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Abstract—A new cyclopentene GABA analogue was synthesized as a conformationally rigid analogue of the epilepsy drug vigaba-
trin. N-Sulfinyl dienophile Diels—Alder methodology, followed by alkaline hydrolysis of the corresponding dihydrothiazine oxide,
oxidation and deprotection of the amino group gave cis-4-aminocyclopent-2-ene-1-sulfonic acid. The corresponding N, N-dimethyl-

sulfinamide was also obtained.
© 2006 Elsevier Ltd. All rights reserved.

1. Introduction

v-Aminobutyric acid (GABA) is one of the most impor-
tant inhibitory neurotransmitters in the mammalian cen-
tral nervous system (CNS).! The enzyme that catalyzes
the degradation of GABA, GABA aminotransferase
(GABA-AT, EC 2.6.1.19), is a pyridoxal 5’-phosphate
(PLP)-dependent enzyme.? Inhibition of this enzyme
results in an increase in the availability of GABA, which
can have a beneficial effect on neurological disorders
including epilepsy,® Parkinson’s disease,* Huntington’s
chorea*®> and Alzheimer’s disease.®

Some years ago several cyclopentene GABA analogues
were synthesized as conformationally rigid analogues
of the epilepsy drug vigabatrin.” As part of an ongoing
project aimed to design and to develop an inactivator of
the GABA-AT,® we present a diastereoselective synthe-
sis of a new sulfonic amino acid: cis-4-aminocyclopent-
2-ene-1-sulfonic acid 1 (Fig. 1).
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2. Results and discussion

The preparation of 1 was carried out by N-sulfinyl
dienophile Diels-Alder methodology.” The first step is
the cycloaddition of cyclopentadiene and N-sulfinyl car-
bamate 2a—c (these compounds were obtained following
a published procedure).!? This reaction could be effected
at 0 °C in toluene to afford cycloadducts 3a—c in high
yield. Since at room temperature and/or upon attempted
chromatographic purification 3 was subject to retro
Diels—Alder reaction, it was immediately treated with
the nucleophilic agent.!!

It is reported that the S-N bond in 3,6-dihydrothiazine
oxide frame can be opened with several nucleophilic
agents.'>!3 In fact, compounds 3a—c smoothly reacted
with Grignard reagents or sodium hydroxide to give
compounds 6b'°° or 4a—c, respectively, and, in addition,
they were very susceptible to cleavage by nitrogen nucleo-
philes, affording sulfinamides 5a,b (Scheme 1).!3

In the first part of the project three different carbamates
were used, and each of them is marked by a suitable
characteristic: the most stable is the methylcarbamate,
while the fert-butylcarbamate provides an easily cleav-
able protecting group for the amine. Finally, the benz-
ylcarbamate shows intermediate reactivity with
respect to methyl and tert-butylcarbamate, so from this
point on, for the synthesis of 1, we chose to use only the
Cbz as a protecting group. Subsequently, the sulfinic
function must be oxidized. Sulfinic acids are known to
be readily oxidized, but the oxidation of our organic
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Scheme 1. Reagents and conditions: (i) PhMe, 0 °C, 20 h; (ii) NaOH, 1 equiv, THF, —60 °C, 15 min; (iii) PhMgBr 1 equiv, THF, —60 °C, 15 min; (iv)

NH(CHs); 1 equiv, THF, —60 °C, 15 min.

substrate by molecular oxygen, even if very clean and
devoid of by-products, required a long reaction time.
The process was accelerated by the presence of Cu*t,'4
but in this case, in addition to oxidation, an undesired
rearrangement to 3,3a,4,6a-tetrahydro-cyclopentaoxa-
zol-2-one!% was observed. Therefore, we found out
that the most convenient route was the procedure of

Kresze et al.'"> Thus, upon treatment of 4b with per-

4b

7b

Scheme 2. Reagents and conditions: (i) HCO3H, rt, 3 days; (ii) HBr/
AcOH, rt, 1 h.

