 (s, 0.5H, SC¥), 2.66 (s, 2.5H,
SCH), 2.26-2.18 (m, 1H, H-6"), 2.06-1.99 (m, 1H, H;8)380-1.70 (m, 2H, H-3", H-4"),
1.67-1.55 (m, 2H, H-2", H-5"), 1.28-0.90 (m, 3H3HH-4", H-6"), 0.96 (d, 3H] = 7.1 Hz),
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0.95 (d, 3H,J = 6.3 Hz) [H-9", H-10'], 0.83 (d, 3H, = 6.9 Hz, H-7");"*C NMR (100 MHz,
CDCly): 6 198.9 (C=S), 158.4 (C-6), 150.5 (C=0), 136.7 (§-123.3 (C-2), 122.8 (C-3a),
119.6 (C-4), 115.9 (C-3), 112.5 (C-5), 99.6 (C7B,0 (C-1"), 55.6 (OCH), 47.3 (C-2"), 42.6
(CH,), 41.0 (C-6"), 34.1 (C-4"), 31.5 (C-5"), 26.5 (§;&@3.5 (C-3"), 22.0, 20.8 (C-9", C-10"),
18.2 (SCH), 16.4 (C-7").

4.1.3.2. 6-Bromo-1-[(R,2S5R)-menthoxycarbonyl]brassinin1%). Following the general
procedure, product5 was obtained using oximE3 (1.511 g, 3.587 mmol) and isolated on
silica gel (40 gn-hexane/ethyl acetate 6:1). Yield: 1.07 g (60%)e pellow oil; [o]o>>—35.7

(c 0.14, CHG); R 0.52 g-hexane/ethyl acetate 6:1); IR (neathx 3294 (NH), 2954, 2920,
2849, 1732 (C=0), 1454, 1386, 1246 tmAnal. Calcd for G:H.oBrN,O,S, requires
(497.51): C, 53.11; H, 5.88; N, 5.63. Found: C043H, 5.69; N, 5.52'H NMR (400 MHz,
CDCl3): 0 8.39 (s, 1H, H-7), 7.63 (s, 1H, H-2), 7.45 (d, I 8.3 Hz, H-4), 7.40 (dd, 1H,

= 8.4 Hz,J = 1.4 Hz, H-5), 6.97 (br s, 1H, NH), 5.05 (s, 1,88H,), 4.93 (dt, 1HJ = 10.8
Hz, J = 4.4 Hz, H-1"), 4.76 (s, 0.4H, GH 2.67 (s, 3H, SChJ, 2.28-2.18 (m, 1H, H-6"),
2.10-1.90 (m, 1H, H-8"), 1.88-1.72 (m, 2H, H-3"4H; 1.70-1.54 (m, 2H, H-2", H-5"),
1.30-0.95 (m, 3H, H-3", H-4", H-6"), 0.96 (d, 6Hs 6.5 Hz, H-9", H-10"), 0.83 (d, 3H,=
6.9 Hz, H-7");3C NMR (100 MHz, CDG)): 6 199.2 (C=S), 149.3 (C=0), 136.4 (C-7a),
128.0 (C-3a), 126.6 (C-5), 125.3 (C-2), 120.3 (C#4)9.1 (C-6), 118.7 (C-7), 115.8 (C-3),
78.6 (C-17), 47.2 (C-27), 41.9 (GH 40.9 (C-6"), 34.0 (C-4"), 31.5 (C-5), 26.5 (Q;&3.5
(C-39), 21.9, 20.7 (C-97, C-10), 18.2 (SgHL6.4 (C-7").

4.1.3.3. 6-Methoxy-1tért-butoxycarbonyl)brassinin2@). Following the general procedure,
product22 was obtained using oxing0 (1.041 g, 3.587 mmol) and isolated on silica §&l (
g, n-hexane/acetone 5:1). Yield: 0.67 g (51%); paldoyelcrystals; mp 118-120 °C (ethyl
acetatat-hexane);R 0.38 (-hexane/acetone 5:1); IR (neat)ax 3261 (NH), 2976, 2930,
1716 (C=0), 1435, 1367 ¢mAnal. Calcd for G;H»N,05S, requires (366.50): C, 55.71; H,
6.05; N, 7.64. Found: C, 55.60; H, 5.95; N, 7.53;NMR (400 MHz, CDC}): 6 7.73 (s, 1H,
H-7), 7.49 (s, 1H, H-2), 7.42 (d, 18,= 8.6 Hz, H-4), 7.00 (br s, 1H, NH), 6.90 (dd, 1H;
8.6 Hz,J = 2.3 Hz, H-5), 4.99 (d, 2H] = 4.3 Hz, CH), 3.87 (s, 3H, OC}H), 2.65 (s, 3H,
SCHs), 1.67 [s, 9H, C(Ch)3]; **C NMR (100 MHz, CDGCJ): § 198.9 (C=S), 158.3 (C-6),
149.5 (C=0), 136.7 (C-7a), 123.6 (C-2), 122.8 (¢-349.5 (C-4), 115.4 (C-3), 112.4 (C-5),
99.6 (C-7), 84.0_[C(CHJ3], 55.6 (OCH), 42.6 (CH), 28.2 [C(CH)3], 18.2 (SCH).
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4.1.4.General procedure for cyclization of brassinin&5 and22.

