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Synthesis of Functionalized Bicyclic Triazolesfrom Chiral Aziridines
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Abstract: Enantiomerically pure Ssubstituted5amin04hydUCtion method with L-Selectrid€ in good yield

droxy-5,6-dihydro-#-pyrrolo[1,2c][1,2,3]triazoles were synthe- (Scheme 1} Both Of 1-az|r|d|n—2—yl—propgrgyl_|c alco-
sized efficiently from the sequential reactions including 40IS3and4 were utilized for the preparation aifs- and

regioselective ring-opening of 1-aziridine-2-yl-propargylic alcoirans-3-substituted-5-amino-4-hydroxy-5,6-dihydre+4

hols by azidotrimethylsilane and the subsequent intramolecular 1f8/rrolo[1,2<][1,2,3]triazole.

dipolar cycloaddition between alkyne and azide.
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The importance of triazoles found in many biologically ™y ¥ S

active products has been emphasized in organic chen 1

try. They consist of essential structural backbone of val FE
ous pharmaceuticals with anti-HfVantimicrobial? B- ZnCly, NaBH, Me™ SN
lactamase inhibitory,antiviral and antiepileptfcactivi-
ties. Therefore, methodologies for the preparations of ti
azoles have attracted much attention from both acader
and industry. However, there are only a few preparative
methods available from azidoallerfeBexofuranosé,2-
carboxy-4-chlorophenylazieand polystyrene-sulfonyl
hydrazide® The requirement for a more efficient prepara
tive method toward enantiomerically pure functionalize:
bicyclic triazoles prompted us to develop a new facil
synthetic route. Herein we report a new strategy for the ¢ 4
ficient preparation of multi-functionalized bicyclic tri-
azoles from the sequential reactions including
regioselective ring-opening of 1-aziridin-2-yl-propargylic

alcohols by azidotrimethy|si|ane and the Subsequent iﬁince the aziridine nitrogen is quite basic and also nucleo-

tramolecular 1,3-dipolar cycloaddition between alkynghilic, ring-opening reactions are initiated by the forma-
and azide. tion of the aziridinium ion intermediat®. When 1-

. . ziridine-2-yl-propargylic alcohols were reacted with azi-
We recently reported the preparation of the Weinrelj_, . : : oL .

. ; : . ... dotrimethylsilane an activated aziridinium species
?22;(.1;1:[)%2 ltif;e ;gg”meerﬁ;ﬁg)( Z\s/'?élrailr? Ieorfg'rgtle?)z'\c\'lﬂwe\'/vould be produced by the silylation of the aziridine nitro-
Weinreb’s gmine hydrochloride and Alllia CH,CI, in gen. Then, regioselective ring-opening reaction with the
high yield!! The amidel was reacted with various lithium

. : : liberated from azidotrimethylsilarté Treatment of ring-
acetylides to provide the corresponding alkynyl ketdhesgpening product with 6 N aqueous HCI solution afforded
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%cheme 1 Preparation of 1-aziridin-2-yl-propargylic alcohols

in high yields. We also reported the chelation-controlle zido amimo alcohdll. This crude reaction mixture was

stereoselective reduction of 2-acylaziridines towar . . o
erythro isomer in the presence of ZnGind NaBH in oncentrated, dissolved in DMF and heated to 130 °C

5
MeOH in high yields?! This methods afforded various(SCheme 2) _ _
(1S,2R)-1-aziridin-2-yl-propargylic alcohols3 in good Consequently, the intramolecular 1,3-dipolar cyclo-
yield 12 The otherthreo isomers, (§,29-1-aziridin-2-yl- addition’® efficiently converted the azido alkyndsto the

propargylic alcoholgt were prepared by the reported recorresponding bicyclic triazolés We applied the same
reaction condition toward various amino hydroxyl substi-

NLETT 2005. No. 14. bp 218721 tuted bicyclic triazoles starting from 1-aziridine-2-yl-pro-
/S\dvanced ogﬁr?,e pﬂb”&jﬂﬁ’gn: 2%_57.2%%5 pargylic alcohols3 bearing phenyl 5g), substituted
DOI: 10.1055/s-2005-871974; Art ID: U17805ST phenyl Bb—e), pyridyl (5f), pyrenyl 6g), linear alkyl gh)
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cleavage of C(3)-N bond proceeded by an azide that was

Downloaded by: University of Pittsburgh. Copyrighted material.



