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A new efficient synthetic strategy has been developed to pre-
pare aminocyclopentitols. It is based on an iron-catalyzed
tandem isomerization-Mannich reaction and uses chiral N-
tert-butanesulfinamide as a chiral auxiliary. This methodol-

ogy has been applied to the enantiocontrolled synthesis of a
mannostatin A analogue, as well as isomers of known fucos-
idase and glycosidase inhibitors.

Introduction

Aminocyclitols are important compounds from a bio-
logical point of view, as many of them have demonstrated
potent inhibition properties against various types of glycos-
idases.'! On the basis of this activity, they are of much
potential interest for the treatment of diabetes, cancer, and
bacterial and viral infections for instance. This aminocy-
clopentitol structure is found in various natural products
such as mannostatins or trehazoline, as well as in synthetic
analogues such as Merrell Dow’s cyclopentylamine and
BCX-1812 (Figure 1). In spite of many elegant studies per-
formed in this area,” there is still a need for designed ana-
logues to obtain a better understanding of glycosidase func-
tioning and also to prepare more potent and selective inhib-
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Figure 1. Some representative bioactive aminocyclopentitols.
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itors. Therefore, new routes are required towards such at-
tractive molecules.

Tandem isomerization-aldolization®>* and tandem isom-
erization-Mannich reactionsl® have been successfully devel-
oped as new methodologies for C—C bond formation, and
we have demonstrated recently that the latter reaction, com-
bined with the use of chiral N-sulfinimines,®! was opening
efficient routes to optically pure B-aminoketones and B-
amino alcohols.[”l The goal of this communication is to
demonstrate that a similar process, in the intramolecular
version, is a short and efficient approach to new aminocy-
clopentitols. We have applied this methodology to the en-
antiosynthesis of an analogue of mannostatin A, as well as
isomers of known fucosidase and glycosidase inhibitors.

The general strategy is indicated in Scheme 1. N-Pro-
tected derivatives B could be obtained from vinylic lactols
A, themselves easily prepared from sugars.®l By analogy
with our previous work with lactols,™ it was anticipated
that an intramolecular tandem isomerization—Mannich re-
action could occur to afford amino-protected cyclopenta-
none intermediate C. Then, simple reduction and deprotec-
tion steps should give target molecules E. The choice of
the tert-butanesulfinyl protecting group was based upon the
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Scheme 1. General strategy towards aminocyclopentitols and the
first target, a mannostatin A analogue.
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great advantages observed previously with respect to high
stability under our transition-metal-catalyzed reaction con-
ditions and complete stereocontrol.[®7]

Results and Discussion

Lactol 1 was easily prepared in three steps and 55% over-
all yield from D-ribose by following a literature procedure.®!
Condensation of 1 with racemic N-tert-butanesulfinamide
(*)-2 afforded, in quantitative yield, a 1:1 mixture of sulfin-
amides 3/4, which were easily separated by chromatography.
On the other hand, reactions were performed with each en-
antiomer of starting sulfinamide independently: we ob-
served that the (S)-2 enantiomer yielded only 3, whereas
diastercoisomer 4 was obtained quantitatively from the (R)-
2 enantiomer. Therefore, this condensation was stereospec-
ific and was determined by the configuration of the starting
sulfinamide (Scheme 2). The structures of derivatives 3 and
4 were established from the NMR spectroscopic data
through small trans 3J, 5 and 3J54 (0.3-3.8 Hz) values ob-
served for the protons of the tetrahydrofuran rings.
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Scheme 2. Synthesis of sulfinamides 3 and 4.

The tandem isomerization—-Mannich reaction was suc-
cessfully performed by using Fe(CO)s as the catalyst!®-10]
with full stereocontrol (Scheme 3).
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Scheme 3. Tandem isomerization—Mannich from 3 and 4.
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Starting from isomer 3, the reaction gave cyclopentanone
5 in excellent yield, with a small amount (14%) of sulfin-
ylimine 6. On the other hand, reaction with sulfinamide 4
gave ketone 7, with imine 6" (14 %).

