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The first total synthesis of (—)-indolactam 1) (is reported. An efficient synthetic route was

established to furnish the natural product in @steThis strategy employed a copper-catalyzed

amino acid arylation, peptide coupling, and Lewisdanediated macrocyclization to yield

from readily available building blocks.

In additiothe cell growth inhibition activity of the

natural product was examined through assays walKg62 leukemia cell line.



1. Introduction

The teleocidins are a class of indole terpendmdd were first isolated frorstreptomyces
mecliocidiusover 50 years agb. Many of these natural products have been diseovén
effectively modulate protein kinase C (PKC) actjivittherefore, these alkaloids have received
considerable attention in biochemical studies eelato PKC-mediated cancer regulation.
Despite the structural diversity found throughohis tteleocidin family (Fig. 1), nearly all
members display the core elements represented)bygdelactam V @), in which (L)-valine and
(L)-tryptophan are assembled into a 9-membered augcle. Previous works have
demonstrated th& maintains the key pharmacophoric elements to pteractivation of PKC
and correspondingly this natural product has bkeridcus of several synthetic studies.

(-)-Indolactam | 1) was first isolated in 1990 and remains one ofathig natural products in
this class that possesses a unique amino acidsgléudcine, in the indolactam macrocytle.
Although earlier reports have suggested that istngahydrophobicity of the teleocidins is
advantageous for PKC associatiominimal synthetic efforts have been describeddressl.
To date, the only published strategy to prepareequired low yielding microbial-based
method$ These synthetic limitations prevent suitable dmjatal evaluations of the natural

product and thus restrict its therapeutic potential

(-)-indolactam | (1, R = CHg)
(=)-indolactam V (2, R =H)

(-)-teleocidin A-1 (-)-teleocidin B-1

Fig. 1. Representative teleocidin-based natural products.



In this report, we describe the first total sysieof (-)-indolactam 11). The natural
product was prepared from readily available stgrtimaterials and assembled through a copper-
catalyzed arylation of (L)-isoleucine followed bubsequent zirconium-mediated cyclization.
Three natural products in the teleocidin familyliming 1 were then evaluated for their cell
growth inhibitory properties in a human leukemidl tee in order to ascertain the functional

effects of increasing hydrophobicity at key posis®f the scaffold.

2. Results and Discussion
2.1 Synthesis df

Several factors establighas an attractive synthetic target for therapeygieations. The
natural product (1) maintains the core structulainents to promote efficient activation of PKC,
(2) possesses an increased hydrophobicity relatve and (3) lacks the C6 and C7 alkyl
substitution found in many teleocidins, which haween prepared traditionally by lengthy
synthetic route8. In an effort to further elucidate the biologigabfile of the teleocidin-based
natural products, we sought to implement a syrnthetite to acceskthat relied upon a modular
approach to prepare indolactam alkalofsThis strategy required efficient C4-nitrogen bond
formation with the appropriate amino acid and sesfid application of methods to establish the

(L)-tryptophan subunit of the indolactam macrocycle
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Sceme 1. Synthesis of (-)-Indolactam |.

The synthesis ol was initiated from commercially available 4-bromdole (Scheme 1).
Indole protection was performed with tosyl chlorioie a multi-gram scale. Recrystallization of
the crude product cleanly afford8dn an 88% vyield. Heteroaryl bromidewas then subjected
to a copper-catalyzed Ullmann coupling with amis@dL)-isoleucine to install the C4-nitrogen
bond!® Although minimal product was observed in the abseof an indole-protecting group,
N-tosyl protected3 smoothly afforded N-aryl amino acid under the standard reaction
conditions. However, rapid degradationdoivas observed upon isolation of the intermediate.
To obviate these issues, the crude product fronmiial-catalyzed coupling was simply filtered

through a pad of silica, concentrated, and immetjidgtansitioned to the next transformation.



