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Abstract
Numerous FLT3 inhibitors have been explored asaslgitherapy for the treatment of
acute myeloid leukemia (AML). However, clinical dabhave been underwhelming due to

incomplete inhibition of FLT3 or the emergence edistant mutations treated with these older
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agents. We previously developed a series of 3-ghHiyb-pyrazolylamine derivatives as
highly potent and selective FLT3 inhibitors withoghin vivo efficacy using an intravenous
(IV) route. However, the poor bioavailability of ebe pyrazole compounds limits the
development of these promising antileukemic compsuifor clinical use. Herein, we
describe a novel class of 5-phenyl-thiazol-2-ylaantompounds that are multi-targeted FLT3
inhibitors. From this class of compounds, compoudhdwvas very potent against AML cell
lines and exhibited excellent oral efficacy in AMdenograft models. In addition, further
studies demonstrated that compouihdexhibited potenin vitro andin vivo activities against

clinically relevant AC2203)-resistant kinase domain mutants of FLT3-I1TD.

Keywords: FLT3 inhibitor; Acute myeloid leukemia; Receptordgine kinase; ITD/D835Y;

Xenograft model.

Abbreviations. FLT3, FMS-like Tyrosine Kinase-3; AML, acute myealoleukemia; IV,
intravenous; RTK, receptor tyrosine kinase; ITDatetinal tandem duplications; AL,
activation loop; KD, kinase domain; TKIs, tyrosikigase inhibitors; SAR, structure-activity
relationships; VEGFR2, vascular endothelial growtactor receptor 2; CSFI1R,
macrophage-colony stimulating factor receptor; PBGMplatelet-derived growth factor
receptor; RET, proto-oncogene tyrosine-protein sgéneeceptor; ALL, acute lymphoblastic
leukemia; CML, chronic myelogenous leukemia; CRnptete regression; SC, subcutaneous;

PO, per oral.



1. Introduction

Acute myeloid leukemia (AML) is an aggressive dge#n which the rapid growth of

abnormal leukemic cells in bone marrow inhibits {m@duction of normal blood cells.

Despite the success of conventional chemotherbpyate of relapse among AML patients is

relatively high. The failure of the initial chemettapy treatment and the refractory nature of

AML have been associated with mutations that awmivsignal transduction pathways,

resulting in enhanced proliferation and survival letikemia cells [1,2]. The FMS-like

tyrosine kinase-3 (FLT3) is a member of the cldssnlembrane-bound receptor tyrosine

kinase (RTK) family, along with c-KIT, FMS, and PR [3,4]. The most frequent mutations

among AML are FLT3 mutations, which account for mpgmately 30% of the genetic

mutations that are predictive markers for a poogposis [4-6]. These mutations are typically

internal tandem duplications (ITDs) in the juxtanteeme domain of the receptor and the

missense point, or short-length mutations in thievaiion loop (AL) of the tyrosine kinase

domain (KD) [7-9]. In addition to mutant forms of F3, wt-FLT3 is highly expressed in most

cases of acute leukemia, and FLT3 over-expressiamiunfavorable prognostic factor for

overall survival with AML. In addition, over-expresd wt-FLT3 has the same sensitivity to

FLT3 inhibitors as the FLT3/ITD mutants [10,11].

Due to the prevalence and refractory nature ofRBE3 mutations as well as the poor

prognosis for those affected by it, numerous agbhate been developed to directly inhibit

wild-type and mutant FLT3. Several of these agesush as midostaurin (PKC41D), [12],
3



sorafenib ) [13] and quizartinib (AC2203) [14] (Figure 1), have been investigated as
potential agents for the treatment of AML [15]. Hoxer, clinical responses to several of the
early multi-targeted agents, such as lestaurtintbla have been underwhelming with limited
reduction in bone marrow blasts and weak short-tesponses. These underwhelming results
may be primarily due to low potency and/or inaddégualeration of the inhibitors at effective
doses, which result in failure to achieve complkatel sustained inhibition of FLT3 in the
patients’ leukemic blast cells [15]. Newer, moregmb and selective FLT3 inhibitors, such as
2 and 3, possess the ability to achieve more sustainedvo inhibition of FLT3 and have
exhibited highly promising activity in early clirat studies [16]. Nevertheless, K. W. Pratz et
al. reported that the inhibition of FLT3 autophogpitation in a FLT3/ITD specimen does not
always induce cell death, suggesting that some FLD3AML may not be addicted to FLT3
signaling. In addition, the response rate for dasgic specimens is clearly higher for the least
selective of the drugs due to the cytotoxic effebhese results indicate the potential
therapeutic use of FLT3 inhibitors in patients wittwly diagnosed FLT3-mutant AML might

be less likely to respond clinically to highly saige FLT3inhibition [17].
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Figure 1. Structures of FLT3 inhibitors in the clinic.

Another significant result was that patients acimgva response t8 often developed
resistance-conferring point mutations (i.e., mashmonly at D835 and less frequently at a
“gatekeeper” residue, phenylalanine 691 (F691)),J9B In addition, the emergence of
resistant mutations has been reported in relapséd gatients with FLT3-ITD treated with
[20] and 2 [21,22]. These clinical results suggest that sdaon mutations conferring
resistance were clinically problematic, which hgsureed the development of new
tyrosine-kinase inhibitors (TKIs) with activity agat drug-resistant FLT3-ITD mutations
[23].

Using structure-based design, we previously dewslopa novel class of
3-phenyl-H-5-pyrazolylamine derivatives (Figure 2) as a vilesatemplate for the
development of specific kinase inhibitors and sesf@dly identified a
sulfonamide-substituted series of benzamides (ftreit) that inhibit both FLT3 and cellular

proliferation [24,25]. Using rational design, weerdified a second sulfonamide-substituted
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series of pyrimidines (Structute) [25] and two carbamate-substituted series of aerdes
and pyrimidines (StructuresandM, respectively) [26] as potent inhibitors of FLT3.dratly,
we developed another series of 3-pheryt8tpyrazolylamine-based inhibitors capable of
greaterinhibition of in vitro AML MOLM-13 cell growth and with a prolonged dui@t of in
vivo action. In the previous study, two urea-substitigeries of benzamides (Structiteand
pyrimidines (Structure N) were reported (Figure 2) [27,28]. However, these
pyrazolylamine-based inhibitors were not orallyiaetand exhibited moderate inhibitory
activity toward drug-resistant FLT3-ITD mutatior4[28]. Both drawbacks could limit the

future development of this pyrazole class of intoits for the treatment of AML patients in

clinical trials.
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Figure 2. Identification of 5-phenyl-thiazol-2-ylamine deatives as FLT3 inhibitors.

We supposed that little or no oral absorption fos tlass of pyrazole compounds may

be due to the presence of more hydrogen-bond dadnotse molecules. To continue to

develop potent and orally active FLT3 inhibitorse wationally designed a second class of
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5-phenyl-thiazol-2-ylamine-based inhibitors (Stwuet O, Figure 2). The approach can
remove a hydrogen-bond donor in the pyrazole ringthis study, the structure-activity
relationships (SAR),n vitro properties and pharmacokinetics of a series ofnugrne
derivatives are reported. This study has led to diszovery of urearh, which is a
multi-targeted kinase inhibitor with significamt vitro potency andn vivo efficacy against
FLT3-ITD—expressing MOLM-13 and MV4;11 cell lineada FLT3-ITD/D835Y—expressing
32D cell line [29]. These promising results demonstrate the potenfiaflbas a drug

candidate for further preclinical and clinical dment.

2. Results and discussion
2.1. Chemistry

The general synthetic route to 5-phenyl-thiazol&vine pyrimidines/-10 (Table 1)is
shown in Scheme 1. The synthesis began with thgapagon of 5-phenyl-thiazol-2-ylamirk
according to a previously published protocol [30atment of 5-phenyl-thiazol-2-ylamide
with  4,6-dichloropyrimidine in the presence of Nakhd THF at 0° C afforded
4-monosubstituted pyrimidine derivativesThe treatment of theskerivatives with 2amines
in pyridine at 80°C yielded 4,6-disubstituted pyrimidinéswhich were coupled with phenyl
isocyanates (or heteroaryl carbamic acid 4-nitrerph esters), benzenesulfonyl chloride,
benzyl chloroformate, or benzoyl chloride to affdaha final pyrimidine urea% (except for

Boc-7b, -7d and-7i), sulfonamideB, carbamat® or benzoyl10, respectively. Deprotection of
7



Boc-7 using TFA yielded final product#b, 7d and7i.

The synthetic route to 5-phenyl-thiazol-2-ylamirenbamidel2 (Table 1)is shown in
Scheme 1. The benzoyl chloride derivativith a water-solubilizing substituent was prepared
according to a modified literature procedure [3Lhe benzoyl chloride with a morphine
groupwas employed to acylate amidan pyridineto yield amidell. Intermediatell was

coupled with (5-methyl-isoxazol-3-yl)-carbamic adiahitro-phenyl ester to afford uréa.
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Scheme 1Reagents and conditions: (a) NaH, THF, 0 °C; (barRines, pyridine, 80 °C; (c) pyridine, phenyl

11 12

isocyanate or (5-alkyl-isoxazol-3-yl)-carbamic adiahitro-phenyl ester for or 12, benzenesulfonyl chloride for
8, benzyl chloroformate fo®, benzoyl chloride for0, rt; (d) CRCOOH, rt for7b, 7d and 7i; (e) pyridine,

benzoyl chloride with a morphine group, rt.

2.2. In vitro pharmacology and rat oral exposure assay

As shown in Table 1, the target compounds wereedestgainst FLT3, vascular
endothelial growth factor receptor 2 (VEGFR2), #udtora A kinase (in-house kinas assays).
In addition, these compounds were further evaluagginst the mutant FLT3 AML cell line
MOLM-13 and oral exposure in rats. The first compbda, which had a 4-methylpiperazine

at R* and a phenyl substituent af,Rmoderately inhibited FLT3 (g = 0.079uM) and



VEGFR2 (IGp = 0.16uuM) but not Aurora A (IGy > 10uM). Lead7a potently inhibited the
growth of MOLM-13 cells (G = 0.024uM) but suffered from undetectable drug levels in
rat plasma after oral dosing (10 mg/kg). Consenthrgg phenyl urea moiety, hydrogerby,
para-chlorination {c) and metachlorination {d) bearing different water-solubilizing
substituentsncreased the inhibitory activity against VEGFREs( = 0.031 to 0.058M) and
Aurora A (IGp = 0.095 to 0.27uM) but resulted in no improvement in the oral apson of

the compounds.

Table 1.Inhibition of enzymes and cell proliferation withiazole analogues.

RY NJ\
7 R2=-C(O)NHR3
8 R2=-SO,R®
9 R2=-C(O)OR®
10 R2?=-C(O)R?

12

Comod ” o ICs0 (UM) Glso (LM) Rats, PO 10 mg/kg
omp .
Wt-FLT3 VEGFR2 AuroraA MOLM-13 AUC.mng/mL*hr
7a N N -CeHs 0.079 0.16 >10 0.024 undetectable
7o N )wm CeHs 0.073 0.053 0.15 0.016 undetectable
/N
7c SN N 4-Cl-GeHs- 0.32 0.043 0.095 0.009 undetectable
7d %NCNH 3-CI-C¢Hs- 0.020 0.031 0.27 0.024 undetectable
/N N-Q
7e N N (e, 0010 0.015 0.056 0.001 313
\ N-Q
e e ), 0049 0.01 0.041 0.003 632
N-O
79 N o A Jo, 0022 0055 0038 0014 —
/7 N\ N—O
Th N N S, 0038 0.025 0.032 0.002 1075
—Q
7i K/NQ\NHZ | e 0.014 0.007 0.038 0.003 undetectable




. /M "
7 e v AP 0083 0015 0036 0.002 —

8 i no -Cos 0.52 0.17 0.043 0.14 —
9 N N -CHGCHs  0.083 0.12 0.32 0.003 66
10 N N ~CeHs 0.85 >1.0 0.14 0.019 _
12 0.58 0.37 0.025 0.21 —
1 0.037 0.25 0.080 0.055 —
2 0.044  0.042 3.8 0.056 —
3 0.069 0.43 >10 0.004 —

" ICso and Gk, values are the means of at least two independ@etienents.

