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HIGHLIGHTS

» Extension of monoaryl hydroxylamines to diaryl hyxylamines illuminates activities as
potent pan and dual inhibitors of the tryptophatalsalizing enzymes, IDO1, IDO2 and
TDO.

» This capability is unique given the lack of presdaeports of dual and pan inhibitors for
these enzymes, which jointly regulate the kynuremathway of tryptophan catabolism
to modulate immune, inflammatory and neurologicaictions in the body.

* Aryl halide substitution generated the most potentvatives studied.

ABSTRACT Tryptophan (Trp) catabolizing enzymesypha important and complex role in the
development of cancer. Significant evidence impésahem in a range of inflammatory and

immunosuppressive activities. Whereas inhibitorsmdbleamine 2,3-dioxygenase-1 (IDO1)



have been reported and analyzed in the clinic, femebitors have been described for
tryptophan dioxygenase (TDO) and indoleamine 2g8«tienase-2 (IDO2) which also have
been implicated more recently in cancer, inflamoraind immune control. Consequently the
development of dual or pan inhibitors of these dapabolizing enzymes may represent a
therapeutically important area of research. Thikesfirst report to describe the development of

dual and pan inhibitors of IDO1, TDO and IDO2.
Introduction

In mammals and other vertebrates, three enzymé&] |IDO2 and TDO, catalyze the
rate-limiting first step of tryptophan catabolisiwveh the kynurenine pathway which accounts
for >95% of tryptophan catabolismi. Whereas TDO is a predominantly hepatic enzyme
functioning to maintain tryptophan homeostasis, 1I08induced by inflammation, particularly
by IFNy, and can be found in lymphoid tissues and organsg mucosal surfaces, and in the
placenta and epididynfissDO2 has been less thoroughly investigated tharother two
enzymes, but the available data indicate it hasm mestricted expression than IDOIh cancer
patients, IDO1 expression has been observed ahgdgvels and frequencies in most tumor
types while TDO is strongly expressed in hepatanaroa, but also weakly in many other tumor
typesSExtensive preclinical evidence indicates that ID@Hibitors can relieve T cell suppression
and enhance cancer therapeutic respdis@gcluding when combined with cytotoxic
chemotherapy, radiotherapy or immune checkpoirmah@®. Nevertheless, the failure of the
IDO1-selective inhibitor epaccadostat to provideeaefit in combination with the immune
checkpoint agent pembrolizumab in a recent phastiical trial"® in melanoma patients
highlights the continuing challenges to exploit thie IDO1 has in regulating the immune

system.



While this trial has raised many questitnattendant with its failure has been the
growing recognition of the complex role and impoda of the related dioxygenases, TDO and
IDO2* ° which, like IDO1, also exert root functions imear inflammatory programming. It has
become clear that IDO1 drives both neovasculadnaiong with immunosuppression in
tumors'* 3 TDO promotes immunosuppression, but also othesgsmes that promote metastatic
progression ***’ IDO2 drives inflammation in autoimmune and carssttings including
pancreas cancér’. Combo or pan IDO1/TDO/IDO?2 inhibitors will potéaity offer metabolic
adjuvants to illuminate key questions concernirggghculiar nature of chronic inflammatory
states that sustain canCerAs metabolic adjuvants, IDO1-selective inhibstdio not plumb the
full potential of blunting Trp catabolism. Emergiegidence indicates that TDO and IDO2 are
jointly activated with IDO1 in many tumats**” 22 arguing for independent as well as
overlapping functions. Whereas IDO1 modulates Tin#amed states, IDO2 influences B-cell
inflamed states critical for autoimmurfityas well as certain cancers like pancreatic cahéér
IDO2 targeting may pose an additional benefit itigating autoimmune side-effects of immune
checkpoint therapy based on evidence of a rolefoimmune inflammaticf{ ° Lastly,
resistance to IDO1 blockade in preclinical modslassociated with upregulated Trp catabolism
down the kynurenine pathway by TDO or ID®2n the wake of these discoveries, the next
logical step would be the development of dual @adrspectrum inhibitors of tryptophan

catabolism to target IDO1, IDO2 and TDO.

Although a large number of IDO1 inhibitors have meemmunicatetd’ */, there are
significantly fewer TDG* ?®32and IDO2 inhibitor&>>described in the literature. To the best of
our knowledge, there is only one report of dualbition in the literaturd, although a collection

of patents have appear&d. Our recent report of monoaryl hydroxylamine vtgias an



impressive, structurally simple IDO1 inhibifBprompted us to explore this structural class of
compounds further for combinatorial activity agaifi®O/TDO enzymes. Cognizant of the
potential therapeutic benefits that might accroenfjoint inhibition of IDO2 and TDO, we
therefore screened more broadly for the effectliarfyl hydroxylamines on IDO2 and TDO as

well as IDO1, to identify pan or selective inhilv&o

Based on literature defining two major pockets &M and B in the active site of
IDO1%% ***3 The expansion of our previously reported monolaydroxylamines to diaryl
derivatives was conceived initially as an efforetgloit both pockets in IDO1 to achieve more
potent and selective inhibition. In addition, ID@Eubstrate profile has always suggested greater
promiscuity relative to TD&' *°and the reported flexibility of the enzyféikely contributes to
the ability of IDO1 to accommodate a range of strires. We were cognizant of these challenges
and opportunities as we explored a new structigaldtive of the monoaryl hydroxylamines.

Herein we report our results with regards to thetadies.

Results and Discussion

Synthesis of diaryl inhibitors.

The synthesis of the diaryl inhibitors followed th&ttern of the previously reported
monoaryl hydroxylaminé§in using the Mitsunobu reaction of an alcohol with
hydroxyphthalimide to create the critical hydroxyiae functional group. The alcohol
precursors of the Mitsunobu reaction were usuafhtresized by adding phenyllithium or
phenyl Grignard to the appropriate aldehyde (Sch&mBetails for the synthesis of all alcohol

precursors to the Mitsunobu reaction are showheSupplementary Data appendix. The



Mitsunobu sequence shown in Scheme 2 illustraeegrdmsformation of the alcohol substrates

to O-alkylhydroxylamines.

Scheme 1. Synthesis of Diaryl Alcohols with One Ring Subsiitd
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Scheme 2.Mitsunobu Reaction to Convert Alcohols to O-Alkyy#ttoxylamines
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Enzymeinhibition data analysis.

