Organic &
Biomolecular
Chemistry

Accepted Manuscript

This is an Accepted Manuscript, which has been through the
Organic& Royal Society of Chemistry peer review process and has been
Biomolecular accepted for publication.

Chemistry

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. We will replace this Accepted Manuscript with the edited
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes
to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still
l(’msm apply. In no event shall the Royal Society of Chemistry be held

2 responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

[y RO~YAL SOCIETY
OF CHEMISTRY WWW.rsc.org/obc


http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/

Page 1 of 4

Journal Name

Organic & Biomolecular Chemistry

RSC

Efficient Palladium-Catalyzed Double Carbonylation of o-
Dibromobenzenes: Synthesis of Thalidomide

Cite this: DOI: 10.1039/x0XX00000X

Jianbin Chen,” Kishore Natte,” Anke Spannenberg, Helfried Neumann,
Matthias Beller, and Xiao-Feng Wu*

Received ooth January 2012,
Accepted ooth January 2012

DOlI: 10.1039/X0XX00000X

Abstract. We describe here a convenient and mild, double carbonylation of o-dibromobenzene
with various 2-amino pyridines and naturally occurring amines providing in good to excellent
yield of N-substituted phthalimides by using palladium-catalyzed carbonylation procedure.

Furthermore, for the first time we have applied our developed synthetic protocol for the synthesis
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excellent yield.

Imide derivatives especially phthalimides carrying additional
substituents are an important class of compounds with various
biological activities such as antimicrobial, anticonvulsant,
antihistaminic,  anti-inflammatory,  antitumor, anxiolytic and
hypolipidemic and also they are used predominantly as chiral building
blocks in organic synthesis and have numerous applications in dyes,
liquid crystals, functional materials and pesticides.lY) Also, the related
pyromellitic diimide is an important structure in high-performance
polymers like Kapton.

oo b e b

NHAc ©

apremilast
(antiinflammatory)

thalidomide omalldomlde
(tetrogen, TNF inhibitor) (anhcancer multiple myeloma)

o OH o o o
H —
o HO > o o) R

salfredin C1
(aldose reductase inhibitor)

N-pyridinyl phthalimide

'ainyt Kapton
(TNF-inhibitor)

(used in aircrafts, spacecrafts,
X-ray and 3D printing)

Figure 1. Selected structure of pharmaceutically and polymeric important
phthalimide derivatives.

Ever since the pioneering work of Heck and Schoenberg in 1974,
palladium-catalyzed carbonylations using CO enabled the synthesis of
a variety of carbonyl compounds.”” Nowadays, these reactions are
routinely applied for constructing carbonyl-containing compounds,
such as aldehydes, amides, esters, and etc.”!

Due to the wide range and applicability of phthalimides and its
related derivatives in medicinal chemistry and pharmaceutical
industry, their synthesis has been received great attention. Typically,
the synthesis of N-substituted phthalimides involves the dehydrative
condensation of a phthalic acid anhydride with a primary amine and
the cyclization of the amic acid in the presence of acidic reagents.
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of active biological molecule thalidomide via a single step carbonylative cyclization reaction in

However, these reactions require relatively high temperature and long
reaction time.! Interestingly, carbonylation reactions were applied in
the phthalimide preparation as well.®! Perry and Turner reported a
palladium-catalyzed carbonylation of 1,2-diiodoarenes with primary
amines under CO pressure (~6.2 bar) at 115 °C. Recently, Cao and
Alper reported an interesting Pd-catalyzed carbonylative synthesis of
phthalimides under atmospheric pressure of CO in ionic liquids.
Bhanage and co-workers have reported an elegant Pd/C as a recyclable
catalyst and applied this catalytic species in the carbonylation of o-
diiodoarenes with primary amines as well.!! More recently, some of us
reported a palladium-catalyzed procedure to obtain N-substitutec
phthalimides with molybdenum hexacarbonyl as carbon monoxide
precursor.[’! Nevertheless, the using of 2-aminopyridines as substrates
were scarcely reported which can provide N-pyridinyl phthalimides as
a class of biological active compounds.

