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The reaction of 3-azido-2,3-dideoxy-hexopyranose compounds from the D-gluco, p-galacto, p-lacto, and L-arabino carbohydrate series, with
(diacetoxyiodo)benzene and iodine, generated 2-azido-1,2-dideoxy-1-iodo-alditols with one carbon less than the starting carbohydrate. These
f-iodo azides could be transformed by dehydroiodination into vinyl azides, which in turn afforded 3-monosubstituted 2 H-azirines under thermal

conditions. These f-iodo azides and 2 H-azirines may be interesting chiral synthons for the preparation of more complex heterocyclic systems.

2H-Azirines have attracted considerable interest from the also versatile organic compounds endowed with a rich and
synthetic, mechanistic, and theoretical points of view, largely fascinating chemistryProbably one of the most interesting
because of their manifold reactions and structural charac-features of this class of compounds is their thermal and
teristics. Due to the high ring strain, they can react as photochemical transformation into 2H-azirirfes.
nucleophiles, electrophiles, and also as dienophiles or dipo-
larophiles in cycloaddition processes. These strained imines  (2) (a) Miller, T. W.; Tristram, E. W.; Wolf, F. JJ. Antibiot. 1971,24,
are precursors of an impressive number of more complex [0, ) Sty € 0 Hendn, B Jacison W, hlr &
heterocyclic systemsMoreover, a few products possessing F.: Ireland, C. M.J. Org. Chem1988,53, 2103—2105. (d) Salofmo C.
this 2H-azirine ring system have been isolated from natural E.; Williams, D. H.; Faulkner, D. JJ. Natural Prod.1995,58, 1463~
sources. Asymmetric syntheses of two of them, dysidazirine 14???)' (a) Davis, F. A.; Reddy, G. V.. Liu, HJ. Am. Chem. Sod995,

andent-azirinomycin, have been reportedinyl azides are 117, 3651—3652. (b) Davis, F. A.; Liu, H.; Liang, C.-H.; Reddy, G. V.;
Zhang, Y.; Fang, T.; Titus, DJ. Org. Chem1999, 64, 8929—8935. (c)
Gentilucci, L.; Grijzen, Y.; Thijs, L.; Zwanenburg, Bletrahedron Lett.

TInstituto de Productos Naturales y Agrobiclagi 1995, 36, 4665—4668.
* University of Strathclyde. (4) (a) L'abbé, G.; Hassner, AAngew. Chem., Int. Ed. Endl971,10,
§ Universidad de La Laguna. 98—104. (b) L’abbeG. Angew. Chem., Int. Ed. Endl975,14, 775—782.

(1) (a) Palacios, F.; Ochoa de Retana, A. M.; Martinez de Marigorta, (c) Smolinsky, G.; Pryde, C. A. Iithe Chemistry of the Azido Group; Patai,
E.; de los Santos, J. MDrg. Prep. Proced. Int2002,34, 219—269. (b) S., Ed.; John Wiley and Sons: London, 1971; pp-5585. (d) Hassner,
Palacios, F.; Ochoa de Retana, A. M.; Martinez de Marigorta, E.; de los A. In Azides and Nitrenes: Readty and Utility; Scriven, E. F. V., Ed;
Santos, J. MEur. J. Org. Chem2001, 2401—2414. (c) Gilchrist, T. L. Academic Press: Orlando, 1984; pp-354.

Aldrichimica Acta2001, 34, 51-55. (d) Padwa, A.; Woolhouse, A. D. (5) (a) Smolinsky, GJ. Org. Chem1962,27, 3557—3559. (b) Hassner,
Comprehenske Heterocyclic ChemistrKatritzky, A. R., Rees, C. W., Eds; A.; Levy, L. A. J. Am. Chem. S0d.965,87, 4203—4204. (c) Fowler, F.
Pergamon Press: Oxford, 1984; Vol. 7, pp—8B. (e) Anderson, D. J.; W.; Hassner, A.; Levy, L. AJ. Am. Chem. S04967,89, 2077—2082. (d)

Hassner, ASynthesid975, 483—495. Hassner, A.; Fowler, F. WJ. Org. Chem1968, 33, 2686—2691.
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hexopyranose compounds were conveniently prepared in high
yield by acid-catalyzed reaction of 2-deoxy-hex-1-enitol
derivatives (glycals) with Nap The reaction proceeded
through Michael addition of the azide anion over @jp-
unsaturated aldehyde intermediate.