Analysis of the diaryl compounds with isolated eneyassays for IDO1, IDO2 and TDO
activity allowed a preliminary ranking of the deatives (Table 1). These results illustrated an
array of activity and selectivity in this classdibxygenase inhibitors. In all cases, compounds
were tested as racemic mixtures, so it is pos#ilateone enantiomer is the preferred and more
potent stereoisomer. IDO1, which is the primaryiof most therapeutic work, was most
potently inhibited by compounds with bromo and cblsubstituents on the aromatic rings
(compoundd-7) with a potency in the range of 1aM. This was also consistent with the results
from our studies with the monoaryl hydroxylamiffesethoxy or hydroxy substituted

derivatives 20, 23, 25) were noticeably less potent (g8, 85% inhibition and 18% inhibition,



respectively). The preference for bromo and chiufostitution on IDOL1 inhibitors has also been
found with the most potent compounds that haveredtee clinié.

In addition to the potency enhancing effects obgahated derivatives towards IDO1
inhibition, we found two modifications that oftesd to IDO1 selective inhibitors: 2-fluoro
substitution of one aryl rindlQ, 12, 13, 16) and diaryl derivatives with a longer chain ofrato
between the two aryl ring$,(11, 17). In the ortho-fluoro substitution cases, the twast potent
examples also have a trifluoromethyl group on #reesring and therefore the highly electron
deficient aryl ring may be critical for IDO1 seletty. With respect to the diaryls with greater
distance between the two aryl rings, their selé@gtig likely the result of the extended second
aryl group better occupying the B pocket of IDQthibitors that occupy both the A and B
pockets of IDO1 often have greater potéicy although, to the best of our knowledge, our
discovery is the first to illustrate selectivitypm an extended binding inhibitor. This could be
critical to the development of more selective imtais of the dioxygenase family.

New pan, dual and selective dioxygenase inhibitgrse also identified. For example,
compound3 with the 3,4-dichloro aryl ring substitution, wagan inhibitor (IDO1/IDO2/TDO
potency: 2, 32, iM, respectively). Several of the chlorinated anmfinated derivatives
demonstrated dual IDO1/TDO inhibition, includiag4,4’-dichloro),6 (2,4-dichloro),8 (4-
chloro),9 (3-fluoro), 14 (2,3-dichloro), and5 (4,4’-difluoro). All six had IDO1 and TDO I&
values in the single digit micromolar range. OnaldDO1/IDO2 inhibitor was identified in the
2-chloro substituted diaryl derivative, compoul® which had G, values of 18 and 25M for
IDO1 and IDO2, respectively. There was one diaoyhpound 26) tested that was a selective
TDO inhibitor (12uM). Twelve of the other compounds were IDO1 sélectl, 2, 5, 7, 10-13,

16-18, and20. As noted earlier, seven of these derivativemfd one of two categories: (1) 2-



fluoro substitution 10, 12, 13, 16) or (2) extended distance between the two aromats 6,
11, 17). Four of the IDOL1 selective inhibitors had 3,5ald € and7) or 2-position substitution
(18 and20). The most potent compourd,fit none of these patterns as it had a 3-bromo

substitution, thereby demonstrating the empirieaire of much of this analysis.

Table 1. Enzyme Inhibition Data for Diaryl HydroxylaminestwiRing Substitutioh

O-NH,-HCI
AI"2 (CHz)n'AH

Compound Structuré IDO1 (UM or % IDO2 (UM or % TDO (UM or %
no. inhibition)° inhibition)” inhibition)”
1 3-bromo 1uM 77.6% 92.6%
2 3,5-dichloro 2uM 69.8% 83.4%

3 3,4-dichloro 2uM 32 uM 4 uM
4 4,4’-dichloro 3uM 69.3% 2uM
ONH,-HCI O
5 3-C1Ph N 3uM 84.3% 75.5%
6 2,4-dichloro 4 uM 73% 6 uM
0,

7 3,5-difluoro 4puM 83% 92.6%
8 4-chloro 5uM 74.3% 5uM
9 3-fluoro 5uM 82% 6 UM
10 2-fluoro-3-trifluoromethyl 6 UM 81.1% 93.2%
11 ONHy-HCI

2 HM 78.1% 93.1%

Ph 3-Cl-Ph

12 2,4-difluoro 7uM 46% 90.3%

13 2-fluoro-5-trifluoromethyl 8 uM 73.8% 73.4%



14 2,3-dichloro 8uM 72.4% oM

15 4,4'-difluoro 9 uM 73.6% 9uM

16 2-fluoro 12 uM 77.8% 87.2%

17 /OQ/HTECI 16 uM 76.0% 89.9%

Ph Ph

18 2-bromo 17 puM 81.0% 90.4%

19 2-chloro 18 uM 25uM 89.8%

20 2-methoxy 23uM 80.0% 80.3%
ONH,-HCI

21 Ph N 83% 76.5% 93.3%
ONH,-HCI

22 Ph 76% 88.6% 43.6%

23 2-methoxy-4-methyl-4’chloro 85% 73.8% 66%

24 3,5-bis(trifuoromethyl) 56% 53.3% 50.8%

25 4-hydroxy 18.3% 72.3% 48.7%

26 3-trifluoromethyl 18% 36.1% 12pyM

2In all structuresp=0 unless otherwise shown.
*The inhibition activity of each compound as listeas first tested with 20QM inhibitor (except 24 and

25, which were tested with 2Q0M inhibitor), 1Cso values were then determined for those exhibiting
>95% inhibition activity.

Figure 1. Venn diagram of selectivities seen with diaryl lpd/lamines in enzyme inhibition
assay.
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Céll-based data analysis.

The first point that was noticeable in the celldxh$G, data (Table 2) was that almost all
inhibitors demonstrated more potent inhibition tharthe isolated enzyme assay. This is quite
common with IDO1 screefs*’ and seems reasonable to expect for the simildrijienging
isolated enzyme assays for TDO and IDO2. In pddicuhe IDO1 enzyme assay uses a
surrogate reduction system (typically methyleneeldnd ascorbic acid) which is not the native
reduction operation, to maintain the IDOL1 in itsatgtically active ferrous state; for although
there is no redox cycling in the catalytic reactiinO1 is quite prone to oxidation to the ferric
heme in the presence of oxygen. Also, as with sb&aied enzyme assays, all compounds were
tested as racemic mixtures.

