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Letters
Synthesis of hydroxylated hexahydropyrrolo[2,1-b]thiazoles
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Abstract—An unexpected ring contraction of 7,5-fused bicyclic thiazolidinelactams yields hexahydropyrrolo[2,1-b]thiazoles in a
single synthetic step. Three stereocentres are inverted along the highly stereoselective reaction path. The title compounds are further
transformed into thio-analogues of polyhydroxylated pyrrolizidine alkaloids.
� 2004 Elsevier Ltd. All rights reserved.
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Polyhydroxylated pyrrolizidine alkaloids are effective
glycosidase inhibitors isolated from a wide variety of
plants1 and some of them show anticancer2 or antiviral3

activities. One powerful synthetic approach to poly-
hydroxylated pyrrolizidine alkaloids is a tandem nitro-
alkane cycloaddition developed by Denmark4 and a
number of pyrrolizidine derivatives have been synthe-
sized using this method.5 Another elegant synthetic
route was described by White and is based on a ring-
closing metathesis and a transannular cyclization.6 Due
to their highly oxygenated architecture, saccharides are
obvious starting materials for the synthesis7 of poly-
hydroxylated pyrrolizidine alkaloids. Recently, Yoda
reviewed the synthesis of polyhydroxylated alkaloids.8

Grierson and co-workers prepared the perhydropyr-
idino-thiazole analogue of castanospermine,9 while
Beaupere and co-workers obtained perhydropyridino-
and pyrrolo-thiazoles as analogues of castanospermine
and australine, respectively.10 Berges and co-workers
used DD-xylose11 and DD-lyxose12 as chiral precursors for
the synthesis of perhydropyridino-thiazoles. In all cases
the separation of the two thiazole isomers was prob-
lematic. Herein we describe a ring contraction, which
transforms a 7,5-fused thiazolidinelactam selectively
into a single hexahydropyrrolo[2,1-b]thiazole. Numer-
ous thio-analogues of polyhydroxylated-pyrrolizidines
should be accessible using this route.

Highly regioselective a-triflation gives the octahydro-5-
oxo-thiazolo[3,2-a]azepines 2 from its tetrahydroxylated
precursor 1.13;14 The nucleophilic exchange of the triflate
group with azide is the next reaction step towards the
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dipeptide mimetics. The reactivity of triflate 2a in the
presence of different nucleophiles was investigated in
order to learn more about alternative reaction paths.
When 2a was dissolved in methanol in the presence of
potassium carbonate, a single product formed within
2 h. The ring contraction of the thiazolidinelactam 2a
into a bicyclic hexahydropyrrolo[2,1-b]thiazole was
indicated by the heteronuclear long-range CH-correl-
ations in the HMBC spectrum, but the stereochemistry
of 3a could not be determined unambiguously by NMR
methods, leaving the stereochemistry of the exocyclic
stereocentre unassigned, until the subsequent X-ray
structure analysis of 6a (Scheme 1). In an effort to
2c  R = H

Scheme 1. (a) R¼OMe and OEt lit.14, R¼H lit.15, (b) R¼OMe and

OEt lit.14, R¼H lit.15, (c) K2CO3, MeOH, 2 h, (3a 85%; 3b 83%), or

7M NH3 in MeOH, MeOH, 8 h, (3a 70%; 3b 76%).
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Figure 1. The crystal structure of compound 6a.
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characterize intermediates of the transformation, the
less basic sodium hydrogen carbonate was added to a
methanolic solution of 2a. The same final product 3a
was obtained and an intermediate was observed in the
NMR spectrum but it could not be isolated due to its
transient character. In the 2-D CH-correlation of the
reaction mixture an epoxide intermediate was identified.
Treatment of 2a with 7M ammonia in methanol gave
the same product 3a. The aminolysis of the methyl esters
was observed only after a prolonged reaction time of
1 day. Methyl ester 3a was the only product when the
ring contraction was carried out with ethyl ester 2b;
similarly, azepine 2c15 yielded 3b in good yield.