Therefore, 4 was directly subjected to reductive amination ¢ools using formaldehyde and
NaBH:;CN to afford5. Because air sensitivity was also found $orthe material was again
advanced to the subsequent step without furthéatisn. Intermediaté underwent peptide
coupling with (L)-serine methyl ester to affoBchs a stable and isolable solid. This protocol for
the conversion 08 to dipeptide6 resulted in a 25% vyield over the 3-step sequerfdéiough
slower reaction rates were observed and decarbiaxyla of 5 was detected as a major
byproduct, this procedure successfully addressedhhllenges associated with the instability of
intermediategl and5. In addition, this 3-step protocol has been cated on a >600 mg scale
to yield6 in short order.

Macrocycle formation requires activation of the-&&ohol to promote nucleophilic attack
by the indole moiety. With dipeptidé in hand, we attempted a magnesium-promoted
deprotection—dehydration reaction, which would reenthe N-tosyl group and simultaneously
eliminate the CB8-alcohol, to form enoafein one pot. The standard conditions for this
transformation were to allow 20 equivalents of megijam turnings to react with dipepti@dor
7 h at room temperature. This procedure, althawgitessful for the production @f afforded
the desired product in a modest 21% vyield. Throoghimization of this process, it was
discovered that deprotection occurred efficienly0a°’C with 10 equivalents of magnesium
turnings in 4 h, and no concurrent dehydration olaserved. Once complete, the reaction was
warmed to 40 °C and elimination of the C8-alcohalsvdetected over 3 h. This new protocol
furnished the desired produetn an improved 65% yield.

Enoate7 was employed in the Lewis acid-mediated closuréhef9-membered indolactam
ring.* An excess of ZrGland rigorously dried@ were necessary to promote the transformation.

Similar to previous studi@s™ with related indolactam precursors, only one stemmer 8) was



isolated from the cyclization reaction. Under thesnditions, tricycl@& was produced in a 53%
yield with 28% of starting material recovered (74% vyield based upon recovered starting
material). From8, the synthesis ol was completed in two final transformations. C8ees
undergoes a relatively slow epimerization whenté@avith weak base (NaHGPat 40 °C for

72 h to produce diastereon@in a 32% isolated yield. Because of a challengiegaration of
stereoisomers, the mass balance from the puridicatias a mixture of diastereomeéysand 9
(33% isolated yield) as well as unreacted stantiadgerial8 (28% yield), which could be isolated
and re-subjected to the epimerization conditioAtempts to further optimize this reaction were
unsuccessful, as higher temperatures resulteddonggosition.  Fortunately, when esfewas
treated with LiBH, natural productl was cleanly isolated in a 91% vyield. The spectral
information forl was consistent with the rep8rof the natural product isolatidf.This 8-step

sequence represents the first total synthesiskafaad 1.

2.2 Biological evaluation of PKC activators

Teleocidin-based natural products have been shimwassociate with the C1 regulatory
domain of conventional and novel PKCs and therebguce intracellular PKC signal
transduction pathways. Because PKC activation also requires a membranganent, it is
believed that hydrophobic groups on the small mdietigand (e.g., teleocidin) help promote
PKC activation by facilitating the interaction diet membrane with the enzyrtfe. Binding
affinities of various teleocidins with PKC isozymaovide support for this hypothegisin this
work, we sought to employ cell-based analyses terdene the functional effects of increasing

hydrophobicity for the indolactam scaffold.



Cell growth inhibition assays were conducted udimg K562 human leukemia cell line.
Table 1 provides a summary of the effective conegions for three natural products: 2 and
teleocidin A-1. Nearly all members of the teleacidamily possess the core elements
represented by (-)-indolactam ) and this compound proved to be highly potenvitro
(ECso = 143 + 75 nM). (-)-Indolactam L) is more hydrophobic thadwith Log P value¥ of
1.7 and 1.3, respectively. Despite a differenchyidrophobicity,1 displayed a similar activity
as2, and an Egp value of 157 + 56 nM fot was found. Concurrent to these studies Wiind
2, (-)-teleocidin A-1 was also subjected to the eamtell-based assay. This natural product
possesses a branched geranyl chain at C7, whicbases the overall hydrophobicity of the
structure (Log P = 4.7). However, a significantr@ase inn vitro activity was observed for (-)-
teleocidin A-1 (EGp = 423 + 49 nM) versu? (p = 0.047, t-test) ot (p = 0.021, t-test). These
preliminary results suggest that increasing hydobydity for teleocidin analogues may not

directly translate to improved vitro activity in specific cancer cell lines.

