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One-Pot Synthesis of Pyridines or Pyrimidines by Tandem Oxidation-
Heter oannulation of Propargylic Alcohols
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Abstract: Pyridines and pyrimidines are prepared in a single step
from propargylic acohols by in situ oxidation with o-iodoxybenzo-
ic acid or manganese dioxide and reaction with enamines or
amidines, respectively, under either thermal or microwave-assisted
conditions in a new one-pot tandem oxidation-heteroannulation
procedure. The reaction of a B-ketoester, propargylic alcohol and
ammonium acetate, with in situ oxidation, constitutesahighly facile
three-component reaction for the synthesis of pyridines that accom-
plishes four distinct synthetic operations in one-pot, good yield and
with total regiocontrol.
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Facile one-pot transformations involving alcohol oxida-
tion followed by in situ trapping of the resulting aldehyde
have attracted considerabl e attention in recent years. Tay-
lor has reported a number of tandem manganese dioxide
mediated processes,! particularly in situ oxidation-Wittig
methodology that avoids the need to isolate aldehyde in-
termediates that may be toxic, volatile or highly reactive.
Similar procedures using arange of different oxidants, in-
cluding o-iodoxybenzoic acid (IBX),? the Dess-Martin
periodinane® and barium manganate,* have been shown to
be successful in a number of tandem processes for rapid
access to different synthetic targets. Following on from
our work on the development of new heteroannulation
procedures® and multiple-component reactions,® we set
out to establish a whole new type of tandem process that
was appropriate for the rapid synthesis of pyridines 6 and
pyrimidines 4, thus preparing different heteroaromatic
building blocks’ from a single propargylic alcohol subset
1 by in situ oxidation to alkynone 2 and subsequent het-
eroannulation with a bis-nucleophile such as amidine 3 or
enamine 5 in asingle preparative step (Figure 1).

In order to examine if the tandem oxidation—heteroannu-
lation of propargylic alcoholswas viable as a new one-pot
method for the synthesis of nitrogen-containing heterocy-
cles, the oxidation of 1-phenyl-2-propyn-1-ol (1a) wasin-
vestigated under microwave-assisted conditions that were
successful in preliminary studies for the heteroannulation
of alkynones 2 and amidines 3.2 However, irradiating a
mixture of 1-phenyl-2-propyn-1-ol (1a) and manganese
dioxide in wet acetonitrile at 100 °C, 120 °C or 140 °Cin
a self-tunable CEM Discover microwave synthesizer
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failed to generate more than a trace (typically less than
5%) of the oxidized product 1-phenyl-2-propynone (2a)
even after 1 hour irradiation time, making the prospect of
establishing an efficient one-pot microwave-assisted
process unlikely.

In spite of this set back, we decided to try a simpletandem
oxidation-heteroannulation reaction under either conduc-
tive or microwave heating regardless, in order to establish
if difficulties encountered in propargylic acohol oxida-
tion werereflected in the overall efficiency of the process.
Two different oxidants, manganese dioxide and IBX,
wereinvestigated for the one-pot oxidation—heteroannul a-
tion of 1-phenyl-2-propyn-1-ol (1a) with benzamidine or
acetamidine, 3a or 3b respectively (Scheme 1). Surpris-
ingly, when the reaction was carried out in the presence of
amidine 3a or 3b, pyrimidines 4a,b were generated in up
to 84% yield, the reaction under microwave-assisted con-
ditions with manganese dioxide, irradiating at 120 °C
over 40 minutes, proving to be the most efficient

(Table1).®
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Schemel Tandem oxidation—heteroannulation of 1-phenyl-2-
propyn-1-ol (1a) in the synthesis of pyrimidines 4a,b

A one-pot synthesis of pyrimidines from amidines and
propargylic alcohols by a coupling—somerization—cyclo-
condensation sequence has been reported by Miiller'® but
our new route is quicker, simpler and proceeds under
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Tablel Effect of Substrate, Oxidant and Heating M ethod

Entry Product Oxidant Yield® (%) Yield (%)°
1 4a IBX 30 80
2 4a MnO, 69 84
3 4b IBX 54 61
4 4b MnO, 56 65

2|solated yield after heating at reflux and purification on silica.
b |solated yield after microwave irradiation at 120 °C for 40 min and
purification on silica.

much more facile conditions, representing the first exam-
ple of a tandem oxidation—heteroannulation reaction us-
ing propargylic alcohols to access these heterocyclic
targets.