To a solution of corresponding brassinfin 15 or 22 (0.402 mmol) in a mixture of
dioxane/water (3.6 mL/0.4 mL) at room temperatues \added a freshly prepared solution of
DDB (1.0 mL, 0.442 mmol). The stock solution wasaifeed by dissolving of bromine (0.04
mL) in dioxane (1.76 mL). The reaction mixture vgisred for 20 min at room temperature,
and then triethylamine (0.089 g, 0.12 mL, 0.884 mym@s added. Stirring was continued for
5 min, and the reaction mixture was poured intoew&0 mL). After extraction with ethyl
acetate (2 x 40 mL), the combined organic phaseweatied with brine (40 mL), dried with
anhydrous Ng50Q,, filtered and concentrated in vacuum. The resichas purified by

chromatography on silica gel.

4.1.4.1. 7-Methoxy-9-[(R,2S5R)-menthoxycarbonyl]cyclobrassinin1@. Following the
general procedure, produtd was obtained using brassinm(0.180 g, 0.402 mmol) and
isolated on silica gel (20 g;hexane/ethyl acetate 6:1). Yield: 0.125 g (70%)eyellow oil;
[a]p>=72.8 € 0.36, CHCY); R 0.55 fi-hexanelethyl acetate 6:1); IR (neaf)y 2954, 2926,
2868, 1723 (C=0), 1615, 1487, 1211 tnAnal. Calcd for GaHaoN,OsS, requires (446.63):
C, 61.85; H, 6.77; N, 6.27. Found: C, 61.72; H4618, 6.14;"H NMR (400 MHz, CDC}): 6
7.73 (s, 1H, H-8), 7.28 (d, 1H,= 8.6 Hz, H-5), 6.89 (dd, 1H,= 8.6 Hz,J = 2.3 Hz, H-6),
4.98 (dt, 1H,J = 10.9 Hz,J = 4.5 Hz, H-1"), 4.97 (d, 2H] = 3.0 Hz, H-4), 3.86 (s, 3H,
OCH), 2.53 (s, 3H, SC¥)J, 2.28-2.20 (m, 1H, H-6"), 2.17-2.03 (m, 1H, H;&B5-1.72 (m,
2H, H-3", H-4"), 1.70-1.50 (m, 2H, H-2", H-5"), 0-3€.90 (m, 3H, H-3", H-4", H-6"), 0.97 (d,
3H,J = 7.1 Hz), 0.96 (d, 3H] = 6.6 Hz) [H-9", H-10"], 0.82 (d, 3H, = 6.9 Hz, H-7")**C
NMR (100 MHz, CDCJ): ¢ 157.7 (C-7), 155.9 (C-2), 150.8 (C=0), 137.5 (¢-823.0 (C-
9a), 121.6 (C-4b), 117.6 (C-5), 112.1 (C-6), 108X14a), 100.0 (C-8), 78.8 (C-1"), 55.6
(OCHg), 47.9 (C-4), 47.1 (C-27), 41.0 (C-67), 34.0 (§;81.5 (C-5), 26.2 (C-8), 23.2 (C-
39, 21.9, 20.9 (C-97, C-10), 16.2 (C-7"), 15.CH).

4.1.4.2 cis-6-Bromo-1-[(IR,2S 5R)-menthoxycarbonyl]spirobrasinal gaand16b) and
trans-6-bromo-1-[(R,2S5R)-menthoxycarbonyl]spirobrasingl6¢cand16d).

