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The development of a series of GARA2/a3 subtype selective pyridazine based benzodiazepine site agonists
as anxiolytic agents with reduced sedative/ataxic potential is described, including the discotéryaof
remarkablyo3-selective compound ideal for in vivo study. These ligands are antagonistscdt thbtype,

with good CNS penetration and receptor occupancy, and excellent oral bioavailability.

Introduction The question remained as to whether it was possible to

y-Aminobutyric acid (GABA), the major inhibitory neu- discover subtype selective BZ site ligands, and whether it would
rotransmitter in mammalian brain, regulates chloride ion flux thus be possible to separate the anxiolytic from the sedative
into neuronal cells by ligand gating GABAreceptors. This  Properties. Elegant studies in transgenic nfi@nd in vivo
family of membrane spanning ion channels serve as arbiters ofStudies with subtype selective ligands generated in our labora-
neuronal inhibitory tone and thereby play a crucial role in the tories? have now shown that receptors containiny seem to
regulation of neurotransmission in the CNS. The benzodiazepinePe strongly linked with the sedative and ataxic properties of
class of anxiolytic, sedative, hypnotic, and myorelaxant thera- BZ ligands, whileoa2 may be linked with at least part of their
peutic agents are known to exert their pharmacological effects anxiolytic profile. The role ob3 in anxiolysis has recently been
through allosteric modulation of the effects of endogenous established? Here we report the culmination of our endeavors
GABA on the conductance of the GABAeceptor. Since these ~ t0 develop a series af2 or a3 subtype selective BZ ligands
agents have no significant effect upon the ion channel in the Pased on a pyridazine motif, as anxiolytic agents with reduced
absence of GABA binding at its modulatory site, their mech- ataxic potential, including the discovery b, a remarkably
anism of action ensures a safer pharmaceutical profile in @3 selective compound ideal for in vivo study.
comparison with barbiturates, for example, which may activate Resylts and Discussion
the channel directly. The myorelaxant/ataxic, sedative/hypnotic,
and memory impairing properties of benzodiazepines are
considered of clinical benefit when they are utilized in anes-

thesia, particularly for minor surgical procedures. However these While binding selectivity may be difficult to achieve via the

same properties are considered a significant liability when theseBZ site, our observations indicate that functional selectivity is

agents are_us_eql in the treatment of anxiety; such side e.ﬁeCtSattainable. In this work, the selectivity described is functional
may make it difficult for the patient to function normally while

dicati d b dered tentiall in origin, i.e., selective efficacy. Because the BZ site is an
on medication and may even be considered as potentially 5 osiaric modulatory site (vide supra), compounds which bind
dangerous for those who work in a mechanized environment.

The GABA channel is composed of a pentameric assembly to it may elicit a range of different effects. Those whiqh cause
. i - an enhancement of the potency of GABA and hence increased
of pr(rnggln subunits, and 19 subtypes of these ;ubunlts ar€channel Ct conductance are termed agonists (more properly
knowr® (au—e, f1-s, 71-3, 0, € 7, 6, andp1-s), which may 00 as positive allosteric modulators), while those which
theoretically coassemble to form a plethora of structurally reduce the potency of GABA are referred to as inverse agonists
different but functionally competent ion pores. Speculation that (negative allosteric modulators). Compounds which bind at the
these might rgaspnaply be. expectgd 10 possess different PrOPETR7 site but which do not influence the properties of GABA on
ties and d|_str|but|on N various brain regions IS how supported the channel are commonly termed antagonists, and since there
!oy a growing body of e_\/lden_ce. Fortun_ately, in studying the is generally considered to be no endogenous ligand for the BZ
Interaction with b.enzodlazepln_e (BZ) ligands, one need not binding site, such compounds have no functional effects, either
consider the multitude of possible receptor subtype combina- in vitro or in vivo. We have therefore sought compounds with

tions, since o_nIy those which contamy@ or 7/.316 subunit in an antagonist profile atl, and varying degrees of agonism at
conjunction withal, 2, 3, or 5 seem to bind this class of agents a2 anda3. A role for a5-containing subtypes in learning and
with significant affinity. The .benzodiazepine bindipg pqcket memory impairment has been suggested, so low efficacy at this
appears to be located a.t the mtgrfacq@fqda SUbun'FS’ W'th subtype is preferretl Widely prescribed BZ ligands such as
re5|due_s on bOth proteins maklng s_|gn|f|f:ant co_ntrlbutlon_s to diazepam and chlordiazepoxide (CDZ) are full agonists at all
t_he active site. Since the GABA bl_ndlng Site requires contribu- these subtypes and cause maximal potentiation of GABA. The
tions from both ano. and 8 subunit, we therefore need only compounds described below have, in many cases, higher affinity
consider channels composedaf/5, andy subtypes for our for the BZ binding site, but are less efficacious at modulating
PUrpOSES. the effects of GABA; they are therefore termed partial agonists,
“To whom correspondence should be addressed. &4 (0)1279 and their efficacy is reported as a fraction relative to the response
440000; Fax-44 (0) 1279 440390; e-mail: richard_t_lewis@btinternet.com. achievable with chlordiazepoxide under the same test conditions.

In our extensive search for subtype selective ligands at the
BZ site, we have observed that it is generally not possible to
obtain more than 10-fold binding selectivity fa/a3 overal#
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Figure 1. Consideration of structural similarity of pyridazine lead with kndwmidazopyrimidine and imidazotriazine BZ site selective agonists.

Table 1. Binding Affinity and Efficacy at GABA\, Receptor Subtypes

The pyridazine series of benzodiazepine site ligadds _
described herein originated frof identified by screening of aN
the Merck sample collection, and preliminary exploratory
structure-activity relationships (SAR) for this lead have been
reportec® We were attracted by the results of these early studies,
which hinted thatt2 or a3 subtype selective compounds might
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be obtained. In addition we recognized certain structural | s F@ F| - 56 38 |00 021
similarities with imidazotriazin€ and imidazopyrimidine3 .
series of subtype selective GARAligands which we have 7 . H 09 05 | o011 031
extensively explored at Merckit was initially postulated that .
the adjacent nitrogens of the pyridazine core-structure might| s g4 F| - 17 07 |-20% 020 040 20%
effectively mimic the disposition of the nitrogen atoms at
positions 4 and 5 of imidazotriazir(or the corresponding 1 9 K@f F 31 14 | 007 042
and 8 positions 08), and this influenced the direction in which
we chose to develop the SAR of this series (Figure 1). | Q[F al ot oa o3 | 5% 024

Gratifyingly, the extensive SAR which had been mapped out
for the biaryl appendage in the imidazotriazine and imidazopy-

z
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rimidine work’ proved to be directly transferable into the new | ™ o H| 09 56 77 %% 024 08 3%
series and conferred similar effects upon selectivity of efficacy N

modulation with respect ta. unit subtype when appended at 12 K Fl3s 82 56 17% - 04

the 5-position of the pyridazine core. We selected the two -~

fluoropyridyl moieties {, R = H or F) indicated in Table 1 for 13 NG H| 08 32 30 |-7% - 03

