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Discovery of a Tetrazole-Based Growth Hormone Some recent clinical studies suggest the benefits of using GH
Secretagogue: 4-(Hydroxybutyl)carbamic Acid for the treatment of frailty in the elderly, osteoporosis, obesity,
24 5-[1-(2-Amino-2-methylpropionylamino)-2- perisurgical or parenteral nutrition, and in a variety of catabolic

BN statest However, a major drawback of treatment is the
l(:)gpﬂ%}/_lgi()?/:e[glg)l]tetrazol 1-yhethyl Ester inconvenience of intravenous (iv) injections—8 times per

week). Multiple adverse side-effects such as edema, arthralgia,
and carpel tunnel syndrome are also associated with dosing.
Jun Li*" Stephanie Y. ChehJames J. Lf, Haixia Wang! Furthermore, the cost of the GH replacement therapy is high.
Andres S. HernandeZzShiwei Tao! Christa M. Mu3|alt t In the 1980s, Bowers and co-workers reported a novel
Fucheng QU, Stephen Swartz,Sam T. Chad, Neil Flynn, mechanism for releasing endogenous GH from the pituftary.

Brian J. Murphyt Dorothy A. Slusarchyk, . )
. ~ Several small growth-hormone-releasing peptides (GHRPSs),
t
Ramakrishna Seethaldlujing Yan,’ Paul Slepf, including the potent GHRP-6 and hexarelin, were identified in
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Leah Giupponf, Kenneth E. Dickinso,Hongjian Zhand;, Bowers’s lab® The GHRPs demonstrated the production of a

William G. Humphrey< Bharat P. PatélMark Schwinder, GH response from the pituitary in a physiologically pulsatile
Terry Stouch, Peter T. W. Cheng,Scott A. Biller; pattgrn in animals and humah3hese rgsults Ie(_j the_pha_rma—
William R. Ewing;' David Gordor; Jeffrey A. Robl! and ceutical industry to develop orally active peptidomimetics to
Joseph A. Tino# replicate the action of GHRPs. Subsequently, the discovery of

Departments of Disagery Chemistry, Metabolic Diease, Metabolism a GHS receptor which binds the GHRPs was repdrtedis
and Pharmacokinetics, and Process Chemistry: Bristol-Myers advance resulted in the discovery of several promising small-

Squibb Pharmaceutical Research Institute, Building 13, P.O. Box molecule GHS agonists, inC|u.diI‘J@(L-692429yaand1b (MK- .
5400, Princeton New Jersey 08543 0677)% the latter being the first potent GH secretagogue with

excellent oral bioavailability in dogs. Subsequently, additional
GHS agonists have been reported by pharmaceutical companies.
o Recently, the Kojima group reported a major advance with the
A_bstract: A tetrazole-based peptidomimetiz (BMS-317180) was discovery of ghrelin, a 28-amino acid peptide, which is the
discovered as a human growth hormone secretagogue (GHS). Com-, oy, o) jigand for the GHS receptbithe discovery of ghrelin
pound2is a potent, novel, orally effective GHS that shows an excellent led to further interest in this fielfland the potential application
safety profile in preclinical studies. The compound was advanced into . . .
clinical development. of ghrelin and GHSs for cancer cachexia, as well as wasting

syndrome, has been reportédncouraged by these discoveries
and developments in the field, we initiated a GHS research
ﬁ)rogram and herein report efforts leading to the discovery of
tetrazole-based GH secretagogues.

Although a majority of the previously reported GHS agonists
were derived from modified dipeptide backbones, we chose to
utilize a heterocycle as the core linker in our structural design.
Heterocycles are known amide surrogates in peptide mimetic
designt! In addition to imparting structural novelty as a GHS
agent, a heterocyclic linker will fix the geometry by conferring
conformational rigidity. The heterocyclic core also imparts
interesting physical properties to a GHS agent, such as a unique
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The rapidly growing global population of the elderly will
place a large strain on the health care system as more individual
acquire severe functional disabilities. One of the driving factors
in functional decline is loss of muscle mass, eventually leading
to the inability to perform basic activities of daily living (driving,
shopping, cooking). The inevitable decline eventually leads to
dependence on family members and/or institutional caregivers.
One potential cause for functional decline is a collapse of the
growth hormone (GH)and insulin-like growth factor-1 (IGF-

