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ABSTRACT

Nodulisporic Acid A (1)

The semisynthetic conversion of nodulisporic acid A (1) into a set of three heterocyclic side chain derivatives provided compounds, highlighted
by 6, with an improved spectrum of ectoparasiticidal activity and pharmacokinetic profile relative to the natural product.

A number of factors have led to significant changes in the are known tremorgens, and their neurotoxicity has been
companion animal veterinary drug market over the past 5 ascribed to the presence of an angular hydroxyl moiety at
years. One of these, the altered perception of dogs and cat€9 (nodulisporic acid numbering). Among other struc-
as family members, is reflected in the way people commonly tural dissimilarities between nodulisporic acid A and these
apply human standards of medicine to the care of their pets.tremorgens] lacks substitution at C9 and no overt toxicity
In addition, the growing prevalence of tick-borne Lyme has been noted.
disease has become a serious human health concern that is A unique characteristic df is that it modulates a subset
directly impacted by indoor/outdoor pets. As a consequence,of the invertebrate-specific glutamate-gated chloride ion
veterinary drugs with adulticidal efficacy against fleas and channels targeted by ivermecfiiThis inherent ion channel
ticks on companion animals have received much attention selectivity suggests thdtmay be dosed in dogs and cats at
in the popular press and have created a substantial consumdmigher levels than viable with ivermectin, conferring in-
market for flea and tick contrél? creased antiparasitic activity with an improved therapeutic
Recently isolated at Meer_’ nOdu”SporiC acid A)( (3) (@) Ondeyka, J. G.; Helms, G. L.; Hensens, O. D.; Goetz, M. A;
represents a new member within a class of structurally novel zink, D. L.; Tsipouras, A.; Shoop, W. L.; Slayton, L.; Dombrowski, A.
indole diterpene natural products produced by endophytic Y-, Polishook ébgéggftl“lr‘g' oy zé)s)olhjlews.e'\:{QBSI.I'DB;' S dSe';‘E;"' > .
fungi A number of structurally related natural products such pombrowski, A. W.: Ostlind, D. A.: Zink, D. LTetrahedron Lett1999,

as janthitrem E (Z#)and penitrem D (3)shown in Figure 1 40, 5455.
(4) de Jesus, A. E.; Steyn, P. S.; van Heerden, F. R.; Vleggaal, R.
Chem. Soc., Perkin Trans.1984, 697.

* Department of Medicinal Chemistry, RY123-234. (5) (@) Smith, A. B., lll; Kanoh, N.; Ishiyama, H.; Hartz, R. A. Am.

T Merial LLC. Chem. S0c2000,122, 11254. (b) Smith, A. B., Ill; Kanoh, N.; Minakawa,
(1) Meinke, P. T.J. Med. Chem2001,44, 641. N.; Rainier, J. D.; Blase, F. R.; Hartz, R. @rg. Lett.1999,1, 1263.

(2) (a) Wilson, EChem. Eng. New$995, July 31, 16. (b) Buck, W. B. (6) Smith, M. M.; Warren, V. A.; Thomas, B. S.; Brochu, R. M.; Ertel,

Vet. Med.1994, 935. (c) Dryden, M. WCompend. Contin. Educ. Pract. E. A.; Rohrer, S.; Schaeffer, J.; Schmatz, D.; Petuch, B. R.; Tang, Y. S;
Vet 1993 15, 569. (d) Dryden, M. W.; Prestwood, A. KK.ompend. Contin. Meinke, P. T.; Kaczorowski, G. J.; Cohen, C.Blochemistry2000, 39,
Educ. Pract. Vet1993,15, 821. 5543.
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Penitrem D (3)

Figure 1. Indole diterpene natural products.

resulting in the evolution of more sophisticated side chain
designs. One approach was to delineate the effect of
heterocycle insertion into the diene of the dienamide side
chain of4 (Figure 2). Oxazoles such &sand6, or thiazoles
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index. Recently, Shoop and co-workers have reportedithat Figure 2. Nodulisporic acid 2"-oxazoles and 2"-thiazoles.

exhibits potent ectoparasiticidal properties and systemically
controls flea infestations on dogs after oral dosing at 15 mg/

kg absent of mammalian toxicityHowever, this efficacy  ypified by 7, were designed on the basis of their modification
had modest duration of action due to a shortened half-life ¢ sige chain polarity and approximation of side chain length,

of 1in the dog (Table 1). Initial structureactivity studies

Table 1. Functional, in Vivo, and Pharmacokinetic Data for
Nodulisporic Acid A () and Derivativedt—7

compound

1 4 5 6 7
flea membrane (ppm)?2 1 ~0.1 10 1 1
tick/mouse (mg/kg)® >2.5 25 <25 ~06 ~1.2
flea/dog (weeks)2 ~0.59 <1e <2f ~2f
tick/dog (weeks)P <2f ~4f <2f
log D¢ 53 6.4 7.1 6.2 6.2
ty2/dog (days) 0.8f 3.2f 6.1f 2.8f

a Ctenocephalides feli$.Dermacentorariabilis. ¢ RPHPLC (C18) pH
7.3, 65:35 MeOH:bufferd Single po dose at 15 mg/kgSingle po dose at
2.5 mg/kg.f Single po dose at 10 mg/kg.

demonstrated that simple nodulisporamides (suchdas
conferred a 10-to-100-fold increase in antiflea efficacy with
an extended duration of action in dogs (Tablé1).

relative to4.

