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Highlights

« Jietacin A, an azoxy antibiotic, was shown toéhpwatent anthelmintic activity.

* A simplified jietacin derivative exhibits bettanthelmintic activity than that of jietacin
A.

« Structure-activity relationships of azoxy antiiies were revealed.

» A simplified derivative showed anthelmintic adatywia oral administration.

» Azoxy motif was found to be a useful platform tbug discovery.
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Properties of Jietacin A
-Nematocidal activity
-No antibacterial activity

-Stronger nematocidal activity
-Oral in vivo efficacy
-Simplified structure

-Moderate or low acute toxicity LD 5, >300 mg/kg (rat)
-No mutagenic potential (mini Ames test; negative)




Abstract

Jietacins, an azoxy antibiotic class of chemiocakse isolated from the culture broth of
Streptomycesp. KP-197. They have a unique structural motdluding a vinyl azoxy
group and a long acyclic aliphatic chain, whiclussially branched but non-branched in
the case of jietacin C. During a drug discoverygpam, we found that jietacins display
potent anthelmintic activity against parasitic nésdas and that jietacin A has a
moderate or low acute toxicity (lsp> 300 mg/kg) and no mutagenic potential in a
mini Ames screen. This suggests that jietacins haotential for drug discovery
research. In order to create a novel anthelmirgeng we performed design, synthesis,
and biological evaluation of jietacin derivativegamst parasitic nematodes. Of these
derivatives, we found that a fully synthesized difigul derivative exhibited better
anthelmintic activity against three parasitic nepdat than natural jietacins. In addition,
it had a better efficacyn vivo through oral administration against a mouse nedeato
This indicated that the azoxy motif could provefukas a template for anthelmintic
discovery, possibly creating a class of anthelmimtith novel skeletons, a potential
new mode of action, and providing further insight fational drug design.



1. Introduction

1.1 Helminths and anthelmintics

Helminths are parasitic worms that have causegpbmand widespread disease in
both humans and animals for centuries [1]. The tm&gor phyla of helminths include
nematodes and platyhelminths. The World Health Qrgdion reported that the number
of people infected with soil-transmitted helmintwspasses a billion people worldwide
[2]. Such infections are a major cause of long-téhmess, leading to productivity loss
and poverty, and may be fatal. Likewise, helminfections in animals are also of
grave concern, since they lead to economic losses)al welfare issues, and impact on
human food supplies.

Historically, helminth infections have been tezhwith several classes of broad
spectrum anthelmintics [3], such as benzimidazdil probenzimidazoles [5],
salicylanilides and substituted phenols [6], immthzazoles [7], tetrahydropyrimidines
[8], organophosphates [9], macrocyclic lactones-160) These compounds display
variable modes of action and impact, while optiémsvaccination against helminth
parasites remain severely limited. Unfortunategparts of drug-resistant nematodes
have been steadily increasing for currently avéalaibasses of anthelmintics [17-19].
Although novel classes of anthelmintic agents, sashoctadepsipeptides [20, 21],
aminoacetonitriles [22, 23], and spiroindoles [R4)e been approved in order to help
overcome drug-resistance, anthelmintic agents avitiovel skeleton, which may have a

new mode of action, are still urgently needed & in both human and animal health.

1.2 Jietacins, azoxy antibiotics

The Kitasato research team has a long historseafching for anthelmintics from
microbial metabolites originating in natural sowchn fact, a collaboration between the
Merck, Sharpe and Dohme research laboratories hadKitasato research group
discovered the avermectins, the world’s first ‘ectdeides’, the compounds quickly
becoming widely used as antiparasitic agents ienreiry medicine [10]. In 1987,

during screening for nematocidal agents from natsoairces, the azoxy antibiotics



jietacin A (1) and B @) were isolated from the culture brothStfeptomyces siKP-197
(Fig. 2) [25, 26]. More recently, in 2014, we digeoced more novel jietacin analogs
(jietacin C @) and D @)), together with different components of the adipb side chain,
from the same culture broth (Fig. 1) [27].

Aliphatic long chain Vinyl azoxy
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Properties of Jietacin A

-Nematocidal activity

-No antibacterial activity

-Moderate or low acute toxicity LDsg >300 mg/kg (rat)
-No mutagenic potential (mini Ames test; negative)

Fig. 1. Structure of azoxy antibiotics (jietacin A-D) andnge bioactive properties of
jietacin A.

While there are some other natural productsilbgaan azoxy moiety, such as
elaiomycin [28-30], valanimycin [31], maniwamycif&], LL-BH 872a [33], MH-071,
MH-072[34], and pyrinadine A [35], the jietacins contarunique structural motif, a
vinyl azoxy group and long acyclic aliphatic chains

In terms of biological activity, we previouslgported thal and2 showed 10-times
greater nematocidal activity against the pine wooeimatode Bursaphelenchus
xylophilus (LD1p0 = 0.25 ppm)than avermectin Bla (L& = 2.5 ppm), the main
component of the commercially available antiparasigent [36]. Given the attractive



nematocidal activity and structural features ofajgéns, a drug discovery program was
started to identify a potential jietacin-derivedhdalate as a new anthelmintic. Initially,
we further investigated the biological propertidsloin order to identify a suitable
candidate lead compound. As a result, we found hsttowed potent activity in an
assay usinglippostrongylus braziliensi@p to 100% inhibition of AChE (acetylcholine
esterase) secretion at 10 and 1 ppm dosage) [BiH.iF comparable to emodepside, a
commercially available antiparasitic agent. Thetaaral toxicity ofl in female rats
was absent, with no adverse clinical signs andetiwality at a dosage of 300 mg/kg.
The LDy is therefore considered to be >300 mg/kg. No exagddlor mutagenic impact
was found in a mini-Ames test with three differ&@dlmonella typhimuriunmutant
strains. In contrast to the anthelmintic activityy antibacterial activity of naturdl
against 27 strains was observed [38].

Given the anthelmintic activityn vitro of 1 and the fact that it did not show any
significant toxicity in our assays, we decided tdize this natural product as a lead
compound for chemical optimization and clarificatiof structure-activity relationships
(SARS).

Herein, we report the synthesis of novel jigtagerivatives, which showed greater
anthelmintic activity against several nematodes tih@ parent jietacin A, insights into
their SARs, and evaluation of biological activityvitro andin vivo.

2. Results and discussion

2.1 Initial SAR maps based on natural jietacins

We previously reported on SAR concerned withvagtagainst the pine wood
nematodeBursaphelenchus xylophil{i36], and showed that 1) changing a ketone to an
acetal or an alcohol did not lead to a signifia&aluction in activity, suggesting a
ketone does not play an important role and th&éh@)inyl azoxy group was necessary
for anthelmintic activity at low concentration.

To further investigate SAR, we evaluatedvitro activity of four natural products
(1-4), plus one derivative, against gastro-intestirhatodes and compared the results
with those for emodepside and ivermectin (IVM), lbotommercially available
mainstream drugs. Tests were carried out usingaéanf Haemonchus contortuand



Cooperia curticei both parasites of sheep, and adults of the rahatwe
Nippostrongylus braziliensisAnthelmintic activity for 1-4 ((R)-4 is not a natural
product [27]) is summarized in table 1. Of sigrafice,1-4 and R)-4 showed 100%
efficacy (inhibition of AChE secretion) iiN. braziliensisat 1 ppm, the same as
emodepside (100% efficacy at 10 and 1 ppm) andngetin. Lower concentrations
were not tested. Against third-stage larvaeHofcontortusand C. curticej jietacins
showed only low or moderate efficacy with one exicep 3, showed 100% efficacy at
4 ppm againsi. contortus which was again comparable to emodepside anchein.
(R)-4 had no efficacy against the larvae.

Overall, we found that, with regard t® 3, and R/S-4, possession of a
non-branched side chain (e8), caused better anthelmintic activity comparedhwit
possession of a branched side chain (2.gnd R/S-4), even though they have the
same carbon length.

Consequently we found that changing functiomauigs of the side chains plays a
crucial role for generating anthelmintic activiiglthough the vinyl azoxy group is
necessary for the activity based on our previousk\j86]. To complete these SARs

with respect to side chains, testing of more dérkrea will be required.

Table 1
In vitro anthelmintic activity of jietacin A-D, ivermectiand emodepside.
H. contortus C. curticei N. braziliensis
(efficacy %) (efficacy %) (efficacy %
20 4 0.8 20 4 0.8 10 1
Compound
ppm ppm ppm  ppm ppm ppm ppm ppm
Emodepside 80-100 80-100 0 90-100 90-100 0-80 100 100
Ivermectin 80-100 80-100 40-80 90 90 60-80 100 100
Jietacin A () 0 0 0 60 60 0 100 100
Jietacin B P) 60 0 0 40 0 0 100 100
Jietacin C ) 100 100 0 60 40 0 100 100
Jietacin D §) 40 40 0 40 0 0 100 100
(R)-Jietacin D (R)-4) 0 0 0 0 0 0 100 100

Efficacy in larval assay: decrease of motility, ¥@fficacy means that all larvae were immotile, 0%
efficacy means that all larvae were motile. Resfdtsjietacins are presented as the mean of duplica



tests. In case of the reference compounds emodepsiti ivermectin, compounds were tested more often
and in at least two batches, each test performedpticate. Therefore, a range of the resultsdscated.
The range observed for emodepsideCincurticeiat 0.8 ppm is considered to be due to the impact of
potential variability in concentration of the highlipophilic compound at a sensitive point in the
dose-response curve. Lower concentrations of ensidiep0.16 ppm, 0.032 ppm) have no efficacy in the
respective assay (data not shown).

“Efficacy in Nippostrongylusassay: decrease of acetylcholine esterase activitypared to negative
control. Anthelmintic activity was categorized usitine following scale: 100: >84%-100% = full actyvi
(complete AChE inhibition compared to negative coljt 84: >60%-84% = good activity; 60:>35%-60%

= weak activity, and 35: 0%-35% = no activity.

2.2 Strategy for side-chain modification

Based on our initial SAR maps, our new stratiegysed on synthesis of various
side-chain derivatives, which were 1) alkyl, argdgps with triazole linkage via click
reaction, 2) acyl derivatives with ketone linkage @rignard reagents, and 3) aliphatic
alkyl chains with no linkage (Fig. 2). To accomplihis strategy, we decided to utilize
two approaches, late-stage diversification [39-&d function-oriented synthesis [42,
43].

Late-stage
diversification
N=N
R—«/l ® N \/\/\/\/’\L@
\ N\/\/\/\/N:N/\ :> s l}]%
o o
Triazole derivatives 5 ~© 8 ©
bi§
o} o R”TH
Jl\/\/\/\/N.Q/\ J\/\/\/\/N ®
R NI — SN N — +
%% OMe o)
9 (ref. 27) ©
Acyl derivatives 6 HzN\N/\/oH
|
Cbz
N ®
/W/\/\/ N / "
n ]
(0]
: [R—
Alkyl-chain derivatives 7 Function-oriented synthesis

Fig. 2. Strategy; three derivative targets.



2.3 Synthesis

Although the challenging task for this synthasiso easily construct a vinyl azoxy
moiety, we previously developed an effective cargton of such a moiety through a
4-step synthesis [27].

Based on our design, we began with synthesisiaxole derivatives utilizing our
synthetic route (Scheme 1). We envisioned thatouarifunctional groups can be
introduced by late-stage copper-catalyzed triazeéetion with azides and alkynes, in
one-step, at the final reaction. Swern oxidatiomaoino-TBS alcoholll [44] gave the
corresponding aldehyde (not shown), followed imrataly by reductive hydrazination
with Cbz hydrazinelO, to give the corresponding hydrazit@ in 82% vyield over 2
steps. The azo moietyld) was formed in 82% vyield by air oxidation of the
corresponding hydrazine, after removal of the Chaug of 12 Regioselective
oxidation[45, 46] of 13 gave azoxyl4 (in 72% yield) followed by removal of TBS
group to affordl5 in quantative yield. To construct the vinyl grolgis-mesylation of
15 gave the corresponding mesylated compound, follovlsr chemoselective
B-elimination using the difference of acidity of ttveo protons to givd6 in 82% vyield.
Finally, substitution reaction with NaNed to the triazole precurs@ in 85% yield.
With the azide in hand, a late-stage diversificatio the presence of a vinyl azoxy
moiety utilizing copper catalyzed triazole reactiptv-54] with 16-type acetylenes
readily led to the corresponding triaz&laq bearing aromatic, aliphatic, or hydrophilic
groups in 35-97% vyields [55].
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Scheme 1Synthesis of triazole derivativés-q. Reagents and conditions;

a) DMSO, (COCH, EtN, DCM, —78 °C, therd0, AcOH, NaBHCN, CHCE, 0 °C, 82%
over 2 steps, b) 5 Pd(OH), MeOH, then air [O], rt 82%, c¢) TBHP, VO(acadpCM,
0 °C, 72%, d) AcOH, kD, THF, rt, quant., e) MsClI, g, DCM, rt, then DBU, 35 °C,
81%, f) NaN, DMF, 50 °C, 85%, g) R-N Cu(MeCN)PFR;, TBTA [56], MeOH, rt, b2
85%, 5b; 96%, 5¢; 89%, 5d; 84%,5€e 91%, 5f; 93%, 5g; 83%, 5h; 91%, 5i; 84%, 5j;
91%,5k; 97%,5l; 96%,5m; 51%,5n; 35%,50; 73%,5p; 89%,5q; 61%).

