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Facile C—N Bond Cleavage
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Abstract: A novel and catalyst-free multicomponent reaction
with cyclic tertiary amines, electron-deficient aryl halides or
heteroaromatic halides, and Na,S enabled by facile C—N bond
cleavage of the cyclic tertiary amines was developed. This
direct and operationally simple method can be applied with
a wide range of functional groups and provides an efficient and
rapid approach to potentially drug-like products containing
amine, azaarene, thioether, or phenol ether functionalities in
good to excellent yields. The utility of this method was
demonstrated by the rapid synthesis of the analgesic ruzado-
lane.

M ulticomponent reactions (MCRs) have proved to be one
of the most powerful strategies for assembling complicated
structures from simple staring materials in a one-pot manner
and have been widely used for the synthesis of organic
materials, natural products, and bioactive molecules.["?
Crucial to the successful development of these reactions is
the identification of an active species or a process that can
trigger subsequent multiple bond formations with several
reactants. In principle, C-N bond cleavage could simulta-
neously produce two active reactive species (carbon and
nitrogen nucleophiles),* which might be utilized to trigger
a multicomponent reaction under appropriate reaction con-
ditions. However, the realization of such a reaction remains
a challenge owing to the formidable challenge of activating
simple C—N bonds. Herein, we report that cyclic tertiary
amines can act as a key component for initiating a multi-
component reaction enabled by facile C—N bond cleavage, in
which a valuable sulfur atom is efficiently incorporated with
simple and inexpensive Na,S as the sulfur source. Such
a reaction would be particularly valuable for the synthesis of
piperazine- and sulfur-containing molecules, which represent
ubiquitous motifs that are widely found in natural products
and medicinal compounds (Figure 1).”!

The alkylation of primary and secondary amines with
alkyl halides is a traditional C—N formation reaction that
offers an effective pathway for the synthesis of complex
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Figure 1. Examples of piperazine- and sulfur-containing bioactive mol-
ecules.
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amines with simple amines as the nitrogen source. In contrast,
when simple aryl halides are utilized instead of alkyl halides,
the same type reaction is difficult realize owing to the lower
electrophilicity of aryl halides. An attractive and comple-
mentary approach to address this problem is the use of more
nucleophilic tertiary amines as coupling partners to react with
electron-deficient aromatic halides through nucleophilic sub-
stitution and subsequent C—N bond cleavage.!’ However, the
fast configuration inversion at the nitrogen center of simple
tertiary amines significantly reduces exposure of the nitrogen
lone pair to electrophiles, and thus reduces their reactivity. In
contrast, cyclic tertiary amines show higher nucleophilicity
since the corresponding configuration inversion is
restricted,” and they could thus be utilized as an amine
source for a catalyst-free amination reaction with aromatic
halides. In this context, the nucleophilic displacement reac-
tion between nitrochlorobenzenes and 1,4-diazabicyclo-
(2.2.2)octane (DABCO) has been developed, in which the
active quaternary ammonium salt is formed as the key
intermediate and the corresponding C—N bond, which is
activated by the attached electron-withdrawing group, can
then be cleaved through nucleophilic attack by another
molecular of DABCO.®! Inspired by these results, we
reasoned that intermediate A could be accessed through
nucleophilic displacement between electron-deficient aro-
matic halide 1 and DABCO (2; Scheme 1). It would be
expected that the active quaternary ammonium salt A might
be intercepted by the more nucleophilic Ar’S™ generated
in situ from the reaction of aromatic halide 3 and Na,S to give
the C—N-difunctionalization product 4. As a result, a new

Ax —Na2S
Ar'X 3
1 x- Ars”
NN ‘\;'Ar‘*N*’\/N — AN N Ar
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« Facile C-N bond activation « High functional-group tolerance

* Selective C-N and C-S bond formation in one step

Scheme 1. A new multicomponent reaction via C—N bond cleavage.
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multicomponent reaction involving C—N bond cleavage as
well as C—S and C—N bond formation would be established.
One of the potential problems facing the development of this
multicomponent reaction is the competitive nucleophilic
reaction of intermediate A with the cyclic tertiary amine 2
instead of the proposed reaction with Ar’S™. We hypothesized
that these rates could be controlled by tuning the electronic
nature of the aromatic halides and reaction conditions.