formic acid, allylic sulfonic acid 7 was easily obtained.
Finally, the selective procedure for the cleavage of the
carbamate moiety employed the use of dry hydrogen
bromide in glacial acetic acid'® (Scheme 2).!” This reac-
tion represents a nonhydrolytic cleavage and not a
reduction process. Compound 1 (as a racemic mixture)
was obtained in good yield after ion exchange chroma-
tography. It is to be noted that, at least in strictly anhy-
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Scheme 3. Reagents and conditions: (i) CHsl, rt, CH;OH; (ii) HBr/
AcOH, rt, 1 h.

Table 1. Selected '"H NMR (200 MHz, CD;OD, 28 °C) chemical shift (§) and spin-spin coupling constants (J) values of amino cyclopentene

derivatives

Hs H,
N R
R~ :
Hy Hy
HG
No. R, R, Chemical shift (ppm) Spin—spin coupling constants
(Hz)

Hg Hs H; H, Jgem Jirans Jais
1 H SO;NaJr 2.28 2.58 4.06 4.30 16.1 8.0 0.9
4b Cbz SO; Na* 1.56 2.28 3.12 4.45 14.6 8.7 2.8
4c t-Boc SO; Na* 1.71 2.64 3.94 4.74 14.0 8.4 4.3
Sa MeOCO SONMe, 2.18 1.63 3.81 4.78 14.9 39 2.5
5b Cbz SONMe, 2.05 1.61 4.00 4.70 16.0 5.2 44
7b Cbz SO; Na* 1.71 2.64 3.90 4.74 14.0 8.4 43
10 H CO,H 2.08 2.63 3.72 4.38 15.1 8.7 43

Other signals &: (1) 6.13 (m, 1H, Hs), 6.32 (m, 1H, Ha); (4b) 5.08 (s, 2H, OCH,Ph), 5.82 (br s, 2H, Hy H;), 7.28 (s, SH, CsHs); (4c) 1.53 (s, 9H,
(CH3)C), 5.91 (m, 1H, Hs), 6.14 (m, 1H, H,); (5a) 2.70 (s, 6H, N(CHs)s), 3.65 (s, 3H, OCHs), 5.91 (m, 2H, H,~Hs); (5b) 2.75 (s, 6H, N(CH3),), 5.21 (s,
2H, PhCH,0), 5.92 (m, 2H, H, Hs), 7.3 (m, SH, CsHs); (7b) 5.0 (s, 2H, PhCH,0), 5.8 (br s, 2H, H, Hj), 7.3 (br s, SH, CsHs).
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drous conditions, addition reaction on the double bond
was not observed.

Following this synthetic protocol a variety of N- and S-
substituted derivatives can be obtained. As an example,
the methyl sulfone 9'® was obtained upon treatment of
4b with iodomethane to afford 8, followed by the usual
carbamate cleavage by dry hydrogen bromide in glacial
acetic acid!® (Scheme 3). It is noteworthy that further
molecular diversity could be obtained on the basis of
the 2,3-double bond reactivity.

The stereochemistry of Diels—Alder products is largely
predictable on the basis of the cycloaddition mechanism.
Furthermore, the structures of all new compounds were
unequivocally confirmed by mono- and two-dimen-
sional 'H and '*C NMR spectra.'® In particular, the
cis-stereochemistry of 1- and 4-hydrogens in compound
1 was confirmed by NOESY experiment. In addition,
the coupling constants of compounds 1, 4b,c, 5a,b, 7b
are in agreement with the corresponding data for cis-4-
amino-2-cyclopentene-1-carboxylic acid 10, prepared
according to Allan and Fong.?’ The small differences
found can be attributed to steric effects of the substitu-
ents on the nitrogen and sulfur atoms affecting the cyclo-
pentene conformation (Table 1).

