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Abstract: The N-oxidation of N,N’-disubstituted amidines with
MCPBA (m-chloroperoxibenzoic acid) affords a mild, rapid, and
efficient route to the corresponding hydroxyamidines This novel
synthetic route for the preparation of N,N’-disubstituted hydroxya-
midines provides an attractive alternative to the classical one. It was
found that the efficiency of the N-oxidation reaction, and the stabil-
ity of the hydroxyformamidines are influenced by the substitution
on the N,N'-diaryl rings, for example, higher yields (up to 92%) and
more stable products are obtained for the compounds bearing sub-
stituents in the 2,6-positions of the phenyl rings. 'H NMR and *C
NMR, HRMS and/or elemental analysis were used to characterize
the products.

Key words: formamidines, hydroxyformamidines, peroxides,
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N,N’-Disubstituted hydroxyamidines/amidoximes have
been studied for their biological activity (antituberculars,
hypotensives), their pharmacological properties (bacteri-
cidal, fungicidal, local anaesthetics),' and also as precur-
sors in the synthesis of cyclic compounds.? Their
propensity to form stable five-membered chelate rings
with metal ions was exploited for tracing metals in analyt-
ical chemistry.® They also show good electronic delocal-
ization through the ligand backbone and have interesting
design possibilities as far as multiple functionalization is
concerned. Due to these properties, the N,N’-disubstituted
hydroxyamidines/amidoximes and their mononuclear
complexes are interesting candidates for incorporation
into supramolecular assemblies based on coordination
chemistry and hydrogen bonding. They could also present
potential applications in catalysis, as recently many cata-
lysts containing N,O-bidentate ligands have been devel-
oped.*

Surprisingly, none of these aspects of their chemistry have
received much attention in the literature. In this context,
our main objective is to synthesize and characterize N,N’-
diaryl-N-hydroxyamidine ligands and their different met-
al complexes, in order to study their properties and their
possible applications in the above-mentioned fields. We
have developed and optimized a new route for the synthe-
sis of the hydroxyamidines — the N-oxidation of the parent
amidines with MCPBA — as a more efficient alternative to
the classical one (Scheme 1). We report herein the results
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obtained using different functionalized formamidines 2a—
i as substrates (Scheme 2)

Generally, hydroxyamidines are prepared from the corre-
sponding carboxylic acids, aniline, and hydroxyaniline,
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Scheme 1 Synthesis of hydroxyamidines via a classic route’
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Scheme 2 The two-step synthesis of hydroxyformamidines: step 1:
synthesis of the formamidines 2a—i from a mixture of la—i and
triethylorthoformate (2:1) with AcOH (cat.); step 2: synthesis of 3a—
i via the N-oxidation of formamidines 2a-i with MCPBA. Com-
pounds: aR'=R?=R3*=H; bR!'=R?>=H, R*=Br; cR'=R?*=H,
R}*=0OMe;dR!'=R?>=H,R?*=Me;eR! =Me,R>=R*=H;fR! = i-Pr,
R?=R3*=H; gR'=Ph,R2=R?*=H; hR! = R? = Me, R? = H;
iR'=R?=i-Pr,R3=H.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



406 M. Cibian et al.

LETTER

by the multistep procedure shown in Scheme 1.> Most of
the steps are performed under an inert atmosphere and are
relatively time-consuming. Also, the synthesis of hy-
droxyanilines can be considered as the limiting step due to
their instability, leading to low overall yields.

Besides offering an alternative to their difficult classical
synthesis, the new two-step preparation method for hy-
droxyamidines (Scheme 2) presents additional advantag-
es: rapidity, ease of manipulations, and improved overall
efficiency. It also avoids the use of chlorination agents
(SOCI, or PCls), which are toxic and corrosive. The idea
of preparing the amidines first is part of our synthetic
strategy, which takes advantage of their facile synthesis,
and at the same time, eliminates the use of hydroxy-
anilines. The proposed procedure can be applied to differ-
ent amidine substrates (different substitution on the
central carbon: formamidines, acetamidines, benz-
amidines and/or different substitution on the N,N’-diaryl
rings). The specific reaction conditions and yields are re-
ported in Table 1.

