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Abstract: Cu(OAc), was found to be an efficient catalyst for dehydrogenative synthesis of
1,3,5-triazine derivatives via oxidative coupling reaction of amidine hydrochlorides and

alcohols in air. Both aromatic and aliphatic alcohols can be involved in and thirty-three
products were obtained with good to excellent yields. Moreover, the use of ligand, strong base

and organic oxidant is unnecessary.

Introduction

1,3,5-triazines are very important skeletons of many
biologically active compounds, such as herbicides, insecticides,
fungicides, anticarcinogens and antivirals (Figure 1).' In
addition, they are also widely used as organic dyestuff, liquid
crystal, flourescent brightener, electroluminescent materials, gas
generating agent, solid propellant and pyrotechnics.> In the
past decades, a few approaches, including transition
metal-catalyzed coupling reaction of  halogenated
1,3,5-triazines,*  the cycotrimerizations of nitriles’  and
multicomponent reaction of cyanamid, 1,2,4-triazole and
triethyl orthoformate have been developed for the synthesis of
1,3,5-triazine derivatives.® Alternatively, these compounds
were also obtained through the pathways based on the use of
available amidines as substrates, for example, domino
heterocyclization of isothiocyanates with aryl amidines,’
cesium carbonate-promoted cyclodehydrogenation of amidine
hydrochloride with aromatic aldehyde.® However, these
methods suffer from limitations of operating difficulties or
tough reaction conditions involving strong base, microwave,
noble metal catalyst and organic oxidant. Recently, Zhang et al.
reported new  strategies for  the  synthesis  of
2,4,6-triaryl-1,3,5-triazines based on ruthenium-catalyzed
reaction of aryl methanols and amidines.” The disadvantages of
the strategy lies in noble metal ruthenium-based catalysts and
limitation of substrate suitability. As a result, more robust and
efficient method for the synthesis of 1,3,5-triazine is still
extremely in demand, especially involving the synthesis carried
out under gentle conditions with inexpensive catalysts.

Copper catalysts with features of low cost and environmental
friendliness were frequently utilized to synthesize novel
heterocyclic compounds.'®'? For example, Nagasawa et al.
have reported that Cu(OTf), exhibited impressive catalytic
ability in intramolecular oxidative C—N coupling reaction and
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Scheme 1. Synthesis of 1,3,5-Triazines

intermolecular amino cyclization.'* Our previous findings also
showed that copper-based catalysts are attractive in the catalytic
formation of carbon-heteroatom bonds (Scheme 1).'* Herein,
we report the synthesis of 1,3,5-triazine derivatives directly by
oxidative coupling of amidine hydrochlorides and alcohols in
air with Cu(OAc), as a catalyst. Compared with the relevant
reported reactions for the synthesis of 1,3,5-triazine

derivative,*° our method is more efficient as evidenced by the
fact that both aryl methanols and alkyl alcohols are utilizable as

starting reactants in the oxidative coupling reaction.
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Table 1. Optimization of the Reaction Conditions”

NH
B

catalyst, ligand N N
©/\OH+©)LNH2-HCITM> |N/
1a 2a 3aa
entry  catalyst ligand solvent base yield
(mol%) (%)”
1 nanoCuO (5) Phen  toluene K,COs3 85
2 CuCl, (10) Phen  toluene K,COs3 75
3 Cu(NOs),  Phen  toluene K,CO;3 70
(10)
4 Cu(OAc), Phen  toluene K,CO; 88
(10)
5 Cu(acac); Phen  toluene K,CO; 80
(10)
6  Cu(OT),(10) Phen toluene K,CO; 85
7 Cu(OAc),(5) Phen  toluene K,CO; 60
8 Cu(OAc), Phen  toluene K,CO; 89
(15)
9 Cu(OAc), toluene K,CO; 88
(10) -
10 Cu(OAc), toluene  NaHCO; 87
(10) -
11 Cu(OAc), _ toluene  Na,COj; 88
(10)
12 Cu(OAc), _ toluene _ _
(10)
13 Cu(OAc), _ DMF Na,CO; 45
(10)
14 Cu(OAc), _ DMSO  Na,COj; 55
(10)
15¢ Cu(OAc), _ toluene  Na,COj; 30
(10)
16  Cu(OAc), B toluene  Na,COs 60
(10)
17¢ Cu(OAc), _ toluene  Na,COj3 55
(10)
18" Cu(OAc), B toluene  Na,COs 70
(10)
195 Cu(OAc), _ toluene  Na,COj; 80
(10)

“Reaction conditions: benzamidine hydrochloride (1 mmol),
benzyl alcohol (0.6 mmol), Cu(OAc), (10 mol %), Na,COs5 (1
mmol), toluene (2.5 mL) under reflux in air for 24 h. *Isolated
yield. Reaction temperature: °80 °C, 9100 °C. Reaction time: °6
h,/12 h, €18 h.