-

several compelling reasons. Generally they both afforded
selective efficacy in their own right in the desired sense (but
differed in that the 3,5-difluoropyridine conferred lower efficacy
at all subtypes while retaining the selectivity window between
them), offered structural diversity from our other series, and
conveyed good pharmacokinetic (PK) properties (vide infra).
Unsurprisingly, the SAR of the 3-substituent, which crudely
maps to the 3-position of the imidazotriazine (or 7-position in
the imidazopyrimidine) proved to be significantly different from 17
these other series, presumably at least partially as a consequenge
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of alteration of the geometry and size of the heterocyclic | 15 C H| 05 14 24 |30% - 040
scaffold® This was regarded as advantageous in providing a
structurally distinct alternative series. A pendant aryl moiety | 1o @( Fl o4 17 32 |26% - o017 o014

emerged as the 3-substituent of choice, conferring enhancement

of aff'_nlty' The recc_aptor was also quite tolerant to _a range of aK; values for benzodiazepine sites on stably transfected GABA
5Ub$t'tuent5 on th|3 appe_ndage, although Obtrl'fs.'Ve polar Ofyeceptorsux3y2 (x = 1, 2, 3, or 5). Inhibition curves were carried out
sterically demanding substituents at the para position tended tousing receptors labeled witfFH]R015-1788 at a concentration of ap-
be detrimental. Selected compounds of interest for their selectiveproximately twice theq. K; values were calculated according to the Cheng
efficacy profile are listed in Table 1. All show good (but Prussof equation. Data shown are mean values for three to six determina-

. . L - tions3 Efficacy measured at GABAreceptors stably expressed in L(Jk
relatively unselective) binding affinity faxl, 3, and 5 subtypé’s. cells using whole cell patch clamp recording and represents the effect of

Selective efficacy could be modulated by appropriate choice the test compound on the current produced by ameEGuivalent of
of substitution pattern on this moiety. Thus substitution at one GABA.® ? Efficacy is expressed relative to the full agonist chlordiazepoxide
or both ortho positions proved to be beneficial both for affinity (CDZ) (relative equivalent efficacy 1.0), except where a percentage value

: - - . is shown, which represents a direct percent modulation of thg &trol.
and opening the window of selective3 agonism overl, Values are the mean from at least four independent experiments. Negative

particularly when the flanking groups possessed lone pair yajyes reflect a reduction in the GABA Eginduced chloride current and
electron density to buttress the adjacent pyridazine nitrogen loneindicate inverse agonist responses; these are reported as a percentage
pair. This is suggestive of an orthogonal disposition of these modulation since expression of inverse agonism relative to an agonist
two rings being optimal from aa3 selective efficacy standpoint. ~ Standard is inappropriafe.

We favored a bias toward an electron deficient aromatic moiety

from an early stage in this work because we were aware of the utilized to optimize metabolic stability in the pyridazine series
intrinsically high turnover of the earlier compoufida liver built upon the extensive knowledge of the metabolic fate of
microsomal preparations, which we routinely employed as a several other GABA ligands from these laboratories. The two
convenient surrogate marker of in vivo stability. The strategy pyridazine-5-biaryl substituents chosen from the start in opti-
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Table 2. Liver Microsomal Turnover, Selected Pharmacokinetic Parameters, and Rat In Vivo Receptor Occupancy Data
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aMicrosomal turnover data were obtained by incubation of the test compound (and diazepam as a control compaquiid}atcEntration with liver
microsomes pooled from a number of individuals, at a protein concentration of 0.5 mg/mL for 0.25 h. Concentration of test compound remaining after
incubation was determined by LC/MS/MS analysis. Turnover values are the mean of three determinations, with a standard deviati6fodbr the
values quoted. P Determined in six animals, three dosed iv and three®iRat in vivo receptor occupancy was measured WikfjRo15-1788 according
to the published protocdlnd is the mean of three to six independent determinatfons.

mizing this series were well-known to us as very resistant to by appending an electron-withdrawing aromatic moiety at the
microsomal metabolism from our study of the imidazotriazine 3-position. The 31% turnover &in dog microsomal incubation
series’d Any remaining metabolic weak spots were therefore was reduced to just 2%, for its pyridazine-2-oxide derivative
likely to reside in the 3-arylpyridazine moiety. Pyridazine 5a, (and 10% for5b Figure 2). More strongly electron-
N-oxidation was a strong suspect, which might be ameliorated withdrawing 3-substituents, such as difluorophengland 10
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Figure 2. Synthesized pyridazinb-oxides5 are significantly more
resistant to liver microsomal turnover in vitro than is parent pyridazine

Figure 3. lllustration of the conceptually pseudo-symmetric nature of
ligand structure resulting from consideration of nitrogen/fluorine
interchangeability.

had excellent affinity and interesting efficacy profiles (Table
1), but microsomal turnover, although much improved over
earlier compounds, was still considered to be too high,
particularly in dog (Table 2).

Journal of Medicinal Chemistry, 2006, Vol. 49, No.28603

Figure 4. Circumventing the principal route of metabolism in rat.
PyridineN-oxide 20is the major characterized metaboliteldfin vitro.
The 2-pyridyl isomerl6 is resistant to microsomal turnover in vitro.

properties in man. It is possessed of an interesting selective
efficacy profile, being a clean antagonist@t andob, and
weak-to-moderate partial agonist at betB and a3 subtypes
(Figure 5). The compound occupies the BZ receptor very
effectively in rat after po dosin#,with an Ocgg of 0.22 mpK?2
(milligrams per kilogram), at a plasma concentration of 38 nM.
In the rat plus-mazZé it was anxiolytic at a minimum effective
dose of 0.3 mpk po, corresponding to 56% receptor occupancy
(Figure 6). Furthermore, compouridl was fully effective in

the squirrel monkey conditioned emotional response (CER)
paradigm, a more stringent test of anxiolytic potenttdh the
presence of a stimulus associated with shock (conditioned
stimulus (CS)), the response rate at 1 mpk po was 60% of that

The second conceptual approach, which afforded a solutionobserved in the absence of the CS (compared with a 10%

to this problem, arose from a consideration of the pseudo- response rate in vehicle treated control animals), a significant
symmetric nature of the molecular structure (Figure 3). In our anxiolytic response. At doses between 1 and 10 mpk (the highest
exploration of the SAR of several series of BZ ligands, we have studied, which corresponded to an 80% release rate) no overt
encountered a reasonably general observation that a ring nitrogersigns of ataxia or sedation were observed. In contrast, a similarly
may be successfully replaced with a pendant fluoro substituenttherapeutic dose of diazepam (1 mpk, resulting in a 68% release

or vice versa. The 5-appended fluorophenyl-fluoropyridine biaryl
moiety is metabolically stable, and the arylpyridazine motif is
superficially quite similar to it when nitrogen/fluorine transposi-
tion is factored in. This concept is most apparent in the
comparison of compound0 with 18, as shown in Figure 3. If

rate) causes obvious behavioral disruption in this assay. In the
mouse rotarod assaya measure of ataxia, the compound had
no significant effect at 10 mpk po (corresponding to 97%
receptor occupanéy) in either the absence or presence of a
subthreshold dose of ethanol. It is therefore apparent that the

the enzymes responsible for the metabolism recognize only aanxiolytic properties may indeed be separated from the ataxic
portion of the entire molecule, i.e. a biaryl motif, then it might effects in an appropriately subtype selective compound, and that
conceivably be possible to render both biaryl moieties similarly its effects are not as prone to potentiation by ethanol as
stable. This was borne out in practice. Hence, replacement oftraditional unselective BZ full agonist anxiolytic agents. As such,

the difluoroaryl of10 with 3-fluoropyridine18 gave improved
microsomal stability in rat, dog, and human (Table 2), with
turnover reduced from around 20% in rat and dog I6rto
less than 5% forl8. Further exploration of this SAR led to
discovery of a selection of compounds with good microsomal
stability (Table 2) and very interesting efficacy profiles (Table
1). Itis interesting to compare, for example, the efficacy profiles
of compound® and12; 10 and18; and 14, 16, and17.