To explore the generality and scope of this methodology,
experiments were carried out using a variety of 3-azido-2,3-

Scheme 1. g-Fragmentation of
3-Azido-2,3-dideoxy-hexopyranoses

o} OCOH
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N
,3 dideoxy-hexopyranose compoundls5, 9, 13, and17 as
outlined in Table 1. The alkoxyl radical fragmentation (ARF)
OCOH OCOH OCOH reactions were performed under the conditions stated (entries
AQ(‘ /\[y/ /\[4/\ 1-5), with (diacetoxyiodo) benzene and iodine in £
R?0" RO" ‘o" at reflux temperature. In all cases, the isomesriaydroxy
azides were separated by chromatography and the C-3
v ]

stereochemistry assigned by a careful study of the vicinal
coupling constants (particulariya s and Jye 9. The stere-
ochemistries of th¢g-iodo azide2, 6, 10, 14, and18 were
then unambiguously determined by individually submitting
the y-hydroxy azides to the ARF reaction. The integrity of
On the other hand3-iodo azide compounds, which are the adjacent azide stereogenic center was preserved during
currently being synthesized by iodoazidation of alkenes, arethe reaction, and no generation of diastereoisomers at this
precursors of vinyl azides, amines, and aziridihes. carbon atom was detected. From a practical point of view
The reaction of carbohydrate anomeric alcohols with the ARF was best accomplished with the mixture of the
hypervalent iodine reagents in the presence of iodine hasy-hydroxy azides followed by a much more efficient
been recently described by this laboratdfhe glycopyran- ~ chromatographic separation at théodo azide stage. The
1_O_y| and g|yc0furan_D_y| radicals thus formed caused yleldS shown in the table were determined USing chromato-
facile cleavage of the C1—C2 bond to give a C2-radical. graphic homogeneous hydroxy azide mixtures giving correct
An electron-withdrawing group at this position inhibits the €lemental analysis, and in all cases complete consumption
oxidation of the C-radical, and this can be trapped by iodine Of the starting material was observed. The ARF reaction
atoms from the reaction medium. This should also occur in proceeded smoothly in high yield, and as observed, the
the case of thes-fragmentation of 2-deoxy carbohydrates, sensitive glycosidic linkage and the di-tert-butylsilanediyl
allowing for the efficient synthesis of 1-iodo-alditols with ~protective group survived the reaction conditions (entries 3

aARF = alkoxyl radical fragmentation reaction;1RR? =
protective groups.

one carbon less than the starting carbohydrate (Scheme 1)and 4, respectively). The dehydroiodination of fféodo

By using this methodology and taking into account the
availability of the 3-azido-2,3-dideoxy-hexopyranose com-
pounds [),® we had the opportunity to synthesize chiral
pB-iodo azides (Il), and hence vinyl azidefll and 2H-
azirines (IV) from carbohydrates. 3-Azido-2,3-dideoxy-

(6) For recent examples of iodoazidation of olefins, see: (a) Curini, M.;
Epifano, F.; Marcotullio, M. C.; Rosati, OlTetrahedron Lett2002, 43,
1201-12083. (b) Barluenga, J.;IMarez-Pérez, M.; Fananas, F. J.; Gonzélez,
J. M. Adw. Synth. Catal2001,343, 335—337. (c) Nair, V.; George, T. G.;
Sheeba, V.; Augustine, A.; Balagopal, L.; Nair, L. &/nlett2000, 1597—
1598. (d) Kirschning, A.; Monenschein, H.; Schmeck,Abgew. Chem.,
Int. Ed. 1999, 38, 2594—2596. (e) Kirschning, A.; Hashem, M. A.;
Monenschein, H.; Rose, L.; Schoning, K.-.U.Org. Chem1999 64, 6522~
6526.

(7) (@) Armas, P.; Francisco, C. G.; Suarez Aagew. Chem., Int. Ed.
Engl. 1992,31, 772—774. (b) Armas, P.; Francisco, C. G.; Suéarez].E.
Am. Chem. Soc1993,115, 8865—8866. (c) Hernandez, R.; lbecE. I.;
Moreno, P.; Suarez, B. Org. Chem1997, 62, 8974-8975. (d) Francisco,
C. G.; Freire, R.; Gonzélez, C. C.; Suéarez, Tetrahedron: Asymmetry
1997,8, 1971-1974. (e) Francisco, C. G.; Martin, C. G.; Suarez).E.
Org. Chem.1998, 63, 2099—-2109. (f) Francisco, C. G.; MartiC. G;
Suérez, EJ. Org. Chem.1998, 63, 8092—8093. (g) Gonzalez, C. C;
Kennedy, A. R.; Leon, E. |.; Riesco-Fagundo, C.; SuareArigew. Chem.,
Int. Ed.2001,40, 2326—2328.