Based on the results with triazole derivativeslg infra), we focused on making
acyl analogs with ketone linkage via Grignard redgen the presence of Lag2LiCl
[57] as an additive, previously developed through total synthesis process (Scheme
2). We devised a “late-stage diversification” stggt which accelerated easy production

of alkyl chain analogs with only one-step frédnSince SARs with respect to triazole

11



analogs indicated that an aliphatic alkyl groupveea better activity than others, we
introduced some alkyl groups via Grignard reagentbe presence of LagRLICl. In
fact, treatment of the Weinreb ami@¢27], which we reported previously, with various
Grignard reagents in the presence of LeLIiCIl, gave6a-gin 47-84% yields.

6 steps
¢ (ref. 27)

\NJ\/\/\/\/N:

1
OMe

X

©O0-z®

9
common key intermediate

a Late-stage
diversification

O
RJ]\/\/\/\/N:

6a-f

6a; R=Me (84%)

6b; R=Et (58%)

6c; R=n-Bu (53%)

6d; R=Pentadecyl (53%)
6e; R=Isopentyl (60%)
6f; R=Phenylethyl (47%)

X

OO0-Zz®

Scheme 2Synthesis oba-f. Reagents and conditions; a) R-MgBr, LaCLIiCl, THF
(6a; 84%,6b; 58%,6¢; 53%,6d; 53%,6€ 60%,6f; 47%)

We next envisioned that function-oriented sysihienight be utilized; i.e. total steps
will theoretically be reduced from 7 to 4 by debetiof a carbonyl group, because we
assumed, based on SARs, that a ketone does noampleportant role in anthelmintic
activity. In order to demonstrate this, we desigreedketone-deficient alkyl-chain
derivative7b, based oréc. In the same fashion, we desigridand7c to reconfirm the
impact of side-chain carbon length. In fath-c were synthesized from the aldehydes
17a-c (n=4,10,16) (Scheme 3). Likewise, use of the riegimer of azoxy moietyl,
obtained after oxidation of azo, led to the virgtbay 22 in 73 % yield [58-60].
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A) Synthesis of alkyl chain derivatives 7a-c with different lengths.

a H b
(0] .
/(én\ﬁ — /ﬁ;/Nq}l/\/OH — /H;/NN/\/OH

Chz
17a (n=4) 18a (n=4): 77% 19a (n=4) : 85%
17b (n=10) 18b (n=10): 81% 19b (n=10): 72%
17¢ (n=16) 18c (n=16) : 2 steps 66% 19¢ (n=16) : 82%

o}

d
N©® OH YRES
" /eén\/ ’"l}l/\/ — /69;/ :I}I/\
o)
e} e

20a (n=4): 55%
20b (n=10): 72% (21: 22%)
20c (n=16): 50%

7a (n=4): 91%
7b (n=10): 71%
7c (n=16) : 77%

B) Synthesis of regioisomer 22 of azoxy moiety 7b

S} ©

0 : 0

N OH — /eng: A
/69]3/(9 N/\/ S ® N

21 22

Scheme 3A) Synthesis of alkyl chain derivativ@a-c B) Synthesis 022, regioisomer
of azoxy moiety7b. Reagents and conditions; 1), AcOH, NaBHCN, CHCE, 0 °C,
(18a 77%,18b; 81%,18¢ 66% (2 steps)), b) HIPd(OH), MeOH, then air [O], rt,
(19a 85%,19b; 72%,19¢ 82%), c) TBHP, VO(acag)DCM, 0 °C, R0a 55%,20b;
72%,20¢ 50%), d) MsClI, BN, DCM, rt, then DBU, 35 °C,7@; 91%,7b; 71%,7c;
77%,22; 73%)

2.4 Biological evaluation

In vitro anthelmintic activity of triazoleSa-q are summarized in Table 2. In order to
investigate the impact of the triazole moiety orthatmintic activity, we designed
triazole derivativeb5a to possess the same carbon pendant (15-carbon).clasil.
Biological evaluation indicated that bathand5a had similar properties (100% efficacy
at 1 ppm againd\l. braziliensi$, suggesting that the triazole moiety might bdaegd
by a ketone group. We, therefore, focused on makiagole derivatives to introduce
various functional groups for better understandiigSARS. Introduction of alcohol
(5b), nitrile (5¢), bromo B€), and acetateb() groups on the alkyl chain led to reduced
efficacy in theN. braziliensisassay at 1 ppm. Likewise, activity of other alkjain

13



derivatives %d, 5f, 5g, 5h, 5i, 5], and5k) and a silyl derivative5m) did not satisfy our
criteria (<100% efficacy at 1 ppm agaimstbraziliensi$. No n-butyl group%n) on the
triazole moiety led to loss of activity (35% effayaat 1 ppm againd\l. braziliensis.
Although a phenyl derivative50) showed activity (100% at 1 ppm against
braziliensig, it was not effective against eithilt contortusor C. curticej while other
two aromatic derivativesbp, 5q) had no effect whatsoever. In case of compdomdt
should be noted that in tihé braziliensisassay it had no activity (35%) at 10 ppm, but
weak activity (60%) was found at 1 ppm [61]. Asesault, no derivatives with stronger
activity than 5a were obtained. Especially, introduction of a hyatic functional
group on the triazole moiety clearly decreasedviigtat 1 ppm againd\l. braziliensis.
We thus concluded that efficacy would be affectgdtiianging the aliphatic chain at a
side chain.

In terms of biological activities of acyl dertixges, Weinreb amid®, a common key
intermediate, lost anthelmintic activity (35% eé#fay at 1 ppnN. braziliensi¥ (Table 2).
Although the alkyl group bearing an appropriateboar length (methyba, ethyl 6b,
n-butyl 6¢, isopentyl6e) showed good anthelmintic activity, pentade&gl completely
lost activity againsiN. braziliensis presumably due to having a lengthy alkyl chain.
Although the phenylethyl6f showed good activity againdd. contortus and N.
braziliensis activity of 6f againstC. curticeiwas weak. Consequently, we concluded
that anthelmintic activity of the-butyl 6¢c demonstrated the best balance (80% efficacy
at 4 ppm againsH. contortus 100% efficacy at 20 ppm againSt curticej 100%
efficacy at 1 ppm against. braziliensis.

Next, we evaluated biological activities of diehain derivatives (Table 2).
Although 7a-cindicated 100% efficacy at 1 ppm dosage agdihdiraziliensis almost
no activity of 7a (C6) and7c (C16) analogs against. contortusor C. curticeiwas
observed. Pleasinglyb (bearing a C12 aliphatic chain) exhibited strorag@ihelmintic
activity against all three nematodes than the otbempounds, indicating that
appropriate moderate carbon length is necessdrgdtow anthelmintic characteristics.
Our attention next turned to regioisomers of thexgizmoiety. Biological evaluation
revealed thaR?2, a regioisomer o¥b, had significantly reduced anthelmintic activity,
suggesting the direction of the azoxy moiety playsimportant role in bestowing
anthelmintic activity and that it may be recognibsch target protein.
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Table 2
In vitro anthelmintic activity of derivativesa-g, 6a-6f, 7a-7¢ 9, and22

H. contortus C. curticei N. braziliensis
(efficacy %) (efficacy %) (efficacy)?
compound 22 4 0.8 20 4 0.8 10 1
ppm ppm  ppm ppm ppm ppm ppm ppm
5a 100 40 0 100 40 40 100 100
5b 0 0 0 0 0 0 60 60
5¢ 0 0 0 0 0 0 84 35
5d 60 0 0 90 0 0 10C 60
5e 80 0 0 90 40 0 35 60
5f 0 0 0 90 40 0 10¢ 60
59 100 0 0 100 80 40 100 84
5h 0 0 0 60 0 0 10¢ 60
5i 0 0 0 60 0 0 10¢ 84
5i 60 0 0 100 40 0 10¢ 35
5k 0 0 0 40 40 0 84 35
5l 0 0 0 40 0 0 84 35
5m 0 0 0 60 40 0 10¢ 60
5n 40 0 0 80 0 0 84 35
50 0 0 0 0 0 0 10C 10¢
5p 0 0 0 80 0 0 10¢ 35
5q 0 0 0 0 0 0 84 60
9 0 0 0 0 0 0 84 35
6a 100 60 40 90 40 0 100 100
6b 100 60 0 100 0 0 100 100
6C 100 80 0 100 0 0 100 100
6d 0 0 0 0 0 0 0 0
6e 100 0 0 100 0 0 100 100
6f 100 60 0 90 0 0 100 100
7a 40 0 0 0 0 0 100 100
7b 100 100 60 100 80 0 100 100
7c 0 0 0 0 0 0 100 100
22 40 0 0 0 0 0 84 35

Efficacy in larval assay: decrease of motility, ¥0@fficacy means that all larvae were immotile, 0%
efficacy means that all larvae were motile

%Efficacy in Nippostrongylusassay: decrease of acetylcholine esterase actitypared to negative
control. Anthelmintic activity was categorized ugitihe following scale: 100: >84%-100% = full actyvi
(complete AChE inhibition compared to negative coljt 84: >60%-84% = good activity; 60:>35%-60%
= weak activity, and 35: 0%-35% = no activity.
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2.5 SAR maps

The SAR of jietacins and their derivatives anenmarized; 1) No carbonyl group
is needed {b vs 60); 2) the vinyl azoxy moiety participates in disglegy stronger
inhibition (as shown in previous worf36]; 3) chain length significantly influences
anthelmintic activity. Although shortei7g, C6) and longer7c, C16) carbon length
decreased activity, moderate chain length; (C9-14) exhibited good anthelmintic
activity againsH. contortus andC. curticej 4) non-branched chains tend to correlate
with greater potency compared to branched; 5) Iplavbicity in a side chain is
preferable, e.g. attachment of hetero atoms i@ chain decreased activity (triazole
derivativesba-q); 7) Regioisomer of azoxy moiety, including a Mimyoup, plays an
important role in nematocidal impadiyvs 22).

2.6 In vivo assay in mice

Based on the promising vitro results, we subsequently tested selected compounds
for their anthelmintic activityn vivo using a mouse model. Mice were infected with
Heligmosomoides polygyrus. gastrointestinal nematode in mice. Mice weeat&d
orally once or daily on four consecutive days. Aswsn in Table 3, jietacin A had full
efficacy (100%) at 100 mg/kg after 4-day treatm@anitry 2). A reduced amount of
jietacin A had no efficacy (<50%) at 25 mg/kg orddy (entry 3), additionally, no
efficacy was observed at 10 mg/kg on 1 day (eniryNétably, the derivativ@b had
full efficacy (100%) at 25 mg/kg following 4-dayestment (entry 6). Although this
result is not favourably comparable to emodepsfd# éfficacy, 10 mg/kg at 4-day
regimen (entry 1)), this is the first example, te tbest of our knowledge, that a
compound having an azoxy moiety exhibited 100% elnntic efficacyin vivo,
thereby indicating azoxy compounds have the pdgagitof becoming good lead
candidates in future. Whiléb fully efficacious at a dosage of 25 mg/kg for folays, at
a high dosage (100 mg/kg using a 4-day regimemny &)t animals showed strong
adverse effects and were euthanized for animalaneelieasons after the third treatment.
When the dosage was decreased (25 mg/kg on 1eafagacy was only 73% (entry 7),
and a dosage of 10 mg/kg on a 1-day regimen haar fittle effect (<50%, entry 8).
Other derivatives bearing a triazole moidig, 5g, 5i, and 50 had mostly no efficacy
(<50%, entry 9, 10, and 12), or 70% efficacy (ertfyy at 100 mg/kg with a 4-day
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regimen, indicating that a triazole moiety may b&gmificant element for anthelmintic

activity.

Table 3

Emodepside and jietacins agairgligmosomoides polygyru in vivo.

entry Dosage (mg/kg) Treatment days Formulation Efficacy

1 Emodepside 10 4 A 100%
2 Jietacin A 100 4 B 100%
3 Jietacin A 25 1 B <50%
4 Jietacin A 10 1 B <50%
5 7b 100 4 A toxic
6 7b 25 4 B 100%
7 7b 25 1 B 73%
8 7b 10 1 B <50%
9 5a 100 4 A <50%
10 5g 100 4 A <50%
11 5i 100 4 A 70%
12 50 100 4 A <50%

Formulation A: 25% Cremophor EL, 75% water.
Formulation B: 10% Transcutol, 10% Cremophor EL%80hysiol. NaCl solution (0.9%).

