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Abstract: Mesitonitrile oxide, but not benzonitrile oxide, adds to aza-analogues of phenanthrene to give low yields

of monocycloadducts. Only phenanthridine reacts with the two nitrile oxides affording phenanthridinone.
4,7-phenanthroline also gives some other minor products among which the bisadduct to a pyridine ring was

isolated. The reactivity of aza-analogues under examination is discussed in terms of FMO approximation. © 1998
Published by Elsevier Science Ltd, All rights reserved.
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ool for the synthesis of complex heterocyclic systems."* Within reactions of these
aromatic heterocycles those of pyridine, its aza-analogues and their benzo-derivatives with nitrile oxides have
also been studied by our research group.® Against any predictions of a chemical inactivity, pyridine reacts with
benzonitrile oxide in apolar solvents affording two biscycloadducts, which derive from the cycloaddition of the
1,3-dipole to each one of two double bonds of an initial unisolable monocycloadduct to the C=N double bond of
pyridine. This monocycloadduct is viewed as a secondary product deriving from the electrocyclic closure of the
unstable zwitterion, which arises from the addition of the 1,3-dipole to the nitrogen atom of pyridine.’ However,
these biscycloadducts are fragile with respect to the autoxidation and they fragment on standing in solution to

give the corresponding amide and the 1,3-dipole nitrile.?

Pursuing our studies in this area and for a usefiil comparison with reactions of nitrile oxides and nolvcvclic
Pursuing our studies in this area and for a useful comparison with reactions of nitrile oxides and polycyclic
. 4 . . e .
aromatic hydrocarbons (PAHs),” which also show a dipolarophilic reactivity affording mono- and
. . 56 .
biscycloadducts in low yields,™ we have examined the reactivity of some aza-analogues of phenanthrene (1)

s wy

(aza-PHEs) [phenanthridine (2a), benzo[i]quinoline (2b), 1,10- (2¢), 1,7- (2d) and 4,7-phenanthroline (2e)]
towards benzo- (3a) and mesitonitrile oxide (3b). In addition to the influence of the introduction of one or two
nitrogen atoms on the dipolarophilic reactivity of already studied 1° and regiochemistry of the nitrile oxide
addition in relation to the position of nitrogen atom(s), it was interesting to examine the reactivity of 3a,b at the
nitrogen atom(s) of pyridine rings of AZA-PHEs 2a-e and finally discuss these phenomena in terms of the FMO
approximation.® Because of the highest electronegativity of the nitrogen atom with respect to that of the carbon
atom, by passing from 1 to 2a-e the energy of the HOMO and LUMO (Table 1) lowers inverting the dominant

interaction, which becomes HOMQ(dipole) - LUMO(dipolarophile) and reducing the energetic gap with respect
to that between 1 and 3a,b. Therefore, a greater reactivity of aza-PHEs was cxpected and furthermore a

regioselectivity in the cycloaddition with 2b,d was expected because of different values of their orbital

Y

coeflicients (Table 2).
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Table 1: HOMO and LUMO energies of 1, 2a-e and 3a,b.
Energies 1 2a 2b 2c 2d 2e 3a 3b
LUMO |-0.535 |-0.721 {-0.695 |-0.842 |-0.894 |-0.957 |-0.295 |-0.263

HOMO |[-8.740 |-9.118 [-8.878 |-9.149 |-9.206 |-9.284 |-9.344 [-9.014

Tabie Z: Orbiial coefficienis of Aza-PHE LUMOs and niirile oxide HOMOs
Compd Positions in Aza-PHEs Nitrile oxides
1 2 3 4 5 6 7 8 9 10 C N

