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One-pot Synthesis of 2,3-Benzodiazepines from Arynes and B-Diketones
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Novel one-pot synthesis of 2,3-benzodiazepines from aryne
precursors was accomplished. Tofisopam, well-known anxio-
lytics, could be synthesized via C-C bond insertion of 4,5-
dimethoxybenzyne  with  2-ethyl-1-(3,4-dimethoxyphenyl)-
butane-1,3-dione, followed by the reaction with hydrazine
hydrate in a one-pot operation. This protocol is applicable to
the synthesis of other biologically active 2,3-benzodiazepines,
such as Girisopam and Nerisopam.

Synthesis of 2,3-benzodiazepines 1 was first aimed at finding
active papaverine-related derivatives with cardiovascular activ-
ity. These substances act as tranquillizing agents, and they show
no muscle-relaxant and anticonvulsant character in rodents.! The
most active derivative, Tofisopam (Grandaxinl) (1a) was found
to be a highly active nonsedative, anxiolytic in humans.? Other
2,3-benzodiazepines such as Girisopam (1b) and Nerisopam (1¢)
were also found to be biologically active (Figure 1).

These 2,3-benzodiazepines were generally synthesized by
four-step reactions starting from arylacetones or arylethanols.’
Although synthesis of 1,4-dimethyl-2,3,4,5-tetrahydro-(1H)-1,4-
benzodiazepin-5-one by reaction of benzyne prepared from
o-trimethylsilylphenyl triflate 2 and KF with 1,3-dimethyl-2-
imidazolidinone was reported by Yoshida et al., there is no
report on the straightforward synthesis of 2,3-benzodiazepines
1.4 Recently, we have reported the direct synthesis of
4-substituted 2-naphthols by the reaction of benzyne with
1,3-diketones, intermediates of which were 2-acetylmethylben-
zophenones.®> Given our interest in the synthesis of nitrogen-
containing heterocycles,’ we speculated on the possibility of a
short-step synthesis of 2,3-benzodiazepines such as 1a, 1b, and
1c from arynes as shown in Figure 2. Herein, we report the one-
pot synthesis of 2,3-benzodiazepines 1 by sequential two-step
reaction starting from 2-trimethylsilylphenyl triflates 2 and
aroylacetones 3.

We first attempted the reaction of 4,5-dimethoxy-2-trime-
thylsilylphenyl triflate (2a) with 4-nitrobenzoylacetone (3a)’ in
the presence of CsF in acetonitrile to optimize the reaction
conditions. Treatment of 2a with 3a in the presence of CsF in
acetonitrile at rt resulted in the formation of 2-acetylmethyl-4,5-
dimethoxy-4'-nitrobenzophenone (4a) in 21% yield (Table 1,
Entry 1). The results are shown in Table 1.

When 1.1 equiv of 2a was treated with 3a at rt for 15h, 4a
was obtained in 32% yield (Entry 2). When the reaction was
carried out at 40°C, 4a was obtained in 43% yield (Entry 3).
When 1.7 equiv of 2a was reacted with 3a at rt, 4a was obtained
in 61% yield,® whereas elevated temperature resulted in the
formation of 4a in 56% yield (Entries 4 and 5). Using excess
amount of 2a resulted in the formation of less amount of 4a
(Entry 6).

The reaction would proceed as follows: fluoride-induced
enolate attacked aryne to give the corresponding anion a, which

Chem. Lett. 2013, 42, 1260-1262

© 2013 The Chemical Society of Japan

,CHg
H:G CHs  MeO

MeO NH;
1a Tofisopam 1b Girisopam 1c Nerisopam
Figure 1.
0 R
R
Gt )@
N—=— — R
R —N R Ar
Ar o) O (0]
« L
Ar
Figure 2.

Table 1. Reaction of 2a with p-nitrobenzoylacetone (3a)

MeO:Q:TMS N
MeO OTf

2a
(0] (0]
+ )\/U\©\
NO.
3a
Ent 2 Temp Time Product 4a

y /equiv /°C /h /%
1 0.7 rt 18 21
2 1.1 rt 15 32
3 1.1 40 8 43
4 1.7 rt 10 61
5 1.7 40 6 56
6 2.0 rt 10 52

intramolecularly attacked aroyl carbonyl carbon to give four-
membered intermediate b. Ring-opening of the intermediate b
gave ortho-substituted benzophenone 4a (Scheme 1).