Compounds7a-d, which contain a phenyl ring at’Rexhibit potent inhibition against
AML cell line MOLM-13. However, these compounds am comparable to FLT3 inhibit&
(MOLM-13 Glso = 4 nM) and cannot be orally absorbed. To overctmase problems, the’R
substituent o7a was changed from a phenyl group to a 5-alkyl-igo¥@group. According to
the previous results from the development of 3-gh&h-5-pyrazolylamine-based inhibitors,
the terminal isoxazole ring of the urea maintaingngreases the potency in enzymatic and
cellular assays and improves the drug-like physigaperties, such as solubility and
lipophilicity (calculated LogP and CLogP) compatedhe terminal phenyl ring of the ur#a.
As expected, 5-methyl-isoxazole increased the inhibitory activity against wt-FL{I€so =
0.010), VEGFR2 (1§ = 0.015), Aurora A (I§ = 0.056) and MOLM-13 cells (GJ= 0.001
M) and exhibited a considerable increase in orpbsure and oral bioavailability (F% =10).
5-Ethyl-isoxazoler/f was 5 times less poteagainst FLT3 (IG = 0.049uM) but maintained

its potency against VEGFR2 and Aurora A kinasestirg to 5-methyl-isoxazol@e In
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addition, inhibitor7f potently inhibited the growth of MOLM-13 cells 3&= 0.003uM) and
had a positive effect on the pharmacokinetic peofi(F% = 18). The bulky
5-tert-butyl-isoxazole Tg) had a detrimental effect on the MOLM-13 inhibytqrotency (Gdo
= 0,014pM) compared to methyl analogie and ethyl analoguéf.

Next, we examined the effects of water-solubilizeupstituents on the 4-position of the
pyrimidine ring and compared the potencies of commois 7h-i with N-methylpiperazine
analoguerf. N-ethylpiperaziné’h exhibited a potency that was similarNemethylpiperazine
7f in the enzymatic and cellular assays with slightnovements in the oral exposure and F%
= 20. In contrast/i bearing a primary pyrrolidin-3-ylamine group predd extremely low
circulating plasma levels but maintained its poyeincthe enzymatic and cellular assays. The
hydrogen-bond donor number may partially accounttie difference in the oral absorption
between N-ethylpiperazine i and pyrrolidin-3-ylamine7i. Although the more bulky
5-cyclopropyl-isoxazol&j was approximately as potent as 5-ethyl-isoxagobeip 7h in all
of thein vitro assays, the preliminary toxicity study in miceiagaded that compoundj was
more toxic than7h. Therefore, the pharmacokinetic profile Gfwas not further studied in
rats. The preliminary toxicity study for compounesting was performed as previously
described

Previous studies indicated that the  3-phemyi8tpyrazolylamine-based
sulfonamide-substituted series of pyrimidines (8tree L) and the carbamate-substituted

series of pyrimidines (Structuid) were potent and selective FLT3 inhibitors (Fig@)é>°
11



An extensive SAR study was carried out by replacthg urea moiety of7 with

phenyl-substituted sulfonamide, carbamate and ammleties to yield analogu@&s 9 and10,

respectively. Sulfonamid8 was significantly less potent against the FLT3 &@QLM-13

cells as well as Aurora A (Kg= 0.043uM). Carbamaté® exhibited only moderate inhibition

of FLT3, VEGFR2 and Aurora A kinases (4= 0.083 to 0.37uM) and suffered from low

oral exposure in rats. Howevérstill exhibited a GJp value of 0.003uM against MOLM-13

cells. Amidel0 moderately inhibited Aurora A, weakly inhibited R.and VEGFR2 (16 >

0.80uM), and potently inhibited MOLM-13 cell growth (6kF 0.019uM). The ability of8

and 10 to inhibit the growth of MOLM-13 cells was not cparable to FLT3 inhibitoB.

Therefore, the pharmacokinetic profiles of thesepounds were not determined.

After optimizing the urea-substituted series ofipydines (compounds 7, Structui@),

we investigated the effect of the urea-substitusedes of benzamides. Benzamid2

effectively inhibited Aurora A (16 = 0.025uM) but not FLT3, VEGFR2 and MOLM-13 cell

growth. Therefore, further modification of ledd was not carried out. In comparison to FLT3

inhibitors 1, 2 and 3, which are currentlyn clinical development (Table 1), the inhibitioh o

FLT3-mutant MOLM-13 cell growth by some of the pateirea compoundg)is comparable

to 3 (Glso = 4 nM) and greater thahand3 (Glso = 55 and 56 nM, respectively). Among these

potent compounds’), compound’h exhibited better oral exposure and oral bioavditgbn

rats, and therefore, this compound was chosen fore nextensivein vitro and in vivo

pharmacokinetic and antitumor efficacy studies.
12



2.3. Kinase inhibition profiles ofh

To better understand the enzyme inhibition by tbeemt compound7h was assayed

against 73 protein kinases covering the major oacimgkinases of the human protein kinome

at a concentration of 0jAiM. As shown in Table Z7h inhibited 28 kinases by more than 50%

at 0.1uM out of a panel of 73 tested kinases. Among thasases, 18 kinases were potently

inhibited by more than 80% including FLT3 (98%), GERa (98%), SRC (97%), LYN A

(96%), Aurora A (96%), RET (95%), CSF1R (94%), LQ82%), and PDGFR (91%).

Therefore, this kinase inhibition profile indicatdtht compoundh is a multi-targeted kinase

inhibitor that inhibits certain receptor tyrosin@&ses, which include Aurora kinase A and B,

macrophage-colony stimulating factor receptor (OG9FEMS-like tyrosine kinase-3 (FLT3),

platelet-derived growth factor receptors (PDGFRand PDGFR), proto-oncogene

tyrosine-protein kinase receptor (RET), Src-fammlgn-receptor tyrosine kinases and the

receptors of vascular endothelial growth factor QAR type 2 and 3).

Table 2.Kinase inhibition profile of compoundih.

Kinase %?ﬁtilé)l\i/tlion Kinase %?ﬁ%lﬁ)wion
FLT3 98 VEGFR2 85
PDGFRx 98 AURKB 85
SRC 97 TRKA 82
LYN A 96 VEGFR3 80
AURKA 96 BLK 78
RET 95 YES1 72
CSF1R 94 ABL1 66
LCK 92 VZE;‘[L 65
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PDGFRB 91 KIT 64

RET PDGFFa

V804L 89 V561D 63
FGR 89 MEK1 62

LYN B 88 IRAK4 61
FLT3 -

D835Y 87 Tie2 61
RET ABL1

Y791F 86 315 51

2.4. Antiproliferative effects ofh on leukemia cell lines

The activity of 7h was evaluated in a panel of leukemic cell lineab(€ 3). Potent

anti-proliferative activity of7h was observed in FLT3-driven MOLM-13 and MV4;11 AML

cell lines containing the FLT-ITD-activating mutati. The 1@y values of 7h for the

MOLM-13 and MV4;11 cells were 0.002 and 0.001 nMspectively. Compoun@h was

weakly cytotoxic against U937 human leukemic mom@dymphoma cells (not expressing

FLT3) [32] (Glko = 1.1 uM). In contrast, the I values for the inhibition of RS4;11 AML

cells (expressing native FLT3) [33] and K562 humamonic myeloid leukemia cells

(expressing wt-BCR/ABL) [11] were between 0.1 an? @M. Among the FLT3 inhibitors

shown in Table 3, the growth inhibitory activity 8h against the MOLM-13 and MV4;11

AML cell lines was comparable to that & which is a specific FLT3 inhibitor.

Multi-targeted kinase inhibitors and7h appeared to induce higher growth inhibition against

U937 and RS4:11.

Table 3.Inhibition of leukemia cell growth byh and1-3.

Glso (M)
7h 1 2 3

Cell line Characterization

MOLM-13 AML-FLT3-ITD (heterozygous) 0.002 0.055 0.056 0.004

14



MV4;11  AML-FLT3-ITD (homozygous)  0.001  0.038 0.043  0.003

U937 AML-FLT3-negative 1.1 14 3.4 >20
RS4;11 ALL-wt-FLT3 (homozygous) 0.11 0.40 9.3 2.2
K562 CML-Bcr-Abl FLT3-negative 0.19 >20 7.3 >20

"AML, acute myelocytic leukemia; ALL, acute lymphabtic leukemia; CML, chronic myelogenous leukemia

2.5 In vitro activity of7h against clinically relevant drug resistance causgdFLT3-ITD KD

mutants

Due to its promising potency toward the FLT3-drivieML cell lines, the activity of7h

against four different KD mutants of FLT3-ITD, whiconfer resistance ®[20-23]. In this

study, we first examined the cellularsgialues of3 and 7h against 32D cells expressing

FLT3-ITD and its KD mutants D835V/Y/F and F691L [28s shown in Table 4, compounds

3 and7h potently inhibited proliferation of native FLT3-DI'with a Gko value of 10 pM. The

cell proliferation—based assays indicated thatsemasitivity toward7h differed significantly

for inhibiting FLT3-ITD D835Y (G = 0.006uM), D835V (Glso = 0.004uM), D835F (Glso

= 0.038uM) and F691L (Gko = 0.071pM). These results are similar to the sensitivity

profiles of3 against FLT3-ITD D835Y/V/F and F691L, which exhéud Glso values of 0.016,

0.027, 0.15 and 0.22\, respectively, for the four mutants. Along wittetresults from Table

4, 7h exhibits very potenin vitro growth inhibitory effects (Gb < 10 nM) against FLT3-ITD

D835Y/V and is 3- to 6-fold more potent thamt inhibiting proliferation of these FLT3-ITD

mutants, as shown in Table 4.

Table 4.Activity of 3 and7h against 32D cells expressing native and drugtaesisnutants of FLT3-ITD.

Glso (UM)*
7h 3

Cell line

15



ITD alone 0.00001 0.00001

ITD-D835Y 0.006 0.016
ITD-D835V 0.004 0.027
ITD-D835F 0.038 0.15
ITD-F691L 0.070 0.22

*Gl 5o values are the means of three independent expeisme

Because inhibitor offh exhibits cytotoxicity in 32D cells expressing FLITED KD
mutants, it was important to verify that the mecakiamof cell death was directly linked to the
inhibition of FLT3. Next, we analyzed the activity 7h against wild-type, ITD, ITD D835Y
or F691L mutants of FLT3 in a biochemical assaytiier phosphorylation of FLT3 (Figure 3).
A western blot was performed using HEK293T cellgieeered to express FLT3-ITD/D835Y
or FLT3-ITD/F691L [27]. According to the cell-baspdbliferation assay, the phosphorylation
of all of the FLT3-WT, FLT3-ITD, FLT3-ITD/D835 an&LT3-ITD/F691L was inhibited by

compoundrh with 1Cso values of approximately 10 nM.

FLT3-WT FLT3-ITD/F691L
0O 01 1 10 100 1000 (nM) O 0.1 1 10 100 1000 (nMm)

pFLT3 — - PFLT3

BESEEE - -

FLT3-ITD FLT3-ITD/D835Y
0 01 1 10 100 1000 ("M)0 0.1 1 10 100 1000 (nM)
W RT3 . . - ~pFLT3

A -

SEEBEBER - = eaaml
“B—acﬂn m-&-actin

Figure 3. HEK293T cells engineered to express FLT3-WT, FLT8® FLT3-ITD/D835Y or FLT3-ITD/F691L
were analyzed. The HEK293T-FLT3 cells were treatétl compoundrh at various concentrations for 1 hr, and
the FLT3 ligand (50 ng/mL) was added for 5 min tepgare the cell lysate for detection of changeELMn3

phosphorylation by western blot analysis.
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2.6. Pharmacokinetic and in vivo efficacy studieSlof

Table 5 shows the PK data obtained from the evialuaf 7h in male Sprague—Dawley

rats and ICR mice. In both speci@s, exhibited high volumes of distribution & 8.2 L/kg

in rats and 21 L/kg in mice) and plasma clearaf{@s= 31.6 mL/min/kg in rats and 82

mL/min/kg in mice) after intravenous (IV, 2 mg/kgdministration. 10 mg/kg was orally

administered as a solution containing 22% hydroagpk{-cyclodextrin in water and

absorbed with a moderate half-lifig/{= 4.3 hr) in rats and a shorter half-litg(= 1.8 hr) in

mice. Both the Gax (122 ng/mL) and AUC (1075 ng/mL*hr) in rats weim#ar to those in

mice, and the oral bioavailability ranged from 2@9arats to 35% in mice. With favorable

pharmacokinetic properties and excellent cellulatepcy against AML cell linesfh was

appropriate for continued investigation in vivo studies including the MV4;11 tumor

xenograft model, MOLM-13 myeloproliferative mous@adel and FLT3-ITD/D835Y tumor

xenograft model (Figure 4).