2a |-0.224| 0300| 0.021]{-0287] 0377|-0.396] 0.318]| 0.011]|-0361] 0242
2b 0.1751-0.294|-0.017| 0.251]|-0.389] 0.379|-0.367! 0.068| 0.358|-0.287
2¢ -02221-03311-0.0271 0.309!-0389] 0383!-0309! 0027! 0331 0222
2d 0.2811-03321-0.092; 0.359|-0.389] 0.353|-0.232] -0.043| 0.328] -0.199
2e -0.269]| 0342] 0.016|-0.276| 0.366|-0.366| 0.276| -0.016]-0.342( 0.269
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RESULTS AND DISCUSSION

In order to verify the reactivity of aza-PHEs 2a-e at the nitrogen atom(s), their reactions with 3a were
conducted by adding very slowly triethylamine (two equiv.) to a solution of benzhydroximoyl chloride (two

eaniv ) and 2a-e (one eauiv ) in diethvl ether at - 10 °C and then allowing the reaction mixture to reach the room
equiv.) and Za-e (one equiv.) in diethyl ether at - 10 "C and then allowing the reaction mixture to reach the room
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conditions no reaction occurs with the exception of the reaction of 2a, which afforded 6(SH)-phenanthridinone
(7) with a yield of 46% and benzonitrile together with dimers of 3a. On the contrary, reactions with 3b were
conducted by adding portion wise two equivalents of this 1,3-dipole to a refluxing solution of aza-PHEs 2a-e in
dichloromethane or benzene until 3b was consumed (ca. 48 h for dichloromethane solutions and 24 h for
benzene solutions). Also in this case, the reaction of 2a with 3b afforded 7 (49% yield for dichloromethane
solution and 52% yield for benzene solution), but in all the other cases low yields (6.7-15%) of
monocycloadducts were isolated. With the aim of increasing these yields, the same reactions were performed
without solvent under irradiation in a simple microwave oven at 650 W and under heating in a silicon oil bath at

180 °C for short times, but these new conditions did not give the expected hlgher yields and did not lead to any

Phenanthr:dme (2a). As expected, 2a undergoes the addition of 3a,b to its Ns=C¢ double bond, which is
the most reactive centre of the molecule,” to give cycloadducts 4a,b (Scheme) which are not isolable because
they undergo a rapid fragmentation giving 7 and the aromatic nitrile of the used nitrile oxide according to the
autoxidation already observed in cycloadducts of pyridine, its aza-analogues and benzo-condensed derivatives.®
According to literature data® and FMO approximation,® under the same conditions the Ns=Cs double bond of 2a
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regioisomeric monocycloadducts 4b and 5b in the 1:
C NMR spectra and NOEDS experiments which have aliowed the observation of a strong interaction between
dihydroisoxazole Hs and Hs protons and in the case of the regioisomer 4b, a weak NOE effect among the
dihydroisoxazole Hy proton with benzoquinoline H, proton and protons of a methyl group of the mesityl moiety,
while the dihydroisoxazole Hs proton only weakly interacts with the benzoquinoline H; proton. In the case of the
other regioisomer Sb, the dihydroisoxazole Hs shows a weak NOE effect with methyl protons of the mesityl
group and the benzoquinoline H; proton, while the dihydroisoxazole Hs only weakly interacts with the

benzoquinoline Hy proton.

Surprisingly, in contrast with the FMO approximation,® the introduction of a nitrogen atom in the position
of 1 does not affect the reactivity of the addition of 3b and no regioselectivity was observed as it was the case
with competitive experiments

competitive experiments
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Scheme

1,10- (2¢), 1,7- (2d) and 4,7-Phenanthroline (2¢). In the above conditions, phenanthrolines 2¢c-e afforded
cycloadducts 4c-e and 5d (ca. 15% yield for 4¢, ca. 18% vyield for the mixture of 4d and 5d in the 1:1.7 ratio,
and ca. 9.5% vield for 4e) deriving from the addition of 2b to the Cs=C; double bond of 2¢-e (Scheme).
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Among the three phenanthrolines, however, 2e was somewhat more reactive than the others because it
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(5.1%) and 10 (3.0%) were isolated. These two latter compounds

de
or isoxazole moiety of the biscycloadduct 8 arising from the “dd‘ng n of
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a
dihydroi soxazole C=N double bond of 4e. However, like other cycloadduct of nitrile oxides to the C=N double
f the dihydroisoxazoie H,
proton by phenanthroline to give 9 restoring the aromaticity of 2e and the ci‘nydroisoxazoie oxime 10 (Scheme).

