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A facile catalyst-free method for the synthesis of 2-vinylquinolines
via direct deamination reaction during Mannich synthesis has
been developed. Instantaneous hydrogen transfer via a six-
membered ring intermediate is proposed as a key step for the
direct deamination reaction. This reaction strategy tolerates a
broad substrate scope and provides a high-efficient way to
synthesize 2-vinylquinolines with adequate yields.

2-vinylquinolines are not only ubiquitous structural motifs in
biologically relevant molecules,1 but also valuable intermediates in
organic synthesis2 and drug discovery.3 Conventional methods for
the synthesis of 2-vinylquinolines include (Scheme 1): iron-catalyzed
sp3 C-H functionalization and a subsequent C-N cleavage reaction
between 2-methylquinolines and N,N-dimethylformamide;4
Grignard reaction between vinylmagnesium bromide and N-
oxyisobutyl-oxycarbonylquinolinium chloride at low temperature;5
Stille coupling reaction between 2-chloroquinoline and tri(n-
butyl)vinylstannane;6 Wittig reactions between 2-quinaldehyde and
methyl triphenyl phosphonium bromide.” However, all these
reported methods possess some shortcomings, such as low yield,s‘7
harsh reaction (:onditions,‘l’5 numerous steps,s‘7 and the use of
organometallic (:ompounds,‘l‘s‘6 etc. Therefore, it is necessary to
develop a simple, efficient and catalyst-free method to synthesize
2-vinylquinolines.

The deamination reaction following Mannich synthesis has also
been recognized as an efficient strategy for producing vinyl
derivatives. Various vinyl derivatives derived from the Mannich
bases of aldehydes, a,8-unsaturated aldehydes, ketones,
acetylenes, oximes have been produced via the deamination
reaction.® The deamination reaction involves the elimination of a
primary or secondary amine from a prepared Mannich base or of a
tertiary amine from the prepared quaternary ammonium salt of
Mannich base which is more reactive. In the industrial process for
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Scheme 1. Reported synthesis methods of 2-vinylquinolines
esis of LTD4 receptor antagonists Montelukast, 2-vinyl-7-
chloroquinolines has been prepared through Mannich reaction of 7-
chloro-2-methylquinoline followed by Hofmann elimination of the
quaternary salt of Mannich base. However, the overall yield was
just 45% from 7-chloro-2-methylquinoline and the procedure is
complicated and time—(:onsuming,3 In
substrates were ketones, the deamination reaction could occur
directly during Mannich synthesis, but with special conditions.”*°
Undoubtedly, it provides a higher yield and shorter synthetic route
because the Mannich base formed in the reaction is neither isolated
quaternized, but directly eliminated to produce vinyl
derivatives. However, the yield in the previous attempt for the

rare cases when the

nor

synthesis of 2-vinylquinolines via direct deamination reaction
occurring during Mannich synthesis was just under 2% Here, we
reported a method for the rapid synthesis of 2-vinylquinolines via
direct deamination reaction with great yield and simple process.
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Initially, the reaction of 7-chloro-2-methylquinoline (1a) with
formaldehyde solution and diethylamine hydrochloride was chosen
as a model reaction to optimize the reaction conditions. After a
number of attempts, we found that 7-chloro-2-methylquinoline,
formaldehyde solution and diethylamine hydrochloride reacted
together with 5 mol % Et;N in dioxane at 100°C gave the best result,
that the reaction was completed after only half an hour with a high
isolated yield of 95% (Table 1, entry 3). The addition of catalytic
amount of Ets;N was important for the reaction yield that the yield
dropped to 58% in the absence of Et;N (Table 1, entry 1).
Meanwhile, the accurate loading of the Et;N was also essential that
slightly reduced yields were obtained when loadings of Et;N were
below or above 5 mol % (Table 1, entries 2 and 4). Both the reaction
yield and the reaction speed were correlated with temperature
that, along with temperature decreased, both yield of desired
product 3a and reaction speed decreased, but yield of Mannich
base increased (Table 1, entries 5-9). When the reaction was
executed at room temperature (25 °C), only Mannich base was
obtained at a low yield of 40% after 48 hours (Table 1, entry 9).
These results also suggested that Mannich base was produced first
for the following formation of the desired 2-vinylquinolines 3a.
Meanwhile, we could infer that the energy barrier for the
deamination reaction is higher than for the formation of the
Mannich base, because only Mannich reaction happened but no
deamination reaction was detected at room temperature. Other
inorganic bases, organic bases and coupling reagent DCC were also
examined as catalyst and we found that only the reaction yield with
K,CO;, LIOH and pyridine (Table 1, entries 13, 16 and 19) were
comparable with Et;N. Other bases, such as NaOH, KOH, DBU,
C,HsONa and DCC (Table 1, entries 10-12, 14, 15, 17) did not
improve the yield obviously compared with the reaction without
any catalyst (Table 1, entry 1). When equimolar amount of acids
were added, the product was just Mannich base again, but the
reaction yield and speed was much higher than reaction at room
temperature (Table 1, entries 20, 21). This reminds us that the
conversion of Mannich base to desired product 3a could not
proceed when the micro-environment is acidic. Finally, the
influence of the reaction solvent was explored. Much lower
reaction yields and slower reaction speed were obtained when the
reaction was performed in other organic solvents (Table 1, entries
22-27). The lower yield might result from either the relatively lower
reflux temperature or the difference of solvent polarity.