In order to extend these findings and establish a new one-
pot method for the synthesis of pyridine heterocycles, pro-
pargylic acohol 1la (R =Ph) was reacted with ethyl B-
aminocrotonate (5a) in the presence of IBX or manganese
dioxide (Scheme 2). Pyridine formation from 1-phenyl-
prop-2-yn-1-one (2a) traditionally requires very high
temperatures'* and so these tandem processes were con-
ducted in the presence of either a Bransted or Lewis acid
as a catalyst to facilitate cyclodehydration to the target
heterocycle® A range of conditions were investigated
(Table 2) and athough in situ oxidation with MnO, and
IBX gave comparable yields, the IBX mediated process
was found to be superior for the synthesis of pyridine 6a.
Optimum conditions involved heating enamine 5a and a
one-fold excess of both the propargylic acohol 1a and
IBX in DM SO—acetic acid (5:1) at 65 °C overnight to give
pyridine 6a in 70% isolated yield after purification on
silica®?

—<OH
2 la—e P
Me Ot — =
MnO, or IBX, Me” 'N° R
5a cat. (20-73%) 6a—e

Scheme 2 Tandem oxidation—heteroannulation of propargylic
alcohols la—e in the synthesis of pyridines 6a—e

With successful conditions established for the tandem
process, arange of propargylic alcohols la-e was submit-
ted to in situ oxidation—heteroannulation with ethyl (-
aminocrotonate (5a) mediated by IBX in DM SO—acetic
acid (5:1) at 65 °C.*? It wasfound that the efficiency of the
reaction was highly dependent upon the nature of the pro-
pargylic alcohol, pyridines 6a-e generated in between
20% and 73% yield (Table 3). Although the efficiency of
the transformation was quite variable, in most instances it
nonetheless compared quite favourably with traditional
methods involving three separate preparative steps.> It
was postul ated that the moderate yield of the one-pot pro-
cess was a consequence of the oxidative degradation of
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Table2 Optimizing the Synthesis of Pyridine 6a by Tandem Oxida-
tion—Heteroannulation of 1-Phenyl-2-propyn-1-ol (1a)

Oxidant 5a:la: Conditions Yield
Oxidant (%)2
IBX 1:1:1 DMSO-HOAC (5:1), 65 °C 54
IBX 1:2:2 DM SO-HOACc (5:1), 65 °C 70
IBX 1:2:2 DMSO-HOACc (5:1),55°C 69
IBX 1:2:4 DMSO-HOAc (5:1), 65 °C 24
MnO, 1:210  PhMe-HOAc (5:1), 50 °C 45
MnO, 1:2:10 CHCI;~HOAC (5:1), reflux 23
MnO, 1:2:10 PhMe, ZnBr, (20 mol%), reflux 64

a|solated yield after purification on silica.

Table3 One-Pot Synthesis of Pyridines 6 Mediated by IBX*?

Entry Alcohol 1 Pyridine6 R Yield (%)
1 la 6a Ph 70
2 1b 6b Me 45
3 1c 6c Et 20
4 1d 6d 4-C¢H,Cl 73
5 le 6e 4'-C¢H,OMe 53

2|solated yield after purification on silica.

ethyl B-aminocrotonate (5a) under the reaction condi-
tions. Thus, generating enamine 5 in situ by the condensa-
tion of a B-ketoester precursor and ammonia should
reduce enamine degradation and furthermore establish a
new and highly facile 3-component cyclocondensation
route to these targets that affects four transformationsin a
single preparative step. When arange of propargylic alco-
hols 1, B-ketoesters 7 and ammonium acetate was heated
at reflux in toluene—acetic acid (5:1) in the presence of
manganese dioxide (Scheme 3), pyridines 6b,d-h were
formed directly in up to 96% yield (Table 4) and with total
regiocontrol.