3. Conclusion

Our results confirm that jietacins possess potmthelmintic activity against
parasitic nematodes. Jietacin A is known to havderate or low acute toxicity (L9 >
300 mg/kg) and shows no mutagenic potential in ai PAimes screen, significant
indication of the promising properties of this caapd for future drug development. In
addition, this study revealed not only design, Bgais, and biological evaluation of
jietacin derivatives against pathogenic nematodasalso clarification of their SARSs.
Of the derivatives evaluated, we found that a gifirepl derivative,7b, exhibited better
anthelmintic activityin vitro than natural jietacin and had better efficanyvivo
following oral administration against a mouse neydat but lower tolerability. Further
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optimization of the compounds is therefore necgswaidentify the best drug candidate
with a sufficient therapeutic potential. Nonethslds the best of our knowledge, this is
the first example of compounds with an azoxy moethibiting 100% anthelmintic
efficacy in viva. Therefore, our results indicate that an azoxyifmmoay be a useful
template for anthelmintic drug discovery. This llas promise of creating a class of
anthelmintics with novel skeletons, a potentiakgmmode of action, and an insight for
rational drug design. Although the purpose of thlisdy was to develop veterinary
medicines, we believe that the results provide efulsnsight for drug development,
with respect to azoxy antibiotics, for both humad animal health.

4. Experimental section
4.1. Chemistry

Pre-coated silica gel plates with a fluoresaadtcator (Merck 60 F254, Cat.-No.
1.05744.0001, Merck KGaA, Darmstadt, Germany) wased for analytical and
preparative thin layer chromatography. Flash colwwhromatography was carried out
with Kanto Chemical silica gel (Silica gel 60N, spical neutral, 40-50 um, Cat.-No.
37563-84, Kanto Chemical Co., Inc., Tokyo JapanMerck silica gel 230-400 mesh
ASTM (60N, 40-63 um, Cat.-No. 109383 NMR spectra were recorded at 500 MHz
and**C NMR spectra were recorded at 125 MHz on JEOL B0D8-(500 MHz, JEOL
Ltd., Tokyo, Japan). The chemical shifts are exg@ddn ppm downfield from internal
solvent peaks CD@I(7.26 ppm,*H NMR), CDCk (77.16 ppm=C NMR), CD;OD
(3.31 ppm,*H NMR), CD;0D (49.0 ppm**C NMR), and coupling constani {alues)
are given in Hertz. The coupling patterns are esqed by s (singlet), d (doublet), dd
(double doublet), ddd (double double doublet)riplgt), dt (double triplet), q (quartet),
dg (double quartet), m (multiplet), br (broadenedpp (appearance). All infrared
spectra were measured using a Horiba FT-210 speetes (Horiba Ltd., Kyoto, Japan).
High- and low-resolution mass spectra were measored JEOL JMS-700 MStation
and JEOL JMS-T100LP. Melting points were measurétli & Yanaco Micro Melting
Point System MP-500P (Anatec Yanaco Corporatiommt&yJapan).

4.1.1. General procedure for azo formation
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10% Pd(OH) (2.0 equiv.) was suspended in MeOH (0.1 M) at Ouiler N
atmosphere. To the resulting suspension was addsduion of Cbz-hydrazin€l.0
equiv.) in MeOH (0.5 M). The solution was subjecte@n atmosphere of hydrogen and
stirred at room temperature for 2 h. After the tgigr material was consumed, the
mixture was filtered through a pad of Celite andsked with a mixture of MeOH and
CHCI; (1/10, v/v) The filtrate was concentratad vacuo The crude product was
immediately oxidized at room temperature by expegorair until the hydrazine was
consumed. The crude product was purified by flagbhman chromatography to give the
azo compound.

4.1.2 General procedure for azoxy formation

To a solution of azo compoulid.0 equiv.) and VO(acacj0.1 equiv.) in DCM (0.1
M) was added TBHP (5.5 M in decane, 1.2 equivQ & under N atmosphere. After
stirring at the same temperature until the stanthmaerial was consumed, the resulting
mixture was quenched with saturated aqueou$Ja, and extracted with CHEIThe
organic layer was washed with brine, dried oves3@, filtered, and concentrated. The
residue was purified by flash column chromatogragghgive the azoxy compound and
its regioisomer.

4.1.3. General procedure for triazole reaction

To a solution of azid& in MeOH (0.2 M) at room temperature were added
acetylenes (1.2 equiv.), tetrakis(acetonitrile)anf)  hexafluorophosphate
(Cu(MeCN)PFs;, 0.05 equiv.), and tris[(1-benzyl-1H-1,2,3-triaZbll)methyllamine
(TBTA, 0.05 equiv.). The reaction mixture was stifrat room temperature until the
starting material was consumed. After the reactoxture was concentratad vacuq
the crude product was purified by silica gel columehromatography
(hexane/EtOAc=5/1 to CHgIMeOH=10/1) to afford the desired triazole compaind
5a-qg.

4.1.4. General procedure for Grignard reaction

To a solution of LaGt2LICl (4.0 equiv.) in THF (2.0 M) was added dropsei
Grignard reagent (4.0 equiv.). After stirring fd@ Bin at 0°C, a mixture of Grignard

19



reagent and La@i2LiCl was added to a solution of Weinreb amide @q@iv.) in THF
(0.5M) at —40°C in another flask and the mixture was stirred fomiin. The reaction
mixture was then quenched with saturated aqueougCNldxtracted with EtOAc. The
organic layers were dried over }0,, filtered, and concentrated vacuo The residue
was purified by preparative PLC on silica gel tioed a ketone analog.

4.1.5. General procedure for reductive hydrazinatio

To a solution ofL0 (1.0 equiv.) in MeOH (0.1 M) was added drop-wisgehyde
(1.0 equiv.) at 0 °C. After stirring at room temgieire for 30 min, to the mixture was
added AcOH (2.0 equiv.) and NaBEN (6.0 equiv.) at 0 °C. The mixture was allowed
to warm to room temperature and stirred until &drteng material was consumed. The
resulting mixture was diluted with CHLand washed with pH 7.2 phosphate buffer,
and HO, brine, dried over N&O,, filtered, and concentrated vacuo The residue was

purified by flash column chromatography to giveoaresponding Cbz-hydrazine.

4.1.6. General procedure for construction of viagbxy group

To a solution of azoxy ethylalcohol (1.0 equim)DCM (0.1 M) were added EM
(2.0 equiv.) and MsCI (1.2 equiv.) at room tempamat After stirring for 10 min, the
mixture was added to DBU (2.0 equiv.) and stirre®% °C for 3 min. The resulting
mixture was diluted with EtOAc and washed with sated agqueous N4&I and HO,
brine, dried over N&Q,, filtered, and concentrated. The residue was igdriby
preparative TLC on silica gel to give the vinyl aga@ompound.

4.1.7. 8-[(tert-Butyldimethylsilyl)oxy]octan-1-¢11)

To a solution of 1,8-octadiol (10.0 g, 68.4 m)nal MeOH (340 mL) were added
EtN (47.8 mL, 342 mmol), TBSCI (9.79 g, 65.0 mmol)dabMAP (0.418 g, 3.42
mmol) and the mixture was stirred at 0 °C undemogitn atmosphere. After stirring for
1 h, the reaction mixture was added to CHGDO mL) washed with saturated aqueous
NaHCQ; (900 mL), saturated aqueous MH (900 mL, x2) and brine (900 mL). The
organic layer was dried with NaQ,, filtered and concentrateid vacuo The crude
product was purified by column chromatography dicaigel (hexane/EtOAc=15/1 to
5/1) to afford11(9.06 g, 51%) as a colorless oil.

IR (Diamond Prismy (cmi?): 3349, 2931, 2858, 1471, 1387, 1362, 1255, 100991
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837, 775, 665'H NMR (500 MHz, CDG}) & (ppm) : 3.63 (tJ) = 6.6 Hz, 2H), 3.59 (tJ

= 6.6 Hz, 2H), 1.58-1.46 (complex m, 4H), 1.35-1(806mplex m, 8H), 0.88 (s, 9H),
0.04 (s, 6H);*C NMR (125 MHz, CDGJ) 5 (ppm) : 63.3, 62.9, 32.8, 32.7, 29.4 (2C),
25.9 (3C), 25.69, 25.66, 18.3, -5.3 (2C); HRMS (FABA) m/z: 261.2250 [M+H],
calcd for G4H330,Si: 261.2242.

4.1.8. Benzyl 2-{8-[(tert-butyldimethylsilyl)oxylyg-1-(2-hydroxyethyl)-
hydrazine-1-carboxylatél2)

To a solution of DMSO (4.46 mL, 62.8 mmol) in BIG96.0 mL) was added oxalyl
chloride (2.65 mL, 100 mmol) drop-wise using a 8yg at —78 °C under nitrogen
atmosphere. After stirring for 30 min, to the réactmixture was addetil (5.03 g, 19.3
mmol) drop-wise using a syringe, the mixture beshiged for an additional 30 min at —
78 °C, before BN (16.1 mL, 377 mmol) was added. After stirring i min at —78 °C,
the reaction mixture was warmed to 0 °C and stifoed. h, then washed with saturated
aqueous NECI (90 mL), 10% aqueous NaH${90 mL, x2), saturated aqueous
NaHCG; (90 mL), brine (90 mL), dried with N8O, filtered and concentrated vacuo
The crude product was taken on to the next stepowit purification. To a stirred
solution of10 (4.87 g, 23.2 mmol) in CHEI(190 mL) at 0 °C was added the crude
aldehyde, the reaction mixture subsequently beiagned to room temperature and
stirred. After stirring for 45 min, the reaction xhire was cooled to 0 °C, and AcOH
(2.4 mL, 38.6 mmol) was added. After stirring fdy fnin, the mixture was added to
NaBH;CN (7.28 g, 377 mmol) at 0 °C and stirred for 1t room temperature. The
reaction mixture was washed with phosphate bufiert®n in water (pH 7.2, 190 mL),
brine (190 mL), dried with N&QO,, filtered and concentrateth vacuo The crude
product was purified by column chromatography ditaigel (hexane/EtOAc=5/1 to
3/1) to afford12 (7.19 g, 82%) as a colorless oil.

IR (Diamond Prismy (cmi?): 3995, 2931, 2854, 1697, 1458, 1404, 1350, 126051
833, 771, 694*H NMR (500 MHz, CDCJ) & (ppm) : 7.36 (m, 5H), 5.16 (s, 2H), 3.80
(m, 2H), 3.62 (tJ = 4.9 Hz, 2H), 3.59 () = 6.9 Hz, 2H), 2.88 (m, 2H), 1.51-1.45
(complex m, 4H), 1.28 (complex m, 8H), 0.89 (s, 9804 (s, 6H);*C NMR (125
MHz, CDCk) & (ppm) : 156.5, 135.9, 128.2 (2C), 127.9, 127.7)(B2.3, 62.9, 61.3,
49.9, 32.5, 29.2, 29.0, 28.9 27.5, 26.8, 25.7 (264, 18.1, -5.5 (2C); HRMS (FAB,
NBA) m/z: 451.3144 [M+H], calcd for GsHssN»0,Si: 453.3149.

21



4.1.9. (E)-2-({8-[(tert-Butyldimethylsilyl)oxy]odbgiazenyl)ethan-1-o(13)

12 (8.80 g, 19.4 mmol) was converted 18 (5.04 g, 82%) which appeared as a
yellow oil, according to the general proceduredno formation.
IR (Diamond Prismy (cmi?): 3316, 3224, 2931, 2854, 1511, 1462, 1427, 132871
1203, 1057, 972, 872, 833, 764,717, 6'H;NMR (500 MHz, CDCJ) 5 (ppm) : 4.04
(m, 2H), 3.99 (m, 2H), 3.81 (8 = 6.8 Hz, 2H), 3.59 (tJ = 6.9 Hz, 2H), 1.79 (dt) =
14.4, 6.9 Hz, 2H), 1.50 (m, 2H), 1.36-1.31 (comptex8H), 0.89 (s, 9H), 0.04 (s, 6H);
3C NMR (125 MHz, CDGJ) & (ppm) : 69.9, 69.6, 63.3, 60.3, 32.8, 29.3, 2925,
27.2, 26.0 (3C), 25.7, 18.3, 5.3 (2C); HRMS (FABA) m/z: 317.2617 [M+H],
calcd for GgH37N20,Si: 317.2624

4.1.10. (Z2)-2-{8-[(tert-Butyldimethylsilyl)oxy]od}yl-(2-hydroxyethyl)diazene 1-oxide
(14)

13(1.00 g, 3.16 mmol) was convertedltd (751 mg, 72%), appearing as a yellow
oil, according to the general procedure for azosgymation. IR (Diamond Prismy
(cm™): 3396, 2931, 2854, 1504, 1466, 1419, 1311, 1258511095, 833, 771, 663
NMR (500 MHz, CDC}) 6 (ppm) : 4.31 (m, 2H), 4.04 (m, 2H), 3.59Jt 6.9 Hz, 2H),
3.45 (t,J = 6.9 Hz, 2H), 1.71 (dt) = 14.4, 6.9 Hz, 2H), 1.50 (m, 2H), 1.41-1.31
(complex m, 8H), 0.89 (s, 9H), 0.04 (s, 6} NMR (125 MHz, CDGJ) & (ppm) :
70.4, 63.3, 59.5, 52.1, 32.8, 29.3 (2C), 27.7, 2260 (3C), 25.7, 18.4, -5.3 (2C);
HRMS (FAB, NBA)m/z: 333.2569 [M+H], calcd for GeHs/N20sSi: 333.2573.

