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2-Chloro-5-bromopyridine was immobilized on polystyrene via selective introduction of a traceless silicon
linker at the C-4 position. A useful scaffold was thus obtained, as demonstrated by efficient and selective
reactions with polar and transition organometallic reagents, opening a new access to pyridine-based libraries

of synthons and chromophores.

The need for acceleration of drug and material discovery

has urged chemists to design fast and efficient processes to

obtain highly diversely functionalized compounds. In this
context, the solid-phase modification of immobilized scaf-
folds has emerged as a powerful methodology for the
automated production of small molecule librafiéginctional
pyridines are important compounds involved in many ap-
plication fields. Although pyridine libraries have been
prepared in solutiod,only a few examples have been
reported on the solid phageyhich may be due to a lack of
selective methodologies for the clean binding and the
traceless cleavage of the sensitive pyridine units. 2,5-
Disubstituted pyridines are of particular interest due to their
applications in the pharmaceutitand nonlinear optiés
fields. As a potential starting scaffold, 2-chloro-5-bromopy-
ridine displays numerous reactive sites for diversity introduc-
tion via a wide range of chemical transformations, such as
metal-halogen exchanges, ortholithiations, organometallic
couplings, or KAr (Figure 1)® Moreover, the G-Br and

the C-Cl bonds could be expected to react differently toward
nucleophiles or under metal catalysis. Thus, we decided to
study the reactivity of such a valuable potent scaffold for
the preparation of functional pyridine libraries, and we
focused our attention on polystyrene-bound 2-chloro-5-
bromopyridineB (Figure 1).
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Figure 1. Potential reactive sites in immobilized 2-chloro-5-
bromopyridine.

We opted for a silicon-based traceless linksince it was
known to be stable under a wide range of conditions and

*To whom correspondence should be addressed. E-mail:

Philippe.Gros@sor.uhp-nancy.fr.

10.1021/cc050054a CCC: $30.25

Scheme 1.Preparation of Chlorosilyl ResiA?
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a (i) AllyIMgCl (2.5 equiv), toluene, 60C, 12 h. (ii) RhCI(PP§)3 (0.4%),
Et:SiH; (2.5 equiv), N, r.t., 12 h. (iii) 1,3-Dichloro-5,5-dimethylhydantoin
(3 equiv), N, CH.ClIy, r.t., 1.5 h.
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Table 1. Selective Introduction of a Silyl Group at C-4 In

- SiEt,
P

CI” N
Br 1) lithiating agent
/||\/j/ THF, -78°C 2
cI” N - = SiEt,
2) CISiEt,, -78°C Br
| X
c” N7
3
lithiating
agent (equiv) t (min) 2a (%) 3 (%)
LTMP (3.2) 60 - 80
n-BuLi (1.2) 30 90
s-BuLi (1) 30 75
t-BuLi (1) 5 78

a|solated yields after column chromatographyhe reaction was
incomplete.© GC yield > 99%, loss of material upon isolation due
to partial instability.

easily cleaved with fluoride anions. In addition, the silicon
may act as a protecting group of the C-4 position of the
pyridine ring. Thus, the chlorosilyl resih was first prepared
using the procedure of Porco and #{Scheme 1). After
reaction of the Merrifield resin (2% DVB cross-linked) with
allylmagnesium chloride, rhodium-catalyzed hydrosilylation
with diethylsilane followed by chlorination with chlorohy-
dantoin gaveA in good yield®

Then, we had to prepare selectively the 4-lithio-2-chloro-
5-bromopyridine to introduce the silyl resin at C-4. Taking
into account the acidity of H-4, its deprotonation could
compete with the usual bromindithium exchange and lead
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Scheme 2.Preparation of ResiB Scheme 3. Attempted Sequential Ortholithiation &
Li Br Br SMe
Br i i :
= t-BuLi (1 equiv.) B I
| P e p s R | S 4 \N )_- / \N
cI N THF, -78°C, 5 min. P il coin
cI” TN
B Cl Cl
L 1)CISIPS Br . g
-78°C, 2h R i) MeS._ - Br H "'
Ry B S SN (CH L) s. = 7 N e | it |
| P 2)MeOH — iii) = =
c N THF(1/1) Sl{DMe}Et cl Cl N~ "SMe | N~ "SMe
5 equiv. B 5, traces 4h, 99%

' , , 2 (i) LDA (5 equiv) or LTMP (5 equiv),~78°C, THF, 3 h then MeSSM
Table 2. Reaction ofB with Polar Organometallic Reagents (4 egLiv),—gsi%u.l\zi)i)orSame a(s i.e?i:f;v%BAF' THE. enessHe

Br 1) RLi or RMgXx.