Table 1
Cell Growth Inhibition Data against K5622 Cancer Cell Line

Entry PKC Activator Cancer cell line ECgy (NM)°
1 (-)-teleocidin A-1 423 + 49
2 (-)-indolactam | (1) 157 + 56
3 (-)-indolactam V (2) 143 £ 75

@Human chronic myelogenous leukemia cell line.

PECg, values are the average of at least 6 independent
experiments; experimental error indicates standard error of the
mean.



3. Conclusions

In summary, we have described a concise synthaiie to access (—)-indolactaml).( This
work represents the first total synthesis of theers product, and we have further demonstrated
that 1 exhibits comparablén vitro potency to (-)-indolactam V2] in a human leukemia cell
line. Both of these indolactam alkaloids displayader effective concentrations than the more
hydrophobic (-)-teleocidin A-1. These studies wgliide our future efforts towards the

development of novel therapeutics that have appbics in PKC-dependent diseases.

4. Experimental Section
4.1 General

Unless otherwise noted, all reactions were perdarnnder an air atmosphere in oven-dried
glassware. (—-)-indolactam \2)(and (-)-teleocidin A-1 were purchased from Add&iqgscience
and Cayman Chemical, respectively. Commerciallyilabke reagents were purchased from
Sigma-Aldrich and used without further purificatioReactions were stirred using Teflon-coated
magnetic stirrer bars. Reactions were monitoredyas chromatography and/or thin layer silica
gel chromatography (TLC) using 0.25 mm silica d&f plates with fluorescent indicator. Plates
were visualized under UV light without further stiaig. Products were purified via column
chromatography using Silica gel 60, 230-400 meshthe solvent system(s) indicated.

All new compounds were characterized 1y NMR, **C NMR and high-resolution mass
spectrometry. Known compounds were characterigetitNMR and melting points (for solids)
and compared to their literature values. NMR spestre measured on a Bruker 488 &t 400
MHz, 3C at 100 MHz) magnetic resonance spectrométechemical shifts are reported relative

to the residual solvent peak (chloroform = 7.26 ppsfollows: chemical shifof, (proton ID,



multiplicity (s = singlet, bs = broad singlet, ddeublet, bd = broad doublet, ddd = doublet of
doublet of doublets, dddd = doublet of doublet oétc., ddddd = doublet of doublet of... etc., t
= triplet, q = quartet), integration, coupling ctars(s) in Hz.).**C chemical shifts are reported

relative to the residual deuterated solvEt signals (chloroform = 77 ppm). High-resolution
mass spectra were obtained using a high-resollifoid chromatography mass spectrometer.

Melting points were obtained on a Mel-Temp capyllarelting point apparatus.

4.2 4-bromo-1-tosyl-1H-indole)

An oven-dried round bottom flask equipped with agnetic stir bar was charged with 4-
bromoindole (2.50 g, 12.8 mmol). The flask was esgalith a septum, and a balloon with needle
was inserted through the septum. DMF (25 mL) whied via syringe through a septum and the
reaction was cooled to 0 °C with an ice bath. N&B%) (245 mg, 15.3 mmol) was added
directly to the flask in one portion. The reactiwas allowed to warm to room temperature over
45 min followed by re-cooling to 0 °C. Tosyl che (3.60 g, 19.1 mmol) in DMF (15 mL) was
added via syringe over 2 min. The reaction wasastl to warm to room temperature overnight
(15 h). The crude reaction mixture was dilutechwiO (25 mL). The resulting solution was
extracted with EtOAc (100 mL). The organic layeasanseparated. The aqueous layer was
extracted with EtOAc (100 mL, x2). The combined amg layers were dried with MgQ0©
filtered and concentrated to yield a brown oil. cBmstallization (EtOAc/hexanes) provided the
desired producB as a light brown solid (3.94 g) in 88% vyield. Claerization data matched
previously reported informatioti! '"H-NMR (500 MHz, CDC}): & 7.96 (d, J = 8.27 Hz, 1H),