4.1.11. (2)-1-(2-Hydroxyethyl)-2-(8-hydroxyocty§aene 1-oxidélLb)

To a stirred solution df4 (5.88 g, 17.7 mmol) in THF (51 mL) at 0 °C were edd
water (51 mL) and AcOH (76 mL), the mixture themigewarmed to room temperature.
After stirring for 2 h, the reaction mixture wasemehed with saturated aqueous
NaHCG; (180 mL) and extracted with EtOAc (150 mL, x2). Teembined organic
layers were washed with brine (300 mL), dried iSO, filtered and concentrated
in vacuo The crude product was purified by column chromgedphy on silica gel
(hexane/EtOAc=1/2) to affortl5 (3.86 g, quant) as a colorless solid.
mp 47.5 °C; IR (Diamond Prism) (cm™): 3314, 3224, 2931, 2854, 1512, 1469, 1427,
1336, 1257, 1203, 1057, 972, 872, 833, 764, 717, '61NMR (500 MHz, CDC}) &

22



(ppm) : 4.31 (M, 2H), 4.05 (m, 2H), 3.64 (A& 5.4, 1.2 Hz, 2H), 3.45 (§,= 6.9 Hz,

2H), 1.71 (dtJ = 14.4, 6.9 Hz, 2H), 1.55 (di,= 13.8, 6.9 Hz, 2H) 1.41-1.32 (complex
m, 8H);13C NMR (125 MHz, CDGJ) & (ppm) : 70.5, 62.8, 59.3, 52.1, 32.6, 29.2, 29.1,
27.6, 26.9, 25.6; HRMS (FAB, NBA/z: 219.1713 [M+H], calcd for GoHaN,0s:
219.17009.

4.1.12. (Z)-2-{8-[(Methylsulfonyl)oxy]octyl}-1-vitdiazene 1-oxid€16)

To a solution ofL5 (0.502 g, 2.30 mmol) in DCM (23 mL) were addedNE{0.950
mL, 6.89 mmol) and MsCl (0.430 mL, 5.51 mmol). Aftstirring for 5 min, the
corresponding bis-mesylate was observed on TLC. BO3 mL, 6.89 mmol) was
added and the mixture was stirred at 35 °C for 8. fihe reaction mixture was washed
with saturated aqueous NEI (20 mL x2), brine (30 mL), dried with N&Q,, filtered
and concentrateth vacuo The crude product was purified by column chromgedphy
on silica gel (hexane/EtOAc=2/1) to provide prodil6t(0.447 g, 70%) as a colorless
solid.
mp 52.1 °C; IR (Diamond Prismv) (cmi?) : 3124, 3039, 2931, 2854, 2190, 1466, 1419,
1327, 1265, 1184, 1041, 941, 825, 733, 6%56;NMR (500 MHz, CDC}) & (ppm) :
7.10 (dd,J = 15.0, 8.0 Hz, 1H), 6.42 (d,= 15.0 Hz, 1H), 5.50 (d] = 7.5 Hz, 1H), 4.22
(t, J= 6.9 Hz, 2H), 3.53 (t) = 6.9 Hz, 2H), 3.00 (s, 3H), 1.76-1.73 (complex4h),
1.42-1.35 (complex m, 8H}>C NMR (125 MHz, CDG)) 3 (ppm) : 143.4, 115.3, 70.1,
52.5, 37.3, 29.1 (2C), 28.9, 27.6, 27.0, 25.3; HRIFBB, NBA) m/z : 279.1383
[M+H] ", caled for GiH2aN-04S: 279.1379.

4.1.13. (Z)-2-(8-Azidooctyl)-1-vinyldiazene 1-oxiée

To a solution o6 (1.52 g, 5.46 mmol) in DMF (56 mL) was added N4BL526 g,
8.19 mmol) at 50 °C. After stirring for 1.5 h, wa(®0 mL) was added to the reaction
mixture which was then extracted with a mixturdnekane/EtOAc = 1/1 (25 mL/25 mL,
v/v). The organic layer was separated and the agudémyer was extracted with a
mixture of hexane/EtOAc=1/1 (25 mL/25 mL, v/v). Thembined organic layer were
washed with brine (150 mL), dried with p&O,, filtered and concentrated vacuo
The crude product was purified by flash column amtography on silica gel
(hexane/EtOAc=2/1) to affor@ (1.05 g, 85%) as a yellow oil.
IR (Diamond Prismy (cmi?): 3112, 3089, 2931, 2858, 2096, 1732, 1506, 143891
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1373, 1348, 1311, 1265, 1052, 953, 773, 723, 6B4ANMR (500 MHz, CQOD)
(ppm) : 7.21 (ddy = 15.0, 7.5 Hz, 1H), 6.35 (d,= 15.0 Hz, 1H), 5.57 (d] = 7.5 Hz,
1H), 3.52 (t,J = 6.9 Hz, 2H), 3.28 (t)= 6.9 Hz, 2H), 1.76 (m, 2H), 1.59 (dt= 14.9,
7.5 Hz, 2H), 1.45-1.38 (complex m, 8HJC NMR (125 MHz, CROD) & (ppm) : 144.9,
116.0, 53.6, 52.5, 30.4 (2C), 30.0, 29.0, 28.39:2MRMS (FAB, NBA)m/z: 226.1671
[M+H]", calcd for GoHaoNsO : 226.1668.

4.1.14. (Z)-2-[8-(4-Butyl-1H-1,2,3-triazol-1-yl)od}-1-vinyldiazene 1-oxid€5a)
According to the general procedure for synthesisriazole analogsg (80.9 mg,
0.359 mmol) with 1-hexyne (50L, 0.431 mmol) was converted & (93.7 mg, 85%)
as a colorless solid.
mp 62.2 °C; IR (Diamond Prism) (cmi?) : 3214, 3078, 2924, 2854, 1643, 1550,
1466,1411, 1342, 1265, 1157,1057, 957, 749, 779, 886;'H NMR (500 MHz,
CDCl) 6 (ppm) : 7.24 (s, 1H), 7.09 (dd= 14.9, 7.5 Hz, 1H), 6.41 (d,= 14.9 Hz, 1H),
5.50 (d,J = 7.5 Hz, 1H), 4.30 (t) = 7.5 Hz, 2H), 3.53 (t) = 7.5 Hz, 2H), 2.71 (d] =
7.5 Hz, 2H), 1.88 (dtJ = 14.9, 7.5 Hz, 2H), 1.74 (d§,= 14.9, 7.5 Hz, 2H), 1.65 (m,
2H), 1.43-1.29 (complex m, 10H), 0.93 {t,= 7.5 Hz, 3H);**C NMR (125 MHz,
CDCl) 6 (ppm) : 148.3, 143.4, 120.3, 115.2, 52.4, 50.15330.3, 29.0, 28.8, 27.6,
26.9, 26.4, 25.3, 22.3, 13.8; HRMS (ESH/z : 330.2269 [M+Nal], calcd for
Ci6H29NsNaO: 330.2270

4.1.15. (2)-2-{8-[4-(4-Hydroxybutyl)-1H-1,2,3-trialz1-yl]octyl}-1-vinyldiazene
1-oxide(5b)

According to the general procedure for synthesisriazole analogs8 (80.2 mg,
0.356 mmol) with 5-hexyne-1-0bQ pL, 0.427 mmol) was converted &b (93.1 mg,
81%) as a colorless solid.
mp 69.9 °C; IR (Diamond Prisnv) (cmi™) : 3448, 3402, 3116, 3062, 2924, 2854, 1550,
1465, 1342, 1255, 1211, 1165, 1049, 997, 949, 867, 648;'H NMR (500 MHz,
CDCl) 6 (ppm) : 7.28 (s, 1H), 7.09 (dd= 14.9, 7.5 Hz, 1H), 6.41 (d,= 14.9 Hz, 1H),
5.50 (d,J = 7.5 Hz, 1H), 4.31 (t) = 7.5 Hz, 2H), 3.68 (tJ = 6.9 Hz, 2H), 3.52 (t) =
7.5 Hz, 2H), 2.76 (tJ = 7.5 Hz, 2H), 1.98 (brs, 1H), 1.88 (dt= 14.9, 7.5 Hz, 2H),
1.81-1.73 (complex m 4H), 1.64 (m, 2H), 1.43-1.8dngplex m, 8H)*C NMR (125
MHz, CDCk) & (ppm) : 147.8, 143.2, 120.4, 115.2, 61.9, 52.30582.0, 30.1, 28.9,
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28.7, 27.4, 26.8, 26.2, 25.5, 25.1; HRMS (EB¥g : 346.2221 [M+Na)], calcd for
C16H29N5N6102: 346.2219

4.1.16. (2)-2-{8-[4-(4-Cyanobutyl)-1H-1,2,3-triazdtyl]octyl}-1-vinyldiazene 1-oxide
(59)

According to the general procedure for synthesisriazole analogs8 (80.9 mg,
0.359 mmol) with 6-heptynenitrile (56, 0.431 mmol) was converted 5 (106.7 mg,
89%) as a colorless solid.
mp 50.5 °C; IR (Diamond Prismv) (cmi®) : 3109, 3070, 2924, 2854, 2244, 2209, 2185,
2013, 1643, 1550, 1465, 1408, 1319, 1273, 12197,11649, 964, 841, 771, 6584
NMR (500 MHz, CDCJ) 6 (ppm) : 7.29 (s, 1H), 7.09 (dd= 14.9, 7.5 Hz, 1H), 6.41 (d,
J=14.9 Hz, 1H), 5.50 (d] = 7.5 Hz, 1H), 4.31 (t) = 7.2 Hz, 2H), 3.53 () = 6.9 Hz,
2H), 2.77 (t,J = 7.2Hz, 2H), 2.38 (tJ = 6.9 Hz, 2H), 1.87 (m4H), 1.74 (m, 4H),
1.42-1.29 (complex m, 8H}*C NMR (125 MHz, CDG)) & (ppm) : 146.6, 143.2, 120.4,
119.3, 115.0, 52.2, 49.9 , 30.0, 28.7, 28.6, 28714, 26.7, 26.1, 24.49, 24.45, 16,6;
HRMS (ESI)m/z: 355.2230 [M+Nal], calcd for G7H2gNgNaO: 355.2222.

4.1.17. (Z)-2-[8-(4-1sobutyl-1H-1,2,3-triazol-1-ghtyl]-1-vinyldiazene 1-oxidébd)
According to the general procedure for synthesisriazole analogsg (80.5 mg,
0.355 mmol) with 4-methyl-1-pentyne (3, 0.426 mmol) was converted &l (92.0
mg, 84%) as a colorless solid.
mp 49.9 °C; IR (Diamond Prisnv) (cmi®) : 3116, 3062, 2924, 2854, 1550, 1466, 1365,
1327, 1273, 1219, 1157, 1049, 957, 856, 771, 783,61 NMR (500 MHz, CDC}) &
(ppm) : 7.29 (s, 1H), 7.11 (dd= 14.9, 8.0 Hz, 1H), 6.44 (d,= 14.9 Hz, 1H), 5.51 (d,
J=8.0 Hz, 1H), 4.33 (tJ = 7.5 Hz, 2H), 3.56 (tJ= 7.5 Hz, 2H), 2.61 (d) = 6.9 Hz,
2H), 1.98 (m, 1H), 1.91 (dt) = 14.9, 7.5 Hz, 2H), 1.76 (dfl = 14.9, 7.5 Hz, 2H),
1.45-1.35 (complex m, 8H), 0.96 (@= 6.9 Hz, 6H);"*C NMR (125 MHz, CDG) &
(ppm) : 147.1, 143.5, 120.9, 115.3, 52.5, 50.18,330.3, 29.1, 28.9, 28.7, 27.6, 27.0,
26.4, 22.3 (2C); HRMS (ESIm/z : 330.2275 [M+Nal], calcd for GgH29NsNaO:
330.2270

4.1.18. (Z)-2-{8-[4-(2-Bromoethyl)-1H-1,2,3-triazblyl]octyl}-1-vinyldiazene 1-oxide
(5¢)

25



According to the general procedure for synthesisriakzole analogs8 (80.8 mg,
0.358 mmol) with 1-hexyne (40L, 0.433 mmol) was converted 5 (116.8 mg, 91%)
as a colorless solid.
mp 55.3 °C; IR (Diamond Prismv) (cmi?) : 3162, 3124, 2924, 2854, 1550, 1466, 1419,
1319, 1257, 1219, 1142, 1057, 957, 883, 764, 725,61 NMR (500 MHz, CDC}) &
(ppm) : 7.43 (s, 1H), 7.09 (dd= 14.9, 7.5 Hz, 1H), 6.41 (d,= 14.9 Hz, 1H), 5.49 (d,
J=7.5Hz, 1H), 4.33 (t) = 7.5 Hz, 2H), 3.65 (t)= 6.9 Hz, 2H), 3.53 (t) = 7.5 Hz,
2H), 3.30 (t,J = 6.9 Hz, 2H), 1.90 (dt) = 14.9, 7.5 Hz, 2H), 1.74 (di,= 14.9, 7.5 Hz,
2H), 1.43-1.31 (complex m, 8H)*C NMR (125 MHz, CDGJ) 5 (ppm) : 144.5, 143.3,
121.4, 115.2,52.3, 50.1, 31.6, 30.1, 29.3, 289,27.5, 26.8, 26.2; HRMS (ESiy/z:
380.1059 [M+Nal], calcd for G4H24NsBrNaO: 380.1062