The synthesis of the parent formamidines 2a—i (Scheme 2,
step 1) was done in one step using commercially available
starting materials. The first procedure (method A)® em-
ployed the classical distillation of ethanol from a mixture
of aniline, triethylorthoformate (2:1), and a catalytic
amount of glacial acetic acid. The second procedure was
a modified microwave reaction (MW, method B)” of the
same mixture of compounds.'> Molecular sieves (4 A)
were used in this second case to displace the equilibrium
to the products by removing the resulting ethanol. Both
procedures give good yields (60—89%, Table 1), but the
MW reactions proved to be particularly easy to set up and
manipulate, as well as very fast and more efficient. In
most cases the reaction times for MW reactions are 10-30
minutes (1 h and 2 h for the more bulky compounds 2h
and 2i, respectively) vs. a few hours to overnight for
distillations. Also, similar or better yields are generally
obtained by MW reactions vs. distillation. The only ex-
ception is the compound 2i (R! = R? = i-Pr, R? = H), the
bulkiest in the series, which requires a longer reaction
time due to steric hindrance caused by the ortho substitu-
ents.

The synthesis of the hydroxyformamidines 3a—i by the N-
oxidation of the corresponding amidines is a mild, rapid,
and fairly efficient procedure. The limit of this approach
is the ease with which the amidine is protonated by the m-
chlorobenzoic acid produced during the reaction. An ion
pair is formed and stabilized through H bonding.'¢ Several
approaches were tried in order to overcome this issue. The
most successful ones proved to be: i) the use of the ami-
dine as its own base, ii) the use of other organic bases
(e.g., diisopropylethylamine), and iii) the addition of
NaHCO; at the beginning of the reaction. The use of
stronger inorganic bases was limited by their poor solubil-
ity in CH,Cl,. Biphasic reactions were also tried when us-
ing inorganic bases, but the overall yield was not
improved as the stability of formamidines substrates and
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hydroxyformamidines products toward nucleophilic at-
tack on the central carbon started to play an important
role, which resulted in the formation of the corresponding
amide as a side product. The N-oxidation reaction of
amidines with MCPBA may undergo a similar mecha-
nism as epoxidation,!” with the formation of an intermedi-
ate of oxaziridine ring type, which could also explain the
formation of arylamides as a side product of the reac-
tion.'8

The efficiency of the N-oxidation reaction is influenced
by the substitution on the N,N’-aryl rings. The substrates
with electron-donating bis-ortho substituents 3h—i give
good yields (88-92%), while moderate yields (41-59%)
are obtained for the compounds bearing electron-donating
mono-ortho substituents 3e-g. The absence of ortho sub-
stitution (3a—d) results in poor yields (13-22%), as the
compounds also decompose during purification.!® As the
yields were calculated for the isolated products, the effect
of ortho substitution on the efficiency of the reaction
could be explained by the higher stability of the o-substi-
tuted compounds, as the central carbon is best protected
on steric grounds.?’ Electron-donating ortho substituents
also increase the basicity of the imido-nitrogen, which has
the determining role in driving the N-oxidation reaction
by electronic considerations. For the very bulky ortho-
substituted substrates, steric hindrance starts to have an
influence on the N-oxidation reaction as well (3i vs. 3h).

The newly synthesized hydroxyformamidines were char-
acterized by '"H NMR and '*C NMR, HRMS, and/or ele-
mental analysis (Supporting Information). A common
feature in the '"H NMR of the hydroxyamidines vs. their
corresponding amidines is the splitting of the signals due
to the asymmetry introduced in the molecule by the pres-
ence of the hydroxyl group (Supporting Information —
Figure 2).

In conclusion the N-oxidation of amidines with MCPBA
is a straightforward method for synthesizing their corre-
sponding hydroxyamidines. This method was successful-
ly used with different functionalized formamidines, the
ortho-substituted ones giving the best results. N-Oxida-
tion with MCPBA of functionalized acetamidines and
benzamidines substrates is currently under investigation,
as well as the application of the method to aliphatic and
unsymmetrical formamidines.