2188 M. S. Kim et al. LETTER

Ph F'h¥ Tablel Synthesis otis-3-Substituted-5-amino-4-hydroxy-5,6-(
k T—NH  OH hydro-4H-pyrrolo[1,2][1,2,3]triazole
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Scheme 2 Preparation of bicyclic triazole and its reaction 5c 84
mechanism m
Me
and cyclic alkyl 6i) substituents on R in 74—-89% yields )
5d 81
(Table 1). \CL
The same reaction could be applicable withttneo iso- F
mers of (5,29-1-aziridin-2-yl-propargylic alcohold for se 86
the preparation ofrans-3-substituted-(S)-amino-(R)- \©\
hydroxy-5,6-dihydro-#-pyrrolo[1,2<][1,2,3]triazoles 6 CHs
represented by the examplesafand6i in 83% and 89% s¢ N 74
yield, respectively (Table 2). |
=
The absolute configuration at C-4 of the 3-substituted-4,5-
difunctionalized bicyclic triazoles was indirectly estab™9 8
lished by measuring the coupling constants of the two vic-
inal protons at C-4 and C-5. The measurement of two sets ‘O
of the coupling constant84 and6a, 5i and6i) clearly es-
tablished the substitution patternsisf andtrans-4,5-di-  5h 75

) §
<
@

functionalized bicyclic triazoles (Table3) by the
difference of 1.3 Hz and 2.2 Hz, respectively. 5i 89

The removal ofi-methylbenzyl nitrogen protecting group
from bicyclic triazoles% or6) was achieved at ease by hy- -
drogenation at room temperature in the presence aoﬁilci’rrc‘))rg‘é‘t:rts characterized Bid NMR, IR spectroscopy, and n&s
Pd(O'H)Z as a'catalysN-a-Methylbenzyl_—protected ami- ?jsolated yigids after purification.

no bicyclic triazoles are also convertible to the corre-

sponding cyclic carbamat@ at which stage thes-

methylbenzyl nitrogen protecting group can also be rgn conclusion, we developed a new method for the pre-
moved:’ This procedure was exemplified with the comparation of enantiomerically pum@s- and trans-3-sub-
pound 5a. Hydrogenation of5a in the presence of stituted-5-amino-4-hydroxy-5,6-dihydrd#dpyrrolo[1,2-
Pd(OH), as a catalyst produced free amino alc&in  ¢][1,2,3]triazole from the sequential reactions including a
84% yield!® The removal ofa-methylbenzyl nitrogen regioselective ring-opening of 1-aziridine-2-yl-propargyl-
protecting group frorba also could be achieved by the seic alcohols by azidotrimethylsilane and intramolecular
quential reactions. At first bicyclic triazoa was con- 1,3-dipolar cycloaddition between alkyne and azide.
verted to the corresponding cyclic carbaméaan 84%
yield by treatment of triphosgene and NaH. The subs&—
quent removal of the-methylbenzyl group was accom- cknowledgment

plished by treating with anisole and Me${do give8ain  We gratefully acknowledge the financial support of the following
93% yield. Then the cyclic carbama& was hydrolyzed institutions: The Korea Science and Engineering Foundation
in aqueous EtOH using LiOH to provide the COrrespon&ROl_—ZOOS-OOO-lOOBZ-O and the Center for Bioactive Molecular
ing free amino bicyclic triazoleda in 82% yield Hybrides to HJH), Korea Research Foundation (KRF-2002-070-

- . C00060 to WKL) and Imagene for providing enantiomerically pure
(Scheme 3). This procedure was applicable to the COllkiral aziridines. WKL acknowledges the special fund from Sogang

pounds bearing hydrogenation-sensitive functional groygiversity in 2004.
like olefin on5i and6i.

Synlett 2005, No. 14, 2187-2190 © Thieme Stuttgart - New York

Downloaded by: University of Pittsburgh. Copyrighted material.



LETTER Bicyclic Triazoles from Chiral Aziridines 2189

Table2 Synthesis ofrans-3-Substituted-5-amino-4-hydroxy-5,6- References
dihydro-#H-pyrrolo[L, 2¢][1,2,3]triazole (1) Im, C.; Maiti, S. N.; Micetich, R. G.; Daneshtalab, M.;

Ph Atchison, K.; Phillips, O. AJ. Antibiot. 1994, 47, 1030.
L OH (2) Velazquez, S.; Alvarez, R.; Perez, C.; Gago, F.; De, C;
Me"  °N Balzarini, J.; Camaraza, M. Antivir. Chem. Chemother.