Next, the scope of various amine hydrochlorides 2 in the
deamination reaction was investigated. The reaction efficiency was
not significantly influenced by the alkyl substituents of the amine
hydrochlorides (Table 2, entries 1-3). When dimethylamine
hydrochloride was used in the reaction, 3a was obtained in an
isolated yield of 88% which is slightly lower than diethylamine
hydrochloride. Worse than dimethylamine hydrochloride,
dipropylamine hydrochloride and diisopropylamine hydrochloride
provided 3a in 79% and 62% yield, respectively. The lower yield
with diisopropylamine hydrochloride than with dipropylamine
hydrochloride reminds us the steric effects might play an important
role in the reaction efficiency. In addition, neither Mannich reaction
nor deamination reaction happened when the
hydrochlorides substrate was dibenzylamine hydrochloride.

amine
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Table 1. Optimization of Reaction Conditions®

\ ar \
P HCHO? + Et,NH-HC| _additive D
Cl N 1.3equiv  1.3equiv  solvent g N

1a 2a 3a
Entry Additive Solvent  t(°C) Time(h) Yield(%)°
(mol %)
1 - dioxane 100 1 58
2 EtsN (3) dioxane 100 1 82
3 Et5N (5) dioxane 100 0.5 95
4 Et;N (10) dioxane 100 1 85
5 EtsN (5) dioxane 90 1.5 92
6 EtsN (5) dioxane 80 3.5 89
7 EtsN (5) dioxane 70 5 55
8 EtsN (5) dioxane 60 14 33
9 EtsN (5) dioxane 25 48 MB?
10 NaOH (5) dioxane 100 5.5 70
11 KOH (5) dioxane 100 5.5 65
12 Na,CO;(5) dioxane 100 2 74
13 K,CO5 (5) dioxane 100 1.5 92
14 DCC (5) dioxane 100 1.5 75
15 DBU (5) dioxane 100 1 77
16 LiOH (5) dioxane 100 1 91
17 C,HsONa (5) dioxane 100 1 74
18 KOBu-t (5) dioxane 100 1.5 87
19 pyridine (5)  dioxane 100 1 91
20 HCl (5) dioxane 100 3 MB®
21 H,S04(5) dioxane 100 3 MB®
22 EtsN (5) EtOH reflux 5 68
23 EtsN (5) CH30H  reflux 9 40
24 EtsN (5) CH,Cl,  reflux 18 73
25 EtsN (5) THF reflux 18 45
26 EtN (5) DMF 100 1.5 55
27 EtsN (5) DMSO 100 1.5 46

“Reaction conditions: 1a (0.5 mmol), HCHO (0.65 mmol) and
diethylamine hydrochloride (0.65 mmol) react in various solvents (1
mL) at various temperatures. HCHO s formaldehyde solution.
‘Isolated vyield. “The Mannich base was obtained in 40% yield after
reaction for more than 48 hours, no vinyl product. “The Mannich
base was obtained in 90% vyield after reaction for 1 hour, no vinyl
product.

Table 2. Substrate Scope of Amine Hydrochlorides 2°

X Y
m + HCHO® + 2  3mol%EtN /@\/j\/
cl N 1.3 equiv 1.3 equiv dioxane, 100°C ¢ N

1a 3a
Entry 2 Time(h)  Yield(%)*
1 Me,NH-HCI 2b 3 88
2 (n-Pro),NH-HCI 2c 5 79
3 (i-Pro),NH-HCI 2d 1.5 62
4  Bn,NH-HCl 2e >24 NR?

“Reaction conditions: 1a (0.5 mmol), HCHO (0.65 mmol) and 2b-2e
(0.65 mmol) react in dioxane (1 mL) at 100 °C. bhcHo s
formaldehyde solution. “Isolated yield. “No reaction happened.

Under the optimized reaction condition, the scope of the
reaction substrates was then investigated. As shown in Table 3,
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various substrates (1a-1t) were employed in the reaction. Electron-
withdrawing substituents such as 7-chloro (3a), 5-chloro (3b), 8-
chloro (3c), 7-fluoro (3d), 4-chloro-7-fluoro (3e), 6-bromo (3f), 8-
bromo (3g), and electron-donating substituents such as 6-methoxy
(3i), 8-methoxy (3j) were all well tolerated in the present reaction
condition to afford the desired 2-vinylquinolines. Among them, the
isolated yield of 8-bromo (3g) was the lowest which is 65%, but was
still quite acceptable. When both position 6 or position 8 and
position 2 were modified with methyl group, the methylene was
only introduced to the methyl group at position 2 to produce 3k
and 3i. The regioselectivity reminds us the importance of the
inductive effect of nitrogen atom. Besides, when 3-methylquinoline,
4-methylquinoline and 7-methylquinoline were used as substrates,
no desired products (3n-3p) were detected. However, their reaction
results were different that no reaction happened when either 3-
methyl or 7-methyl was used, but product of Mannich reaction
could be isolated when 4-methylquinoline was used. In contrast,
when 1-methylisoquinoline whose methyl group and nitrogen atom
have switched place was used in the reaction, the desired product
3q was still obtained in high isolated yield. These results indicate
that the relationship between the relative positions of methyl group
and nitrogen atom could affect the inducing effect of nitrogen
atom. Interestingly, different from other substitutes at position 8, 8-
hydroxyl failed to undergo the deamination reaction, which may be
owing to the interference from the hydroxyl to the electron transfer
of the adjacent nitrogen atom by hydrogen-bonding interaction. In
order to further extend the scope of the deamination reaction, 2-
methylquinoxaline, 2-methylbenzothiazole, and 2-ethylquinoline
were also evaluated as substrates, and they all provided their
corresponding products under the optimized condition in
acceptable yields (3r-3t).