Supporting Information for this article is available online at
http://www .thieme-connect.com/ejournals/toc/synlett.
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Table 1 Specific Conditions and Yields for the Synthesis of the Formamidines 2a—i and Hydroxyamidines 3a—i

Compound Formamidines 2 Yield (%)** Hydroxyformamidines 3 Yield (%)
HO
HN—/\ \
a @ N@ 81 (85) SN_\\N@ 20
HO,
HN=—\\ \
_\N4®—Br NN
b 82 (-) N Br 13
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c 80 (-) N OMe 15
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g @ N@ 85° (81) N_\\N@ 59
Ph
h 2 HEN @ 851 (60)2 2 E @ 92!
i N_\\ 66" (75) P 88!
Ir Pr
-Pr Pr
2 Isolated yields.

® Yield obtained by microwave (MW) irradiation (method B), using the general procedure,”® unless otherwise mentioned.

¢ Yields in brackets obtained using the general procedure (method A),® unless otherwise mentioned.
4 Modified reaction time (30 min).

¢ Modified reaction time and temperature (140-160 °C, 15 min).

fModified reaction time and temperature (140 °C, 1 h).

& Modified reaction time (1 h).

" Modified reaction time and temperature (140 °C, 2 h).

! Yields obtained by the general method,’ unless otherwise mentioned.

 Modified reaction temperature (10 °C to r.t.) and diisopropylethylamine used instead of NaHCO,.
X Modified reaction temperature (=10 °C to r.t.).'%!!

' Modified reaction time (15-30 min) and no NaHCOj used.'>!?
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General Procedure'* — Method A

The EtOH was distilled from a mixture of aniline,
triethylorthoformate (2:1), and a catalytic amount of glacial
AcOH at 120-160 °C. The reactions times ranges from 1 h
for compound 2h to overnight. Solids were formed which
were further purified as described in ref. 7.

General Procedure's - Method B

A mixture of aniline, triethylorthoformate (2:1), and a
catalytic amount of glacial AcOH (MS 4 A were also added)
was microwave activated at 130 °C for 10 min. At the end of
the reactions, oily solids were obtained, which were taken in
CH,Cl, (2a—e and 2g-i) or hexane(2f). The solvents were
evaporated under vacuum to afford solids or oils that were
further purified by recrystallization in CH,Cl,—hexane (1:1;
2a—e,g), boiling hexane (2f.i) or by trituration/sonication
with hexane(2h). Colorless solids were obtained in all
cases.?

Except for compound 2f, all of the formamidines are known
compounds, and their characterization is similar to reported
data.'*

Compound 2f: Compound 1f (7.5 mL, 51 mmol, 2 equiv),
triethylorthoformate (4.0 mL, 25 mmol, 1 equiv) and a
catalytic amount of glacial AcOH (0.30 mL, 5.1 mmol, 0.2
equiv) were reacted following the general procedure
described in ref. 7. After purification by trituration with cold
pentane and recrystallization in hot hexane, colorless
crystals were obtained; yield 5.56 g, 78%. 'H NMR (300
MHz, CDCl;): 6 = 8.00 (s, 1 H, NHCH=N), 7.29 (d,J =8
Hz, 2 H, C¢H,), 7.20-7.08 (m, 4 H, C¢H,), 7.02 (d, J = 8 Hz,
2 H, CiH,), 3.29 [sept, J =7 Hz, 2 H, -CH(CH,),], 1.26 [d,
J=17Hz, 12 H, CH(CH;),] ppm. *C NMR (75 MHz,
CDCly): d =148.6, 139.5, 126.7, 125.9, 124.0, 118.7, 27.73,
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(1)

(12)

23.21 ppm. Anal. Caled (%) for C;,H,,N,: C, 81.38; H, 8.63;
N, 9.99. Found: C, 81.62; H, 9.27; N, 10.17.