The cell-based and isolated enzyme screens genetathonstrated similar relative
potency for IDO1, IDO2 and TDO in most cases, altifo some differences in selectivity
profiles were observed. For example, the same bramdodichloro substituted derivativels4)

that were potent IDO1 inhibitors in the isolatedyne assay were also potent IDO1 inhibitors



in the cell-based assays (0.¢d#1). However, the cell-based data for these compswaxthibited
more significant potency with IDO2 and TDO as wéilideed, most of the diaryl compounds
demonstrated pan inhibition with high nanomolarl@wv micromolar inhibition of all three
tryptophan catabolizing enzymes (Figure 2) . Intladlse cases, the potency for IDO1 was the
strongest, albeit in some examples only marginatly or within experimental error. For
comparison and as proof of the significant pankibr potency of the diaryl hydroxylamines,
two clinical IDO1 inhibitor candidates, epacadosfifdCB24360) and PF-068400003, were
tested and are included in Table 2 and the VengrBra Figure 2. Although INCB24360 shows
pan inhibition at roughly the same level as manthefmore IDO1 selective diaryl inhibitors, the
structural simplicity of the diaryl hydroxylaminahibitors and their ease of synthesis (3 steps
versus 14 steps for epacadostat) makes them antanpaliscovery and an exciting new lead

compound series.

As with the enzyme assays, the halogenated demg(fluoro, chloro and bromo) were
the most potent and, within these examples, thelaljenated version24, 6, 7, 12, 14, 15)
demonstrated stronger pan inhibition than the malugenated analog$,(8, 11, 16, 18, 19),
which had at least one inhibition constant above [ &0. The meta monofluorinate®
demonstrated IDO1 selective inhibition, along withee ortho monosubstituted derivativis
20, which had roughly five- to ten-fold greater patgrwith IDO1 (~1pM) than either IDO2
(~10uM) or TDO (>20uM). The power of ring halogenation was also witeesis our previous
reporf® on monoaryl O-alkylhydoxylamine derivatives as ID@hibitors.

As with the isolated enzyme assay, the extendedirigninhibitor 5 with the greater

distance between the two aryl rings demonstratere rtican 20-fold selectivity for IDO1 over



IDO2 and TDO. However, the other extended bindimghitors,11 and17, were less potent and
less selective, illustrating that compounthas the better distance between the two aryl riags
generate selective and maximum IDO1 inhibitionelastingly, there were two compounds,
and 21, which showed dual IDO1/TDO inhibitor activity Wwitroughly 10-fold greater potency
for IDO1 and TDO (~1-5uM) over IDO2 (~30-50uM). Notably, the loss of the second aryl
ring, as in compoun@2, resulted in significant attenuation in overahilition activity and for
TDO in particular. This example serves as an ingmdrtllustration of the requisite diaryl
character in these inhibitors. Surprisingly, theairfdeast potent compounds in the isolated
enzyme assay?2B-26) showed single micromolar potency towards IDO1h& cell-based assay
and retained low micromolar inhibition of IDO2 aAdO. Again, this is likely attributed to

differences in the isolated enzyme assay procedersis the cell-based assay.

Table 2. Inhibition Data (1G values) for Cell-based Assays of Diaryl Hydroxylaes with
Ring Substitutiof

O-NH,-HCI
Ar2 (CHz)n'Ar»]

Compound Structuré IDO1 (uUM)® IDO2 (UM) TDO (uM)
no.
OH
HN
Epacadostat 0 H =N
(NCB24360) HzN:/S\NNNY\T er 0.07 18.9 25.2
O H I N
N-go F
o
NH
PF-06840003 E 0 0.21 327 378
A\
N
H
1 3-bromo 0.590 11.8 7.15

2 3,5-dichloro 0.870 8.66 5.70



3 3,4-dichloro 1.91 19.5 8.11
4 4,4’-dichloro 1.09 12.5 4.53
ONH,-HCI O 1.43 36.1 123
5 3-Cl-Ph H’Ph
6 2,4-dichloro 1.99 7.68 4.82
7 3,5-difluoro 0.357 8.75 3.48
8 4-chloro 7.15 27.8 23.7
9 3-fluoro 0.939 9.99 6.21
10 2-fluoro-3-trifluoromethyl 0.933 16.8 5.62
11 ONH,-HCI 6.74 205 58.7
Ph 3-Cl-Ph
12 2,4-difluoro 1.21 18.9 6.37
13 2-fluoro-5-trifluoromethyl 1.09 8.94 9.02
14 2,3-dichloro 1.87 8.95 4.54
15 4,4'-difluoro 1.68 12.1 5.15
16 2-fluoro 1.26 30.5 3.92
17 ONH,-HCI 14.7 19.3 49.7
Ph Ph
18 2-bromo 1.46 12.3 225
19 2-chloro 2.48 10.7 21.8
20 2-methoxy 1.11 16.5 48.8
ONH>-HCI 3.36 49.9 4.41
21 Ph AN\
ONH,-HCI 21.0 40.2 2770
22 Ph
23 2-methoxy-4-methyl-4'chlorc 1.76 8.77 19.1
24 3,5-bis(trifuoromethyl) 3.35 14.5 77.4
25 4-hydroxy 2.89 12.6 29.8
26 3-trifluoromethyl 1.73 24.7 13.6

2In all structuresn=0 unless otherwise shown.




*The IDO1 assay used Hela cells, the IDO2 assay mmete Trex cells and the TDO assay used Trex
cells. Data is from a single data point except tftg most potent compounds, which were done in
triplicate and the results averaged.

ONH,
hIDO1 selective

o]

ONHz  pan inhibitors

Figure 2. Venn diagram of selectivities seen with diaryl fogd/lamines in cell-based assay.

Compound associated cytotoxicity could be a péssibmplicating factor for
interpreting the cell-based enzyme inhibition datd a potential concern with regard to safety
and tolerability. Therefore, a viability screentwiieLa cells was undertaken which
demonstrated roughk80% viability up to 10QuM for all compounds except fd; 12 and24
(See Supplementary Data appenéhidgure S3). For these three compounds, the cell viability
dropped to approximately 60% around 100. The overall lack of cytotoxicity apparent at the

effective inhibitory dose range for these compousutggests that general cytotoxicity is not



likely to be an issue for advancing the diaryl lopddamine series. It was clear that the diaryl
hydroxylamines, like the monoaryl hydroxylamineaya little to suggest that they would be
problematic. Assessment of impact of human serwtepr binding indicated a substantial
reduction in inhibitory activity for one of the cgmunds 6, while the inhibitory activity o
was relatively unaffected (see Supplementary Daperadix,Figure S4). This analysis indicates
that it should be possible to develop diaryl hygtamines inhibitors that are not unduly
compromised by serum protein binding.
Conclusions

