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1. INTRODUCTION

Search for new compounds structurally related to 2,3-benzodiazepines was an important
objective for EGIS R&D. In the course of these efforts, the synthesis of 2,3,4-benzothiadiazepine
2,2-dioxide 1 derivatives was set as a target (Scheme 1).
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Scheme 1: The structure of 2,3,4-benzothiadiazepine 2,2-dioxides 1 and their retrosynthetic
analysis

Retrosynthetic analysis of N(3)-alkyl-2,3,4-benzothiadiazepine 2,2-dioxides (1) indicated that
suitably substituted phthalides (2) were required as starting materials for their synthesis.* A new,
laboratory scale synthesis of 5-chlorophthalide (3, Scheme 2) has been elaborated in the
department of Organic Chemistry and Technology in Budapest University of Technology and
Economics, at request of EGIS Pharmaceuticals PLC.
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Scheme 2: Phthalide target compounds

My task was to elaborate the scaled-up synthesis of 5-chlorophthalide (3) and to extend the
method for the preparation of the 4,6-dichloro- and 4,6-difluorophthalide (4 and 5) which are not
known in the literature. In addition, the synthesis of the new thiadiazolophthalide (6) was also set
as a target of my work.

2. LITERATURE BACKGROUND OF PHTHALIDES

The phthalides were synthesized by two main methodologies in the literature:
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> By reduction of phthalic acid derivatives (phthalic acid, phthalic esthers, phthalic
anhydride, phthalimide)

> By ring closure of o-hydroxymethyl benzoic acids, prepared via an ortho-lithiation
methodology from benzyl alcohols or benzoic acid derivatives

2.1. The reduction of symmetrically substituted phthalic acids (7) and phthalic anhydrides (8) by
various reducing agents led to 9 phthalides in good yields (Scheme 3).2
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Scheme 3: Reduction of symmetrically substituted phthalic acids (7) and phthalic anhydrides (8)

The reduction of asymmetrically substituted phthalic anhydrides, as demonstrated by the
example of 4-chlorophthalic anhydride (10, Scheme 4), led to a mixture of phthalides (3, 1 ;
Therefore, this is not an eff|C|ent method for the synthesis of the required 5- chlorophthallde (3).
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Scheme 4: Reduction of 4-chlorophthalic anhydride (10)

2.2. Ortho-lithiation of benzyl alcohols (12) and subsequent carboxylation led to o-
hydroxymethyl-benzoic acids (13) and their acid-catalyzed ring closure gave phthalides (14,
Scheme 5). This method is strongly limited by the poor ortho-directing effect of the
hydroxymethyl group in lithiation reactions. Ortho-lithiation of benzoic acid derivatives (15) and
subsequent hydroxymethylation is the more frequently applied approach for the synthesis of o-
hydroxymethylbenzoic acid derivatives (13), which affords phthalides (14) after acidic treatment.
It is interesting to mention that formylation of ortho-lithio benzoic acid derivatives and
subsequent reduction gives compounds 13 in much better vyields than the direct
hydroxymethylation with formaldehyde.

2Z.-L. Zhou, S. M. Kher, S. X. Cai, E. R. Whittemore, S. A. Espitia,J. E. Hawkinson, M. Tran,
R. M. Woodward, E. Weber, J. F. W. Keana; Bioorg. Med. Chem. 2003, 11, 1769-1778
% p. Nandhikonda, M. D. Heagy; Org. Lett. 2010, 12, 4796-4799



Rl

Rl
iijﬁ OH |itialas @?ou 1.¢o,
—
. 2.HH,0

R2 Li 2 R1 R1

R2
12 OH H+

5 — > o
R2

R, Rt OH R? ©
litialas Li 1.CHO 13 14
0 :
0 2. H*, H,0
RZ
Y %
15 Y

Y: OH, NHR, NR,, stb.

