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Abstract- 5-Amino-A2-1,2,3-triazolines (3) and 1,2,3-triazoles (4 and (8) derived from
aminoalkylphosphonates have been oained in a regioselective fashion, by treating diethyl
azidoalkylphosphonates (I} with enamines (2} and (6). Reaction of azidomethylphosphonate
(1) with an excess of norbornadiene yields triazolne (10). This monoadduct undergoes nitrogen

evolution and retro Diels-Alder reaction to give azridine (1) and triazole (I12), respectively.

Certain i-aminoalkylphosphonic acids and their derivatives, the phosphonic analogues of important amino acids,
are a new class of compounds with interesting biological properties; they are a unique class of simple mimetics of
amino acids and are used as herbicides, insecticides, plant growth regulators, amtibacterial agents,
neuromodulators, antibiotics, anticancer and antihypertensive drugs, as well as enzyme inhibitors, 1.2

Furthermore, 1,2,3-triazole derivatives show significant interest not only in the area of medicinal chemistry? as
cytostatic,# virostatic, anti-inflammatory® and antimicrobial agents,” but aiso in the area of agrochemicals® due
to their behaviour as antihelmintic agents? and their activity as fungicides!® as well as regulating local plant
growth.11 Besides their biological activity, some other important industrial applications of triazoles are
described, including the use as fluorescent compounds, optical brighteners,12 corrosion inhibitors,!3
photostabilizers for fibers, plastics or dyestuffs as well as for the protection of human skin from harmful uv
irradiations.14

In connection with our interest in the synthesis and reactivity of organic compounds containing both phosphorus
and nitrogen atoms, we are involved in the chemistry of phosphazenes!3 and enamino functionalized phosphorus
derivatives,16 as well as in their use in the synthesis of heterocyclic!7 and acyclicl8 compounds. In this context,
it is worth noting that 1,3-dipolar cycloaddition reactions have developed into a generally useful and versatile
method for five-membered heterocyclic ring synthesis.19.20 For this reason, this strategy could be very
appropriate for the preparation of substituted triazoles from azides.2!

# Dedicated to Professor Rolf Huisgen on the occasion of his 75th birthday.
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Recently, we have reported a synthesis of diethyl 1,2,3-triazolealkylphosphonates through cycloaddition of
azides with acetylenes,22 the regioselectivity of this reaction is however low, and mixtures of triazoles are
formed. On the other hand, exceptional reactivity has been reported for electron rich olefins such as enamines,
and the azide addition is unidirectional and stereospecific.21:22 Moreover, in this type of reaction, enamines can
be considered as synthetic equivalents of alkynes, given that the initially formed triazolines uridergo thermolysis
and aromatize spontaneously to riazoles. Therefore, we have explored the intermolecular cycloaddition reactions
of azidoalkylphosphonates with enamines and we report here a synthesis of the correspondent cycloadducts, the
triazolines and triazoles.

The cycloaddition of simple azides with electron rich dipolarophiles, through the application of frontier molecular
orbital (FMO) theory is azide LUMO controlled, Therefore, the reaction was initially explored by using cyclic
enamines, easily avaitable, that possess low ionization potentials, and hence could be very suitable to react with
azides.?3 Thus, the reaction of azides derived from phosphonates (1) with cyclopentene enamines (2) (n=1) in
tetrahydrofuran at room temperature (10 h) led to 5-amino-A2-1,2,3-triazoline (3) derivatives with good yields24
in a regioselective fashion (see Table and Scheme 1), When R!+ H a mixture of two diastereoisomers is
obtained. Compounds (3) were characterized on the base of their spectroscopic data, with the presence of only
one absorption in the 31P-nmr specira (3 = 21.0 ppm for 33) and of their mass spectrometry that shows the loss
of nitrogen from 3 (m/z, 318 for 3a). Thermolysis of triazolines (3} derived from cyclopentanone enamines
fail to give triazole derivatives2® and decomposition products are obtained. However, when enamines derived
from cyclohexanone (2) (n=2) react with phosphorylated azides (1), cycloadducts (3) can not be isolated and
triazolines (3) aromatize spontancously to bicyclic 1,2.3-riazoles (4)2* (Scheme 1). Speciral data are in
agreement with structure (4}. Thus, for compound (4a) mass spectrometry shows the molecular ion peak (m/z,
273), and the 3!1P-nmr spectrum presents an absorption at § = 17.1 ppm, while the phosphorus linked
methylene group appears at § 4.56 and 44.5 ppm in the 'H and 13C-nmr spectra as well resolved doublets,

respectively.
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Table 1: 5-Amino-A2-1,2,3-triazoline (3) and 1,2,3-triazole derivatives (4, 8)