The formation of this biscycloadduct 8 was not surprising because aza-PHEs are very poor dipolarophiles
and then the C=N double bond of the dihydroisoxazole becomes competitive with respect to other dipolarophile
sites in the molecule.

While cycloadducts 4c and 4e were easily identified on the basis of their "H NMR spectra which show two
doublets for dihydroisoxazole Hy (4.97 and 5.28 ppm) and Hs (6.19 and 6.20 ppm) protons and *C NMR
spectra which show characteristic signals at 51.89, 76.91 and 158.24 ppm and 55.83, 80.06 and 158.64 ppm for
dihydroisoxazole Cq4, Cs and Cz carbon atoms, respectively, the structures of two regioisomers 4d and 5d were

ssigned hv the help of NOEDS exnenmems as in the case of 4b and Sh (see Experimental)

vvvvvvvv N H naL,.

The structure of the biscycloadduct 6 is based on its 'H and C NMR spectra which were confirmed by
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1e H, proton (8 5.93, d, J = 8.0 Hz) couples
with H, proton (8 3.59, dd, J = 8.0 and 9.2 Hz) which appears as a doublet of doublets because of the coupling
of H, with H; proton (8 6.11, d, ./ = 9.2 Hz). An anti-stereochemistry between the two five membered hetero-
cycles resulted from the value of the coupling constant between the phenanthroline H, and Hs protons and it was
confirmed by T-ROESY experiments from which the H; proton gave a strong ROE with the H; proton and with
protons of a methyl group of the mesityl moiety, but a very weak ROE with the H; proton. By saturation of the
adjacent pyridine ring and for the shielding effect of the mesityl group, the doublet of the phenanthroline Hs

shifts from 8.25 ppm to 6.69 ppm, while that of the Hs proton remains as doublet at 8.03 ppm,
| .

Ar1 ATYY

attributed to the hydroxyl proton of the N-hydroxy form or to the dihydrooxadiazole NH proton of N-oxide
form. This proton exchanges with deuterium of D,0 and shifts on varying the concentration of the sampie. The
BC NMR spectrum contains two additional signals at 108.15 and 159.58 ppm which are characteristic of
4,5-dihydro-1,2,4-oxadiazole Cs and C; carbon atoms, respectively. The TR spectrum shows a broad band
centred at 3382 cm’™ for the hydroxyl group. The mass spectrum is characterized by intense molecular radical ion

at m/z 502 and the main fragmentation corresponds to the loss of the hydroxyl radical.
The 'H NMR spectrum of the dihydroisoxazole oxime 10 exhibits a singlet a 5.85 ppm for the
dihydroisoxazole Hs proton and a very broad singlet at 8.86 ppm for the oximic proton which disappears upon
0. Its "C NMR spect i i i

treatment with 1. im 1s characterized bv signals at 58.15 and 159.13 ppm for
aCalliiliin Wil &7°2 UM Is ClialdCiloliicl DY oiphadly a4l 1J97.1 111 10

Aihe A 1a . and Aavimic carhan atame The IR enactriim chnawe a ctranag hraad nes contrad at I2R1
U 1T U5 allu UAlLLIUHV vAQl vl aluiiig AUV 1IN OSPAVVLI WL DHIVYYD O JSLIVILE UVivau puan Vuiilivu at J4Lod

correspondmg to Ine IOSS OI me 0x1m|c ana ny(lroxyl raalcal. 1ne oxnme structure was COIII'HTHCQ Dy ootaxmng
the corresponding ketone by means of a deoximation process with chiorotrimethyisilane and sodium nitrite. !