3. Conclusion

In summary, to our knowledge, this work describes the
first example of synthesis of sulfonic amino acid using
hetero Diels—Alder reaction followed by nucleophilic
cleavage as the key step. This strategy is suitable for syn-
thesizing polyfunctionalized systems. We are currently
extending this approach to other cyclic systems. Investi-
gation on biological activity is also in progress.

Acknowledgements

The authors thank Dr. Laura Salvini (Centro di Analisi
e Determinazioni Strutturali, University of Siena) for
recording ES-MS spectra. This work was supported by
University of Siena, Quota progetti 2003-2004.

References and notes

1. (a) Krnjevic, K. Physiol. Rev. 1974, 54, 418-540; (b)
Faingold, C. L.; Gehlbach, G.; Caspary, D. Brain Res.
1989, 500, 302-312; (c) Bohme, I.; Luddens, H. Curr. Med.
Chem. 2001, 8, 1257-1274.

2. Copper, A. J. Methods Enzymol. 1985, 113, 80-82, and
references cited therein.

3. Gale, K. Epilepsia 1989, 30, S1-S11.

4. (a) GABA in Nervous System Function; Hornykiewicz, O.,
Lloyd, K., Davidson, L., Roberts, E., Chase, T. N.,
Tower, D. B., Eds.; Raven Press: New York, 1976; pp
479-485; (b) Kleppner, S. R.; Tobin, A. J. Emerging Ther.
Targets 2001, 5, 219-239.

5. Perry, T. L.; Hansen, S.; Kloster, M. N. Engl. J. Med.
1973, 288, 337-342.

6. (a) Aoyagi, T.; Wada, T.; Nagai, M.; Kojima, F.; Harada,
S.; Takeuchi, T.; Takahashi, H.; Hirokawa, K.; Tsumita,

10.

11.

12.
13.

14.

15.

16.

17.

T. Chem. Pharm. Bull. 1990, 38, 1748-1749; (b) Weiner,
M. Exp. Rev. Neurother. 2001, 1, 70-80.

. Qiu, J.; Pingsterhaus, J. M.; Silverman, R. B. J. Med.

Chem. 1999, 42, 4725-4728.

Dixon, H.; Dragoni, S.; Frosini, M.; Machetti, F.; Palmi,
M.; Sgaragli, G.; Valoti, M. Br. J. Pharmacol. 2003, 138,
1163-1171.

(a) Weinreb, S. M. Acc. Chem. Res. 1988, 21, 313; (b)
Boger, D. L.; Weinreb, S. M. Hetero Diels—Alder Meth-
odology in Organic Synthesis; Academic Press: San Diego,
1987, Chapter 1; (c) Anderson, G. T.; Chase, C. E.; Koh,
Y.; Stien, D.; Weinreb, S. M. J. Org. Chem. 1998, 63,
7594-7595.

(a) Stien, D.; Anderson, G. T.; Weinreb, S. M. J. 4Am.
Chem. Soc. 1999, 121, 9574-9579; (b) Garipati, R. S,;
Freyer, A. J.; Whittle, R. R.; Weinreb, S. M. J. Am. Chem.
Soc. 1984, 106, 7861-7867; (c) Wucherpfennig, W. Liebigs
Ann. Chem. 1971, 746, 28-31.

Macaluso, A.; Hamer, J. J. Org. Chem. 1966, 31, 3049—
3050.