Scheme 5: Syntheses of phthalides via ortho-lithiation

3. EXPERIMENTAL METHODS

During the synthetic work, well known methods of preparative organic chemistry were applied.
The progress of reactions was followed by thin layer chromatography. The crude products were
purified by recrystallization or by trituration with various solvents. The isomeric ratios were
determined by GC-MS technique. The melting points of solid compounds were determined. The
structures of compounds were identified by *H-NMR, **C-NMR and IR spectra, and the purity
was also demonstrated by elemental analysis. The structure of one compound was determined by
single crystal X-Ray diffraction measurement.

4. RESULTS

4.1. Scaled-up synthesis of 5-chlorophthalide*

Preceding my work, Professor Dr. Ferenc Faigl and his research group (at the Department of
Organic Chemistry and Technology at the Budapest University of Technology and Economics)
have elaborated a laboratory synthesis of 5-substituted phthalides (including 5-chlorophthalide)
at the request of EGIS Pharmaceuticals PLC.

4-Chloro-N,N-diisopropylbenzamide (17), obtained by amidation of 4-chlorobenzoyl chloride,
(16) with diisopropyl-amine was lithiated with butyllithium in the ortho position of the amide

*F. Faigl, A. Thurner, B. Molnar, Gy. Simig, B. Volk; Org. Proc. Res. Dev. 2010, 14, 617-622



group (18) and formylated (19, Scheme 6, the yields indicated on Scheme 6 are those of the
scaled-up method). Aldehyde 19 thus obtained was reduced by sodium borohydride to
hydroxymethyl derivative 20, which was converted into phthalide 3 by refluxing in aqueous
hydrochloric acid.

In the course of scaling up, industrial expectations were also considered. The purifications of
intermediates were modified (suspending vs. recrystallization). The industrially undesirable
solvents were avoided (e.g. diethyl ether, dichloromethane). A technologically simple,
environment-friendly one-pot methodology has been developed for the formation of 5-
chlorophthalide from 4-chloro-2-formyl-N,N-diisopropylbenzamide (19) in high yield. It was
confirmed that butyllithium can be replaced with the technologically more advantageous
hexyllithium in the lithiation step. The overall yield of the scaled-up technology has been
increased from 51 % of the laboratory scale synthesis to 79 %.
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Scheme 6: The scaled-up synthesis of 5-chlorophthalide



4.2. Synthesis of 4,6-dichloro- and 4,6-difluorophthalide’

We have planned to synthesize 4,6-dichlorophthalide and 4,6-difluorophthalide (4, 5)
analogously to the synthesis of 5-chlorophthalide. Lithiation of 3,5-dichloro-N,N-
diisopropylbenzamide (21a) was carried out under the same conditions as the lithiation of 4-
chloro-N,N-diisopropylbenzamide (17). Subsequent formylation with DMF gave 4-chloro-2-
formyl-N,N-diisopropylbenzamide (23a) in 99 % yield (Scheme 7). The lithiation occurred at the
ortho position of the amide moiety (22a). Phthalide 4 could be synthesized from formyl
derivative 23a as usual.
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Scheme 7: Synthesis of 4,6-d|chlorophthallde 4)

Surprisingly, lithiation of 3,5-difluoro-N,N-diisopropylbenzamide (21b) under the same
conditions as above and subsequent reaction with DMF gave 4-formyl isomer 26b in 91 % yield
(Scheme 8).

*B. Molnar, Gy. Simig, B. Volk; Eur. J. Org. Chem. 2011, 1728-1735
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Scheme 8: Lithiation reactions of 21b

The formation of formyl derivative 26b can be explained by two different ways. The first
possibility is that 3,5-difluoro-N,N-diisopropylbenzamide (21b) was lithiated directly at position
4 (25b) and subsequent reaction with DMF resulted in 4-formyl derivative 26b. The other
possibility is that the lithiation occurred at position 2 (22b, kinetically controlled product) and
the initially formed lithio intermediate isomerized to the 4-lithio derivative (25b,
thermodynamically controlled product) resulting in formyl derivative 26b after treatment with
DMF. It has been confirmed by in situ trapping with TMSCI® that under the applied reaction
conditions 3,5-difluoro-N,N-diisopropylbenzamide (21b) was initially lithiated at position 2.
Thus 22b is the kinetically favoured product, which isomerized to the thermodynamically stable
(less basic) 4-lithio derivative 25b.

