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Ruthenium-catalyzed synthesis of 1,3,5-triazin-
2(1H)-ones and dihydrol[1,3,5]triazinol[1,2-a]-
benzimidazoles from alcohols and guanidest

*2® and Chen Zhang () *©

An efficient ruthenium-catalyzed synthesis of tri-substituted 1,3,5-triazinones from alcohols and
guanylureas under mild conditions has been developed. The scope of both the alcohols and guanylureas

in the reaction is demonstrated. This ruthenium-catalyzed ring-forming process can be successfully
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Introduction

A triazine fragment is a ubiquitous structure that displays
several biological activities, such as antibacterial, anti-HSV-1,
anticancer and anti-HIV activities."™* Among the triazine deri-
vatives reported, 1,3,5-triazinones, with particular reference to
3,4-dihydro-triazin-2(1H)-ones, have been reported as the first
class of BACE-1 and GSK-3f3 dual-target inhibitors in the search
for innovative Alzheimer’s disease (AD) modifiers.” However,
there are few reports on the synthesis of these compounds at
present.>® For this reason, the development of synthetic protocols
and biological activities for functionalized 1,3,5-triazinones has
always been an active area of research. Additionally, heterocyclic
compounds with a 1,3,5-triazino[1,2-a]-benzimidazole nucleus
have been reported to possess a variety of biological effects,
such as antibacterial and dihydrofolate reductase (DHFR)
inhibitory effects. The most common synthetic methods of
1,3,5-triazino[1,2-a]-benzimidazoles that have been reported
are fundamentally based on the formation of a triazinic ring
of 2-guanidinobenzimidazole with aldehydes and isocyanates.”
On the other hand, transition metal catalysts have more recently
been found to bring about C- and N-alkylation reactions with
alcohols as alkylating agents via a hydrogen autotransfer pathway,
exemplifying the efficiency of this bond construction.® Compared
to other alkylating agents, alcohols are readily available and are
considered potential agents. Recently, we independently discovered
a Ru;(CO),, catalyzed reaction of alcohols and biguanides to access
tri-substituted 1,3,5-triazines.’ As a continuation of our studies on
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extended to 2-guanidinobenzimidazoles to afford substituted dihydrol1,3,5]triazino[1,2-albenzimidazoles.

metal-catalyzed atom-economical reactions, in this paper, we wish
to develop ruthenium-catalyzed alcohols with guanylureas and
2-guanidinobenzimidazoles to synthesize 1,3,5-triazin-2(1H)-
ones and dihydro[1,3,5]triazino[1,2-a]benzimidazoles.°

Results and discussion

Under our previously established conditions for ruthenium-
catalyzed synthesis of 1,3,5-triazines, the reaction of benzyl
alcohol (1a) with (N’-phenylcarbamimidoyljurea (2a) with
Ru3(CO);, (2 mol%) and #BuOK (3 equiv.) produced 1,3,5-
triazin-2(1H)-one product 3a in 30% yield after 20 h at 100 °C
(Table 1, entry 1).° Subsequently, we evaluated the utility of
several commercially available ruthenium complexes. The data
from Table 1 indicate that moderate yields can be obtained
under our previously established reaction conditions. Gratify-
ingly, the optimal yield was obtained when using RuCl,(COD)
as a catalyst (Table 1, entry 4). We observed that lowering the
reaction temperature to 80 °C or increasing the reaction tem-
perature to reflux resulted in a lower yield (Table 1, entries 5
and 6). The formation of 3a was related to the reaction time,
and changing the reaction time to 28 h or 10 h resulted in a
lower yield (Table 1, entries 7 and 8). Further studies on the
loading of the catalyst and base revealed that the reaction
conducted with 1 mol% of the Ru complex or 4 mol% of the
Ru complex gave 3a in a slightly lower yield (Table 1, entries 9
and 10). Reducing and increasing the amount of #BuOK
resulted in yields of 17% and 21%, respectively (Table 1, entries
11 and 12). Different solvents were screened, and dioxane was
found to be the best one (Table 1, entries 4, 13 and 14). Notably,
other bases such as MeONa, NaH, and DBU gave no desired
product as we have previously reported.’

With the optimized conditions in hand, we first explored
the scope of the process with respect to the aromatic unit of
aliphatic alcohols 1 (Table 2). A broad range of arenes with
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Table 1 Optimization of the reaction conditions

X
NH O [Ru] N” °N
—~on  + pho LI T L
Ph" > OH NN SN, - HO base PPy e
H H H H
1a 2a 3a
Time Temp. Yield®

Entry Catalyst Base (h) (°C) Solvent (%)
1 Ru;(CO), t-BuOK 20 100 Dioxane 30
2 RuCl,(PPh;); #BuOK 20 100 Dioxane 48
3 RuCl(PPh;),(Cp) #BuOK 20 100 Dioxane 41
4 RuCl,(COD) t-BuOK 20 100 Dioxane 73
5 RuCl,(COD) t-BuOK 20 Reflux Dioxane 12
6 RuCl,(COD) t-BuOK 20 80 Dioxane 53
7 RuCl,(COD) +BuOK 10 100 Dioxane 18
8 RuCl,(COD) t-BuOK 28 100 Dioxane 34
9° RuCl,(COD) t-BuOK 20 100 Dioxane 52
10°  RuCl,(COD) +BuOK 20 100 Dioxane 61
114 RuCl,(COD) t-BuOK 20 100 Dioxane 17
12° RuCl,(COD) t-BuOK 20 100 Dioxane 21
13 RuCl,(COD) t-BuOK 20 Reflux THF 37
14 RuCl,(COD) t-BuOK 20 100 DMSO Trace

“ Reaction conditions: 1a (0.75 mmol), 2a (0.5 mmol), catalyst (2 mol%),
base (3.0 equiv.), solvent (3 mL); isolated yields are shown.
% RuCl,(COD) (1 mol%). © RuCl,(COD) (4 mol%). ¢ +-BuOK (2.0 equiv.).
¢ t+-BuOK (4.0 mmol).