1) axis. Growth hormone is a single polypeptide chain of 191
amino acids with a molecular mass of 22 kDa. The release of

growth hormone from somatotrophs in the pituitary gland is . . i :
known to be regulated by growth-hormone-releasing hormone electron charge density, decreased lipophilicity, and improved
" water solubility. Peptidomimetics with a heterocyclic linker may

which stimulates growth hormone release, and by somatostatin, . . . . o
which inhibits growth hormone release. GH drives increases in ?'SO have dramatically different chemical and enzymatic stability

IGF-1, as well as the related IGF binding proteins. Human n a_ddit_ion o unique SAR at t_he GHS recep_%éﬁ'.The .
growth hormone has been used clinically for the treatment of @PPlication of heterocycles as amide surrogates in the design

GH-deficient children since the 1950s; however, treatment of of therapeutic agents has received increasing attention due to
short-stature GH-deficient children and adolescents, as well aste a@Pove-described potential benefits. Many five- and six-
other therapeutic applications, was not widely studied until the MembPered ring heterqcyc!gz have been incorporated in the
availability of recombinant human GH (rhGH) in the mid-1980s. synthesis of pept|dom!met| ._However, at the time of our
The ready availability of thGH has made it possible to work, the tetrazole moiety, a five-membered heterocyclic ring

investigate additional applications for GH replacement therapy. reduently used as a carboxylic acid bioisostere in drug design,
had received relatively little attention as an amide surrogate.
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fluorescence imaging plate reader. bonds’ we hypothesized that a 1,5-disubstituted tetrazole may
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NO, *Full intrinsic activity (relative to ghrelin) was observed for all tested
aReagents and conditions: (a) i: NMM, isobutylchloroformate, compounds.
—40 °C; (ii) 2-aminoethanol—40 °C; (iii) Ac20, pyridine. (b) TMSN,
DEAD, PhsP, rt, 48h. (c) (i) HCl/dioxane, rt; (ii) HOAT, EDACN-Boc- hygroscopic solid that can be weighed quickly in the air without

methylalanine,_ C'z{:lz, overnlght, (Ill)l N LiOH. (d) 4—n|trophenyl chlo- apprec|ab|e m0|sture uptake Compouﬁch'so served as a
roformate, pyridine, CECle. (€) (i) 4-aminobutanol (if) HCl/dioxane. useful intermediate in the generation of additional analogues
be a suitable surrogate and provide an avenue toward thein this series. Reaction af with various amines, followed by
generation of conformationally restricted, novel, peptidomimetic Boc deprotection, afforded the related carbam&te$8.
GH secretagogues. One commonly used method for in vitro evaluation of GHS
Herein, we report the tetrazole-based compo@n@MS- activity has been the measurement of GH release from isolated
317180) as a potent, highly water soluble GHS agent with rat pituitary cells’® Since this method was not amenable for
acceptable oral bioavailability in rats, dogs, and monkeys. high-throughput screening, a higher throughput cell-based assay
The synthesis of compourland its analogues is depicted was required. Utilizing the GHS receptor’'s natural signaling
in Scheme 1. Amino acid coupling of commercially available through a calcium phospholipase C mediated pathway, agonists
N-Boc-O-benzylo-serine 8) with aminoethanol, followed by  could be tested for their ability to stimulate intracellular calcium
acylation of the crude amide, gave the crude acetaie mobilization using a calcium-sensitive fluorescent probe in an
adequate purity for the subsequent reaction. Alternatively, the automated fluorescence imaging plate reader (FLIPRc-
amide3 and acetatd could each be purified by a short silica cordingly, a cell-based functional FLIPR assay was developed
gel pad filtration. The optimal conditions for tetrazole formation from H4 glioma cells in which expression of the endogenous
were sequential treatment of acetdtevith one equivalent of human GHS receptor was enhanced by RAGE-activafidine
triphenylphosphine, diethyl azodicarboxylate, and azidotrim- ECsy was measured by determining the intracellular calcium
ethylsilane, followed by additional equivalents of each after 24 concentration in a FLIPR assay, with ghrelin serving as the full
and 48 h'3 After a total of 72 h, the solid tetrazofewas isolated agonist reference standard. All of the compounds were deter-
in 85% yield after silica gel column chromatography. The three- mined to be full agonist of the receptor, and their in vitrosEC
step sequence of Boc deprotectionSfamino acid coupling values are summarized in Table 1.
with N-Boc-methylalanine (or Boc-aminoisobutyric acid) and The secondary carbamat@s8, and 9, bearing a primary
subsequent lithium hydroxide hydrolysis of the acetate to give hydroxyl group, all showed good to excellent potency despite
alcohol6, was conducted without purification of the intermedi- variation of the chain length. However, compounds with more
ates due to partial loss of the acetate protecting group duringthan four carbon atoms in the chain, such as alcdfplvere