(8) (a) Liberek, B.; Sikorski, A.; Melcer, A.; Konitz, ACarbohydr. Res.
2003 338 795-799. (b) Dabrowska, A.; Dokurno, P.; Konitz, A.; Smiatacz,
Z. Carbohydr. Res2000,323, 230—234. (c) Liberek, B.; Dabrowska, A.;
Frankowski, R.; Matuszewska, M.; SmiataczCarbohydr. Res2002 337,
1803—1810. (d) Wengel, J.; Pedersen, ESBnthesid4991, 451—-454. (e)
Wengel, J.; Lau, J.; Pedersen, E. B.; Nielsen, CJMOrg. Chem1991,
56, 3591—-3594. (f) Abbaci, B.; Florent, J.-C.; MonneretJCChem. Soc.,
Chem. Commun1989, 1896—1897. (g) Florent, J.-C.; Monneret, IC.
Chem. Soc., Chem. Commui987, 1171—-1172.
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azides with DBU in benzene at reflux temperature afforded
vinyl azides3, 7, 11, 15, and19 in good yield. It is worth
noting the stability of the sensitive formyl ester under the
reaction conditions. The separation of the isomg@riodo
azides was not necessary, and the synthesis could be realized
directly from the diastereoisomeric mixture.

According to the rules proposed by Hasshacyclic vinyl
azides with this 3-monoalkyl substitution pattern should give
2H-azirines under thermolysis conditions. Indeed, when the
vinyl azides shown in Table 1 were refluxed in toluene, the
corresponding 2khzirines4, 8, 12,16, and20 were isolated
in somewhat higher than expected yields. The lower yields
observed for azirine$2 and16 (entries 3 and 4) are probably
due to thermal instability of the three-membered ring at this
temperature.

The azirines4, 8, 12, and16 were sufficiently stable to
be isolated and purified by silica gel chromatography and
may be stored for months in a freezer-a20 °C without
significant decomposition. The azirir&d could be isolated
after aqueous workup but could not withstand silica gel
chromatographic purification, probably as a consequence of
its lower steric demand. The isolation of azirii® in
crystalline form suitable for X-ray diffraction provides an

(9) Hassner, A.; Wiegand, N. H.; Gottlieb, H. &. Org. Chem1986,
51, 3176—3180.
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Table 1. Alkoxyl Radical Fragmentation Reaction of 3-Azido-2,3-dideoxy-hexopyranoses

eniry  ¥hydroxy time yield  fiodo  time yield vinyl time  yield 2H- time  yield
azide* azide’ azide' azirine’
h (%) h (%, dr) h (%) h (%)
Aco” Ny OO AcO AcO &(I
AcO™ AcO H | AcO Y AcO Y N
N HOCO N3 HOCO N; HOCO
3
1 1 5 (90) 2-D-Ara 05 (95, 9:1) 3 05 (76) 4 22 (85)
2-D-Rib
AcO O.__~OH Ac%) Ac(?) Ac(?)
O ACO x | ACOW A co/\:/\<’|\l
9 HOCO  Nj HOCO  Ns HOCO
3
2 5 25  (87) 6-D-Xyl 0.5 (86, 6:4) 7 05 (70 8 25 (84)
6-D-Lyx
ACO O._~OH Bj)—\GiOki/\ -D-GalQ B-D-GalO
p-D-GalO™ AcD” % ! ACOW ACO™ X Ay
N HOCO N3 HOCO Nj HOCO
3
3 9 5 (74) 10-D-Ara 0.5 (96, 6:4) 11 0.75 (85) 12 4 (63)
10-D-Rib
t t t
Bu, Bu, Buy
O.__~OH L. 1. .
g O/Sl‘O O’SI\O O/Sl\O
Buy~0" K/'\iA W W
i | Y Y ¢
Na HOCO N, HOCO  Ns HOCO
4 13 75  (88) 14-D-Ara 0.25 (91,7:3) 15 3 (66) 16 2 (58)
14-D-Rib
O._~OH AcO AcO AcQ
HOCO ~ HOCO. __~ HOCO
ACO \/\S/\l \/\]/ \/\<l|\l
N3 N3 N3
5 17 2.5 (87) 18-L-Thr 0.5 (78,28) 19 1 (91) 20 35 (87)°
18-L-Ery

aReagents and conditions per mmol of substrate: Hg®®47 mmol), HSOQ, (5 mM, 27 mmol), 1,4-dioxane, 38C, then NaN (10 mmol), AcOH
(1.35 mL).? Reagents and conditions per mmol of substrate: (diacetoxyiodo)benzene (1.5 mifio§,rhmol), CHCIy, reflux. ¢ Reagents and conditions
per mmol of substrate: DBU (2.5 mmol), PhH, refl&Reagents and conditions per mmol of substrate: toluene (12 mL/mmol), réflinstable, could

not withstand chromatographic purification, crude yield.

opportunity to probe its solid-state structdfeAlthough a

ters have been recently synthesized and used as dienophiles

crystallographic analysis was performed on the palladium- in hetero Diels—Alder cycloadditioris.

