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Unsymmetrloal and wnsuost SIS TN vyridines (QTPY) of the type A-B-
C-D where the @ rs  represert (ndividual pyridine rings are largely
unkncwn substar: iotrne 426 tieo:er 1oslly possible structures, just seven
were reported ©ro.o: TO the stard v investigations. Many contain the
2,2’ =pipyridire uni- bevause of tie .oleresting abilicty of this bipyridine
(BPY) to cocradinat= various mels. Five are symmetrical structures of
the type A-B-R-Z; they are eas.ly wrovarec by homocoupling the A-3 portions
cnder a variety conaitions. ¢ the two unsymmetrical QTPYs, both’-®
originaily were assigned ilncorre -t soructures “hat have been corrected.® "’

We now cemonsirate i strategy tonat has considerable generality for the
synthesis of cal UTFYs of the LUtypes A-B-C-D and A~B-C-A.
Individual pyridine rings are s/ togerher 1in the presence cof a Pd(0
catalyst using a pyr-ody. nalide 1. an organosmetallic reagent such as a
stannane (Stiille courling ) or a4 pyridy. borane (Suzuki coupling®) . We start
with two different model BPYs —na omerise the central B-C portion, one
linked 2,4’ and the sther 2,37 and show Sow to functionalize selectively one
pyridine ring &7 & time n orde: 5 achieve selective c¢ross-coupling.
Liperal wuse :'s N-uxide synthon and its specific
conversion 1nto o citabiie for the metzal-catalyzed Ccross-
coupling.’” In une st .om was sntroduced onto the preformed
BPY by contraiied N-ox.daticn while in another example a stannylated
pyridine N-cx:de directly gave N--xidized BPY on cross-coupling with a

chloropyridine.
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Results and Discussion

The A-B-C-D Geometry of 2,2’:3/,2’’:4’',3’'’'—Quaterpyridine (5). The known
B-C precursor, 4-chlorc-2,3’-bipyridine 1’-oxide' (1) in Scheme 1, was made
from 2,4-dichloropyridine and diethyl (3-pyridyl)borane (2) by Pd(0) coupling
followed by regioselective N-oxidaticn at the sterically less hindered
nitrogen atom. To this was added the D-ring in the form of 2 in the presence
of Pd(0) tc yie.d terpyridine 3. The presence of the N-oxide group in 3
allowed the specific conversion of the B-ring to chloride 4. It was
advantageous to carry out this conversion in a two-step rather than a one-
step sequence, first making with acetic anhydride the pyridone and then
converting it into the chloride with PCCI./DMF. With the two-step approach
the more sterical.y hindered o position was specifically functionalized.
Direct conversion of the N-oxide with 20Cl,/DMF was not attempted because
often a mixture of both the @ and Yy chlorinated products is produced.!* Proof
that the conversion of N-oxide 3 to the more hindered a-chloride actually
took place tc give terpyridine 4 was easily demonstrated by the coupling
pattern of the B-ring which contained three highly coupled protons and not
just two as would nave resulted from the undesired ' or Yy chloro isomers.
Eight of the <en different protcn signals in 4 (CDCl,) are clearly resolved
making their assignment quite easy. Addition of the A-ring by means of 2-
(tributylstannyi)pyridine-® with Pd(0) completed the synthesis to give 5.
Clearly in our synthesis the bonding site of the A and D pyridyl rings
easily could have been varied by using an isomerically metallated pyridine
starting material. In this way and by keeping the same bonding pattern of
the original B and ¢ rings a total of nine gquaterpyridines could easily have

been prepared.

The A-B-C-A Geometry of 3,3’:2’,4’’:2’',3’'’—Quaterpyridine (8). 3-Chloro-
2,4'-bipyridine 1’-oxide (6) in Scheme 2 was easily prepared from 2,3-
dichloropyridine and 4- (tributylstannyl)pyridine N-oxide'® by the palladium
route. We assume that coupling took p.ace at the 2 and not the 3 position as
expected from a ccnsideracion of the mechanism of oxidative addition of
palladium which usually takes place at the site more easily undergoing