Wucherpfennig, W. Liebigs Ann. Chem. 1971, 761, 16-27.
Typical procedure for the synthesis of compounds 4,5 and 6.
A solution of N-sulfinylcarbamate (28.4 mmol) in anhy-
drous toluene (5 mL) at 0 °C was added to freshly cracked
cyclopentadiene (1.92 mL, 28.4 mmol), and the mixture
was stirred at 0 °C for 20 h. THF (40 mL) was added, the
crude product was divided into three parts and each was
cooled to —60 °C. In the first one, phenyl magnesium
bromide (9.4 mL, 9.4 mmol, 1.0 M in THF) was added
and the mixture was stirred for 15 min. The reaction
mixture was diluted with saturated aqueous NH4CI
(15 mL) and extracted with ether (3 x 10 mL). The organic
layer was washed with brine and dried (MgSQO,). Concen-
tration of the organic phase in vacuo yielded cis-allylic
sulfoxide 6 (8 mmol, 85% yield) as a yellow oil. In the
second, sodium hydroxide (0.376 g, 9.4 mmol), solubilized
in the minimal water amount, was added dropwise and the
mixture was stirred for 15 min. The solution was evapo-
rated in vacuo, solubilized in 10 mL of water and
submitted to an easy workup by extraction with ether
(2 x 10 mL). Concentration of the aqueous phase in vacuo
yielded 4 as a yellow solid (8.46 mmol, 90% yield). In the
last part Me,NH (2.5 mL, 9.4 mmol, 3.7 M in benzene)
was slowly added and the mixture was stirred for 15 min.
Then the solution was concentrated under reduced
pressure, the crude product was purified by flash chroma-
tography eluting first with AcOEt and then with MeOH to
give 5 as a brown solid (8.65 mmol, 92% yield).

Blashke, R.; Bredereck, H.; Demetriades, G.; Kottenhahn,
K. G.; Wagner, A. Chem. Ber. 1959, 92, 2628.

Kresze, G.; Maschke, A.; Albrecht, R.; Bederke, K.;
Patzschke, H. P.; Smalla, H.; Trede, A. Angew. Chem., Int.
Ed. Engl. 1962, 1, 89.

Ben-Ishai, D.; Berger, A. J. Org. Chem. 1952, 17, 1564—
1570.

Synthesis of compound 1. A solution was prepared from
30 mL of 98% formic acid and 10 mL of acetic anhydride.
In 8 mL of this solution were dissolved 1.15 g (3.8 mmol)
of 4b and 1.15 g (10.2 mmol) of 30% hydrogen peroxide.
The reaction mixture was allowed to stand at room
temperature for 3 days. The solution was evaporated
under vacuo to give 0.971 g (3.27 mmol, 86% yield) of
allylic sulfonic acid 7. A solution (15 mL) of dry hydrogen
bromide (33% min) in glacial acetic acid was added to 7
(0.971 g, 3.27 mmol as dry powder) in a reaction flask
protected from moisture. Immediately after the addition
of the reagent, carbon dioxide began to develop and
the mixture was stirred at room temperature for 1 h. The
solution was carefully evaporated under nitrogen flow, the



1752

18.

19.

S. Fusi et al. | Tetrahedron Letters 47 (2006) 1749-1752
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(NCOO); MS (ESI), m/z: 296 (M™).
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before melting; '*C NMR (D,0) &: 32.3 (Cs), 56.7 (Ca),
66.7 (Cy), 132.8 (C3), 136.9 (C,); MS (ESI), m/z: 162 (M™).
IR (KBr) vpax 3435.88, 1616.56, 1457.98, 1166.13, 1042.63,
707.70, 617.14.
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phenyl ester 8: yellow oil, 'H NMR (CD;OD) §: 2.02
(dt, 1H, J=14.9, 3.4 Hz, cis Hs), 2.73 (dt, 1H, J = 14.9,
9.1 Hz, trans Hs), 3.01 (s, 3H, CH5S0,), 4.33 (m, 1H, H;),
4.71 (m, 1H, Hy), 5.12 (s, 2H, PhCH,0), 6.01 (m, 2H, H,—
Hs), 7.32 (s, 5H, C¢Hs); *C NMR (CD;0D) §: 32.3 (Cs),
39.4 (CH;3S0,), 56.8 (Cy), 67.4 (Cy), 129.0 (Ph), 129.8 (C3),
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(NCOO); MS (ESI), m/z: 318 (M+Na)*.
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