The somewhat poorer rat PK profile of compounds bearing
a 4-pyridyl motif was traced to a propensity for pyridiNeoxide
formation @O, Figure 4) in this species, confirmed in the case
of 14 by comparison of its metabolite profile with an authentic
standard? Relocation of the pyridine nitrogen to the ortho
position, as inl6, circumvented this route and accounts for the
exceptional stability and half-life of this compound in rat. This

it will be of significant interest to observe its properties in Afan
where a more accurate gauge of side effect profile, including
sedative and cognitive effects, may be made. As a ctean
antagonist, one might expect less memory disruption or cogni-
tive impairment to be evident.

Compound15 is the most potent of the2/03 selective
agonists discovered in this series. Structurally it differs from
14in two respects. Fluorine and nitrogen have been transposed
in the 3-substituent leading to a much improved rat PK profile
(Table 2), with low clearance translating to a 10 h half-life in
this species. The second point of variation is deletion of a
fluorine (R = H, Table 1) on the other pyridine substituent,
which results in significantly increasem/a3 efficacy (0.2
elevation at both subtypes, cf. close analod@ée Figure 5).
Gratifyingly, it is also devoid of efficacy atl, but has agonism

metabolic pathway does not appear to be quite so predominantat a5 subtypes. The compound is a potent anxiolytic in the rat
in the other species studied. While compounds which are highly plus-maze at 0.1 mpk po, which corresponds to 57% receptor
turned over by liver microsomes are very likely to have poor occupancy (Figure 6, Ogg0.09 mpk). It showed no significant

PK, low turnover is not necessarily indicative of good PK. Itis effect at 3 mpk po in the mouse rotarod ataxia assay, with no
clear from these studies that for this series, the rat microsomalsignificant impairment in the presence of ethanol at doses which

turnover is not particularly well correlated with in vivo stability.

It served a very useful function in assisting the optimization

process, but should not be relied upon in isolation.
Compoundl4 has acceptable PK properties in three safety

gave 90% receptor occupancy.

Compoundl6, differing from 15 only by the presence of a
5-fluoro substituent (R= F, Table 1) has an intriguing profile,
remarkable in that its only significant efficacy is through the

species, and with low intrinsic clearance in dog, monkey and a3 subtype, being effectively functionally silent@t, 2, and

human liver microsomes, is predicted to have good PK

5 (Figure 5). In addition, with low intrinsic clearance in rat,
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Figure 5. Efficacy profiles of14, 15 and16 at human recombinant GABAw(n)33y2receptors. Footnote: Efficacy profiles b4, 15, and16 at
human recombinant GABAreceptors comprising3, y2, and either a1, a2, a3, or o5 subunits as measured using whole-cell patch clamp
electrophysiology. A potentiation of the current produced by anj#Guivalent of GABA represents benzodiazepine site agonism whereas an
attenuation (negative modulation) corresponds to inverse agonism. Values shown are @Edh (W = 4—6/data point).
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Figure 6. Anxiolytic effects (elevated plus maze), and benzodiazepine binding site occupaddy 18, and 16 following oral dosing to rats.

Footnote: Rats were dosed with either vehicle (0.5% methyl cellulose), pyridajrib, or 16 or, as a positive control, the nonselective full

agonist chlordiazepoxide (CDP, 5 mg/kg ip). Thirty min later animals were placed on the elevated plus maze and the time spent on the open arms
was recorded as an index of anxiety. A significant increase in time on the open arms relative to vehicle treated arpnal3.¢§) represents
anxiolytic-like activity. Following completion of the plus-maze trial, a subgroup of rats were taken and occupancy measured using an in vivo
[®H]Ro 15—-1788 binding assay. Compounti4, 15, and16 all produced dose-dependent occupancy with respectivg Elues of 0.22, 0.09, and

0.52 mg/kg. Values shown are meanSEM (h = 16—18/group, plus-maze experiment, ame= 5—10/group, occupancy assay).

dog, and human liver hepatocytes, it is also predicted to have Other properties and benefits pertaining to this efficacy profile
good PK properties in man. In the rat plus-maze it was anxiolytic await exploration.

at a minimum effective dose of 1 mpk p.o, corresponding to ]

71% receptor occupan®y(Figure 6, Ocg 0.52 mpk). The ~ Chemistry

compound is apparently less potent in this assay th&n An efficient five-step synthesis of key chloropyridazine
presumably because its efficacy is now mediated predominantly intermediates26ab was developed (Scheme 1), which pro-
through thea3 subtype, which is of relatively low abundance ceeded with an overall yield of 40%6b to 50% 26a based

in the CNS. This result is of particular interest because it offers upon the starting halopyridine. Thus coupling of 2-fluorophe-
further evidence of a role for the3 subtype in anxiolysi& nylboronic acid with the requisite halopyridine proceeded
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Scheme 1.Synthesis of Key Coupling Partner Chloropyridazizf@
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aReagents and conditions: (i) ®dba}, t-BusP, KF, THF, 55°C; (ii) CH3CN,
N&aCQO;, dioxane, 85°C; (v) POCE, 75 °C.

I

LSQy; (iii) (@) Pd(dppf)Ch, KOAc, dioxane, 8GC, (b) HCI; iv) Pd(dppf)C4,

Scheme 2.Routes to Selectively Metallated 3,5-difluoropyridine

Li SiMe; SiMe; SiMe3
F N F i F. N F ii F. X F i F. SN F iii F. X F
P L L P L
N N N N~ "L N~ ~ZnCl
27 28 30 31 33
‘IV liv
SnMe3 SiMe3
F. ~-F F. | N F F. N F
| - = | ~
N N~ “SnMe; N~ “SnMe;
29 37 32
iv’
F. N F v F. X F iii F. N F
L | |
N~ "Br N~ "L N~ ~znCI
21a 34 35

aReagents and conditions: (i) n-BuLi, TMEDA, diethyl ethef78 °C; (ii) TMSCI; (iii) ZnCly; (iv) Me3SnCl; (v) n-BulLi, THF,—78 °C.