7\ THF [ B Scheme 4 Preparation Monoalkynylpyridinés
e
— 2) electrophile cl N FG,
. C then TBAF .
|||)
Entry  Reagent Electrophile  Product Purity after  Isolated

cleavage%®  yield%"

Cl
i BuLi .l | j w93 85 < :)——-———: </ \> Bu—’ / \> >—<: A \>
N e R T

N [ 6a, 74% 6b, 96% 6c, 78%
7 e 90 %0 a (i) BuLi (4equiv), —78°C, 3 h then HO (4 equiv),—78 °C to r.t. (ii)
Alkyne (2 equiv), 5% PdG[PPh),, 10% Cul, E4N (2 equiv), DMF reflux,
OH 12h. (iii) TBAF (4 equiv), THF, r.t.,, 4 h.

v

BuLi I, |

¥ BMgCl +BoCHO | 0 2 Scheme 5.Preparation of Aminopyridy! Alkyné’s

7a:NR,= N— 97%

| = Bl
s LDA  CCl 4 89 85
' o N el 7b:NR,=0 N— 82%

6 LDA  MeSSMe | j a9l 90 T2 NR= Mesl:, 7%
Cl N SMe
a Purity determined by GC/MS after cleavage from the support =
with TBAF (4 equiv) in THF fa 1 h and filtration through a pad i) C”M
of silica. ® Isolated yield after column chromatography (calculated — = 8a 89% Sy OH
from loading ofB). ¢ BuLi (4 equiv),—78°C, 3 h then electrophile iil) ' / }“ g T
(4 equiv),—78 °C. 9iPrMgCl (8 equiv), r.t. 8 h thent-BuCHO SN = .
(10 equiv).cLDA (6 equiv), —78 °C, 3 h then electrophile (8 OUNH il
equiv), —78 °C. N
8b, 77%
to silylation at C-4, so 2-chloro-5-bromopyridink was & (i) Pyrrolidine or morpholine or benzylamine (5 equiv), DMF, 1)

. s . overnight. (ii) Phenylacetylene (2 equiv) or 2-butynol (2 equiv) &ar
reacted with a range of lithium agents, and the medium was PACK(PPH), (5%), Cul (10%.). piperidine reflux. 24 h. (iil) TBAF (4 equiv),

guenched with CISigtto mimic further reaction withA THF, r.t,, 2 h.
(Table 1).

As shown, branched alkyllithiums gave the clean lithiation bromine-metal exchange and the ortholithiation (Table 2).
at C-4 instead of the classical brominlghium exchange. Clean reactions were obtained, and the substrate was
In addition, although 3.2 equiv of LTMP was necessary, a quantitatively metalated in each case. Bromttithium
stoichiometric amount of-BuLi promoted complete C-4  exchange afforded 2,5-disubstituted pyridines in high yield
silylation in a very short contact tinfeSuch reaction was  and purity using 4 equiv ofi-BuLi. The magnesation with
found to be the cleanest way for substrate immobilization, 'PrMgCl led to the expected pyridylcarbinol in high yield;
avoiding all competitive consumption of chlorosilyl moieties however, although the reaction could be conveniently run
during the grafting step. Thus, 4-lithio-2-chloro-5-bromopy- at room temperature, 8 equiv was required to complete the
ridines were first generated witiBuLi and reacted witlA, exchange. A high selectivity was obtained by reaction with
yielding the expected resiB. Residual chlorosilanes were LDA. As expected, the silane acted as a protecting group
consumed by methanolysis (Scheme 2). Elemental analysisfor the C-4 position, and lithiation occurred at the more acidic
(nitrogen content) indicated a loading of 1.4 mmol/g (70% and less hindered position, that is, alpha to nitrogen,
yield for four steps from Merrifield resin). The treatment of providing a clean source of 2,3,6-trisubstituted derivatives.
B with TBAF in THF yielded 2-chloro-5-bromopyriding We then investigated the abstraction of the residual H-3
quantitatively© proton, exploiting the orthodirecting power of the chlorine

Then we turned to the chemical modifications of the atom, so reaction of entry 6 was repeated, omitting the
immobilized scaffold. We first studied the reaction with cleavage step. After filtration, washing, and drying, the resin
lithium and magnesium reagents. We investigated the was subsequently reacted with LDA or with the more basic
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Table 3. Preparation of 2,5-Disubstituted Pyridines
PdCI,(PPh,),(10%)
Cul (20%) _ e /’_\\ |nR
Br R= ea) | W=
Y \N Et,N, DMF, reflux

9a-c

PdCL,(PPh,),(10%)

B Cl 2
N Cul (20%) Ar‘@m
=

ArSnBu, (5eq.)
or ArB(OH), (5eq.) 10-12
K,CO,, DMF, reflux

Entry  Reagents Product Purity after [Isolated
cleavage" yield%"
=—VPFh
14 Ph—— f\/_\/‘ — Ph 9a 91 65
=
OH
5 — Moot N = 9 87 76
i AY :/ iy
HO N OH
N= N N=
3¢ = 7N = N = 9¢ 88 71
— N\ /4 N —
4 PhSnBu; ph— N—ph 0 91 82
N=
5 2-PyrSnBu; 7 NN \_’, 1n 87 76
=N N= N

6 PhB(OH), ph@Ph 10 s8 64
-
~_B(OH),
7 @N * 7 N\ \ 12 89 69
Ph / N= Ph

a Purity determined by GC/MS after cleavage from the support with TBAF (4 equiv) in THE ffioand filtration through a pad of silica.
blsolated yield after column chromatography (calculated from loading)of

LTMP and quenched with MeSSMe (Scheme 3). Unfortu- the C-Br bond and use of Pd or Ni-catalysts, Bowas
nately, the expected tetrasubstituted prod8otvas only simply heated in DMF in the presence of an excess of the
detected in trace amount by GC/MS, a2l was obtained appropriate amine. After cleavage, the corresponding ami-
in 99% vyield, even using large excesses of base or extendechopyridines were obtained in excellent yields (Scheme 5).
reaction times. An explanation could be the steric hindrance Interestingly, reaction with benzylamine led to dimethy-
generated by the silyl group of the linker impeding the lamino pyridine7cinstead of the expected introduction of a
approach of the hindered lithiating agents. Indeed, a deu-benzylamino group. This could be explained by a prior
teration experiment with MeOD as electrophile did not reveal reaction of benzylamine with DMF leading to formation of
any detectable incorporation of deuteriunH(NMR), dimethylamine, which then reacted with the-Cl bond?!
indicating the absence of metalation. The available €&Br bond was then subjected to a