7 R2, R3

a Me, CO,Et
b Me, CO,'Bu
¢ Ph, CO,Et

(0]
RZJ‘J\/R3

OH | MnO,, NH40Ac

1 R4%< PhMe-AcOH

R6 reflux (60—96%)

6b,d-h

Scheme3 New three-component synthesis of pyridines 6 from
propargylic alcohols 1 and p-keto esters 7
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Table4 VariationinYield Using Different Propargylic Alcohols 1
and B-Ketoesters 7

1 7 6 RZ2 RS R* R® Yield
(%)*

1b 7a 6b Me CO,Et H Me 66

1d 7a 6d Me CO,Et H 4-CH,Cl 96

le 7a 6e Me CO,Et H 4-CH,OMe 85

1f b 6f Me CO,t-Bu Et Me 60

la b 69 Me CO,t-Bu H Ph 73

1d 7c  6h Ph COEt H 4-CH,Cl 63

2| solated yield after purification on silica.

This highly facile one-pot process'® presumably proceeds
by in situ oxidation of propargylic alcohol 1 and simulta-
neous enamine formation, followed by Michael addition,
double bond isomerization under the acidic reaction con-
ditions and subsequent cyclodehydration (Scheme 4), a-
though the involvement of an alternative mechanistic
pathway that proceeds via Michael addition of the B-ke-
toester 7 and alkynone 2 prior to condensation with am-
monia cannot be discounted.

In conclusion, the in situ oxidation—heteroannulation of
propargylic alcohols with either IBX or manganese diox-
ide provides a new one-pot tandem route to nitrogen-con-
taining heteroaromatic building blocks, affecting up to
four separate synthetic transformations in a single prepar-
ative step. Many of these heteroannulation reactions pro-
ceed in good yield and, for the synthesis of pyridines, with
total regiocontrol from either enamine or B-ketoester pre-
CUrsors.
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2.0 mmol) in DMSO-HOACc (5:1) (18 mL) was stirred at
65 °C until homogeneous. A solution of 1-phenyl-2-propyn-
1-ol (1a) (0.26 g, 2.0 mmol) and ethyl B-aminocrotonate (5a)
(0.13 g, 1.0 mmol) in DMSO (1 mL) was added and the
resulting solution was stirred at 65 °C overnight. Water (10
mL) was added and the mixture was stirred for 10 min,
allowed to cooal, diluted with water (40 mL) and extracted
with EtOAc (2 x 30 mL). The organic extracts were
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Scheme 4 Proposed mechanistic course of the one-pot three-component synthesis of pyridines 6 from propargylic alcohols 1 and

B-ketoesters 7
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combined, washed sequentially with sat. ag NaHCO,
solution (20 mL) and brine (20 mL), dried (Na,SO,) and
evaporated in vacuo. Purification by flash chromatography
on silicagave pure ethyl 2-methyl-6-phenylpyridine-3-
carboxylate (6a)% as apale yellow solid (169 mg, 70%).
Typical Procedurefor the One-Pot Synthesis of
Pyridines 6 from p-Ketoesters 7. A solution of ethyl
acetoacetate (7a) (39 mg, 0.3 mmol), 1-(4-chloro-
phenyl)prop-2-yn-1-ol (1d)®* (100 mg, 0.6 mmol),
ammonium acetate (0.46 g, 6.0 mmol)) and activated MnO,
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(0.52 g, 6.0 mmol) in toluene—glacial acetic acid (5:1)

(5 mL) was heated at reflux overnight. The mixture was
allowed to cooal, filtered through Celite®, partitioned
between sat. ag NaHCO; solution (30 mL) and EtOAc

(30 mL) and the aqueous layer was further extracted with
EtOAc (20 mL). The combined organic layers were washed
sequentially with sat. ag NaHCO; solution (20 mL) and
brine (20 mL), dried (Na,SO,) and evaporated in vacuo.
Purification by flash chromatography on silica gave pure
pyridine 6d° as a pale yellow solid (80 mg, 96%).
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