Following the general procedure, a mixturec#diastereoisomer$6a16b (30%, in a ratio
50:50) andtransdiastereoisomerd6c16d (48%, in a ratio 50:50) was obtained using
brassininl5 (0.20 g, 0.402 mmol) and isolated on silica gél ¢dn-hexane/ethyl acetate 6:1).
Data for16a16h: Yield: 0.062 g (30%); pale yellow oiR 0.27 fi-hexane/ethyl acetate 6:1);
IR (neat)vmax 3412 (OH), 2954, 2924, 2868, 1709 (C=0), 1597,6186=N), 1476, 1385,
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1276 cm'; Anal. Calcd for GHpgBrN,OsS, requires (513.51): C, 51.46; H, 5.69; N, 5.46.
Found: C, 51.31; H, 5.54; N, 5.4%44 NMR (400 MHz, CDCJ): § 7.85 (br s, 1H, H-7), 7.20
(dd, 1H,J = 8.1 Hz,J = 1.5 Hz, H-5), 7.24 (d, 1H = 8.1 Hz, H-4), 5.64 (s, 1H, H-2), 4.83
(dt, 1H,J = 10.6 Hz,J = 4.4 Hz, H-1"), 4.38 (d, 1H] = 15.1 Hz, H-4b""), 4.01 (d, 1H,=
15.1 Hz, H-4a""), 2.58 (s, 3H, SGH 2.23-2.11 (m, 1H, H-6"), 2.04-1.90 (m, 1H, H;8")
1.80-1.70 (m, 2H, H-3", H-4"), 1.58-1.46 (m, 2H2H-H-5"), 1.30-0.90 (m, 3H, H-3", H-4",
H-67), 0.94 (d, 3HJ = 6.8 Hz), 0.93 (d, 3H] = 7.3 Hz) [H-9", H-107], 0.82 (d, 3H = 6.9
Hz, H-7); *C NMR (100 MHz, CDGQ): § 166.3 (C-2"), 148.5 (C=0), 140.6 (C-7a), 129.8
(C-3a), 126.7 (C-5), 125.3 (C-4), 123.4 (C-6), BI&-7), 88.5 (C-2), 77.2 (C-17), 75.4 (C-
47), 72.6 (C-3), 47.3 (C-2), 41.2 (C-6"), 34.04Q0, 31.4 (C-5"), 26.5 (C-8"), 23.4 (C-3"),
21.9, 20.8 (C-97, C-10"), 16.4 (C-7"), 15.2 (SH

Data for16¢16d: Yield: 0.099 g (48%); pale yellow oiR; 0.37 f-hexane/ethyl acetate 6:1);
IR (neat)vmax 3400 (OH), 2954, 2925, 2868, 1708 (C=0), 1597,5186=N), 1478, 1385,
1277 cni; Anal. Calcd for GHaeBrN,OsS, requires (513.51): C, 51.46; H, 5.69; N, 5.46.
Found: C, 51.39; H, 5.58; N, 5.4t NMR (400 MHz, CDCJ): 6 8.02 (br s, 1H, H-7), 7.25—
7.17 (m, 2H, H-4, H-5), 5.95 (s, 1H, H-2), 5.04 184, J = 15.6 Hz, H-4b™"), 4.82 (dt, 1H,=
10.9 Hz,J = 4.3 Hz, H-1"), 4.26 (d, 1Hl = 15.6 Hz, H-4a""), 2.57 (s, 3H, S@H2.23-2.12
(m, 1H, H-6"), 2.07-1.85 (m, 1H, H-8"), 1.80-1.10, @H, H-3", H-4"), 1.62—1.48 (m, 2H, H-
2’, H-5%), 1.30-0.90 (m, 3H, H-3", H-4", H-6"), 8.&d, 3H,J = 6.6 Hz), 0.93 (d, 3H] = 7.3
Hz) [H-9°, H-107], 0.82 (d, 3HJ = 6.9 Hz, H-7")*C NMR (100 MHz, CDGJ): J 164.5 (C-
27), 150.1 (C=0), 140.6 (C-7a), 130.0 (C-3a), T2€&-5), 125.2 (C-4), 123.7 (C-6), 118.2
(C-7), 91.9 (C-2), 77.2 (C-1), 70.1 (C-3), 67.74C), 47.3 (C-27), 41.3 (C-6"), 34.0 (C-4"),
31.5(C-5), 26.5 (C-87), 23.3 (C-3), 21.9, 20389/, C-10), 16.4 (C-7"), 15.2 (SGH

4.1.4.3.cis- andtrans(z)-6-Methoxy-1-tert-butoxycarbonyl)spirobrasinol [(#}3a and (z)-
23Db]. Following the general procedure, products Z8g (+)-23b and24 were obtained using
brassinin22 (0.147 g, 0.402 mmol) and separated on silica3f@lg, n-hexane/ethyl acetate
2:1).

Data for (£)23a Yield: 0.026 g (17%); colourless o 0.42 fi-hexane/ethyl acetate 2:1); IR
(neat)vmax 3356 (OH), 2971, 2926, 2849, 1701 (C=0), 1560 (§;<M88, 1368, 1155 ¢
Anal. Calcd for G7H22N204S, requires (382.50): C, 53.38; H, 5.80; N, 7.32.kehC, 53.28;
H, 5.76; N, 7.28'H NMR (400 MHz, CDCJ): 6 7.49 (br s, 1H, H-7), 7.26 (d, 18 = 8.4 Hz,
H-4), 6.59 (dd, 1HJ = 8.4 Hz,J = 2.4 Hz, H-5), 5.61 (s, 1H, H-2), 4.36 (d, 1Hs 15.2 Hz,
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H-4b"), 4.03 (d, 1HJ = 15.2 Hz, H-4a"), 3.80 (s, 3H, OE}12.58 (s, 3H, SC§), 1.61 [s, 9H,
C(CHs)3]; **C NMR (100 MHz, CDGJ): 6 166.4 (C-2), 161.3 (C-6), 144.6 (C=0), 140.6 (C-
7a), 124.6 (C-4), 122.3 (C-3a), 110.0 (C-5), 1q@9r), 88.2 (C-2), 83.0 [C(CHH], 75.4 (C-
47), 66.8 (C-3), 55.5 (OCH) 28.4 [C(CH)3], 15.1 (SCH).

