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substituted phenanthridines via a Pd <cataylzed intramolecular cyclization of the iodine
containing N-arylation product is demonstrated
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Amidines are fundamental entity in modern drug discovery.
They exist as a structural part not only in various drugs"* and
agrochemicals,” but also in a variety of natural products.’
Amidines have also been shown to act as organocatalysts,’
important precursors in the synthesis of heterocycles,” and N-
based donor ligands in coordination chemistry.® Thus, developing
efficient process for the synthesis of substituted amidines has
been a subject of enduring interest..N-Arylamidines have been
prepared by reaction of aniline with corresponding thioimidic
esters,7a activated nitrile,h"d and trihaloethyl imidates.® Recently,
application of transition-metal catalyzed C-N cross-coupling to
N-arylation of amidines has been advanced.’ On the other hand,
tertiary amidines are generally prepared from monosubstituted
amides or thioamides.'” ‘Application of transition-mental
catalyzed C-N cross-coupling in preparation of tertiary amidines
remain challenging, since the basic tertiary amidines can
coordinate strongly with the metal center.® Several intramolecular
N-arylation of N,N-disubstituted amindines have been reported
recently.'" Nontheless, these methods have certain limitations
such as strongly acidic or basic conditions, high temperature,
using stoichiometric or catalytic amounts of transition metals, or
the preparation of activated intermediates. A simple and general
metal-free N-arylation procedure to directly generate N-arylated
amidines from amidines and N,N-disubstituted amidines, or their
salts under mild reaction conditions should be very attractive,
since it offers efficient access to a variety of such compounds.

Arynes generated from o-silylaryl triflate'> and a fluoride

source have been applied in various useful synthetic
methodologies." Facile arylation of amines, ***
sulfonamides,'**¢, carbamates'®, acetanilides,”  phosphite,

phosphonite and phosphinite,'** and sodium sulfinates'* using o-
silylaryl triflates have been reported. Unfortunately, arylation of
carboxamides only afford trace of the corresponding N-arylamide
product, since simple amides are apparently neither nucleophilic

enough to directly attack the aryne nor acidic enough to form the

. . l4¢ . .. .
corresponding anion.”~ We envisaged that amidines which are
much more nucleophilic than amides, might be able to react with
the aryne intermediates (Scheme 1). Herein we report a facile,
transition-metal free method for the N-monoarylation of amidines
and N,N-disubstituted amidines using o-silylaryl triflates under
very mild reaction conditions.
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Scheme 1. N-Arylation of amides and amidines with o-silylaryl
triflate

N-Arylation of N,N-disubstituted amidines was examined first
(Scheme 2). HBr salt of 1-phenylpyrrolidin-2-imine was treated
with 20 eq. of 2-(trimethylsilyl)phenyl
trifluoromethanesulfonate, 1.0 eq. of NaHCO; and 3.0 eq. of CsF
in acetonitrile (3 mL) at room temperature. We were gratified to
find that a 51% yield of the desired N-arylation product 2a was
isolated after 16h. The yield was further improved to 74% when
using 3.0 eq. of o-silylaryl triflate. To investigate the scope and



2 Tetrahedron

limitation of this procedure, varieties of o-silylaryl triflates and
amidines were examined. Substituted o-silylaryl triflates reacted
readily with aminides under our reaction conditions. The reaction
of 4-methoxy-2-(trimethylsilyl)phenyl trifluoromethanesulfonate
showed excellent selectivity and generated a single isomer 2b in a
72% yield. When using dimethoxy-substituted o-silylaryl triflate,
the aryaltion product 2¢ was generated in a lower yield. Amidines
containing an electron-withdrawing group or electron-donating
group generated the corresponding arylation products 2d and 2e
in moderate yield. Heterocycle was also well tolerated in the
reaction. Significantly, steric hindered amidines bearing o-bromo
or o-iodo produced the arylation product 2g and 2i smoothly. The
high reactivity of aryne intermediates generated in sifu made the
arylation possible under increased steric hindrance. Non-cyclic
alkyl and aryl amidines also worked well in this procedure,
generating the corresponding aryaltion products 2h and 2i in
moderate yields. For the free base amidines, only 1.5 eq. of o-
silylaryl triflate was required for arylation.
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“Reaction conditions: 0.2 mmol-of amidine is allowed to react
with silylaryl triflate (3.0 eq.), CsF (3.0 eq.) and NaHCO; (1.0
eq.) in MeCN (0.07 M) at RT for 10 h. °Free base amidine and
1.5 eq. of silylaryl triflate used; no NaHCO;.

Scheme 2. N-Arylation of N,N-disubstituted amidines

Interestingly, imine itself was a good substrate, undergoing N-
aryaltion under our reaction conditions (Scheme 3.). It’s utility in
the preparation of extremely sterically hindered imines should be
emphasized, since this kind of imines only can be prepared by the
twofold extrusion reaction of selones or thiones with aromatic
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Scheme 3. N-Arylation of imine

We next examined the N-monoarylation of amidines. (Scheme
4). The reaction of amidine HCI salts was examined first, since

many of these salts are commercial available. When HCI salt of
benzimidamide reacted with 1.5 equiv of 2-(trimethylsilyl)phenyl
triflate, 2.0 equiv of CsF and 1.5 equiv of Cs,CO;in acetonitrile
at 50 °C for 5 h, monoarylation product 5a was isolated in a 68%
yield. The methoxy-substituted o-silylaryl triflate again showed
excellent selectivity and furnished only the meta substituted
amidine Sb in good yield. The more electron-rich dimethoxy-
substituted o-silyaryl triflate afforded the desired product Sc in a
lower yield. The para bromo substituted amidine furnished the
N-arylated product 5d in only 46% yield after 5 h at 50 °C. The
yield of 5d was improved to 64% when extending the reaction
time to 14 h. The ortho iodo substituted amidine also produced
the desired iodine-containing product Se. Thus, halides are
readily accommodated by our reaction conditions. Aryl amidines
bearing an electron-withdrawing or donating group furnished the
expected N-monoarylated amidines in-good to excellent yields.
Heterocyclic amidine worked well to furnish the desired product
5i in good yield. This method wasnot limited to aryl amidines, as
N-monoarylated alkyl amidines 5j, Sk and 51 were also prepared
in good yields.
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“Reaction conditions: 0.2 mmol of amidine salt is allowed to
react with o-silylaryl triflate (1.5 equiv), CsF (2.0 equiv) and
Cs,CO3 (1.5 equiv) in MeCN (0.07 M) at 50 °C for 5 h.
PReaction time is 16 h.

Scheme 4. N-Monoarylation of amidine salts®

To demostrate the utility of this method, the iodine containing
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product 2i was converted to 6-aminophenanthridine 6a in an
excellent yield through Pd catalyzed intramolecular coupling
reaction (Scheme 5)."”

Scheme 5. Synthesis of 6-Aminophenanthridine

In summary, we have developed a metal-free method for the
N-arylation of amidines and N,N-disubstituted Amidines under



very mild reaction conditions. The reactions are compatible with
a variety of functional groups. Imines can be N-arylated by this
method. We also demonstrated the preparation of substituted
phenanthridines via a Pd cataylzed intramolecular cyclization of
the iodine containing N-arylation product.
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