On the other hand, as it was said that N-substituted phthalimides
represent an important class of biologically active molecules. In this
regard, thalidomide (see, Figure 1) which was reported to act as a
hypnotic/sedative agent but withdrawn from the market because of its
teratogenicity.! However, even with its teratogenic effects,
thalidomide continued to be used clinically. In 1991, Kaplan and co-
workers™ reported thalidomide as an inhibition of the production of
TNF. Later in 1995, clinical trials using TNF-a antibodies have showr.
efficacy in the treatment of rheumatoid arthritis and Crohn’s disease
confirming the role of TNF-o in these diseases.'? In 2001, Petit and
co-workers reported that phthalimidic containing nitrogen allows ¢
significant inhibition of TNF-a production.’®!! Inspiring from these
reports and our continuous interest in carbonylations, we describe
herein a facile and convenient palladium-catalyzed procedure for the
synthesis of N-pyridinyl phthalimides. To the best of our knowledge,
until now there is no brief report about the carbonylative synthesis of
N-pyridinyl phthalimides.

As the starting point for the optimization, the reaction of o-
bromobenzene (1a) with 2-aminopyridine (2a) and CO in the presence
of base and solvent was chosen as a model reaction (Table 1).
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Preliminary experiments showed that Pd(OAc), and CataCXium A
[di(1-adamantyl)-n-butylphosphine; BuPAd,] proved to be the optimal
catalyst system. A series of experiments were performed to optimize
various reaction parameters such as the effects of solvents and bases.
The results obtained are summarized in Table 1. As shown in Table 1,
90% of the corresponding N-substituted phthalimide was obtained
under the optimized reaction conditions (Table 1, entry 10).

Table 1. Optimization of the palladium-catalyzed double carbonylation
reaction.”

Pd(OAc), (2 mol%) o

CataCXium A (6 mol%) N=
oV,
(o)

- .
Base (3.0 eq.)
Solvent, 100 °C, 20h

1a 2a 3a
Entry Base Solvent 3a Yield (%)™
1 DBU DMAc 51
2 DBU DMAc 65
3 DBU Toluene 20
4 DBU Dioxane 5
5 DBU MeCN 5
6 DBU THF 5
7 DBU DMSO 3
8 DIiPEA DMACc 46
9 NEt; DMAc 85
10 NEt; DMAc (degassed) 90

Reaction conditions: 1a (1.0 mmol), 2a (1.1 mmol), base (3.0 mmol),
solvent (5 mL), CO (30 bar), time (20 h). [b] GC yield using hexadecane
as internal standard. [c] 1.2 mmol of Mo(CO)s as the CO source.

Having identified our active catalytic system, we tested various
amines with o-dibromobenzene to afford N-substituted phthalimide
derivatives (Table 2). Excellent activities were observed with methyl
substituted 2-amino pyridines (Table 2, entries 1-4). Remarkably,
chloro-substituted amino pyridines can be applied as substrates in this
reaction as well and succeeded to provide the desired products in good
yields (Table 2, entries 5-6). Noticeably, electron-with-drawing cyano
substituted amino pyridine was also obtained in good yield (Table 2,
entry 7). In the case of trifluroethyl amine hydrochloride, the reaction
worked well and the corresponding product was isolated in excellent
yield (Table 2, entry 12).

Excited by the facile synthesis of phthalimide derivatives from o-
dibromobenzene, various substituted o-dibromobenzenes were also
screened and generated their corresponding phthalimides in good
yields (Table 2, entries 8-11). The product was further confirmed by
X-ray analysis (Figure 2).
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Figure 2. Molecular structure of 5-methyl-2-(pyridin-2-yl)isoindoline-1,3-dione.
Displacement ellipsoids correspond to 50% probability.

In order to make this procedure useful for synthesis of biological
compounds containing phthalimide groups, for the first time we have
applied our developed synthetic protocol reaction conditions to
synthesise thalidomide which was resulted in excellent yield (87%;
Scheme 1). In addition to this, we also made to synthesise various
biological N-substituted phthalimides from different naturally
occurring amines such as tryptamine and tyramine. The reactions were
achieved with ease whereby these two naturally occurring amines were
quite eligible in providing good to excellent yields of the expected
products (Scheme 2).