Data for (£)23b: Yield: 0.047 g (31%); colourless ol 0.23 (-hexane/ethyl acetate 2:1);
IR (neat)vmax 3354 (OH), 2974, 2926, 1703 (C=0), 1568 (C=N), 9,47374, 1159 cify
Anal. Calcd for G7H22N204S; requires (382.50): C, 53.38; H, 5.80; N, 7.32.ahC, 53.26;
H, 5.72; N, 7.26'"H NMR (400 MHz, CDCJ): 6 7.45 (br s, 1H, H-7), 7.26 (d, 18 = 8.4 Hz,
H-4), 6.60 (dd, 1HJ = 8.4 Hz,J = 2,3 Hz, H-5), 5.94 (s, 1H, H-2), 5.02 (d, 1Hs 15.5 Hz,
H-4b"), 4.23 (d, 1HJ = 15.5 Hz, H-4a"), 3.80 (s, 3H, OGH2.57 (s, 3H, SC§), 1.61 [s, 9H,
C(CHy)3]; *C NMR (100 MHz, CDGJ): § 164.6 (C-2°), 161.4 (C-6), 144.2 (C=0), 141.3 (C-
7a), 124.6 (C-4), 121.9 (C-3a), 109.7 (C-5), 1q@a), 92.4 (C-2), 83.0 [C(ChH], 69.8 (C-
3), 67.6 (C-47), 55.5 (OCH), 28.4 [C(CHY)3], 15.1 (SCH).

4.1.4.4.7-Methoxy-9-{ert-butoxycarbonyl)cyclobrassinin24). Yield: 0.059 g (40%); pale
yellow crystals; mp 87-89 °C (ethyl acetatbexane);R; 0.87 (-hexane/ethyl acetate 2:1);
IR (neat)vmax 2950, 2920, 2848, 1716 (C=0), 1625, 1487, 13687 chi*; Anal. Calcd for
C17H20N203S, requires (364.48): C, 56.02; H, 5.53; N, 7.69. hebuC, 55.92; H, 5.47; N,
7.53;'"H NMR (400 MHz, CDC}): § 7.69 (br s, 1H, H-8), 7.27 (d, 18 = 8.6 Hz, H-5), 6.88
(dd, 1H,J = 8.6 Hz,J = 2.3 Hz, H-6), 4.96 (s, 2H, H-4), 3.86 (s, 3H, @Y 2.52 (s, 3H,
SCH), 1.70 [s, 9H, C(Ch)3; **C NMR (100 MHz, CDG): § 157.6 (C-7), 155.8 (C-2),
150.0 (C=0), 137.5 (C-8a), 122.8 (C-9a), 121.5 [K-417.5 (C-5), 112.0 (C-6), 108.6 (C-
4a), 99.8 (C-8), 85.4 [C(C4i], 55.6 (OCH), 47.9 (C-4), 28.2 [C(CHk)3], 15.2 (SCH).

4.1.5.6-Bromo-1-[(IR,2S5R)-menthoxycarbonyl]spirobrassinit{a 17b).

To a solution of corresponding mixtures-16a16b or trans-diastereoisomers6g 16d (0.1 g,
0.195 mmol) in dichloromethane (3.4 mL) was addgddmium chlorochromate (0.294 g,
1.365 mmol) and the reaction mixture was vigorowssigred for 24 h at room temperature.
After diluting of mixture with dichloromethane (20L) and adding a small amount of silica
gel, the solvent was evaporated and the residusbpoebed on silica was subjected to silica
gel column chromatography (20 ghexane/ethyl acetate 6:1) affording a mixturd t& and
17bin a 50:50 ratio (0,061 g, 61% from a mixtd@s, 16b or 0,076 g, 76% from a mixture
16¢ 16d). The pure isomel7awas obtained by repeated chromatography on gkt#10 g,

n-hexane/ethyl acetate 6:1).
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Data forl7a Yield: 0.032 g (32%) from a mixturg6a 16b, 0.041 g (41%) from a mixture
16¢, 16d; pale yellow oil; f]p?>’—40.6 € 0.28, CHC)); R 0.52 f-hexane/ethyl acetate 6:1);
IR (neat)vmax 2956, 2925, 2858, 1777 and 1725 (C=0), 1581 (C2M§3, 1269 ci; Anal.
Calcd for G,H27BrN2O3S; requires (511.50): C, 51.66; H, 5.32; N, 5.48.mbuC, 51.47; H,
5.27; N, 5.39'H NMR (400 MHz, CDCJ): 6 8.11 (br s, 1H, H-7), 7.37 (dd, 1B= 8.1 Hz,J