7.77 (d, J = 8.35 Hz, 2H), 7.64 (d, J = 2.14 Hz),THA1 (d, J = 7.80 Hz, 1H), 7.26 (m, 2H), 7.19

10



(d, J = 8.15 Hz, 1H), 6.75 (d, J = 3.40 Hz, 1HB72(s, 3H) ppm'*C-NMR (125 MHz, CDCJ):

0 145.3, 135.1, 131.4, 130.0, 126.9, 126.8, 12&€3,9, 125.5, 115.0, 112.6, 108.8, 21.6 ppm.

4.3 Methyl N-methyl-N-(1-tosyl-1H-indol-4-yl)-L-Isacyl-L-serinate §)

An oven-dried schlenk flask equipped with magnsticbar was charged with Cul (34.7 mg,
0.18 mmol), (L)-isoleucine (286 mg, 2.18 mmd)(640 mg, 1.82 mmol) and &30;(889 mg,
2.73 mmol). The flask was sealed with a septumthad evacuated and backfilled with argon
(this sequence was carried out three times). DMB&4(mL) was added via syringe through the
septum. Under an argon atmosphere, the septumremaced and sealed with a Teflon
screwcap. The reaction was heated t6®@r 20 h and then cooled to room temperaturee Th
solution was filtered through a pad of silica eigtwith methanol and then concentrated to yield
brown oil4, which was used directly in the subsequent transition.

The oil 4 was transferred to a round bottom flask equippet wiagnetic stir bar. The flask
was sealed with a septum, and a balloon with nesdieinserted through the septum. ;CN
(17.5 mL) followed by formaldehyde (2.2 mL; 38% wadn) were added consecutively to the
stirring solution via syringe. After 5 min, NaBEN (525 mg, 8.35 mmol) was added directly to
the flask followed by the dropwise addition of acedcid (0.56 mL) over one minute. The
reaction was allowed to stir for 1 h at room tenap@e. The crude reaction mixture was diluted
with H,O (10 mL). The resulting solution was extractedhwkEtOAc (15 mL). The organic
layer was separated. The aqueous layer was esdragth EtOAc (15 mL, x2). The combined
organic layers were dried with Mg$Qiltered and concentrated to yield a light bro@h5 that

was used directly in the subsequent transformation.
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L-serine methyl ester hydrochloride (425 mg, 2mi®ol) was charged into an oven-dried
round bottom flask equipped with magnetic stir b&he flask was sealed with a septum, and a
balloon with needle was inserted through the septur@HCl, (14 mL) followed by
triethylamine (1.00 mL, 726 mg, 4.21 mmol) were ediddonsecutively to the stirring solution
via syringe. The reaction was allowed to stir @nnaemperature for 30 min and then cooled to 0
°C with an ice bath. Hydroxybenzotriazole hydrgg82 mg, 2.17 mmol) was added directly to
flask followed by the addition d dissolved in 4.00 mL of C¥l, (an additional 0.50 mL used
to ensure all material transferred to reaction kias 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (448, 2.18 mmol) was then added directly
to the flask. The reaction was allowed to stiram temperature overnight (15 h). The crude
reaction mixture was diluted with,® (10 mL). The resulting solution was extractedhwi
CH)CI, (10 mL). The organic layer was separated. Theeags layer was extracted with
CH)CI, (10 mL, x2). The combined organic layers wereedlrivith MgSQ, filtered and
concentrated. Purification by flash column chrorgeaphy (55% EtOAc/hexanes) on silica gel
afforded the desired produét(236 mg) in a 25% yield as a colorless soltP: 44-46 °C.'H-
NMR (400 MHz, CDCY): 6 7.74 (d, J = 8.44 Hz, 2H), 7.65 (d, J = 8.30 H1),77.55 (d, J = 3.76
Hz, 1H), 7.19-7.23 (m, 3H), 6.80 (d, J = 7.87 HH),16.75 (d, J = 3.77 Hz, 1H), 6.03 (bs, 1H),
4.53 (dt, J = 7.39, 3.55 Hz, 1H), 3.70-3.79 (m, ,2H§6 (s, 3H), 3.57 (m, 1H), 2.82 (s, 3H), 2.35
(s, 3H), 2.10 (bs, 1H), 1.94 (bs, 1H), 1.25 (m, 14496 (d, J = 6.45 Hz, 3H), 0.93 (t, J = 7.34 Hz,
3H) ppm.**C-NMR (100 MHz, CDGJ): § 170.4, 169.6, 145.0, 136.2, 135.2, 129.9, 12626,8,
125.4, 125.1, 124.0, 113.0, 108.1, 107.0, 71.73,631.0, 52.5, 35.1, 33.6, 25.8, 21.5, 16.1, 11.8