Several important discoveries were made in theesugported here. First, diaryl
hydroxylamines demonstrated strong potency in isdlanzyme assays and were even stronger
in cell-based assays. This reaffirms a common atte IDO1 inhibition studies and alerts
researchers in the field that isolated enzyme stusiould be interpreted with caution. This is
understandable because the isolated enzyme asshgde Trp catabolizing enzymes is not an
accurate replication of the actual cell environm&atcond, the value of halogenation (fluoro,
chloro and bromo) to potency in all three enzynses critical recognition, echoing the most
potent IDO1 inhibitors that have entered the cliffilsird, as seen with, extended binding
inhibitors do offer selectivity for IDO1 over thed other dioxygenase enzyme targets. Most
notably, this study illustrates a rare exampleaiept pan and IDO1/TDO selective inhibitors.
Although IDO1 inhibitors have been developed ambreed for over a decatfethe
development of pan or variably selective inhibitigrstill in its infancy. Indeed, given the recent
failure of the IDO1-selective inhibitor epacadostathe ECHO-301 Phase 3 trial in melanoma,
it seems likely that dual or pan inhibitors mayif@ortant to the development of effective

therapeutic inhibitors of tryptophan cataboltSnThe illustration in this report that these



relatively simple inhibitors have significant potgrand unique selectivity is an important
development in the field that should benefit ottesearchers. Future studies will seek to further

advance these understandings in the creation af therapeutically relevant structures.

Experimental Section
General Synthetic Chemistry Experimental Parameters

All reactants and reagents were commercially abkland were used without further
purification unless otherwise indicated. Anhydroud,Cl, was obtained by distillation from
calcium hydride under nitrogen. Anhydrous THF weshly distilled from Na and
benzophenone. All reactions were carried out umheinert atmosphere of argon or nitrogen
unless otherwise indicated. Concentrated referghto removal of solvent with a rotary
evaporator at normal water aspirator pressurevi@tbby further evacuation with a direct-drive
rotary vane vacuum pump. Thin layer chromatograplag performed using silica gel 60 A
precoated glass or aluminum backed plates (0.25 tmokness) with fluorescent indicator,
which were cut. Developed TLC plates were visudlizmgth UV light (254 nm), iodine, or
ninhydrin. Flash column chromatography was condluatgh the indicated solvent system using
normal phase silica gel 60 A, 230-400 mesh. Yietdfer to chromatographically and
spectroscopically pure (>95%) compounds excepttlasrwise indicated. Melting points were
determined using an open capillary and are uncedetH NMR spectra were recorded at 400
MHz. Chemical shifts are reporteddrvalues (ppm) relative to an internal referenc@3% v/v)
of tetramethylsilane (TMS) folH NMR. Peak splitting patterns in tiel NMR are reported as
follows: s, singlet; d, doublet; t, triplet; g, qtet; m, multiplet; br,broad*C NMR experiments

were conducted with the attached proton test (APllse sequence®C multiplicities are



reported a$, (up) for methyl and methine, aiag (down) for methylene and quaternary carbons.
HPLC was conducted on an Agilent 1100 with an Aisdfxpress C-18 column (100 x 4.6 mm,
2.7 um) and a mobile phase of 80:20 MeClH GC analyses were performed on the free
hydroxylamine with an EI-MS detector fitted with38 m x 0.25 mm column filled with cross-
linked 5% PH ME siloxane (0.25 um film thicknesggs pressure 7.63 psi He. Analysis of
samples involved heating from 70 to 250°C (10°Cjnaind finally holding at 250°C for 7 min.
All compounds were found to be >95% purity by elatakanalysis or GC as indicated.

General Synthesis of O-Alkyl Hydroxylamines.

To a solution of alcohol (1 mmol) in freshly digd THF (5 ml) was added
triphenylphosphine (1.1 mmol) and N-hydroxylphthatie (1.1 mmol). After the solution was
cooled to 6C diisopropylazodicarboxylate (1.1 mmol) was addedpwise. The solution was
allowed to warm to room temperature over 3 houeadion progress was monitored by TLC
(1:1 heptanes:ethyl acetate). Hydrazine monohgd(atl mmol) was then added and the
solution was allowed to stir for 30 min. Water waailed to dissolve the white precipitate. The
aqueous layer was then extracted with ethyl ac&adimes, washed with brine, and dried over
NaSQO,. Removal of the solvent under reduced pressucedstl a yellow oil that was purified
by flash chromatography (1:1 heptanes/ethyl acetdate0.1% triethylamine).

HCI salt formation: The O-alkyl hydroxylamine was dissolved in a mial amount of diethyl
ether. HCI in anhydrous diethyl ether (1.0 M, 1 egs added slowly. The white precipitate was
filtered and washed with diethyl ether and driedemhigh vacuum.

O-(3-Bromoe-phenylbenzyl)hydroxylamine hydrochlorid. (Synthesized from 3-brome-
phenyl-benzenemethanol according to the generakproe to afford as white crystals in 66%

yield. Mp=159-162C. *H NMR (CD;OD) § 7.57-7.60 (m, 2H, Af), 7.33-7.52 (m, 7H, Af),



6.11 (s, 1H, Ar®). **C NMR (CD;0OD) &, 132.0, 130.5, 130.0, 129.3, 128.9, 127.3, 126/@M;8
d¢ 139.8, 136.5, 122.5. Anal. calcd. for;3813CIBINO C=49.63, H=4.17, N=4.45.Found:
C=49.63%, H =4.48%, N =4.38%.

O-(3,5-Dichloroa-phenylbenzyl)hydroxylamine hydrochlorid2). Synthesized from 3,5-
dichloro-u-phenyl-benzenemethanolaccording to the generatepiore to afford2 as white
crystals in 88%yield. Mp= 172-17°C. 'H NMR (CD;OD) & 7.38-7.44 (m, 4H, Ad), 7.24(d,
2H, ArH, J=8.6H2), 6.84-6.87 (d, 2H, A, J=6.68 Hz), 6.01 (s, 1H, AH). 1°C NMR (CD;OD)
8, 131.7, 131.2, 130.9, 129.5, 127.8, 885143.6, 138.4, 137.6. Anal. calcd. fors81.CIsNO:
C=51.26; H=3.97; N=4.60. Found: C=51.54%, H = 3.680&4.57%.