the Boc deprotection step. The alcolas a low melting solid, less potent. The aromatic phent$ also exhibited moderate
isolated by silica gel column chromatography in 71% overall potency, with an E€ of 7.9 nM. Attempts to replace the
yield from acetaté. Treatment of alcohd with 4-nitrophenyl primary hydroxyl group by an acetamide (e.@4) or other

chloroformate gave the carbonaten 83% yield after silica hydroxyl isosteres, such as ureas or sulfonamides, led +28 5
gel column chromatography. Subsequent reaction with 4-ami- fold drop in potency. Heterocyclic replacements such as
nobutanol gave the Boc-protected carbamate in high yield after tetrahydrofuran7) maintained moderate potency with anggC
aqueous workup. Deprotection of the Boc group ggiiN HCI of 10 nM, while the imidazole was clearly less active at 45
in dioxane gave the HCI salt @&as an oily foam, which could  nM. The results suggested that an oxygen group may play an
be neutralized during aqueous workup to obtain the pure free important role in GHS receptor activation. To investigate the
base as an oil. The hydrochloride salt could be regenerated byrole of the carbamate NH group, the N-methylated tertiary
addition d a 2 M HCl solution in ether to the free base, followed carbamate analoguel was prepared, resulting in only a small
by ether trituration of the resulting solid. The resulting saltis a drop in potency compared to that of the par@niThis result
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Compound 2 p.o. in Beagle Dog In summary, we report a potent, highly water solulste.Q0
50 mg/mL at pH 4), orally active GH secretagogue containing a
EEE | e o novel tetrazole linker. The safety profile and acceptable phar-
22 \f__T T __m::" macokinetic properties & were suitable for long-term efficacy
|§ 0 / - ___,ILLT]\T ____mm: evaluation studies for the prevention of frailty and treatment
2w i L SEN i imina for cancer cachexia as well as wasting syndrome, and as a result,
R R T S TR the compound was advanced for clinical evaluation.
Time (Minutes)
Figure 2. Pharmacodynamic response to a single ascending oral dose Acknowledgment. We thank Dr. Robert Zahler for his
of 2in conscious beagle dogs. advice and suggestions for the work and the manuscript.

suggested that a seconda_ry or CyCI,iC amine might be Su_itfable Supporting Information Available: Experimental procedure
as a replacement for the primary amine. Indeed, the pyrrolidine- tor the preparation o2 and*H NMR, HPLC, and HRMS data for

based secondary alcoht (ECso = 1.0 nM) was identified as  compound2—18. This material is available free of charge via the
one of the most potent compounds in this series. However, the|nternet at http://pubs.acs.org.

pharmacokinetic profile of compount was inferior to that
of compound2. Efforts to address the potential liability of the References

secondary alcohol ihi2 by incorporation of the tertiary alcohol (1) (a) Strobl, J. S.: Thomas, M. J. Human growth horm _