The stereochemistry of these compounds was established
by NMR spectroscopy and by correlation with X-ray analy-
sis after the next step. Then, the reduction was performed
on each stereoisomer independently: reaction of 5 with
NaBH, was fully stereocontrolled, affording exclusively 8 in
82% isolated yield (Scheme 4). The stereochemistry of this
alcohol was established by NMR spectroscopy and con-
firmed by X-ray crystallography (Figure 2).''l As expected,
the reduction occurred only from the face opposite to the
two bulky substituents (acetonide and sulfinamide).
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Scheme 4. Reduction of ketone 5.

Figure 2. X-ray diffraction analysis of alcohol 8.

On the other hand, reduction of ketone 7 afforded, in
90% overall yield and a 30:70 ratio, a mixture of alcohols
9/10, which could not be separated by silica gel chromatog-
raphy. However, isolation of both compounds in pure form
was possible by a selective protection—deprotection strategy
(Scheme 5). Upon reaction of the crude mixture of 9/10
with TBSCI (zert-butyldimethylsilyl chloride), imidazole,
and 4-dimethylaminopyridine, only isomer 9 was protected
as silyl ether 11 and alcohol 10 was recovered. After separa-
tion of 10 and 11 by chromatography, deprotection of silyl
ether 11 afforded pure alcohol 9 in very good yield.

The last step in the synthetic scheme was deprotection of
these derivatives. It was performed in a one-pot process by
reaction first with trifluoroacetic acid overnight at room
temperature, followed by reaction with HCI, affording de-
sired target molecules 12-14 in excellent yields (Scheme 6).

These aminocyclopentitols appear to be of interest for
biological studies and especially derivative 12, which is a
new analogue of mannostatin A. In-depth studies by
Booms et al. have shown that the thioether-containing
hydrophobic pocket was, at least in part, responsible for the
better activity of mannostatin A.['2l Therefore, it will be
very interesting to evaluate analogue 12 (with a Me group),
as well as related compounds with various CH,R groups in

Eur. J. Org. Chem. 2011, 6405-6408



Intramolecular Tandem Isomerization-Mannich Reactions

Eur

European Journal
of Organic Chemistry

TBAF, THF, 20 to 0°C

quant. |

H TBSCI
. TBDMSO 3
He : N\Sa<~ Im, DMAP N s‘%
o THF, rt, 12 h
= 0_0 I SN
: H t.
o N, NaBH, X o aHal X4
g — - -
o MeOH .
o_ 0O 0°C,1h TBSCI
75 90%

10

Scheme 5. Reduction of ketone 7 and isolation of alcohols 9 and 10.
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Scheme 6. Preparation of aminocyclitols 12-14.

this position, derivatives which should be accessible through
this strategy.

On the other hand, compounds 13 and 14 appear to be
of biological interest, as they are isomers of a series of
aminocyclitols prepared by other routes and active as fucos-
idase (i.e., 15, 16) and glycosidase (i.e., 17) inhibitors (Fig-
ure 3)_[2k,21,13]
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Figure 3. Representative examples of fucosidase inhibitors (i.e., 15
and 16) and a glucosidase inhibitor (i.e., 17).

Conclusions

We have developed a new route to aminocyclopentitols.
The tandem isomerization—-Mannich reaction works ef-
ficiently under ironcarbonyl catalysis, with full stereocon-
trol by the N-fert-butanesulfinamide component. Develop-
ment of this methodology is under active study in our
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group, and aminocyclopentitols obtained by this route will
be of much use for structure-activity relationships in gly-
cosidase inhibition.

Experimental Section

Tandem Isomerization-Mannich Reaction: To a solution of 3 (125
mg, 0.6 mmol) in anhydrous THF (10 mL) was added Fe(CO)s
(16 pL, 0.12 mmol, 10 mol-%). The mixture was irradiated with a
Philip HPK 125 lamp for 1.5 h. The solvent was removed under
reduced pressure, and the residue was filtered on silica gel (Et,O).
After concentration, the residue was purified by chromatography
on silica gel (pentane/EtOAc, 1:1) to afford 5 (176 mg, 85% overall
yield) and isomerized product 6 (29 mg, 14%).

Representative Procedure for the Synthesis of Aminocyclitols: A
solution of 30% trifluoroacetic acid (1 mL) was added to com-
pound 8 (20 mg, 0.106 mmol). The reaction mixture was stirred
under an atmosphere of nitrogen overnight at room temperature
and then extracted with pentane (3 X 5 mL) to remove the byprod-
ucts. A few drops of 1 N HCI were added, and the aqueous phase
was co-evaporated in vacuo with toluene to afford hydrochloride
12 as a viscous orange oil (19 mg, quantitative).