smoothly under the Fu conditioA$Addition of a small quantity protocol is preferable on a larger scale, as the final compound
of water was found to significantly enhance the rate of this is easier to render free from heavy metal contamination. The
reaction, presumably by rendering the potassium fluoride more regioselective deprotonation of functionalized pyridines has been
soluble and therefore facilitating boron-ate formation. Bromi- the subject of some excellent studié8,5-Difluoropyridine27
nation of22 with dimethylhydantoin dibromide in the presence may be cleanly deprotonated at the 4-position to afford
of acid® afforded bromide23. Some bis-bromination was thermodynamically more stable ani@8which may be readily
observed if the reaction was run for a longer period, but could transformed into the appropriate Stille or Negishi coupling
be avoided by careful control of reaction time. Palladium- partner as indicated in Scheme 2. Silylatior28f followed by
catalyzed borylatio¥ was efficient. It was found that although  a second deprotonation, allows acces3Zor 33in a controlled
the boronate ester could be isolated, a base extraction followedmanner. This procedure could be performed either stepwise with
by acidic hydrolysis afforded clean boronic acid without isolation of compoun@®0, which is to be preferred on a larger
recourse to chromatography, a process amenable to large scalscale; alternativel28 could be transformed int82 in one pot
preparation o24. Suzuki coupling with 5-chloropyridazin-3-  without isolation of intermediat80. (The kinetic deprotonation
one? followed by brief exposure to hot phosphorus oxychloride of 27 at the 2-position under the Queguiner conditions was
afforded 26a or 26b. All these transformations could be difficult to control and led to some scrambling of regiochem-
performed at scale to access significant quantities of material.istry.) The silane was readily cleaved by warming with 5 N
The remaining 3-aryl appendage could be introduced26to  aqueous HCI after coupling2 to 26. For the corresponding
under a variety of different coupling protocols depending on Negishi reaction o83, cleavage of the silane occurred under
availability of precursors. On a small scale, the pyridih&so the coupling conditions, and for a large scale synthesis6of
19, and also compound?, were prepared by Stille cross- was completed by including a KF treatment in the workup. The
coupling of the corresponding stannanes, or by Negishi coupling Stille coupling could also be performed in the reverse sense,
of the arylzinc, both species being readily accessible from the via in situ preparation of stannaé (Scheme 3), and was the
corresponding lithiated pyridine (Scheme 2). The Negishi method of choice for compound® and 17.
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Scheme 3.Coupling Strategies forAssembly of the Completed  the strongest peaks from the mass spectra are reported.) Spectra
Ligand$ were recorded between 100 and 800 Da. Accurate mass data was
F. obtained on a Micromass QTof micro. Elemental analyses for
carbon, hydrogen, and nitrogen were performed by Butterworth
' | > Z Laboratories, 54-56 Waldegrave Road, Teddington, U.K. Analytical
E / RT NP SN thin-layer chromatography (TLC) was conducted on precoated silica
orii gel 60 kss plates (Merck). Visualization of the plates was
"" accomplished by using UV light and/or iodine and/or aqueous
potassium permanganate solution. Chromatography was conducted
F. on silica gel 60, 226440 mesh (Fluka) under low positive pressure.
s{r Solutions were evaporated on adirotary evaporator at reduced
| pressure. Microwave reactions were performed using a Smith
R F N Synthesizer, supplied by Personal Chemistry, Uppsala, Sweden. All
- ) ) starting materials were obtained from commercial sources and used
(8;%93]9(;%2 Ia(;‘rdl%oo[‘g'tr'noir(‘;;v\(lg \gr)?((?ij)ﬁk):g%b?d’\l%ElOSF;g(ISE%T' as received unless otherwise indicated. Purity for all target
dioxane, 100C:; (iii) MesSnSnMe, Pd(PRPY, LiCl, dioxane, 100°C; (iv) compounds was greater than 98% as assessed by NMR and HPLC.
ArBr, Pd(PhP), LiCl, dioxane, 100°C. 3,5-D|f|u_oro-_2-(2-f|uorophenyl)pyrldlne (22a). Z-Eluoroben_-_
zeneboronic acid (25.0 g, 178 mmol), 2-bromo-3,5-difluoropyridine
Alternatively, with the availability of bromopyriding1a8 (34.65 g, 178.6 mmol), dry THF (360 mL), potassium fluoride
the extreme rapidity of lithiumhalogen exchange at low  (34.25 9, 0.589 mol), and water (30 mL) were combineai2 L
temperature may be exploited to give access to 2-lithio speciesﬂda.sbk’ anlq dthe m|x:ure V(;?‘S l‘ljeég.aSS%d bzys\éacu%m;tles. IT“S_dt .
34, which may be cleanly trapped at low temperature to afford (dibenzylideneacetone)dipaliadium(0) (2.66 g, 2.92 mmol) and -

o . . tert-butylphosphine (11.2 mL of a 0.33 M solution in hexanes, 3.7
Negishi and Stille partner35 or 37. Controlled deprotonation mmol) were added. The reaction was heated &Gfor 24 h under

of 3-fluoropyridine at either 2 or 4-positions, proceeds smoothly pitrogen and then allowed to cool to ambient temperature. The
according to literature precederito give access to the required  organic phase was decanted and the residue rinsed with ethyl

stannanes for compoundg, 12, 18, and19. Compounds, 7, acetate. The combined organics were evaporated, and the residue
8, and9, were similarly assembled from the commercial boronic was partitioned between ethyl acetate (400 mL) and water (200
acids by Suzuki coupling (Scheme 3). mL). The organic phase was separated, dried (MgSfitered,

and evaporated. The residue crystallized from hot isohexane to give
Conclusions 22aas a white solid (33.64 g, 90%)" (500 MHz, CDC}): 7.18

. . . . (1H,t,J=9.2Hz),7.28 (1 H,dd)=009, 7.5Hz), 7.32 (1 H,
In summary, we have designed a series of benzodlazeplnem)’ 7.45 (1 H. m), 7.56 (1 H, dddl = 1.7, 7.5, 9.2 Hz), 8.47 (1

site Iigands_with an array of attractive functional selective H. d,J = 2.3 Hz); miz (ES+) 210 (MH").
efficacy proflle_s. In particular, compc_)unds, 15, and16 stano_l 2-(5-Bromo-2-fluorophenyl)-3,5-difluoropyridine (23a). To
out as antagonists at thel subtype, with good CNS penetration 224 (33.6 g, 160.76 mmol) in acetonitrile (330 mL) was added
and receptor occupancy, and excellent oral bioavailability. It dibromodimethylhydantoin (1.5 equiv, 68.85 g, 240.5 mmol). The
will be interesting to see how these subtype selective compoundsmixture was cooled to 4C, and concentrated sulfuric acid (51.9
perform, not only with regard to the sedative, myorelaxant, mL, 6 equiv, 95.4 g, 0.974 mol) was added slowly with efficient
memory impairment, and anxiolytic properties associated with stirring to maintain the internal temperature below 20. On
current clinically utilized unselective agents, but also whether completion of addition, the cooling bath was removed and the
they offer advantage in reducing such liabilities as potential to Mixture stirred a further 10 min at RT. The vessel was then
induce tolerance and dependence, abuse liability, and potentia-gta‘ggfoeérfeodr tzoﬁ Fl)vlr(ce)fs]fz:etgeog(?lsfehntabvissmi;hs‘,etrriglﬁiiﬁthreeagﬁge g
:'r?: mghofgzggolh-!;?%sze |?§£zgugg\?o?(;e@vl\le;ﬁg:§§&?ine)ézmme pressure, the residue diluted with water, and 4 N ag NaOH (310