We next investigated the reactivity of the-Cl bond. We Sonogashira coupling to prepare a range of chromoplibres.
first examined the ability of the template to give 2-alky- The reaction was first attempted under classical Pd-catalyzed
nylpyridines. The C-Br bond which was necessary for the conditions in DMF with E{N as a base, and no coupling
immobilization step (Scheme 2) had to be first redudgd. was observed, so the reaction was performed using piperidine
was thus treated with-BuLi under the conditions of Table as solvent and base to avoid probable palladium complex-
2 (entry 1), followed by hydrolysis. An intermediate cleavage ation by immobilized aminopyridines. Under these condi-
revealed the quantitative reduction. The resin was thentions, clean couplings occurred, providida—c in high
submitted to a range of Sonogashira couplings, which overall yields and purities (9691%). This good result also
occurred quantitatively, leading to the expected compoundsrevealed the ability of piperidine to swell the polystyrene
6a—c in good yields (Scheme 4). resin, which is not usual for secondary amines.

Due to the numerous applications of aminopyridines, Then we examined the reactivity of €Cl and C-Br
especially in the pharmaceutical field, the ability of the bonds in Sonogashira, Suzuki, and Stille couplings. Explor-
starting scaffold to react with amines was examined. The atory experiments rapidly showed that both the bonds
C—Cl bond was found to be sufficiently electrophilic to react exhibited similar reactivity. Whatever the conditions used
selectively with amines, avoiding competitive reaction with to attempt monofunctionalization, a significant amount of



882 Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 6

disubstituted product (745%) was obtained in addition to

Pierrat et al.

resin (9.8 g) was obtained. IR (ci): 1639 (G=C), the

the two monosubstituted derivatives. We then decided to C—CI stretch at 1265 cmt from starting Merrifield resin
focus on the preparation of 2,5-disubstituted compounds by was absent.

using an excess of the coupling partner (5 equiv) (Table 3).

A dry 250-mL, three-necked flask was charged with 10 g

Under these conditions, the two halogens were SUbStitUted(ZO mmol) of dry olefin resin. The vessel was then purged
quantitatively, leading to the expected products in good yields with argon for 20 min, then toluene (200 mL) was added.

and purities.

Conclusion

We have demonstrated that 2-chloro-5-bromopyridine
immobilized on a Merrifield resin is a versatile scaffold,

especially for preparation of diverse pyridine-based com-

After 5 min of stirring and addition of RhCI(PRJ (74 mg,

0.4 mol %), EtSiH, (6.4 mL, 50.0 mmol) was introduced
dropwise via a syringe at room temperature. The mixture
was then stirred for 2 h, and the resin was filtered and washed
thrice with toluene, THF, and ED. The resin was then dried
under vacuum at room temperature to give the corresponding

pounds, such as polyhalogenated synthons and conjugatedvhite silane resin (10.6 g). IR (ct¥), 2100 (Si-H), 1229

chromophores, potentially active for nonlinear optics. Or-
ganometallic reagents were found to be efficient tools,
providing cleanly functional products in high yields and
purities. Taking into account an increasing demand for
polyfunctional pyridine libraries, many works still have to

(Si—C).

To 10 g of the silane resin (20 mmol) was added 1,3-
dichloro-5,5-dimethylhydantoin (12 g, 60 mmol) in 200 mL
of dry DCM under argon. The mixture was then stirred for
1.5 h at room temperatureN¢te The concentration of the

be carried out to design and investigate the reactivity of new chlorinating agent should be0.3 M. It is important to use

heterocyclic scaffolds on the solid phase.

Experimental Section

Procedure for the Selective C-4 Silylation of 1.A
solution of 2-chloro-5-bromopyriding (386 mg, 2 mmol)
in THF (6 mL) was cooled to-78 °C, andt-BuLi (1.17
mL, 2 mmol) was added dropwise under nitrogen. After 5
min at —78 °C, the brown solution was treated with a
solution of triethylchlorosilane (3 mmol, 0.55 mL) in THF
(4 mL). After 1 h at —78 °C, the reaction medium was
allowed to warm to room temperature and stirred for 1 h.
The mixture was finally hydrolyzed at @C with H,O (10

this concentration for the complete chlorination of the silane.)
The resin was then washed thrice with dry DCM (300 mL)
and dry THF (300 mL) under argon. The resin was then
immediately suspended in 200 mL of anhydrous THF and
cooled to—78 °C. A solution of 5 equiv of 2-chloro-5-
bromo-4-lithiopyridine (generated by treating 2-chloro-5-
bromopyridine (19.3 g, 100 mmol) with 1 equiv t6BuLi

