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Abstract- The synthesis of some bicyclic A2-1,2,3-triazolines performed by 1,3-dipolar cycloaddition
reaction between cyclopentenic enamines and arylazides, at room temperature in ether, led to the
expected triazolines with yields which vary according to the structure of the arylazide and enamine.
The structure of the obtained triazolines was determined by the usual spectroscopic methods: (IR, 'H
NMR, 13C NMR).

Key words: 1,3-dipolar cycloaddition, 1-morpholinocyclopentene, Organic azides, Triazolines
Secondary amine, Heterocycles, Biological activities

1-INTRODUCTION

Heterocycles are a class of compounds commonly found in various natural and
pharmaceutical products. They play an important role in the field of plastics, agricultural
products, dyes industries, cosmetics ... and pharmaceuticals. They have various biological and
therapeutic properties [1]. The nuclei triazolines and triazoles, five membered heterocycles
containing tree nitrogens, are known for their multiple and diverse biological activities:
antibacterial, fungic, anti-inflammatory, antiallergic and ... inhibitor of HIV [2]. Associated
with other structures, they find their use in the pharmaceutical industry. As examples, we cite
fluconazole as an antifungal, the Tazobactam and cefatrizine as antibiotics [3] and Ribavirin
as antiviral [4]. The reaction of 1,3-dipolar cycloaddition in organic synthesis is one of the
most widely methods used for the construction of five-membered heterocyclic. Thus, the
addition of 1,3-dipole such as azides, nitrile oxides, diazo compounds or nitrones on multiple
bonds: alkenes, alkynes, .... leads to the formation of triazolines, isoxazole, pyrazoline, and ...
isoxazolines [5].
The synthesis method we adopted consists in reacting enamines of cyclopentanone or 2-
carboxylate cyclopentanone 1 with arylazides 2 lead to variously substituted bicyclic
triazolines. The reaction is carried out in ether at room temperature.

95



PhytoChem & BioSub Journal Vol. 7(3) 2013
ISSN 2170-1768

@)

C g

N X @N Ether N X
\ 3
i X R/ / r.t A N_ 2N

| N
Vo
1 2 R 3 ou 4
X =H, CO,CH; R = H, p-NO,, p-OMe, 2-C1 4-NO,, m-CF3, p-F

The arylazides used were prepared according to the method of Noelting and Michel [6] and
improved by Ranu [7]. This path consists in preparing beforehand the diazonium salt from the
substituted aniline on which the sodium azid reacts.

@ NaNO,, HCI, NaNj, —
\ NH N
RA / ? 0-5°C X / }
R
2

R = H, p-NO,, p-OMe, 2-C1 4-NO,, m-CF;, p-F

The physical characteristics of arylazides 2 are summarized in Table 1.

Table 1. Yields and melting points of arylazides 2

)

fo2
Entry R Yield % | m.p(°C)
2a H 85 liq
2b p-NO; 83 69-71
2¢ 2-Cl, 4-NO, 82 70-72
2d p-OMe 93 <25
2e m-CF; 88 liq
2f p-F 81 lig

2-RESULTS AND DISCUSSION

Addition of enamines of cyclopentanone or 2-methyl carboxylate cyclopentanone 1 and
arylazides 2, in ether at room temperature, in a single step leading to triazolines 3, 4 with
yields which vary according to the structure of arylazides and cyclopentenic enamines [8].
The reaction times and yields of bicyclic triazolines obtained by 1,3-dipolar cycloaddition are
summarized in table 2 for the heterocycles 3 and table 3 for heterocycles 4.
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Table 2. Reaction time and yields bicyclic triazolines 3

Entry R Time Yield % | m.p(°C)
o
3a H 5d 98-100 82 N H
3b -NO 24h 192-194 86 N_ 2N
=22 p 2 | AN \N/
3c 2-Cl, 4NO, 24h 114-116 73 / _
3d p-OMe 5d Liq. 88 R 3
3e m-CF; 7d 86-88 88
3f p-F 5d 80-82 90
Table 3. Reaction time and yields triazolines bicyclic 4
Entry R Time Yield % m.p(°C)
o
4a H 6d 108-110 19 N CO,CH;
4p® p-NO, 24h 190-192 45 X N\N//N
4c? 2-Cl, 4NO, 24h 116-118 36 |/ _
4d p-OMe 3d Liq. 14 R 4
4e® m-CF; 5d 84-86 51
4f® p-F 7d 94-96 53

(i) The reactions carried out with p-chloro-and nitrophenylazide, provided unexpected triazolines 3b
and 3c. (ii) The spectra of the reaction products with fluorinated azides are not usable.

