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A general synthesis of 6-trichloromethylpterin, 2-chloro-3-
trichloromethylquinoxaline and 2-amino-7-trichloromethyl-1,8-
naphthyridine along with a series of trichloromethyl heterocy-
cles (1–11) has been reported in one-pot mild neutral condition
in good yield. This method is compared with the usual method
using phosphorus pentachloride in phosphorus oxychloride.

The halogen-substituted �-depletion heteroaromatic nuclei
(e.g. pterin, quinoxaline, naphthyridine, or pyridine derivatives)
are important intermediates in modern organic chemistry.1

These are versatile key compounds in manifold synthesis of ar-
tificial receptors for molecular recognition.2 These intermediates
react with different nucleophiles such as amines to give the
corresponding substituted products. 2-Amino-6-bromomethyl-
4(3H)-pteridinone and 6-bromomethyl-2,4-pteridinediamine
are the key intermediates for the synthesis of nutrient cofactor
folic acid and anticancer drug methotrexate.3 Pharmacophore
based synthesis of 3-chloroquinoxaline-2-carboxamide as se-
rotonin3 (5-HT3) receptor antagonist was designed and prepared
from 3-chloro-2-quinoxalinylchloride.4

It is well known that �-methylheterocyclic compounds are
chlorinated to give �-trichloromethylheterocyclic compounds
using phosphorus pentachloride in phosphorus oxychloride.5

These reagents are, however, very moisture-sensitive and also
isolation of the products from phosphorus oxychloride is diffi-
cult. Thus, the development of new modes of �-methyl halogen-
ation without using a halogenating reagent such as phosphorus
oxychloride would be advantageous for many chemists. Recent-
ly, a facile halogenation of some hydroxyheterocycles using
triphenylphosphine and N-halosuccinimide was reported.6 We
have previously reported side chain bromination in the presence
or absence of water and without radical initiator under micro-
wave.7

We report here a useful, straightforward, economic and
efficient method for the synthesis of 6-trichloromethylpterin,
2-chloro-3-trichloromethylquinoxaline and a series of methyltri-
chloro-substituted heterocyclic compounds in good yield using
N-chlorosuccinimide and triphenylphosphine in carbon tetra-
chloride by one-step reaction under mild and neutral conditions.

The starting material 2-amino-6-methyl-3H-pteridin-4-one
was made by following our microwave procedure8 and its 2-piv-
aloyl derivative 1 was prepared owing to extremely poor solubil-
ity of pterin in both organic and aqueous media. Thus, the
1HNMR spectroscopic studies of the chloro-substituted pterins
were performed with the 2-pivaloyl derivative. Similarly starting
compounds 3-methyl-2(1H)-quinoxalinone (4) and 2-amino-7-
methyl-1,8-naphthyridine (7) respectively for Entries 4 and 7

were made by reported procedures.9,10 Lactam group in the
pyrimidine ring of methylpterin 1 (Entry 1) was not converted
to the chloro derivative and only the methyl group was trans-
formed into trichloromethyl group. But the methylquinoxaline
lactam 4 (Entry 4) and 5 (Entry 5) gave 2a and 5a where both
the trimethyl and the lactam moiety were smoothly converted
to the chlorinated product. A plausible mechanism is also sug-
gested12 for the formation of 3a and given in the Supporting In-
formation.14 All the compounds made here are well character-
ized by spectroscopic studies (1HNMR, 13CNMR, and MS) as
well as by comparison of melting points with authentic samples.
The reaction conditions and yields are summarized in Table 1.

The experimental procedure is as follows: In a round-
bottomed flask, 10 equiv. of N-chlorosuccinimide was added
to a solution of 2 equiv. of triphenylphosphine in carbon tetra-

Table 1. Synthesis of the series of �-trichloromethyl-substitut-
ed heterocyclic compounds (1–11)
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aReactions were monitored by TLC analysis. bYields refer to the
isolated pure products after column chromatography. cReaction
was carried out at 80–85 �C.

552 Chemistry Letters Vol.36, No.4 (2007)

Copyright � 2007 The Chemical Society of Japan



chloride (60mL), and stirred at room temperature for 25min. A
solution of 3-methyl-2(1H)-quinoxalinone (4) (1 g, 5.25 mmol)
was added to the suspension and the reaction mixture was stirred
and heated under reflux for 7 h. The solution was cooled and fil-
tered. The evaporated filtrate was washed with saturated aqueous
NaHCO3 and extracted with CHCl3. After drying over anhy-
drous Na2SO4, the solvent was removed under reduced pressure.
The crude product was purified with column chromatography
using silica gel and elution with 1% ethyl acetate in pet ether
afforded 2-chloro-3-trichloromethylquinoxaline (2a) (1.47 g,
84%) as a white crystalline solid.

One important note that 2-chloro-3-dichloromethylpyrazine
was prepared by chlorination of 2-chloro-3-methylpyrazine in
acetic acid at 100 �C where no 2-chloro-3-trichloromethylpyra-
zine was formed is indicative of the steric crowding about the di-
chloromethyl group.13 But in case of quinoxalines for Entries 2,
4, and 5, they formed 2-chloro-3-trichloromethylquinoxaline
(2a) and 7-bromo-3-chloro-2-trichloromethylpyrido[2,3-b]pyra-
zine (5a). The structure of the compound 2a obtained was
confirmed by spectroscopic methods (IR, 1HNMR, 13CNMR,
and MS). Final confirmation of 2a was obtained by an X-ray
crystallographic investigation (Figure 1). The molecule is
relatively planar. This planar arrangement leads to a compact
packing structure in parallel layers. The four molecules are
present in the unit cell.

In summary, the simple and clean reaction procedure
and also the work-up, use of low volumes of solvent, fast
reaction rates, mild and neutral reaction conditions, good yields
with no tar formation make this method for the synthesis of
trichloromethyl heterocycles an attractive and useful addition
to the current methodologies.
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Figure 1. X-ray structure of the compound 2a: ORTEP diagram
of the compound with atom numbering scheme and supramolec-
ular architecture within non-hydrogen inter-molecular contacts
(view along a axis). X-ray structure of the compound 2: (a)
ORTEP diagram of the compound with atom numbering scheme.
(b) Packing of molecules 2 in the crystal lattice. (c) Cl���Cl inter-
action of chloro and trichloromethyl groups giving helix-like
conformation along b axis. (d) Supramolecular architecture
within non-hydrogen inter-molecular contacts (view along a
axis).
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