-1

nucleophilic attack.- Again, the N-oxide was converted to the a chloro
derivative by the two-step acetic anhydride-POCl,; method to give dichloride
7 which then with 2 and Pd(0) gave the quaterpyridine 8 having the same two
3-pyridyl termirnal rings. Others have used a similar approach first making
the B-B portion followed by coupling tc form an A-B-B-A QTPY having methyl
groups.’® Had cur assumption been wrong about the site of coupling in the

first cross—coupling step to prepare 6 in Scheme 2, the final product would
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have been an isomeric QTPY natural product called nemertelline that we have
independently prepared by a convergent synthesis.’®
learly, chloro N-oxide 6 could have been cross-coupled to some other
pyridine ring and then the N-oxide of the resultant terpyridine could have
been converted to a new chloride as we have done. This new terpyridine, in
turn, could have been cross-coupled to a different fourth ring to give a
family of nine isomeric QTPYs ¢of the A-B-C-D type.
Chemical shif:z assignments fcr the QTPYs found in the Experimental
Section are based on COSY and NOE difference spectra of samples in CDCl;.
Because there is less signal overlap for these compounds when dissolved in

CD,0D, it is useful to record sprectra with both solvents.

Overview of QTPY Preparations. All three isomers of the potential stannyl
pyridine'” starting materials are known as well as the three corresponding

boranes.”!

However, the 2-pyridyl borane has never been cross—coupled in a
reaction with Pd because it forms an unusually stable cyclic dimer
resempbling a dihydroanthracene.? The 3- and 4-stannylated pyridine N-oxides
are easily prepared but the Z isomer is still unknown.!®

A large number of ncno and dihazlogenated pyridines are commercially
available for the preparation c¢f BPYs by coupling routes. Still other
dihalides may now be prepared by direct lithiation of a suitably activated
pyridine with LDA followed by halogenation of this lithiated material.?*?

Creoss—couplings of dihalopyridines may be made to be selective by the
choice of the halcgen where the reactivity order is I > Br > Cl and by the
realization that the @ and Y positions are more reactive than a P position
when the halides are the same. Thus, ccnsiderable control in the preparation

of trhe cruclial central BPYs is possible.

Experimental Section

Diethyl (32-pyr:dyl)borane, phosphorus oxychloride, 2,3-dichloropyridine,
57-80% m-chloroperbenzoic acid (MCPBA), tributyltin chloride, 2.5 M n-Buli
tetrakis (triphenylphosphine)palladium((0), and 2-bromopyridine were purchased
from Aldrich Chemical Company. Flash chromatcgraphy made use of Kieselgel 60
230-400 mesh or alumina 80-200 mesn. Grignard reactions were initiated with
I, cr 1,2-dibromoethane. 3Solvents were freshly distilled in most cases and
degassed by pubbling N, through them for 15-30 min. All melting points are

uncorrected. The drying agent wasg either sodium or magnesium sulfate.

3,2’ :4’,3" ' -Terpyridine 1-oxide (3): A sclution of 4-chlorc-2,3’-bipyridine-
17-oxide** (1) (500 mg, 2.42 mmol), diethyl(3-pyridyl)borane (2) (427 mg, 2.90
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mmel), and (PPh.),.rd(0) (140 ng, ¢.121 mmol) 1in degassed THF (30 mL) was
stirred at room temperature for 0.25 h under N,. Potassium carbonate (669 mg,
4.84 mmol) in H,0 (10 mL) was then added and the mixture was heated at reflux
for 36 h. Foliowing concentrated to a s.urry, 50 mL of MeOH was added. The
insoluble K,CC. was removed and the fi.trate was concentrated onto Kieselgel

(2 ¢). Column chrematography with 8C/20 EtOAc/MeOH gave 390 mg (1.56 mmol)

cof a white solxa (mp > 200 “C, 65% yield). '3 NMR (CDCl,) 8 9.00 (lH, s), 8.95
(IH, 4, J = 2 Hz), £.83 (lH, &, . - 5 Hzj, 8.75 (1H, dd, J = 2 and 5 Hz),

8.31 (1K, dd, J = £ and & Hz), 8.93 (4H, m), 7.91 (lH, s), 7.58 (1H, d, J =
Hz), 7.50 (lE, dd, J = 35 anc ¢ Hz:, 7.44 (1¥, dd, J = 6 and 9 Hz). Anal.
Calcd. for C..4, N C.L1/2H0: C, ¢9.7%; bk, 4.68; N, 16.27. Found: C, 69.42; H,
4£.34; N, 1e.07.