Table 5. Pharmacokinetic profile of compoufid

IV (dose: 2 mg/kg) PO (dose: 10 mg/kg)
CL Vs Tz Cmax  AUC(.ing F
Species (mL/min/kg) (L/kg) (hr) (ng/mL) (ng/mL*hr) (%)
Rats 31.6 8.2 4.3 122 1,075 20
Mice 82 21 1.8 168 942 35

In a MV4;11 tumor xenograft model (Figure 4a), caupd 7h was administered orally
at doses of 10 and 25 mg/kg qd on days 1-5 and 8y 2he end of this period, the MV4;11

tumors reached an average volume of 200°rmh 10 or 25 mg/kg, the tumor growth was
17



inhibited for the first 5 days. After this pericthmplete disappearance of the tumor mass was

observed after dosing was halted. Treatment witbrl®6 mg/kg resulted in 6 of 7 and 7 of 7

treated animals with complete regression (CR), eetbygely, during the 48 days of

post-treatment observation. Treatment V@thvhich is a clinically active FLT3 inhibitor, also

exhibited substantial activity with a once dailyalodosing at 10 mg/kg, and complete

regression was observed in 6 of the 7 treated dsimwhich comparable to the efficacy df

at the same dose.

To determine whethéfh is also efficacious in a MOLM-13 xenograft modek used a

myeloproliferative mouse model where the MOLM-13Iscevere IV inoculated into SCID

mice and allowed to proliferate for one day priotreatment with either the vehiclgor 7h

(Figure 4b). The median survival for the mice tegltvith the vehicle was 20 days. At a dose

of 10 mg/kg once a day usidgand7h, the median survival was extended to 33 and 28,day

respectively. The median survival in the group tedawith 7h at a daily dose of 25 mg/kg

was extended to 38 days, which is an increase %f @0lative to the vehicle control and twice

the percentage relative to treatment with at a low dose (Figure 4b). FLT3 inhibit8r

exhibited better efficacy thafh in this animal model.
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Figure 4. Comparison of antitumor efficacy of compourisind 7h in xenograft mouse models. (A) Human
MV4;11 cells were implanted SC in nude mice. Atiez average size of the tumors reached to 200 mice
were dosed witl3 or 7h (qd, days 1-5 and 8-12) by oral gavage. The tusizar is expressed as the mean £ SEM
(n = 6-7/group). (B) MOLM-13 cells were IV inocuéat into SCID mice. From the 2nd day after inocolai
mice were administereth at 10 or 20 mg/kg a8 at 10 mg/kg or vehicle (qd, days 2-5 and 8-12pkal gavage

(n = 6/group). (C) Mice were implanted subcutangoSC) with 32D/FLT3-ITD-D835Y cells. When the
average tumor volume reached 200 himsize,3 or 7h was administered orally at a dose of 10 mg/kg &ith

days on/2 days off schedule for 4 weeks. The twsirar is expressed as the mean £ SEM (n = 9/group).

Compound7h was very active against FLT3-ITD AL mutant D835M both the
cell-based proliferation and biochemical assaytlier phosphorylation of FLT3 (Table 4 and
Figure 3). To determine if than vitro effects of 7h correlate within vivo tumor growth

inhibition, the efficacy of7h was examined against FLT3-ITD/D835Y tumor xenoigraf
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nude mice (Figure 4c). Mice were implanted subcepasly (SC) with
32D/FLT3-ITD-D835Y tumor cells, and treatment wdbmpound3 or 7h was initiated when
tumors reached an average volume of 200’n@ompound or 7h was administered orally at
a dose of 10 mg/kg with a 5 days on/2 days off daleefor 4 weeks. Compounth exhibited
a statistically significant TGl (68%) [34] in tumbearing mice treated with the drug
compared with vehicle-treated control mice. Howett@atment witl8 at the same dose did
not yield a biologically significant TGI (32%). Thelrug-resistant xenograft model
demonstrates thath effectively reduced the tumor size with 4 weekdretment at an oral

dose of 10 mg/kg/dayh is well tolerated in mice at the effective dose.

3. Conclusion

A rational design approach successfully identif@dootent and orally bioavailable
compound Th), which is a multi-targeted FLT3 inhibitor. In AMetells,7h exhibited similar
in vitro potency andn vivo efficacy to known FLT3 inhibitoB. Importantly,7h appears to be
highly active against clinically relevant FLT3-ITBL mutations, especially at the D835
residue (D835Y/V), and demonstraties vivo efficacy in the FLT3-ITD/D835Y xenograft
model. These promising results indicate ffiatould be an effective first-line TKI therapy in

AML patients or second-line therapy for the treatina clinical drug resistance.

4. Experimental
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4.1. Chemistry
4.1.1. General methods

All commercial chemicals and solvents are reagesdeand were used without further
treatment unless otherwise notdd.NMR spectra were obtained with a Varian Mercudg-3
or a Varian Mercury-400 spectrometer. Chemicaltshifere recorded in parts per million
(ppm, &) and were reported relative to the solvent peakM§&. LC/MS data were measured
on an Agilent MSD-1100 ESI-MS/MS System. High-resioin mass spectra (HRMS) were
measured with a Thermo Finnigan (TSQ Quantum) meptay ionization (ESI) mass
spectrometer. Flash column chromatography was demgy silica gel (Merck Kieselgel 60,
No. 9385, 230-400 mesh ASTM). Reactions were mositdy TLC using Merck 60 54
silica gel glass backed plates (5 x 10 cm); zoneeevdetected visually under ultraviolet
irradiation (254 nm) or by spraying with phosphoytalic acid reagent (Aldrich) followed by
heating at 80°C. All starting materials and amines were commédyciavailable unless
otherwise indicated. The purity of compounds wagmeined by a Hitachi 2000 series HPLC
system. Except for compourd®, purity of target compoundsg 8, 9 and10 were over 95%
based on reverse phasgs Column (Agilent ZORBAX Eclipse XDB-C18 5 um, 4.6mmx
150 mm, Condition A) and reverse phase phenyl col(Mfaters XBridge Phenly 5 m, 4.6
mm x 150 mm, Condition B) under the following g elution condition: Mobile phase
A-acetonitrile (10% to 90%, 0 to 45 min) and mobplkease B-10 mM NEDAcC aqueous

solution containing 0.1% formic acid (90% to 10%1d045 min). The flow-rate was 0.5
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ml/min and the injection volume was 30. The system operated at 26. Peaks were

detected ak = 254 nm.

4.1.2. N-[5-(4-aminophenyl)-1,3-thiazol-2-yl]-6-dnb-2-methylpyrimidin-4-amineb)

To a solution of 5-(4-aminophenyl)-1,3-thiazol-2iam 4 (1.0 equiv) and
4,6-dichloro-2-methylpyrimidine (1.0 equiv) in THE 0 ‘C was added NaH (60% in oil, 2.0
equiv) and the resultant mixture was stirred atnrdemperature for 4 h. The reaction was
cooled to 6C and quenched with 2 N HCI to pH = 3. The mixtwas partitioned between
THF and saturated NaHGQolution. The organic layer was separated, dneat MgSQ and
concentrated in vacuo. Purification by flash colunchromatography (eluted with
CH,CI,/EtOAC/THF) yielded5. *H NMR (300 MHz, DMSO€d6): 311.77 (s, 1H), 7.54 (s,
1H), 7.28-7.24 (m, 2H), 6.89 (s, 1H), 6.59-6.56 @H), 5.31 (s, 2H), 2.55 (s, 3H); MS (BS

m/z calcd. for G4H1,CINsS: 317.05; found: 318.1 (M+M

4.1.3. General procedure for the preparation of poomdst

To a solution o6 (1.0 equiv) in pyridine at room temperature wadeatl? amines (2.0
equiv) and the resultant mixture was stirred at'80for 2 h. After cooling to room
temperature, the reaction mixture was evaporatedryoess and the residue suspended in
saturated NaHC®solution. The suspension was vigorously stirretbam temperature for 1
h and the resultant solid was collected by filoatiThe crude product was used for the next

step without further purification.
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4.1.4. General procedure for the preparation ofauesmalogues

To a solution of6 (1.0 equiv) in pyridine at room temperature was eadghenyl
isocyanate (1.1 equiv) or (5-alkyl-isoxazol-3-y§rbamic acid 4-nitro-phenyl ester (1.5
equiv). After 2 h of stirring at room temperatuttee reaction was worked up as described for
compounds6 to yield crude product§, N-Boc 7b, N-Boc 7d and N-Boc 7i. The crude
products/ were further purified by recrystallization with @EIN/CH;OH to yield?7.

To a solution ofN-Boc 7b N-Boc 7d or N-Boc 7i (1.0 equiv) in CHCI, at room
temperature was added trifluoroacetic acid (10 gquifter 0.5 h of stirring at room
temperature, the reaction mixture was evaporatathyness. The residue was suspended in
saturated NaHC@solution and the resulting suspension was vigdyossrred at room
temperature for 1 h. The resultant solid was ctélédy filtration and recrystallized from

CH3sCN/CH;OH to yield7b, 7dor 7i.

4.1.4.1.
1-[4-(2-{[2-methyl-6-(4-methylpiperazin-1-yl)pyridin-4-yljJamino}-1,3-thiazol-5-yl)phenyl]
-3-phenylureaqa)

Mp 252-253'C (HCI salt).'"H NMR (300 MHz, DMSOd6): 511.11 (s, 1H), 8.77 (s,
1H), 8.67 (s, 1H), 7.64 (s, 1H), 7.49-7.44 (m, 6HP8 (t,J = 7.8 Hz, 2H), 6.97 (] = 7.2 Hz,
1H), 6.05 (s, 1H), 3.50 (br s, 4H), 2.41-2.34 (m),7R122 (s, 3H);**C NMR (100 MHz,

DMSO-ds) 6 26.1, 43.9, 46.2, 54.6, 82.6, 118.7, 119.1, 1222%.2, 126.3, 129.3, 130.7,
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133.0, 139.2, 140.1, 152.9, 157.7, 158.5, 162.9,6t0MS (ES) m/z calcd. for GsHgNgOS:
500.63; found: 501.47 (M+B HRMS (ESI) calcd. for gH,oNgOS: 501.2185; found:
501.2178 (M+H); HPLC (condition A}tz = 22.41 min, 99.5%, (condition B} = 24.49 min,

99.1%.

4.1.4.2.
N-[4-(2-[6-(4-aminopiperidino)-2-methyl-4-pyrimidpjamino-1,3-thiazol-5-yl)phenyl]-N'-ph
enylurea {b)

Mp 269-270C. *H NMR (400 MHz, DMSOd6): 58.80 (s, 1H), 8.70 (s, 1H), 7.64 (s,
1H), 7.49-7.45 (m, 6H), 7.28 (,= 7.6 Hz, 2H), 6.97 (t} = 7.2 Hz, 1H), 6.06 (s, 1H), 4.12 (d,
J=12.0 Hz, 2H), 3.33 (br s, 2H, overlapping withter peak), 2.94 (§ = 11.6 Hz, 4H), 2.41
(s, 3H), 1.76 (dJ = 10.0 Hz, 2H), 1.16 (dl = 10.4 Hz, 2H)**C NMR (100 MHz, DMSOds)

6 19.1, 26.1, 32.3, 42.9, 56.5, 82.4, 118.7, 11942.1, 126.0, 126.2, 129.2, 130.7, 132.9,
139.5, 140.4, 153.1, 157.7, 158.5, 162.5, 165.7;MBR(ESI) calcd. for &GH29NgOS:
501.2185; found: 501.2184 (M+H HPLC (condition A)tz = 21.51 min, 99.6%, (condition

B) tr = 23.57 min, 98.1%.

4.1.4.3.
N-(4-chlorophenyl)-N'-[4-(2-[6-(4-ethylpiperazin@-methyl-4-pyrimidinyl]amino-1,3-thiazol
-5-yl)phenyljurea {c)

Mp 256-257 C (HCI salt)."H NMR (300 MHz, DMSOd6): 511.10 (s, 1H), 8.84-8.81
(m, 2H), 7.63 (s, 1H), 7.49-7.43 (m, 6H), 7.324(l), 7.29 (s, 1H), 6.03 (s, 1H), 3.48 (br s,

4H), 2.40-2.30 (m, 9H), 1.01 @,= 7.2 Hz, 3H)¥C NMR (75 MHz, DMSOdg) § 12.4, 26.1,
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44.0, 52.1, 52.4, 82.6, 110.0, 119.2, 120.2, 12523,8, 129.1, 130.6, 133.1, 139.0, 139.1,
152.8, 157.7, 158.6, 162.9, 165.6; MS {ESVz calcd. for GHCINgOS: 548.19; found:
549.2 (M+H); HRMS (ESI) calcd. for §HsCINsOS: 549.1952; found: 549.1948 (M)

HPLC (condition A)tg = 25.92 min, 97.4%, (condition B) = 28.18 min, 97.5%.