As a consequence of the introduction of two nitrogen atoms, energy values of the phenanthroline HOMO
and LUMO lower and then they were expected to be more reactive, but results of competitive experiments
indicate for them a reactivity similar to that of 1 in contrast with predictions of FMO theory.® Indeed, 2e is
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somewhat more reactive than 2¢,d because, besides 4e, it affords minor products among which a biscycloadduct
with the expected regioselectivity to its pyridine ring was isolated.

As expected, on the basis of the loss of the small resonance energy since two complete aromatic rings
remain in the molecule, only the Ns=Cs double bond of 2a is reactive towards 3a,b and the Cs=Cs double bond
of 2b-e reacts only with 3b as in the case of PAHs.’ Nitrogen atoms of pyridine rings remain inactive toward
3a,b with the exception of 2e which behaves similarly to pyridine affording a sole possible biscycloadduct 6 with
the expected regioselectivity. By comparison of the yield of the cycloadduct to the Cs=C
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experiments. The regioselectivity of the addition of 3b to the Cs=Cs double bond of 2b,d is also in contrast with
FMO theory,® because these afford a mixture of two regioisomers 4b,d and 5b,d in th

respectively, against orbital coefficients of 0.389 - 0.379 and 0.389 - 0.353.
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EXPERIMENTAL

Melting points were determined by a Kofler apparatus and are uncorrected. Elemental analyses were
performed with a Perkin-Elmer elemental analyzer. IR spectra were recorded on a Perkin-Elmer Paragon 500
FT-IR Spectrometer using potassium bromide discs. NMR spectra were recorded on a Varian instrument at 200
or 500 MHz ('H) and at 50 or 125 MHz (“C) using deuterochloroform or dimethylsulfoxide-ds as solvent,
chemical shifts are given in ppm (8) from TMS as internal standard. Thin-layer chromatographic separations
were performed on Merck silica gel 60-F»s4 precoated aluminium plates. Preparative separations were conducted
by means of flash chromatography using Acros silica gel (0.035-0.070 mm) with cyclohexane-ethyl acetate
mixture as eluents.

Starting materials. Benzohydroximoyl chloride'” required for benzonitrile oxide generation and

mesitonitrile oxide'* were prepared following literature methods.

General procedure for cycloaddition reactions of Aza-PHEs 2a-e with 3a. To a stirred solution of aza-

d bgp‘zghydroy;mgyl chloride (40 mmol) in dry diethy! ether (40 ml) two equivalents of

PHFEg 2a-e (20 mmol) a

Frrs 2a-¢ (U mm 0l) an Xim 1 ge (4U mmo Yy cieth yi ether mi} two equrvaients
triathulamine in the came enlvent were added at - 10 °C aver 24 houre The reactinn mixvture wac then allawed to
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ranm~rh tha ra~n &c_.mv\grnh-rn and maintainad 11intil tha 1 2_Adinala wae rananimad (oo +|-1 ‘yn\ tha ranstinn
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course being monitored by '"H NMR spectroscopy. Among aza-PHEs, only 2a afforded (5H)-phenanthnd1none

TR T e A i emtlen citale detadlac ] it allat da Tl ceaaidiial part was alam tamtatad Lo,
/ Wl'llCl'l parﬂdlly pl’eblp CU lUg ner witi lllcl(l)’l AINHIOIHUIL CIIOIJE, 1He 1Csidual pdait was aisSo isSoiaica vy
flash chromatography of the residue obtained by removal of the solvent from the reaction mixture

it d asn, 14 AL o

3,6-Dihydrophenanthridin-6-one (7). Yield 46%; mp 292-293 . 296 °C), white crystals from
ethyl acetate (Found: C, 80.01; H, 4.68; N, 7.21. C;;HsNO requires: C, 79.98; H, 4 65; N, 7.17%); Vmax (KBr)
3166, 3048, 1665, 1631, 1609, 1425, 1370 cm™; 8y (DMSO-ds) 7.21-7.88 (m, 5H, aromatic H), 8.30-8.52 (m,
3H, aromatic H), 11.70 (s, 1H, NH); &c (DMSO-d¢) 116.62, 118.06, 122.79, 123.14, 123.77, 126.17, 127.98,
128.45, 130.09, 133.33, 134.76, 137.05, 161.34; ms: m/z 195 (M), 179, 167.