0O-(3,4-Dichlorophenylbenzyl)hydroxylamine hydroctde (3). Synthesized from respective
alcohol according to the general procedure to difoas white crystals in 67% yield. Mp=155-
156°C.'H NMR (CD;OD) & 7.61 (d, 2H, AH, J=8.0Hz)$ 7.50-7.44 (m, 4H, At),5 7.36-7.34
(d, 1H, AH, J=8.0Hz)5 6.18 (s, 1H, ArE(ONH,)). *C NMR (CD;OD) &, 130.8, 129.4, 129.1,
129.0, 127.2, 126.9, 86.8; 138.0, 136.2, 132.8, 132.6. Anal. calcd. fqgHG,CIsNO:C=51.26;
H=3.97; N=4.60, Found: C=51.26%, H = 3.65%, N =4641

O-[Bis(4-chlorophenyl)methyl]-hydroxylamine hydrémfide monohydrate 4). Synthesized
from bis-4-chlorophenyl methanol according to theneral procedure to afford as white
crystals in 49% yield. Mp=201-262. *H NMR (CD;OD) & 7.46-7.48 (d, 2H, A, J=8.40 Hz),
7.39-7.41 (d, 2H, A, J=8.48 Hz), 6.08 (s, 1H, Aid). °C NMR (CD;OD) &, 128.9, 86.3pq
135.6, 135.0. Anal. calcd. for 1€14CIbNO-0.5 HCI| C=48.36, H=3.91, N=4.34. Found:
C=48.52%, H =3.87%, N =4.19%.

5-(Aminooxy)-5-(3-chlorophenyl)-N-phenylpentanamidglrochlorie ). Synthesized from

the respective alcohol according to the generatgmore with the following modifications: A



resin-bound triphenylphosphine was used and thernmdiate N-hydroxy-phthalimide
intermediate was purified by column chromatography then used immediately in the next
hydrazinolysis step. The product was obtainedakite solid in 62% yield. Mp=182-18&. 'H
NMR (de-DMSO0) § 10.97 (br s, 3 H, N3), 10.05 (s, 1 H, N-C(=0)), 7.6 (d, 1 H, A, J=8.0
Hz), 7.47 (d, 3 H, Af, J=4.0 Hz), 7.39-7.37 (m, 1 H, A), 7.27 (t, 2 H, AH, J=8.0 Hz), 7.01 (t,

1 H, AH, J=8.0 Hz), 5.19 (t, 1 H, NO4&, J=6.4 Hz), 2.37 (t, 2 H, O=G, J=4.0 Hz), 1.97-
1.88 (m, 1 H, El,), 1.78-1.60 (m, 2 H, B), 1.58-1.47 (m, 1 H, By). *C NMR (d-DMSO0) 5,
131.1, 129.3, 129.1, 127.6, 126.4, 123.4, 119.5);83 171.3, 141.0, 139.8, 133.8, 36.1, 34.8,
21.6. GCtg=22.528 min.

O-(2,4-Dichlorophenylbenzyl)hydroxylamine hydrocide (6). Synthesized from 2,4-
dichlorophenylbenzhydrol according to the generalcedure to affords as white crystals in
76% yield. Mp=170-171%. 'H NMR (CDs0D) & 7.56-7.57 (m, 2H, At),7.47-7.51 (m, 6H,
ArH) 6.46 (s, 1H, ArEl). *C NMR (CD;OD) &, 129.6, 128.9, 128.8, 127.8, 127.7, 849;
135.4, 135.0, 134.0, 133.7. Anal. calcd. fagH;,CIsNO-0.25 HCI: C=49.77, H=3.94, N=4.47.
Found: C=49.66%, H =4.17%, N =4.40%.

0O-(3,5-Diflourou-phenylbenzyl)hydroxylamine hydrochlorid&).( Synthesized from 3,5-
diflouro-a-phenyl benzenemethanol according to the genexaepure to afford’7 as white
crystals in 89% yield. Mp=177-18T.*H NMR (CD;OD) & 7.65-7.68 (m, 3H, At) 7.45-7.48
(m, 1H, AH),7.36-7.44 (m, 4H, At), 6.52 (s, 1H, Ar€l). °C NMR (CD;OD) &, 129.5, 128.9,
127.3, 110.0 (=19, 8 Hz), 103.9 (Rle.r=25 Hz) 86.454163.3 (dd =250 Hz,3Je.=13
Hz), 141.7 (d, d=8 Hz), 136.1. GGz= 10.764 min.

O-(4-Chloroa-phenylbenzyl)hydroxylamine hydrochlorid®. (Synthesized from 4-chlore-

phenyl-benzenemethanol according to the generakproe to affor® as white crystals in 54%



yield. Mp-171-178C*H NMR (CD:;OD) & 7.38-7.44 (m, 4H, Af)), 7.24 (d, 2H, AH, J=8.6
Hz), 6.85 (t, 1H, AH, J=6.7 Hz), 6.01 (s, 1H, Aig). *C NMR (CD;OD) &, 129.2, 128.8,
128.4, 127.2, 87.234 136.6, 136.0, 134.9. Anal. calcd. fors8:13CI,NO: C=57.80; H=4.85;
N=5.18. Found: C=58.02%, H = 4.58%, N =5.14%.
O-(3-Flouro-u-phenylbenzyl)hydroxylamine hydrochlorid®.(Synthesized from 3-floure-
phenyl-benzenemethanol according to the generakproe to affor® as white crystals in 77%
yield. Mp=169-176CH NMR (CD;OD) & 7.43-7.44 (m, 6H, Ad) 7.24-7.26 (m, 1H,
ArH),7.14-7.20 (m, 2H, Af), 6.15 (s, 1H, Ar@). **C NMR (CD;0D) &, 130.6 (d*Jc.==8 Hz),
129.2, 128.8, 127.3, 123.0 (de.=3 Hz), 115.6 (d°Je.=21 Hz), 113.8 (d%Jc.r=23 Hz), 87.0;
84 163.0 (d =245 Hz), 139.9 (*Je.=7 Hz), 136.6. Anal. calcd. for,gH;sCIFNO C=61.55;
H=5.17; N=5.52. Found: C=61.21%, H = 4.79%, N =5048
O-(2-Fluoro-3-trifluoromethyki-phenylbenzyl)hydroxylamine hydrochlorid®), Synthesized
from 2-fluoro-4-trifluoromethyl)e-phenyl benzenemethanol according to the genecaleplure
to afford 10 as white crystals in 61% yield. Mp=157-£68'H NMR (CD;OD) & 7.38-7.44 (m,
4H, ArH), 7.24 (d, 2H, AH, J=8.6), 6.85 (t, 1H, A, J=6.7), 6.01 (s,1H, AG(ONH,)). :*C
NMR (CD;0D) &, 132.1 (d,*Jc..=3 Hz), 129.6, 129.0, 127.9 (m), 127.2, 124.9°0d=5 Hz),
81.1 (d,2Jc.r=3 Hz);84 157.2 (d,"Jc.-=250 Hz), 135.2, 126.7 {)c.r=13 Hz), 122.5 (d'J.=270
Hz), 118.4 (9,°Jc+=33, 12 Hz). Anal. calcd. for GH1,CIF,NO: C=52.27, H=3.76, N=4.35.
Found: C=52.39%, H =3.49%, N =4.29%.
O-(3-(3-chlorophenyl)-1-phenylpropyl)hydroxylamimgdrochloride (11) Synthesized from
the respective alcohol according to the generatemore to affordll. Mp=140.5-141.%C. 'H
NMR (CDsOD) § 7.44-7.54 (m, 5 H, Atl), 7.28 (t, 1 H, AH, J=8.0 Hz), 7.22 (s, 2 H, Ai), 7.13