It was noted that the reaction of 1,3-dipolar cycloaddition carried out in ether led to bicyclic
triazolines 3 expected with yields varying between 73 and 90% at a time ranging from 24
hours to 7 days. Monofluorinated azide leads to better yield.
The structures of various bicyclic triazolines 3, 4 were determined by NMR spectroscopy. The
chemical shift of the proton in position 4 of pentagonal heterocycle is shown in Table 4.

97

Table 4. Chemical shift of H4 and coupling constants of the triazolines 3

6 of H4 (ppm)
Entry R (dd) J (Hz)
A N
3a H 4,77 3,66; 5,10 \\/N 5 chemical shift
3b p-NO, 4,95 3,78 5,01 o NN Ha (ppm) in CDCly
3¢ | 2-CL4-NO, 4,84 3,77, 5,47 O N
3d p-OMe 4,74 3,00;520 | JSF
3e m-CF; 4,82 3,51;552 | R
3f p-F 4,78 3,405,47
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3 - CONCLUSION

The application of 1,3-dipolar cycloaddition reaction involving enamines of
cyclopentanone or 2-carboxylate cyclopentanone and arylazides in ether at room temperature,
allowed us to prepare five-membered heterocycles in mild conditions.

4- MATERIALS AND METHODS

Cyclopentanone was distilled before use. Melting points were determined using a Banc
Kofler and were not corrected.
The infrared spectra were recorded on a FTIR spectrometer Alpha Diamond ATR (Bruker
Optics). Sample liquids are examined in KBr film, while solids are recorded on a
spectrometer Infrared Fourier Transform Infrared (FTIR) Thermo-Nicolet IR200 controlled
by the EZ OMNIC 7.2a software. The absorption frequencies are expressed in cm-1 to their
maximum intensity and the intensities are denoted as follows: FF very strong, strong F, mean
m and f low.
The thin-layer chromatography (TLC) was performed on silica plates Merck 230-400 mesh
silica. The elution solvents are mixtures of ethyl acetate and petroleum ether, and revealed in
most cases by a Ultra-violet lamp.
The nuclear magnetic resonance (1H, 13C, DEPT) were recorded with a Bruker AC-300 (300
MHz) or AC-400 aircraft. The internal standard is chloroform (7.26 ppm) and the proton
resonance (77.0 ppm) for the resonance of carbon.
Chemical shifts are given in o scale and expressed in parts per million (ppm) and refer to the
residual solvent peak. All spectra were carried out in deuterated chloroform.
The functions of signals for carbon spectra were recorded by DEPT (Distortion Less
Enhancement by Polarization Transfer), which differentiates the CH and CH3 CH2, allows
the assignment of signals.
Abbreviations s, d, dd, t, td, m and adopted respectively mean singlet, doublet, doublet of
doublet, triplet, triplet dedoubled and multiplet.
Coupling constants (J) are expressed in Hertz (Hz). * Indicates an international agreement
possible.

General procedure for the synthesis of triazolines

Cyclic enamines 1 and organic azides RN3 2 are mixed into equimolar quantity in ether
with stirring. The reaction mixture was kept at room temperature and monitored by TLC.
The chemical shift values of different triazolines are in good agreement with the proposed
structure.

o 4-(3-phényl-3,3a,4,5,6,6a-hexahydrocyclopenta[d][1,2,3]triazol-3a-yl)morpholine 3a

s 17 Appearance : brown solid
O/\\7 13 16 yield. : 82% ir; ether
LN u m.p : 98-100°C
s~ "H NMR (300 MHy, CDCly), 5: 1,22-1,23 (m, 1H16b), 1,55-1,65
3
C” NN
N

(m, 1H16a), 1,88-1,98 (m, 1HI8b), 2,01-2,14 (m, 2H17), 2,17-

1 § 2,29 (m,1H18a), 2,41 (t, J= 4,39 4H6,7), 3,64 (t, J= 4,39 4HS.9),
4,77 (dd, J= 3,66;3=5,10 1H4), 7,04 (t, J= 7,03 1HI5), 7,30 (t, J=
7,60 2H13,14), 7,61 (d, J= 8,4 2H11,12).

3a BC NMR (300 MHZ, CDCI3) , § ppm : C17: 23,26; C16: 32,29

=4 . C18: 33,44; C6,7: 46,41; C8,9: 66,87; C4: 78,00; C5: 91,07 ;
C11,12: 116,66; C15: 123,17 ; C13,14: 129,00 ; C10: 139,38.