Supporting Information (see footnote on the first page of this arti-
cle): Full experimental procedures and characterization of com-
pounds.

Acknowledgments

H. T. C. thanks the Vietnamese Government for a PhD Thesis fel-
lowship. This research has been performed as part of the Indo-
French “Joint Laboratory for Sustainable Chemistry at Interfaces”.
We thank Mrs. D. Grée for NMR experiments and CRMPO
(Rennes) for MS analyses. We thank Dr. Raji Reddy and Dr. S.
Chandrasekhar for fruitful discussions.

[11 For comprehensive reviews on cyclopentitols and glycosidase
inhibitors, see: a) A. Berecibar, C. Grandjean, A. Siriwardena,
Chem. Rev. 1999, 99, 779-844; b) V. H. Lillelund, H. H. Jensen,
X. Liang, M. Bols, Chem. Rev. 2002, 102, 515-553; ¢) A.
Delgado, Eur. J. Org. Chem. 2008, 3893-3906; d) V. B. Kurteva,
C. A. M. Afonso, Chem. Rev. 2009, 109, 6809-6855; ¢) D. .
Wardrop, S. L. Waidyarachchi, Nat. Prod. Rep. 2010, 27, 1434~
1468 and references cited therein.

For representative syntheses of aminocyclopentitols, see: a) G.
Mehta, N. Mohal, Tetrahedron Lett. 1999, 40, 5795-5798; b)

(2]

6407

WWW.Eurjoc.org



SHORT COMMUNICATION

H. T. Cao, T. Roisnel, R. Grée

P. J. Dransfield, S. Moutel, M. Shipman, V. Sik, J. Chem. Soc.
Perkin Trans. 1 1999, 3349-3355; ¢) X. Wen, H. Norling, L. S.
Hegedus, J Org Chem. 2000, 65, 2096-2103; d) X. Cachet, B.
Deguin, F. Tillequin, Y. Rolland, M. Koch, Helv. Chim. Acta
2000, 83, 2812-2822; ¢) G. D. McAllister, R. J. K. Taylor, Tetra-
hedron Lett. 2001, 42, 1197-1200; f) G. Mehta, N. Mohal, 7et-
rahedron Lett. 2001, 42, 4227-4230; g) M. Seepersaud, Y. Al-
Abed, Tetrahedron Lett. 2001, 42, 1471-1473; h) H. Lu, P. S.
Mariano, Y.-f. Lam, Tetrahedron Lett. 2001, 42, 4755-4757; 1)
S. M. Jachak, N. P. Karche, D. D. Dhavale, Tetrahedron Lett.
2001, 42, 4925-4928; j) M. T. Crimmins, E. A. Tabet, J Org
Chem. 2001, 66, 4012-4018; k) A. Blaser, J.-L. Reymond, Helv.
Chim. Acta 2001, 84, 2119-2131; 1) M. Kleban, P. Hilgers, J. N.
Greul, R. D. Kuggler, J. Li, S. Picasso, P. Vogel, V. Jager, Chem-
BioChem 2001, 2, 365-368; m) J. N. Greul, M. Kleban, B.
Schneider, S. Picasso, V. Jager, ChemBioChem 2001, 2, 368—
370; n) G. Hu, A. Vasella, Helv. Chim. Acta 2004, 87, 2405—
2433; o) S. Ogawa, T. Morikawa, Eur. J Org. Chem. 2005,
4065-4072; p) M. Bojstrup, 1. Lundt, Org. Biomol. Chem. 2005,
3, 1738-1745; q) C. Bournaud, M. Bonin, L. Micouin, Org
Lett. 2006, 8, 3041-3043; r) I. S. Kim, Q. R. Li, J. K. Lee, S. H.
Lee, J. K. Lim, O. P. Zee, Y. H. Jung, Synlett 2007, 1711-1714;
s) C. Chakraborty, V. P. Vyavahare, V. G. Puranik, D. D. Dhav-
ale, Tetrahedron 2008, 64, 9574-9580; t) Y. S. Reddy, P. Kadiga-
chalam, V. R. Doddi, Y. D. Vankar, Tetrahedron Lett. 2009, 50,
5827-5830 and references cited therein.