4.1.19. (Z)-2-[8-(4-1sopropyl-1H-1,2,3-triazol-1)gLtyl]-1-vinyldiazene 1-oxidébf)
According to the general procedure for synthesisriakzole analogs8 (80.8 mg,
0.359 mmol) with 3-methyl-1-butyne (44, 0.431 mmol) was converted & (97.8
mg, 93%) as a colorless solid.
mp 51.3 °C; IR (Diamond Prismv) (ci®) : 3109, 3062, 2924, 2854, 1550, 1466, 1365,
1327, 1265, 1211, 1173, 1103, 1049, 949, 849, §6&;'H NMR (500 MHz, CDC}) &
(ppm) : 7.22 (s, 1H), 7.09 (dd= 14.9, 8.0 Hz, 1H), 6.40 (d,= 14.9 Hz, 1H), 5.48 (d,
J=28.0 Hz, 1H), 4.29 (t} = 7.5 Hz, 2H), 3.52 (t) = 6.9 Hz, 2H), 3.08 (m, 1H), 1.88 (dt,
J=14.4, 7.2 Hz, 2H), 1.74 (di,= 14.6, 7.3 Hz, 2H), 1.43-1.29 (complex m, 8H),01.3
(d, J= 7.0 Hz, 6H),;*C NMR (125 MHz, CDGJ) & (ppm) : 154.3, 143.3, 118.8, 115.1,
52.3, 49.9, 30.1, 28.9, 28.7, 27.5, 26.8, 26.37,232.4 (2C); HRMS (ESIm/z :
316.2123 [M+Nal], calcd for GsHo7NsNaO: 316.2113

4.1.20. (2)-2-{8-[4-(Prop-1-en-2-yl)-1H-1,2,3-triaz1-yl]octyl}-1-vinyldiazene 1-oxide
(59)

According to the general procedure for synthesisriazole analogsg (80.0 mg,
0.355 mmol) with 2-methyl-1-butene-1-yne (86.2 ®gi26 mmol) was converted g
(85.0 mg, 83%) as a colorless amorphous.

IR (Diamond Prism) (cm™): 3008, 2931, 2854, 1643, 1466, 1373, 1319, 121911
1049, 949, 895, 748, 6631 NMR (500 MHz, CDC}) 5 (ppm) : 7.46 (s, 1H), 7.03 (dd,
J=14.9, 7.5 Hz, 1H), 6.34 (d,= 14.9 Hz, 1H), 5.63 (s, 1H), 5.43 @@= 7.5 Hz, 1H),
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5.01 (m, 1H), 4.26 (1) = 7.5 Hz, 2H), 3.46 (tJ)= 6.9 Hz, 2H), 2.07 (s, 3H), 1.83 (dtz
14.4, 7.2 Hz, 2H), 1.66 (di,= 14.8, 7.4 Hz, 2H), 1.35-1.25 (complex m, 8HZ NMR
(125 MHz, CDC4) & (ppm) : 148.4, 143.2, 133.5, 119.3, 115.1, 118203, 50.0, 30.1,
28.9, 28.7, 27.4, 26.8, 26.2, 20.5; HRMS (EBlz : 314.1962 [M+Nadl, calcd for
CisHasNsNaO: 314.1957

4.1.21. (Z)-2-{8-[4-(tert-Butyl)-1H-1,2,3-triazol-{l]octyl}- 1-vinyldiazene 1-oxidéh)
According to the general procedure for synthesisriazole analogs8 (80.6 mg,
0.358 mmol) with 3,3-dimethyl-1-butyne (5@, 0.430 mmol) was converted fh
(99.5 mg, 91%) as a colorless amorphous.
IR (Diamond Prismy (cmi?): 3124, 3070, 2931, 2854, 1643, 1542, 1466, 138351
1218, 1126, 1049, 949, 841, 764, 717, 656NMR (500 MHz, CDCY) 5 (ppm) : 7.22
(s, 1H), 7.10 (ddJ = 14.9, 7.5 Hz, 1H), 6.41 (d,= 14.9 Hz, 1H), 5.50 (d] = 7.5 Hz,
1H), 4.29 (t,J = 7.5 Hz, 2H), 3.53 (t) = 6.9 Hz, 2H), 1.88 (dt) = 14.4, 7.2 Hz, 2H),
1.75 (dt,J = 14.8, 7.4 Hz, 2H), 1.44-1.32 (complex m, 8H)51(8, 9H);**C NMR (125
MHz, CDCk) & (ppm) : 157.3, 143.3, 118.1, 115.1, 52.2, 49.95380.2 (3C), 30.1,
28.8, 28.7, 27.4, 26.8, 26.3; HRMS (ESQ¥)/z : 330.2271 [M+Na], calcd for
Ci6H29NsNaO: 330.2270

4.1.22. (Z)-2-{8-[4-(2-Hydroxypropan-2-yl)-1H-1,2tBazol-1-yl]octyl}-1-vinyl-
diazene 1-oxidési)

According to the general procedure for synthesisriakzole analogs8 (82.8 mg,
0.368 mmol) with 2-methy-3-butyne-2-ol (44L, 0.441 mmol) was converted ti
(103.6 mg, 95%) as a colorless solid.
mp 71.0 °C; IR (Diamond Prismv) (cmi?) : 3309, 3124, 2970, 2924, 2854, 1543, 1466,
1365, 1265, 1211, 1192, 1134, 1049, 964, 489, §6&;'H NMR (500 MHz, CDC}) &
(ppm) : 7.42 (s, 1H), 7.08 (dd= 14.9, 7.5 Hz, 1H), 6.39 (d,= 14.9 Hz, 1H), 5.48 (d,
J=7.5Hz, 1H), 4.30 ()= 7.5 Hz, 2H), 3.51 ()= 6.9 Hz, 2H), 2.80 (s, 1H), 1.87 (dt,
J=13.8, 6.9 Hz, 2H), 1.72 (df,= 15.0, 7.5 Hz, 2H), 1.61 (s, 6H), 1.41-1.30 (coempl
m, 8H); *C NMR (125 MHz, CDGJ) 5 (ppm) : 155.5, 143.3, 118.9, 115.3, 68.3, 52.3,
50.1, 30.3 (2C), 30.1, 28.9, 28.7, 27.5, 26.8, 26{BRMS (ESI) m/z : 332.2064
[M+Na]*, calcd for GsH,7NsNaQ, : 332.2062
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4.1.23. (Z)-2-[8-(4-Cyclopropyl-1H-1,2,3-triazolyd}octyl]-1-vinyldiazene 1-oxidébj)
According to the general procedure for synthesisriazole analogs8 (82.2 mg,
0.365 mmol) with cyclopropylacetylene (40, 0.438 mmol) was converted & (97
mg, 91%) as a colorless solid.
mp 66.1 °C; IR (Diamond Prismv) (cmi®) : 3132, 3100, 2924, 2854, 2021, 1558, 1466,
1412, 1327, 1265, 1211, 1157, 1049, 957, 895, 862, 656;'H NMR (500 MHz,
CDCl;) 8 (ppm) : 7.20 (s, 1H), 7.09 (dd,= 14.9, 8.0 Hz, 1H), 6.41 (d,= 14.9 Hz,
1H,), 5.50 (dJ = 8.0 Hz, 1H), 4.27 (t)= 7.5 Hz, 2H), 3.53 (tJ = 7.5 Hz, 2H), 1.94 (m,
1H), 1.86 (dtJ = 14.9, 7.5 Hz, 2H), 1.74 (di,= 7.5, 14.9, 2H), 1.43-1.30 (complex m,
8H), 0.94 (m, 2H), 0.83 (m, 2H}*C NMR (125 MHz, CDGJ) 5 (ppm) : 150.1, 143.4,
119.4, 115.3, 52.5, 50.2, 30.3, 29.0, 28.9, 2716),26.4, 7.7 (2C), 6.7; HRMS (ESI)
m/z: 314.1956 [M+Nadl], calcd for GsH2sNsNaO: 314.1957

4.1.24. (2)-2-{8-[4-(1-Hydroxycyclohexyl)-1H-1,213az0l-1-ylJoctyl}-1-vinyldiazene
1-oxide(5k)

According to the general procedure for synthesisriakzole analogs8 (80.0 mg,
0.355 mmol) with 1-Ethynyl-1-cyclohexanol (53.2 nfg427 mmol) was converted to
5k (124.0 mg, 97%) as a colorless solid.
mp 88.4 °C; IR (Diamond Prismv) (cmi?) : 3224, 3101, 3055, 2931, 2854, 1466, 1415,
1358, 1319, 1257, 1173, 1049, 949, 902, 849, 76@; 61 NMR (500 MHz, CDC}) &
(ppm) : 7.42 (s, 1H), 7.09 (dd= 14.9, 7.5 Hz, 1H), 6.41 (d,= 15.5 Hz, 1H), 5.49 (d,
J=7.5 Hz, 1H), 4.32 (tJ = 7.5 Hz, 2H), 3.53 (tJ = 6.8 Hz, 2H), 2.13 (brs, 1H),
2.00-1.86 (complex m, 7H), 1.79-1.70 (complex m),4H65-1.52 (complex m, 3H),
1.43-1.32 (complex m, 8H¥’C NMR (125 MHz, CDG) & (ppm) : 155.5, 143.3, 119.3,
115.3, 69.4, 52.4, 50.1, 38.0 (2C), 30.1, 28.97,287.5, 26.8, 26.3, 25.3, 21.9 (20);
HRMS (ESI)m/z: 372.2377 [M+Na], calcd for GgHz1NsNaQ, : 372.2375.

4.1.25. (Z)-2-{8-[4-(Acetoxymethyl)-1H-1,2,3-triddoyl]octyl}-1-vinyldiazene 1-oxide
(51)

According to the general procedure for synthesisriazole analogs8 (82.4 mg,
0.366 mmol) with propargyl acetate (B0, 0.439 mmol) was converted 5 (114.1 mg,
97%) as a yellow solid.
mp 56.0 °C; IR (Diamond Prismv) (cmi®) : 3124, 2924, 2013, 1736, 1466, 1365, 1227,
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1149, 1034, 957, 849, 787, 656/ NMR (500 MHz, CDCY) & (ppm) : 7.58 (s, 1H),
7.10 (dd,J = 14.9, 7.5 Hz, 1H), 6.41 (d,= 14.9 Hz, 1H), 5.50 (d] = 7.5 Hz, 1H), 5.21
(s, 2H), 4.34 (tJ = 7.5 Hz, 2H), 3.53 (t) = 6.9 Hz, 2H), 2.07 (s, 3H), 1.90 (dt= 14.9,

7.5 Hz, 2H), 1.75 (dtJ = 14.9, 7.5 Hz, 2 H), 1.42-1.31 (complex m, 8L NMR

(125 MHz, CDC}) & (ppm) : 170.6, 143.2, 142.5, 123.3, 115.1, 5752550.1, 30.0,
28.8, 28.6, 27.4, 26.7, 26.2, 20.6; HRMS (EBW : 346.1860 [M+Nd], calcd for
CisHosNsNaO, : 346.1855

4.1.26. (Z2)-2-{8-[4-(Trimethylsilyl)-1H-1,2,3-tria#1-yl|octyl}-1-vinyldiazene 1-oxide
(5m) and(Z)-2-[8-(1H-1,2,3-triazol-1-yl)octyl]-1-vinyldiazes 1-oxidg5n)

According to the general procedure for synthesisriakzole analogs8 (83.1 mg,
0.368 mmol) with trimethylsilylacethylene (6., 0.442 mmol) was converted fm
(30.9 mg, 51%) anéin (32.0 mg, 35%) as a colorless solid.
5m; mp 55.6 °C; IR (Diamond Prism) (cm*) : 3093, 2931, 2854, 1643, 1466, 1365,
1327, 1250, 1196, 1126, 1049, 949, 841, 756, BB6NMR (500 MHz, CDCJ) d
(ppm) : 7.48 (s, 1H), 7.08 (dd= 14.9, 7.5 Hz, 1H), 6.40 (d,= 14.9 Hz, 1H), 5.48 (d,
J=7.5Hz, 1H), 4.35 (t) = 7.4 Hz, 2H), 3.51 () = 6.9 Hz, 2H), 1.89 (dt) = 13.7, 6.9
Hz, 2H), 1.73 (dt) = 14.8, 7.4 Hz, 2H), 1.42-1.33 (complex m, 8H),00(8, 9H);*°C
NMR (125 MHz, CDC}) & (ppm) : 146.3, 143.3, 128.6, 115.2, 52.4, 49.63,308.9,
28.8, 27.6, 26.9, 26.4, —1.2 (3C); HRMS (ES8i)z : 346.2042 [M+Nal], calcd for
CisH20NsNaOSi: 346.2039
5n; mp 54.2 °C; IR (Diamond Prisny) (cmi'): 3111, 2952, 2927, 2856, 2102, 1722,
1487, 1468, 1325, 1271, 1217, 1122, 1084, 1049, 969, 827, 761, 656H NMR
(500 MHz, CDC}) 6 (ppm) : 7.71 (s, 1H), 7.53 (s, 1H), 7.10 (d&; 14.9, 7.5 Hz, 1H),
6.42 (d,J=14.9 Hz, 1H), 5.50 (d] = 7.5 Hz, 1H), 4.39 (tJ= 7.5 Hz, 2H), 3.53 (J =
6.9 Hz, 2H), 1.92 (dt) = 14.4, 7.2 Hz, 2H), 1.75 (di,= 14.8, 7.4 Hz, 2H), 1.44-1.35
(complex m, 8H):*C NMR (125 MHz, CDG)) 5 (ppm) : 143.3, 133.7, 123.1, 115.3,
52.4, 50.1, 30.2, 29.0, 28.8, 27.6, 26.9, 26.3; HRNESI|) m/z : 274.1647
[M+Na] calcd for G,H,:NsNaO: 274.1644.

