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ABSTRACT

A new method for the synthesis of protected benzamidines is described. The commercially available 1,3-bis(tert-butoxycarbonyl)-2-methyl-2-
thiopseudourea guanidylation reagent, after SEM-protection, functions as an amidine-forming cross-coupling partner under Liebeskind−Srogl
conditions. In the presence of copper(I) thiophenecarboxylate (CuTC), the palladium-catalyzed cross-coupling of the SEM-protected thiopseudourea
reagent with boronic acids affords fully protected benzamidines in good to excellent yield (40−91%).

The amidine functional group is found in many biological
molecules,1 and the benzamidine variant is often employed
as an excellent guanidine surrogate in medicinal chemistry.2

Consequently, a number of synthetic methods have been
developed for the preparation of amidines.3 Most of these
methods rely on the nucleophilic addition of amines or
ammonia equivalents to nitriles under forcing conditions, or
to suitably activated carboxylate equivalents, such as imidoyl
chlorides, imidates, and thioimidates. As a complement to

these procedures, we report herein a new and mild method
of substituted benzamidine synthesis that involves the cross-
coupling of boronic acids with the protected methyl thio-
pseudourea,2 (Scheme 1). This new, nonbasic, and general
methodology is an extension of the previously described
Liebeskind-Srogl thioether cross-coupling protocol.4 As
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such, it offers a strategic alternative to the aforementioned
nucleophilic addition chemistry for the preparation of fully
protected aryl and heteroaryl amidines in the presence of a
variety of sensitive functionalities.

The method takes advantage of boronic acids as readily
available, mild, stable and nontoxic reagents that are compat-
ible with a wide variety of functional groups. The cross-
coupling partner, amidination reagent2, is easily prepared
from commercially available guanidylation reagent15 in one
step by deprotonation with sodium hydride followed by
treatment with SEM chloride (Scheme 1). Preliminary
attempts to use guanidylation reagent1 as a cross-coupling
partner under palladium-catalyzed, copper carboxylate-
mediated conditions gave unsatisfactory results.6 We, there-
fore, turned our attention to the SEM-protected reagent2.

Boronic acids3-10 reacted with amidination reagent2
in THF or dioxane at 60-70 °C to give fully protected
functionalized benzamidines11-18 in good to excellent
yields in a palladium-catalyzed (Pd(PPh3)4 or Pd2dba3 and
tri-2-furylphosphine (TFP), copper carboxylate (copper(I)
thiophenecarboxylate, CuTC)-mediated cross-coupling (Table
1). As described in earlier reports from the Liebeskind
laboratory,4 both the catalytic palladium and stoichiometric
copper carboxylate are required for cross-coupling. Of the
catalyst systems studied for the amidination cross-coupling,
the Pd2dba3/TFP system gave the best results.7 The ability
to generate the protected benzamidine products in the
presence of aldehyde, ketone, and ester functionality (entries
7, 8, and 9, respectively) is particularly noteworthy. The
reaction products are nonpolar materials due to the Boc- and
SEM-protecting groups and are easily purified by chroma-
tography on silica gel using hexanes/ethyl acetate mixtures.

Treatment of pyridine-3-boronic acid with amidination
reagent2, 1.5 equiv of CuTC, and 5-10% Pd catalyst
afforded only trace amounts of the desired cross-coupling
product. The additive Zn(OAc)2 was shown earlier to have
a beneficial effect on these types of cross-coupling reactions
with heterocyclic boronic acids such as pyridine-3-boronic
acid (possibly by coordinating to Lewis basic sites of the
heterocycle).4a The addition of 1.2 equiv of Zn(OAc)2 to the
pyridine-3-boronic acid reaction mixture did increase the
overall conversion to the desired protected amidine product,
but in repeated runs, 40-50% starting material still remained
after the typical 12-16 h reaction time. We have now found
that for the amidination cross-coupling reaction with het- erocyclic boronic acids, the use of 3 equiv of CuTC affords

much improved results. Table 2 illustrates representative
protected heterocyclic amidines that have been prepared by
this cross-coupling chemistry. In each case, little or no
product was observed under the standard coupling conditions
(1.5 equiv of CuTC), with starting amidination reagent2
recovered unchanged. However, in the presence of 3 equiv
of CuTC, all of reagent2 was consumed within 6-12 h. In
each of these heterocyclic cases, 2 equiv of the boronic acid
was used to optimize the cross-coupling yields. As is shown
for the three examples reported in Table 2, purified yields
ranged from 40 to 70%, slightly lower than the aryl cases
shown in Table 1. The fate of the mass balance of reagent
2, which is consumed but does not lead to coupling product,
is under investigation at this time.8
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palladium-catalyzed copper carboxylate-mediated reactions of reagent1 with
3-methoxyphenylboronic acid, but the reaction mixtures have proven
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away from the desired cross-coupling chemistry.
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Table 1. Functionalized Benzamidine Synthesis

a CuTC: Cu(I) thiophene-2-carboxylate.b Pd(PPh3)4/THF. c Pd2dba3 /TFP/
dioxane.d 90 °C.
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Finally, we report the extension of this new methodology
to the preparation of the known 4-amidinophenylalanine
methyl ester28. Again, this method provides an alternative
to the preparation of 4-cyanophenylalanine and subsequent
nitrile nucleophilic addition chemistry.9 As summarized in
Scheme 2, the commercially available 4-boronophenylalanine
25 was converted to theN-Boc methyl ester derivative26
under standard conditions. Cross-coupling with amidination
reagent2 under standard conditions proceeded smoothly to
afford the fully protected amidinophenylalanine derivative
27 in 54% yield. Deprotection of compound27 to the free

amidine product28 was accomplished in one step by
treatment with a 1:1 solution of TFA in methylene chloride.

In conclusion, the scope and limitations of this new
functionalized amidine synthesis via the Liebeskind-Srogl
copper carboxylate-mediated, palladium-catalyzed cross-
coupling chemisty have been studied. The methodology
allows the synthesis of fully protected aryl and heterocyclic
amidines in the presence of a range of sensitive functionality.
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(10)Typical experimental procedure: The boronic acid (1.2-1.5
equiv), Pd catalyst (5-10 mol %), and CuTC (1.5 equiv) were placed in a
50 mL flask and submitted to 3 vacuum/argon cycles. A sparged solution
of the amidination reagent2 in dioxane was added via syringe. Additional
dry degassed dioxane was added as needed, and the mixture was heated at
60-70 °C for 16 h. Following the general procedure, a solution of
amidination reagent2 (5.0 mL of a 45 mg/mL solution in dioxane) was
added to 3-nitrophenylboronic acid5 (110 mg, 0.66 mmol), CuTC (151
mg, 0.80 mmol), Pd2dba3‚CHCl3 (27 mg, 5 mol %, 10 mol % Pd), and
TFP (43 mg, 7× 5 mol %). Additional dioxane (10 mL) was added, and
the reaction was heated at 65°C for 16 h; after radial chromatography (10/1
hexanes-ethyl acetate),13 (200 mg, 80% yield) was obtained. Full details
are contained in the Supporting Information.

Table 2. Heterocyclic Amidine Synthesisa

a 5% Pd2(dba)3 /TFP/THF/65°C/3 equiv of CuTC.

Scheme 2. Synthesis of 4-Amidinophenylalanine
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