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Abstract: Ethynyltributyltin 2 cycloadds to 5-phenyl-1,2,4-triazine-3-carboxyclic acid methyl ester 1
to furnish mainly 4-tributylstannyl-6-phenyl-pyridine-2-carboxyclic acid methyl ester 3a besides a
small amount of the 3-tributylstannyl isomer 3b. The tributyltin substituent of pyridine 3a can be
replaced by Pd-catalyzed acylation and arylation, by halogenation and protonation to yield
functionalized pyridines 4 - 7, which are not available by direct cycloaddition of the corresponding
alkynes. © 1998 Elsevier Science Ltd. All rights reserved.

A number of reports concerned with the use of organotin compounds in organic synthesis have been
described. The trialkylstannyl group undergoes numerous transformations under mild conditions.' From this
laboratory, the application of ethynyltributyltin as an electron rich dienophile in inverse electron demand
Diels-Alder reactions with the highly electron deficient 1,2,4,5-tetrazine has been reported quite recently.’
The resulting stannylated pyridazines have been used in Pd-catalyzed Stille cross-coupling reactions to yield
various heteroaromatic biaryls. Thus, the cycloaddition pathway has to be considered as a very specific, but
also very effective method for the synthesis of heteroaromatic organotin compounds.

In this communication we wish to extend the scope of the cycloaddition route towards the synthesis of
stannylated pyridines. 1,2,4-Triazines are known to participate as electron poor dienes in inverse electron
demand Diels-Alder reactions with electron rich dienophiles to yield pyridine derivatives after extrusion of
molecular nitrogen.® According to kinetic measurements, the reactivity of the 2,3-diazadiene system towards
cyclooctyne as dienophile drops by a factor of about 10°-10° when the diene is changed from 3-phenyl-
1,2,4,5-tetrazine to 3-phenyl-1,2,4-triazine. It seemed clear to us, that this lack of reactivity had to be
overcome by drastic reaction conditions like prolonged heating. Therefore, triazine 1° and ethynyltributyltin
(2) were heated at 180°C in 1,2-dichlorobenzene as solvent for 16h. In principle, two regioisomeric pyridines
3a and 3b had to be expected as final cycloadducts after loss of molecular nitrogen due to the asymmetry of
1,2,4-triazines. To our great delight, 3a was formed predominantly along with 3b as minor isomer.® Both
isomers could be separated by flash column chromatography using petroleum ether/ethyl acetate as eluent. As
has been already observed for unsymmetrically 3-aryl-1,2,4,5-tetrazines,” regioselectivity again was controlled
by steric repulsive forces between the ester functionality of the triazine and the bulky tributyltin substituent of
the alkyne. Hence, the transition state where the tributyltin substituent is located above the hydrogen H-6 of
the triazine nucleus is favored and consequently a preference for the formation of 3a results. The
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regiochemistry was assigned to 3a and 3b by comparing the coupling constants of the doublets of the pyridine
protons in the '"H NMR spectra as shown in Scheme 1.
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Scheme 1. [4+2] Cycloaddition of ethynyltributyltin (2) with 1,2,4-triazine 1.

Frontier molecular orbital (FMO) theory offers a qualitative and semi-quantitative description of pericyclic
reactions.® This simple, but still correct model allows to distinguish three mechanistic types of Diels-Alder
reactions. For the case of inverse-type [4+2] cycloadditions it implies the combination of electron poor dienes
with electron rich dienophiles. However, from an opposite point of view, it also stands for the most important
restriction on the Diels-Alder reaction: A combination of electron deficient dienes and electron deficient
dienophiles is not possible. Hence, the subsequent replacement of the trialkyltin group by electron
withdrawing groups like halogens or acyl groups outplays this restriction by a two-step procedure (Scheme 2)
and should be of general synthetic importance. Our results are summarized in Table 1.
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Scheme 2. A roundabout route makes cycloadducts available, which originate from the combination of electron deficient
dienes and electron deficient dienophiles (R = electron withdrawing group).
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Table 1. Conditions and yields for the reactions summarized in Scheme 2.
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5 reaction conditions isolated yield m.p.
product R-X L
and reaction times [%] [°C}
4 HCl1 HClin Et,0, RT, 15 min 62 46-41.5
Sa ChL CCL/CH,Cl,, RT 67 90-90.5
5b Br, CHCl,, -60°C 70 99-101
5c I THF, RT, 20h 76 123-123.5
6a @'I Toluene, 110°C, 2h, 63 112
1.5 mol% Pd(PPh3)4
6b / \ Br Toluene, 1 10°C, 4811, 39 134-136
=N 2 x 1.5 mol% Pd(PPhs), (per 24h)
N
Toluene, 110°C, 24h
6 7\ . - S48, 74 86
¢ <N;>’B' 1.5 mol% Pd(PPhs)q !
(]
6d @ Toluene, 110°C, 7h, 69 101-102
[ Br 1.5 mol% Pd(pph3)4
Ph
— Toluene, 110°C, 2h,
6 > *T T S 2
¢ "\ 7 1.5 mol% PA(PPhy), 0 226228
H,CO,C
0
CHCl,, 65°C, 18h,
7a cl 1.5 mol% BnPdCI(PPhs), 86 132
o}
0,
7 S ol CH(ilg, 65°C, 18h, 70 139-140
\ / 1.7 mol% BnPdCI(PPh;),
(0]
O,
7c 0 ol CHCL,, 65°C, 20, 73 145.5-146.5
\ / 1.7 mol% BnPdCI(PPh;),
0]
7d CHCl,, 65°C, 15h, 52 122
Cl 1.7 mol% BnPdCI(PPh;),
o}
7e >)L c CHCl,, 65°C, 14h, 7 91-92

1.7 mol% BnPdCI(PPh;),
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. Typical procedures for the preparation of substituted pyridines 4-7: (fcc = flash column chromatography)

Protonation (4): 3a (150 mg, 0.32 mmol) was dissolved in dry Et,O (3 ml) under an inert atmosphere and 1.0M HCI in Et,0
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(bath temperature) for the time indicated in table 1. Precipitated palladium (not always the case) was filtered off, the reaction
mixture concentrated under reduced pressure, purified by fcc (petroleum ether 40/60 : ethyl acetate) and recrystallized (7a-c:
cyclohexane : ethyl acetate; 7d-e: petroleum ether 40/60).

Analytical and spectroscopic data for compounds 4-7 are in full accordance with those of the proposed structures. For details
see the forthcoming Ph. D. thesis of Dieter Heldmann, University of Regensburg, 1998.
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