13 (EGs0=10.1 nM) resulted in a 10-fold .redUCtion in potency. Rev. 1993 46, 1-34. (b) Rosen, T.; Johannsson, G.; Johansson, J.-
In contrast to that of the acyclic acetamiti4, the pyrrolidine O.; Bengtsson, B.-A. Consequences of growth hormone deficiency
acetamidel5 exhibited good in vitro functional potency (B§& in adults and the benefits and risks of recombinant human growth
_ ; ; hormone treatmenjgQiilegs 1995 43, 93—99.
=33 nM) as a mixture of dlastereomers. Unfo_rtunat.ely,. .the (2) Momany, . A.; Bowers, C. Y. Reynolds, G. A.: Chang, D.: Hong,
PK profile of 15was unacceptable due to its I'ow bioavailability A.; Newlander, K. Design, synthesis, and biological activity of
in a rat model F < 5%). The carbamate moiety was found to peptides which release growth hormone in viiasaaiaaiae1 951
be a metabolically stable linker for the chemotype; the overall 108 31-39. . .

. - (3) (a) Sartor, O.; Bowers, C. Y.; Chang, D. Parallel studies ofdis
hydroxybutyl carbamic acid gave excellent potency gnd PK Trp—Ala—Trp—o-Phe-Lys—NH2 and human pancreatic growth
properties. Other attempts to replace the carbamagevith hormone-releasing factor-44-NH2 in rat primary pituitary cell mono-

an amide, urea, or reversed carbamate resulted in similar or less layer culture isSaEkaaiaay 1984 116 952-957. (b) Bowers, C.

potent analogues; the results are to be reported elsewhere. Y.; Momany, F. A.; Reynolds, G. A.; Hong, A.; Newlander, K. On
the in vitro and in vivo activity of a new synthetic hexapeptide that

The in.vivo ngficacy of compounds was evaluated if} an acute acts on the pituitary to specifically release growth hormone.
anesthetized intravenously dosed rat model, monitoring plasma madeeEReess)/1984 114, 1537-1545.
GH increase#® In this model,2 showed excellent activity, 4 l(\fll) Aﬁkm,an,A-fS.;t(,Birard,f M2 Od’Brien, IE F.; Hc\)A,,tﬁ.hK.; Chik, Ci L.
H H H echanisms of actions or a Znd generation gro ormone-releasing
prodyglng a .rapld and rOBUSt GH plasma_ elevation when peptide (Ala-His—p-beta-Nat-Ala—Trp—bp-Phe-Lys—NH2) in rat
administered iv to rats (Efg = 0.08p¢moI/I§g). Figure 2 shows' anterior-pituitary cells mataakaaeay1993 132 1286-1291. (b)
the growth hormone pharmacodynamic response following For areview on the clinical actions of GHRPs, see: Ghigo, E.; Arvat,
single oral doses o in conscious beagle dogs. The vehicle E.; Muccioli, G.; ?i?&nri'ég-‘l%fivl\fgohmfgon? feleas'n% peptides.
H H s , and references therein.
(water) tfeated control animals showed no GH increase over (5) (a) Smith, R. G.. Cheng, K- Pong, S. S.- Hickey, H.. Jacks, T.. Butler,
the 4 h time course of the experiment (data not shown). At a B.; Chan, W.-S.; Chaung, L. Y. P.: Judith, F.: Taylor, J. A.: Wyvratt,
dose of 0.52«mol/kg, only a minimal increase in plasma GH M. J.; Fisher, M. H. A novel non-peptidyl growth hormone

was observed. Significant increases in plasma GH were achieved =~ Secretagogueggignge1993 260, 1640-1643. (b) Pong, S.-S.;

. . Chaung, L.-Y. P.; Dean, D. C.; Nargund, R. P.; Patchett, A. A.; Smith,
at the doses of 1.74 and 5.2&hol/kg, and a further increase in R. G. Identification of a new G-protein-linked receptor for growth

plasma GH was observed at the dose of liol/kg. The hormone secretagogudgnimiinsassing! 1996 10, 57—61.
response plateaued at 52/8nol/kg. The maximum GH (6) (a) Schoen, W. R.; Pisano, J. M.; Prendergast, K.; Wyvratt, M. J.,
concentration occurred between 15 and 60 min after dosingand 3 Fisher, M. H.; Cheng, K.; Chan, W. W. S.; Butler, B.; Smith, R.
ined elevated for up to 120 min G.; Ball, R. G. A novel 3-substituted benzazepinone growth hormone
remained ele | Tor up nin. secretagogue (L-692,42 SabdadiniiaE 1994 37, 897-906. (b)
The pharmacokinetic characteristics of compouhavere Patchett, A. A.; Nargund, R. P.; Tata, J. R.; Chen, M.-H.; Barkat, K.