To validate our hypothesis, we started the investigation by
exploring the reaction of 2-bromopyridine (1a) with DABCO
(2) and Na,S in the absence of catalyst. To our delight, the
desired product (4a) was successfully obtained in 80 % yield
of isolated product when the reaction was conducted at 120°C
with DMF as the solvent (Table 1). Inspired by this promising

Table 1: Optimization of the reaction conditions.?
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Table 2: Substrate scope of the three-component reaction.!
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Ly ey

4k, 72%° (1m, X = Br)

1a 2

Entry Solvent T[°ql Yield 4a [%]"
1 DMF 120 80

2 DMSO 120 83

3 dioxane 120 18

4 THF 120 23

5 CH,CN 120 15

6 CH,OH 120 17

7 CH,Cl, 120 <5%
8 toluene 120 16

9 DMSO 100 80
10 DMSO 80 66
11 DMSO 140 82

[a] Reaction condition: 1 (1 mmol), 2 (2 mmol), Na,S (0.5 mmol) and
solvent (2 mL) for 12 h. [b] Yield of isolated product. DMF = N,N-
dimethylformamide, THF =tetrahydrofuran.

result, we sought to improve the efficiency of the multi-
component reaction through solvent screening, and we
observed that an aprotic polar solvent is beneficial for the
desired reaction. Other nonpolar solvent and protic solvents
were unsuitable (Table 1, entries 3-8). The best yield was
obtained with DMSO as the solvent, and the diaryl thioether
was not observed at all under these reaction conditions
(Table 1, entry 2). Subsequently, the effect of temperature
was also investigated. When the temperature was reduced to
80°C, the yield of 4a decreased to 66 % (Table 1, entry 10).
However, when the temperature was increased to 140°C, 4a
was obtained in 82% yield, which indicates that further
increasing the reaction temperature does not improve the
efficiency.

With the optimized conditions in hand, the substrate
scope of this three-component reaction was studied. As
shown in Table 2, a range of azaarene halides were tolerated
to give the desired products 4a—4k in good to excellent yields.
Product 4a was obtained in good yield with either 2-
bromopyridine and 2-iodopyridine as the electrophile. This
result indicates that the leaving group does not exert a strong
effect on the reactivity, which is further demonstrated by the
reactivity of 1¢, which has fluorine as a leaving group. Several
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[a] Reaction conditions: 1 (1 mmol), 2 (2 mmol), Na,S (0.5) and DMSO
(2 mL), under N, at 120°C for 12 h; yield of isolated product. [b] Room
temperature. [c] 80°C.

electron-withdrawing or -donating substituents were toler-
ated at the different positions of the pyridine ring, providing
ample opportunity for further elaboration of the products.
Aside from pyridine halides, 2-bromopyrazine was also
compatible with this process and afforded the desired
adduct 4f in 90% yield. Furthermore, the pyrimidine-
containing halides showed higher reactivity, and the corre-
sponding reactions could be conducted at room temperature
to provide the desired products in good yields (4g-4i). In
addition, 2-bromoquinoline and 2-bromoquinoxaline gave the
corresponding products in 82 % and 72 % yields, respectively.
It is worth pointing out that no diaryl thioethers were
observed in these three-component reactions. The good
chemoselectivity may stem from the higher reactivity of
intermediate A compared to azaarene halides. In the former,
the strong electron-withdrawing ability of the azaarene
contained in intermediate A could weaken the C—N bond
and thus facilitate the nucleophilic attack by ArS.
Encouraged by the above results, we decided to further
explore a four-component reaction for the synthesis of more
complex  azaarene-containing aminoalkyl thioethers
(Table 3). 2-bromopyridine (1a), DABCO (2), Na,S, and 1-
bromo-4-nitrobenzene (3a) were successfully subjected to the
C—N-difunctionalization method to give the desired product
41in 73 % yield. The structure of product 41 was confirmed by
single-crystal X-ray diffraction analysis.”! Further experi-
ments demonstrated that the leaving group on the phenyl ring
of nitrobenzene does not influence the reactivity. With these
results in hand, the substrate scope of this reaction was
investigated with 2-bromopyridine as a coupling partner. For
the electron-deficient aryl halides 3, typical strongly electron-
withdrawing groups, such as -NO, and -CN, were tolerated to