Compound?.® r1 R R’ R? R3 Conditions® Yield
(%)

3a H <CH2)20(CH2)2- A 82
apd CH3 {CH2,O(CH2Y2- A 76
3¢ H -(CHp4. A 80
344 CgHs -(CH2)4- A 88
4a H B 77
4b CHj B 76
dc CgHs B 66
8a® H — H COCH3 C 63
8h H H CO2CH2CH3 c 65
8¢ H CHj CO2CH3 C 58
84 H CH3 POX(CeHs)2 C 56
8e H CHj PO(OCH2CH3)2 C 60

3Compounds reported here gave satisfactory elemental analysis; solids C* 0.25%; HE 020 %, N 0,22 %; oils CX 0.40%; HE 0.28 %; N+

0.31 %. PPurified by flash column chromatography on sihca gel. SA* THF, room temperature, 10 h. B: THF, 50°C, 24 h. C: Toluene, reflux,
48 h. 90bizined as a mixture of two diasterecisomers. emp 85-86°C, recrystallized from CH2Cl3 / hexane.

Taking into account the interest of aminophosphonic acid derivatives,1.2 the ester cleavage of phosphonates is
explored. Phosphorylated triazole {(4a} underwent ester cleavage with trimethylsilyl bromide in chloroform,
followed by hydrolysis with water. Because of the hygroscopic nature of the aminophosphonic acid (8), it was
isolated as its disodium salt (mp > 2400C (decomp.), yield 75%).

The introduction of electron withdrawing substituents in the enamine reduces the dipolarophilic activity of
enamines towards azides and decreases the reaction rate;23 however, the unidirectional pathway of this process
could allow us the preparation of triazoles in a regioselective fashion. Thus, when azide (1)} was allowed to react
with enamines (6) derived from carboxylic esters (§) (R3 = CO,E), phosphine oxide (6) (R3= POPhy), and
phosphonate (6) (R3 = PO(OEt)?) in refluxing toluene 1-phosphonomethyl-1,2,3-triazales (8) were obtained®*
(see Table 1 and Scheme 2).
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Spectroscopic data are consistent with the proposal structure, in which the methylene group of compound (8a)
gives a IH-resonance at 8 = 4.79 ppm (2Jpyy = 13.2 Hz) and a 13C-resonance at § = 45.9 ppm (YJpc = 155.1Hz)
as well resolved doublets, while the absorption of 5-H is shifted to a lower field (8 = 8.28 ppm) in the 1H-nmr
spectrum. The structure of compounds (8} is confirmed by long range heteronuclear coupling with the aim of a
selective experiment 1D SDEPT., Selective irradiation of the methylene signal of 8a at 8 =4.79 ppm resuited in
the long range coupling between these protons and the methine carbon (5-C) of the triazole ring (8 = 128.5 ppm)
distant three bonds of the irradiated proton ( see Scheme 2).
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Table 2. Selected spectral data for the compounds prepared.