evaluated in fasted rats, cynomolgus monkeys, and beagle dogs J.; Johnston, D. B. R,; Cheng, K.; Chan, W. W.-S.; Butler, B.; Hickey,

; ; G.; Jacks, T.; Schleim, K.; Pong, S.-S.; Chaung, L.-Y. P.; Chen, H.
at single oral doses of 15, 10, and Afhol/kg, respectively. Y. Frazier, E.. Leung, K. H. C%“u’ SH L S?mth' R. G. Design

Th_e_ iv dose was xmol/kg er all spegies. The oral bioavail- and biological activities of L-163,191 (MK-0677): A potent orally
ability of 2 in rats was 9%, with a half-life of 0.7 h. In monkeys, active growth hormone secretagog A
the oral bioavailability was 12%, with a half-life of 1.1 h. @ %9)9;54( 92, 7801’\—/'7095”- G Patchett A, A L K Jacks. T
. . . a ang, L.; Morriello, .} Patchett, A. A.; Leung, K.; Jacks, |.]
Compound2 dempnstrated superior exposure in dogs relative Cheng, K.: Schieim. K. D. Feeney, W.. Chan, W. W.-S.: Chiu, S.
to the other_ species, with an o_ral b|(_)av§_|lab|llty_ of 40% and a L.; and Smith, R. G. 1-[H)-(2-Amino-2-methylpropionylamino)-
2.3 h half-life. The low oral bioavailability oR in rats and 3-(1H-indol-3-yl)propionyl]-3-benzylpiperidine-8|-carboxylic Acid
monkeys was probably attributable to its high plasma Ethyl Ester (L-163.540): A potent, orally b'oa"a"gggehinziigo”'
. . uration growth hormone secretagoCishdaamimaain!
clearanpe (213 and 37 .mL/mln/kg in rats and' monkeys, —2441. (b) Hansen, T. K. Ankersen, M., Hansen, B. S.; Raun, K.:
respectively). For comparison, the clearance rat2 iof dogs Nielsen, K. K.; Lau, J.; Peschke, B.; Lundt, B. F.; Thgersen, H.;
was 21 mL/min/kg. Johansen, N. L.; Madsen, K.; Andersen, P. H. Novel orally active
Compound was found to have no significant activity 50% ?S"g‘;rgi‘r’]romg”‘;?efg?g?"g”mﬁiﬁlﬁ@? lfgdlc"'(-)ck
inhibition at 10u«M) in the PanLabs SpectrumScreen in vitro J.R.; Murray, M. C.; Cook, E. R.; DiBrino, J. N.; DeNinno, S. L;.
assay panél and was not hepatotoxic up to 25x@/mL in a Chidsey-Frink, K. L;. Hada, W. A.; Inthavongsay, J.; Lewis, S. K;
human hepatocyte assay. Thed@alues for compound were Mangano, F. M.; Mullins, M. A.; Nickerson, D. F., Ng, O.; Pirie, C.
all greater than 100M against human CYP enzymes 3A4, 2C9, M.; Ragan, J. A,; Rose, C. R.; Tess, D. A; Wright, A. S.; Yu, L.,
. Zawistoski, M. P.; Pettersen, J. C.; DaSilva-Jardine, P. A.; Wilson,
2C19, 2D6, and 1A2. Ames testing also showed that compound T. C.; Thompson, D. D. Discovery and biological characterization

2 was not mutagenic to the tester strains TA 98 and TA 100. of capromorelin analogues with extended half-livB&@org. Med.


http://dontstartme.literatumonline.com/action/showImage?doi=10.1021/jm7010595&iName=master.img-003.jpg&w=176&h=83