Access to these heterocyclic hybrids required mild syn-
thetic routes that were free of base-induceé@merization,
acid-induced 23,24-dehydration, base-mediated elimination
of 24-silyloxy derivatives, 1'-ketone reduction, and 2,14-
indole oxidative cleavage. Recent reports by Wipf, Williams,
and Charette have described new methods to construct these
ring systems under mild conditions. Fortunately, these
methodologies were quite conducive to the synthesds of
6, 7, and related derivatives, resulting in several well-
balanced analogues of the natural product (1).

Methyl oxazoles was efficiently prepared via the method
reported by Wipf® For example, 7,24-protected’-gar-
boxylic acid8 was generated frorh in three stepsl-82and
the subsequent-hydroxy amide was oxidized and cyclo-
dehydrated to fornb after 7,24-silyl ether deprotection
(Scheme 1). Six alkyl-substituted oxazoles other tharere

(8) (a) Meinke, P. T.; Ayer, M. B.; Colletti, S. L.; Li, C.; Lim, J.; Ok,
D.; Salva, S.; Schmatz, D. M.; Shih, T. L.; Shoop, W. L.; Warmke, L. M.;
Wyvratt, M. J.; Zakson-Aiken, M.; Fisher, M. HRioorg. Med. Chem. Lett
200Q 10, 2371. (b) Shoop, W. L.; Zakson-Aiken, M.; Gregory, L. M;
Michael, B. F.; Pivnichny, J.; Meinke, P. T.; Fisher, M. H.; Wyvratt, M. J.;

Further studies targeted compounds with an improved Schmatz, D. M.J. Parasitol.In press.

balance of antiflea, antitick, and pharmacokinetic properties,

(7) Shoop, W. L.; Gregory, L. M.; Zakson-Aiken, M.; Michael, B. F.;
Haines, H. W.; Ondeyka, J. G.; Meinke, P. T.; Schmatz, DIJMRarasitol.
2001,87, 419.
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(9) An orally active ectoparasiticidal agent has distinct advantages over
a topical agent including uniform coverage of drug that is not subject to
environmental variables.

(10) Wipf, P.; Lim, S.J. Am. Chem. S0d.995,117, 558.

(11) Chakravarty, P. K.; Tyagarajan, S.; Shih, T. L.; Salva, S.; Snedden,
C.; Wyvratt, M. J.; Fisher, M. H.; Meinke, P. T. Manuscript in preparation.
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Scheme 1

aReagents and conditions: (a) 10 equiv of 1-amino-2-propanol, 1.1 equiv of BOP, 2 equiv of HOBt, 0.03Q%},@H—- 23 °C, 3 h,
92%; (b) 3 equiv of DessMartin periodinane, 10 equiv of pyridine, 0.01 M @El,, 0 °C, 45 min— 23 °C, 2 h, 80%; (c) 3 equiv of
(BrCl,C),, 3 equiv of PRP, 8 equiv ofi-Pr,NEt, 0.01 M CHCI,, 0 °C, 45 min— 23 °C, 5 h, 60%; (d) 2.2 equiv of PPTS, 0.01 M EtOH,
23°C, 16 h, 83%.

prepared in this manner fro®. While methyl oxazoles potent tol in intrinsic activity, dimethylamido oxazolé
displayed decreased flea activity, the tick activity and half- proved to be a superior compound in both flea and tick
life of 5 were improved relative td and4, setting a good  efficacy in vivo with an improved pharmacokinetic profile,
precedent for the study of additional oxazole derivatives showing good duration of action in the dog (Table 1).
(Table 1). With this promising result o6 in hand, attention was
To this end, intermediat8 was efficiently converted to  turned to the comparison of related carboxamido thiazoles.
oxazoline allyl esterd following Wipf's protocol of the Methodology recently reported by Charéftevas applied
dehydration of an intermedia{é-hydroxy amide derived  successfully to the synthesis of thiazolih& (Scheme 3).
from serine allyl ester (Scheme 2)The following oxidation The use of buffered low temperature conditions smoothly
of 9 to the desired oxazole proved, however, to be prob- provided11 via the addition of cysteine allyl ester to the
lematic!3* Ultimately, a timely report by Williams, describ-  Tf,O-activated amidel0, absent of any competing side
ing a new methodology for heterocycle oxidatiSmnabled reactions at C2C24, or C2,147 In a manner similar to the
a high-yielding synthesis of the requisite oxazole absent of synthesis 0B, thiazolinell was subsequently converted to
any 2'-epimerization. After allyl ester deprotection, 18 14 carboxamido thiazoles represented7byrhe biological
carboxamido oxazoles were generated and desilylated aftprofile of thiazole7 was ultimately inferior relative to that
C7,24 to provide analogues exemplified 8yWhile equi- of oxazole6 (Table 1).