15 11
13
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3a,4,5,6,6a-hexahydrocyclopenta[d][1,2,3]triazol-3a-yl)morpholine

appearance: yellow solid

yield: 86% in ether

m.p : 192-194°C

"H NMR (300 MH,, CDCly), &: 1,26-1,41(m, 1H16b), 1,66-1,72
(m, 1H16a), 1,91-2,00 (m, 1HI8b), 2,11-2,17 (m, 2H17), 2,30-
2,32(m,1H182),2,34-2,39(m,2H6),2,44-2,49(m,2H7), 3,67-3,69
(m,4H8,9), 4,95 (dd, J= 3,78;J=5,01 1H4), 7,78 (d, J= 9,25
2H11,12), 8,23 (d, J= 9,25 2H13,14).

3C NMR (300 MHZ, CDCI3) , § ppm : C17: 23,75; C16: 32,74 ;
C18:33,55; C6,7: 46,78; C8,9: 67,14; C4: 79,73; C5: 91,03 ; C11,12:
115,49; C15: 199,32 ; C13,14: 125,79 ; C10: 144,80.

4-(3-(2-chloro,4-nitrophényl)-3,3a,4,5,6,6a-hexahydrocyclopenta[d][1,2,3]triazol-3a-

appearance : Light yellow solid

yield : 73% in ether

m.p : 114-116°C

'"H NMR (300 MH, CDCly), &: 1,46-1,56 (m, 1H16b), 1,65-1,72
(m, 1H16a), 1,75-1,82 (m, 1H18b), 1,98-2,10 (m, 2H17), 2,20-2,28
(m,1H18a), 2,48 (t, J= 4,72 4H6,7), 3,74 (t, J= 4,72 4H8,9), 4,84 (dd,
J=3,77;J=5,47 1H4), 8,06 (d large, J= 9,06 1H12), 8,14 (dd, J=
2,64;0=6,42 1H14), 8,34 (d, J=2,45 1H13).

BC NMR (300 MHZ, CDCI3) , § ppm : C17: 24,24; C16: 32,62 ;
C18: 33,28; C6,7: 46,82; C8.9: 67,13; C4: 78,41; C5: 93,38 ; Cl12:
122,78; C14: 123,09 ; C13: 127,57 ; C11: 129,22; C15: 142,44; C10:
144,85.

4-(3-(4methoxyphényl)-3,3a,4,5,6,6a-hexahydrocyclopenta[d][1,2,3]triazol-3a-

appearance: brown oil

yield : 88% in ether

"H NMR (300 MH,, CDCl3), &: 1,19-1,39 (m, 1H16b), 1,58-1,69
(m, 1H16a), 1,94-1,98 (m, 1H18b), 2,03-2,10 (m, 2H17), 2,13-2,18
(m,1H18a),2,45-2,47(m,4H6,7),3,67(t,J=4,44H8,9), 3,79 (s,3H19),
4,77 (dd, 3= 3,10;J=5,20 1H4), 6,88 (d, J= 9,15 2H11,12), 7,52 (d,
J=9,15 2H13,14).

3C NMR (300 MHZ, CDCI3) , § ppm : C17: 23,73; C16: 32,45 ;
C18: 33,29; C6,7: 46,32; C19: 54,85; C8.,9: 66,74; C4: 77,83; C5:
91,25 ; C11,12: 114,16; C13,14: 119,11 ; C10: 132,91; C15:
156,26.

4-(3-(3-(trifluoromethyl)phenyl)-3,3a,4,5,6,6a-hexahydrocyclopenta[d][1,2,3]triazol-3a-
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appearance: Light yellow solid

yield : 88% in ether

m.p: 86-88°C

"H NMR (300 MH,, CDCL,), 8: 1,28-1,36 (m, 1H16b), 1,62-1,71
(m, 1H16a), 1,91-1,98 (m, 1HI8b), 2,02-2,14 (m, 2H17), 2,24-
2,31 (m,1H182),2,38-2,51 (m,4H6,7) ,3,67 (t, J= 4,70 4HS,9),
4,82 (dd, J= 3,51;0=5,52 1H4), 7,30 (d, J= 7,78 1H11), 7,43 (t, J=
8,03 1H13), 7,84 (d, J=8,28 1H15),7,97 (s, IH12).