General Procedure — N-Oxidation of Amidines with
MCPBA

A solution of MCPBA (1 equiv) in CH,Cl, was added
dropwise by addition funnel to a solution of amidine (1
equiv) and NaHCO; (1.0-1.5 equiv) in the same solvent, at
0 °C (ice bath) to r.t. The reaction mixture was stirred for
other 30—-60 min at r.t. and was washed with an aq solution
of K,CO5 (5%; 2 x 25 mL). The combined organic fractions
were dried over anhyd MgSO, or Na,SO, and filtered. The
solvent was removed by evaporation, to afford solids or oils
that were further purified by recrystallization or flash
chromatography on silica gel.

Compound 3f: Compound 2f (2.0 g, 7.1 mmol, 1 equiv) and
NaHCO; (0.61 g, 7.1 mmol, 1 equiv) in CH,Cl, (50 mL) and
MCPBA (1.6 g, 7.1 mmol, 1 equiv) in CH,Cl, (50 mL) were
reacted following the general procedure described in ref. 9,
and modified as specified in Table 1 (footnote k). After
purification by flash chromatography on silica gel [gradient
of eluants: hexane—EtOAc (2:8), EtOAc-MeOH (9:1),
CH,Cl, 100%] and recrystallization in hot hexane, a
colorless solid was obtained; yield 0.92 g, 58%. '"H NMR
(300 MHz, CDCly): 8 =7.93 (s, 1 H, NHCH=N), 7.45-7.39
(m, 2 H, C¢H,), 7.34-7.31 (m, 2 H, C4H,), 7.28-7.08 (m, 3
H, CH,),6.96 (d,J =8 Hz, 1 H, CH,), 3.67 (brs, OH), 3.40
[sept, J =7 Hz, 1 H, CH(CH,),], 3.27 [sept, /=7 Hz, 1 H,
CH(CHs,),], 1.33-1.29 [m, 12 H, CH(CH,),] ppm. *C NMR
(75 MHz, CDCly): & = 145.0, 142.1, 137.4, 136.2, 135.4,
130.1, 127.1, 127.0, 126.7, 126.6, 125.5, 124.3, 116.2,
28.12,27.61, 24.27 (2 C), 23.08 (2 C) ppm. MS (ESI-
HRMS, CH,Cl,): m/z [M + H]* calcd for C;4H,sN,O:
297.1961; found: 297.1971. Anal. caled (%) for C,,H,,N,O:
C,76.99; H, 8.16; N, 9.45. Found: C, 76.80; H, 8.23; N, 9.40.
Compound 3g: Compound 2g (1.5 g, 4.3 mmol, 1 equiv) and
NaHCO; (0.38 g,4.3 mmol, 1 equiv) in CH,Cl, (50 mL) and
MCPBA (0.96 g, 4.3 mmol, 1 equiv) in CH,Cl, (50 mL)
were reacted following the general procedure described in
ref. 9, and modified as specified in Table 1 (footnote k).
After purification by flash chromatography on silica gel
[gradient of eluants: hexane-EtOAc (2:8), EtOAc-MeOH
(9:1), CH,Cl, 100%] and recrystallization in CH,Cl,~hexane
(1:1), a colorless solid was obtained; yield 0.93 g, 59%.

"H NMR (400 MHz, CDCl,): & = 7.85-7.78 (m, 1 H, C¢H,),
7.55-7.32 (m, 14 H, C¢H;, C¢H,, NHCH=N), 7.21 (dd, J =7,
2Hz, 1 H, C¢H,), 7.11 (td, J = 8, 2 Hz, 1 H, CH,), 7.05 (td,
J=17,1Hz, 1 H, CH,), 6.17 (d, J = 8 Hz, 1 H, C¢H,), 3.67
(br s, OH) ppm. '*C NMR (75 MHz, CDCl,): § = 142.0,
138.2,137.5, 136.9, 135.7, 135.2, 131.7, 131.40, 130.7,
129.4 (2 C), 129.24 (2 C), 129.19 (2 C), 129.1 (2 C), 128.8,
128.6, 128.5 (2 C), 128.3, 128.1, 126.1, 123.7, 115.4 ppm.
MS (ESI-HRMS, CH,Cl,): m/z [M + H]* C,sH,;N,O calcd
for: 365.1648; found: 365.1655. Anal. Calcd (%) for
C,sH,oN,0: C, 82.39; H, 5.53; N, 7.69. Found: C, 82.33; H,
5.52; N, 7.73.