Scheme 2

aReagents and conditions: (a) 2 equiv of serine hydrochloride allyl ester, 1.1 equiv of BOP, 2 equiv of HOB, 6 édrpN&dt, 0.03
M CH,Cl,, 0 — 23°C, 3 h, 90%; (b) 1.2 equiv of Burgess reagent (in 5 portions), 4 A sieves, 0.04 M dioxaf€, 2zh— 50°C, 2 h,
75%; (c) 1.2 equiv of BrCGJ 1.2 equiv of DBU, 0.03 M CKCI;, 0 °C, 12 h, 80%; (d) 3% Pd(PBbCl,, 1.4 equiv of BgSnH, 0.03 M
CH,Cl,, 0°C, 10 min, 99%; (e) 10 equiv of 2.0 M MEH—THF, 1.2 equiv of BOP, 2 equiv of HOBt, 0.03 M G8l,, 0 — 23 °C, 10 h,
80%; (f) 2.2 equiv of PPTS, 0.03 M EtOH, 2&, 12 h, 85%.
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Scheme 3
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aReagents and conditions: (a) 1.8 equiv of triflic anhydride, 10 equiv of pyridine, 0.04 BCIGH-78 °C, 20 min— 0 °C, 4 h; (b) 3
equiv of cysteine allyl ester;78 — 23 °C, 14 h, 90%; (c) 1.4 equiv of BrC¢&l1.4 equiv of DBU, 0.08 M CHKCl,, 0 °C, 12 h, 95%,; (d)
3% Pd(PPH.Cl,, 1.3 equiv of BySnH, 0.02 M CHClI,, 0 °C, 10 min, 99%; (e) 10 equiv of 2.0 M MEH—THF, 1.2 equiv of BOP, 2
equiv of HOBt, 0.01 M CHCI,, 0 — 23°C, 10 h, 90%; (f) 3 equiv of PPTS, 0.02 M EtOH, 28, 12 h, 76%.

The synthetic routes described in this Letter demonstrate  Generous supplies of nodulisporic acid A were provided

the utility of the highlighted Wipf, Williams, and Charette

by Dr. John Ondeyka of Merck Research Laboratories,

methodologies in complex natural product synthesis and Merck & Co., Inc., Rahway, NJ.

medicinal chemistry. Testament to this mild yet robust

chemistry is the gram-scale generation of intermediates en  Supporting Information Available: Compounds5, 6,

route to5, 6, and7, which in turn have been consistently

prepared in high yield and in excess of 0.5 g each.

Heterocyclic derivative$§, 6, and7 were evaluated in vivo,
identifying 6 as a well-balanced compound with an overall
improvement ovedl and4 for oral flea and tick control in
companion animals.

and 7 were characterized byH NMR and LCMS. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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(12) Wipf, P.; Miller, C. P.Tetrahedron Lett1992,33, 907.

(13) The use of CuBrand basei{Pr,NEt, 2,2,6,6-tetramethylpiperidine,
or DBU) at elevated temperatures resulted in epimerization atBa2rish,
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M. J.; Williams, D. R.Org. Lett.2000,2, 1165.
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(17) The use of fresh aminothiol, prepared immediately prior to its
addition to the activated diethylamid®, resulted in a cleaner preparation
and higher yields ot 1. In practice, commercially available (Novabiochem)
N-BOC-Strityl-L-cysteine was converted to its allyl ester (1.2 equiv of
CsHCQ, 5 equiv of allyl bromide, 0.3 M DMF, OC, 1 h, 80%) followed
by trityl group removal to form the isolable and storable silver thiolate
(1.2 equiv of AgNQ, 1.2 equiv of pyridine, 0.04M 1:1 MeOHEtOAC,
23°C, 24 h, 99%) which was thoroughly dried under vacuum. NiF&OC-
S-Ag salt of cysteine allyl ester is stable at@© for several months. This
silver salt was converted to the free thiol (0.05 M EtOAc, excesSghl
23°C, 3 min, 95%) and then to the free amine (degassed 0.2 M 20%-TFA
CHyCl,, 0 °C, 4 h, 80%) to provide the requisite cysteine allyl ester.
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