4.1.4.4.
N-(3-chlorophenyl)-N'-(4-2-[(2-methyl-6-piperazidepyrimidinyl)amino]-1,3-thiazol-5-ylph
enyl)urea 7d)

Mp 345-346 C.*H NMR (400 MHz, DMSOd6): 5 11.07 (s, 1H), 9.01 (s, 1H), 8.99 (s,
1H), 7.72-7.65 (m, 2H), 7.57-7.50 (m, 4H), 7.3277(@n, 2H), 7.04-7.00 (m, 2H), 6.06 (s,
1H), 3.43 (br s, 4H, overlapping with water peak6 (t,J = 4.8 Hz, 4H), 2.41 (s, 3H}C
NMR (100 MHz, DMSO+dg) 6 26.1, 45.2, 45.7, 82.3, 117.1, 117.9, 119.2, 1211?6.4, 126.2,
130.7, 130.8, 133.0, 133.6, 139.3, 142.1, 153.3,715158.5, 162.9, 165.0¢IS (ES) m/z
calcd. for GsHxsCINgOS: 520.16; found: 521.1 (M+) HRMS (ESI) calcd. for
C2sH26CINgOS: 521.1639; found: 521.1636 (M¥H HPLC (condition A)tg = 24.80 min,

97.6%, (condition Bjg = 27.09 min, 99.0%.

4.1.4.5.
N-(5-methyl-3-isoxazolyl)-N'-[4-(2-[2-methyl-6-(4ethylpiperazino)-4-pyrimidinyljJamino-1,

3-thiazol-5-yl)phenyllureafe)
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Mp 344-345C.'"H NMR (400 MHz, DMSOd6): 511.15 (s, 1H), 9.46 (s, 1H), 8.92 (s, 1H),
7.67(s, 1H), 7.50 (ABQAvag = 13.4 Hz,Jas = 8.8 Hz, 4H), 6.55 (s, 1H), 6.04 (s, 1H), 3.50 (t
J = 4.8 Hz, 4H), 2.41 (s, 3H), 2.37 (m, 7H), 2.213sl);**C NMR (75 MHz, DMSOdg) 5
12.6, 26.0, 43.9, 46.2, 54.6, 82.6, 96.0, 119.5,3,2126.9, 130.5, 133.3, 138.3, 151.7, 157.7,
158.6, 159.1, 162.9, 165.6, 169.7; MS {E8®)V/z calcd. for GsH,7NgO,S: 505.20; found:
506.2 (M+H); HRMS (ESI) calcd. for &HzsNgO,S: 506.2087; found: 506.2082 (M¥H

HPLC (condition A)tg = 19.85 min, 100%, (condition By = 21.31 min, 98.3%.

4.1.4.6.
1-(5-ethyl-1,2-oxazol-3-yl)-3-[4-(2-{[2-methyl-6-(@ethylpiperazin-1-yl)pyrimidin-4-ylJamin
0}-1,3-thiazol-5-yl)phenyljurea Diformaté&f()

Mp 326—327C.'H NMR (400 MHz, DMSO€6): 59.83 (s, 1H), 9.29 (s, 1H), 8.29 (s,
2H), 7.75 (s, 1H), 7.58 (s, 4H), 6.63 (s, 1H), 6(d41H), 5.53 (br s, 1H), 3.59 (s, 4H), 2.79 (d,
J=6.0 Hz, 2H), 2.58 (s, 3H), 2.33 (s, 3H), 1.293d); :°C NMR (75 MHz, DMSO¢s) &

11.9, 20.2, 26.1, 43.9, 46.14, 54.6, 82.6, 94.9,3.1126.3, 127.0, 130.5, 133.3, 138.3, 151.7,
157.7, 158.7, 156.0, 162.9, 165.6, 17MB (ES) m/z calcd. for GsH29NgO,S: 519.62;
found: 520.2 (M+H); HRMS (ESI) calcd. for gH3oNoO,S: 520.2243; found: 520.2239

(M+H™); HPLC (condition A)tg = 21.89 min, 98.7%, (condition B) = 23.25 min, 98.9%.

4.1.4.7.
N-[5-(tert-butyl)-3-isoxazolyl]-N'-[4-(2-[2-methyb-(4-methylpiperazino)-4-pyrimidinyljlamin
0-1,3-thiazol-4-yl)phenyllureérg)

Mp 330-331C.*H NMR (400 MHz, DMSOd6): 511.13 (s, 1H), 9.53 (s, 1H), 8.93 (s,

1H), 7.67 (s, 1H), 7.53-7.47 (m, 4H), 6.51 (s, 1614 (s, 1H), 3.50 (br s, 4H), 2.41 (s, 3H),
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2.36 (t,J = 4.8 Hz, 4H), 2.21 (s, 3H), 1.30 (s, 9T NMR (100 MHz, DMSOdg) & 26.1,
28.8, 32.9, 43.7, 46.2, 54.6, 82.6, 92.9, 119.8,3,2126.9, 130.4, 133.3, 138.3, 151.7, 157. 7,
158.6, 158.8, 162.8, 165.6, 180.7; MS (EB8V/z Calcd for GsH33NoO,S: 547.25; found:
548.3 (M+H); HRMS (ESI) calcd. for §HsNgO,S: 548.2556; found: 548.2553(M+)H
HPLC (condition A)tg = 25.28 min, 95.6%, (condition B) = 26.66 min, 95.5%.

4.1.4.8.
N-(5-ethyl-3-isoxazolyl)-N'-[4-(2-[6-(4-ethylpipezano)-2-methyl-4-pyrimidinyl]amino-1,3-th
iazol-5-yl)phenyljurea Dihydrochloridert)

Mp 259—-260C.*H NMR (400 MHz, DMSO€#6): 5 11.12 (s, 1H), 9.48 (s, 1H), 8.95 (s,
1H), 7.66 (s, 1H), 7.48 (ABg\vas = 16.4 Hz,Jag = 8.8 Hz, 4H), 6.55 (s, 1H), 6.05 (s, 1H),
3.50 (br s, 4H), 2.70 (¢, = 7.6 Hz, 2H), 2.41-2.32 (m, 9H), 1.22Jt= 7.6 Hz, 3H), 1.03 (1]
=7.2 Hz, 3H);13C NMR (75 MHz, DMSOek) 6 11.9, 12.4, 20.2, 26.1, 44.0, 52.1, 52.4, 82.6,
94.7, 119.5, 126.3, 127.0, 130.4, 133.3, 138.3,713b7.7, 158.6, 159.0, 162.9, 165.6, 174.7;
MS (ES) m/z calcd. for GsH3:NoO,S: 533.23; found: 534.2 (M+Bt HRMS (ESI) calcd. for
Ca6H3Ng0,S: 534.2400; found: 534.2390 (M¥4 HPLC (condition A)tg = 22.75 min,

100%, (condition Bjr = 24.41 min, 98.9%.

4.1.4.9.
N-[4-(2-[6-(3-aminotetrahydro-1H-1-pyrrolyl)-2-megh4-pyrimidinyl]amino-1,3-thiazol-5-y

phenyl]-N'-(5-ethyl-3-isoxazolyl)urea Dihydrochide (7i)
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Mp 267-268°C. '"H NMR (400 MHz, DMSOd6): 58.94 (s, 1H), 7.63 (s, 1H), 7.48
(ABQ, Avas = 14.0 Hz,Jas = 8.4 Hz, 4H), 6.53 (s, 1H), 5.73 (s, 1H), 3.37 b 7H,
overlapping with water peak), 2.69 (= 7.2 Hz, 2H), 2.37 (s, 3H), 1.99 (br s, 1H), 1(b77s,
1H), 1.19 (t,J = 7.6 Hz, 3H)*C NMR (100 MHz, DMSQsdg) 5 11.9, 20.2, 26.0, 45.0, 50.8,
54.7, 60.2, 82.3, 94.7, 119.4, 126.2, 126.9, 13033,2, 138.4, 151.8, 156.7, 158.8, 159.0,
160.9, 165.4, 174.6M1S (ES) m/z calcd. for G4H27/Ng0,S: 505.20 ; found: 506.2 (M+M
HRMS (ESI) calcd. for &H2gNgO,S: 506.2087; found: 506.2083 (M¥ HPLC (condition

A) tr = 19.72 min, 99.7%, (condition B) = 21.87 min, 98.3%.

4.1.4.10.
N-(5-cyclopropyl-3-isoxazolyl)-N'-[4-(2-[6-(4-ettpiperazino)-2-methyl-4-pyrimidinyllamino
-1,3-thiazol-5-yl)phenyljurear()

Mp 271-272C.*H NMR (400 MHz, DMSOd6): 5 11.12 (s, 1H), 9.44 (s, 1H), 8.88 (s,
1H), 7.65 (s, 1H), 7.48 (ABg\vas = 18.4 Hz,Jag = 8.8 Hz, 4H), 6.47 (s, 1H), 6.03 (s, 1H),
3.48 (br's, 4H), 2.40 (br s, 7H), 2.34 Jgs 7.2 Hz, 2H), 2.12-2.06 (m, 1H), 1.05-0.99 (m)5H
0.89-0.85 (m, 2H),13C NMR (75 MHz, DMSOdg) 6 8.3, 8.5, 12.4, 26.1, 44.0, 52.0, 52.4,
82.6, 93.0, 119.5, 126.3, 126.6, 130.5, 131.9,3,31.6, 157.7, 158.7, 159.0, 162.9, 165.6,
174.6; MS (ES m/z calcd. for GH31NogO,S: 545.23; found: 546.2 (M+Bt HRMS (ESI)
calcd. for G7H3NgO,S: 546.2400; found: 546.2390 (M# HPLC (condition A)tg = 22.79

min, 98.4%, (condition Bk = 24.65 min, 95.6%.
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4.1.5.
N-[4-(2-{[6-(4-ethylpiperazin-1-yl)-2-methylpyrimiiak4-yl]amino}-1,3-thiazol-5-yl)phenyl]b
enzenesulfonamid&)(

To a solution of 6 (1.0 equiv) in pyridine at room temperature was eadd
benzenesulfonyl chloride (1.1 equiv). After 2 hstifring at room temperature, the reaction
mixture was evaporated to dryness. The residueswsigended in saturated NaH{0lution
and the resulting suspension was vigorously stiatedom temperature for 1 h. The resultant
solid was collected by filtration and recrystaliizérom EtOAc/CHOH to yield 8. Mp
281-282'C.*H NMR (300 MHz, DMSOd6): & 11.13 (s, 1H), 10.35 (s, 1H), 7.79-7.76 (d =
8.1 Hz, 2H), 7.63-7.53 (m, 4H), 7.44 @z= 8.7 Hz, 2H), 7.11 (d) = 8.7 Hz, 2H), 5.76 (s,
1H), 4.08 (br s, 1H), 3.33 (s, 1H), 3.16 {ck 5.4 Hz, 2H), 2.41-2.32 (m, 9H), 1.02Jt 7.2
Hz, 3H); ¥%c NMR (75 MHz, DMSOsg) 6 12.4, 26.0, 44.0, 49.1, 52.1, 52.4, 82.6, 121.2,
126.5, 127.1, 128.6, 129.7, 129.9, 133.4, 133.8,8,340.0, 157.6, 159.0, 162.8, 165.6; MS
(ES") m/z calcd. for GeH2oN;0,S,: 535.68; found: 536.2 (M+H; HRMS (ESI) calcd. for
CaeH30N705S,: 536.1902; found: 536.1902 (M+H HPLC (condition A)tg = 21.89 min,

99.4%, (condition B)r = 24.59 min, 98.8%.

4.1.6. Benzyl

[4-(2-{[6-(4-ethylpiperazin-1-yl)-2-methylpyrimidid-yllamino}-1,3-thiazol-5-yl)phenyl]carb
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amate Dihydrochloride9).

To a solution of6 (1.0 equiv) in pyridine at room temperature was eatddhenzyl
chloroformate (1.1 equiv). After 4 h of stirring r@iom temperature, the reaction mixture was
evaporated to dryness. The residue was suspendsdturated NaHC©solution and the
resulting suspension was vigorously stirred at raemperature for 1 h. The resultant solid
was collected by filtration and recrystallized fr@@hCN/CH;OH to yield9. Mp 260—261C.
'H NMR (400 MHz, DMSOd6): 511.13 (s, 1H), 9.86 (s, 1H),8.14 (s, 1H), 7.65 (s, 1H),
7.50-7.33 (m, 10H), 6.05 (s, 1H), 5.16 24}), 2.44-2.35 (m, 11H), 1.03 @3,= 7.2 Hz, 3H);
3C NMR (100 MHz, DMSOdg) 6 12.4, 26.1, 44.0, 52.1, 52.4, 66.2, 82.6, 1126,3, 126.9,
128.5, 128.6, 128.9, 130.4, 133.3, 137.0, 138.3,718.57.7, 158.7, 162.8, 165.6; MS {ES
m/z calcd. for GgH3iN-O,S: 529.66; found: 530.3 (M+H HRMS (ESI) calcd. for
CagH3N;0,S: 530.2338; found: 530.2335 (M+ HPLC (condition A)tg = 26.33 min,

99.1%, (condition Bjg = 28.07 min, 99.1%.