Compound 3h: Compound 2h (1.0 g, 4.0 mmol, 1 equiv) in
CH,Cl, (20 mL) and MCPBA (0.89 g, 4.0 mmol, 1 equiv) in
CH,Cl, (20 mL) were reacted following the general
procedure described in ref. 9, and modified as specified in
Table 1 (footnote 1). After recrystallization in CH,Cl,—
hexane (1:1) at—10 °C, a colorless solid was obtained; yield
0.98 g,92%. '"H NMR (400 MHz, CDCl,): § =7.34 (s, 1 H,
NHCH=N), 7.20 (t, J = 8 Hz, 1 H, C¢H3), 7.15-7.06 (m, 5 H,
C¢H,), 3.51 (br s, OH), 2.38 (d, J = 3 Hz, 12 H, CH;). 13C
NMR (75 MHz, CDCl,): § = 142.1, 140.4, 135.8, 134.8 (2
(), 133.4,129.3,129.0 (2 C), 128.6 (2 C), 126.7, 18.81 (2
), 17.26 (2 C) ppm. ESI-MS (CH,Cl,): m/z (%) = 269.2
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13)

(100) [M + HJ*. Anal. caled (%) for (C,,H,,N,0),CH,Cl,: C,
67.62; H, 6.81; N, 9.01. Found: C, 68.19; H, 6.81; N, 9.00.
Compound 3i: Compound 2i (1.5 g, 4.1 mmol, 1 equiv) in
CH,Cl, (10 mL) and MCPBA (0.9 g, 4.1 mmol) in CH,Cl,
(40 mL) were reacted following the general procedure
described in ref. 9, and modified as specified in Table 1
(footnote 1). The green-white solid obtained after solvent
evaporation was taken in EtOH, as the formamidine 2i has
low solubility in this solvent. After filtration, EtOH
evaporation, and drying under vacuum, a pale-yellow solid
was obtained; yield 1.4 g, 88%; mp 165-167 °C. '"H NMR
(300 MHz, CDCl,): 6 =7.39-7.32 (m, 1 H, C¢H,), 7.32-7.26
(m, 1 H, C¢Hy), 7.25-7.21 (m, 2 H, C¢H; and NHCH=N),
7.20(d,J=2Hz,2H, CHs),7.18 (d,J=1Hz, 1 H, CiH,),
3.37 [sept, J = 7 Hz, 2 H, CH(CHj),], 3.25 [sept, J = 7 Hz, 2
H, CH(CHs;),], 1.37 [d, J =7 Hz, 6 H, CH(CH5),], 1.23 [d,
J=T7Hz, 12 H, CH(CH;),], 1.18 [d, /=7 Hz, 6 H,
CH(CH,),]. '*C NMR (75 MHz, CDCl,): § = 146.6 (2 C),
146.0(2C), 141.7,133.2,132.5,130.6, 128.8 (2C), 124.8 (2
), 124.7 (2 C),29.28 (2 C) 29.10 (2 C), 25.98 (2 C), 25.05
(2C),24.87 (4 C). ESI-MS (CH,Cl,): m/z (%) = 381.3 (100)
[M +H]". Anal. Calcd (%) for C,sH;cN,0: C, 78.90; H, 9.53;
N, 7.36. Found: C, 78.79; H, 9.43; N, 7.21.
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For 3a—d pure products are only obtained by
recrystallization as decomposition occurs on silica gel
chromatography column. Attempts to maximize the yield by
repeated evaporation—recrystallization were unsuccessful as
the decomposition product (amide) is observed after 1-2
cycles.

Also observed by '"H NMR, as the shielding of formamidine
H decreases in the series 3i, 3h, 3g, 3f, 3e, 3¢, 3d, 3b, 3a (see
Supporting Information — Figure 1).
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