4.1.27. (Z)-2-(8-(4-Phenyl-1H-1,2,3-triazol-1-yljgl-1-vinyldiazene 1-oxidgo0)
According to the general procedure for synthesisriakzole analogs8 (82.8 mg,

0.368 mmol) with ethynyl benzene (5Q, 0.442 mmol) was converted fo (88.0 mg,

29



73%) as a colorless solid.

mp 95.2 °C; IR (Diamond Prisnv) (cmi™) : 3116, 2923, 2854, 1466, 1345, 1305, 1265,
1093, 1049, 949, 841, 764, 701, 684:NMR (500 MHz, CDGCJ) 5 (ppm) : 7.83 (dJ =

6.9 Hz, 2H), 7.74 (s, 1H), 7.42 (t= 7.5 Hz, 2H), 7.32 () = 8.6 Hz, 1H), 7.08 (dd] =
14.9, 7.5 Hz, 1H), 6.40 (d,= 14.9 Hz, 1H,), 5.48 (d] = 8.0 Hz, 1H), 4.39 ()= 6.9
Hz, 2H), 3.53 (tJ = 6.9 Hz, 2H), 1.95 (dt) = 14.8, 7.4 Hz, 2H), 1.74 (di,= 14.8, 7.4
Hz, 2H), 1.44-1.33 (complex m, 8H)*C NMR (125 MHz, CDGCJ) & (ppm) : 147.7,
143.4, 130.7, 128.8 (2C), 128.0, 125.7 (2C), 119135,3, 52.4, 50.4, 30.3, 29.0, 28.9,
27.6, 26.9, 26.4; HRMS (ESin/z : 350.1959 [M+Na], calcd for GgHzsNsNaO':
350.1957.

4.1.28. (Z2)-2-{8-[4-(Pyridin-3-yl)-1H-1,2,3-triazel-yl]octyl}-1-vinyldiazene 1-oxide
(5p)

According to the general procedure for synthesisriakzole analogs8 (81.0 mg,
0.360 mmol) with 1-hexyne (43.9 mg, 0.427 mmol) wasverted tdp (105 mg, 89%)
as a colorless solid.
mp 73.3 °C; IR (Diamond Prisnv) (cmi™) : 3116, 2924, 2854, 1574, 1466, 1342, 1219,
1049, 957, 810, 710, 6584 NMR (500 MHz, CDCJ) § (ppm) : 9.01 (s, 1H), 8.58 (d,
= 4.0 Hz, 1H), 8.26 (m, 1H), 7.86 (@= 1.7 Hz, 1H), 7.41 (m, 1H), 7.09 (ddl= 14.9,
7.4 Hz, 1H), 6.41 (dJ = 14.9 Hz, 1H), 5.49 (dl = 7.4 Hz, 1H), 4.43 (t) = 7.4 Hz, 2H),
3.53 (t,J=6.9 Hz, 2H), 1.97 (dt) = 14.9, 7.4 Hz, 2H), 1.75 (di,= 14.9, 7.4 Hz, 2H),
1.45-1.34 (complex m, 8HJ’C NMR (125 MHz, CDGJ) § (ppm) : 148.9, 146.8, 144.4,
143.2, 132.7, 126.7, 123.5, 119.8, 115.1, 52.23,580.1, 28.8, 28.6, 27.4, 26.7, 26.2;
HRMS (ESI)m/z: 351.1909 [M+Nal], calcd for G/-H24NgNaO: 351.1909.

4.1.29. (2)-2-(8-(4-(Phenanthren-9-yl)-1H-1,2,3at0l-1-yl)octyl)-1-vinyldiazene
1-oxide(5q)

According to the general procedure for synthesisriakzole analogs8 (81.0 mg,
0.360 mmol) with 9-ethynyl-phenanthrene (86.2 mg2@ mmol) was converted &g
(94.0 mg, 61%) as a colorless solid.
mp 97.4 °C; IR (Diamond Prismv) (cm*) : 3147, 2931, 2854, 1466, 1373, 1273, 1219,
1049, 957, 903, 825, 764, 725, 668;NMR (500 MHz, CDCY) 5 (ppm) : 8.78 (dJ =
8.1 Hz, 1H), 8.71 (dJ = 8.1 Hz, 1H), 8.39 (d] = 7.5 Hz, 1H), 8.00 (s, 1H), 7.92 @=
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6.9 Hz, 1H), 7.85 (s, 1H), 7.71-7.60 (complex m)4H09 (dd,J = 14.9, 7.5 Hz, 1H),
6.40 (d,J = 14.9 Hz, 1H), 5.48 (d] = 7.5 Hz, 1H), 4.50 () = 7.5 Hz, 2H), 3.55 (1) =
6.9 Hz, 2H), 2.04 (dt) = 14.9, 7.5 Hz, 2H), 1.77 (di,= 14.9, 7.5 Hz, 2H), 1.47-1.35
(complex m, 8H)*C NMR (125 MHz, CDG) & (ppm) : 146.5, 143.3, 131.2, 130.6,
130.2, 130.0, 128.7, 128.1, 126.9, 126.79, 126126,7, 126. 6, 126.1, 122.8, 122.6,
122.4, 115.2, 52.3, 50.3, 30.2, 28.9, 28.8, 278,26.4; HRMS (ESlin/z: 450.2262
[M+Na]®, calcd for GgHogNsNaO: 450.2270.

4.1.30. (Z)-2-(8-Oxononyl)-1-vinyldiazene 1-ox{fa)

According to the general procedure for synthesiketone analogs using Grignard
reagents9 (42 mg, 0.162 mmol) was convertedo® (29 mg, 84%) as a yellow oil.
IR (Diamond Prismy (cmi?): 2931, 2858, 1662, 1466, 1415, 1381, 1315, 126561
1115, 1053, 995, 953, 764, 656] NMR (500 MHz, CDC{) & (ppm) : 7.09 (dd,) =
14.9, 7.5 Hz, 1H), 6.41 (d,= 14.9 Hz, 1H), 5.49 (d| = 7.5 Hz, 1H), 3.53 (] = 6.9 Hz,
2H), 2.42 (tJ = 7.5 Hz, 2H), 2.13 (s, 3H), 1.75 (it, 7.5, 6.9, @K), 1.58 (m, 2H), 1.42
(m, 2H), 1.38-1.27 (complex m, 4H)*C NMR (125 MHz, CDGJ) & (ppm) : 209.1,
143.3, 115.2, 52.4, 43.5, 29.7, 28.95, 28.88, 2263, 23.6 HRMS (ESI) m/z :
213.1604 [M+H], calcd for GiH21N»0O, : 213.1603.

4.1.31. (Z)-2-(8-Oxodecyl)-1-vinyldiazene 1-oxiale)

According to the general procedure for synthesiketone analogs using Grignard
reagents9 (50 mg, 0.182 mmol) was convertedsio (16 mg, 58%) as a yellow oil.
IR (Diamond Prismy (cm?): 2931, 2854, 1712, 1466, 1373, 1219, 949, 761, 666 ;
NMR (500 MHz, CDC}) & (ppm) : 7.09 (ddJ = 14.9, 7.5 Hz, 1H), 6.40 (d,= 14.9 Hz,
1H), 5.49 (dJ = 7.5 Hz, 1H), 3.52 () = 7.2 Hz, 2H), 2.40 (complex m, 4H), 1.74 (m,
2H), 1.57 (m, 2H), 1.43-1.29 (complex m, 6H), 1(64) = 7.5 Hz, 3H):*C NMR (125
MHz, CDCk) & (ppm) : 211.9, 143.4, 115.3, 52.5, 42.3, 35.812929.09, 27.6, 27.0,
23.8, 7.82; HRMS (FAB, NBA)M/z : 227.1759 [M+H], calcd for GoH3N,O, :
227.1760.

4.1.32. (Z)-2-(8-Oxododecyl)-1-vinyldiazene 1-oXigi®
According to the general procedure for synthesiketone analogs using Grignard
reagents9 (50 mg, 0.182 mmol) was convertedoin(26 mg, 53%) as a yellow oil.
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IR (Diamond Prismy (cmi'): 2931, 2870, 1704, 1458, 1373, 1211, 962, 778, §48;
NMR (500 MHz, CDC}) & (ppm) : 7.09 (ddJ = 14.9, 7.5 Hz, 1H), 6.41 (d,= 14.9 Hz,
1H), 5.49 (dJ = 7.5 Hz, 1H), 3.52 (f) = 7.5 Hz, 2H), 2.38 (t) = 7.5 Hz, 2H), 2.38 (1]

= 7.5 Hz, 2H), 1.74 (m, 2H), 1.57-1.51 (complex4hl), 1.43-1.26 (complex m, 8H),
0.89 (t,J = 7.5 Hz, 3H);**C NMR (125 MHz, CDGJ) & (ppm) : 211.6, 143.4, 115.3,
52.5,42.7,42.5, 29.1 (20), 27.6, 27.0, 26.0, 28273, 13.8; HRMS (FAB, NBA) m/z
255.2072 [M+H], calcd for G4Ho7N2O, : 255.2073.

4.1.33. (Z)-2-(8-Oxotricosyl)-1-vinyldiazene 1-ax(@d)

According to the general procedure for synthesiketone analogs using Grignard
reagents9 (50 mg, 0.182 mmol) was convertedoisb (41 mg, 53%) as a colorless solid.
mp 67.7 °C; IR (Diamond Prism) (cmi™) : 2916, 2846, 1704, 1473, 1380, 1265, 1419,
1381, 1331, 1265, 1053, 937, 714, 656NMR (500 MHz, CDCY) & (ppm) : 7.09 (dd,
J=14.9, 7.5 Hz 1H), 6.41 (d,= 14.9 Hz, 1H), 5.49 (dl = 7.5 Hz, 1H), 3.53 (J= 7.5
Hz, 2H), 2.38 (tJ = 7.5 Hz, 2H), 2.37 () = 7.5 Hz, 2H), 1.75 (m, 2H), 1.56 (complex
m, 4H), 1.43-1.20 (complex m, 30H), 0.87 Jtz 6.9 Hz, 3H):"*C NMR (125 MHz,
CDCl) 6 (ppm) : 211.6, 143.4, 115.3, 52.5, 42.8, 42.79329.7 (6C), 29.5 (2C), 29.4,
29.35, 29.26, 29.1, 27.6, 27.0, 23.9, 23.7, 224 1;1HRMS (FAB, NBA)m/z :
409.3794 [M+H], calcd for GsHagN2O- : 409.3794.

4.1.34. (Z)-2-(11-Methyl-8-oxododecyl)-1-vinyldiagel -oxidg6€)

According to the general procedure for synthesiketone analogs using Grignard
reagents9 (10 mg, 0.040 mmol) was convertedo®(6.7 mg, 60%) as a yellow oil.
IR (Diamond Prismy (cm’): 2931, 2862, 1709, 1469, 1369, 1319, 1265, 1053,
771, 725, 656'H NMR (500 MHz, CDCJ) & (ppm) : 7.09 (dd) = 14.9, 7.5 Hz 1H),
6.41 (d,J=14.9 Hz, 1H), 5.49 (d] = 7.5 Hz, 1H), 3.53 (tJ = 6.9 Hz, 2H), 2.39 (iJ =
6.9 Hz, 2H), 2.38 (t) = 6.9 Hz, 2H), 1.75 (m, 2H), 1.60-1.28 (complexXhH), 0.88
(d, J = 6.9 Hz, 6H);*C NMR (125 MHz, CDGJ) & (ppm) : 211.6, 143.4, 115.2, 52.4,
42.6, 40.8, 32.6, 29.1 (2C), 27.65, 27.56, 26.97,232.3 (2C); HRMS (FAB, NBA)
m/z: 269.2229 [M+H], calcd for GsH29N20, : 269.2229.

4.1.35. (Z)-2-(8-Ox0-10-phenyldecyl)-1-vinyldiazérexide(6f)
According to the general procedure for synthesiketone analogs using Grignard
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reagents9 (90 mg, 0.350 mmol) was convertedop(49.7 mg, 47%) as a yellow oil.