) ° . . et mL) added, and the mixture extracted with isohexane. The organic
effective treatments for anxiety disorders with fewer debilitating phase was washed with water, separated, dried (MpSiered,
side effects; hopefully this will lead to more effective treatments and evaporated and the residue chromatographed on silica, eluent
for a range of anxiety conditions. Furthermore, a comparison 45% CHCI, in isohexane, to giv@3a as a white solid (32.34 g,
of 14 with 15 may permit an examination of the role ob 111.9 mmol, 70%)d6" (500 MHz, CDC}): 7.07 (1 H, t,J=9.2
subtypes in the memory and cognitive impairment liabilities, Hz), 7.33 (1 H, ddd) = 2.4,7.7, 8.9 Hz), 7.55 (1L H, ddd,= 2.7,
while the remarkably selectivé6 affords the opportunity of ~ 4.7,8.9Hz), 7.72 (1 H, dd| = 2.6, 6.2 Hz), 8.47 (1 H, d] = 2.4
examining the pharmacology of the3 subtype in isolation. ~ H2); Mz (ESt) 288/290 (MH). o
Together these compounds are useful tools for advancing_ [3-(35-Difluoropyridin-2-yl)-4-fluorophenyljboronic Acid (24a).
understanding of how subtly GABA fulfils its role as the major 1 2 solution of23a (31.34 g, 108.4 mmol) and bis(neopentyl-

inhibit t itter i host of | path . glycolato)diboron (29.6 g, 131 mmol) in dry dioxane (230 mL)
Ir?lahln?fgxl/ianneltj):gi:lansml érin a host of neuronal pathways In ;45 added potassium acetate (6.13 g, 230.4 mmol), and the mixture

was degassed for 1 h. Dichloro[1}His(diphenylphosphino)fer-
rocene]palladium(ll) DCM adduct (2.02 g, 2.5 mmol) was added

Experimental Section and the mixture degassed for a further 15 min and then heated at

Experimental Details for Biological Assays.Detailed experi- 80 °C for 24 h. The reaction was cooled to ambient temperature, 1
mental protocols for the in vitro and in vivo experiments have been M aq NaOH (1060 mL) was added, and the mixture was stirred at
published in ref 3 and references therein. RT for 1 h inair. Ethyl acetate in isohexane (30%) (250 mL) was

General Chemical Experimental Details*H NMR spectra were added, the mixture was stirred a further 10 min, and then the phases
recorded on Bruker AMX500 or DPX400 spectrometers. Chemical were separated. The aqueous layer was washed with 30% ethyl
shifts are reported in parts per milliom)( downfield from acetate in isohexane, and the combined organics were washed with
tetramethylsilane as internal standard and coupling constants inwater (200 mL). The combined aqueous layers were filtered through
hertz. Melting points were determined on a Leica Galen IIl hot a fine filter paper and then taken to pH 4 by addition of 10 N aq
stage apparatus and are uncorrected. Mass spectra were recordddCl (~108 mL). The mixture was allowed to get warm during the
on a Waters Micromass ZMD2000 or Micromass ZQ instrument acidification and was stirred at 4C for 0.5 h to complete boronate
operating in electrospray (ES) mode, as indicated. (Note that only hydrolysis. The mixture was then aged at RT 2oh and the solid
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collected by filtration, washed with water, and then dried in vacuo was thoroughly degassed. Dichloro[this(diphenylphosphino)-
at 65°C to afford24aas a white solid (26.5 g, 105 mmol, 97%). ferrocene]palladium(ll) DCM adduct (0.416 g, 0.515 mmol) was
oM (500 MHz, DMSOs¢g): 7.33 (1 H, ddJ = 8.5, 10.5 Hz), 7.97 added and the mixture degassed and then heated’& 81 18 h

(1 H, m), 8.01 (1 H, ddJ = 1.5, 7.8 Hz), 8.10 (1 H, m), 8.20 (2  under N.. The reaction was cooled to RT M agNaOH (210 mL)

H, s), 8.70 (1 H, dJ = 2.3 Hz); /z (ESt+) 254 (MH"). was added, and the mixture was stirred at RT for 0.5 h in air. Diethyl
5-[3-(3,5-Difluoropyridin-2-yl)-4-fluorophenyl]-2 H-pyridazin- ether (120 mL) was added, the mixture was stirred a further 10
3-one (25a)To 24a(26.5 g, 105 mmol), 5-chloropyridazin-3{2- min, and then the phases were separated. The aqueous layer was

oné (16.6 g, 127 mmol), and dioxane (500 mL) was added 2 M filtered through a fine filter paper and then taken to pH 4 by addition
aqueous sodium carbonate (140 mL). The mixture was degassedf 2 N aq HCI (~117 mL). The mixture was allowed to get warm
by vacuum/N cycles, and then dichloro[1;bis(diphenylphosphi- during the acidification and was stirred at 48 for 0.5 h to
no)ferrocene]palladium (II) DCM adduct (3.0 g, 3.69 mmol) was complete boronate hydrolysis. The mixture was then aged at RT
added and the mixture heated at & for 22 h under N Water for 2 h, and the solid was collected by filtration, washed with water,
(500 mL) was added while still hot and the mixture stirred with and then dried in vacuo at 6@ to afford24b as a cream solid
cooling in an ice bath at 4C for 0.75 h. The solid was collected (5.0 g, 94%).0" (500 MHz, DMSO¢g): 7.32 (1 H, dd,J = 8.4,

by filtration washed with water until filtrate colorless, air-dried, 10.5 Hz), 7.58 (1 H, m), 7.87 (1 H, m), 7.97 (1 H, m), 8.05 (1 H,
and then washed with isohexane. The filter cake was dried in vacuodd,J = 1.5, 7.9 Hz), 8.20 (2 H, s), 8.59 (1 H, m)yz (ES+) 236

at 60°C to give 25a a white solid (26.6 g, 83%)" (500 MHz, (MH™).

DMSO-dg): 7.17 (1 H, s), 7.55 (1 H, ] = 9.5 Hz), 8.03 (2 H, m), 5-[3-(3-Fluoropyridin-2-yl)-4-fluorophenyl]-2 H-pyridazin-3-

8.16 (1 H,tJ=8.3Hz),832(1H,s),872(1H,s),13.14 (1L H, one (25h).To24b (5.0 g, 21.15 mmol), 5-chloropyridazin-342-

br s). oné (3.54 g, 27.08 mmol), and dioxane (88 mL) was added 2 M
3-Chloro-5-[3-(3,5-difluoropyridin-2-yl)-4-fluorophenyl]py- aqueous sodium carbonate (41 mL). The mixture was degassed by