(1.7 M in pentane, 58.8 mL) at78 °C for 5 min in 500
mL of THF was then transferred via a cannula. Afteh at
—78°C, the reaction mixture was allowed to warm to room
temperature for 12 h. The mixture was then cooled t€0
and treated dropwise with MeOH (200 mL). The resulting

mL). The aqueous layer was then extracted with ether, andmixture was then washed thrice with THF (200 mL), THF/

the organic layer was dried (MgQ)D After evaporation of

H,O (1:1) (200 mL), THF (200 mL), DCM (200 mL), and

the solvents under reduced pressure, the crude product wa&t0O (200 mL) and dried under vacuum for 12 h to give the

purified by column chromatography using hexane/AcOEt
(90:10) as eluents, yielding silarg (477 mg, 78%) as a
colorless oil.*H NMR (200 MHz, CDC}): 6 = 0.96 (bs, 15
H), 7.28 (s, 1H), 8.42 (s, 1H}3C NMR (50 MHz, CDC}):
0=24,6.9,126.3,131.4,149.8, 150.7, 150.2. GC/MS (El)
m/z (%): 278 (24.5), 276 (20.1), 250 (20), 248 (16), 224
(19.4), 222 (69), 220 (55.6), 168 (13.1), 140 (22.9), 109 (49),
104 (100), 77 (77.8), 63 (61), 53 (34). Anal. Calcd fqiki~
BrCINSi: C, 43.08; H, 5.59; N, 4.57. Found: C, 42.97; H,
5.48; N, 4.51.

Preparation of Resin B. A dry 250-mL, three-necked
flask was charged with 10 g of Merrifield resin (Merrifield’s
peptide resin, 2% cross-linked DVB, 2 mmol of Cl/g, 20
mmol) and purged with argon for 20 min. After introduction

brown pyridine containing resiB (13.85 g). Anal. Found:
C, 74.06; H, 7.42; N, 1.96 (1.4 mmol N /g, 70%).

General Procedure for Cleavage from ResinPolysty-
rene resin (750 mg, 1 mmol) was placed in a 10-mL, round-
bottom flask equipped with a magnetic stirrer, then TBAF
(4 mmol, 4 mL d a 1 M solution in THF) was added. The
reaction medium was stirredfd h atroom temperature,
and 10 mL of water was added to the mixture. The resin
was then filtered and washed with® (2 x 10 mL), THF
(2 x 10 mL), and E4O (2 x 10 mL). The filtrate was then
extracted with BO, and the organic layer was dried (MggO
and passed through a pad of silica. After evaporation of
solvents under reduced pressure, the crude product was
purified by column chromatography.

of anhydrous toluene (80 mL), the suspension was stirred General Procedure for Bromine—Lithium Exchange.

for 5 min to swell the resin. Allylmagnesium chloride (25
mL, 2.0 M in THF, 50 mmol) was then added slowly via a

A suspension of resiB (750 mg, 1 mmol) in anhydrous
THF (10 mL), under nitrogen, was cooled t6/8 °C, and

syringe, and the reaction mixture was stirred at room n-BuLi (1.6 mL, 2.5 M in hexane, 4 mmol) was added
temperature for 30 min. The suspension was then heated tadropwise. Afte 3 h atthis temperature, the solution was
60°C for 12 h, and the mixture was allowed to cool to room treated with a solution of the appropriate electrophile (4
temperature. The resin was then filtered, washed with THF mmol) in THF (10 mL). The reaction medium was then
(100 mL), and transferred into a reactor containing 120 mL allowed to warm to room temperature overnight, and the
of THF/1 N HCI (3:1). After heating to 48C for 12 h, the mixture was hydrolyzed at 0C with H,O (10 mL). The
resin was filtered and washed twice with THF, MeOH, and resin was then filtered and washed withGH(2 x 10 mL),
Et,O. After drying under vacuum for 12 h, the white olefin THF (2 x 10 mL), and EfO (2 x 10 mL) and dried under
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vacuum for 12 h. The cleavage and treatment described abovdor CsH,BrCl,N: C, 26.47; H, 0.89; N, 6.17. Found: C,
gave compoundg&b and2c. 26.52; H, 0.91; N, 6.13.

2,5-Dichloropyridine (2b).12 125 mg (85%), white solid, 3-Bromo-6-chloro-2-methylsulfanylpyridine (4b). 213
mp 59°C (lit.13 59—62 °C), eluent hexane/AcOEt (90:10). mg (90%), white gummy solid, eluent hexane/AcOEt (95:
IH NMR (200 MHz, CDC}): 6 = 7.29 (dd,J = 8 and 0.7 5). I1H NMR (200 MHz, CDC}): 6 = 2.56 (s, 3H), 6.9 (d,
Hz, 1H), 7.63 (ddJ = 8 and 2.5 Hz, 1H), 8.35 (d = 0.7 J = 8.2 Hz, 1H), 7.62 (d,) = 8.2 Hz, 1H).*3C NMR (50
Hz, 1H).23C NMR (50 MHz, CDC}): = 125.1, 132, 138.4, MHz, CDCk): 0 = 14.8, 117.2, 120.0, 141.2, 149.6, 158.5.
148.40, 148.42, 151.7. MS (Eljvz (%): 149 [M' + 1] MS (El); m/z (%): 239 [M'] (42), 237 (31), 160 (32), 158
(64), 147 [M" — 1] (100), 112 (77), 85 (13), 76 (35), 51 (100), 112 (17), 64 (10). Anal. Calcd forsBsBrCINS: C,

(9.8). 30.21;H, 2.11; N, 5.87; S, 13.44. Found: C, 29.92; H, 2.09;
2-Chloro-5-iodopyridine (2c¢)14 215 mg (90%), yellow N, 5.78; S, 13.41.
solid, mp 97°C, eluent hexane/AcOEt (90:10H NMR (200 Preparation of Monoalkynylpyridines 6a—c. The bro-