[3] a) C. Crévisy, M. Wietrich, V. Le Boulaire, R. Uma, R. Grée,
Tetrahedron Lett. 2001, 42, 395-398; b) R. Uma, N. Gouault,
C. Crévisy, R. Grée, Tetrahedron Lett. 2003, 44, 6187-6190; c)
R. Uma, M. Davies, C. Crévisy, R. Grée, Tetrahedron Lett.
2001, 42, 3069-3072; d) D. Cuperly, C. Crévisy, R. Grée, Syn-
lett 2004, 1, 93-96; ¢) D. Cuperly, J. Petrignet, C. Crévisy, R.
Grée, Chem. Eur. J 2006, 12, 3261-3274; f) J. Petrignet, T. Ro-
isnel, R. Grée, Tetrahedron Lett. 2006, 47, 7745-7748.

[4] a) J. Petrignet, I. Prathap, S. Chandrasekhar, J. S. Yadav, R.
Grée, Angew. Chem. 2007, 119, 6413-6416; Angew. Chem. Int.
Ed. 2007, 46, 6297-6300; b) J. Petrignet, T. Roisnel, R. Grée,

6408

WWW.Eurjoc.org

© 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Chem. Eur. J 2007, 13, 7374-7384; c¢) D. H. Mac, T. Roisnel,
V. Branchadell, R. Grée, Synlett 2009, 12, 1969-1973; d) D. H.
Mac, R. Samimeni, J. Petrignet, P. Srihari, S. Chandrasekhar,
J.S. Yadav, R. Grée, Chem. Commun. 2009, 31, 4717-4719.

[5] a) X.-F. Yang, M. Wang, R. S. Varma, C.-J. Li, Org Lett. 2003,
5, 657-660; b) X.-F. Yang, M. Wang, R. S. Varma, C.-J. Li, J.
Mol. Catal. A 2004, 214, 147-154; ¢) N. Ahlsten, B. Martin-
Matute, Adv. Synth. Catal. 2009, 351, 2657-2666; d) H. T. Cao,
T. Roisnel, R. Grée, Lett. Org. Chem. 2009, 6, 507-510 and
references cited therein.

[6] a)J. A. Ellman, T. D. Owens, T. P. Tang, Acc. Chem. Res. 2002,
35, 984-995; b) M. T. Robak, M. A. Hernage, J. A. Ellman,
Chem. Rev. 2010, 110, 3600-3740 and references cited therein.

[71 H.T. Cao, T. Roisnel, A. Valleix, R. Grée, Eur. J. Org. Chem.
2011, 3430-3436.

[8] H.R. Moon, W. J. Choi, H. O. Kim, L. S. Jeong, Tetrahedron:
Asymmetry 2002, 13, 1189-1193.

[9] UV irradiation of Fe(CO)s is a common method to generate
the reactive intermediates Fe(CO), and/or Fe(CO)s, see E. A.
Koerner von Gustorf, F.-W. Grevels, 1. Fischler (Eds.), The Or-
ganic Chemistry of Iron, Academic Press, New York, 1978, vol.
1.

[10] No reaction was observed by using the other, usually potent
catalyst NiHCI(dppe)/MgBr,.[3d:3¢]

[11] CCDC-824977 (for 8) contains the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge from The Cambridge Crystallographic Data Centre via
www.ccde.cam.ac.uk/data_request/cif.

[12]a) S. P. Kawathar, D. A. Kuntz, R. J. Woods, D. R. Rose, G. J.
Boons, J Am. Chem. Soc. 2006, 128, 8310-8319; b) D. A.
Kuntz, W. Zhong, J. Guo, D. R. Rose, G. J. Boons, ChemBio-
Chem 2009, 10, 268-277 and references cited therein.

[13]a) A. Blaser, J. L. Reymond, Org Lett. 2000, 2, 1733-1736; b)
L. G. Dickson, E. Leroy, J.-L. Reymond, Org. Biomol. Chem.
2004, 2, 1271-1226 and references cited therein.

Received: August 1, 2011
Published Online: October 11, 2011

Eur. J. Org. Chem. 2011, 6405-6408