Several derivatives of 3 were synthesized in order to test
the chemical stability of the trihydroxyhexahydropyr-
rolo[2,1-b]thiazoles and to investigate the applicability
of this new approach, which yields highly functionalized
alkaloids without the necessity of using any protecting
group. Another aim was to obtain crystals to assign
unambiguously the absolute stereochemistry of the ring-
constrained products 3. Compounds 3a and 3b were
converted into 4a and 4b, respectively, by saponification
with lithium hydroxide (Scheme 2). The carboxylic acids
were obtained after treatment of the reaction mixture
with ion-exchange resin. Co-crystals with LiOH with
sufficient quality for X-ray analysis were obtained for 4a
directly from the reaction mixture.16 Reduction of the
ester function of 3a and 3b with lithium aluminium
hydride afforded primary alcohols 5a and 5b, respec-
tively. Treatment of 3a and 3b with aqueous ammonia
resulted in 6a and 6b, respectively, in good yields.
Compound 6a was crystalline too,17 allowing us to
fully assign the structure of the ring-contracted products
(Fig. 1); its stereochemistry also matched that of 4a.

A mechanism for the ring contraction is proposed in
Scheme 3. In a first step, methanolysis of the amide
bond opens the seven-membered lactam ring. Unre-
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Scheme 2. (a) LiOH, water, 1 h, (4a 92%; 4b 91%), (b) LiAlH4, THF, 30mi
stricted rotation about the Cb–Cc bond of the newly
formed ester then brings Cb–OH into the right orien-
tation for epoxide formation. N-Acylated thiazolidine-
lactams are configurationally stable but the thiazolidines
quickly epimerize in protic solvents.18 Opening of the
thiazolidine ring gives an imino group, which subse-
quently attacks the epoxide leading to the iminium ion,
which finally closes and forms the hexahydropyr-
rolo[2,1-b]thiazole diastereoselectively. The attack of the
imine on the epoxide, as well as the final ring closure of
the thiazolidine, are both highly selective ring forming
reactions. No other isomers were observed in the
1H NMR of the crude reaction mixture.

To test whether such a multi-step transformation exists
for bicyclic thiazolidinelactams of different ring size, we
treated the 6-O-triflate 719 with K2CO3 as described
above for 3a. From the reaction mixture epoxide 8
(Scheme 4) was isolated in good yield but no opening of
the lactam was observed, even at elevated temperatures.
Above 50 �C, 8 decomposes in the presence of potassium
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Scheme 3. The proposed mechanism of the rearrangement.
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Scheme 4. (a) K2CO3, MeOH, 2 h, 85%.
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carbonate. Presumably, 8 forms after epimerization of
the a-carbon, which bears the O-triflate substitutent.
Epimerization of the a-position was observed for other
6,5-fused thiazolidinelactams,18 but must not happen in
the case of 2a because an inverted stereochemistry of the
exocyclic carbon of 3a would have been observed.

In summary, we present the unique ring contraction of a
polyhydroxylated thiazolidinelactam into a hexahydro-
pyrrolo[2,1-b]thiazole, which opens up a new synthetic
approach towards polyhydroxylated pyrrolizidine ana-
logues. Biological testing of the glycosidase inhibition
activity of compounds 3–6 is in progress.
Acknowledgements

This work was supported by the Deutsche Forschungs-
gemeinschaft and the Fonds der Chemischen Industrie.
K.�A. thanks the Innovatec program of the DAAD. We
thank Dr. M. Zabel for crystal structure analysis of 4a
and 6a and Peter Tremmel for compound 7.
References and notes

1. Saul, R.; Chambers, J. P.; Molyneux, R. J.; Elbein, A. D.
Arch. Biochem. Biophys. 1983, 221, 593–597; Saul, R.;
Ghidoni, J. J.; Molyneux, R. J.; Elbein, A. D. Proc. Natl.
Acad. Sci. U.S.A. 1985, 82, 93–97; Sasak, V. W.; Ordovas,
J. M.; Elbein, A. D.; Berninger, R. W. Biochem. J. 1985,
232, 759–766; Fellows, L. E.; Kite, G. C.; Nash, R. J.;
Simmonds, M. S. J.; Scofield, A. M. In Plant Nitrogen
Metabolism; Romero, J. T., Conn, E. E., Eds.; Plenum:
New York, 1989; pp 395–427; Kato, A.; Adachi, I.;
Miyauchi, M.; Ikeda, K.; Komae, T.; Kizu, H.; Kameda,
Y.; Watson, A. A.; Nash, R. J.; Wormald, M. R.; Fleet, G.
W. J.; Asano, N. Carbohydr. Res. 1999, 316, 95–103;
Asano, N.; Kuroi, H.; Kizu, H.; Kameda, Y.; Kato, A.;
Adachi, I.; Watson, A. A.; Nash, R. J.; Fleet, G. W. J.
Tetrahedron: Asymmetry 2000, 11, 1–8.

2. Dennis, J. W. Cancer Res. 1986, 46, 5131–5136; Humph-
ries, M. J.; Matsumoto, K.; White, S. L.; Olden, K. Cancer
Res. 1986, 46, 5215–5222.