(d, 1 H, AH, J=8.0 Hz), 4.98 (t, 1 H, AlG(ONH,), J=6.9 Hz), 2.59-2.76 (m, 2 H, AHp),



2.27-2.37 (m, 1 H, ArCbCH,), 2.05-2.15 (m, 1 H, ArC¥CH,). °C NMR (CD;OD) &, 129.7,
129.6, 129.0, 128.1, 127.2, 126.5, 126.0, 8&343.0, 136.6, 134.0, 36.6, 30.8. &&14.656
min.

0O-(2,4-Difluorophenylbenzyl)hydroxylamine hydrocide (12). Synthesized from respective
alcohol according to the general procedure to dff@ras white crystals in 62% yield. Mp=167-
168°C. 'H NMR (CD;OD) & 7.46-7.43 (overlapping signal, 5H, Ky, § 7.11-7.05 (overlapping
signal, 2H, ArH),5 6.38 (s, 2H, ArBi(ONH,)). **C NMR (CD;OD) &, 129.6 (d,%Jc.—=4 Hz),
129.5 (d,*Jc.F=4 Hz), 129.3, 128.8, 127.1, 111.7 {G:22 Hz,*Jc+=4 Hz), 104.0 (t2Jc=25
Hz), 81.4 (d,Jc.=3 Hz); 84 163.6 (d,'Jc..=249 Hz,3J..=13 Hz), 160.8 (d'J..=249 Hz,3)k.
=12 Hz), 135.6, 120.9 (4Jc.=13 Hz,*Jc.=4 Hz). GCtg= 10.835 min.

O-((2-Fluoro-5-trifluoromethyle-phenylbenzyl)hydroxylamine hydrochloride 13
Synthesized from the respective alcohol accordinpé¢ general procedure to affdr@ as white
crystals in 91% yield. Mp=157-158G. 'H NMR (CD;OD) & 7.78-7.82 (m, 2H, At ), 7.40-
7.51(m, 6H, ArH),6.45(1H, ArB(ONH,)). *C NMR (CD;OD) &, 129.6, 129.0, 128.5, 127.3,
125.0 (t,%Jc.=4 Hz), 116.9 (d2J.=23 Hz), 81.3;84 162.1 (d,"Jc.=254 Hz), 135.1, 129.6,
126.3 (d2Jc..=14 Hz). GCir = 10.494 min.

0O-(2,3-Dichloroa-phenylbenzyl)hydroxylamine hydrochlorid@4), Synthesized from 2,3-
dichloro-u-phenyl-benzenemethanol according to the genedepiure to affordl4 as white
crystals in 63%yield. Mp=170-196. '"H NMR (CD;OD) & 7.64 (dd, 1H, A, J=2.1, 8.0 Hz),
7.60 (dd, 1H, AH, J=1.4 Hz, 7.8 Hz), 7.42-7.80 (m, 6H,H 6.53 (s,1H, ArEl). °C NMR
(CDsOD) 6, 130.8, 129.5, 128.8, 128.2, 128.0, 125.9, 88,837.2, 135.0, 133.6, 131.1. Anal.

calcd. for G3H12CIsNO: C=51.26; H=3.97; N=4.60. Found: C=51.27%, H.8086, N =4.52%.



O-[Bis(4-fluorophenyl)methyl]-hydroxylamine hydrdéachde (15). Synthesized from bis-4-
fluorophenyl methanol according to the general pdoee to affordl5 as white crystals in 58%
yield. Mp=164-165.%C. 'H NMR (CD;OD) & 7.44-7.46 (m, 4H, Af), 7.18-7.23 (m, 4H, Af),
6.12 (s,1H, Ar®). *C NMR (CD;OD) &, 129.5 (d2Jc..=8 Hz), 115.5 (d%Jc.r=22 Hz), 86.454
163.2 (d,"Jc.r=246 Hz), 133.0 (d"Jo..=3 Hz). Anal. calcd. for GH1.CIF,NO C=57.47, H=4.45;
N=5.16. Found: C=57.29%, H = 4.51%, N =5.16%.

O-(2-Fluoro-u-phenylbenzyl)hydroxylamine hydrochloriflé). Synthesized from 2-fluore-
phenyl benzenemethanol according to the generaleptoe to affordl6 as white crystals in
85%yield. Mp=184-18%. 'H NMR (CD:;OD) § 7.42-7.50 (m, 7H, Af), 7.27-7.31 (t, 1H, A,
J=6.60H2), 7.18-7.23 (t, 1H, Atl, J=8.64 Hz), 6.44 (s, 1H, Aig). °C NMR (CD;OD) &, 131.0
(d, ®Jc.=8 Hz), 129.2, 128.8, 127.8 (llcr=3 Hz), 127.2, 124.6 (d)c.=4 Hz), 115.6 (d?J.
=22 Hz), 81.8 (d%Jc..=4 Hz); 84 160.4 (d,2Jc.=246 Hz), 135.9, 124.5 (d)c.~=13 Hz). Anal.
Calcd. for GsH13CIFNO C=61.83; H=5.17; N=5.52. Found: C=61.83%, K4.89%, N =5.48%.

O-(1,3-diphenylpropyl)hydroxylamine  hydrochloride(17).  Synthesized from 1,3-
diphenylpropan-1-ol according to the general pracedo afford17 in 40% yield. Mp=156-
159°C. 'H NMR (CDsOD) & 7.45-7.54 (m, 5 H, Af), 7.30 (t, 2 H, AH, J=7.9 Hz), 7.20 (t, 2 H,
ArH, J=6.2 Hz), 4.97 (t, 1 H, Al(ONH,), J=6.9 Hz), 2.60-2.74 (m, 2 H, AKB), 2.28-2.37
(m, 1 H, ArCHCH,), 2.05-2.14 (m, 1 H, ArCHCH.). *C NMR (CD;OD) &, 129.5, 129.0,
128.2, 128.0, 127.2, 126.8, 125.9, 86£140.5, 136.8, 37.0, 31.1. GR= 12.784 min.