After that, the question arised whether the 2-lithio derivative obtained by lithiation of 3,5-
dichloro-N,N-diisopropylbenzamide (21a) was a kinetically or a thermodynamically favoured
product. The lithiation was performed in the presence of TMSCI, which resulted in 3,5-dichloro-
2-(trimethylsilyl)benzamide (27a, Scheme 8) in 88 % vyield. However, lithiation of 3,5-
dichlorobenzamide 21a with butyllithium for 7 hours at —78 °C followed by treatment with
TMSCI resulted in 4-TMS derivative 28a in 83 % vyield, indicating that the kinetically formed 2-
lithio derivative 22a rearranged to the thermodynamically more stable 4-lithio derivative 25a in
this case as well.

¢S. Caron, J. M. Hawkins; J. Org. Chem. 1998, 63, 20542055
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Scheme 8: Lithiation reaction of 21a

It is known that the lithiating agent LDA in most cases abstracts the proton from the most acidic
site of the substrates,” and leads to the thermodinamically more stable lithio derivative directly.?
Treatment of benzamides 21a and 21b with LDA at —78 °C in THF for 1 hour and subsequent
reaction with TMSCI or DMF afforded 4-substituted derivatives 26 and 28 in good yields
(Scheme 9).
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Scheme 9: Lithiation of 21a and 24b using LDA base
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After the results shown above we came to the conclusion that the synthesis of phthalide 5 starting
from 3,5-difluorobenzamide 21b could be performed only if the position 4 is protected (Scheme
10). Trimethylsilyl group was selected as protecting group, because it is intact during the second
lithiation step and can be easily removed. Lithiation of 3,5-difluoro-N,N-diisopropylbenzamide
(21b) was performed at —78 °C in THF using butyllithium or LDA. After quenching with
TMSCI, benzamide 28b was obtained in 78 and 83 % vyield, respectively. Lithiation of
benzamide 28b with butyllithium followed by reaction with DMF gave formyl derivative 29 in
74 % vyield, which was reduced to hydroxymethyl derivative 30 with sodium-borohydride in
methanol in 92 % yield.
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Scheme 10: Synthesis of 4,6-difluorophthalide (5)

The synthesis was continued via two routes: the protecting group was removed before (31) or
after (32) the ring closure. The yield was slightly better in the case when deprotection was
applied from derivative 30. The 4,6-difluorophthalide was synthesized in 5 steps, in 51 % total
yield based on 3,5-difluorobenzamide21b.



4.3. Synthesis of 5H,7H-furo[3,4-f][2,1,3]benzothiadiazol-5-one
(thiadiazolophthalide)®

2,1,3-Thiadiazolo-2,3,4-benzothiadiazepine 2,2-dioxide derivatives 34 were also among the
desirable target compounds of Egis R&D (Scheme 11). In order to make their synthesis possible,
we had to elaborate the synthesis of phthalide 6, which is not known in the literature.
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Scheme 11: Thiadiazolo derivatives

Phthalide 6 can be synthesized from 5,6-diaminophthalide (33) by a ring closure reaction, e.g. by
treatment with thionyl chloride.’® The method described in the literature for the synthesis of
compound 33 is extremely cumbersome and gives low yield. Therefore, we have elaborated a
new synthesis of diamine 33, which was transformed to the required phthalide 6.

5-Chlorophthalide (3) was nitrated with a mixture of fuming nitric acid and concentrated
sulphuric acid according to the literature,** producing 5-chloro-6-nitrophthalide (35) in 85 %
yield. Compound 35 was reacted with sodium-azide in DMF affording 5-azido-6-nitrophthalide
in 85 % yield (36, Scheme 12). Crude azido-nitrophthalide 36 was hydrogenated over Pd/C in
DMF at room temperature to give 5,6-diaminophthalide (33) in 88 % yield. Diaminophthalide 33
was cyclized with thionyl chloride in toluene to give thiadiazolophthalide 6 in 83 % yield. 5,6-
Diaminophthalide (33) and thiadiazolophthalide (6) are useful building blocks for the
construction various new linearly condensed heterocyclic ring systems.