ppm. HRMS-ESI+: calculated for,gH3z3sN3OsS+H: 516.2168; Found: 516.2159.

12



4.4 Methyl 2-((2S,3S)-2-((1H-indol-4-yl)(methyljan)-3-methylpentanamido)acrylaté)(

An oven-dried reaction tube equipped with magnstiic bar was charged with (108 mg,
0.21 mmol). Methanol (5.3 mL) was added directly ttbe followed by the addition of
magnesium turning (51 mg, 2.10 mmol). The tube seaed and cooled to 0 °C with an ice
bath and allowed to stir for 4 h. After this tintke reaction mixture was warmed to 40 °C and
stirred for an additional 3 h. The crude reactiomtore was cooled to room temperature and
diluted with ag. NHCI (6 mL). The resulting solution was extractedhaEtOAc (10 mL). The
organic layer was separated. The aqueous layerextaascted with EtOAc (10 mL, x2). The
combined organic layers were dried with MgS@ltered and concentrated. The crude product
was further purified by flash column chromatogragB$% EtOAc/hexanes) on silica gel to
afford the produc? (46.5 mg) in a 65% yield as a colorless diH-NMR (400 MHz, CDC}):
8.21-8.34 (m, 2H), 7.17 (dd, J = 3.26, 2.48 Hz, IHD7-7.11 (m, 2H), 6.69 (s, 1H), 6.61-6.65
(m, 1H), 6.58 (s, 1H), 5.83 (d, J = 1.48 Hz, 1H}&(d, J = 7.60 Hz, 1H), 3.71 (s, 3H), 2.89 (s,
3H), 2.07-2.19 (m, 1H), 1.86 (dd, J = 9.47, 7.52 Hd), 1.22-1.33 (m, 1H), 0.98 (d, J = 6.63
Hz, 3H), 0.94 (t, J = 7.42 Hz, 3H*C-NMR (100 MHz, CDG): 170.3, 164.1, 144.5, 137.4,
130.8, 123.0, 122.7, 121.2, 110.0, 108.6, 106.1,11071.5, 52.7, 37.0, 34.4, 26.4, 16.3, 12.1

ppm. HRMS-ESI+: calculated for;gH,sN3Os+H: 344.1974; Found: 344.1964.

4.5 Methyl (2S,5R)-2-((S)-sec-butyl)-1-methyl-8-8)3,4,5,6,8-hexahydro-1H-
[1,4]diazonino[7,6,5-cd]indole-5-carboxylat@)

An oven-dried reaction tube equipped with magnstiicbar was charged with (45.6 mg,
0.13 mmol). The reaction tube was transferred angbove box. ZrGl(465 mg, 2.0 mmol) and

then CHCI, (1.25 mL) were added. The reaction tube wasdealansferred out of the glove