3C NMR (300 MHZ, CDCI3), & ppm : C17: 23,26; C16: 32,16 ;
C18: 33,33; C6,7: 46,38; C8,9: 66,84; C4:78,44; C5: 90,90 ; C12:
110,42; C11: 112,78 ; C13: 119,34 ; C19: 125,76; C15: 129,60;
C14: 131,28; C10: 139,72 .

4-(3-(4-fluorophenyl)-3,3a,4,5,6,6a--hexahydrocyclopenta[d][1,2,3]triazol-3a-
yl)morpholine(3f)

13

3f

17
8
Y
(0]
N H
9 6
12 13
14 N\zéN
o N
s 11

appearance: Yellow solid caramel

yield: 90% in ether

m.p : 80-82°C

IR: 2960,80 (m) ; 1637,63(m) ; 1108,56(F) ; 1499,44(m) ;
880,31 (m) ; 535,77 (p) .

"H NMR (300 MH,, CDCl), &: 1,21-1,32 (m, 1H16b), 1,58-
1,68 (m, 1H16a), 1,86-1,94 (m, 1H18b), 2,00-2,06 (m,
2H17),2,16-2,24 (m,1H18a),2,40-2,44 (m,4H6,7), 3,68
(t,J=4,9 4H8.9), 19 (s,3H19), 4,78 (dd, J= 3,40;J=5,47 1H4),
7.01 (dd, J=4,70;J=4,90 2H11,12), 7.58 (dd, J=4,70;J=4,90
2H13,14).

BC NMR (300 MHZ, CDCI3) , & ppm : C17: 23,60; C16:
32,66 ; C18:33,81; C6,7: 46,83; C8,9: 67,25; C4:78,39; C5:
91,57 ; C11,12: 115,95; C13,14: 118,77 ; C10: 136,08; C15:
157,96.

Methyl6a-morpholino-1-phenyl-1,3a,4,5,6,6a-hexahydrocyclopenta[d][1,2,3]triazol-3a-
carboxylate(4a)

17

N

3
Nl\ZéN
N

19 20
CO,Me

appearance: Solid chocolate brown

yield : 19% in ether

m.p : 108-110°C

"H NMR (300 MHz, CDCly), 6: 1,60-1,68 (m, 1H16b), 1,85-1,91
(m,1H162),2,03-2,07 (m,1H18b),2,16-2,20 (m,2H17) ,2,29-2,32
(m,1H182),3,50 (t, J=4,52 4H6,7), 3,68 (1,J=4,52 4H8,9), 3,68
(s,3H20), 7,15 (d, J= 7,281H15), 7.35 (t, I= 7,52 2H13,14), 7,45
(d, J=8,78 2H11,12).

3C NMR (300 MHZ, CDCI3), & ppm : C17: 22,26; C16: 31,39 ;
C18: 33,55; C19: 52,95; C6,7: 46,84; C8,9: 67,77; C4:79,00; C5:
93,07 ; C11,12: 115,68; C15: 125,47 ; C13,14: 130,54 ; C10:
142,38; C20: 168,24.

Methyl6a-morpholino-1-(4-nitrophenyl)-1,3a,4,5,6,6a-hexahydrocyclopenta[d][1,2,3]triazol-
3a-carboxylate (4b)
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appearance: yellow solid

yield : 45% in ether

m.p : 190-192°C

"H NMR (300 MH,, CDCLy), &: 1,14-1,40(m, 1H16b), 1,61-

9 6
N Nl 2_N 1,65(m,1H16a),1,81-1,94(m,1H18b),1,82-2,16(m,2H17) ,2,48-
o N 2,50(m,1H18a),2,53-2,60(m,2H6),2,63-2,74(m,2H7),  ,3,45-
. 3,58(m,4H8,9), 3,88(s,3H20), 7,61(d,J=9,51 2H11,12), 8,24 (d,
O N 15 =7 J=9,51 2H13,14).
ab 3C NMR (300 MHZ, CDCI3) , & ppm : C17: 23,24; C16:
31,65; C18: 33,27; C6,7: 46,74; C19: 54,64 C8,9: 68.83;
C4:79,81; C5:95,48 ; C12:120,18; Cl14: 125,19 ; C13: 128,52 ;
C11: 130,22; C15: 145,84; C10: 142,85; C20: 170,25.
o Methyl1-(4-methoxyphenyl))-6a-mopholino-1,3a,4,5,6% hexahydrocyclopenta[d]

[1,2,3]triazole-3a-carboxylate (4c)

17

2 1 3

" N\Z//N
10

19 11

MeO™ 15
4c

8
718 16
O/\\ Q 20 21
\\/N CO,Me
9 : 6

appearance: brown oil

yield: 14% in ether

"H NMR (300 MH,, CDCLy), &: 1,62-1,66 (m, 1H16b),
1,82-1,87  (m,1H16),2,08-2,12  (m,1H18b),2,37-2,41
(m,2H17),2,48-2,50(m, 1H18a),3,47-3,50(m,4H6,7),
3,80(t,J=3,79  4HS8,9)3,87 (s,3H19),3,80 (s,3H21),
6,87(d,J=9,27 2H11,12), 7,35(d, J=9,27 2H13,14).