Compound ir (KBr)2 msb IHmr (CDCla)° 13¢.nmr (CDCl3)® Hpamr (CDCI1y4
v(emd) fm/z) 5 (ppm) 8 {ppm) 3 (ppm)
3a 1281 (P=0) HBM*-N2,  L.19 (1, gy = 7.0 Hz, 6H), 1.79 (m, 6H), 2.31 160, 23.4, 32.1, 33.0, 41.3 (d, Lipe = 1630 210
1025 (POC) 25%) (m, 4H), 3.47 (m, 4H), 3.60 (dd, 25 = 16.1 Hz, Hz), 46.72, 61.8, 665, 79.1, 91.1
2)py= 127 Hz, 1H), 3.93 (dd, 2Iyp= 16.1
Hz,2Ipy= 97 Hz, 1H), 4.02 (m, 4H), 431 (4,
3yp =77 Hz, 1H)
3p° 1267 (P=0) 332(M*-Nj,  1.18 and 1.20 (m, 6H), 1.38 and 1.58 (dd, 3= 16.2, 17.7, 233, 326,34.3, 46.7, 485 (4, Hpo 23.7 and 239
1038 {POC) 23%)) 72 H1'3]PH= 16.0 Hz, 3H), 1.84 {m, 6H), 2.38 = 158.6 He, 2H), 61.7, 67,0, 78.0, 91.4
{m, 4H), 3.52 and 3.57 (m, 4H), 3,72 and 434
(m, 1H), 4,04 {m, 4H)
3ec 1236 (P=0) 233(M*-Nz- 105 {t, 3]y = 7.0 Hz, 6H). 149 (m, 4H), 1.66 161, 23 1, 323, 349, 409 (4, Lpc = 1650 20.5
1031 (POC) C4HgN, 25%) (m, 6H), 2.29 (m, 4H), 3.44 (dd, 23HH =162 Hz, Hz), 44.6, 46.9, 62.0, 78.4, 90 4
21pp=123 Hz, 1H ) 3.77 (dd, 2y = 162 Ha,
21py=9.0 Hz, 1H ), 3.90 (m, 41, 414 (d. 33y
=7.5Hz, 1H)
2a¢ 1250 (P<0) 308(M*-Ny- 118 and 1.80 (m. 6H). 1.69 znd 2.38 (m, 4H), 162, 23.7, 24.2, 33.1 and 3335. 356 and 216 and 223
1056 (POC) C4HgN, 20%) 40! and 411 (m, 4H). 4.14 (m, 1H), 4.68 and 3631, 46.7 and 47.24, 572 and 58.6 (d, 1IpC =
4.97(d, 2ipy = 26.0 Hz, d, 1H), 7.29-7.56 (m, 5SH 153.4 Hz), 62.6 and 63.3, 77.7 and 79.3, 90.8,
AD) 128.6-129.3
4a 1248 (P=0) 273(M*, 38%) 124 (¢ 3lyy = 7.0 Hz, 6H), 1.77 (m, 4H), 2.67 16.2, 199, 21.8, 22.3, 225, 44.5 (d, Ipc = 7.1
1028 (POC) (m, 4H), 4.06 (m. 4H), 456 (4, 2py = 12.4 Hz, 1567 Hz), 632, 133.2, 1435
2H)
4b 1239 (P=0) 287(M*, 30%)  1.28 (t gy = 7.2 Hz. 6H), 178 (m, 4H), 181 143, 16.0, 20,1, 21.6, 22.2, 22.3, 51.5 (d, lIpc 20.5
1031 (POC) (d, 3JHH = 7.5 Hz, 3H), 2.72 {(m, 4H), 4.04 (m, = 157.8 Hz), 628, 132.5, 1429
4H), 475 (dg, 2= 75 Hz, 2pp=15.0 Hz, 1H)
4c 1239 (P=0) 349(M*, 20%) 115 (t, 3y = 7.2 Hz, 6H), 1.69 (m, dH), 2.54 16.1, 199, 21.7, 22.2, 223, 60.3(d, }pe = 15.8
1031 (POC) (m, 4H), 4.02 (m, 4H), 5 60 (d, 2Ipy = 229 Hz, 156.3 Hz), 63.8, 1286, 128.5, 128.7. 1324,
1H), 7.43 (m, 5H) 1433
sf 1137 (P=0) 261(M*, 10%)  1.52 (m, 4H), 2.42 (m, 4H), 4.03 (d, 2Ipy = 116 206, 21.9, 22.7, 228, 48.5(d, LIpc = 1325 105
Hz, 2H) Hz), 135.1, 144.1
$a 1255(P=0) 249(M*.Ng, 17%) 126 (1, gy = 7.0 Hz, 6H), 3.90 (s, 3H), 4.10 16.1, 459 (d, LIpc=155.1 Hz), 521, 63.6, 15.8
1040 (POC) (m, 4H), 4.79 (4, Lppr = 132 Hz, 2H), 828 (5, 128.5. 140.1, 160.7
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G661 ‘T "ON ‘Ot "IOA ‘STIDAD0HILIH

LyS




HETEROCYCLES, Vol. 49, No. 2, 1995

Papigral v pI pun § fo ovuzads Juipyp ‘uissy L &q pr 40f ouvt cg.cp pup gg sof ouvs 08-05 ‘sizwosioddisorp omi fo amxyu v v pauorg
HXA uDLDA D uo nuEuEQu Wt dads gcz-Ov dyong v papiorzy UNW0NIFAS (0685 PIDYIDG HAMIY D ue hoEcEQa