When the reaction was carried out in refluxing acetonitrile,
an intramolecular aldol reaction followed by dehydration
proceeded to give 6,7-dimethoxy-4-(4-nitrophenyl)-2-naphthol
(5a) in 52% yield (Scheme 2).

Since the optimum conditions were obtained (rt, 1.7 equiv of
2a, 10h), we then tried the synthesis of other 2-(acetylmethyl)-
benzophenones 4. Treatment of 2a with 3-chlorobenzoylacetone
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Table 2. Reaction of 2 with benzoylacetones 3

R ™S o o R
M CsF
+ —_— (o]
R oT Ar CHe N R

o Ar
15h o
2a: R= OMe 3a: Ar= 4-NO,CgHy L Ro -
25 Re Mo 3b: Ar= 3-ClCaHy aac B ONe, A= g'_g%;eﬁ“
:3 :i 'FOCHzo' 4c: R= Me, Ar= 4-NO,CgHy
:R= 4d: R= -OCH,0-, Ar= 4-NO,CgHy
4e: R=F, Ar= 4-NO,CgH,
4f: R=F, Ar= 3-CICgH,
Product
1€ 0
Entry 2 3 4 yield/%
1 2a 3a 4a 61
2 2a 3b 4b 63"
3 2b 3a 4c 51
4 2¢ 3a 4d 41
5 2d 3a 4e 42
6 2d 3b 4f 56

%Less than 10% of 3-(3-chlorophenyl)-3-hydroxy-6,7-dime-
thoxy-3,4-dihydronaphthalen-1(2H)-one was obtained as a
side product.

(3b) and CsF resulted in the formation of 2-acetylmethyl-4,5-
dimethoxy-3’-chlorobenzophenone (4b) in 63% yield. By using
substituted triflates 2a-2d, other benzophenones 4 were synthe-
sized in moderate yields (Table 2).

To confirm that the present method provides a general short-
step synthesis of 2,3-benzodiazepines, we then tried the reaction
of 4b with hydrazine hydrate in ethanol. As expected, Girisopam
(1b) was obtained in 65% yield (Scheme 3). Crystals suitable
for X-ray diffraction were obtained from ethanol. ORTEP
drawing of 1b was shown in Figure 3.°
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Figure 3. ORTEP drawing of Girisopam (1b).

Table 3. Synthesis of 2,3-benzodiazepines 1

NHoNH,
0]
EtOH
O
R’ R'

4a: R= OMe, R'=NO,
4c: R= Me, R'=NO,
4d: R= -OCH,0-, R'= NO,

1c': R= OMe, R'= NO,
1d: R= Me, R'= NO,
1e: R= -OCH,0-, R'= NO,

Entry 4 Benzodiazepine 1 Y/1§/;d
1 4b 1c’ 60
2 4d 1d 43
3 4e le 43

Other benzodiazepines were synthesized in a similar manner
(Table 3). Reduction of 1¢’ with Sn/HCI gave Nerisopam 1¢ in
65% yield (Scheme 4).

We finally tried the one-pot synthesis of Tofisopam (1a)
known as Grandaxin, which was previously synthesized by four-
step reactions starting from 1-(3,4-dimethoxyphenyl)-1,3-dibro-
mobutane.'® Treatment of 2-ethyl-1-(3,4-dimethoxyphenyl)-1,3-
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butanedione (3d) with triflate 2a in the presence of CsF at 60 °C
for 10h, followed by the addition of hydrazine hydrate in
refluxing EtOH resulted in the formation of Tofisopam 1a and
diketone 6 in 45 and 22% yields, respectively. Girisopam 1b
was also synthesized in a similar manner (48%) (Scheme 5).

Thus, we have successfully developed the one-pot synthesis

of 2,3-benzodiazepines via a completely different strategy from
aryne precursors. This one-pot synthesis would provide a wide
variety of biologically active 2,3-benzodiazepine derivatives.
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www.ccde.ac.uk/conts/retreving.html.
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