= 1.2 Hz, H-5), 7.27 (d, 1H] = 8.1 Hz, H-4), 4.89 (dt, 1H] = 11.0 Hz,J = 4.3 Hz, H-1),
472 (d, 1H,J = 15.3 Hz, H-4b™), 4.48 (d, 1H, = 15.3 Hz, H-4a""), 2.62 (s, 3H, SEH
2.25-2.16 (m, 1H, H-6"), 2.15-2.06 (m, 1H, H-8"B2-1.73 (m, 2H, H-3", H-4"), 1.72-1.60
(m, 2H, H-2", H-5"), 1.30-0.90 (m, 3H, H-3", H-#:6"), 0.95 (d, 3HJ = 6.0 Hz), 0.93 (d,
3H,J = 7.4 Hz) [H-9", H-10], 0.80 (d, 3H,= 6.9 Hz, H-7");*C NMR (100 MHz, CDG)): §
173.8 (C-2), 163.6 (C-2""), 150.0 (C=0), 139.2 @571.28.6 (C-5), 128.2 (C-3a), 125.2 (C-
4), 123.7 (C-6), 118.8 (C-7), 79.2 (C-1"), 75.84C), 64.6 (C-3), 46.7 (C-2"), 40.6 (C-6"),
34.0 (C-47), 31.5 (C-5"), 25.9 (C-8"), 23.1 (C-2}..9, 20.8 (C-9°, C-107), 16.0 (C-7), 15.7
(SCH).

Data for17b: Yield: 0.029 g (29%) from a mixtur6a 16b, 0.035 g (35%) from a mixture
16¢ 16d; pale yellow oil;R: 0.50 f-hexane/ethyl acetate 6:B; 0.50 f-hexane/ethyl acetate
6:1); *H NMR (400 MHz, CDCJ): 6 8.11 (br s, 1H, H-7), 7.37 (dd, 1= 8.1 Hz,J = 1.2
Hz, H-5), 7.27 (d, 1HJ = 8.1 Hz, H-4), 4.89 (dt, 1H),= 11.0 Hz,J = 4.3 Hz, H-1"), 4.71 (d,
1H,J = 15.3 Hz, H-4b™"), 4.48 (d, 1H,= 15.3 Hz, H-4a""), 2.62 (s, 3H, S@H2.25-2.15
(m, 1H, H-6"), 2.15-2.06 (m, 1H, H-8"), 1.82-1.7%8 @H, H-3", H-4"), 1.72-1.60 (m, 2H, H-
2°, H-5"), 1.30-0.90 (m, 3H, H-3", H-4", H-6"), B.&d, 3H,J = 6.0 Hz), 0.93 (d, 3H] = 7.4
Hz) [H-9", H-107], 0.80 (d, 3HJ = 6.9 Hz, H-7");*C NMR (100 MHz, CDGJ): 6 173.8 (C-
2), 163.6 (C-27"), 150.0 (C=0), 139.0 (C-7a), 12€%65), 128.1 (C-3a), 125.2 (C-4), 123.7
(C-6), 118.8 (C-7), 79.2 (C-1), 75.8 (C-47"), 64(&3), 46.7 (C-2"), 40.6 (C-6"), 34.0 (C-4"),
31.5 (C-5), 25.9 (C-8"), 23.1 (C-3"), 21.9, 2089, C-10"), 16.0 (C-7"), 15.7 (SGH
Spectral data af 7b were identified from a mixture dffaand17b.

4.1.6 (9-(-)-6-Bromospirobrassinin §-(-)-18].

To a stirred solution ofl7a (0.050 g, 0.098 mmol) in dry methanol (1.8 mL) waded
CH3ONa (0.005 g, 0.294 mmol) and the reaction mixtmas stirred at room temperature for
20 min. Then the solvent was evaporated and thduesvas purified by silica gel column
flash chromatography (10 g;hexane/ethyl acetate 6:1) affording enantiomeradpct ©)-
(-)-18. Yield: 0.029 g (89%); pale yellow oilp]p?’ = —=50.0(c 0.16, CHCJ); 87% ee; ECD
(CH3OH, ¢ ~ 0,075 mMMex (Ag): 210 (13.9), 228 (+25.9), 240 (+9.5), 249 (+13.1), 271
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(-6.9), 287 {4.1), 315 {9.3) nm;R: 0.35 fi-hexane/ethyl acetate 2:1); IR (neathx 3368
(NH), 3199, 2925, 2847, 1714 (C=0), 1578 (C=N)nAnal. Calcd for GHoBrN,OS,
requires (329.24): C, 40.13; H, 2.76; N, 8.51. kbu@, 40.02; H, 2.69; N, 8.39H NMR
(400 MHz, CDC}): 6 8.33 (br s, 1H, NH), 7.23.21 (m, 2H, H-4, H-5), 7.09 (d, 14,= 1.8
Hz, H-7), 4.66 (d, 1H) = 15.2 Hz, H-4b"), 4.47 (d, 1H, = 15.2 Hz, H-4a"), 2.62 (s, 3H,
SCHs); *C NMR (100 MHz, CDGJ): 6 177.7 (C-2), 164.0 (C-2), 140.4 (C-7a), 130.236);
126.7 (C-5), 125.7 (C-4), 123.2 (C-6), 113.7 (C7A.9 (C-4"), 64.2 (C-3), 15.7 (SGH

4.1.7 (£)-6-Methoxy-1-tert-butoxycarbonyl)spirobrassinin [(£5].