IR (Diamond Prismy (cmi?): 3031, 2927, 2854, 2333, 2198, 1967, 1709, 16049,146
1412, 1369, 1327, 1265, 1057, 949, 744, 682NMR (500 MHz, CDCJ) & (ppm) :
7.29-7.25 (m, 2H), 7.20-7.16 (m, 3H), 7.09 (dd&; 14.9, 7.5 Hz, 1H), 6.41 (d,= 14.9
Hz, 1H), 5.48 (dJ = 7.5 Hz, 1H), 3.53 (t] = 7.5 Hz, 2H), 2.89 (1] = 8.1 Hz, 2H), 2.72
(t, J = 8.1 Hz, 2H), 2.37 () = 7.5 Hz, 2H), 1.74 (tt) = 7.5, 6.9 Hz, 2H), 1.56 (i, =
7.5, 6.9 Hz, 2H), 1.41 (m, 2H), 1.36-1.23 (comptex 4H); *C NMR (125 MHz,
CDCl) & (ppm) : 210.3, 143.4, 141.1, 128.4 (2C), 128.3)(226.0, 115.3, 52.5, 44.2,
43.0, 29.8, 29.1, 29.0, 27.6, 27.0, 23.7; HRMS (FABBA) vz : 303.2067 [M+H],
calcd for GgH27N,0,: 303.2073.

4.1.36. Benzyl 2-hexyl-1-(2-hydroxyethyl)hydraZirgarboxylatg18a)

10(7.85 g, 37.4 mmol) anti7a(4.15 mL, 34.0 mmol) were converted18a (7.65
g, 77%) as a colorless oil. according to the gdn@macedure for reductive
hydrazination.
IR (Diamond Prismy (cmi?): 2927, 2858, 2337, 1971, 1689, 1450, 1404, 13505,121
1119, 1057, 980, 864, 752, 6984 NMR (500 MHz, CDCJ) & (ppm) : 7.39-7.31
(complex m, 5H), 5.16 (s, 2H), 3.81 (brs, 2H), 3(§2d = 4.6 Hz, 2H), 2.88 (brs, 2H),
1.45 (m, 2H), 1.36-1.18 (complex m, 6H), 0.87W(& 7.5 Hz, 3H)*C NMR (125 MHz,
CDCl) & (ppm) : 156.5, 136.0, 128.4 (2C), 128.1 (2C), &82867.6, 61.9, 49.8 (2C),
31.5, 27.6, 26.6, 22.4, 13.9; HRMS (FAB, NBAjz : 295.2021 [M+H], calcd for
Ci16H27N203: 295.2022.

4.1.37. Benzyl 2-dodecyl-1-(2-hydroxyethyl)hydraZircarboxylat€18b)

10 (100 mg, 0.476 mmol) anti7b (112 yL, 0.476 mmol) were converted tBb
(147 mg, 81%) as a colorless oil, according to geeeral procedure for reductive
hydrazination.

IR (Diamond Prismy (cmi?) : 3410, 2924, 2854, 1697, 1450, 1350, 1119; NMR
(500 MHz, CDC}) 6 (ppm):7.38-7.32 (complex m, 5H), 5.16 (s, 2H), 3.80 (BHl),
3.60 (t,J = 4.6 Hz, 2H), 2.86 (tJ = 6.9 Hz, 2H), 1.43 (m, 2H), 1.31-1.25 (complex m,
18H), 0.88 (t,J = 6.9 Hz, 3H):"*C NMR (125 MHz, CDG)) & (ppm): 156.6, 136.0,
128.5 (2C), 128.2 (2C), 128.0, 67.7, 62.5, 49.8)(3C.9, 29.6 (2C), 29.54, 29.46, 29.4,
29.3, 27.7, 27.0, 22.6, 14.1; HRMS (FAB, NBA)/z 379.2963 [M+H], calcd for
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CxoH3gN>O5 1 379.2961.

4.1.38.Benzyl 1-(2-hydroxyethyl)-2-octadecylhydrazine-iboaylate(18¢)

To a solution of DMSO (427 pL, 6.01 mmol) in DC{2 mL) was added oxalyl
chloride (254 pL, 2.96 mmol). drop-wise by syringst, =78 °C under nitrogen
atmosphere. After stirring for 30 min, to the réactmixture was added a solution of
1-octadecanol (500 mg, 1.85 mmol) in DCM (2 mL)pmhwise by syringe, and the
mixture was stirred for an additional 30 min at =Z8 and EN (1.54 ml, 11.1 mmol)
was then added. After stirring at —78 °C for 30 ntie reaction mixture was warmed to
0 °C and quenched with saturated aqueousQlkb mL) and extracted with CHE(5
mL, x2). The combined organic layers were washdl ©% aqueous NaHSQ10 mL,

X 2), O (15 mL), saturated aqueous NaH{Tbh mL) and brine (15 ml), dried with
NaSQ,, filtered and concentrated vacua The crude product7cwas taken on to the
next step without purification. To a stirred sodutiof 10 (466 mg, 2.22 mmol) in CHgl
(15 ml) at 0 °C was added a solution of the crugelpct17cin CHCk (4 mL), then the
reaction mixture was warmed to room temperaturestine:d. After stirring for 30 min,
the mixture was cooled to 0 °C and to the mixtuerevadded AcOH (210 pL, 3.70
mmol) and NaBHCN (580 mg, 9.24mmol). After stirring for 30 min abom
temperature, the reaction mixture was washed witissphate buffer in solution (pH 7.2,
25mL) and brine (25mL), dried over p&O,, filtered, and concentrated wacua The
residue was purified by flash column chromatograftHgxane/EtOAc=2/1) to afford
the hydrazine compouriBcas a colorless solid (563 mg, 66%).

mp 45.7 °C; IR (Diamond Prismv) (cmi®) : 2927, 2858, 2337, 1971, 1689, 1450, 1404,
1350, 1215, 1119, 1057, 980, 864, 752, 698:NMR (500 MHz, CDC}) & (ppm) :
7.39-7.31 (complex m, 5H), 5.16 (s, 2H), 3.80 (Bi4), 3.61 (tJ = 4.6 Hz, 2H), 2.87 (t,
J = 6.9 Hz, 2H), 1.44 (m, 2H), 1.37-1.18 (complex30H), 0.88 (tJ = 6.9 Hz, 3H);
3C NMR (125 MHz, CDGJ) 5 (ppm) : 156.6, 136.1, 128.6 (2C), 128.3 (2C), 028.
67.8, 62.6, 49.9 (2C), 31.9, 29.7 (7C), 29.63, @929.49, 29.45, 29.3, 27.7, 27.0, 22.7,
14.1; HRMS (FAB, NBA)Wz : 463.3895 [M+H], calcd for GgHs:N,O3: 463.3900.

4.1.39. (E)-2-(Hexyldiazenyl)ethan-1{G@Ba)
18a(2.00 g, 6.79 mmol) was converted 18a (918 mg, 85%) as a yellow oill,
according to the general procedure for azo formatio
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IR (Diamond Prismy (cm™): 3417, 2927, 2862, 1508, 1435, 1415, 1319, 110811
856, 756, 729'*H NMR (500 MHz, CDC}) & (ppm) : 4.03 (tJ = 4.6 Hz, 2H), 3.98 (1]
= 4.6 Hz, 2H), 3.81 (t) = 7.5 Hz, 2H), 2.12 (brs, 1H), 1.79 (dt= 7.5, 6.9 Hz, 2H),
1.39-1.26 (complex m, 6H), 0.88 (t,= 7.5 Hz, 3H):**C NMR (125 MHz, CDGCJ)
(ppm) : 69.9, 69.6, 60.2, 31.5, 27.5, 27.0, 225,01 HRMS (FAB, NBA) m/z :
159.1502 [M+H]J, calcd for GH1gN,O: 159.1497.

4.1.40. (E)-2-(Dodecyldiazenyl)ethan-1{bBb)

18b (1.00 g, 2.64 mmol) was converted 18b (467 mg, 73%) as a yellow oill,
according to the general procedure for azo formatio
IR (Diamond Prismy (cmi?) : 3456, 2924, 2854, 1743, 1458, 1373, 1219, 1857
NMR (500 MHz, CDC}) 6 (ppm):4.03 (t,J = 4.0 Hz, 2H), 3.98 (1) = 4.0 Hz, 2H) 3.81
(t, J= 7.5 Hz, 2H), 2.21 (br, 1H) 1.79 (&= 7.5, 6.9 Hz, 2H), 1.33-1.25 (complex m,
18H), 0.87 (tJ = 7.0 Hz, 3H);*C NMR (125 MHz, CDGJ) & (ppm):69.9, 69.6, 60.3,
31.9, 29.60 (2C), 29.57, 29.5, 29.4, 29.3, 27.632722.7, 14.1; HRMS (FAB, NBA)
m/z243.2439 [M+H], calcd for G4H31N,0 : 243.2436

4.1.41. (E)-2-(Octadecyldiazenyl)ethan-1¢b9¢)

18c (560 mg, 1.21 mmol) was converted1ifc (326 mg, 82%) as a yellow solid,
according to the general procedure for azo formatio
mp 51.8 °C; IR (Diamond Prismv) (cmi?) : 3390, 2916, 2846, 1462, 1057, 845, 725;
NMR (500 MHz, CDC}) 8 (ppm) : 4.04-3.99 (complex m, 4H), 3.81Jt 6.9 Hz, 2H),
1.80 (dt,J = 7.5, 6.9 Hz, 2H), 1.38-1.20 (complex m, 30HR(t,J = 6.9 Hz, 3H)>C
NMR (125 MHz, CDC}) & (ppm) : 69.8, 69.7, 60.4, 31.9, 29.69 (6C), 2985), 29.6,
29.5, 29.38, 29.36, 27.6, 27.3, 22.7, 14.1; HRMSB(ANBA) vz : 327.3372 [M+H],
calcd for GoHa3N20: 327.3375.

4.1.42. (Z)-2-Hexyl-1-(2-hydroxyethyl)diazene 1dexP0a)

19a (348 mg, 2.20 mmol) was converted 20a (210 mg, 55%) as a yellow oill,
according to the general procedure for azoxy foionat
IR (Diamond Prismy (cm*): 3356, 2916, 2846, 2249, 2148, 1982, 1655, 158821
1412, 1319, 1200, 1115, 1065, 1022, 876, 8BENMR (500 MHz, CDCY) & (ppm) :
4.31 (t,J = 4.6 Hz, 2H), 4.04 (t) = 4.6 Hz, 2H), 3.45 () = 7.5 Hz, 2H), 1.71 (dt] =
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7.5, 6.9 Hz, 2H), 1.39 (m, 2H), 1.34-1.28 (compiex4H), 0.89 (tJ = 7.5 Hz, 3H)*°C
NMR (125 MHz, CDC4) & (ppm) : 70.5, 59.1, 52.0, 31.3, 27.2, 26.8, 22318; HRMS
(FAB, NBA) m/z: 175.1447 [M+H], calcd for GH1gN,05: 175.1447.

4.1.43. (2)-2-Dodecyl-1-(2-hydroxyethyl)diazene xide (20b) and
(2)-1-dodecyl-2-(2-hydroxyethyl)diazene 1-oxi@#)

19b (100 mg, 0.413 mmol) was converted20b as a colorless solid (76.8 mg,
72%) and regioisome2l (23.5 mg, 22%) as a yellow oil, according to theneyal
procedure for azoxy formation.
20b; IR (Diamond Prismy (cm?) : 3371, 2916, 2846, 1743, 1540, 1373, 1196;
NMR (500 MHz, CDCY) & (ppm): 4.30 (t,J = 4.6 Hz, 2H), 4.03 (m, 2H) 3.43 @¢= 7.5
Hz, 2H), 3.19 (tJ = 6.3Hz, 1H), 1.70 (dt, 7.5 Hz, 6.9 Hz, 2H), 1.332a. (complex m,
18H), 0.86 (tJ = 7.0 Hz, 3H):**C NMR (125 MHz, CDGJ) & (ppm): 70.5, 59.6, 52.3,
32.0, 29.74 (3C), 29.65, 29.5 (2C), 27.9, 27.18224.2; HRMS (FAB, NBA) m/z
259.2387[M+H], calcd for G4H3:N,0; : 259.2386
21; IR (Diamond Prismy (cmi?) : 3386, 2954, 2915, 2854, 1511, 1466, 1311, 1849;
NMR (500 MHz, CDCY) & (ppm): 4.20 (t,J= 7.0 Hz, 2H), 3.95 (m, 2H) 3.58 ¢=5.3
Hz, 2H), 1.96 (m, 2H), 1.89 (s, 1H), 1.3 3-1.26rfplex m, 18H), 0.88 (f] = 7.3 Hz,
3H); *C NMR (125 MHz, CDGJ) & (ppm): 69.7, 56.0, 54.2, 31.8, 29.5 (2C), 29.4, 29.3,
29.2, 28.9, 27.7, 26.2, 22.6, 14.0; HRMS (FAB, NBA) 259.2386 [M+H], calcd for
C14H31N20; : 259.2386.