(I complex of 3-f-methoxyphenyl)-2H-azirine, the mo-
lecular structure of simple 3-alkylmonosubstituted-2
azirines has not been determiriéd.

In summary, using mild reactions, chirdtiodo azides,
vinyl azides, and R-azirines allowed the preparation of

(11) (a) Hassner, A.; Bunnell, C. A.; Haltiwanger, X.Org. Chem1978,

As far as we know, no examples of these monosubstituted 43, '57-61. For recent crystallographic studies with other than 3-mono-

3-alkyl-2H-azirine compounds possessing athydroxyl

derivative have been reported to date, but a few examples

substituted 2H-azirines, see: (b) Piquet, V.; Baceiredo, A.; Gornitzka, H.;
Dahan, F.; Bertrand, GChem. Eur. J1997,3, 1757—1764. (c) Alcaraz,
G.; Wecker, U.; Baceiredo, A.; Dahan, F.; Bertrand ABgew. Chem., Int.

are documented for the preparation of monosubstituted Ed. Engl.1995,34, 1246—1248. (d) Villalgordo, J. M.; Heimgartner, H.

3-alkyl-2H-azirines?*1?Related M-azirine-3-carboxylic es-

(10) Crystal data and structure refinement I6r  Ci4H2sNO4Si, M, =
299.44, monoclinic, space grop, a = 16.4478 (8)p = 6.2864 (3)c =
16.1368 (8) A, = 95.529 (2, V = 1660.74 (14) A Z = 4, pcaica =
1.198 Mg/m3, u(Mo Ka) = 0.71073 A F(000) = 648, T = 123(2) K;
colorless crystal, 0.66& 0.30 x 0.02 mm, collected reflections 8917. The

Helv. Chim. Actal992,75, 1866-1870. (e) Heimgartner, HAngew. Chem.,
Int. Ed. Engl.1991,30, 238—264. (f) Kanehisa, N.; Yasuoka, N.; Kasali,
N.; Isomura, K.; Taniguchi, HJ. Chem. Soc., Chem. Comma880, 98-
99.

(12) (a) Komatsu, M.; Ichijima, S.; Ohshiro, Y.; Agawa,J.Org. Chem.
1973,38, 4341—-4342. (b) Wade, T. N.; Khéribet, R.Org. Chem1980,
45, 5333—-5335. (c) Njar, V. C. O.; Dueerkop, J.; Hartmann, RS#roid
1996,61, 138—143. (d) Ray, C. A,; Risberg, E.; Somfai, TRetrahedron

structure was solved by direct methods, all hydrogen atoms were refined 2002,58, 5983—5987.

anisotropically using full-matrix least-squares-bagétb give Ry = 0.0413
and wR = 0.0734 for 3245 independently observed reflectioffi| (>
20(|Fo|)) and 200 parametersH2Azirine data: C(2)-C(3) = 1.438 (4)
A; C(2)-N=1.565 (4) A; C(3-N = 1.255 (3) A; C(2)-C(3)-N=70.7
(2)°; C(3)—N—C(2)= 60.10 (18)°; C(3)—C(2)—N= 49.20 (15)°.

Org. Lett, Vol. 5, No. 20, 2003

(13) (a) Alves, M. J.; Gilchrist, T. LTetrahedron Lett1998 39, 7579
7582. (b) Alves, M. J.; Bickley, J. F.; Gilchrist, T. 0. Chem. Soc., Perkin
Trans. 11999 1399-1401. (c) Gilchrist, T. L.; Mendoyg; R.Synlett200Q
1843—-1845. (d) Avares, Y. S. P.; Alves, M. J.; Azoia, N. G.; Bickley, J.
F.; Gilchrist, T. L.J. Chem. Soc., Perkin Trans.2D02, 1911—-1919.
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derivatives of alditols, with one carbon less than the starting PPQ2000-0728 of the Direccion General de Investigacio

carbohydrate, in good yields. The interest in these compoundsCientifica y Técnica, Spain. C.R.A. thanks the Consejo
owes a great deal to the ease with which they are synthesize@uperior de Investigaciones Cientificas (Program I3P) for a
from readily accessible starting materials. It is hoped that fellowship.

these compounds will serve as powerful synthetic building

blocks for the preparation of complex heterocyclic systems.
The methodology is also highly attractive from a strategic

standpoint since it is amenable to the preparation of stere-
ochemical and structural analogues of complex targets.

Supporting Information Available: Experimental pro-
cedure and characterization for all pure compounds and an
X-ray crystallographic file (CIF) for azirin&6. This material
is available free of charge via the Internet at http://pubs.acs.org.
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