Angew. Chem. Int. Ed. 2017, 56, 1-6
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Table 3: Substrate scope of the four-component reaction.”
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70% (1a, X= Br; 3¢, Y = )
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temperature (4u), which further demonstrates that finely
tuning the electrophilicity of the two aromatic halides is
crucial for the multicomponent reaction.

To further demonstrate the general applicability of our
multicomponent reaction, 1-methylpyrrolidine (5) was uti-
lized as the cyclic tertiary amine component for the
corresponding three- and four-component reactions. As
shown in Scheme 2, a series of desired products were
obtained in moderate to good yields under slightly modified
reaction conditions.

N\/\SJQ K/Nwsjg/ { Y—ci +

4m, 62%
(1a, X=Br; 3d, Y = Br)

+ Nag —_DMSO R\f)N\ NéjR
az P> X
100 °C, 12 h A
40, 60% 4p, 70%" 4q, 72%° N TTI 48" °N
(1e, X =Br; 3a,Y = Br) (1i, X =Cl; 3d, Y = Br) (1i, X = CI; 3f, Y = Br) 6
fi f/k o 6a: R= H, 60%; 6b: R= 4-Me, 50%; 6c: R= CI, 73%
P CF3
N" N
LT O o
~Ng N\/\S N R
N DMSO =N 7
4r, 65%° 1/ N\ D) 200 | A2
_ , 4s, 66%° R { Y—cl + + R24 + Na,S - )
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\©\N NF ‘ N/,kN/\ NO, 6d: R'= H, R%= 4-NO,, 45%; 6e: R' = Me, R? = 4-NO,, 56%;
)\/ﬁ Q/ 6f: R' = H, R? = 2-NO,, 48%],
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Scheme 2. Conditions for the three-component reaction: 1 (1 mmol), 5
(2 mmol), Na,S (0.5 mmol), DMSO (2 mL) under N,, at 100°C or
120°C for 12 h, isolated yield. Conditions for the four-component
reaction: 1 (0.5 mmol), 5 (2 mmol), 3 (0.5 mmol), Na,S (0.5 mmol),
DMSO (2 mL), under N,, at 100°C or 120°C for 12 h, isolated yield. [a]
Conditions for the two-step sequential: 3 (0.5 mmol), Na,S (0.5 mmol)
and DMSO (1 mL) under N, at room temperature for 2 h; then

4t, 50%°
(1i, X = Cl; 3a, Y = Br)

4u, 61%
(1j, X=Cl; 3a, Y =Br)

[a] Reaction conditions: 1 (0.5 mmol), 2 (2 mmol), 3 (0.5 mmol), Na,S

(0.5 mmol) and DMSO (2 mL) under N, at 120°C for 12 h, isolated yield. [b] 3
(0.5 mmol), Na,S (0.5 mmol) and DMSO (1 mL) were stirred under N, at room
temperature for 2 h; then 1 (0.5 mmol), 2 (2 mmol) and DMSO (1 mL) added

and stirred at room temperature for 2 h. [c] 1i (0.5 mmol), Na,S (0.5 mmol)
and DMSO (1 mL) stirred under N, at room temperature for 2 h; 3a

(0.5 mmoly, 2

[d] 80°C.