4.1.7.
N-[4-(2-{[6-(4-ethylpiperazin-1-yl)-2-methylpyrimiiak4-yl]amino}-1,3-thiazol-5-yl)phenyl]b
enzamideX0)

To a solution of6 (1.0 equiv) in pyridine at room temperature was eatddhenzoyl
chloride (1.1 equiv). After 0.5 h of stirring atam temperature, the resultant solid was

collected by filtration and washed with @EN to yield 10. Mp 324-325C. *H NMR (400
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MHz, DMSO-d6): 511.33 (s, 1H), 11.09 (s, 1H), 10.38 (s, 1H), 7.97 (@3= 6.8 Hz, 1H), 7.85
(d,J = 8.0 Hz, 1H), 7.77 (s, 1H), 7.59-7.54 (m, 4HL®B(s, 1H), 4.33 (br SH), 3.53-3.23
(m, 8H), 3.14-2.99 (m, 4H), 2.46 (s, 1H), 1.363H); *C NMR (100 MHz, DMSOdg) § 9.2,
26.0, 40.6, 50.0, 51.0, 83.4, 121.3, 125.7, 12627,9, 128.2, 128.8, 130.7, 132.1, 133.6,
135.3, 138.6, 157.9, 158.6, 162.3, 165.9; MS'[ESz calcd. for GHogN;0S: 499.64; found:
500.2 (M+H); HRMS (ESI) calcd. for §HzoN;0,S: 500.2233; found: 500.2225 (M+H

HPLC (condition A)tg = 22.83 min, 97.2%, (condition B) = 24.77 min, 95.3%.

4.1.8.
N1-5-[4-([(5-methyl-3-isoxazolyl)amino]carbonylane)phenyl]-1,3-thiazol-2-yl-4-(2-morph
olinoethoxy)benzamidd?)

To a solution of4 (1.0 equiv) in pyridine at room temperature was eadd
4-[2-(morpholin-4-yl)ethoxy]benzoyl chloride (1.1q@v). After 2 h of stirring at room
temperature, the reaction was worked up as descfisecompound$ to yield crude product
11 without further purification. To a solution afl (1.0 equiv) in pyridine at room
temperature was added (5-methyl-isoxazol-3-yl)-aaric acid 4-nitro-phenyl ester (1.5
equiv). After 2 h of stirring at room temperatuttee reaction was worked up as described for
compoundss andrecrystallized from CECN/CH:;OH to yield12. Mp 252-253C. *H NMR
(400 MHz, DMSO#€6): 5 10.75 (s, 1H), 10.20 (s, 1H), 9.80 (s, 1H), 788)(= 8.8 Hz, 2H),

7.84-7.72 (m, 3H), 7.58 (d,= 8.8 Hz, 2H), 7.08 (d] = 8.8 Hz, 2H), 6.61 (s, 1H), 4.18 {i=
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5.6 Hz, 2H), 3.58 (tJ = 4.4 Hz, 4H), 2.72 (] = 5.6 Hz, 2H), 2.47 (] = 4.4 Hz, 4H), 2.39 (s,
3H); 3C NMR (100 MHz, DMSQOdg) 6 12.6, 54.0, 57.4, 66.0, 66.6, 96.0, 114.6, 12126, 2,
127.0, 127.2, 130.1, 130.9, 132.6, 139.2, 151.8,2158158.5, 161.6, 165.3, 170.2; MS {ES
m/z calcd. for GH,gNegOsS: 548.18; found: 549.2 (M+H HRMS (ESI) calcd. for
Co7H29Ng05S: 549.1920; found: 549.1912 (M¥ HPLC (condition A)tg = 19.81 min,

96.4%, (condition B)g = 21.72 min, 93.6%.

4.1.9. General procedure for the preparation of topthloride and formic acid salts

To a solution of compounds (1.0 equiv) in methanol at room temperature wakedd
N HCI (4.0 equiv) or formic acid (2.0 equiv) ancetresultant mixture was stirred for 0.5 h.
The reaction mixture was evaporated to drynessthedesidue suspended in EtOH. The
suspension was sonicated for 1 h and the resutalid was collected by filtration. The

filtered solid was washed with EtOH and dried icaa&to yield the corresponding salts.

4.2. Biology
4.2.1. Biochemical Kinase Assays

FLT3 — GST-FLT3-KD"" containing the FLT3 kinase catalytic domain (resilu
Y567~S993) were expressed in Sf9 insect cells featexd the baculovirus containing
pBac-PAK8-GST-FLT3-KD plasmid. The FL3 Kinase-Glo assays were carried out in
96-well plates at 30C for 4 h and tested compound in a final volum&®fil including the

following components: 75 ng GST-FLT3-KD proteins, 25 mM HEPES, pH 7.4, 4 mM
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MnCl;, 10 mM MgCh, 2mM DTT, 0.02% Triton X-100, 0.1 mg/ml bovine ser albumin,
25 uM Her2 peptide substrate, 0.5 mMN&®,, and 1uM ATP.

VEGFR2 — The recombinant GST-VEGFR2 (residues W&3956) containing kinase
domain were expressed in Sf9 insect cells. Theski@@gsay were carried out in 96-well plates
with tested compound in a final volume of fDreaction at 30C for 120 minutes with
following components: 25 mM HEPES pH 7.4, 10 mM MgCimM MnCh, 0.5mM
NagVOs, 2 mM DTT, 0.02% Triton X100, 0.01% BSA, iM ATP, 2 uM polyGlu4:Tyr
peptide, 50~100 ng recombinant VEGFR2.

Aurora A Kinase — The recombinant GST-Aurora A iffaes S123-S401) containing
kinase domain were expressed in Sf9 insect cell® Kinase assay were carried out in
96-well plates with tested compound in a final vo&iof 50pl reaction at 37C for 90
minutes with following components : 50 mM Tris-HGH 7.4, 10 mM NacCl, 10 mM MgClI2,
0.01% BSA, 5uM ATP, 1mM DTT and 15uM tetra(LRRASLG) peptide, and 150 ng

recombinant Aurora A.

Following incubation, 5Ql Kinase-Glo Plus Reagent (Promega, Madison, WIAJUS
was added and the mixture was incubated a€X6r 20 min. A 70ul aliquot of each reaction
mixture was transferred to a black microtiter platel the luminescence was measured on

Wallac Vector 1420 multilabel counter (PerkinElm@nelton, CT, USA).

4.2.2. Cell Lines and Reagents

The five leukemic cell lines 32D, RS4;11, MV4;1193F and K562 were purchased
from American Type Culture Collection (ATCC, ManassVA, USA). MOLM-13 cells were
obtained from the Deutsche Sammlung von Microogaen und Zellkulturen GmbH

(DSMZ, Braunschweig, Germany). Murine pro-B lympwiec 32D cell lines stably
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transfected with expression vectors that encodedanuFLT3 containing an ITD mutation
(32D-ITD cells), ITD and D835Y (32D-ITD/D835Y ce)ls ITD and D835V
(32D-ITD/D835V cells), ITD and D835F (32D-ITD/D835Eells), and ITD and F691L
(32D-ITD/F691L cells) mutations, which lead to cotndive activation of the FLT3
downstream signaling proteins, were generated by HDr Eugene Liu, Division of
Hematology and Oncology, Department of Internal Mie&, Wan Fang Hospital, Taipei
Medical University, Taipei, Taiwan. All leukemiclténes were grown in RPMI 1640 with
10% fetal bovine serum (FBS) (Fisher Scientifiagtdburgh, PA, USA). The HEK293T and
FLT3-transfected HEK293T cells were cultured in DMEInvitrogen, USA) medium with
10% FBS fetal bovine serum. The anti-FLT3 (sc-4B@nta Cruz Biotechnology, Santa Cruz,
CA, USA), anti-pFLT3-Tyr591 (#3461, Cell Signalifigchnology, Beverly, MA, USA) and
antif-actin (Gtx110546, GeneTex, Irvine, CA, USA) anti@es were purchased for Western

blotting analysis.

4.2.3. Cell Viability

The cell viability was assessed with an MTS assagraviously described.32D-ITD,
32D-ITD/D835Y, 32D-ITD/D835V, 32D-ITD/D835F and 32D0D/F691L cells were seeded
in 96-well plates at 1 x fCcells/mL (100uL per well) for 24 h incubation, and then test
compound (at various concentrations in dimethylosile [DMSO]) was added to the culture

medium for 72 h incubation. The cell viability wdetermined by MTS assay (Promega,
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Madison, WI, USA).

4.2.4. Western blot analysis

Protein lysates were prepared from cell line, nesblby SDS-PAGE, and transferred
onto membrane according to our previous protoColsiter transfer to membrane, proteins
were immunoblotted with appropriate antibodies datected using the SuperSignal reagent

(Pierce, Rockford, IL, USA) followed by exposureXeay film.

4.3. Pharmacokinetics

Male Sprague—Dawley rats weighing 300-400 g eaetiZ8veeks old) were obtained
from BioLASCO (Taiwan Co., Ltd, llan, Taiwan). Thenimal studies were performed
according to NHRI institutional animal care and coitee-approved procedures. Animals
were surgically prepared with a jugular-vein caanohe day before dosing and fasted
overnight (for approximately 18-20 h) before dosiMyater was availablead libitum
throughout the experiment. Food was provided aftdr dosing. A single 2.0 mg/kg and 10
mg/kg dose of compound, as a PEG400/DMA (80/20, \swlution, was separately
administered to groups of 3 rats each intraveno($lyand oral gavage (PO), respectively.
Each animal received 2 or 10 ml of the dosing smtuper kg of body weight for IV and PO,
respectively. At 0 (before dosing), 2, 5 (IV onl§h, and 30 min and at 1, 2, 4, 6, 8, and 24 h
after dosing, a blood sample (0.15 ml) was colkctom each animal through the
jugular-vein cannula and stored in ice (0. Immediately after collecting the blood sample,
150 ml of physiological saline (containing 30 Unitsheparin per ml) was injected into the
rat through the jugular-vein cannula. Plasma wassged from the blood by centrifugation
(14 000 g for 15 min at 4 in a Beckman Model AllegraTM 6R centrifuge) ardred in a

freezer (-20C). All samples were analysed for the parent drud 6-MS/MS. Data were
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acquired through selected reaction ion monitorfPligsma concentration data were analyzed

with non-compartmental method.

Male ICR mice weighing 25-35 g each were obtainmedthfBioLASCO (Taiwan Co.,
Ltd, llan, Taiwan). The animal studies were perfednaccording to NHRI institutional
animal care and committee-approved procedures.leSid mg/kg intravenous dose of
compound was administered to a total of 33 maleemaied single 10 mg/kg oral dose was
administered to a total of 27 male mice. Each momas given 100 pL of the IV dosing
solution intravenously by tail-vein injection an@@puL of the PO dosing solution orally by
gavage. Animals that received the IV dose werdasgied and that received the PO dose were
fasted overnight prior to dosing. At O (immediatelgfore dosing), 2 (IV only), 5 (IV only),
15 and 30 min and at 1, 2, 4, 6, 8, 16 and 24 ter absing, blood (~500 uL) was collected
from groups of 3 mice at each time point by capliocture and stored in ice (0@). EDTA
was used as the anticoagulant. Plasma was sepfmatedhe blood by centrifugation (3000
rpm for 15 min at 4C in a Beckman Model Allegra 6R centrifuge) andretioin a freezer
(-20 ‘C). Control plasma was obtained from mice receiving compound for use of
constructing the standard curve and for the préjoaraf quality control (QC) samples. All

samples were analyzed for the parent compound biMBIMS.

4.4. Efficacy in xenograft and myeloproliferativeuse models

Human leukemia cells (MOLM-13 and MV4;11 cell linesnd 32D cells (a murine
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IL-3-dependent myeloid cell line, 32D/FLT3-ITD-D88p were cultured and maintained in
flasks with RPMI-1640 medium (Gibco, Life technaleg™, Corporation). The culture
medium was supplemented with 10% fetal bovine seftlBS). The cells were incubated at
37 C in a humidified atmosphere containing 5%.CO

The animal use protocol was approved by Thetitienal Care and Use Committee of
the Wan Fang Hospital, Taipei, Taiwan and Natidthedlth Research Institutes (Protocol No:
NHRI-IACUC-103024). Briefly, Nude mice Nu-Foxf) and SCID mice
(CB17/Icr-Prkdé&IcricoCriBltw) of six weeks old were purchasedrfrdBioLasco, Taiwan
Co., Ltd. (llan, Taiwan). Animals were fed standanice chow with water availablad
libitum. The animals were housed in group cages underted2light/dark cycle. Cells were
suspended in a volume that 100 pl contains $8RD/FLT3-ITD-D835Y or MV4:11 cells
per SC inoculation in nude mice. MOLM-13 cell susgied in 100 pl PBS contains 5X1a
SCID mice tail vein injection for survival rate diu The animals will be grouped and treated
with compound7h or controls. Animals were treated with compouat 10 mg/kg,7 h (10
and 25 mg/kg (PO) or vehicle by gavage for fivessmutive days a week for two continuous
weeks for MV4;11 subcutaneously xenograft dags 2-5 and 8-12 fdviOLM-13 survival rate
study. In drug-resistant xenograft tumor model, 32®/FLT3-ITD-D835Y bearing animals
will be grouped and treated with compoudidnd compound h at 10 mg/kg or vehicle by
gavage for five consecutive days a week for fountiooious weeks.