O-(2-Bromoe-phenylbenzyl)hydroxylamine hydrochloridi), Synthesized from 2-brome-
phenyl-benzenemethanol according to the generalepdioe to affordl8 as white crystals in
34% yield. Mp=166-16"C. 'H NMR (CD;OD) & 7.71 (dd, 1H, A, J=8.0, 1.6 Hz) 7.61 (dd,

1H, ArH, J=8.0, 1.6 Hz), 77.53 (dt, 1H, Wy J=8.0, 1.6 Hz), 7.40-7.48 (m, 5H, Ay, 7.36 (dt,



1H, J=8.0, 1.6 Hz), 6.47 (s, 1H, AJ. **C NMR (CD;OD) 5, 135.4, 130.6, 129.3, 129.0, 128.7,
128.0, 127.9, 127.2, 86.64 136.2, 135.4, 123.1. Anal. calcd. for38,3CIBrNO: C=49.63;
H=4.17; N=4.45. Found: C=49.78%, H =4.38%, N =4.63%
O-(2-Chloroa-phenylbenzyl)-hydroxylamine hydrochlorid), Synthesized from 3-chloro-
a-phenyl-benzenepropanol according to the genemdegaiure to afford9 as white crystals in
84%yield. Mp=169-172C.*H NMR (CD;OD)  7.50 (d, 1H, AH, J=4.0 Hz), 7.41-7.48 (m, 8H,
ArH), 6.51 (s, 1H, Ar@). *C NMR (CD;OD) &, 130.3, 129.9, 129.3, 128.9, 128.7, 127.9,
127.6, 127.5, 84.54 135.5, 134.7, 133.2. Gig= 13.022 min.
O-(2-Methoxye-phenylbenzyl)hydroxylamine hydrochlorid€0). Synthesized from 2-
methoxye-phenyl-benzenemethanol according to the generadegiure to afford?0 as white
crystals in 89%yield. Mp=134-1346. 'H NMR (CD;OD) & 7.35-7.46 (m, 6H, Af), 6.98-7.01
(m, 3H, AH), 6.08 (s, 1H, Ar€l), 3.81 (s, 3H, ArOB). *C NMR (CD;OD) §, 129.9, 129.0,
128.6, 127.2, 119.3, 114.2, 112.9, 87.8, 544,;160.2, 138.4, 137.0. Anal. calcd. for
C14H16CINO,.C=63.28, H=6.07, N=5.27. Found: C=63.44%, H = 6.2BP£5.31%.
O-(phenyl(thiophen-3-yl)methyl)hydroxylamine hydocide (21). Synthesized from 2-
methoxye-phenyl-benzenemethanol according to the generdegiure to afford?l as white
crystals in 61% yield. Mp=138-1396. 'H NMR (CDs0OD) § 7.41-7.53 (m, 7 H, Af), 7.14 (dd,
1 H, AH, J=5.0, 1.0 Hz), 6.27 (s, 1 H, AHIONH;,)). **C NMR (CD;OD) &, 129.3, 128.7,
128.6, 127.2, 127.0, 126.1, 125.2, 842138.1, 136.8. G&=10.857 min.
O-(cyclohexyl(phenyl)methyl)hydroxylamine  hydroddl® (22). Synthesized from
cyclohexyl(phenyl)methanol according to the gengmadcedure to afford?2 in 87% yield.
Mp=193-196.5C. *H NMR (CD;OD) & 7.38-7.52 (m, 5 H, Afl), 4.70 (d, 1 H, ArGI(ONH,),

J=8.2 Hz), 2.14 (d, 1 H, ICHONH,, J=6.4 Hz), 1.76-1.85 (m, 2 HH3), 1.65-1.68 (m, 2 H,



CH,), 1.12-1.37 (m, 5 H, B), 0.9-1.03 (m, 1 H, B,). °C NMR (CD:OD) &, 129.3, 128.8,
127.6,91.7, 42.34 135.9, 29.2, 28.5, 25,8, 25.4, 25.2. 6E10.232 min.
O-[4-Chloro-u-(2’-methyl,4’-methoxyphenyl)benzenemethyl] hydramxyhe hydrochloride
(23). Synthesized from the respective alcohol accordintpé general procedure to aff®8 as
white crystals in 72% yield. Mp=139.5-1480% *H NMR (CD;OD) & 7.36-7.43 (m, 4H, At),
7.19-7.21 (d, 1H, Ad J=7.76 Hz), 6.88-6.93 (m, 2H, Al), 6.43(s, 1H, ArGBIONH,), 3.87 (s,
3H, ArOCH3), 2.39 (s, 3H, Ar€ls). *C NMR (CD;OD) &, 129.2, 128.5, 126.7, 121.3, 111.8,
81.6, 54.7, 20.3p4 157.3, 141.2, 136.0, 134.4, 121.6. Anal. calcd.GgH1,CI,NO,. C=57.34,
H=5.45, N=4.46Found: C=57.60%, H = 5.52%, N =4.36%.
O-(3,5-Bis-trifluoromethyk-phenyl-benzyl)hydroxylamine hydrochlorid@4), Synthesized
from 3,5-bis-trifluoromethyk-phenyl benzenemethanol according to the genemeplure to
afford 24 as white crystals in 88%yield. Mp=158-260'H NMR (CD;OD) § 7.90 (m, 3H,
ArH), 7.38-7.56 (m, 5H, At), 6.31(s, 1H, Ar@). °C NMR (CD;OD) §, 129.8, 129.2, 127.5,
122.5 (m), 86.054 141.0, 135.7, 132.0 (@).+=33 Hz), 123.2 (q:Jc.r=270 Hz). Anal. calcd. for
CisH12CIFsNO: C=48.47, H=3.25, 3.77. Found: C=48.90%, H 829N =3.76%.
O-(4-Hydroxye-phenyl)-benzyl hydroxylaminleydrochloride(25) Synthesized from the 4-
[[(1,1-dimethylethyl)dimethylsilylloxyle-phenyl-benzenemethanol 255) according to the
general procedure to afford O-[4-[[(1,1-dimethylethyl)dimethylsilyljoxy]e-phenyl-
benzyllhydroxylamine. To a solution of the protectphenol (0.3-3.5mmol) in anhydrous
tetrahydrofuran (5-25 mL) was added tetrabutylamiomonfluoride (1 M, 1.0 equiv per
TBDMS), and the pale yellow solution was stirred & min. The mixture was poured into
water and extracted with ethyl acetate. Removahefsolvent in vacuo from the organic phase

afforded a tan oil that was subjected to gravityjuom chromatography (9:1 hexane/ethyl