To a solution of mixture of diastereocisom2Baand23b (0.050 g, 0.131 mmol) in acetic acid
(4 mL) was added Cr(0.065 g, 0.655 mmol) and the reaction mixture waprously
stirred at room temperature for 2 h. After pouraignixture into water (17 mL), the product
was extracted with diethyl ether (2 x 10 mL), wakhéth 10% NaOH (2 x 7 mL), dried with
anhydrous Ng50O,, filtered and concentrated in vacuum. The resiogs purified by
chromatography on silica gel (5mhexane/ethyl acetate 2:1) to afford productZ&)-Yield:
0.033 g (66%); pale yellow oiR 0.60 f-hexane/ethyl acetate 2:1); IR (neaggx 2917,
2849, 1768 and 1727 (C=0), 1579 (C=N), 1462, 12¥524 cm'; Anal. Calcd for
C17H20N204S, requires (380.48): C, 53.66; H, 5.30; N, 7.36. hhuC, 53.47; H, 5.23; N,
7.27:*H NMR (400 MHz, CDCY)): 6 7.59 (s, 1H, H-7), 7.53 (d, 1H,= 8.4 Hz, H-4), 6.73
(dd, 1H,J = 8.4 Hz,J = 2.3 Hz, H-5), 4.68 (d, 1H, = 15.3 Hz, H-4b"), 4.45 (d, 1H,= 15.3
Hz, H-4a’), 3.94 (s, 3H, OGH 2.61 (s, 3H, SCh), 1.64 [s, 9H, C(Ch)s]; *C NMR (100
MHz, CDCk): 6 174.5 (C-2), 163.6 (C-2"), 157.1 (C-6), 148.8 (3=88.8 (C-7a), 128.2 (C-
4), 121.7 (C-3a), 107.6 (C-5), 100.3 (C-7), 85.30Hs)3], 75.9 (C-4"), 64.7 (C-3), 56.6
(OCHg), 28.0 [C(CHY)3], 15.6 (SCH).

4.1.8 Capparine A [(x)1].

To a stirred solution of compound (25 (0.044 g, 0.116 mmol) in dichloromethane (0.4 mL)
at room temperature was added trifluoroacetic &id91 g, 0.19 mL, 2.552 mmol). After
stirring for 5 min, the reaction mixture was pouretb solution of NaHC®@(0.216 g, 2.552
mmol in 0.86 mL of water) cooled at 0 °C. Then thexture was diluted with
dichloromethane (1 mL), the organic layer was reedoand dried over anhydrous JS&.
The residue obtained after evaporation of the swlwwas further crystallized from

dichloromethan@thexane to give racemic product (&)-
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Yield: 0.029 g (91%); white crystals; mp 116—-118(tiichloromethanethexane)R; 0.35 -
hexane/acetone 1:1); IR (neat)ax 3426 (NH), 3211, 2956, 2856, 1715 (C=0), 1626,00.58
(C=N), 1456, 1277 cifi Anal. Calcd for G:H1,N-0,S, requires (280.37): C, 51.41; H, 4.31;
N, 9.99. Found: C, 51.27; H, 4.29; N, 9.78t NMR (400 MHz, CDCJ): ¢ 8.35 (br s, 1H,
NH), 7.25 (d, 1H, J = 8.4 Hz, H-4), 6.59 (dd, 1H; 8.4 Hz,J = 2.3 Hz, H-5), 6.48 (d, 1H,

= 2.3 Hz, H-7), 4.65 (d, 1H] = 15.2 Hz, H-4b"), 4.46 (d, 1H,= 15.2 Hz, H-4a"), 3.80 (s,
3H, OCH), 2.62 (s, 3H, SCH; **C NMR (100 MHz, CDGJ): § 178.7 (C-2), 164.1 (C-2"),
161.2 (C-6), 140.6 (C-7a), 125.3 (C-4), 122.7 (¢,-3#88.5 (C-5), 97.4 (C-7), 75.0 (C-4"),
64.5 (C-3), 55.6 (OCH), 15.6 (SCH).