Tumor size was measured with a digital caliper, &rel tumor volume in mfhwas
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calculated by the formula: Volume = (length x witly2. Tumor-bearing mice were
randomized when the size of a growing tumor ~ 150" nAll mice were monitored daily for
signs of toxicity. Body weight and tumor size wemgeasured twice a week. Daily
observations of health changes are possible dwkmerimental time. At the end of the
studies, animals will then be euthanized by carbaxide inhalation followed by cervical

dislocation.
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were IV inoculated into SCID mice. From the 2nd dafger inoculation, mice were
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7h was administered orally at a dose of 10 mg/kg &ith days on/2 days off schedule for 4
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Scheme 1Reagents and conditions: (a) NaH, THF, 0 °C; (bines, pyridine, 80 °C; (c)
pyridine, phenyl isocyanate or (5-alkyl-isoxazoj3-carbamic acid 4-nitro-phenyl ester for
or 12, benzenesulfonyl chloride f& benzyl chloroformate fd®, benzoyl chloride fodO, rt;
(d) CRCOOH, rt for7b, 7d and7i; (e) pyridine, benzoyl chloride with a morphin@gp, rt.

Table 1.Inhibition of enzymes and cell proliferation withidzole analogues.

Table 2.Kinase inhibition profile of compoundd.

Table 3.Inhibition of leukemia cell growth byh and1-3.
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Table 1.Inhibition of enzymes and cell proliferation withiazole analogues.

HNT S
a1 NJ\ \/\O
7 R2=-C(O)NHR®
8 R?=-SO,R®

9 R2=-C(O)OR®
10 R2?=-C(O)R?

12

comod ” o ICs0 (M) Glso (UM) Rats, PO 10 mg/kg
omp .
WL-FLT3 VEGFR2 AuroraA MOLM-13  AUC.imng/mL*hr
7a i — -CeHs 0.079 0.16 >10 0.024 undetectable
7o N )wm CeHs 0.073 0.053 0.15 0.016 undetectable
7c %“C“T 4-Cl-C4Hs- 0.32 0.043 0.095 0.009 undetectable
7d  in i 3C-GHs 0020 0031 0.27 0.024 undetectable
/N N-Q
7e N v A, 0010 0.015 0.056 0.001 313
/~\ ';‘_0
Tt e e A, 0049 0.01 0.041 0.003 632
/N N-Q
79 N e A J, 0022 0.055 0.038 0.014 —
/7 N\ |>|—0
Th o iN e A, 0038 0.025 0.032 0.002 1075
| P 3
7i &L‘(N NH, Mcsz 0.014 0.007 0.038 0.003 undetectable
: N N
7 N e /\/W 0.033 0.015 0.036 0.002 —
/N
8 N N -CeHs 0.52 0.17 0.043 0.14 —
/N
9 N N~ -CHCHs  0.083 0.12 0.32 0.003 66
/N
10 5N N -CeHs 0.85 >1.0 0.14 0.019 —
12 0.58 0.37 0.025 0.21 _
1 0.037 0.25 0.080 0.055 —
2 0.044 0.042 3.8 0.056 —
3 0.069 0.43 >10 0.004 —

" 1C5o and Gk, values are the means of at least two indepenadgetienents.
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Table 2.Kinase inhibition profile of compound.

. 0.1uM . 0.1uM
Kinase o inhibiion  <M35€ o4 inhibition
FLT3 98 VEGFR2 85
PDGFRu 98 AURKB 85
SRC 97 TRKA 82
LYN A 96 VEGFR3 80
AURKA 96 BLK 78
RET 95 YES1 72
CSFIR 94 ABL1 66
RET
LCK 92 Va04L 65
PDGFRB 01 KIT 64
RET PDGFFa
V804L 89 V561D 63
FGR 89 MEK1 62
LYN B 88 IRAK4 61
FLT3 .
s 87 Tie2 61
RET ABL1
Y791F 86 T315 51
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Table 3.Inhibition of leukemia cell growth byh and1-3.

Glso (M)
7h 1 2 3

Cell line Characterization

MOLM-13 AML-FLT3-ITD (heterozygous) 0.002 0.055 0.056 0.004
MV4;11 AML-FLT3-ITD (homozygous) 0.001 0.038 0.043 0.003

U937 AML-FLT3-negative 11 1.4 34 >20
RS4;11 ALL-wt-FLT3 (homozygous) 0.11 0.40 9.3 2.2
K562 CML-Bcr-Abl FLT3-negative 0.19 >20 7.3 >20

"AML, acute myelocytic leukemia; ALL, acute lymphabtic leukemia; CML, chronic myelogenous leukemia
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Table 4.Activity of 3 and7h against 32D cells expressing native and drugtasisnutants of FLT3-ITD.

Cell line Glao (UM)”
7h 3
ITD alone 0.00001 0.00001
ITD-D835Y 0.006 0.016
ITD-D835V 0.004 0.027
ITD-D835F 0.038 0.15
ITD-F691L 0.070 0.22

*Gl gy values are the means of three independent expetisme
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Table 5. Pharmacokinetic profile of compoufid.

IV (dose: 2 mg/kg) PO (dose: 10 mg/kg)
CL Vs Tz Cmax  AUC(.ing F
Species (mL/min/kg) (L/kg) (hr) (ng/mL) (ng/mL*hr) (%)
Rats 31.6 8.2 4.3 122 1,075 20
Mice 82 21 1.8 168 942 35
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Figure 1. Structures of FLT3 inhibitors in the clinic.
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Figure 2. Identification of 5-phenyl-thiazol-2-ylamine deatives as FLT3 inhibitors.
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Figure 3. HEK293T cells engineered to express FLT3-WT, FLTB® FLT3-ITD/D835Y or FLT3-ITD/F691L
were analyzed. The HEK293T-FLT3 cells were treatétd compoundrh at various concentrations for 1 hr, and
the FLT3 ligand (50 ng/mL) was added for 5 min tegare the cell lysate for detection of changeELn3
phosphorylation by western blot analysis.
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Figure 4. Comparison of antitumor efficacy of compourisind 7h in xenograft mouse models. (A) Human
MV4;11 cells were implanted SC in nude mice. Atiez average size of the tumors reached to 200) mice
were dosed witl3 or 7h (qd, days 1-5 and 8-12) by oral gavage. The tusizar is expressed as the mean £ SEM
(n = 6-7/group). (B) MOLM-13 cells were IV inocuéat into SCID mice. From the 2nd day after inocolai
mice were administereth at 10 or 20 mg/kg a8 at 10 mg/kg or vehicle (qd, days 2-5 and 8-12pkal gavage

(n = 6/group). (C) Mice were implanted subcutangoSC) with 32D/FLT3-ITD-D835Y cells. When the
average tumor volume reached 200 himsize,3 or 7h was administered orally at a dose of 10 mg/kg &ith

days on/2 days off schedule for 4 weeks. The twsiraris expressed as the mean £ SEM (n = 9/group).
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isocyanate or (5-alkyl-isoxazol-3-yl)-carbamic adiahitro-phenyl ester for or 12, benzenesulfonyl chloride for
8, benzyl chloroformate fo®, benzoyl chloride forO, rt; (d) CRCOOH, rt for7b, 7d and 7i; (e) pyridine,

benzoyl chloride with a morphine group, rt.
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Highlights

1. Compound 7h displayed potent antileukemic activity.

2. Ora administration of 7h yielded complete tumor regression in MV 4;11 xenografts.
3. Compound 7h can overcome AC220-resistant kinase domain mutants of FLT3-1TD.
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»  Compound 7h was assayed against 73 protein kinases at a concentration of 0.1 UM

Protein kinase inhibition (%) at 100 nM

FLT3 98 BLK 78 | NEK1 23 | GSK3A (GSK3 alpha) 2

PDGFRA 98 YESL 72 CsK 23 | SGK (SGK1) 2

SRC 97 ABL1 66 RPS6KB1 (p70S6K) 22 | RPSBKAS5 (MSK1) 0

LYNA 96 KIT 64 RAF1Y340D Y341D | 21 | ERBB2 (HER2) 0

AURKA 96 PDGFRA V561D 63 TYK2 21 | CDC42 BPA (MRCKA) 0

RET 95 MAP2K1 (MEK1) 62 PDGFRA D842V 21 | AKT1 (PKB alpha) 0

CSFIR (FMS) 94 IRAK4 61 | IKBKE (IKK epsilon) | 18 | RPS6KA3 (RSK2) -1
SRC 93 TEK (Tie2) 61 | CHEK1(CHK1) 17 | CHEK2 (CHK2) -3
LCK 92 ABL1T315I 51 IGF1R 16 | MST1R (RON) -3
PDGFRB 91 PDGFRA T674l 46 AMPK A1/B1/G1 16 | JAK2 -3

RET V804L 89 BTK 46 MAPKS8 (INK1) 15 | NEK2 -4
FGR 89 FYN 46 | MET (cMet) 14 | FRAPL (MTOR) -7

LYNB 88 HCK 45 | MAPK14 (p38apha) | 10 | CLK2 -7

FLT3 D835Y 87 AURKC 45 FGFR1 10 | JAK1 -8
RET Y791F 86 GSK3B a4 PLK1 9 | SGKL (SGK?3) -8
KDR (VEGFR?) 85 FLT1 (VEGFR1) 44 | RPSBKA2 (RSK?3) 7 | PAM1 -11
AURKB 85 MAP2K1 (MEK1) 41 SGK2 6 | AXL -16
NTRK1 (TRKA) 82 BRAF 36 CLK1 5

FLT4 (VEGFR3) 80 TYRO3 (RSE) 28 | CDK2cyclinA 4
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Compound 7c:
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CCEPTED MANUSCRIP
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Data acguired by:J950821
expl  CRORBON '
SAMPLE PRESATURATION
date Feb 6 2015 sailmode
solvent dms0  wet
File shome /HHRI fvn~ SPLCIAL
"”"”“““""52252‘-' larinp nat used
i K ~ gain
06_02/CARBON_BL. fi~ Epin z0 Compd 7d
d  hst 0.008
ACDUISITION Wil 15.800
W 251 & alfa 10,000
at 1.304 FLAGS
»onp 63536 11 n
fh 13800 in n
bs dp ¥
di L.000 nm
nt 70000 FROCESSING
59 oo Bl
TRANSHITTER Tefid =3 "
n n not ueed
sfrg 100,578 DISPLAY
tof 15454 sp -1500.2
tpwr 6L wp 25124.9
7.900 1501.8
DECOURLER rp o
f HL rp 52.0
dof Qg -8z.9
dm vy PLOT
decwave W W 51
dpwr a1 sc [
dinf 3700 ws 1048
2
al  cdc ph
]
i
H“ I l“ | i

L o 0 B

220 200 1a0 160 140 120 100 a0 60 40 20 ] ppm



CCEPTED MANUSCRIP

Compound 7e:

