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Recently, we initiated studies on the mechanism of the
redox chemistry of the enzyme thymidylate synthetase.
For this purpose we have needed derivatives of the sub-
strate that would act as probes for studying two-electron
transfer via a nicotinamide derivative and one-electron
transfer via a metal chelated to a pyridazine dicarboxylate
derivative. Therefore, methods have been explored for the
synthesis of 5-pyridine- and 5-pyridazine-2’-deoxyuridines.
Previous studies on the synthesis of 5-arylpyrimidine nu-
cleosides have shown that both photochemical® and pal-
ladium(0)-catalyzed coupling reactions!'®? are possible
routes to a variety of substituted phenyl derivatives.
However, preliminary studies on the synthesis of hetero-
aromatic derivatives of pyrimidine nucleosides were not
promising using these methods.

Diels—Alder reactions of both triazines and tetrazines
have been found to be versatile routes for the preparation
of a variety of heterocyclic systems.? The general reaction
of alkyne 1 with electron-deficient 1,2,4-triazines (2a) or
1,2,4,5-tetrazines (2b) via a [4 + 2] cycloaddition reaction
results, after nitrogen elimination, in the formation of the
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corresponding pyridine 3a or pyridazine 3b. In the former,
addition proceeds exclusively across carbons 3 and 6 of the
tetrazine. However, phenylacetylene addition to the tri-
azine 2a was not regioselective, yielding both the 4-phenyl
and the 3-phenyl derivatives 3a and 4.*

We have investigated methods for synthesizing the
target compounds using the inverse electron-demand
Diels—Alder reaction between alkyne-substituted deoxy-
nucleoside and heterocyclic aza dienes. The former serves
as the electron-rich dienophile, and the carboxylate-sub-
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stituted tetrazine or triazine serves as the electron-deficient
diene. This cycloaddition reaction offers a new method
for introducing a nitrogen heterocycle onto a nucleoside
that has not been previously explored and has not been
reported by other routes.

The reaction of 5-ethynyl-2’-deoxyuridine® (5a) or the
di-O-acetyl derivative 5b and dimethyl 1,2,4,5-tetrazine-
3,6-dicarboxylate® (6) at 60 °C in dioxane leads to the
5-substituted pyrimidine deoxynucleosides 7a or 7b in 70%
vield. The course of the reaction can be visually moni-

COOCH3
0
_cH COOCH3 N b
cZ ~ ~
HN NN N |
%\ | + - 4[\
0~ N NN 0" ™N COOCHz
RO 0 RO 0
COOCH3
6
RO RO
5a, R=H 7a,R=H: R'=H
b, R=Ac b, R=Ac;R'sH
8, R=Ac; R'=CH3

tored because the initial red color of the reaction changes
to yellow as the tetrazine derivative is consumed.

It has been reported that dicarboxylate-substituted
pyridazines participate in Diels-Alder reactions at 100 °C
with electron-rich dienophiles.” For this reason further
elaboration of compound 7b via a second Diels—Alder re-
action with 1,1-dimethoxyethylene to synthesize a 5-sub-
stituted phenyl nucleoside was attempted. However, even
at 165 °C the cycloaddition reaction did not occur. The
only product that was isolated from the reaction was the
3-N-methyl nucleoside 8. Since nucleosides, as a rule, are
not stable to Lewis acids these catalysts were not studied
in this reaction.

The reaction of 5a with triethyl 1,2,4-triazine-3,5,6-
carboxylate® (9) provided a 30% yield of the 5-pyridine-
substituted deoxynucleosides 10 and 11. It has been re-
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ported that more vigorous conditions are required for cy-
cloaddition reactions employing triazines compared to the
more electron-deficient tetrazines.” This was also observed
in the preparation of 10 and 11 where the reaction required
heating to 155 °C for 19 h. The addition occurs across
carbons 3 and 6 of the triazine 9 to give an equal mixture
of the regioisomers 10 and 11. The structures were evident
in the 'H and ¥C NMR where the pyridine proton chem-
ical shifts for the two isomers were observed; the isomer
distribution was determined by !H NMR and high per-
formance LC. '

Experimental Section

Reagent-grade p-dioxane was purified by passage through an
alumina column. HPLC analyses were carried out on a Waters
Mode] 6000A instrument using a Whatman ODS 5 column. NMR
spectra were obtained on a Varian Model FT-80 A or a Varian
XL 300 spectrometer. Chemical shifts are reported in parts per
million relative to internal tetramethysilane. Chemical ionization
mass spectra (CIMS) were recorded on a Varian CH-5 spec-
trometer. Microanalyses were performed on a Hewlett-Packard
model 185 CHN analyzer.