(o)}

2-Chloro-3,2’:4',3’ ' -terpyridine (4) : Y suspension of 3,27 :47,3" -
terpyridine i-cx.de (3) (350 mg, 1.40 mmol) in acetic anhydride (10 mL) was
heated at reflux for 24 h. The mixture wag concentrated to a brown oil and
dissolved in 3¢ mi «f MeCOH whion was cecolorized with charcoal and then
filtered througt Celite. The fillirate was concentrated to a yellow solid and
wasned with 35 mbL of diethyl ether to give 200 mg (0.802 mmol) of the
pyridone (mp l&&-172 “C decomp., %7: yield). 'H NMR (DMSO-d,) & 8.98 (1H, d,
J = 2 Hz), &.9% (15, d, J =1 Hzy, 8.70 (24, m), 8.50 (1H, dd, J = 2 and 8
Hz), 8..8 (iH, dz, .+ = 2, 2 and 9 Hz), 7.¢9 (lH, dd, J = 2 and 6 Hz), 7.59
(2ZH, m), e©.4s (H, dd, . = ¢ and % Hz). This material was not further
purified and was used as such in trne next step.

A suspensicn of toiis 3,27 : 47, ¢ —rterpyrid-2-cne (200 mg, 0.812 mmol)
in POCL, (5 ml) and DM: (i mL) was Ieated az reflux for 8 h under N,. The
rixture was ccnoentrated Lo & odrow: oi. and N&,C0;/ice/H,0 was added until
basic to pH paper. The agueocus pnase was extracted with 50 mL of EtOAc and
the organic pnase was driea and ccncentrated to an  oil. Column
chromatography with Kieseigel and 80/20 EtOAc/MeOH gave 75 mg (0.28 mmol,
34% yield) of &z yelliow solid (mp 147-14% “C). "3 NMR (CDCl,) & 8.96 (1H, dd,
J =1 and 2 Hz), &.64 (lH, dd, J = . and 6 Hz), 8.73 (1H, dd, J = 2 and 5
Hz), 8.50 (14, dd, J = 2 and 5 Hzj, 8.07 (lH, dd, J = 2 and 8 Hz), 8.01 (2H,
m), 7.57 (l1H, J = &d, 2 and & Hz), /.48 (1H, ddd, J = 1, 5 and 9 Hz), 7.43
(1H, dd, ¢ = > and B Hz;. Anal. Calcd. for C..HN,C1.1/2 H,0: C, 65.10; H,
4.01; N, 15.13: Founc: <, ©5.40; H, 3./3; N, 15.18.

2,27:3",2’7:4"’,3" "’ —Quaterpyridine (5): A solution of 2-chloro-3,2’:
4’ ,3'"~terpyridine (4) (70 mg, 0.26 mmol) and (PPh;),Pd(0) (15 mg, 0.0i3 mmol)
in degassed toluene (2¢ ml) was stirred at reflux for 15 min under N,. 2-

(Tributylstannyl)pyridine ™ (100 mg , 0.261 mmol) was added in three equal
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portions over 1 h. The mixture was stirred at reflux for 48 h and then
concentrated to an o0il. Column chromatography with alumina and 80/20
EtOAc/hexanes gave 45 mg (0.15 mmol, 58% yield) of a clear oil. 'H NMR
(CDC1l;) & 8.80 (H6’, 1H, dd, J = 2 and 5 Hz), 8.70 (H6’’, 1H, d, J = 6 Hz),
8.63 (H6"'’’, 1H, dd, J =1 and 5 Hz), 8.58 (H2’’’, 1H, d, J = 2 Hz), 8.49
(H6, 1H, dt, J =1, 2 and 6 Hz), 8.14 (H4’, 1H, dd, J = 2 and 9 Hz), 7.77-
7.65 (H3, H4 and H4’’’, 3H, m), 7.50 (HS'", 1H, dd, J = 5 and 9 Hz), 7.39
(H5'*, 1H, dd, J = 2 and 6 Hz), 7.35 (H5'’’, 1H, dd, J = 5 and 9 Hz), 7.27-
7.22 (H3'' and HS5, 2H, m). C NMR (CDCl,) & for CH: 119.78, 122.71, 122.86,
123.26, 123.74, 124.58, 134.21, 136.53, 138.69, 148.02, 148.99, 149.31,
150.09, 150.24. The following quaternary carbons are less certain due to low
intensity: 133.74, 135.61, 144.96, 156.28, 158, 158. Anal. Calcd. for
C,oH14Ny: C, 77.40; H, 4.55; N, 18.05. Found: C, 77.12; H, 4.56; N, 18.03.