MHz, CDChk): 6 = 7.14 (dd,J = 8.5 and 0.7 Hz, 1H), 7.9  mine lithium exchange was performed on redh as
(dd, J = 9 and 2 Hz, 1H), 8.6 (dJ = 0.7 Hz, 1H).**C described above, except that® (10 mL) was added as
NMR (50 MHz, CDCE): 6 = 90.7, 126.1, 146.7, 150.9, electrophile. After the usual filtration and washings, the resin
155.6. MS (El);m/z (%): 240 [M" + 1] (5.3), 239 [M] was submitted to Sonogashira coupling as follows. A mixture
(100), 127 (19), 112 (75), 85 (37), 76 (53). of PACL(PPh), (35 mg, 0.05 mmol), Cul (19 mg, 0.1 mmol),
General Procedure for Bromine—Magnesium Ex- and E¢N (2 mL) in DMF (10 mL) was stirred under nitrogen.
change. A suspension of resiB (750 mg, 1 mmol) in  The resin(1 mmol) and the appropriate alkyne (2 mmol)
anhydrous THF (5 mL), under nitrogen, was cooled €0 were added to the mixture, which was then heated to reflux
and’PrMgCl (4 mL d a 2 M solution in THF, 8 mmol) was  for 24 h. The mixture was then cooled to room temperature,
added dropwise. The reaction medium was then allowed toand the resin was filtered and washed with J@H (2 x 10
warm to room temperature (6 h). The mixture was then ML), H,O (2 x 10 mL), THF (2x 10 mL), and EO (2 x
cooled to (°C and treated with-BUCHO (860 mg, 10 mmol) 10 mL) and dried under vacuum for 12 h. The cleavage and
and allowed to warm to room temperature overnight. The treatment described above gave compousaisc.
hydrolysis was realized with water (10 mL) at°C. The 2-Phenylethynylpyridine (6a)% 132 mg (74%), yellow
resin was then filtered and washed withGH(2 x 10 mL), solid, mp 34°C, eluent hexane/AcOEt (80:20H NMR (400
THF (2 x 10 mL), and E4O (2 x 10 mL) and dried under = MHz, CDCk): 6 = 7.24 (dd,J = 7 and 6 Hz, 1H), 7.37
vacuum for 12 h. Cleavage, treatment, and column chroma-7.38 (m, 3H), 7.53 (dJ = 8 Hz, 1H), 7.61 (ddJ = 6 and
tography (hexane/AcOEt (80:20) gagd®® (186 mg, 93%) 2 Hz, 2H), 7.68 (tdJ = 7.5 and 2 Hz, 1H), 8.62 (dl= 6
as a white solid, mp 125C (lit.16 122—123°C). *H NMR Hz, 1H). *C NMR (100 MHz, CDC}): 6 = 88.9, 89.6,
(200 MHz, CDC}): 6 = 0.91 (s, 9H), 4.43 (s, 1H), 7.28 (d, 122.6,123.1,127.6,128.7, 129.3, 132.4, 136.6, 143.7, 150.4.
J =8 Hz, 1H), 7.66 (ddJ = 8 and 2.4 Hz, 1H), 8.25 (d] MS (El); m/z (%): 180 [M* + 1] (12), 179 [M'] (100), 178
= 2.4 Hz, 1H).33C NMR (50 MHz, CDC}): 6 = 25.5,35.6,  [M* — 1] (34), 151 (10), 76 (17).

79.2, 123.3, 136.4, 137.9, 148.7, 152.2. MS (Efjz (%): 2-Hex-1-ynylpyridine (6b).” 152 mg (96%), yellow oil,
184 (1.5), 145 (30), 144 (19), 143 (100), 142 (44), 78 (19), eluent hexane/AcOEt (70:30)H NMR (400 MHz, CDC}):
57 (31). 6 =0.88 (t,J = 7.2 Hz, 3H), 1.46-1.59 (m, 4H), 2.38 (t,

General Procedure for Ortholithiation with LDA. A J=6.9 Hz, 2H), 7.14 (ddJ = 7.8 and 5 Hz, 1H), 7.34 (d,
solution of diisopropylamine (0.84 mL, 6 mmol) in THF (40 J= 7.8 Hz, 1H), 7.57 (td) = 7.8 and 5 Hz, 1H), 8.51 (d,
mL) was cooled to-40 °C, andn-BuLi (2.4 mL, 2.5 M in J = 7 Hz, 1H).*3C NMR (100 MHz, CDC}): § = 12.6,
hexane, 6 mmol) was added dropwise under nitrogen. Thel8.1, 21.1, 29.5, 79.6, 89.9, 121.3, 125.8, 135.0, 143.0, 148.8.
reaction medium was allowed to warm td°G, stirred for MS (El); mz (%): 159 [M*] (30), 158 [M" — 1] (38), 144
30 min, and then cooled te-78 °C. ResinB (750 mg, 1 (35), 130 (100), 117 (88), 89 (39), 78 (20), 51 (17).
mmol) was added slowly via a solid addition funnel, and  4-Pyridin-2-yl-but-3-yn-2-ol (6¢).*® 141 mg (78%), yel-
the dark mixture was stirred for 3 h. The reaction medium low oil, eluent AcOEt.'H NMR (400 MHz, CDC}): 6 =
was then treated at78 °C with the appropriate electrophile  1.57 (d,J = 6.6 Hz, 3H), 4.83 (qJ) = 6.5 Hz, 1H), 5.53 (s,