4.1.44. (Z)-1-(2-Hydroxyethyl)-2-octadecyldiazerexide (200

19¢(140 mg, 0.429 mmol) was converted2tac (75 mg, 50%) as a colorless solid,
according to the general procedure for azoxy foionat
mp 62.3 °C; IR (Diamond Prismv) (cmi®) : 3356, 2916, 2846, 2249, 2148, 1982, 1655,
1504, 1462, 1412, 1319, 1200, 1115, 1065, 1022, 8%6; 'H NMR (500 MHz,
CDCl) & (ppm) : 4.32 (tJ = 4.6 Hz, 2H), 4.05 (t) = 4.6 Hz, 2H), 3.45 () = 7.5 Hz,
2H), 1.72 (dtJ = 7.5 Hz, 6.9 Hz, 2H), 1.39 (m, 2H), 1.38-1.20ngex m, 28H), 0.88
(t, J = 6.9 Hz, 3H)™C NMR (125 MHz, CDG) & (ppm) : 70.3, 59.5, 52.2, 31.9, 29.70
(6C), 29.65 (2C), 29.6, 29.5, 29.4, 29.3, 27.80222.7, 14.1; HRMS (FAB, NBA)
m/z : 343.3319 [M+H], calcd for GoH3N2O,: 343.3325.
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4.1.45. (Z)-2-Hexyl-1-vinyldiazene 1-oxi(¥a)

20a (200 mg, 1.15 mmol) was converted 7a (163 mg, 91%) as a yellow oil,
according to the general procedure for construaticen vinyl azoxy group.
IR (Diamond Prismy (cmi?) : 2954, 2927, 2858, 1469, 1419, 1377, 1323, 12653,
953, 771, 729, 652H NMR (500 MHz, CDCJ) & (ppm) : 7.09 (dd) = 14.9, 7.5 Hz,
1H), 6.41 (dJ = 14.9 Hz, 1H), 5.49 (d] = 7.5 Hz, 1H), 3.54 (t] = 6.9 Hz, 2H), 1.76
(dt,J = 7.5, 6.9 Hz, 2H), 1.42 (m, 2H), 1.35-1.30 (coexpin, 4H), 0.89 (tJ = 6.9 Hz,
3H); °C NMR (125 MHz, CDGJ) & (ppm) : 143.4, 115.3, 52.6, 31.5, 27.5, 27.0, 22.5
14.0; HRMS (FAB, NBA)Wz : 157.1336 [M+H], calcd for GH17N,O: 157.13441.

4.1.46. (Z)-2-Dodecyl-1-vinyldiazene 1-ox{d@é)

20b (30.0 mg, 0.116 mmol) was converted/tm (19.8 mg, 71%) as a colorless aill,
according to the general procedure for construaticenvinyl azoxy group.
IR (Diamond Prismy (cm?) : 2924, 2854, 1745, 1466, 1365, 1218; NMR (500
MHz, CDCk) & (ppm): 7.08 (dd,J = 14.9, 7.5 Hz, 1H), 6.40 (d,= 14.9 Hz, 1H) 5.47
(d,J = 7.5 Hz, 1H), 3.52 (tJ = 6.9 Hz, 2H), 1.74 (m, 2H), 1.40 (m, 2H) 1.35-1.16
(complex m, 16H), 0.86 (1] = 7.2 Hz, 3H):**C NMR (125 MHz, CDG)) § (ppm):
143.6, 115.3, 52.7, 32.0, 29.8, 29.75 (2C), 2985 (2C), 28.0, 27.2, 22.8, 14.2;
HRMS (FAB, NBA) m/z241.2280 [M+H], calcd for G4H29oN,0 : 241.2280.

4.1.47. (Z)-2-Octadecyl-1-vinyldiazene 1-ox{de)

20c (70 mg, 0.204 mmol) was converted %o (51 mg, 77%) as a yellow solid,
according to the general procedure for construatice vinyl azoxy group.
mp 46.3 °C; IR (Diamond Prismv) (cm*) : 2954, 2927, 1469, 953, 79'H NMR (500
MHz, CDCh) & (ppm) : 7.10 (ddJ = 14.9, 7.5 Hz, 1H), 6.42 (d,= 14.9 Hz, 1H), 5.50
(d,J= 7.5 Hz, 1H), 3.54 (t] = 6.9 Hz, 2H), 1.76 (df] = 7.5, 6.9 Hz, 2H), 1.42 (m, 2H),
1.37-1.17 (complex m, 28H), 0.88 {t= 7.2 Hz, 3H);"*C NMR (125 MHz, CDGJ) &
(ppm) : 143.4, 115.3, 52.6, 31.9, 29.69 (6C), 2985), 29.6, 29.5, 29.4 (2C), 27.8,
27.1, 22.7, 14.1; HRMS (FAB, NBA)Vz : 325.3223 [M+H], calcd for GoHaiN»O
325.32109.

4.1.48. (Z)-1-Dodecyl-2-vinyldiazene 1-ox{@2)
21 (10 mg, 0.0387 mmol) was converted 28 (6.7 mg, 73%) as a yellow oill,
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according to the general procedure for construatioa vinyl azoxy group. IR (NaCl)
(cm™): 2931, 2870, 1732, 1466, 1346, 1269, 1161, 976, 896;,'"H NMR (500 MHz,
CDCly) & (ppm) : 7.71 (ddJ = 15.5, 8.0 Hz, 1H), 5.71 (d,= 15.5 Hz, 1H), 5.36 (d =
8.0 Hz, 1H), 4.16 (t) = 6.9 Hz, 2H), 1.97 (m, 2H), 1.42 (m, 2H), 1.325 (complex m,
20H), 0.88 (t,J = 6.9 Hz, 3H);"*C NMR (125 MHz, CDGJ) & (ppm) : 137.7, 117.5,
69.6, 31.9, 29.6 (2C), 29.5, 29.34, 29.32, 29.09,226.4, 22.7, 14.1; HRMS (FAB,
NBA) m/z: 241.2270 [M+H], calcd for G4H29N>0 : 241.2280.

4.2. Biological study
4.2.1. Anthelmintic activity against nematode la&va

Infective larvae oHaemonchus contortdCooperia curticewere isolated from
faecal cultures of mono-infected sheep. Larvae wrreheathed using sodium
hypochlorite (NaClO), washed with water and subsetjy with Ringer’s solution. Test
compounds were dissolved in DMSO at a concentrati@® mg/mL, and this stock
solution was further diluted as necessary. Eachpoumd was tested in duplicate at
different concentrations, starting with 100 ppntheshighest concentration.
Approximately 40 larvae dfi. contortusor C. curticeiwere transferred into a test tube
containing the test compound. Each tube containedame amount of DMSO. Larvae
were then incubated at 37 °C. Negative control®vimsubated without compound but
with the same proportion of solvent (DMSO). Afted&ys, larval motility was
automatically recorded and compared to that obsldrvéhe negative controls. Motility
was recorded in the in the following categoriegffitacy: 100%, 90%, 80%, 60%,
40%, 0%; 100% efficacy meaning that all larvae wemeotile, 0% efficacy meaning
that all larvae were motile.

4.2.2. Anthelmintic activity against adult Nippastgylus braziliensis

Adult Nippostrongylus brasiliensisorms were isolated from the small intestine of
infected female Wistar rats and washed thricearilstRinger’s solution (supplemented
with clotrimazole and enrofloxacin, final concetiwa 0.1pg/mL and 1Qug/mL,
respectively) and subsequently thrice with incudratnedium (final concentration of
enrofloxacin and clotrimazole 0.1f&/mL and 15ug/mL, respectively). Compounds
were dissolved in DMSO to a concentration of 20,0p, and diluted 1:10 and 1:100,
respectively. FivglL of these solutions were added to 1 mL of incubatnedium to
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reach final concentrations of 10 and 1 ppy/nL). Each compound and concentration
was tested in duplicate. A negative control with &®1onlywithout test compound
was run for comparison. Emodepside was used asvygosontrol in concentrations of
10 and 1 ppm.

Five worms (mixed sexes) were incubated in bithat medium for five days at
37 °C. After incubation, activity of acetylcholiesterase (AChE) secreted by the
worms was determined. Anthelmintic activity waskeah after incubation using the
following scale: 100: >84%-100% = full activity (oplete AChE inhibition compared
to negative control); 84: >60%-84% = good activii®;>35%-60% = weak activity,
and 35: 0%-35% = no activity.

4.2.3. Anthelmintic activity in vivo against Heliggomoides polygyrus in mice

NMRI female mice were orally infected with 60fantive Heligmosomoides
polygyruslarvae.On day 11 post infection, mice were allocated twugs and treated
with either the test item (suspension or solution)a placebo. The formulation was
either 25% Cremophor EL / 75% water (formulation @) 10% Transcutol / 10%
Cremophor EL / 80% physiol. NaCl solution (0.9%)rthulation B). Each treatment
group consisted of two mice, the untreated congr@up consisting of five mice.
Animals were treated orally once, or daily for fmeamsecutive days, starting on day 11
post infection. At 7-8 days after the first treahfjeanimals were necropsietl.
polygyrusworms counted, and efficacy calculated in comparito the average worm
burden in the placebo-treated control group. Catedl efficacy of <50% was
considered to be no efficacy.

4.2.4. Toxicological results
In separate preliminary studies the acute opatity and the mutagenic potential of
jietacin A were tested.

4.2.4.1. Acute oral toxicity

To determine acute oral toxicity in rats, a noethbhased on Organization of
Economic Cooperation and Development (OECD) guigefi23 was used. Three fasted
female Wistar rats were treated after an acclimtitn of five days. Jietacin A was
administered once orally as a freshly preparedesuspn of 30 mg/mL in water /
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cremophor EL (2% v/v), at a volume of 10 mL/kg badsight, resulting in a dosage of
300 mg/kg body weight. Subsequently, animals wesessed daily for a period of
seven days. No clinical signs and no lethality wayserved. From this preliminary
result the L3 of jietacin A is considered to be > 300 mg/kg.

4.2.4.2. Mini-Ames screening assay

A mini-Ames screening assay (pre-incubation méthvas performed to test for
point mutagenic effects iBalmonella typhimuriurmutant strains TA 98, TA 100 and
TA 102, with and without metabolic activation. mg method, bacteria were
pre-incubated in a total volume of 175 pL (125 piffér, 25 L bacterial suspension,
25 uL stock solution of compound dissolved in veEh{DMSO), or DMSO only for
negative control) for 20 min at 37 °C, before thare transferred to a soft agar plate.
For metabolic activation, the 125 pL buffer in dample was replaced by 125 uL liver
extract (S9 mix). Tested concentrations of thedestpound jietacin A were 5-2000 ug
per plate. Plates were incubated at 37 °C for 4Berdark. Assessment was performed
by colony counting and comparison with the negatimetrol. No relevant increase in
incidence of revertants was observed, up to arlddimgy 2000ug per tube. Therefore,
no evidence for mutagenic potential of jietacin Aswobserved.

4.2.5. Antibacterial activity measurement

Antibacterial activity (Table S1) of jietacin rdeatives against 27 strains, e.g.
gram-positive and —negative bacteria, includinggeausceptible and drug-resistant
strains, Staphylococcus aureusStaphylococcus epidermidisMicrococcus luteus
Enterococcus faecaliEEnterococcus faeciunmEscherichia coli Citrobacter freundij
Klebsiella pneumonigeProteus mirabilis Proteus vulgaris Morganella morganii
Serratia marcescensEnterobacter cloacae Enterobacter aerogenPseudomonas
aeruginosa and Acinetobacter calcoaceticusere investigated using the National

Committee for Clinical Laboratory Standards met[gg].

Table S1
Antibacterial activity for Jietacin A, anb.

Strain/cpds Jietacin A () 7b
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MIC (pg/mL)

1 Staphylococcus aurelfDA209P >128 >128
2 S. aureusmittf >128 >128
3 MRSAKUB853 >128 >128
4 MRSA KUB854 >128 >128
5 MRSA70 >128 >128
6 MRSA92-1191 >128 >128
7 S.aureuKUB857° >128 >128
8 S.aureukuBgsg' >128 >128
9 S.aureuKUB85% >128 >128
10 S.aureukUB86d >128 >128
11 S. epidermidikUB795 >128 >128
12 Micrococcus luteudATCC9341 >128 >128
13 Enterococcus faecalis ATCC29212 >128 >128
14 E.faecalisNCTC12201 >128 >128
15 E.faeciumNCTC12204 >128 >128
16 Escherichia colNIHJ JC-2 >128 >128
17 Citrobacter freundiiATCC8090 >128 >128
18 Klebsiella pneumoniaklCTC9632 >128 >128
19 Proteus mirabilidFO3849 >128 >64
20 P. vulgarisOX-19' >128 >64
21 Morganella morganiilD Kono" >128 >64
22 Serratia marcescen§012648 >128 >64
23 Enterobacter cloacat-013535 >128 >64
24 E. aerogene8ICTC10008 >128 >64
25 Pseudomonas aeruginod&007T >128 >64
26 P. aeruginos&-2" >128 >64
27 Acinetobacter calcoaceticis012552 >128 >64

aStaphylococcus aureus FDA209P and Smith: suscepstitdins’MRSA KUB853, MRSA KUB854, MRSA 70, and MRSA
92-1191: MRSA strains isolated from clinical patefS. aureus KUB857: macrolide resistant strain, ertbdy erm gene.’s.
aureus KUB858: macrolide resistant strain, encobigderm genel °S. aureus KUB859: encoded by erm geris. aureus
KUB860: encoded by erm and mef gents. epidermidis KUB795: strains isolated from clalipatients Standard strain,

'Enterococcus faecalis NCTC12201: encoded by vaengig’E. faecium NCTC12204: encoded by van A gene.
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