4.1.9 6-Methoxy-1-[(IR,2S 5R)-menthoxycarbonyl]spirobrassini®d, 9b). To a solution of
6-methoxyspirobrassinin [(£): 0.050 g, 0.178 mmol] in THF (0.9 mL) at 0 °C wadded
triethylamine (0.019 ¢).03 mL, 0.187 mmol) and the reaction mixture wasesl at 0 °C for
10 min. (R,2S5R)-(-)-Menthyl chloroformate (0.041 g, 0.04 mL, 071&mol) was then
added and the mixturneas stirred at 0 °C for 20 min and for 30 min admotemperature.
After the reaction was finished, THF was evaporaldtw residu@btained after evaporation
of the solvent was subjected to colurimromatography on silica gel (15 mshexane/ethyl
acetate 6:1) affording a mixture of isom8esand9b in a 50:50 ratio. The pure isom@s and
enantiomer-enriched isom@b were obtained by repeated chromatography on gjkt#10 g,
n-hexane/ethyl acetate 6:1).

Data for9a Yield: 0.037 g (45%); pale yellow crystals; mp13d63 °C (ethyl acetate/
hexane); ¢]o?’ —69.2 € 0.12, CHC)): R: 0.50 fr-hexanel/ethyl acetate 6:1); IR (neaihx
2954, 2926, 2869, 1749 and 1686 (C=0), 1546, 14271, 1171 ci:; Anal. Calcd for
Ca3H30N20,4S, requires (462.63): C, 59.71; H, 6.54; N, 6.06. iebuC, 59.58; H, 6.41; N,
5.91;*H NMR (400 MHz, CDGCJ): § 7.52 (br s, 1H, H-7), 7.31 (d, 18 = 8.5 Hz, H-4), 6.75
(dd, 1H,J = 8.5 Hz,J = 2.3 Hz, H-5), 4.89 (dt, 1H, = 10.9 Hz,J = 4.3 Hz, H-1"), 4.70 (d,
1H,J = 15.2 Hz, H-4b™"), 4.46 (d, 1H,= 15.2 Hz, H-4a""), 3.83 (s, 3H, OGHZ2.61 (s, 3H,
SCH), 2.21-2.12 (m, 1H, H-8"), 2.00-1.93 (m, 1H, H;6[)70-1.58 (m, 2H, H-3", H-4"),
1.50-1.34 (m, 2H, H-2", H-5"), 1.20-0.90 (m, 3H3HH-4", H-6"), 0.93 (d, 3H] = 6.9 Hz),
0.91 (d, 3HJ = 6.3 Hz) [H-9", H-107], 0.81 (d, 3H), = 6.9 Hz, H-7");**C NMR (100 MHz,
CDCls): 6 174.6 (C-2), 165.8 (C-27"), 161.2 (C-6), 149.5 (~139.4 (C-7a), 130.8 (C-3a),
124.7 (C-4), 111.3 (C-5), 101.7 (C-7), 78.7 (C-I'%,5 (C-4""), 64.6 (C-3), 55.6 (OGH
50.2 (C-27), 45.1 (C-6"), 34.5 (C-4"), 31.6 (C-¥}R.9 (C-8), 23.2 (C-3"), 22.2, 21.0 (C-9’,
C-107), 16.1 (C-77), 15.4 (SGMH
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Data for9b: Yield: 0.027 g (33%); pale yellow oilp]p*’ +48.3 € 0.12, CHCJ); R 0.48 ¢-
hexane/ethyl acetate 6:1); IR (neat)x 2954, 2925, 2869, 1748 and 1683 (C=0), 1548, 1423,
1274, 1173 ci; Anal. Calcd for GaHaoN,04S; requires (462.63): C, 59.71; H, 6.54; N, 6.06.
Found: C, 59.62; H, 6.48; N, 5.924 NMR (400 MHz, CDCJ): ¢ 7.52 (br s, 1H, H-7), 7.31
(d, 1H,J = 8.5 Hz, H-4), 6.75 (dd, 1H,= 8.5 Hz,J = 2.3 Hz, H-5), 4.89 (dt, 1H,= 10.9 Hz,
J=4.3Hz, H-1"), 4.69 (d, 1H = 15.2 Hz, H-4b""), 4.46 (d, 1H,= 15.2 Hz, H-4a""), 3.83
(s, 3H, OCH), 2.61 (s, 3H, SCh, 2.21-2.12 (m, 1H, H-8"), 2.00-1.93 (m, 1H, H;&)70—
1.58 (m, 2H, H-3", H-4"), 1.50-1.34 (m, 2H, H-2-59, 1.20-0.90 (m, 3H, H-3", H-4", H-
6), 0.93 (d, 3H,) = 6.9 Hz), 0.91 (d, 3H] = 6.3 Hz) [H-9", H-10], 0.81 (d, 3H),= 7.0 Hz,
H-7"); *3C NMR (100 MHz, CDGJ): 6 174.6 (C-2), 165.8 (C-2"), 161.1 (C-6), 149.5 (=
139.2 (C-7a), 130.8 (C-3a), 124.9 (C-4), 111.3 JC1B1.7 (C-7), 78.7 (C-1"), 75.5 (C-4"),
64.6 (C-3), 55.6 (OCH), 50.2 (C-2°), 45.1 (C-6"), 34.5 (C-4"), 31.6 (Q;®5.9 (C-8"), 23.2
(C-3"),22.2,21.0 (C-9°, C-10"), 16.1 (C-7"), 165CHp).