3C NMR (300 MHZ, CDCI3) , & ppm : C17: 22,73; C16:
30,45 ; C18: 32,29; C6,7: 46,54; C21: 52,95; C19: 55,7;
C8,9: 67,74; C4:77,87; C5: 92,25 ; Cl1,12: 114.25;
C13,14: 118,15 ; C10: 134,91; C15: 152,26; C20: 169,54.

o Methyl6a-morpholino-1-(3-(trifluoromethyl)phenyl)-1,3a,4,5,6,6a-hexahydrocyclopenta[d]
[1,2,3]triazol-carboxylate(4d)

19 9 1 6 . 3
F3C N\ 2//N
14 10 N
15 11

13
ad
References

appearance: Yellow solid honey

yield: 51% in ether

m.p : 84-86°C

"H NMR (300 MH,, CDCL), &: 1,27-1,35(m, 1H16b), 1,81-
1,88(m,1H16a),2,05-2,10(m, 1 H18b),2,19-2,37(m,2H17)
,2,45-2,48(m,1H18a),2,50-2,71(m,4H6,7),3,44-
3,49(m,4H8,9),3,86(s,3H21),7,36(d,J=7,78 1H11),
7,43(t,J=8,031H13), 7,69(d, J=8,28 1H15) ,7,75(s,1H12).

3C NMR (300 MHZ, CDCI3) , & ppm : C17: 22,78; C16:
32,28 ; C18:39,50; C6,7:48,57; C21:52,90; C8,9: 67,29;
C4:92,96; C5:94,78 ; C12:106,95; C15:113,35 ; C11: 118,93;
C19: 120,04; C13: 129,84 ;C14: 131,81; C10: 139,98; C20:
170,64

[1] a) Genin, M. J., Allwin, D. A., Anderson, D. J., Barbachyn, M. R., Emmert, D. E., Garmon, S. A.,
Graber, D. R., Grega, K. C., Hester, J.B., Hutchinson, D. K., Morris, J., Reischer, R. J., Ford, C.
W., Zurenko, G. E., Hamel, J. C., Schaadt, R. D., Stapert, D., Yagi, B. H., J. Med. Chem., 2000,

43, 953.

b) Molteni, G., Buttero, P.D., Tetrahedron, 2005, 61, 4983-4987.
[2] Siddighia, N., Ahsana, W., Alama, M. S., Alia, R., Jainb, S., Azada, B., Akhtara, J., International
Journal of Pharmaceutical Sciences Review and Reseach, 2011, Vol.8, 1, 161-169.

101



PhytoChem & BioSub Journal Vol. 7(3) 2013
ISSN 2170-1768

[3] Jehl, F., Antibiotiques, 2000, 2(4), 229.

[4] Witkowski, J. T. et al, J. Med. Chem., 1972, 15(11), 150; b) Y. S. Sanghvi, Y. S. et al, J. Med. Chem.,,
1990, 33(1), 336.

[5] a) Huisgen, R., Angew. Chem. Int. Edn. 1963, 2, 565; b) for a detailed review, see: Lwowski, W.,
«1,3- dipolar cycloaddition chemistry», Ed. A. Padwa, Wiley-Interscience, New York, vol 1,
1984. Chapitre 5.

[6] Nolting.E., Michel. O., Ber., 1893, 26,86.

[7] Ranu.B.C, Sarkar.A et Chakraborty.R, J.Org.Chem, 1994, 59, 15,4114.

[8] Ouasti, F-Z., Memory of Magister, University of Oran, 2011.

102



PhytoChem & BioSub Journal

Peer-reviewed research journal on Phytochemistry & Bioactives Substances
ISSN 2170 - 1768

P
C
B
S
J
O
u
7
n
a
[

&PEBS Journd

ISSN 2170-1768

Edition LPSO g™

http://www.pcbsj.webs.com ?)\Efm_
Email: phytochem07@yahoo.fr oo WD