(8 mmol) in THF (10 mL), and the medium was allowed to 1H), 7.18 (ddJ = 6.8 and 5 Hz, 1H), 7.37 (dl = 7.8 Hz,

warm to room temperature (12 h). The hydrolysis was 1H), 7.61 (ddJ = 7.8 and 6.8 Hz, 1H), 8.52 (d,= 5 Hz,

realized at 0°C with H,O (40 mL). The resin was then 1H). 3C NMR (100 MHz, CDC}): 6 = 23.7, 57.6, 82.0,

filtered and washed with #D (2 x 10 mL), THF (2x 10 92.3, 112.7, 122.6, 126.8, 136.1, 142.5, 149.2.

mL) and EtO (2 x 10 mL) and dried under vacuum for 12 Preparation of Aminopyridylalkynes 8a—c. (a) Proce-

h. The cleavage and treatment described above gave comdure for Amination. The resinB (750 mg, 1 mmol) was

pounds4a and 4b. swelled in DMF (10 mL), and the appropriate amine (5
3-Bromo-2, 6-dichloropyridine (4a). 193 mg (85%), mmol) was added to the reaction medium, which was then

white gummy solid, eluent hexane/AcOEt (90:1%).NMR heated to reflux for 24 h. After cooling, resin was filtered

(200 MHz, CDC}): 6 = 7.30 (d,J = 8 Hz, 1H), 7.94 (d,] and washed with O (2 x 10 mL), THF (2x 10 mL), and

= 8 Hz, 1H).1*C NMR (50 MHz, CDC}): 6 = 118.9, 126.3, Et,O (2 x 10 mL) and dried under vacuum for 12 h. The

143.3, 150.1, 155.7. MS (El)vz (%): 382 (33), 380 (11), cleavage and treatment described above gave the aminopy-

303 (100), 301 (60), 222 (23), 151 (9), 75 (14). Anal. Calcd ridines6a—c.
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5-Bromo-2-pyrrolidin-1-yl-pyridine (7a). 1° 220 mg (97%),
white solid, mp 71°C, eluent hexane/AcOEt (90:10
NMR (200 MHz, CDC}): 6 = 2.00 (t,J = 6.4 Hz, 4H),
3.40 (t,J = 6.4 Hz, 4H), 6.25 (dJ = 9 Hz, 1H), 7.47 (dd,
J=9and 2.4 Hz, 1H), 8.15 (d} = 2.4 Hz, 1H).°C NMR
(50 MHz, CDC}): 6 = 25.9, 47.2, 105.8, 108.2, 139.5, 148.9,
156.1. MS (El);m/z (%): 228 [M' + 1] (38), 227 [M'] (13),
226 [MT — 1] (39), 199 (97), 197 (100), 158 (19), 118 (11),
78 (33), 70 (64), 51 (18).

5-Bromo-2-morpholin-1-yl-pyridine (7b).64 199 mg (82%),
yellow solid, mp 77°C, eluent hexane/AcOEt (80:20H
NMR (200 MHz, CDC}): 6 = 3.46 (t,J = 5 Hz, 4H), 3.81
(t, J =5 Hz, 4H), 6.53 (dJ = 9.1 Hz, 1H), 7.56 (ddJ =
9 and 2.4 Hz, 1H), 8.21 (d} = 2.3 Hz, 1H).:3C NMR (50
MHz, CDCk): 6 = 45.9, 66.9, 108.61, 108.64, 140.2, 148.9,
159.4. MS (El)m/z (%): 244 [M" + 1] (35), 243 [M"] (28),
242 [M* — 1] (37), 213 (51), 211 (50), 185 (45), 158 (97),
157 (100), 78 (63), 51 (22).

(5-Bromopyridin-2-yl)-dimethylamine (7c).?° 175 mg
(87%), yellow solid, mp 39°C (lit.?* 40—41 °C) eluent
hexane/AcOEt (90:10}H NMR (200 MHz, CDC}): 6 =
3.04 (s, 6H), 6.38 (dJ = 9.1 Hz, 1H), 7.46 (ddJ = 9.1
and 2.1 Hz, 1H), 8.15 (d] = 2.1 Hz, 1H).13C NMR (50
MHz, CDCL): 6 = 37.6, 105.4, 106.6, 138.8, 147.8, 157.3.
MS (El); m/z (%): 202 [M'] (54), 201 [M" — 1] (11), 187
(63), 185 (66), 173 (96), 171 (100), 158 (41), 119 (11), 78
(71), 51 (42).

(b) Procedure for Sonogashira Coupling of Immobi-
lized Aminopyridines. A mixture of PAC}(PPh), (35 mg,
0.05 mmol) and Cul (18 mg, 0.1 mmol) in piperidine (10

Pierrat et al.

(87), 152 (22), 89 (31), 76 (32). Anal. Calcd fornA:6
N2O: C, 77.25; H, 6.10; N, 10.60. Found: C, 75.59; H, 6.23;
N, 10.45.