Letters Journal of Medicinal Chemistry, 2007, Vol. 50, No. 893

SRl t2002 12, 3279-3282. (d) For an excellent review, see: tetrazole ring as ais-amide bond surrogat®lethods Mol. Med1999
Nargund, R. P.; Patchett, A. A.; Bach, M. A.; Murphy, M. G.; Smith, 23,417-436. (d) Boteju, L. W.; Hruby, V. J. Tryptophan-containing
R. G. Peptidomimetic growth hormone secretagogues. Design 1,5-tetrazole dipeptide analogs: Synthesis of W{@N4]Nle as a
considerations and therapeutic potentialMed. Chem1998 41, cis amide bond surrogatjinsisssusssiagtt1993 34, 17571760.
3103-3127. (e) Duncia, J. V.; Santella, J. B., lll; Higley, C. A.; VanAtten, M.
(8) Kojima, M.; Hosoda, H.; Date, Y.; Nakazato, M.; Matsuo, H.; K.; Weber, P. C.; Alexander, R. S.; Kettner, C. A.; Pruitt, J. R,;
Kangawa, K. Ghrelin is a growth-hormone-releasing acylated peptide Liauw, A. Y.; Quan, M. L.; Knabb, R. M.; Wexler, R. R. Pyrazoles,
from stomach Nature 1999 402, 656-660. 1,2,4-triazoles, and tetrazoles as surrogatesifeamide bonds in
(9) (a) Cao, J.-M; Ong, H.; Chen C. Effects of ghrelin and synthetic boronate ester thrombin inhibitoBioorg. Med. Chem. Letf1998
GH secretagogues on the cardiovascular sysj—- 8, 775-780. (f) Hernandez, A. S.; Cheng, P. T. W.; Musial, C. M.;
2006 17 (1), 13-18. (c) Smith, R. G. Swartz, S. G.; George, R. J.; Grover, G.; Slusarchyk, D.; Seethala,
Development of Growth Hormone Secretagog iy R. K.; Smith, M.; Dickinson, K.; Giupponi, L.; Longhi, D. A.; Flynn,
2005 26 (3), 346-360. (b) Smith, R. G.; Jiang, H.; Sun, Y. N.; Murphy, B. J.; Gordon, D. A; Biller, S. A.; Robl, J. A;; Tino, J.
Developments in ghrelin biology and potential clinical relevance. A., Discovery, synthesis and structure activity studies of tetrazole
ﬂﬁ’ﬂ% 16, 436-442. based growth hormone secretagogiésorg. Med. Chem. Let2007,
(10) (a) Yavuzsen, T.; Davis, M. P.; Walsh, D.; LeGrand, S.; Lagman, 17, 5928-5933.
R. Systematic review of the treatment of cancer-associated anorexia (13) Duncia, J. V.; Pierce, M. E.; Santella, J. B. Ill Three synthetic routes
and weight lossimislitaiaiiag 2005 23, 8500-8511. (b) Garcia, J. to a sterically hindered tetrazole. A new one-step mild conversion
M.; Garcia-Touza, M.; Hijazi, R. A.; Taffet, G.; Epner, D.; Mann, of an amide into a tetrazo| Gasiniimian 1991 56, 2395-2400.
D.; Smith, R. G.; Cunningham, G. R.; Marcelli, M. Active ghrelin (14) (a) Sullivan, E.; Tucker, E. M.; Dale, |. |uiininsisimiip 1999
levels and active to total ghrelin ratio in cancer-induced cachéxia. 114, 125-133. (b) Schroeder K. S.; Neagle, B. QemRigdaal
Clin. Endocrinol. Metab. 902920-2926. (c) Ramos, E. J. B.; Suzuki, Saieaning1996 1, 75-80.
S.; Marks, D.; Inui, A.; Asakawa, A.; Meguid, M. M. Anorexia (15) (a) Cells overexpressing endogenous human growth hormone secre-
cachexia syndrome cytoklnes and neuropeptu tagogue receptor by random activation of gene expression (RAGE)
004 7, 427-434. (Athersys, Inc.) technology was used. The EC50 was measured by
(11) (a) Spatola, A. F. Peptide backbone modifications: A strueture determining the intracellular calcium concentration in a FLIPR assay
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