ridazine (26a).To phosphorus oxychloride (300 mL) preheated at vacuum/N cycles, and then dichloro[1;bis(diphenylphosphino)-
70—-80 °C was added?5a (13 g, 45.6 mmol) portionwise with  ferrocene]palladium (Il) DCM adduct (1.0 g, 1.23 mmol) was added
stirring, and the solution was heated for 0.5 h after becoming and the mixture heated at 8& for 20 h under M Most of the
homogeneous. Excess phosphorus oxychloride was stripped alioxane was stripped at reduced pressure, water (150 mL) was
reduced pressure and the residue azeotroped with toluene. The darkdded, and the mixture was stirred at 8D for 0.5 h and then
oil was treated with ice (300 g) with external ice cooling. The allowed to stand at RT for 2 h. The solid was collected by filtration
mixture was adjusted to pH 6 with saturated NaHG®6lution and washed with water, cold ethanol, and then diethyl ether. The filter
extracted with EtOAc (2 300 mL). The combined organics were cake was dried in vacuo at 8C to give25b, a white solid (5.078
dried (MgSQ), filtered, and evaporated to give a beige solid, which g, 84%).6" (500 MHz, DMSO¢g): 7.19 (1 H, s), 7.54 (1 H,
was recrystallized from hot EtOAc/isohexane (14.4 g, 988%). =09.2Hz),7.62 (1 H, m),7.92 (1 H,§=09.0Hz), 8.04 (2 H, m),
(500 MHz, DMSO#dg): 7.62 (1 H, t,J = 9.2 Hz), 8.2 (3H, m),  8.33 (1 H, dJ=1.9 Hz), 8.62 (1 H, dJ = 4.3 Hz), 13.14 (1 H,
8.35(1H,dJ=19Hz),874 (LH,d)=2.1Hz),9.72 (1 H,d, s);mz(ESt) 286 (MH).
J = 1.8 Hz);m/z (ES+) 322/324 (MH). 3-Chloro-5-[3-(3-fluoropyridin-2-yl)-4-fluorophenyl]py-
3-Fluoro-2-(2-fluorophenyl)pyridine (22b). 2-Fluorobenzenebo-  ridazine (26b). To phosphorus oxychloride (100 mL) preheated at
ronic acid (5.32 g, 38 mmol), 2-chloro-3-fluoropyridine (5.0 g, 38 70—80°C was adde@5b (5.078 g, 17.81 mmol) portionwise with
mmol), dry THF (100 mL), potassium fluoride (11.2 g, 0.193 mol), stirring, and the solution was heated for 0.5 h after becoming
and water (3.0 mL) were combined, and the mixture was degassedhomogeneous. Excess phosphorus oxychloride was stripped at
by vacuum/N cycles. Tris(dibenzylideneacetone)dipalladium(0) reduced pressure and the residue azeotroped with toluene. The dark
(0.776 g, 0.852 mmol) and ttert-butylphosphine (4.90 mL of a  oil was treated with ice (100 g) with external ice cooling. The
0.33 M solution in hexanes, 1.6 mmol) were added. The reaction mixture was adjusted to pH 6 with saturated NaHG06lution and
was heated at 5%C for 24 h under nitrogen and then allowed to the resulting solid collected by filtration, washed with water, and
cool to ambient temperature. The organic phase was decanted andhen dried in vacuo at 6TC (4.66 g, 86%)d" (500 MHz, DMSO-
residue rinsed with ethyl acetate. The combined organics wereds): 7.63 (2 H, m), 7.94 (1 H, m), 8.22 (1 H, m), 8.26 (1 H, dd,
evaporated, and the residue was chromatographed on silica, eluent 2.4, 6.7 Hz), 8.36 (1 H, d) = 1.9 Hz), 8.63 (1 H, m), 9.73 (1
CHCl,, to give22b as a yellow oil (6.26 g, 86%)" (500 MHz, H, d, J = 1.9 Hz); m/z (ESt+) 304/306 (MH").

CDCl): 7.18 (1 H,tJ=9.1Hz), 7.28 (1 H,t)J=7.6 Hz), 7.34 Representative Suzuki Coupling. 5-[3-(3,5-Difluoropyridin-

(A H,m), 744 (1 H, m), 750 (1L H,0=88Hz),7.61(1H,tJ 2-yl)-4-fluorophenyl]-3-(2-fluorophenyl)pyridazine (8). To 26a

= 7.2 Hz), 8.54 (1 H, s)m/z (ES+) 192 (MH"). (0.2 g, 0.62 mmol) and 2-fluorophenylboronic acid (0.131 g, 0.93
2-(5-Bromo-2-fluorophenyl)-3-fluoropyridine (23b). To 22b mmol) in dioxane (3 mL) was added sodium carbonate solution (2

(6.26 g, 32.79 mmol) in acetonitrile (67 mL) was added dibro- N, 1 mL) followed by tetrakistriphenylphosphinepalladium(0) (36

modimethylhydantoin (1.5 equiv, 14.04 g, 49 mmol). The mixture mg; 31umol), and the mixture was heated at 180D in a Smith

was cooled to £C, and concentrated sulfuric acid (10.58 mL, 6 microwave reactor for 600 s. The reaction was diluted with dioxane

equiv, 0.198 mol) was added slowly with efficient stirring to (20 mL), separated, and evaporated onto silica gel. The crude

maintain the internal temperature below 0. On completion of product was chromatographed on silica eluting on a gradient with

addition, the cooling bath was removed and the mixture stirred a 50% to 100% ethyl acetate in isohexane to gdvas a white solid

further 10 min at RT. The vessel was then transferred to a preheated 149 mg, 63% yield)oH (500 MHz,CDC}): 7.20-7.24 (1 H, m),

oil bath at 55°C and the mixture heated at 86 for 2 h. Most of 7.34-7.41 (3 H, m), 7.47#7.53 (1 H, m), 7.86-7.84 (1 H, m),

the solvent was then stripped at reduced pressure and the residu€.96 (1 H, ddJ = 2.3, 6.7 Hz), 8.13 (1 H, tJ = 2.0 Hz), 8.19-

neutralized by additionfo4 N aqNaOH (65 mL) with cooling in 8.24 (1 H, m), 852 (1 H,d)=23Hz), 944 (1H,d)J=20

an ice water bath. The product was extracted with ethyl acetate, Hz); m/z (ESt+) 382 (MH'). Acc Mass (GiH1iF4N3) requires:

the organic phase was washed with water, separated, dried ())gSO 382.0962, found: 382.0950 Da.

filtered, and evaporated, and the residue was chromatographed on 5-[3-(3,5-Difluoropyridin-2-yl)-4-fluorophenyl]-3-(4-fluorophe-

silica, eluent 50% CKCl, in isohexane to giv@3bas a white solid nyl)pyridazine (6). Prepared in the same manner8&By Suzuki

(6.12 g, 69%) 0" (500 MHz, CDC}): 7.08 (1 H, t,J = 9.1 Hz), reaction.o™ (500 MHz, CDC}): 7.42 (2 H,tJ=9.0 Hz), 7.62 (1

7.37 (1 H, m), 753 (2H, m), 7.76 (1 H, dd~= 2.5, 6.2 Hz), 8.55 H, dd,J = 8.6, 0.8 Hz), 8.178.22 (1 H, m), 8.278.39 (4 H, m),

(1 H,dt,J= 14, 4.6 Hz);m/z (ESt) 270/272 (MH"). 8.55(1H,dJ=2.3Hz),875(1H,d)=23Hz),9.66 (1H,d,
[3-(3-Fluoropyridin-2-yl)-4-fluorophenyl]boronic Acid (24b). J= 2.3 Hz);m/z (ESt) 382 (MHT). Anal. (G1H11F4N3. 0.5(H:0))

To a solution of23b (6.12 g, 22.58 mmol), and bis(neopentylgly- C, H, N.