3. Gruters, R. A.; Neefjes, J. J.; Tersmette, M.; de Goede, R.
E.; Tulp, A.; Huisman, H. G.; Miedema, F.; Ploegh, H. L.
Nature 1987, 330, 74–77; Walker, B. D.; Kowalski, M.;
Goh, W. C.; Kozarsky, K.; Krieger, M.; Rosen, C.;
Rohrschneider, L.; Haseltine, W. A.; Sodroski, J. Proc.
Natl. Acad. Sci. U.S.A 1987, 84, 8120–8124.

4. Denmark, S. E.; Thoransen, A. Chem. Rev. 1996, 96, 137–
165.

5. Denmark, S. E.; Herbert, B. J. Am. Chem. Soc. 1998, 120,
7357–7358; Denmark, S. E.; Thoransen, A. J. Org. Chem.
1994, 59, 5672–5680; Denmark, S. E.; Thoransen, A. J.
Am. Chem. Soc. 1997, 119, 125–137; Denmark, S. E.;
Thoransen, A.; Middleton, D. S. J. Am. Chem. Soc. 1996,
118, 8266–8277; Denmark, S. E.; Marcin, L. R. J. Org.
Chem. 1997, 62, 1675–1686; Denmark, S. E.; Hurd, A. R.;
Sacha, H. J. J. Org. Chem. 1997, 62, 1668–1674; Denmark,
S. E.; Hurd, A. R. Org. Lett. 1999, 1, 1311–1314.

6. White, J. D.; Hrnciar, P.; Yokochi, A. F. T. J. Am. Chem.
Soc. 1998, 120, 7359–7360; White, J. D.; Hrnciar, P. J.
Org. Chem. 2000, 65, 9129–9142.

7. Zhao, H.; Mootoo, D. R. J. Org. Chem. 1996, 61, 6762–
6763; Grassberger, V.; Berger, A.; Dax, K.; Fechter, M.;
Gradnig, G.; Stuetz, A. E. Liebigs Ann. Chem. 1993, 379–
390; Kim, N. S.; Choi, J. R.; Cha, J. K. J. Org. Chem.
1993, 58, 7096–7099; Pearson, W. H.; Hines, J. V.
Tetrahedron Lett. 1991, 32, 5513–5516; Choi, S.; Bruce,
I.; Fairbanks, A. J.; Fleet, G. W. J.; Jones, A. H.; Nash, R.
J.; Fellows, L. E. Tetrahedron Lett. 1991, 32, 5517–5520.

8. Yoda, H. Curr. Org. Chem. 2002, 6, 223–243.



1898 K. Agoston, A. Geyer / Tetrahedron Letters 45 (2004) 1895–1898
9. Siriwardena, A. H.; Chiaroni, A.; Riche, C.; Grierson, D.
S. J. Org. Chem. 1992, 57, 5661–5666.

10. Marek, D.; Wadouachi, A.; Uzan, R.; Beaupere, D.;
Nowogrocki, G.; Laplace, G. Tetrahedron Lett. 1996, 37,
49–52; Marek, D.; Wadouachi, A.; Beaupere, D. Tetrahe-
dron: Asymmetry 1997, 8, 3223–3230; Marek, D.; Wadou-
achi, A.; Beaupere, D. Synthesis 1999, 839–843.

11. Berges, A. D.; Fan, J.; Devinck, S.; Liu, N.; Dalley, N. K.
Tetrahedron 1999, 55, 6759–6770.

12. Berges, A. D.; Zang, N.; Hong, L. Tetrahedron 1999, 55,
14251–14260.
13. Geyer, A.; Bockelmann, D.; Weissenbach, W.; Fischer,
H. Tetrahedron Lett. 1999, 40, 477–478.

14. Tremmel, P.; Geyer, A. J. Am. Chem. Soc. 2002, 124,
8548–8549.

15. Geyer, A.;Moser, F.Eur. J.Org. Chem. 2000, 7, 1113–1120.
16. Crystallographic data have been deposited with the

CCDC, reference no. CCDC 227227.
17. Reference no. CCDC 227228.
18. Schubert, M. P. J. Biol. Chem. 1939, 369, 601–603.
19. Tremmel, P.; Brand, J.; Knapp, V.; Geyer, A. Eur. J. Org.

Chem. 2003, 5, 878–884.


	Synthesis of hydroxylated hexahydropyrrolo[2,1-b]thiazoles
	Acknowledgements
	References