2-(Dimethylamine)-pyridine-3-yl-but-2-yn-3-ol (8c).140
mg (74%), brown solid, mp 108C, eluent hexane/AcOEt
(70:30).*H NMR (200 MHz, CDC}): 6 = 1.53 (d,J=6.8
Hz, 3H), 3.08 (s, 6H), 4.74 (41 = 6.8 Hz, 1H), 6.42 (dJ
= 9 Hz, 1H), 7.43 (dd,) = 8.9 and 2.2 Hz, 1H), 8.28 (d,
= 2.2 HZ, 1H).13C NMR (50 MHz, CDC}): 6 = 24.3, 37.9,
58.2, 81.3, 91.6, 104.9, 106.3, 139.6, 150.8, 162.4. Anal.
Calcd for GiH14N2O: C, 69.45; H, 7.42; N, 14.72. Found:
C, 69.15; H, 7.12, N, 14.95.

General Procedure for One-Pot Preparation of Dialky-
nylpyridines 9a—c. A mixture of PAC}(PPh), (70 mg, 0.1
mmol), Cul (38 mg, 0.2 mmol), and &t (4 mL) in DMF
(20 mL) was stirred under nitrogen. The re8ir{750 mg, 1
mmol) and the appropriate alkyne (5 mmol) were added to
the mixture, which was then heated to reflux for 24 h. The
mixture was then cooled to room temperature, and the resin
was filtered and washed with NBH (2 x 10 mL), HO (2
x 10 mL), THF (2x 10 mL), and E£O (2 x 10 mL) and
dried under vacuum for 12 h. The cleavage and treatment
described above gave compouria—c.

2,5-Diphenylethynylpyridine (9a).181 mg (65%), yellow
solid, mp 157°C, eluent hexane/AcOEt (90:10H NMR
(400 MHz, CDC}): 6 = 7.36-7.40 (m, 6H), 7.5-7.63 (m,
5H), 7.79 (ddJ = 8 and 2 Hz, 1H), 8.76 (d] = 2 Hz, 1H).
3C NMR (100 MHz, CDC}): 6 = 87.0, 89.5, 92.2, 95.3,
120.4, 123.4,127.4,129.4, 129.5, 130, 130.2, 132.7, 133.1,
139.4, 142.9, 153.4. MS (EljiVz (%): 280 [M* + 1] (24),

mL) was stirred under nitrogen. The resin bearing aminopy- 279 [M*] (100), 250 (5.2), 126 (17), 76 (2.2). Anal. Calcd
ridine (1 mmol) and appropriate alkyne (2 mmol) were added for Cx:H1sN: C, 90.30; H, 4.69; N, 5.01. Found: C, 89.99;
to the suspension, which was heated to reflux for 24 h. The H, 4.63; N, 4.77.

mixture was then cooled to room temperature, and the resin  4-[6-(3-Hydroxybut-1-ynyl)-pyridin-3-yl]-but-3-yn-2-

was filtered and washed with NBH (2 x 10 mL), H,O (2
x 10 mL), THF (2x 10 mL), and EfO (2 x 10 mL) and

ol (9b). 163 mg (76%), yellow oil, eluent AcOEIH NMR
(200 MHz, CDC}): 6 = 1.55 (d,J = 6.9 Hz, 3H), 1.57 (d,

dried under vacuum for 12 h. The cleavage and treatmentJ = 6.5 Hz, 3H), 4.77 (gJ = 6.5 Hz, 2H), 7.35 (dJ = 8

described above gave the aminopyridyl alkyBes-c.
5-Phenylethynyl-2-pyrrolidin-1-yl-pyridine (8a). 220 mg
(89%), yellow solid mp 125C, eluent hexane/AcOEt (50:
50). 'H NMR (200 MHz, CDC}): 6 = 2.0 (t,J = 2.9 Hz,
4H), 3.50 (t,J = 3 Hz, 4H), 6.35 (dJ) = 8.8 Hz, 1H), 7.3+
7.34 (m, 3H), 7.50 (dJ = 6.5 Hz, 2H), 7.56 (ddJ = 9 and
2.1 Hz,1H), 8.34 (dJ = 2 Hz, 1H).23C NMR (50 MHz,
CDCl): 6 = 25.5, 46.9, 87.7, 88.4, 106.3, 123.6, 127.8,
128.3, 131.3, 139.8, 150.9. MS (Ehyz (%): 249 [M" +
1] (11), 248 [M] (74), 220 (20), 219 (100), 179 (15), 124
(5.9), 109 (13), 91 (15.7), 70 (19.3). Anal. Calcd for
Ci7/HieN2: C, 82.21; H, 6.49; N, 11.28. Found: C, 81.92;
H, 6.24; N, 11.34.
5-Phenylethynyl-2-morpholin-1-yl-pyridine (8b). 203
mg (77%), yellow solid, mp 135C, eluent hexane/AcOEt
(70:30).'H NMR (200 MHz, CDC}): 6 = 3.53 (t,J =5
Hz, 4H), 3.78 (t,J = 5 Hz, 4H), 6.54 (dJ = 9 Hz, 1H),
7.28-7.30 (m, 3H), 7.457.48 (m, 2H), 7.57 (ddJ = 9
and 2.2 Hz, 1H), 8.34 (d] = 2.2 Hz, 1H).13C NMR (50
MHz, CDChL): 6 = 44.9, 66.3, 86.9, 89.7, 105.6, 108.9,
123.1, 127.7, 128.1, 131.1, 139.8, 150.9, 157.8. MS (EI);
m/z (%): 264 [M"] (100), 233 (57), 219 (42), 207 (48), 179