1998, 9, 481.
(3) (a) Genin, M. J.; Allwine, D. A.; Anderson, D. J.;
Barbachyn, M. R.; Emmert, D. E.; Garmon, S. A.; Graber, D.
6 R.; Grega, K. C.; Hester, J. B.; Hutchinson, D. K.; Morris, J.;
: Reischer, R. J.; Ford, C. W.; @&nko, G. E.; Hamel, J. C;
Yield (%) Schaadt, R. D.; Stapert, D.; Yagi, B.JHMed. Chem. 2000,
43, 953. (b) Tomasz, A\. Engl. J. Med. 1994, 330, 1247.

R
6a 83 : - . , )
(4) Palhagen, S.; Canger, R.; Henriksen, O.; Van Parys, J. A;;
Riviere, M. E.; Karolchyk, M. AEpilepsy Res. 2001, 43,
115.

Products

6i 89 (5) Gouault, N.; Cupif, J. F.; Sauleu, A.; David, Mtrahedron
Lett. 2000, 41, 7293.
(6) Mukai, C.; Kobayashi, M.; Kubota, S.; Takahashi, Y.;
Kitagaki, S.J. Org. Chem. 2004, 69, 2128.
a All products characterized B NMR, IR spectroscopy, and mass ~ (7) Contelles, J. M.; Fernandez, M. RMed. Chem. 2000, 43,
spectrometry. 953.
b Isolated yields after purification. (8) Bertelli, L.; Biagi, G.; Giorgi, |.; Livi, O.; Manera, C.;
Scartoni, V.; Lucacchini, A.; Giannaccini, G.; Barili, P.JL.
Med. Chem. 2000, 35, 333.

Table3 Coupling Constants ais- andtrans-3-Substituted-4- (9) Raghavendra, M. S.; Lam, Yetrahedron Lett. 2004, 45,

hydroxy-5-amino Bicyclic Triazoles 6129. .
(10) Lee, W. K.; Ha, H.-JAldrichimica Acta 2003, 36, 57.

(11) Yun,J.M.; Shim, T. B.; Hahpi. S.; Lee, W. K.; Ha, H.-J.
J. Org. Chem. 2003, 68, 7675.

(12) The same product, $PR)-1-aziridine-2-yl-propargylic
alcohol @), could be obtained from addition reactions of the
aziridine-(%)-carboxaldehyde with the corresponding
organolithium reagents to afford aziridinesfzpropargylic

R R? Js5(Hz) alcohols. The chelation controlled reduction of the carbonyl
group of 2-acylaziridine as shown in Scheme 1 provided

Sa Ph OH H 5.6 better stereoselectivity than the addition of organolithium

. reagents to the aziridine$Rcarboxaldehyde. See: Park, C.
S 1-Cyclohexenyl  OH H 55 S.; Choi, H. G.; Lee, H. J.; Lee, W. K.; Ha, H.-J.
6a Ph H OH 4.3 Tetrahedron: Asymmetry 2000, 11, 3283.

(13) Kim, B. C.; Lee, W. KTetrahedron 1996, 52, 12117.

6i 1-Cyclohexenyl H OH 3.3 (14) Shin, S.-H.; Han, EY.; Lee, W. K.; Ha, H.-JTetrahedron:

Asymmetry 2000, 11, 3293.

(15) Preparation of (4S,5S)-4-Hydr oxy-3-phenyl-5-{(1R)-1-
phenylethylamino)-5,6-dihydr o-4H-pyrrolo[1,2-
c][1,2,3]triazole(5a).

To a solution of aziridine-&-propargyl alcohol3a, 110
mg, 0.40 mmol) in 2.00 mL of C)&l, under nitrogen
atmosphere was added TM$ r.t. The mixture was stirred
for 3 h atr.t. then quenched with 6 N HCI. The aqueous layer
was extracted with CJ€l,. The combined extracts were
dried over MgSQ and the solvent was evaporated to give
5a 7a product as yellow oil. The crude reaction product was
dissolved in 2.10 mL of DMF at r.t. The mixture was stirred
) anisole, MeSOsH | 93% under a nitrogen atmosphere for 16 h at 130 °C. The solvent
Hz (120 psi) PhCI, reflux was evaporated to give the crude product as a yellow oil
84% rPId(OH)Z which was purified by silica gel flash chromatography with
B 50% EtOAc—hexane to give 106 mgafas a white solid in

83% yield; mp 128-129 °CqJ,?* = +38.2 ¢ 1.0, CHC}).