5-Ethynyl-2’-deoxyuridines 5a and 5b were prepared by re-
ported procedures® as were dimethyl 1,2,4,5-tetrazine-3-6-di-
carboxylate® (6) and triethyl 1,2,4-triazine-3,5,6-tricarboxylate®
9.

5-(3,6-Dicarbomethoxypyridazin-4-yl)-2’-deoxyuridine
(7a). 5-Ethynyl-2’-deoxyuridine (5a; 140 mg, 0.56 mmol) and 150
mg of dimethyl 1,2,4,5-tetrazinedicarboxylate (6; 0.76 mmol) were
dissolved in 3 mL of dioxane. The reaction mixture was flushed
with argon and sealed in a 10-mL Teflon-capped vial. The vial
was heated at 60 °C for 19 h. Removal of the solvent in vacuo
and chromatography (silica gel, 10% C,H;OH/CHCI; eluant)
afforded 165 mg (71%) of pure product (7a): UV (MeOH) A,
295 nm; 'H NMR (acetone-dg) 6 8.65 (s, 1 H, Hj pyridazine), 8.21
(s, 1H, Hg), 6.25 (t, 1 H, H,/), 3.88 and 4.00 (s, 3 H, CO,Me) [plus
sugar proton multiplets]; 1*C NMR ( CD3OD) 166.5 (CO;Me),
163.2 (C,), 154.9 (Cq pyridazine), 153.6 (C; pyridazine), 151.6 (C,),
143 (Cq), 135.4 (C, pyridazine), 130.2 (C; pyridazine), 110.7 (C;),
89.4 (C,), 87.5 (Cy), 71.6 (Cy), 62.3 (Cy), 53.8 (CO,Me), 42.1 (Cy)
ppm; CIMS, m/e 423 (M + 1).

3',5’-Di-O-acetyl 5-(3,6-Dicarbomethoxypyridazin-4-yl)-
2’-deoxyuridine (7b). Compound 7b was prepared by the same
procedure as compound 7a with the exception that it was purified
on silica gel with 5% C,H;OH/CHCl;: UV (H;0) A, 295 nm
(e 10000), (0.1 M HCI) A,.x 293 nm (e 10400), (0.1 M NaOH) A
293 nm (¢ 8200); 'H NMR (CDCl,) 6 8.2 (s, 1 H, H; pyridazine),
8.0 (s, 1 H, Hy), 4.2 and 4.1 (s, 3 H each, CO,Me), 2.2 and 2.1 (s,
3 H each, OAc) [plus sugar multiplets]; *C NMR (CDCl;) 170.3
(OAc), 165.1 and 163.7 (CO;Me), 160.7 (C,), 153.3 and 152 (C;
and Cg, pyridazine), 149.4 (Cy), 139.2 (Cy), 132.4 (C,, pyridazine),
128.4 (C57 pyrldazme), 110.3 (C5), 86.2 (Cl’): 83 (C4/), 74 (C_'y), 63.5
(Cs), 53.6 (CO,Me), 38 (Cy), 20.8 (CHy) ppm; CIMS, m/e 507 (M
+ 1) Anal. Calcd for CQIH22N4010'1.5 H20 (M,- 51744) C, 4874;
H, 4.87; N, 10.83. Found: C, 49.01; H, 5.00; N, 10.58.