Table 3. Substrate Scope of 1°
5 mol % Et;N

1a-1t +HCHO® + EtyNH- HCl ——————
HCHO® + Ety dioxane, 100°C

1.3 equiv 1.3 equiv

al
cl NTNF N// NN F NINF
al

3a-3t

95% (o 5h) 73% 3h) 3c 85% (1.5h)
85% (5h)
X X
NNF N”
Br 3h
76% (3h) 85% (9h) 39 73% (1.5h)
65% (5.5h)
S
/ PZ N/ =
3Kk
87% (5h) 90% (2h) 80% (3.5h) 92% (1.5h)
=
O g
_ S
N Nz
30 3p
m NR" NRY MBe
NR
L O p
N
Z N g N7
3r 3s 3t
80% (2h) 63% (4h) 75% (2h) 66% (3h)

Reaction conditions: 1a-1t (0.5 mmol), HCHO (0.65 mmol),
diethylamine hydrochloride (0.65 mmol) react in dioxane (1 ml) at

This journal is © The Royal Society of Chemistry 20xx

100 °C. ®Isolated yield. “HCHO is formaldehyde solution. “NR: no
desired products isolated. “MB: Only Mannich reaction happened.

In order to investigate the precise mechanism for the direct
deamination reaction happening instead of common Mannich
reaction, control experiments were performed. When the substrate
are l-acetonaphthone and acetophenone, whose structures are
similar as 2-methyquinoline, the major products become Mannich
base 4u and 4v and only 15% and 13% vinyl products were obtained
respectively under the optimized condition (Scheme 2). The
reaction difference between 1-acetonaphthone, acetophenone and
2-methylquinoline reflects the substrate selectivity of the direct
deamination reaction and provides important clues for the
mechanism study. It indicated that not all the Mannich base was
able to be directly converted to the product of deamination
reaction in such a high yield and high rate, as mentioned in previous
reports.8 The participation of neighbouring nitrogen atom was
important for the direct deamination reaction.

r

NH_~
o o o, a
+ HCHOb + Et;NH-HCl S mol % EtN, .
1.3equiv 1.3 equiv dioxane, 100°C
1u 3u15% 4u 35%
.
| NH_ -
o o 0. a
+ HCHOP + Et;NH-HCl S5m0l % EtN_ .
1.3 equiv 1.3 equiv dioxane, 100°C

v 3v13% 4v52%
Scheme 2. Reactions between 2-acetonaphthone, formaldehyde

solution and diethylamine hydrochloride

Based on the experimental results above, we proposed that the
deamination reaction occurs through a six-membered ring
intermediate 7 as shown in Scheme 3. First, Mannich base 4 was
formed through Mannich reaction among the enamine tautomer 5
of 2-methylquinoline 1, formaldehyde solution and diethylamine
hydrochloride. Then, unprotonated form of intermediate 6, which is
isomer of Mannich base 4, was generated after the addition of
base, followed by instantaneous hydrogen transfer to finally
produce the stable 2-vinylquinoline 3. Because the hydrogen
transfer provides an extra conjugated double bond to stabilize the
structure, the equilibrium tends to the direction of deamination
instead of providing Mannich base. And according to the
mechanism we proposed, protonated nitrogen atom is unable to
interact with the hydrogen atom of the enamine, therefore only
Mannich base was obtained when acid was added (Table 1, entries
20, 21) and significantly lower yield was obtained when no base was
added (Table 1, entry 1).

In conclusion, we have developed a simple catalyst-free method
for the synthesis of 2-vinylquinolines via direct deamination
reaction during Mannich synthesis. Although the procedure of this
one-pot synthesis is analogous to the classical Mannich reaction, by
suitable choice of substrates and optimization of reaction
conditions, the vinyl product instead of Mannich base is the direct
product isolated from the process. The substrate scope is pretty
wide that a series of 2-vinylquinolines could be obtained from
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cheap, readily available 2-methylquinolines with adequate yields. the synthesis of 2-vinylquinolines. Further work on expanding this
Owing to the high-efficiency and simplicity, the present reaction strategy toward the synthesis of other styrylquinoline compounds is
procedure appears to be superior to previous reported methods for  currently underway.
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Scheme 3. Proposed mechanism for the direct deamination reaction
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