give the corresponding products 4m—4o0 in good yields (60—
62 % ). However, the one-pot four-component reaction of aryl
halides 3 with 2-chloro-pyrimidine (1i), DABCO (2) and Na,S
did not proceed, and only the three-component product 4g
was observed. In this case, 2-chloropyrimidine is a more
reactive electrophile than 4-halonitrobenzene (3), so the
sulfide anion reacts selectively with the pyrimidine to tgive
4g. This issue can be avoided by following a two-step
sequential procedure, in which Na,S and 4-halonitrobenzene
are pre-mixed prior to the addition of chloropyrimidine (1)
and DABCO (2), which gives the desired 4-component
product 4 in good yield. With this two-step sequential process,
a wide range of four-component reactions could be success-
fully carried out using 2-chloropyrimidine and various
electron-deficient aryl halides as electrophiles to generate
the corresponding adducts 4p—4s in good yields. Some typical
electron-withdrawing substituents, such as nitro, trifluoro-
methyl, and acetyl groups, were shown to be compatible with
the reaction. One advantage of this two-step sequential
reaction process is that the structure of the product can be
easily tuned by changing the reactant-addition sequence (4t).
Notably, reducing the electrophilicity of the pyrimidine
moiety by introducing a methyl group in the para position
of the pyrimidine ring enabled the four-component reaction
to be conducted in a one-pot manner at a relatively low

Angew. Chem. Int. Ed. 2017, 56, 1-6

(2 mmol) and DMSO (1 mL) added and stirred 140°C for 12 h.
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1 (0.5 mmol), 5 (2 mmol) and DMSO (1 mL) was added and stirred at
100°C for 12 h (see the Supporting Information for details). DMSO =
dimethyl sulfoxide.

Besides the aryl thiolate, phenolates can also be utilized
as nucleophiles for the three-component reaction. With
Cs,CO; as a base, phenol and 4-nitrophenol reacted with 2-
bromopyridine and DABCO smoothly to afford 1-(2-phenox-
yethyl)-4-(pyridin-2-yl)piperazine ~ (7a) and  1-(2-(4-
nitrophenoxy)ethyl)-4-(pyridin-2-yl)piperazine (7b), respec-
tively, in moderate yields. The structure of product 7b was
confirmed by single-crystal X-ray diffraction analysis."

sy oy

7a: R=H, 59% yield
7b: R= NO,, 45% yield

Cs,C0;
DMF, 140 °C

- / \
@Br + NUN + HOOR
N /

To gain insight into the mechanism of this process, several
control experiments were conducted. Treatment of 1a with
DABCO (2) and sodium benzenethiolate (NaSPh) under the
standard reaction conditions gave the desired aminoalkyl
thioether 4v in 50% yield, together with thioether 8, thus
indicating plausible intermediacy by ArS™ (Scheme 3). The
quaternary ammonium salt 9 was isolated in 47 % yield upon
treating 2-bromopyridine with two equiv of DABCO in THF
at 120°C for 12 h [Scheme 3]. However, no reaction took
place when the quaternary ammonium salt 9 was treated with
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Scheme 3. Control experiments.

NaSPh under the standard reaction conditions. These results
indicate that the electron-withdrawing group attached to the
C—N bond of the quaternary ammonium salt is essential for
facilitating C—N bond cleavage, which is the key step for the
realization of these multicomponent reactions.

The usefulness of this new method was further demon-
strated by the synthesis of the analgesic ruzadolane.* The
one-pot three-component reaction of 1,2.4-trifluorobenzene,
DABCO, and [1,2,4]triazolo[4,3-a]pyridine-3-thiol was suc-
cessfully realized to provide the desired drug in 55% yield
under 180°C for 72 h (Scheme 4). The reaction time could be
shortened to 20 h under microwave heating to afford the
desired product in 52 % yield. This method thus presents an
efficient and rapid approach to ruzadolane.

F F
" e T O
I 20 W Vs WL T B Y =
+ +
e T TSy Mecn. 180°C K/N\/\S/K\N'N
Ruzadolane
55% yield

Scheme 4. Synthesis of ruzadolane.

In summary, we have developed a new and efficient
multicomponent reaction for the construction of complex
molecules from simple starting materials in the absence of
catalyst and additive, in which a cyclic tertiary amine is the
key component for initiating a multicomponent reaction via
C—N bond cleavage. This reaction not only provides a rapid
and reliable approach to potentially drug-like products
containing amine, heterocycle, and thioether functionalities,
but also suggests a new and efficient strategy for the
difunctionalization of the inert C—N bond. Further investiga-
tions to extend the reaction scope and applications of this
process in organic synthesis are currently in progress.
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