Hz, 1H), 7.65 (ddJ = 8 and 1.5 Hz, 1H), 8.6 (] = 1.5
Hz, 1H).23C NMR (50 MHz, CDC}): 6 = 24.3, 24.5, 58.8,
59.0, 80.6, 83.1, 93.8, 96.8, 119.6, 126.6, 139.2, 141.8, 152.6.
Anal. Calcd for GsH13NOy: C, 72.54; H, 6.09; N, 6.51; O,
14.87. Found: C, 72.96; H, 5.84; N, 6.42.
2,5-Bispyridine-ethynylpyridine (9¢). 201 mg (71%),
yellow solid, mp 182°C, eluent hexane/AcOEt (90:18H.
NMR (400 MHz, CDC}): 6 = 7.31 (m, 2H), 7.57 (dJ =
7.8 Hz, 1H), 7.62-7.65 (m, 2H), 7.7£7.75 (m, 2H), 7.88
(dd,J =8 and 1.8 Hz, 1H), 8.66 (d} = 4.3 Hz, 2H), 8.85
(d, J = 1.8 Hz, 1H).3C NMR (100 MHz, CDC}): 6 =
88.7, 92.6, 93.4, 95.0, 123.6, 123.8, 127.6, 128.1, 136.6,
139.2, 150.44, 150.47, 153.1. MS (EfNz (%): 284 (100),
283 [M*" + 2] (40), 207 (15), 152 (50), 141 (32), 102 (22),
77 (58), 51 (36). Anal. Calcd for gH14N3: C, 81.12; H,
3.94; N, 14.94. Found: C, 81.32; H, 4.01; N, 14.76.
General Procedure for Stille Cross-Coupling A mixture
of PdCL(PPh), (70 mg, 0.1 mmol) and Cul (38 mg, 0.2
mmol) in DMF (10 mL) was stirred under nitrogen. Resin
B (750 mg, 1 mmol) and the appropriate organotin (5 mmol)
was added. After refluxing for 24 h, the mixture was cooled
to room temperature. The resin was then filtered and washed
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with NH4OH (2 x 10 mL), O (2 x 10 mL), THF (2x 10
mL), and EO (2 x 10 mL) and dried under vacuum for 12

h. The cleavage and treatment above-described gave com-

poundsl0 and11.

2,5-Diphenylpyridine (10)2* 190 mg (82%), yellow solid,
mp 173°C (lit.22 177°C), eluent hexane/AcOEt (80:20H
NMR (200 MHz, CDC}): 6 = 8.94 (d,J = 2.3 Hz, 1H),
8.04 (d,J = 7.0 Hz, 2H), 7.95 (ddJ = 8.3 and 2.3 Hz, 1H),
7.80 (d,J = 8.3 Hz, 1H), 7.63 (dJ = 7.7 Hz, 2H), 7.52
7.38 (m, 6H)13C NMR (50 MHz, CDC}): 6 = 121.4, 127.9,
128.0,129.1,129.8, 130.0, 130.2, 136.2, 142.7, 143.9, 149.2,
154.23. MS (El):m/z (%): 232 [M' + 1] (17), 231 [M']
(100), 230 [M" — 1] (41), 202 (8), 102 (12), 76 (5), 51 (4).

[2,2,5,2"]-Terpyridine (11).22 177 mg (76%), yellow
solid, mp 156°C (lit.?* 157 °C), eluent hexane/AcOEt (50:
50). *H NMR (200 MHz, CDC}): 6 = 7.28-7.34 (m, 2H),
7.81-7.85 (m, 3H), 8.46:8.54 (m, 3H), 8.72 (dJ = 2.2
Hz, 1H), 8.76 (dJ = 2.2 Hz, 1H), 9.28 (dJ = 1 Hz, 1H).
13C NMR (50 MHz, CDC}): 6 =121.0,121.3,121.7, 123.2,

124.2, 135.0, 135.6, 137.3, 148.0, 149.6, 150.5, 155.0, 156.1,

156.6.

General Procedure for Suzuki Cross-Coupling.To a
mixture of PAC}(PPh), (70 mg, 0.1 mmol), Cul (38 mg,
0.2 mmol), and KCO;s (1.3 g, 10 mmol) in DMF (10 mL)
under nitrogen were added redn(750 mg, 1 mmol) and
the appropriate boronic acid (5 mmol). After refluxing for
24 h, the mixture was then cooled to room temperature, and
the resin was filtered and washed with MpH (2 x 10 mL),
H.O (2 x 10 mL), THF (2x 10 mL), and E£O (2 x 10
mL) and dried under vacuum for 12 h. The cleavage and
treatment described above gave compout@land 12,

2,5-Distyrylpyridine (12).24 195 mg (69%), yellow solid,
mp 202-205°C (lit.?> 208°C), eluent hexane/AcOEt (9:1).
IH NMR (200 MHz, CDC}): 6 = 7.07 (d,J = 6.4 Hz, 2H),
7.17-7.35 (m, 8H), 7.49 (dJ = 10.8 Hz, 4H), 7.53 (dJ =
6.4 Hz, 1H), 7.76 (ddJ = 8 and 2.2 Hz, 1H), 8.64 (d =
2.5 Hz, 1H).2*C NMR (50 MHz, CDC}): 6 = 122.2, 125.0,
126.8, 127.3, 127.8, 128.3, 128.6, 128.9, 129.01, 129.06,
130.4, 131.6, 132.8, 133.2, 136.9, 148.8, 154.7. MS (EI);
m/z (%): 284 [Mt + 1] (7.6), 283 [M'] (44), 282 [M" + 1]
(100), 239 (1), 77 (4).
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