13



box and then heated to 34 °C. After 24 h, the reachixture was cooled to room temperature
and then added dropwise to saturated aqueous NattOmL) at O °C. The resulting solids
were removed by filtration over celite (EtOAc eltlenThe layers were separated and the
agueous layer was extracted with EtOAc (10 mL, ¥8)e combined organic layers were dried
over MgSQ. Evaporation under reduced pressure affordedridegroduct, which was further
purified by flash chromatography (40% EtOAc/hexanesafford the desired produ8t(24.2
mg, 53% vyield) as a colorless solid and recovetadisg material7 (12.8 mg, 28% recovered).
MP: 122-124 °CH-NMR (400 MHz, CDC}): & 8.08 (s, 1H), 7.06 (t, J = 7.84 Hz, 1H), 7.01 (d,
J = 2.45 Hz, 1H), 6.97 (d, J = 8.06 Hz, 1H), 6.d7)= 7.57 Hz, 1H), 6.68 (d, J = 7.51 Hz, 1H),
4.50 (dt, J = 7.15, 3.62 Hz, 1H), 3.94 (d, J = 845 1H), 3.93 (s, 3H), 3.46 (dd, J = 15.36, 3.25
Hz, 1H), 3.31 (dd, J = 15.48, 3.90 Hz, 1H), 3.133d), 2.52 (m, 1H), 1.51 (m, 1H), 1.26 (m,
1H), 0.71 (d, J = 6.58 Hz, 3H), 0.48 (t, J = 7.38 BH) ppm.*C-NMR (100 MHz, CDC)): 5
172.5, 172.4, 147.9, 138.4, 122.8, 122.6, 120.3,211109.3, 105.2, 67.0, 57.3, 53.1, 35.2, 34.0,
32.5, 24.8, 16.0, 9.5 ppm. HRMS-ESI+: calculated €gH2sN303+H: 344.1974; Found:

344.1967.

4.6 Methyl (2S,5S)-2-((S)-sec-butyl)-1-methyl-3-8)34,5,6,8-hexahydro-1H-
[1,4]diazonino[7,6,5-cd]indole-5-carboxylat®y

An oven-dried reaction tube equipped with magnstiicbar was charged wit® (10.6 mg,
0.031 mmol). Methanol (2.07 mL) was added to #ction followed by NaHC{(71.4 mg,
0.85 mmol). The reaction tube was sealed and thgatd0 °C for 72 h. After this time, the
reaction mixture was cooled to room temperaturehe $olution was concentrated and then

partitioned between EtOAc (5.3 mL) and water (513.mThe organic layer was removed, and

14



the aqueous layer was extracted with EtOAc (6 nt), xXThe combined organic layers were
dried with MgSQ, filtered and concentrated. The crude product puasfied by flash column
chromatography (10% G&N/benzene) on silica gel to afford the epirdé€B.4 mg, 32% yield)
as a colorless solid. A mixture 8fand9 (3.6 mg, 33% yield) and recovered starting mat&ia
(3.0 mg, 28% recovered) was also obtain8cexists as two rotamers at room temperattie.
NMR (400 MHz, CDCY), signals corresponding to major rotamer shosvB:20 (bs, 1H), 7.15
(t, J = 7.75 Hz, 1H), 7.07 (t, J = 7.91 Hz, 1HPZ/(d, J = 7.40 Hz, 1H), 6.91 (d, J = 2.47 Hz,
1H), 5.24 (d, J = 10.54 Hz, 1H), 5.13 (dd, J = T04&.74 Hz, 1H), 3.69 (s, 3H), 3.62 (dd, J =
17.80, 5.24 Hz, 1H), 3.13-3.35 (m, 2H), 2.72 (s),3443 (m, 1H), 2.19 (m, 1H), 2.04 (m, 1H),
1.07 (t, J = 7.45 Hz, 3H), 0.90 (d, J = 6.46 Hz) Im.*C-NMR (100 MHz, CDGJ), signals
corresponding to both major and minor rotamers sha@wl72.7, 171.5, 171.4, 170.2,147.6,
145.1, 139.4, 139.1, 128.3, 127.9, 124.2, 123.3,002122.9, 121.4, 114.5, 110.2, 108.8, 107.0,
104.4, 75.0, 69.8, 58.1, 55.6, 52.9, 52.0, 36.3,3%4.3, 30.6, 30.3, 29.7, 25.2, 24.6, 17.4, 15.7,

11.1, 10.3 ppm. HRMS-ESI+: calculated forld,sN3Os+H: 344.1974; Found: 344.1963.

4.7 (-)-Indolactam 1X).