Lcaomrmmas
ErnmEgEeaw
Std Proten parameters e B SR o
7 e
expd  Proton 00
i
SANPLE DEC. & VT s
dats  Dec 16 2010 dfrg 100.573 ;//,Z
awlvent DH3E  dn iz /7
Bxp  dpwr an
ACOUTSITION dof a =2
sfra 599,855 dm mmin
b HL - dmm c
1,268 dm¥ 13500
16384 PROCESSTNG
59%6.8 b 0.0
3400 witfile
4 proc Tt
58 fn 1072
6.2
2
47, W]
1060 ma Compd /e
72 wnt
¥
not used N
n
n
DILSPLAT
sp -552.2
Wi 53987
v LeFh
5T o
we 250
hzmm 3.23
is 12921
rfl 1592.2
rfp 9485
th
ins 100900
nm cdc. ph
F - ~ B % ¥ 7
|
| | | i
1 l ‘ \ M i
/ S - Ll i 1
\B R N T A LR T 1 T | A | J T T |
13 12 11 10 9 & 7 5 4 3 2 1 -0 ppm
w ol s o " i
a_a8 a.60 4.04 1118931
4.35 .00 15 B2 £3.15
e NN N e NS IEEIR YOS YE o N e gD e e e nennssone s fennanoneesrrnusbon
bt e - i g BB i R e e e B e R e e R e e T E ]
ﬁu—-mer—-amkeenndoehwkkanmanlﬂ:lmmm-bcrmmn‘]‘-»mbﬁll\lq'lrfll!:!lﬂ_ﬂzlr:!:mbml w{-—:qg‘:lﬁ.qwz_qq‘:qqn_l qqq{iﬂ‘!'ﬂﬂ"{'{?q'_\?_\ﬁlﬁﬁ
T -3 b B B8 Bt el nC B S e i et B--f-B- 3 (b B Pl B i e oo ReR=RRo b i i i
R e e R e b b L /l | | 1
! LU LU AR A
{ |
. . f |
expl  GaABON
SAMPLE SATURA |
date  Feb 12 2019| satmode n |
s lvent oms WE n |
file shomesNHEL vn~ SPECIAL
mreys sdata J950821- temp not uced
& /CARBON_0~ ﬂﬂ:n 30
spin 0 mpd
ACAUTSTTION hst b.008 Co e
B 1BBET .8 90 15.700
at 0.868 alfa 10,000
np dETHE FLAGS
fib 1040 i1 n
b= 8 in n
d1 1.080 dp ¥
nt 25000 hs nn
ct 25000 PROCESSING
TRANSHITTER Tb <
tn cCi3 fn ot used
sfra 75,441 DISPLAY
tof 1138.1 sp 1135.2
tpwr 55 wp 1BBE6 .8
7.B50 11 1136.3
DECOUPLER rfp
n WL rp -168.8
dof oolp =374.1
dm ¥¥Y PLOT
decwave Woowe 251
dpwr a6 sc ]
dmt 9800 wvs 4057
th
al cdc ph

T B

200

180

160

140

120 100

T

1]

G

a0 20

1] ppm



CCEPTED MANUSCRIP

Compound 7f:

= = a s = © = e o mare
e 4 : g8 0§ B § ggERy  %Em
- - LI A e e o sistaotat -
[ A
Data acquired by:JSE0818 i |
|
axpld  PROTON
BARPLE PRESATURATION
date Jul 20 2012 satmode
solvent dmse
File /homs/NHRL /v~ SPECIAL
mrsys/data/JS80818~ temp not used
e /PROT~ gain not used
_01.fid spin Z0
AEISt i es 0 Budo 137500
7 ! 2
at 2061 aifa i0.000 Compd 7f
g 32768 ILAGS
o 3600 i1 n
bs 4 in e
55 2 dp F
a1 1.000 hs nn
ot a PROCESSING
ot n BE536
TRAMSHITTER DISPLAY X
HL sp —7o.2
efrg 388 335 wp 6357 .8
tof 547.5 rf1 789.4
tpwr 5B rfp
£.750 rp 88,4
DECOUPLER T -108.8
dn c1s PLOT
ot [
dm . nan  sc
dEcwave ¥E 1ol
AE th ?
dmf 18500 ai cde ph
f
-
-
U ML
r T T T T T T T T A Ty T T L PR T
13 1z 11 10 k] & 7 & 5 4 3 2 1 L =1 ppm
[a— eyt e b b S
i.11 b.a7 15.25 3.36 6.8210.23
3.13 3.54 3.58 12.17 2z.a% §.13
& MoVue o = Kuoe b = w P F L e
S Sorwo s i - = - FToGocIWAT & 0 =@
o s nsRn: X *® - UnmnanngTT M L
T mmman o @ moes o - o comccsndon © o -
5 Salaas Egﬁﬂﬁ f “i i L e ”j’ “l' °‘|' "'l'
T TUd N4
Data acquired by:J9S08R1 ‘
eMpZ  CARBON
SANPLE PRESATURATION Compd 7f
date Jan 20 2015 satmode "
salvant dmso  wet
T118 /nome MHRL v~ SPECIAL
mrsys/datasJ9508z1- temp not used
ya /CARBON_0~ gain 20
spin 20
ACQUISITION hst a.008
W 16867 .3 pwB0 15.700
at 0.888 alfa 1a.000
np 2276 FLAGS
b 10408 i1 n
bs & in n
d1 1.000 dp ¥
25000 hs nn
ct 25000 PROCESSING
TRANSMITTER -} 0.50
n €13 fn not used .
sfrg 75.441 DISPLAY
tot 1138.1 sp -1135.2
tpwr 35 wp 18866 .8
7.8%0 Tl 1136.3
DECOUFLER rFp o
M1 rp 166.3
dof 1 1p -304.8
dm Yy Lo
daciwiye voowe 251
dpwr 38 se 0
dmf 8800 ws 2725
th
ai ede ph

T
100 a0 60 40 zn t  ppm




CCEPTED MANUSCRIP

Compound 7g:

& - - mewow -~ = =y Eosommen o
ki1 B = &
std Proton parameters 7 :"’j v': ::"‘:= . ;. ;; ERITmnAA 3
= = - B = o e %
expd  Proton ‘l' | kE\U) | | ih “Nll“[jj“«
SAMPLE DEC. & VT K //
date Jan 20 2011 dfry 100.573
salve oHSD dn e
Fils aup  dpwr 15
ACQUISITION dof o
sfryg 399335 dm nnn
tn HL  dmm =
at 1.366  dmf 18500
PROGESSING
6.10
witila
proc Tt
n 131072 Compd 7g
werr
wexp
whe
wnt
- R - P s il
l ke . J A
o o T L o e e e e e I s B e B e 5. o e e o Sy s M e S L, ey I B B
13 12 11 10 9 8 7 B 5 4 3 2 1 ppm
i o C L ¥
3.8L 3.35 11.63 2.38 a.807
3.48 3.87 2.95 15.00 15.15 2a.91
o s o o o mam = o - mmmNenHoa =
P RS- a @ EmEs 8 = bl R R et |
= sanin e wismm = = B st v vaahe el e
= mamEe o % moss = el o TopoSoHMnnmN@o
H EEBREGE & F faas o & = PR R
= AnAand A8 AR5 3 |\'JJ))
' N [ \ H ST
Pata acquired by:]850821 1 L
| | |
sxpl  CARBOK ] ! |
SAHPLE PRESATURATION
date Feb § 2015 satmode
solvant dmsa  wat
File shome NHRL fun~ SPECTAL
mreys/datas1950821~ temp not used
3 _20150205~ gain 3D Compd 79
_0L/CAREDN_OL.Fid spin 20
ACGUISITION hst 0.008
W 2S1BS.6  pwil 15.800
at 1.304 alfa 10.000
np 65536 FLAGS
fb 13600 11 n
bs B in n
dL 1.000 dp
nt. 20000 h=
20000 PROCESSING
TRANSKITTER 0] 1.00
tn £ 1sfid -2
sfrg 100.573 fn not usea
tof 1585 .4 DISPLAY
tpwr 61 sp -1500.2
7.800 wp #5120.8
DECOUPLER, rfl 1501.0
n 1 rfp ]
dof 0 orp a0.2
dm Wy e -58.4
decwave W pLOT
dpur a1 we 51
it 4700 st ]
ve 475
th 3
al cdc ph
| | | ‘ ‘
T T TreTE T T T i T T T MBS o S 5 N N B
220 1a0 160 140 120 RR ] an 60 a0 2l 0 ppm




CCEPTED MANUSCRIP

Compound 7h:

= w o o o = mHmSfommoudTes Toooon
o = < EmaZ3a & Pt PENSRS2522538T RIO=SE3
1t £ = soakmss o & ke ann by NLO8 aHE A0S
a = = B T & @ B T e ]
x QU QP
Std Proton parameters
eup?  Proton
SANPLE ol
data Aug 21 2011 rq 100.573
solvent OHST  dn 13
) exp  dpwr A6
ACOUWISTTION daf Q
sfrg 359,935 dm nnn
L HL  dmm <
at 2,560  dmf LES 04 Compd 7h
ng 41026 FROCESSING
W g000.0 b 0.10
fh 4900 wtfils
bs 4 proc Tt
Apwr 5B fn 191072
W 6.2
a1 1.000 warr
tof 347.2 wexp
nt 300 wbe
£t L] nt
alock ¥
gain ot ussd
AGS
il n
in n
dp .
DISPLAY
sp -z00.4
wp £8938.9
vs 113
sC 0
we 250
hzmm 24.00
15 56 .85
1 2583.4
rfp 250
th
1 100.000 |
nmocd
| l
| § i
£ r a 4 Fa i Jr
i L\ J L
T T T T A S e o s s b T T T ™ T e e o s e
14 1z 1z 11 10 9 é 7 B 5 4 3 2 1 ppm
o L e e e = o L
2,05 5.20 12.22 §.58 q 9.28
3.18 3.50 E-12 13.51 L .79
meon m T Wnme @ H fd sdgansba? § 2 o=
2 ogizggE B RESH € I 5382BT5EE% 3 % 2
. i S S an w -
T LEERE R 5 monm o o s %ﬁiﬁs?%lmm 2 & A5
S BEnss A aEans = 8 L\) [
LU U S o
~
Data acquired by:JoS08Z1 |
exp3  CARBOW
SAMPLE PRESATURATION
date Dec 16 2014 satmads .
solvent dmso wit n _
file shome/HHRL Vo~ SPECIAL Campd 7h -
mreys /data 350621~ temp not usad
1 JCARBON_D~ gain 30
spin 20
ACOUISITION hst 4.008
W 18867 .9 pwid 15.700
at 0.668 alfa 10000
ng 52763 FLAGS
Fi 10400 1 n
bs B in n
o1 1,000 dp ¥
nt 20009 hs o
ct Zonnl PROCESSING
TRANSHITTER 1o .50
tn ciz fn not used
=tra 75,441 DISPLAY
tod 1138.1 sp -113%.2
tpur 55 wp 18866 .8
it 7.650 rf1 11363
DICOUPLER rfp
dn 1 rp 173.7
dof 0 p -2549.%
dm ¥YY pLat
decwave WoWE 251
dpwr 36 sC ]
dnf 3800 v 3508 +
th 8
al cdc ph
|
|
|
TN " " | . - ¥
T T T RIS e I pe S LR IR (Bt EL L B LS T T T T :]\um-
ZZ20 4] 1a0 160 140 120 100 &0 Bl 40 20 pp



CCEPTED MANUSCRIP

Compound 7i:

o Heens o w4 @ somese o
: ZEReS  p 2. g Hoigedn  gas
@ .;,-..._Ljh. @ w E n;n;a:eu.jj: e
Data aecquired by:JaS0821 kk
awpl  PROTON
SAMPLE PREZATURATION
date  Feb 1 2017 satmode
solvent dmso  wat
file /home/NHRL v~ SPECIAL
areys/datasJ950821~ temp not used )
7 JPROTON_Ov gain not usgg Compd 7
spin
ACQUISITION hgt o.o008
W B398.0 pwid 13.L00 -
at 2,561 alfa 10.000
ny 92768 FLAGS
i1 3600 11 n
b3 4 in L
41 1.000 dp £
nt [
ot [ PROCESSTNG
. TRANSAITTER fn 85536
"
sfry 394.835 sp
tof 347.5
tprr iorh
P B.550 rfp
DECOUPLER o 120.7
dn e1s p “109.1 .
dof o
dm nnn - wWe 250
deowave WAD_HCNSmm 5o Q
dpr wE 21
dmf 17100 th [
ai cdc ph
- e
L, S e el i i S B | T T T T T T T T T T T e T
13 12 11 10 9 3 7 3 5 4 3 2 1 =i =1 ppm
— [ - L e
5.37 5.0 1. 5.78  14.59
26.50 5.68 16,85  5.18
M oM N BB B D mweg= o® - - o memonee o @een noomo AW
. - e maomTs S 3 S82F Su = = S ShmTmonedes~ & mm -
e R T v il R o R ] o Al A ol SRR & o A
+ & womoe - s mowse = = o 5 Tovocoondonn @ wWe T
- e L@wwe B W o mmme == = - e heawToscnfianmn 2 a3 ==
e e A S353= A= i L 1 | ]
o il i J 3 P10 U % 2
o -
Data acquired by:J350621 ‘
expl  GARBON ‘
SAMPLE PRESATURATION ‘
date Jan B 201 satmode n =
=olvent dmse wet
rile exp SPECTIAL
ACQUISLTION temp not uged )
W 25125.0 galn 30
at 1.300 spin 20 .
ng 65536 het 0.008 Compd 7i .
o 13800 pwiD 15.800
be 8 alfa 10000
di 1.000 FLAGS
nt 25000 i1 n
t 21748 in "
TRANSMITTER dp v
tn C1% hs nn
sfrg 100.572 PROCES3ING
tof 1545.4 1
Tpwr 61 isfid =8
7.900 fn not ugsed
DECOUPLER DISPLAY
dn Hl sp =73.2
ot 1 wp 202328
dm yyy el 1501.0
decwave w o rfp ]
P 4L rp 34,0
dmf aran p =101.8
PL
we 251
sc o
vE 573
th H
al cdc ph