% B. Molnér, Gy. Simig, T. Baké, A. Dancs6, B. Volk; Tetrahedron Lett. 2012, 53, 2922-2924
107, Suzuki, M. Saito, H. Kawai, K. Fujiwara, T. Tsuji; Tetrahedron Lett. 2004, 45, 329-333

1. M. Yagupol’skii, G. I. Klyushnik, V. I. Troitskaya; J. Gen. Chem. USSR (Engl. Transl.)

1964, 34, 304-312. (Chem. Abstr. 1964, 60, 75778)
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Scheme 12: New synthesis of 5,6-diaminophthalide (33) and thiadiazolophthalide (6)

In the course of recrystallization of 5-azido-6-nitrophthalide (36), the intermediate of our
diaminophthalide (33) synthesis, its thermal lability was observed. Recrystallization of
compound 36 from ethanol or THF gave a new compound. Its structure has been determined by
single crystal X-ray diffraction measurement. The thermal rearrangement of 5-azido-6-
nitrophthalide resulted in 5H,7H-furo[3,4-f][2,1,3]benzoxadiazole-5-one 3-oxide (37) which is
not known in the literature (Scheme 13).
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Scheme 13: Thermal rearrangement of azido-nitrophthalide 36
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5. THESES

1. A new scaled-up method has been elaborated for the synthesis of 5-chlorophthalide starting
from 4-chloro-N,N-diisopropylbenzamide. The key step was a directed ortho-metallation of the
benzamide at position 2, followed by formylation. In the course of scaling up, industrial
expectations were also considered. The purifications of the intermediates were simplified, the
industrially undesirable solvents were avoided. A technologically streamlined, environment-
friendly one-pot methodology has been developed for the synthesis of 5-chlorophthalide from 4-
chloro-2-formyl-N,N-diisopropylbenzamide in high yield.*

2. A new procedure was elaborated for the synthesis of 4,6-dichloro- and 4,6-difluorophthalides,
which are not known in the literature, starting from the appropriate 3,5-dihalogeno-N,N-
diisopropylbenzamides. The key step was a directed ortho-metallation of the benzamides at
position 2, followed by formylation. It was demonstrated that lithiation of both 3,5-dichloro- and
3,5-difluoro-N,N-diisopropylbenzamide with butyllithium occurred at position 2, however, the
primarily formed, kinetically controlled 2-lithio derivatives isomerized, with very different
reaction rates, to the thermodinamically controlled 4-lithio derivatives.”

3. | found that lithiation of 3,5-dichloro-N,N-diisopropylbenzamide with butyllithium for 1 hour
followed by reaction with DMF afforded 2-formyl derivative in excellent yield, whereas after 7 h
lithiation time the corresponding 4-formyl derivative was obtained in good yield. I demonstrated
that lithiation of 3,5-difluror-N,N-diisopropylbenzamide with butyllithium primarily occurred in
the position 2, however, the 2-lithio derivative underwent an extremely fast isomerisation to the
4-lithio isomer. Consequently, the introduction of formyl group via ortho- lithiation to position 2
of 3,5-difluror-N,N-diisopropylbenzamide could be achieved after protection of position 4.
Therefore, the synthesis of 4,6-difluorophthalide could be performed only with temporary
protection of position 4. Starting from the 3,5-dihalogeno-N,N-diisopropylbenzamide, 4,6-
dichlorophthalide was synthesized in 3 steps and 4,6-difluorophthalide was synthesized in 5
steps in good overall yields.”

4. A new, efficient synthesis of 5,6-diaminophthalide was elaborated starting from 5-
chlorophthalide. It was found that the 5-azido-6-nitrophthalide intermediate of our synthesis
rearranged into the corresponding oxadiazole-N-oxide upon heating. Starting from 5,6-
diaminophthalide, the thiadiazolophthalide, which is not known in the literature, was synthetized
in high yield. Thiadiazolophthalide is a versatile scaffold to access a wide range of condensed
heterocyclic ring systems.”*
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