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ABSTRACT

The Minisci radical alkylation has been demonstrated on a range of commercially available glycine derivatives and proceeds in good to high
yield. When extending the reaction to other amino acids, competitive oxidation of the initially formed radical was overcome by using the
phthalimide protecting group.

The selective functionalization of aromatic heterocycles is
of paramount importance to the pharmaceutical industry in
its quest for new drugs. Methods such as directed ortho
metalation, nucleophilic addition, and Friedel-Crafts reac-
tions are well accepted. The Minisci radical alkylation reac-
tion offers a unique and complementary means of function-
alizing electron-deficient aromatic heterocycles.1 Nucleo-
philic addition of an alkyl radical to a protonated heterocycle
followed by re-aromatization can allow carbon alkylation.
Despite its apparent utility, few synthetically useful examples
have been reported. We were interested in this reaction and
the use of 1-amidoalkyl radical additions, in particular.
Minisci has previously described peroxide-mediated hydro-
gen abstraction from DMF, and in this case, a mixture of
acyl and 1-amidoalkyl addition products was obtained.2

1-Amidoalkyl radicals derived from tertiary amides have also
shown use in the synthesis of nicotine3 and folic acid4 ana-
logues. However, these reports are few and the use of sec-
ondary amides appears absent. In this paper, we extend the
scope of the Minisci reaction by demonstrating that a range
of readily available 1-amidoalkyl radicals afford alkylation

products in good to high yields. Notably, secondary amides
are shown to be compatible with this reaction.

As shown in Scheme 1, we planned to generate 1-ami-
doalkyl radicals1 by the decarboxylation of protectedR-ami-

no acids2 using catalytic silver with stoichiometric persulfate
(Ag+/S2O8

2-).5 Radical 1 should then be captured by an
electron-deficient heterocycle to afford amide3 (path A,
Scheme 1). The potential problem with this route is that
oxidation of the radical to give imine4 is expected to be a
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facile process (path B). In fact, this method of amidoalkyl
radical oxidation is especially favored with anR-hetero sub-
stituent and is synthetically useful.6 Another obstacle would
be the possible instability of the product secondary amides
3 to the strongly oxidizing reaction conditions. The peroxy-
disulfate ion (S2O8

2-) is one of the strongest oxidizing agents
(2.01 V standard reduction potential in aqueous solution),5

and K2S2O8 has been shown to dealkylate both secondary
and tertiary amides under similar reaction conditions.7

Our study began using hippuric acid (N-benzoylglycine,
5a) as radical source and 3,6-dichloropyridazine as the repre-
sentative heterocycle (Scheme 2). Under optimized condi-

tions, addition of an aqueous solution of ammonium persul-
fate (1.8 equiv) to a well-stirred mixture of hippuric acid
(1.7 equiv), silver nitrate (10 mol %), trifluoroacetic acid
(TFA, 20 mol %), and the pyridazine in water afforded the
desired adduct6a in 88% yield. Small amounts of benzamide
were observed which likely resulted from competitive
oxidation of the radical (path B, Scheme 1). The high yield
in this example indicated that the product was stable to the
reaction conditions. We chose to use TFA instead of the
typical sulfuric acid as it should lead to a milder reaction
although sulfuric acid gave a similar yield. No products from
decarboxylation of TFA were observed. Interestingly, when
a syringe pump rather than a glass dropping funnel was used
for the addition of the persulfate solution, a lower yield was
obtained (55%). It has been noted that aqueous solutions of
persulfate are unstable at room temperature and a metal
syringe needle may accelerate this process.8

This reaction was simple to run and appeared synthetically
useful, so its compatibility with other nitrogen protecting
groups was assessed. As can be seen from Table 1, the
reaction tolerated a range of commercially available glycine
derivatives. The isolated yield for BzGlyOH, CbzGlyOH,
TsGlyOH, and PhtGlyOH were all high (77-88%). The
success of the Cbz group was somewhat surprising as
hydrogen abstraction by either an inter- or intramolecular
process to afford a benzylic radical could compete with the
desired addition. The Boc derivative5e gave a lower yield
due to deprotection under the reaction conditions. In this case,
TFA was not added, which also resulted in a slower reaction.
Double addition to the pyridazine is usually observed at
<5%, however with acetylglycine (5f), up to 20% was

observed which partly accounts for the lower yield. We also
hoped to couple dipeptide5g however none of the desired
product was isolated, possibly due to the low solubility of
the starting material in water. The tertiary amide5h gave
the expected product in good yield (79%). In most of these
examples, unreacted 3,6-dichloropyridazine still remained so
yields based on the pyridazine could be improved so long
as dialkylation did not become a serious competing process.9