Table 2. Carbonylative reactions of o-dibromobenzenes with amines.?

o
Br .
N N Pd(OAc),/CataCXium A N N=
R1—: + + —R? 10
A HZNJ\/ NEt;, DMAG R @EéN_@R
1 2 3 0
Entry Amine 2 Product 3 Yield™
o
HoN - 9
1 N/ @%«N@f 84%
o
_ o
2 HN—( ) ©<<<N » 82%
)
o)
3 HoN \7/ @:ﬁN N/ 74%
N )
o
4 HoN \_/ ©féN \N/ 83%
N 0
o)
5 HZN@—m ©|<<<N W, c 73%
o
o cl
cl _
o)
o
HN—  )—CN N—{ )»—cN 0
7 N ) Q:é » 67%
o
8 0]
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Reaction conditions: o-Dibromobenzene (1 mmol), amine (1.1 equiv.),
Pd(OACc); (2 mol%), CataCXium A (6 mol%), NEt; (3 equiv.), 30 bar CO,
DMAc (5 mL), 100 °C, 20 h. [b] Isolated yield. [c] 30 h.

le) O O

Br NH Pd(OAc), (2 mol%) NH
@[ + CO + HyN o N o]
Br 30bar

CataCXium A (6 mol%)
1.2 eq. 100 °C, 20 h o}

NEt; (3.0 equiv.), DMAc (5 mL)

1.0 mmol
13,87%

Scheme 1. Synthesis of thalidomide.
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Scheme 2. Synthesis of phthalimides with naturally occurring amines.

In conclusion, we have demonstrated that N-pyridyl
phthalimides and its derivatives can be synthesized directly from
o-dibromobenzenes. A wide range of different amino pyridines
and naturally occurring amines as well as a variety of
miscellaneous o-dibromobenzenes can be applied as substrates,
and the corresponding phthalimides were obtained in moderate to
excellent yields. This facile and versatile procedure offers to
synthesize valuable thalidomide and could also be applied to
other drug molecules like pomalidomide, etc.

General information

Reactions were run under an argon/N, atmosphere with exclusion of
moisture from reagents and autoclaves. All substrates were purchased
from Sigma—Aldrich, 3-Aminopiperidine-2, 6-dione from Fluorochem
and were used as received. Solvents were dried from molecular sieves
and kept under argon. NMR spectra were recorded on the Bruker AV
300 spectrometers. All chemical shifts (8) are reported in parts per
million (ppm) and coupling constants (J) in Hz. All chemical shifts are
reported relative to tetramethylsilane (8 0.0 for *H NMR in DMSO-d,
CDCl,) and d-solvent peaks (& 77.00 for *C NMR, chloroform and for
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DMSO-dg 6 40.00), respectively. All measurements were carried out at
room temperature unless otherwise stated. Mass spectra were recorded
on an AMD 402/3 or a HP 5989A mass selective detector. Gas
chromatographic analysis was performed on an Agilent HP-5890
instrument with an FID detector and an HP-5 capillary columr
(poly(dimethylsiloxane) with 5% phenyl groups, 30 m, 0.32 mm i.d.,
0.25 mm film thickness) with argon as the carrier gas.

Experimental section

The reaction was carried out in a Parr Instruments 4560 series 300 mL
autoclave containing an alloy plate with wells for six 4 mL Wheator
vials. Pd(OACc),, (4.49 mg, 2.0 mol%), CataCXium A (21,48 mg, 6.C
mol%), amino pyridine (1.1 mmol), and a magnetic stir bar were
placed in each vials, which were then capped with a septum equipped
with an inlet needle and flushed with argon. Then NEt; (3 mmol, 3.0
equiv.), o-dibromobenzene (1.0 mmol) and DMAc (5 mL) were added
to the vial via syringe. The vials were placed in an autoclave, which
was then purged several times with argon. Subsequently it was filled
with 30 bars of CO at room temperature and heated at 100 °C for 20 h.
After the reaction the autoclave was cooled to room temperature and
vented to discharge N,. The product was extracted with ethyl acetate
(5%3 mL). The organic layers were washed with brine, dried over
Na,SO,, and evaporated to yield the crude reaction mixture. The
purification occurred by flash chromatography on silica gel (eluent:
heptane/EtOAc 50:50).
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