Results and discussion

We started with the optimization of the oxidative coupling
conditions exploiting benzyl alcohol (la) and benzamidine
hydrochloride (2a) as the model substrates. The results obtained
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from screening of the copper catalysts, ligands and solvents are
summarized in Table 1. Given efficient catalytic activity and
good recyclability of CuO nanoparticles,'” they were evaluated
in the first place and the result indicates that the reaction of 1a
with 2a in the presence of 5 mol% of CuO nanoparticles at 110
°C for 24 h in toluene affords the production of
2,4,6-triphenyl-1,3,5-triazine (3aa) in 85% yield (Table 1, entry
1). However, the transformation of CuO nanoparticles into
Cu(Il) in the reaction limits their further uses. Therefore,
different copper catalysts such as CuCl,, Cu(NO3),, Cu(OAc),,
Cu(OTf), and Cu(acac), were detected, and Cu(OAc), stood out
from the rest with 88% yield (Table 1, entries 2—6). Decreasing
the amount of catalyst to 5% resulted in much lower yield
(Table 1, entry 7). Increasing the amount of catalyst to 15%
resulted in slightly higher yield (Table 1, entry 8). To our
delight, we discovered that none of ligand wasnecessary (Table
1, entry 9). The yields of reactions performed in the presence of
different bases such as NaHCO;, K,CO; and Na,CO; are
essentially the same (Table 1, entries 9—-11). Notably, base
plays a vital role in the oxidative coupling reaction as the
reaction cannot proceed without it (Table 1, entry 12). Na,CO,
was selected as base in the following due to its moderate basic
strength and low-cost. Unfortunately, yields decreased
remarkablly when DMF and DMSO were used as solvents, and
a new product was detected (Table 1, entries 13 and 14).
Lowering temperature to 80 °C, the yield reduced rapidly
(Table 1, entries 15 and 16). With the reduction of reaction time
to 18, 12 and 6 h, reduced yields of 80%, 70% and 55% were
obtained, respectively (Table 1, entries 17-19).

With the optimized reaction conditions presented in entry 11 of
Table 1 in hand, a variety of primary alcohols and amidine
hydrochlorides with different substituents were exploited as
starting reactants to the synthesis of 1,3,5-triazine derivatives,
and representative results are listed in Figure 2. Several
functional groups, such as methoxy, chloro, fluoro and nitro
were well-tolerated. No significant substitute effect was
observed on aromatic alcohols, excellent yields were obtained
for alcohols with both
electron-withdrawing substituents on the para-position of aryl
ring (Figure 2, 3ba, 3ea, 3ha, 3ia, 3la and 3ma). Relatively,
low yields were obtained when alcohols were substituted with

electron-donating and

electron-withdrawing substituents such as Br and NO,, for
example, the presence of a nitro group reduced yield to 46%
(Figure 2, 3ja and 3ka). Besides, the steric hindrance has
obvious effect on the reaction. For example, when methyl
substituted benzyl alcohols were wused, para and meta
substituted substances gave higher yields than those with ortho
substituents (Figure 2, 3ea, 3fa and 3ga). Apparent substitute
effect was observed on amidine hydrochlorides. The reaction
favored 1 with both 4-methylbenzamidine hydrochloride 2b
and 4-(trifluoromethyl)benzamidine hydrochloride 2d, afforded
1,3,5-triazines in excellent yields (Figure 2, 3ab—3mb, 3ad,
3bd and 3id), while 2¢ with 4-Br on the phenyl ring led to
1,3,5-triazines in moderate yields (Figure 2, 3ic and 3lc¢). To
our delight, good results were obtained as primary aliphatic
alcohols such as methanol, ethanol, n-butyl alcohol and

This journal is © The Royal Society of Chemistry 2012J. Name., 2012, 00, 1-3 | 2

Page 2 of 5


http://dx.doi.org/10.1039/c5ob00724k

Page 3 of 5

Published on 07 May 2015. Downloaded by Y ae University Library on 17/05/2015 06:54:31.