colato)diboron (6.17 g, 27.3 mmol) in dry dioxane (50 mL) was 5-[4-Fluoro-3-(3-fluoropyridin-2-yl)phenyl]-3-(2-fluorophenyl)-

added potassium acetate (4.70 g, 176.6 mmol), and the mixturepyridazine (7). Prepared in the same manner &wia Suzuki
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reaction.ot (500 MHz, CDC}): 7.41-7.46 (2 H, m), 7.53-7.66
(3 H, m), 7.9%8.02 (2 H, m), 8.26:8.27 (2 H, m), 8.37 (1 H, t,
J=2.0Hz), 8.63-8.64 (1 H, m), 9.72 (1 H, dJ = 2.3 Hz);m/z
(ES+) 364 (MH"). Acc Mass (GiH1,F3N3) requires: 364.1062,
found: 364.1060 Da.
3-(2,4-Difluorophenyl)-5-[3-(3,5-difluoropyridin-2-yl)-4-fluo-
rophenyl]pyridazine (9). Prepared in the same manner &by
Suzuki reactiondt (400 MHz, CDC}): 6.96-7.02 (1H, m), 7.08
7.13 (1H, m), 7.36:7.42 (2H, m), 7.79-7.83 (1H, m), 7.95 (1H,
dd,J = 2.3, 6.3 Hz), 8.09 (1H, = 2.2 Hz), 8.23-8.29 (1H, m),
8.52 (1H, d,J = 2.3 Hz), 9.44 (1H, dJ = 2.3 Hz);m/z (ES+) 400
(MH™). Anal. (GaHioFsNs. 0.4(H0)) C, H, N.
Representative Reverse Stille Coupling. 3-(2,6-Difluorophe-
nyl)-5-[4-fluoro-3-(3-fluoropyridin-2-yl)-phenyl]pyridazine (10).
To a degassed mixture 86b (0.25 g, 0.82 mmol), hexamethylditin
(0.323 g, 0.98 mmol), and lithium chloride (0.1024 g, 2.46 mmol)
in 1,4-dioxane (12 mL) was added tetrakis(triphenylphosphine)-

Lewis et al.

d,J=2.2Hz),864 (1H,brdJ=4.6Hz),876(1H,dJ=2.1
Hz), 9.80 (1 H, d,J = 2.2 Hz); m/z (ESt+) 383 (MH"). Anal.
(CaoH1gFaN4. 0.45(H0O)) C, H, N.
5-[3-(3,5-Difluoropyridin-2-yl)-4-fluorophenyl]-3-(2,4,6-tri-
fluorophenyl)pyridazine (17). Prepared by the same method as
10. 6% (500 MHz, CDC}) 6.86 (2 H, t,J = 8.2 Hz), 7.34-7.41 (2
H, m), 7.81 (2 H, tJ = 6.4 Hz), 7.94 (1 H, ddJ = 2.2, 6.4 Hz),
8.51 (1 H, d,J = 2.2 Hz), 9.479.57 (1 H, m).;m/z (ES") 418
(MH+) Anal. (CZ]_HQFGNS. 04(Hzo)) C, H, N.
5-[4-Fluoro-3-(3-fluoropyridin-2-yl)-phenyl]-3-(3-fluoropyri-
din-2-yl)pyridazine (18). Prepared in the same mannerlakby
Stille proceedure:6" (400 MHz, CDC}) 7.35-7.48 (3 H, m),
7.55-7.61 (1 H, m), 7.637.68 (1 H, m), 7.847.89 (1 H, m),
8.05 (1 H, ddJ =3, 7 Hz), 8.41 (1 H, dJ = 2 Hz), 8.58-8.62
(2 H, m), 9.54 (1 H, dJ = 2 Hz); m/z (ES") 365 (MH"). Acc
Mass. GoH11F3sN,4 requires: 365.1014, found: 365.0993 Da.
5-[3-(3,5-Difluoropyridin-2-yl)-4-fluorophenyl]-3-(3-fluoropy-

palladium(0) (0.048 g, 0.041 mmol), and the mixture was heated ridin-2-yl)pyridazine (19). Prepared in the same mannerldsy
at 100°C for 3 h. Mass spectroscopy showed formation of stannane Stille proceedure:6" (500 MHz, CDC}) 7.36-7.41 (2 H, m),

36. 1-Bromo-2,6-difluorobenzene (0.3177 g, 0.187 mL, 1.65 mmol)
was added, followed by tetrakis(triphenylphosphine) palladium(0)
(0.01 g, 0.0082 mmol), and the mixture was heated at°®eor

7.46-7.49 (1 H, m), 7.66 (1 H, tJ = 10 Hz), 7.85-7.89 (1 H,
m), 8.01 (1L H, ddJ = 2, 7 Hz), 8.41 (1 H, s), 8.52 (1 H, s), 8.61
(1 H, d,J =4 Hz), 9.53 (1 H, s)m/z (ES") 383 (MH*). Anal.

6 h. The reaction was cooled to RT, filtered, and evaporated, and (C,gH10FsN4) C, H, N.

the crude product was chromatographed on silica, eluent 4%

methanot-CH,Cl,, to give 10 which was recrystallized from ethyl
acetate/isohexane as a white solid (42 mg, 1498)(400 MHz,
CDCly) 7.05-7.12 (2 H, m), 7.327.59 (4 H, m), 7.797.85 (2
H, m), 8.00 (1 H, dd,J = 2.5, 6.5 Hz), 8.588.60 (1 H, m), 9.51
(1 H, d,J = 2.3 Hz);m/z (ES+) 382 (MH"). Anal. (GH11F4Na.
0.5(H0)) C, H, N.

Representative Stille Coupling. 5-[4-Fluoro-3-(3,5-difluoro-
pyridin-2-yl)-phenyl]-3-(3,5-difluoropyridin-4-yl)pyridazine (14).
To 26a(0.2 g; 0.62 mmol) and 3,5-difluoro-4-trimethylstannylpy-
ridine (0.35 g, 1.26 mmol) in dioxane (3 mL) were added copper-
() iodide (6 mg, 0.03 mmol) and lithium chloride (0.026 g, 0.62
mmol) followed by tetrakis(triphenylphosphine)palladium(0) (71
mg, 62umol), and the mixture was heated at 1@for 18 h. The
reaction was diluted with DCM (20 mL) and the organic layer
separated, dried over MgQCfiltered, and evaporated. Chroma-

Representative Negishi Coupling. 5-[4-Fluoro-3-(3,5-difluo-
ropyridin-2-yl)-phenyl]-3-(3,5-difluoropyridin-2-yl)pyridazine (16).
To a stirred solution of TMEDA (7.04 g; 60.6 mmol) in dry diethyl
ether (120 mL) at—78 °C under a N atmosphere was added
n-butyllithium (58.6 mmol; 23.5 mL of 2.5 M in hexanes), and the
mixture was stirred for 15 mir80(10.59 g, 56.57 mmol) was then
added dropwise over 10 min and then the reaction aged for 1.5 h.
Zinc chloride (61 mmol, 61 mLfol M in diethyl ether) was added
over 15 min and the mixture stirred at78 °C for 1 h and then
allowed to warm to—10 °C to afford 33. The chloropyridazine
26a (13.00 g, 40.41 mmol) was added as a solid, followed by
dichloro[1,1-bis(diphenylphosphino)ferrocene]palladium(ll) DCM
adduct (1.32 g, 1.62 mmol) and dry THF (150 mL). The mixture
was then heated at reflux for 6 h. The reaction was concentrated to
half volume, DMA (15 mL) was added, followed by KF (5.0 g, 86
mmol), and the reaction was heated at°@for 1 h tocomplete

tography on silica eluted with 7% ethyl acetate in isohexane gave desilylation. On cooling, the reaction was treated with water (500