‘1uaajos so olq Suisn
Qm RETE T YT REY (oY T

0SS DUSPH NIl 13100 v w papiosy

(HT 's}
L6 GLE1 Y 621 “(2H 8'Z€1 = Odry P I'ES 96'L ‘(HL ) OL L (HZ ‘ZH6'T1 = Hd P} op'p (O=d)orzl fla
8 EET (HT 's) g£°L '(HT ') 14t *(HZ ‘ZH I'€1 (D0d) €201
951 €YTLTE9 ZH €551 = Odry P oSy 291 =Hdr; D)oLy HZH 1L = HHI ) 611 (% 21, WISIZ (O=d)vrel T1
(HT ') 0€°9 '(H1 'S} 8T'9 (Hy ‘w)
SU¥ (HZ 'ZH 98 = Hd[; P ) 8¢ ‘(1 ZH 0L =
HH{e 'p) or'e (H1 '2H 0L = HHIG 'P) 19 € (HI
00pL ‘€T (zH S 69°T (H1 '9) €9'T HI “tH L't = HH[, 'p) (D0d) 1€0T
01z €091 = 24y ‘P) £°TS ‘U8 ‘v'T¥ YOF W'O1 L1 (HY W 1€T (HI THL'L =HH{, P)v60 (% §5° WLSZ (o=dirz1 Tt
(HI zH 9'¢ =HHy 'p) 91 9 *(H1 ‘2
9 =HHre 'ph ooy “(H1 2H T'6 = HHIg 'Y 609
“(HE W) ST ¥ (HT 2y Lo = Hdpy '2H 1oi =
HH7 PP} 68°€ (1 ZH T6 = HH{, 'P) 1€ ‘(T
LLEL Y LET L83 °€'69 ‘e'To ) TEEHI S 1TE (HI TH 001 =HHI, ‘D) (g5¢7 OSH (D0d) 1501
Loz ‘S'9v ZH €191 = 2dry P) Tk ‘€T PO &b 1 (H9 W) ££1 (HI ZH 001 =HH, ‘prizt TN W) 161 (o=d)Lrz1 01
(zH
6L 192 = Odr, 'P) 'Tv1 (ZH 862 = 2d['P) [ 2l (42 7H 21 =Hd[7 'P) (0D 6101
191 T (ZH €561 = Iy PY Uy IO LB gy (Hg W) L1y (HE *5) 652 {Hz1 w) zg1 (%6 L D69E (o=d)s¥z1 a8
(zH 15T = (HOT
207 Lz ') TTH1 (2H 897 = O, 'P ) 9¢€l ‘GoEl W) g¢L (HT ‘TH LTI = Hd[, 'p) 2$ v ‘(Hy ) (90d) 0z01
oLl TE9 CH €561 = ey P) CEp TY1 ‘0B L8'€ ‘(HE 'S) ovT “(HO 7L 1L =HHrc ) go1 (%2 Dv0p (o=d)erz1 3]
(HT
S6ST ‘86€1 "L1e1 EH 9 zI=Hd [ P} 89 ¢ “(HY ‘W) O1'¥ (HE *9) (QOd) Lro1
]| W€D 'E1S ((ZH 9°9ST = Oy P 0¥P T91'1'6  T6°€ '(HE %) €97 (HO ‘ZH 0L = HHre 9 821 (%29 4162 (o=dh¥z1 3
09T ‘6651 ‘9°8T1 (HT '$) £Z ¢ (HZ '2H T€1 =Hdp, ') (D0d) €501
651 TE9 609 CH Svs1=0d1y ') 96K TN 1P g 1T W) 0g (Hp o) 60p (HTL ‘W) 0g'T  (%0T TN-LWIEOT (O=d)erTl qs
{wdd) ¢ (wdd) ¢ ’ (wdd} ¢ (2/t41) {2} a
pleiDaD) -y, 2(S1DGD) M- A E1DQD) nou-H qsu v} o punodizo)y

548

(uonenunuod )z aiqel,



HETEROQCYCLES, Vol. 40, No. 2, 1995 549

Angle strain can greatly enhance the rates of 1,3-dipolar cycloadditions relative to the cycloadditions of
comparable but unsirained olefins. In this context it is worth noting that norbornadiene with azides showed
reaction rates close to with enamines.23 Thus, diethy! azidomethylphosphonate (1) reacts with an excess of
norbornadiene (9} at room temperature in THF leading to the formation of cycloadduct (10) with an good yield
(86%). Triazoline (10) loses nitrogen at room temperature and gives the phosphorylated aziridine (11) in good
yield (92%), as viscous oil isolated by means of short column chromatography. However, thermolysis at 60°C
of triazoline {(10) gives the very simple 1,2,3-triazolemethylphosphonate (12) ( yield 74%, m p 63-66°C,
recrystallized from hexane / ether (Scheme 3). Formation of this product can be explained by retro Diels-Alder
reaction26 of compound (10) to give triazole (12) and cyclopentadiene. In order to test and confirm this
behaviour, liberated cyclic diene is then trapped by means of [4+2] reaction with diethyl azodicarboxylate
affording cycloadduct (13). Deprotection of triazole (12} with trimethylsilylbromide leads to 72% of compound
(14) (mp > 2409C (decomp.)).
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