R1

NH Cu(OAG),+ HyO (10 mol %)
RO NH, * HCI NaZCO:5 (2 equiv)
+R2 toluene air 110 °C

1 2

Cl

T £ g
SaaCTRas '*@@*@

3aa, 88% 3ba, 88% 3ca, 8 3da, 55%

?95:@“
Speliooly

ea, 88% 3fa, 47% 3ha, 87%
Br
XN
4
©)\ )\© :: /\ N :: ©/L )\© :: /NL&/N\::
3|a 90% 3ja 520/ 3ka, 46% 3la, 92%
© @
f
NTSN N“N

@%@ﬁ@ﬁf@

3ma, 95% 3na, 90% 30a, 97% 3pa, 97%

S
/@n@mﬁh

Organic & Biomolecular Chemistry

View Article Online
DOI: 10.1039/C50B00724K

u
x\N L\N i
3qa, 75% 3ra, 86% 3sa, 75%
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“Reaction conditions: benzamidine hydrochloride (1 mmol),
benzyl alcohol (0.6 mmol), Cu(OAc), (10 mol %), Na,CO; (1
mmol), toluene (2.5 mL) under reflux in air for 24 h.
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Figure 2. Scope of the Synthesis of 1,3,5-Triazines”

isobutanol were tested (Figure 2, 3qa—3ta, 3qb and 3rb). In
addition, isopropyl alcohol and sec-butyl alcohol were tested
successively and the results showed that 3ra are the
majorproduct, in accordance with the product from ethanol.
However, the reaction of alkyl amidines such as acetamidine
with benzylic alcohol failed to yield the desired product may be
due to its boiling point was lower than our reaction
ternperature16

Furthermore, the reaction between benzamidine hydrochlorides
(2a and 2b) and DMF (or DMSO) was investigated respectively
(Scheme 2). The results showed that 3qa, 3qb and
2,4-bis(4-(trifluoromethyl)phenyl)-1,3,5-triazine were obtained
in good to excellent yields via aerobic copper-catalyzed
cyclization of amidines with DMF or DMSO, a one-carbon
supplier. Comparing with Zhang’s report about Cul-catalyzed
reaction of amidine with DMF in oxygen,'” more straight and

simple route was presented.
NH /*N

O Cu(OAc),H,0 (10 mo%) _ 7 R=H, 50% yield

NHp HCI 4+ o  ———————— R=CHj, 46% yield

R - Na,COj3 (2 equiv) air 110 °C R=CF3 73% yield
NH NN

" | Cu(OAc),+ H,0 (10 mol%) B 60% yield
/@A 2 HClesN O NayCOj3 (2 equiv) air 110 °C /@ J\©\ R= =CH, 63% yield
R R=CF3, 89% yield
Scheme 2. Formation of 1,3,5-Triazines from DMSO/DMF and
Benzamidine hydrochlorides

On the basis of great progress about metal catalyzed
dehydrogenation formation of aldehyde from alcohol,'® a
possible pathway for the formation of
2,4,6-trisubstituted-1,3,5-triazines was proposed (Scheme 3).
Initially, aldehyde was formed by Cu(OAc), catalyzed alcohol
oxidation in air.'®® Then, the reaction of aldehyde and amidine
was initiated and promoted by Cu(OAc), and air oxidation,
giving rise to 1,3,5-triazines. The role of base is to neutralize
hydrochloride of the amidine. The mechanism of the reaction is

similar to that reported in the literature.®’

Conclusions

In summary, an efficient and simple method for the preparation
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Scheme 3. Plausible Mechanism for synthesis of 1,3,5-Triazine

of 1,3,5-triazine derivatives has been successfully developed
based on direct oxidizing coupling reaction between
benzamidine hydrochlorides and alcohols exploiting Cu(OAc),
as catalyst. The obvious benefit of this approach is its tolerance
to a broad range of both aromatic and fatty alcohols. In
addition, the facile reaction atmosphere of air and no need of
ligands make this approach highly practical for industrial
manufacture. Further studies for the construction of diverse
heterocyclic compounds relying on present strategy are ongoing
in our lab.
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Experimental

General information

All starting materials and reagents were commercially available
and used directly without further purification. All known
products gave satisfactory analytical data by NMR spectra,
which corresponding to the reported literature values. Unknown
compounds were confirmed by HRMS additionally. NMR
spectra were determined at room temperature on Bruker
Avance-300 or Bruker Avance-500 at 300 MHz or 500 MHz
with tetramethylsilane (TMS) as an internal standard. Chemical
shifts are given in J relative to TMS, the coupling constants J
are given in Hz. High-resolution mass spectral (HRMS) were
obtained using APCI, ESI or EI in positive mode.

Typical experimental procedure for the synthesis of 3

A mixture of alcohol 1 (0.6 mmol), amidine hydrochloride 2
(1.0 mmol), NaCOj3 (1.0 mmol, 1.0 equiv) and Cu(OAc), (10
mol %) was stirred in toluene (2.5 mL) under reflux in air for
24 h. The resulting mixture was cooled to room temperature
and then extracted it for several times with EtOAc (10 mL) and
brine (5 mL). The organic phases were combined and dried
with anhydrous Na,SO, and evaporated under vacuum. The
crude product was purified by column chromatography on silica

View Article Online
DOI: 10.1039/C50B00724K

gel using petroleum ether/EtOAc (100:1) as an eluent to give
the corresponding products 3aa—3rb.
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