acetate). Formation of the HCI salt followed thaeyal procedure to affor2b as white crystals
in 57% yield. Mp=168.5-169°6. H NMR (CDsOD) & 7.38-7.46 (m, 5H, At)), 7.24 (d, 2H,
ArH, X8.6 Hz), 6.86 (d, 2H, A, J=8.6 Hz), 6.01 (s, 1H, Ar8). ). **C NMR (CD;0D) &,
129.8, 128.8, 127.7, 115.6, 69484 158.5, 134.1, 123.9. Anal. calcd. for3814CINO,H0:
C=57.89; H=5.98; N=5.19. Found: C=58.03% H=6.01%9\20% .
O-(3-Trifluoromethyle-phenylbenzyl)hydroxylamine hydrochlorid@6). Synthesized from
phenyl(3-(trifluoromethyl)phenyl)methanol accorditmg the general procedure to affa2d as
white crystals in 77%yield. Mp=199-198G *H NMR (CD;0D) § 7.61 (d, 1H, AH, J=2.3 Hz),
7.58 (s, 1H, AH), 7.50 (dd, 1H, A, J=8.6, 2.2 Hz), 6.47 (s, 1H, AH). ). °C NMR (CD;OD)
8. 132.8, 129.6, 129.3, 128.8, 128.7, 127.6, 126.2%q=6 Hz), 83.454 136.1, 135.0, 128.3 (d,
2J=30 Hz), 124.2 (q,'Jc.=272 Hz). Anal. calcd. for GH1:CIFsNO: C=55.37; H=4.31;

N=4.61. Found: C=55.52%, H = 4.58%, N =5.04%.

Enzyme-based 1DO1, IDO2 and TDO inhibition assays. The steady-state activity of each
enzyme was measured in the absence or presennertfibitor at 20°C with a protocol reported
previously® *° (with small modifications). For IDO1, each readtiwas initiated by mixing 50
MM L-tryptophan with 100 nM enzyme in 50 mM Trisflam (pH 7.4) that contained 200 nM
catalase, 12 pM methylene blue, 20 mM ascorbate 1&8uM inhibitor (unless otherwise
indicated). The same protocol was used for IDO2epk¢hat 4 mM L-tryptophan and 1 pM
enzyme were used; in addition pyocyanin (39 pMjead of methylene blue was used as an
electron mediator. For TDO, the experiment wasatet by mixing 100 uM L-tryptophan with
250 nM enzyme in 50 mM Tris buffer (pH 7.4) thantmned 100 uM ascorbate and 100

inhibitor (unless otherwise indicated). The inlobistocks were prepared in dimethyl sulfoxide



(DMSO), the final DMSO concentration for all reacts was kept at 3.5% (v/v). The initial
linear velocities of the reactiong, were obtained by monitoring the formation of greduct N-

formyl kynurenine at 321 nme€& 3750 M'cm?) as a function of time with a UV2400
spectrophotometer (Shimadzu Scientific Instrumelnts,) with a spectral slit width of 2 nm.
The % inhibition for each inhibitor was calculatessed on (14v, )x100, where/, was obtained

in the absence of any inhibitor. For each inhibiteait exhibited>95% inhibition activity for

IDO1 or TDO, or>85% inhibition activity for IDO2, the 1§ value was determined by
measuring the inhibition activity as a function inhibitor concentration. It is noted that the
threshold for IDO2 was set lower (85%) for the ialitscreening due to the generally lower
inhibition activity of the inhibitors. All the datavere analyzed with Origin 6.1 software

(Microcal Software, Inc., MA).

Cell-based IDOL1, IDO2 and TDO inhibition assays. Compounds were evaluated for inhibitory
activity against humalDO1 expressed endogenously in HeLa cells and huhsd and mouse
IDO2 expressed exogenously in T-Rex cells. HeLa cefievgeeded in a 96 well plate at a
density of 10,000 cells per well in 1QDDMEM + 10% fetal bovine serum + 1% penicillin-
streptomycin with L-tryptophan being adjusted @® M andIDO1 expression was induced by
the addition of IFN to a final concentration of 100 ng/mL. T-Rex celtstaining aet-regulated
humanTDO were seeded in a 96-well plate at a density ofD¢ells per well in 10QL of
DMEM + 10% FBS + 1% penicillin-streptomycin withtkyptophan adjusted to 1Q0 and

TDO expression was induced by the addition of {D®f media containing 2 ng/mL
doxycycline with adjusted L-tryptophan. T-Rex satbntaining @etregulatednouse IDO2

cDNA were seeded in a 96-well plate at a densit3000 cells per well in 100 of DMEM +



10% FBS + 1% penicillin-streptomycin aHaO2 expression was induced by the addition of 100
uL of media containing 2 ng/mL doxycycline + 8 mMaiinolevulinic acid + 2@M hemin + 4
mM L-tryptophan. The IDO1 and TDO induction waaded to proceed for 24 hours, the

IDO2 was induced for 48 hours. After induction, thedia was discarded, the wells rinsed once,
and serial dilutions of compound in 200 of appropriate media with the final concentratain
tryptophan adjusted to 1Q0 for IDO1 and TDO and to 2mM for IDO2. Followingdubation

at 37 °C for an additional 20 hrs, the assay wagpstd by the addition of 5@ of 50% (w/v)

TCA to each well, and the cells were fixed by inatig for 1 hr at 4 °C.
Assessment of 1DOL, IDO2 and TDO activity

Compound IG values were assessed from single point dilutioesevith the most potent
compounds subsequently retested two or more timeshee results reported as averages.
Following the TCA fixation step, the supernatanesevtransferred to a round-bottomed 96-well
plate and incubated at 65 °C for 15 min. The platexe then centrifuged at 1250 x g for 10 min,
and 100uL of clarified supernatant was transferred to a flatvbottomed 96-well plate and
mixed at equal volume with 2% (w/v) p-dimethylamdenzaldehyde in acetic acid. The yellow
reaction was measured at 490 nm using a Synergyidititer plate reader (Bio-Tek,

Winooski, VT). Graphs of inhibition curves with J§&values were generated using Prism v.5.0

(GraphPad Software, Inc.).

Supplementary Data

Full experimental details for the synthesis of alus that were not commercially available are

described. Copies dH and**C NMR spectra for all tested hydroxylamine compauate also



available. Raw Igy data for top inhibitors in the enzyme and celldzsh#nhibition assays are
shown. Toxicity screen with HelLa cells for diaryldnoxylamines, epacadostat and PF-0684003
are available. In addition, an assay assessingrtpact of human serum protein binding on the

apparent IC50 values is also shown. This mategial/ailable at ...
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