We were interested in applying this chemistry to the
regiocontrolled addition of unsymmetrically substituted py-
ridazines (Table 2).10 Previous work had shown the addition
of simple alkyl radicals to substrates7a and 7b (X ) Me
and Ph, respectively) proceeded regioselectively.11 In line
with those results, the addition of the amidomethyl radical
was highly selective leading to products8a and8b with the
newly introduced group adjacent to the chlorine substituent.
The radical alkylation of alkoxy pyridazines has not been
assessed previously so substrates7c and7d were prepared.
The addition to 3-chloro-6-methoxypyridazine (7c) also
proceeded selectively, and it was a surprise that the addition
was now opposite the previous examples with compound
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NH4OH was added until the aqueous layer was pH 9, and then the layers
separated. The aqueous layer was further extracted with IPAc (50 mL),
and the combined organics were washed with NaHCO3 (50 mL of 1 M aq
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6a (8.32 g, 88%) was then isolated by crystallization from IPAc/hexanes.
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Scheme 2

Table 1. Minisci Coupling of Commercial Glycine Derivatives

substrate R1 R2 yielda (%)

5a Bz H 88
5b Cbz H 81
5c Ts H 77
5d phthaloyl 81
5e Boc H 55b

5f Ac H 48
5g BzGly H 0
5h Bz Me 79

a Isolated yield.b No TFA was used.
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9c predominating. When using the isopropoxy-substituted
pyridazine7d, the selectivity was reduced but still in favor
of the unexpected product9d. It appears the preferred site
of attack for the nucleophilic alkyl radical is adjacent to the
more electron withdrawing substituent (electronegativities of
oxygen and chlorine are 3.44 and 3.16, respectively).12

The application of this methodology to amino acids other
than glycine derivatives was then pursued (Scheme 3). The
use ofN-benzoyl-â-alanine gave the expected adduct10 in
good yield, and no benzamide was observed. This result
shows that the amide group does not need to be directly
adjacent to the radical for a successful coupling reaction.
Unfortunately, using 2-pyrrolidinone-5-carboxylic acid the
addition proceeded with low conversion to adduct11,and 6
equiv of reagent was required for a 27% yield with starting
dichloropyridazine still present. Similarly,N-benzoylalanine
gave a low yield of compound12, and a large amount of
benzamide was present indicating that the oxidation of the
alkyl radical (path B, Scheme 1) competed with addition to
the heterocycle. The use of tosyl-protected alanine was no
better with only a trace of product13observed.13 Fortunately,
changing to the phthalimide group gave improved results
and starting with phthaloyl-protected alanine, a 67% yield
of compound 14 was obtained. With this success, the
commercially available valine and leucine derivatives were
tried and gave the desired adducts,15 and16 respectively,
in reasonable yield.

In conclusion, a general method for the addition of 1-ami-
doalkyl radicals derived from N-protected glycine derivatives

to a representative electron deficient heterocycle is reported.
The reaction afforded good to high yields of the desired
Minisci adducts which were stable under the reaction condi-
tions. The addition to unsymmetrical 3-alkoxy-6-chloropy-
ridazines proceeded with surprising selectivity in favor of
the 4-alkylated product. When extending this reaction to other
amino acids derivatives, competing oxidation of the initially
formed radical was observed. Nevertheless, when using the
phthalimide protecting group, reasonable yields of the
Minisci adducts were obtained.
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Table 2. Minisci Addition to Unsymmetric Pyridazines

substrate X 8/9b yield (%)

7a Me 90:10 53c

7b Ph 95:5 78c

7c OMe 17:83 69c

7d Oi-Pr 24:76 84d

a Hippuric acid, (NH4)2S2O8, AgNO3, TFA, H2O, 75 °C. b Ratio deter-
mined by HPLC analysis at end of reaction.c Isolated yield of major
component.d Combined yield of isomers.

Scheme 3a

a Key: (a) 3,6-dichloropyridazine (1.0 equiv), amino acid (3
equiv), (NH4)2S2O8 (3.2 equiv), AgNO3 (10 mol %), TFA (20 mol
%), H2O, 75 °C; (b) amino acid (1.8 equiv); (c) amino acid (6.0
equiv); (d) sulfuric acid was used in place of TFA.
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