IH NMR (500 MHz, CDC)): § = 7.82 (dJ = 7.4 Hz, 2 H),

7.37-7.25 (m, 8 H), 4.78 (d,= 5.6 Hz, 1 H), 4.51 (dd,

J=116,6.9Hz, 1H),4.10 (dd~ 11.5, 6.8 Hz, 1 H), 4.01

(0,J=6.4Hz, 1 H),3.92 (td]=6.9, 5.6 Hz, 1 H), 1.46 (d,

J=6.4 Hz, 3 H)13C NMR (125 MHz, CDC)): § = 144.0,

142.3, 138.1, 130.4, 129.1, 128.9, 128.2, 128.0, 126.9,

) ) 126.2, 64.5, 62.9, 57.2, 51.1, 24.3. Anal. Calcd for
Scheme3 Formation of carbamate and removal of the nitrogen CyH,N,O: C, 71.2; H, 6.29; N, 17.5. Found: C, 71.3; H,

protecting group 6.30; N, 17.2.

\: NH OH Triphosgene
J g > NaH

THF, -78 C
84%

Me*

LiOH

EtOH,H,0
reflux

82%
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(a) Guerin, D. J.; Miller, S. J. Am. Chem. Soc. 2002, 124,
2134. (b) Broggini, G.; Molteni, G.; Zecchi, Gynthesis
1995, 6, 647. (c) Broggini, G.; Garanti, L.; Molteni, G.;
Zecchi, GJ. Chem. Res., Synop. 1997, 10, 380.

(d) Pearson, W. H.; Bergmei&, C.; Degan, S.; Lin, K. C.;
Poon, Y. F.; Schkeryantz, J. M.; Williams, JJFOrg.

Chem. 1990, 55, 5719. (e) Marco-Contelles, J.; Rodriguez-
Fernandez, MJ. Org. Chem. 2001, 66, 3717. (f) Krulle, T.
M.; de la Fuente, C.; Pickering, L.; Alpin, R. T.; Tsitanou, K.
E.; Zographos, S. E.; Oikonomakos, N. G.; Nash, R. J.;
Griffith, R. C.; Fleet, G. W. Jletrahedron: Asymmetry

1997, 8, 3807.

Park, C. S.; Kim, M. S.; Sim, T. B.; Pyun, D. K.; Lee, C. H.;
Choi, D. O.; Lee, W. K.; Ha, H.-J. Org. Chem. 2003, 68,

43.
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(18) Removal of a-Methylbenzyl Nitrogen Protecting Group

from 5a.

To a solution of phenylethylamino bicyclic triazofa(110
mg, 0.34 mmol) in 1.90 mL of MeOH was added Pd(Cdt)
r.t. The mixture was stirred for 30 h under 120 psi gbhat
r.t. then the catalyst was filtered and washed with MeOH.
The solvent was evaporated to give product as yellow olil
which was purified by recrystallization from QEl, to give
61 mg (84%) of 3-phenyl-5-amino-4-hydroxy-5,6-dihydro-
4H-pyrrolo[1,2¢][1,2,3]triazole@a) as a white solid; mp
197-198 °C;¢]p** = +106.5 ¢ 0.7, CHOH). *H NMR (500
MHz, CDCL): 6 = 7.82 (dJ=8.0 Hz, 2 H), 7.38 (1=7.3
Hz, 2 H), 7.28 (t) = 7.5 Hz, 1 H), 5.03 (d] = 5.5 Hz, 1 H),
455 (ddJ=11.1, 7.4 Hz, 1 H), 4.14 (td,=7.4,5.6 Hz, 1
H), 3.96 (ddJ=11.1, 7.3 Hz, 1 H)*3C NMR (125 MHz,
CDCl,): 6 = 141.6, 139.3, 130.6, 128.8, 128.2, 125.9, 65.4,
58.6, 51.7. Anal. Calcd for,¢H,,N,O: C, 61.1; H, 5.59; N,
25.9. Found: C, 61.2; H, 5.53; N, 26.0.
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