4.1.10 Capparine A [§-(-)-1 and R)-(+)-1].

To a stirred solution o®a or 9b (0.1 g, 0.216 mmol) in dry methanol (4 mL) was edid
CHzONa (0.035 g, 0.648 mmol) and the reaction mixtuas stirred at room temperature for
20 min. Then the methanol was evaporated and #ieue was purified by silica gel (10w,
hexane/acetone 2:1) affording enantiomeric prod{8t¢-)-1 or (R)-(+)-1.

Data for §-(-)-1: Yield: 0.045 g (75%); pale yellow oila]p?’ -10.6 € 0.16, MeOH)};
[0]o?’ =-11.9 (c 0.16, CHG); 92% ee; ECD (CEDH, ¢ ~ 0.075 MMy (A€): 210 (15.0),
228 (+30.9), 240 (+11.5), 249 (+15.2), 278.@), 287 {5.0), 315 {11.1) nm. NMR, IR, UV
and EIMS data were fully identical with those ofural (9-(-)-capparine A.

Data for R)-(+)-1: Yield: 0.044 g (73%); pale yellow oila]p?’ = +3.7 (c 0.10, MeOH);
[a]o?’ = +4.3(c 0.10, CHCY); 60% ee; ECD (CEOH, ¢ ~ 0.075 MMex (Ag): 210 (+7.4),
228 (-10.2), 24041.6), 249 {5.0), 271 (+2.8), 287 (+1.9), 315 (+3.7) nm. NMR, UV and
EIMS data were fully identical with those of natu(®-(-)-capparine A.

4.2. Anti-proliferative activity

Cell culture
Cancer cell lines
Cell lines HCT116 (human colorectal carcinoma), G8EREM (acute T-lymphoblastic

leukemia), A2780 (ovarian carcinoma) and HelLa (huroervical cancer) were cultured in
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RPMI 1640 medium (PAA Laboratories, Pasching, AaytrCaCo-2 (human colorectal
carcinoma), MCF-7 (human breast adenocarcinoma)ANB-231 (human mammary gland
adenocarcinoma), A549 (human alveolar adenocar@apoohr87 MG (human glioblastoma),
cell lines were maintained in a growth medium csisg of high glucose Dulbecco’s
Modified Eagle Medium with sodium pyruvate (Invigen, Carlsbad, CA, USA). The growth
media were supplemented with a 10% fetal bovineiserpenicillin (100 1U/mL) and

streptomycin (100ug/mL) (all from Invitrogen). Cells were cultured ian atmosphere
containing 5% C@in humidified air at 37 °C. Cell viability, estirteal by trypan exclusion,

was greater than 95% before each experiment.

3T3 (murine fibroblasts) cell line

Cells were maintained in a growth medium consisthdpigh glucose Dulbecco’s Modified
Eagle Medium with sodium pyruvate (GE Healthcarsc&away, NJ, USA). The growth
medium was supplemented with a 10% fetal bovinersdFBS), penicillin (100 1U/mL) and
streptomycin (100 pg/mL) (all Invitrogen, Carlsb&, USA) in an atmosphere containing
5% CQ in humidified air at 37 °C. Cell viability, estirtead by trypan exclusion, was greater

than 95% before each experiment.

Cytotoxicity assay

The cytotoxic effects of compounds were studiechgighe colorimetric microculture assay
with the MTT endpoint® Briefly, cells were seeded at a density of 5 % délis/well in 96-
well polystyrene microplates (SARSTEDT, Numbrecfermany). 24 hours after cell
seeding, tested compounds at final concentratibd®®10* mol x L™ were added. After 72
h, cells in each well were incubated with 10 of MTT (5mg/ml, Sigma-Aldrich Chemie,
Steinheim, Germany) at 37 ° C. After an additioh&l, during which insoluble formazan was
produced, 10Qul of a 10% sodium dodecyl sulphate (SDS) was addedach well and
another 12 h were allowed for the formazan to dv&sd he absorbance was measured at 540
nm using the automated Cytation™ 3 Cell Imaging tMdlbode Reader (Biotek, Winooski,
VT, United States). Three independent experimemrie \werformed for each test.s§E50%
inhibitory concentration) values were determined #&yparameter logistic non-linear
regression model using normalized concentratiopenese data obtained by MTT (Thiazolyl

Blue Tetrazolium Bromide) assay.
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Highlights

* The first synthesis of natural alkaloid capparinevés accomplished.

» Developed strategy relied on bromine-mediated spaization and
enantioresolution.

» The antiproliferative activity against ten humamaer cell lines of the racemic (z)-
and natural (-)-capparine A was also evaluated.
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