3,5'-Di-0 -acetyl 3-N-Methyl-5-(3,6-dicarbomethoxy-
pyridazin-4-yl)-2’-deoxyuridine (8). The pyridazine derivative
7b (90 mg, 0.18 mmol) was dissolved in 3.0 mL of dioxane in a
10-mL teflon-capped vial. The vial was flushed with argon, and
120 uL, (~1.5 mmol) of 1,1-dimethoxyethylene was added to the
reaction via a syringe. The reaction was stirred and heated to
165 °C for 9 h. Purification by silica gel chromatography (5%
C,H;OH/CHC],) afforded 55 mg (59%) of compound 8 as the
major product: UV (CH;O0H) A, 296 nm; 'H NMR (CDCly) &
[identical spectrum with that of 7b with the addition of] 3.5 (s,
3 H, NCHjy); 13C NMR (CDCl;) 170.2 (OAc), 165.1 and 163.6
(CO,Me), 160.3 (C,), 153.4 and 151.9 (C4 and C; pyridazine), 149.8
(Cy), 137 (Cy), 132.9 (C4 pyridazine), 128.2 (C; pyridazine), 109.3
(C5), 86.8 (Cy), 82.9 (Cy), 73.8 (Cy), 63.3 (Cy), 53.4 (CO,Me), 38.1
(Cy), 28.1 (NCHy), 20.7 (Me) ppm; CIMS, m/e 521 (M + 1).

5-(2,5,6-Tricarbethoxypyridin-4-yl)-2’-deoxyuridine (10)
and 5-(2,5,6-Tricarbethoxypyridin-3-yl)-2’-deoxyuridine (11).
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Compound 5a (50 mg, 0.2 mmol) and 52 mg of triethyl 1,2,4-
triazine-3,5,6-carboxylate (9; 0.2 mmol) were dissolved in 3 mL
of dioxane in a 10-mL Teflon-capped vial. The reaction mixture
was flushed with argon, sealed, and heated with stirring at 155
°C for 19 h. Purification by chromatography (silica gel, 10%
C,H,0H/CHCI; as eluant) afforded 28 mg (32%) of an equal
mixture of regioisomers 10 and 11 as determined by HPLC and
INMR: UV (HyO) Apay 275 nm (e 10300); 'H NMR (methanol-d,)
6 8.16 and 8.25 (s, 1 H, C6), 8.31 and 8.34 (s, 1 H, H5 and H4
pyridine), 6.25 (t, 1 H, H;)) [plus sugar proton multiplets and three
carboethoxy groups]; *C NMR (CD,0D) 167.2, 167.1, 166.9, 166.6,
165.6, 165.1 (CO,Et), 163.4, 164 (C,), 152.1, 151.8, 151.7, 151.3 (C,
and C; 4-pyridine, C; and Cq 3-pyridine), 151, 150 (C,), 144.7 (C,
4-pyridine), 142.3, 142.1 (Cy), 141.1 (C, 3-pyridine), 132, 131.7 (C;
4-pyridine and C; 3-pyridine), 129.2 (C; 4-pyridine), 129.2 (C;
3-pyridine), 113.1, 112.3 (C;), 89.3 (C}), 87.3 (Cy), 72 (C3), 63.8
(Cy), 62-63.7 (6-CO4EY), 42 (Cy), 14 (8-CO4Et) ppm; CIMS, m/e
522 (M + 1) Anal. Calcd for CQ3H27N3011'H20 (Mr 53949) C,
51.20; H, 5.41; N, 7.79. Found: C, 50.75; H, 5.38; N, 7.61.
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The preparation of carbonyl compounds through the
acylation of organometallic reagents is often complicated
by the formation of alcohols that result from the premature
collapse of the initially formed adduct 1 (Scheme I).1?
Recently a number of clever methods for the acylation of
Grignard reagents have appeared that center on the use
of carboxyl derivatives designed to give intermediate ad-
ducts that are more resistant to premature release of the
carbonyl compound.? Successful acylations of alkyllithium
reagents, however, usually require additions to either
carboxylate salts* or to amides that give stabilized inter-
mediates.?®® Esters of normal reactivity usually give
tertiary alcohols.?

In light of the fact that alkyllithium reagents are known
to react relatively slowly with some chlorosilanes,® we have
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