9 (3.4 mg, 0.010 mmol) was charged into an ovenddreaction tube equipped with
magnetic stir bar. The reaction tube was transeinto a glove box. LiBiH(2.2 mg, 0.10
mmol) and THF (10QuL) were added. The reaction tube was sealed,faaed out of the glove
box and then allow to stir at room temperatureSdr. After this time, the reaction was added
dropwise to water (0.20 mL) at 0 °C. The resultsggution was extracted with G8l, (0.50
mL). The organic layer was separated. The aqukayes was extracted with GBI, (0.50 mL,

x2). The combined organic layers were dried witlgS9@, filtered and concentrated.

15



Evaporation under reduced pressure afforded th@ecpuoduct, which was further purified by
flash chromatography (70% EtOAc/hexanes) to aftoell (2.8 mg, 91% vyield) as a colorless
solid. As previously reportelf 1 exists as two rotamers at room temperature, aed th
characterization data matched the previous repdil NMR (400 MHz, CDGCJ), signals
corresponding to major rotamer shownz.99 (bs, 1H), 7.08 (t, J = 7.94 Hz, 1H), 6.8486(8,
3H), 6.51 (d, J = 7.68 Hz, 1H), 4.52 (d, J = 10:B0 1H), 4.30 (m, 1H), 3.76 (d, J = 11.16 Hz,
1H), 3.56 (m, 1H), 3.21 (d, J = 17.57 Hz, 1H), 3(68, J = 17.37, 3.74 Hz, 1H), 2.93 (s, 3H),
2.42 (m, 1H), 2.36 (m, 1H), 1.34 (m, 1H), 0.91 Jd= 6.41 Hz, 3H), 0.58-0.61 (m, 4H) ppm.
3C-NMR (100 MHz, CDCJ), signals corresponding to major rotamer shownl73.6, 147.8,
139.3, 123.0, 121.3, 117.8, 114.4, 106.1, 103.8},@5.2, 55.5, 34.2, 33.1, 29.7, 24.6, 17.2, 10.3

ppm. HRMS-ESI+: calculated for,§H,sN3O,+H: 316.2025; Found: 316.2015.

4.6 Cell growth inhibition assay: MTT viability réaut

K562 cells (ATCC) were cultured in RPMI medium 164Bibco) supplemented with FBS
(10% v/v), penicillin (100 units/ml) and streptony¢50 units/mL) at 37 °C, in 5% GQn air in
a humidified incubator. Cells were subcultured gv@R-96 h (once cellular concentration
reaches >1,000,000 cells/mL) to a starting conaéntr of 200,000 cells/mL. Cell concentration
was determined with a cell counter.

To assay compounds, cells were plated in plasnagetiepolystyrene 96-well plates at a
density of 10,000-15,000 cells/well in 5@ of culture media, and allowed to incubate for 30
min while compound dilutions were prepared. Compusuwere diluted from a 10 mM DMSO
stock solution with culture media to a concentratd 20puM. Colchicine was used as a positive

control in all experiments. Triplicate serial dians were then prepared in culture media from
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40 uM to 160 pM across 10 wells of a 96 well plate {tkd by factors of 4). Plates containing
cells were dosed with compound (50 uL/well) to edftinal assay concentrations of 2Bl to 80
pM. The maximum DMSO concentration was 0.25%. Ce#se then incubated at 37 °C in 5%
CO; in a humidified incubator for 48 h, at which tirh@ uL of a 5 mg/mL solution of thiazolyl
blue tetrazolium bromide (Aldrich) in cell cultuneedia was added to each well. The cells were
allowed to incubate an additional 2.5 h, at whiafetthey were lysed with 1Q€L of a detergent
solvent (20 mL Triton-X 100 (Aldrich) in 180 mL 6f1 N HCI in isopropanol solution).

Plates were analyzed with a VERSAmax tunable miatepreader (Molecular Devices)
using SOFTmax Pro® version 3.1.1, reading at 570 amd subtracting at 690 nm. The
sigmoidal dose response curves generated by mottarrected signal vs. log (drug
concentration) were analyzed (least squares regnsssing Prism® by GraphPad to generate
ECso values. An average of several experiments isrtegaas indicated; experimental error

indicates standard error of the mean.
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