) ‘ o ! . | koL

1—.—.—.—.;..‘.,...‘....:....‘..,”.....,.......‘,........,‘.....‘.,..Z:..., . o : .
180 160 140 120 1o a0 60 40 20 ppm




Compound 7j:

o w  nm meusTnd v = sessssoenErensssanTeTooass
® B oo SenNDDD BT R R el R R R )
= T o= Renmes= £ 2 SHRESRARRICEE888385850058855
E: R MQ\-;,:.; ‘4 v;d@ﬂu«uwﬂw—u-—fge=caoa

Data acguired by:dssosal \
exp2  PROTON ‘
ERMPL PRESATURATTON
date Feb 2 2015 satmode
solvent dmse  wet
file /nome/NHRI vn- SPECTAL
mreye /data /950831 tamp not used
_P0150202~ gain 30
neutéTTo s Re b0t
5 N i
W B238.0  pwiD 12.100 Compd Tj
at z,562 alfa 10.000
np 32760 FLAGE
b not used i1 n
bz in n
a1 1.000 dp ¥
nt 32 hs nn
ct PROCESZING
TRANSHLTTER b -20
tn m 131072
=fra 399 .93z DISPLAY
tof 456.% sp =582.7
tpr 53 wp 55808
W 6,050 rf1 1751.0
DEGOUFLER AL 934.8
dn £18 rp B0
dot 0 e -79.8
tm nan PLOT
decwave g wWe 251
dpur 45 sc i
dof 15000 ws 108
th 3
ai cdc ph
i Ji J
A J 1 \ L0
T — - T T T I o e e T B e e e L S e s S e
13 12 11 in 9 3 T 6 5 & 3 2 & 0 ppm
o e ot : e 1 _—
Z.18 3.57 13.28 .15 1.86 3.66 7.10
3.57 3,08 3.22 11.75 26.80 15.63
o m mw = P T T Tl TR R R e I T Bt e B
- ol =] a;g\]Namlﬂﬂlﬂﬂﬂmomﬂmmélﬂwwhu‘mauglv]Ena\ﬂmnwmsomﬂmmmu—ﬂzvn?mw«h R Rl
» Ren R B i o ach S B 8 S sy e TR S ST e bl e R R B e i S b e i it gl ol aedeti
= = e w !;6\7'-:r:¢;u';uﬁmwhﬂwﬁﬂa;ﬁi-:oeemwn-nmnnmavuﬁenv-ﬂeunnwwnmvwau CEEe oG e
o - e = B ERGBeEoSdnnwn e T MmEamRN NN Ao EeOAABOBOLONRNTTT TS G R R ]
3 388 R bk hhaay b R A i\ QN B U
QU T UL ) N =
Data adguiped by:3950821 |
A | |
expe  CARE
;q PRESOTURATION ‘ |
dats (Feb |2 2016 |satmeod |
solvent dmso  |wet n ] |
file /home MHRT VN~ SPECIAL
mreys/data/J950821~ temp not used
4o SCARBON_0~ gain i)
1 spin 20
ACQUISITION hst 0.008
5w 18667.5  pw3d 15.700 .
at 0.868 alfa 1.000 Compd 7]
g 32768 FLAGS
o 10400 "
bs 8 in n
“1 1.000 dp ¥
nt 25000 hi nn
ot 25000 PROCESSING
TRANSHITTER 1 6.5
tn 13 fn not used
sfrg 75441 DISPLAY
tof 1158.1 sp -1135.2
tpwr 5 188665
- -5 rT1 1136.53
DECIUPLER rip o
dn 1o 160.5
dof o op -205.5
dm ¥¥y
decwave WooWE 251
dpwr 38 se (1]
omf 9800 ws 1948
th 2
ai cde gh
} I I
| '
‘ |
| ‘
AN - ihamdion AT TN [ P -
ppman o " e Y i i e ,
T T T T T T L L e LT LI R I i o L
ZZ0 zon 1a0 160 140 120 Lo0 a0 60 40 20 ] ppm



Compound 8:

11.128
14348

Data acquired by:J950821

expl  PROTON

SAMPLE FPRESATURATION
date Jul 4 2012 satmode
salver dmso  we

wet
Tile shome NHRL un= SPECTAL

L oo

%W L

1,048
—1.021
0. 998

—

mreys/data/J950821~ tenp not usad
s JPROTON_~ gain not ussd
L% pin 20
ACQUISITION hst 0.008
b 1"%8 IV 1o 00
at i alfa A
ny 16384 FLAGS compds
i es0n 11 n
b 4 in W
35 2 ap ¥
dl 1.000 hs nn
nt 32 FROCESSING
ot 52 fn 32764
TRANSHITTER DISPLAY
tn 1 = 2940
sfrg 299.999 wp @439.6
tof 258.1 rf1 1244.9
tpwr 58 rfp 750.0
5.050 rp =15.7
DECOUPLELR 1p -62.8
n caz pLOT
dor 0 wC 250
dm nn s
decwave g WE 66
40 th 8
dmt 13106 al cdc ph
= 3 - J 4
_ T T . L e s e o S S ML A A S B o s e e o e B s e T T
13 1z 11 10 8 7 & 5 4 3 2 1 -0 ppm
e e - - e = o
S0 6.7 6.45 q.4% 9.03 3.65
2.01 11.45 3.35 4.14 30.75
e = wel TmdomTeTE W ~ mpEeNrND 0D w w
%8 E2 238483233 ¥ 2 Fiizgpgszge 3 2
v om e B I gy o HHmTeeemnnn = =
© @ o mOmMn N NS EN W = FhTTTTTmmmn = -
o ..m‘ T“?“"F““IFI‘ “I 15 Q\I)
i L
Data adquiire F:Jssnsu W W
expl CARBON
BAMPLE PRESATURATION
date  Jan 11 2015 satsode
=alvent dmse  wet
Tile shome/MHRI vre SPECIAL
RrEYS /6atla 350821~ temp not used
i MWN_T gn{n 30
spin H
ACOUTSTTION hst 0,008 Compd &
W 1B867.9 pwdn 15 700
at 0.866 alfa 10,600
np 51TRE
iy 1400 11 n
bs & in n
d1 1.000 dp %
nt 25000 hs
ct 25000 PROCESSING
TRANSHITTER 1o 0.50
n G13  fn not used
sfryg 75.441 DISPLAY
tof 1138.1 &p -61.1
Tpwr 55 wp 13666.1
7.850 1 1136.3
DECOUPLER rfp L}
HL rp 154.5
dof o p -30% .9
am vy PLOT
decwave Woowe 251
dphir 38 sc 0
omt 3000 vs 1312
th 5
al ede ph
J ‘ = u...J &
LT e o o e o s e (R B e - R e e e e Ly e et e B — T —T
160 140 120 100 80 B0 41 20 ppm



CCEPTED MANUSCRIP

Compound 9:

o =
= o
] -
b~ i
Data acguired by:J3808e1
expl PROTON
SAMPLE SATURATION
date  Oct 1 201%  satmode
solvent dmsa We
file /nome/NHRI/vn~ SPECIAL
mrsys /data/)950821~ temp not used
’ _D1/PROTO~ gain not used
= spln 0
ACOUTSITION hst 0,008
' B3§B.0  pwil 14,200
at 2.561 alfa 10,000
np 32765 FLAGS
fh ZE00 i1 n
b3 4 in nnn
55 2 dp
dl 1.000 5
nt az PROCESSING
=t 131072
TRANSHITTER DISPLAY
tn 5p -393.6
sfig 599935 wp 4980
tof 347.5 M1 17924
Lpwr 58 rfp 49,8
7.100 rp )
DECOUPLER, =106 .4
n FLOT
dof 0w 250
nnn - Ec a
daCaave vs 71
dpar 48 th 1
dmf 17100 ai ¢dc ph
A
e 4 J] o 4
P 8 Jud L M_LJ 1 S
[~ U T i T . T T T T T T T T T T T
13 1z 11 10 9 & 7 & 5 4 3 z 1 -0 ppm
by = et L o] Lo — —_— i
3.57 40515, L0 7.08 14_48 10.8%
3.97 14.01 4.82 6,81 14.67
mw T e g B - - SEowmenoh o = o
38EER  §ESos¥RAEC § gEzzzaspRs = 2
e e o 8 wnuzsccwhen o o
EER6a B oy ed o) ol B Emwwwe<abo = =
E Za3T334388a 'ﬁ)
[T e {
Bata acguired Ly:J§50021 |
expz  GARBON ! ‘ ‘ ‘
SANPLE PRESATURATION
date Feb 11 2015 satmode
solvent dmso  we
File shome MHRI vne SPEGTAL
nreys /data J850521~ LEmMp not used
s _20150211~ gain gn
_OL/CARBON_01.71d  spin 3
ACOUTSTTION hst 0,008 Compd 9
A 25105.6  pulll 15.800
at 1.304 alfa 0,000
np 5536 FLAGS
fb 1zB00 1 n
bs in n
di 1.000 dp ¥
nt 20000 he
ot 20000 PROCESSING
TRANSMITTER ik L.00
n c13  isrid -3
sfrq 100.573 fn not used
tof 1515.4 DISPLAY
tawr &1 zp -1800.2
T.900 wp 25124.9
DECOUPLER rfl 1501.0
an HL rfp i
dof o orp 56.4
m vy 1p -94.0
dECWaAvE W PLOT
dpwr 1 we 251
dinf 9700 s¢
wE 418
th
al cdc  ph
: I i‘ WL l u \
¥ e s "
0 o LA B B e e e e R | T T RRain s mL e T T T T T
bd |} zoo 1&0 160 140 1zo 100 a0 60 a0 20 1} ppm



CCEPTED MANUSCRIP

Compound 12:

wm SENmEhNDRENS oS SmTETmLAb oS SS e
ER EESNIRNSEREREDE PR e e e
Std Proton parameters o e e S a R B, e e e b
ss T mn.n.lulqu_v.n.n.r\hl\lne vu!Lnimmmm wmwwﬂcj««
expd  Proten [\ ] ) k ! L kk)
L s Q
date  Jam 12 2011 dfrg 100,573
solvent DMEOD  dn oL
fils exp  dpwr a6
ACQUISITION dot o
sTrq 339,935 dm nnn
tn H1  cmm <
at 1.366  ami o
np L6384 PROCESSING
W E3ya.8 1
fb 24 wifile
bs proc Tt
tpwr n 131072
Y 6.
d1 L.000 warr
tof F47.2 wexp
at 1000 whs
et 72 wnt
100k
gain not used
i1 n
Ln n
¢ DLSPLAY M
sp -395.5
wp £789.40
vE a00
36 a
L3 250
hzmm 23,20
iz 25806
ril 1533.2
rfp 999.8
th ]
ins 100.000
om cdc ph
JJM
—T T T T T T T — T T T e T T
13 1z 11 10 9 8 7 17 5 1 3 2 1 -0 ppm
[ S == bt — w wo¥ 2y
.03 a.az 8.73 §.26 G.84 15.98 15,32
3.57 6.715.61 .72 11.48 5.967.30
o 2 msu s= 4 suzides e s = 2 muzsssommemnsofusss oz
2 S 288 B o B82HREs [ & 2 25 ZRERCEERARRANENERS iz
@ S B omwm we T e o on - - - = T EuErReEssnsdsSssdooos ol
= = EE8 &E % BREENSEF 2 R L owmu;mv--rﬂvr-v FREE oy
J L [ | (A \ RH \ \ %JJ di
Datd acquired by:d950671
|
exp CaRBON
SAMPLE Pﬁzsnrulm U |
dat Feb 18 2015 satmode
salvent m-w
ﬂ'lc J homa AHHE. SPECINL
jumgassusn-v tem not wsed
150216~ Dﬁin 3
_01/CORBON_O1  spin 20
ACTUTSITION hst D.008
W 25125.6  pwi0 15.800
at 1.304 alfa 10,000
np G536 FLAGS
Th 13800 11 n
bs in 0
a1 1.000 dp Y
nt 20000 nn
1 zoo00 PROCESSING
TRANSMITTER 1 .on
tn €13 1sfid =3
sfrg 100,573 not used
tot 1545 .4 DISPLAY
tpwr 61 sp -185.3
7.900 wp 20841 .1
DECOUPLER il 1501.0
n H1 rrp
dof o rp 48.8
dim ¥yy 1p -80.8
decwave W FLOT
dpwr 41w 51 |
dmf 9700 =c
vs 126%
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