14 as a white solid (115 mg, 46% yield). Crystallized from hot
ethyl acetate. Mp 199201 °C. 6" (500 MHz, DMSO¢g): 7.65
(1 H, m), 8.16 (1 H, dddJ = 2.4, 9, 9 Hz), 8.248.26 (2 H, m),
853 (1 H,brs), 874 (1H,d =22Hz),881(2H,s),9.87 (1
H, d,J = 2.3 Hz);m/z (ESt+) 401 (MH"). Anal. (CoHgFsNy4) C,
H, N.
5-[4-Fluoro-3-(3-fluoropyridin-2-yl)-phenyl]-3-(3-fluoropyri-
din-4-yl)pyridazine (11). Prepared in the same mannerlasby
Stille procedure:é (500 MHz, CDC}) 7.42 (2 H, m), 7.58 (1 H,
t,J=8.9 Hz), 7.83 (1 H, m), 8.01 (1 H, dd,= 2.4, 6.5 Hz), 8.22
(2 H, m), 8.60 (1 H, m), 8.64 (1L H,d= 5 Hz), 8.67 (1H, dJ =
2 Hz), 9.54 (1 H, dJ = 2.0 Hz); m/z (ESt+) 365 (MH"). Acc
Mass (GoH11F3Ny) requires: 365.0951, found: 365.0945 Da.
5-[3-(3,5-Difluoropyridin-2-yl)-4-fluorophenyl]-3-(3-fluoropy-
ridin-4-yl)pyridazine (12). Prepared in the same mannerlddy
Stille procedure:dH (400 MHz, CDC}) 7.36-7.44 (2 H, m), 7.8%+
7.85 (1 H, m), 7.97 (1 H, dd) = 2, 7 Hz), 8.218.24 (2 H, m),
852 (1 H,dJ=2Hz),8648.68(2H, m),953(1H,d=2
Hz); m/z (ES") 383 (MH"). Acc Mass (GoH10FsN4) requires:
383.0914, found: 383.0960 Da.
3-(3,5-Difluoropyridin-4-yl)-5-[4-fluoro-3-(3-fluoropyridin-2-
yl)phenyl]pyridazine (13). Prepared in the same mannerldsy
Stille procedure. Crystallized from hot 2-propanol by addition of
water: 6" (500 MHz, DMSO¢g) 7.62—7.66 (2 H, m), 7.94 (1 H,
brt,J=9.2 Hz), 8.23-8.27 (2 H, m), 8.54 (1 H, brs), 8.63 (1 H,
brd,J=4.5Hz), 880 (2H,s),988(1H, d=22Hz);mz
(ES"‘) 383 (MH+) Anal. (C20H10F4N4) C, H, N.
5-[4-Fluoro-3-(3-fluoropyridin-2-yl)-phenyl]-3-(3,5-difluoro-
pyridin-2-yl)pyridazine (15). Prepared in the same mannerlds
by Stille procedured” (500 MHz, DMSQO¢s) 7.60-7.66 (2 H,
m), 7.93 (1 H, br tJ = 9.2 Hz), 8.218.25 (3 H, m), 8.48 (1 H,

mL) containing EDTA (100 g) and NaOH (35 g), and the mixture
was vigorously stirred for 0.5 h and then extracted with,CH (2
x 500 mL). The organic phase was separated, washed with water,
dried (MgSQ) filtered, and evaporated onto silica. Chromatography
on silica, gradient eluent Gi&l, to 40% ethyl acetate in Ci€l,,
gavel6, which was dissolved in hot methanol (700 mL) and then
boiled with activated charcoal (5 g) for 1 h. The mixture was filtered
hot through GF/A filter paper, and the filtrate was concentrated to
100 mL and then allowed to stand at RT. The solid was collected
by filtration and dried in vacuo, to affortié as a pale yellow solid
(9.0 g, 56%).0" (500 MHz, DMSO¢g): 7.61-7.65 (1 H, m),
8.16-8.24 (4 H, m), 8.48 (1 H, s), 8.75 (2 H, d,= 12.2 Hz),
9.79 (1 H, s).m/z (ES+) 401 (MH'). Anal. (GoHoFsN4. 0.5(H0))

, H, N.

3,5-Difluoro-4-trimethylstannanylpyridine (29). To a solution
of N,N,N,N'-tetramethylethylenediamine (3.85 g, 5 mL, 33.13
mmol) in dry ether (100 mL) at-78 °C was addea-butyllithium
(10.0 mL, 25 mmol, 2.5 M in hexanes), and the mixture was stirred
at —35°C for 1 h and then cooled t&78 °C. A solution of 3,5-
difluoropyridine 27 (2.63 g, 22.8 mmol) in dry ether (8 mL) was
added and the mixture stirred for 2 h. Trimethyltin chloride (25
mL, 25 mmo| 1 M solution in hexane) was added and the mixture
stirred at—78 °C for 1 h and allowed to warm to RT. The reaction
was then cooled te-78 °C and quenched by the addition of water
(5 mL). After being warmed to RT, the organic phase was separated,
dried (MgSQ), filtered, and evaporated. The crude product was
purified by dry flash chromatography on silica eluted with 10%
ethyl acetate in isohexane, to gi28 as a yellow oil (1.67 g, 26%).
oH (400 MHz, CDC}) 8.22 (2 H, s), 0.48 (9 H, s).

3,5-Difluoro-4-trimethylsilanylpyridine (30). A solution of
n-butyllithium (250 mmol, 100 mL of 2.5 M in hexanes) was added
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via a cannula to a solution of TMEDA (34.57 g, 297.5 mmol) in
diethyl ether (400 mL) at-78 °C, and the solution was stirred for
0.5 h. A solution of 3,5-difluoropyridine (27.39 g, 238 mmol) in

diethyl ether (100 mL) was then added via a cannula, and the

resulting mixture was stirred at78 °C for 2 h, before adding
chlorotrimethylsilane (33 mL, 262 mmol) The solution stirred for

0.5 h and then allowed to warm to RT over 2 h. The reaction was
guenched into water (500 mL), and the organic phase was separated,

washed with 10% aqueous citric acid, water, dried (MgS@nd
evaporated. The residue was distilled at reduced pressure to give “
30 as a colorless oil (bp 62C @ 5 mbar), (30 g, 67%nH (400
MHz, CDClk) 8.24 (2 H, s), 0.41 (9 H).
3,5-Difluoro-4-trimethylsilanyl-2-trimethylstannanylpyri-
dine (32).To a solution of 3,5-difluoropyridine (3.0 g, 26.01 mmol)
in diethyl ether (100 mL) at-78 °C was added lithium diisopro-
pylamide (13.7 mL, 27.4 mmpR M solution in THF), and the
solution was stirred for 0.5 h. Chlorotrimethylsilane (2.95 g, 3.47

mL, 27.15 mmol) was added and the solution stirred for 0.5 h and

then allowed to warm to RT and stirred for 1 h. The solution was
then cooled to-78 °C, a solution of lithium diisoproylamide (13.7
mL, 27.4 mmo) 2 M solution in THF) was added, and the solution
was stirred for 0.5 h. Trimethyltin chloride (28.7 mL, 28.7 mmol,

1 M in hexanes) was added and the solution stirred for 0.5 h and

then allowed to warm to RT over 18 h. The mixture was diluted
with isohexane (100 mL) and poured into water (200 mL). The
organic phase was washed with waters{(200 mL) and then dried

over MgSQ, filtered, and evaporated to give an orange oil.

Purification by distillation at reduced pressure gave a pale yellow

oil (7.4 g, 81%; bp 110°C 1.3 mmHg).o" (400 MHz, CDC})
8.42 (1 H,s),039(9H,s),038(9H,s).
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