Table 2 Scope of the synthesis of 3°

X
NH O 2 mol% RuCl(COD, NTON
Ao+ R _2mofkRuCKEOD) ]
NN NH: Cl +-BuOK (3.0 eq.), 100 °C NN A
1 2 3
i 1 X
M NN
N N N N | |
I
ph., AL Ph\NJ\N Ph‘N)\N
Me OMe
3a: 73% 3b: 60% 3c: 65%
X X X
OMe N~ N N” °'N  OMe
ph, AL Pho AL ome  Ph AL OMe
H H H H H H
OMe
3d: 69% 3e:82% 3. 87%
o j\ [o}
Y b LY
Ph. cl
PN O, N“°N N" N7 Ph
H O H > H H H A
d
39:84% 3h: 53% 3i: 70%
o}
o OMe o]
a N NN N‘)HN
\@\ )‘\ J\ )|\ J\ Bn‘N)\N)\Ph
N" N Ph N° N Ph H H
H H
3j: 66% 3k: 64% 31: 58%

“ All reactions were performed with 0.75 mmol of 1 and 0.5 mmol of 2
using RuCl,(COD) (2 mol%), ¢-BuOK (3.0 equiv.), and dioxane (3 mL) at
100 °C for 20 h; isolated yields are shown.

electron-rich groups are tolerated to give the corresponding
1,3,5-triazin-2(1H)-ones (e.g., 3b-g) in good yields. For benzyl
alcohols with electron-withdrawing groups, reaction to 3h could
be achieved, but the yield of the process was lower than that for
the other examples.
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Table 3 Ru-Catalyzed synthesis of 2-amino-s-triazino[1,2-albenzimida-
zoles 57

n HN 2 mol% RuCl,(COD) A
N —NH, N7 NH
)—NH +BuOK (2.0 eq.), 100 °C NJ\N/)\

A oH  *
N NH,
1 4a 5
Me
OMe
Ph
Y OMe
1y Oy
= pZ N NH
NN SNH, PN
N/]\N/ NH, N7 N7 UNH,
5a: 78% 5b: 73% 5c: 74%

@ All reactions were performed with 0.5 mmol of 1 and 0.5 mmol of 4a
using Ru(COD)CI, (2 mol%), t-BuOK (2.0 equiv.), and dioxane (3 mL)
at 100 °C for 25 h; isolated yields are shown.

Next, this reaction also occurred with benzyl alcohol (1a)
and a variety of (N'-aryl substituted carbamimidoyl)ureas (2)
(Table 2). Both electron-donating and electron-withdrawing
substituents (such as methoxy, methyl, and chloro) on the aryl
ring are well-tolerated in this transformation, affording good
yields of the products (e.g., 3i-k). The coupling reaction of
(benzyl-substituted carbamimidoyl)urea also proceeds smoothly
to give the desired product (3I).

The catalytic protocol can be similarly applied to form
dihydro[1,3,5]triazino[1,2-a]benzimidazoles from aryl alcohol
compounds with 2-guanidinobenzimidazole. It was found that
benzyl alcohol, p-tolylmethanol, and (2,3-dimethoxyphenyl)-
methanol can be easily accessed under standard reaction
conditions, providing the corresponding products 5a-5c¢ in
good yields (Table 3).

Conclusions

In summary, we have demonstrated a Ru(u)-catalyzed synthesis
of di-substituted 1,3,5-triazin-2(1H)-ones from aryl alcohols
with guanylureas in combination with a base via a hydrogen
autotransfer pathway. The new method is compatible with
various aryl alcohols containing both electron-donating and
electron-withdrawing substituents. N'-Aryl and benzyl carba-
mimidoylureas are tolerated in this transformation. Additionally,
the reactions were successfully applied to the formation of
densely substituted dihydro[1,3,5]triazino[1,2-a]benzimidazoles.
Biological testing is currently underway and will be presented
in due course.

Experimental
General remarks

Unless otherwise noted, the materials were obtained from
commercial suppliers and used without further purification.
Thin layer chromatography (TLC) was performed using silica
gel 60 F254 and visualized using UV light. Column chromato-
graphy was performed with silica gel (mesh 300-400). '"H NMR
and >C NMR spectra were recorded on a Bruker Avance
500 MHz spectrometer in CDCl; and DMSO-d, with Me,Si as
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an internal standard. Data were reported as follows: chemical
shifts in parts per million (0), multiplicity (s = singlet, d =
doublet, t = triplet, q = quartet, br = broad, and m = multiplet),
coupling constant in Hertz (Hz) and integration. IR spectra
were recorded on an FT-IR spectrometer and only major peaks
are reported in cm~'. HRMS and mass data were recorded by
ESI on a TOF mass spectrometer.

General procedure for synthesis of 1,3,5-triazin-2(1H)-ones

To a mixture of alcohols (0.5 mmol), guanides (0.75 mmol), and
¢t-BuOK (1.5 mmol) in dioxane (3 mmol) was added RuCl,(COD)
(2 mol%). The resulting mixture in a tube reactor was then
sealed and stirred for 20 h at 100 °C. After completion of the
reaction, MeOH was added and filtered. The crude residue was
obtained after evaporation of the solvent under vacuum, and
the residue was purified by flash chromatography with CH,Cl,
and CH;OH as eluents to give the pure product.
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