3-Chloro-2,4’ -bipyridine 1’ -oxide (6): A degassed toluene (5 mL) solution of
2,3-dichloropyridine (400 mg, 2.70 mmol) and (PPh,;),Pd(0) (156 mg, 0.0135
mmol) was heated at reflux under N, for 1 h. A toluene (5 mL) solution of 4-
(tributylstannyl)pyridine N-oxide? (1.04 g, 2.70 mmol), prepared by N-
oxidation of 4-stannylpyridine,!'® was added in 1 mL portions over the next
5 . The mixture was stirred at reflux for 24 h and then cooled to room
temperature. The mixture was filtered through Celite to remove catalyst and
the filtrate was concentrated tc¢ an o0il. Column chromatography with
Kieselgel and 80/20 EtOAc/MeQOH gave 290 mg (1.40 mmol) of a yellow solid
(mp, 135-139 *C, 52% yield). 'H NMR (CDCl,) & 8.62 (l1H, dd, J = 2 and 6 Hz),
§.28 (Z2H, d4, J = 7 Hz), 7.84 (3H, m), 7.31 (lH, dd, J = 6 and 8 Hz). Anal.
Calcd. for C¢H,CIN,0.1/2H,0: C, 55.69; H, 3.74; N, 12.99. Found: C, 55.77; H,
3.68; N, 13.35.

2’ ,3-Dichloro-2,4’ -bipyridine (7): A suspension of 3-chloro-2,4’-bipyridine
1’ -oxide (6) (210 mg, 1.02 mmol) in acetic anhydride (10 mL) was heated at
reflux for 6 h. The mixture was concentrated to an o0il and dissolved in 10
mL of MeOH which was decolorized with charcoal, filtered through Celite, and
concentrated to give 170 mg (0.832 mmol, 81% yield) of a slightly yellow
0il. The material was dissolved in POCl, (5 mL) and DMF (1 mL) and heated at
reflux for 24 h. Following concentration, Na,CO;/ice/H,0 was added until
slightly basic to pH paper. The aqueous phase was extracted with 50 mL of
EtOAc and the organic phase was dried and concentrated to an oil. Column
chromatography with Kieselgel and 100% EtOAc gave 40 mg (0.18 mmel, 22%
yield, mp 162-167 °C) of a yellow solid . ‘H NMR (CDCl,) ® 8.63 (lH, dd, J =
2 and 5 Hz), 8.50 (lH, dd, J = 1 and 6 Hz), 7.85 (lH, dd, J = 2 and 9 Hz),
7.73 (1H, dd, J = 1 and 2 Hz), 7.62 (1H, dd, J = 2 and 5 Hz), 7.33 (lH, dd,
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J = 5 and 9 Hz). Anal. Calcd. for Cj¢HiN,Cl,: C, 53.36; H, 2.69; N, 12.45.
Found: C, 53.55; H, 2.60; N, 12.44.

3,37:27,4’7:2'’,3''’ —Quaterpyridine (8): A degassed THF (10 mL) solution of
2’ ,3-dichloro-2,4'-bipyridine (7) (40 mg, 0.18 mmol) , diethyl (3-
pyridyl)borane (2) (65 mg, 0.44 mmol), and (PPh,;),Pd(0) (21 mg, 0.018 mmol)
was stirred at room temperature under N, for 15 min. Sodium bicarbonate (60
mg, 0.711 mmol) in degassed H,0 (5 mL) was added and the mixture was heated
at reflux for 48 h. After cooling to room temperature and dilution with 30
mL of EtOAc, the organic phase was dried and concentrated to an oil. Column
chromatography with Kieselgel and 80/20 EtOAc/MeOH gave 25 mg (0.081 mmol,
44% yield) of an oil. 8 'H NMR (CDCl;) & 9.00 (H2’’’, 1H, d, J = 2 Hz), 8.83
(H6’, 1H, dd, J = 2 and 5 Hz), 8.68-8.56 (H6’’, H6'’’’, H2 and H6, 4H, m),
8.18 (H4'’’, 1H, dt, J =2, 2 and 9 Hz), 7.87-7.77 (H4' and H4, 2H, m), 7.56
(H3'7, 1H, dd, J = 1 and 2 Hz), 7.50 (H5’, 1H, dd, J = 5 and 9 Hz), 7.37
(H5'’’, 1H, ddd, J = 2, 5 and 9 Hz), 7.29 (H5, 1H, ddd, J = 2, 5 and 9 Hz),
7.14 (H5'', 1H, dd, J = 2 and 6 Hz). Anal. Calecd. for C,H,N,: C, 77.40; H,
4.55; N, 18.05. Found: C, 77.10; H, 4.56; N, 18.05.
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