General procedure for cycloaddition reactions of Aza-PHEs 2a-e with 3b. To a solution of aza-PHEs
2a-e (20 mmol) in dry dichloromethane or benzene (40 ml) two equivalents of 3b were added portionwise and
the reaction mixture was refluxed for 48 or 24 h, respectively. After removing the solvent, the reaction mixture

was subjected to flash chromatography to give the cycloadducts, whose physical and spectral data are given
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crystals from diethyl ether (Found: C, 81.11; H 5.
8.23%); Vamax (KBr) 2960, 1610, 1470, 1430 cm™; 8 (CDCl3) 1.35 (s, 3H, ME H), 1.40 (s, 3H, MbH) 2.41 (s,
3H, ME H), 5.00 (d, 1H, J = 11.03 Hz, DHI Hy), 6.14 (d, 1H, J = 11.03 Hz, DHI Hs), 6.63 (m, 1H, BQ H),
6.91 (s, 1H, MES H), 6.92 (s, 1H, MES H), 6.94 (m, 1H, BQ H), 7.50 (m, 2H, BQ H), 7.71 (m, 1H, BQ H),
8.54 (m, 1H, BQ H), 8.56 (m, 1H, BQ H); 8c (CDCl;) 18.43, 19.03 and 21.05 (ME C), 52.68 (DHI C,), 77.71
(DHI Cs), 123.28, 125.03, 128.53, 128.89, 129.56, 130.05, 135.07, 136.01, 136.94, 138.85, 139.25, 149.77
(AR C), 159.31 (DHI Cs); ms: m/z 340 (M), 324, 309, 179.

3-Mesityl-3a, 11b-dihydrobenzofh]isoxazolo[5,4-f]quinoline (5h). Yield 8%; mp 239-241 °C, yellow
crystals from diethyl ether (Found: C, 81.19; H, 4.89; N, 8.27. C;sHyN,O requires: C, 81.15; H, 5.92; N,
8.23%); Vmax (KBr) 2921, 1609, 1468, 1432 cm™'; 8y (CDCl;) 1.25 (s, 3H, ME H), 2.22 (s, 3H, ME H), 2.23 (s,
3H, ME H), 4.97 (d, 1H, J= 11 Hz, DHI H,), 6.18 (d, 1H, J = 11 Hz, DHI Hs), 6.64 (m, 1H, BQ H), 6.86 (m,
2H, MES H), 7.10 (m, 1H, BQ H), 7. 34 (m, 2H, BQ H), 8.05 (d, 1H, BQ H), 8.54 (m, 1H, BQ H), 8.67 (d, 1H,
BQ H); 6c (CDCE) 17.60, 19.88, 20.82 (ME C), 52.08 (DHI C,), 77.57 (DHI Cs), 122.35, 124.65, 128.19,
128.38, 129.16, 129.46, 131.90, 136.67, 137.43, 139.07, 148.66, (AR C), 159.17 (DHI Cs); ms: m/z 340 (M"),
324,309, 179.

3-Mesityl-3a, 11b-dihydroisoxazolof4,5-f][ 1,10 ]phenanthroline (4c). Yield 15%; mp 187-190 °C, white
crystals from ethyl acetate (Found: C, 77.45; H, 4.58; N 12.27. CyH9N3O requires: C, 77.40; H, 5.61; N,
12.31%); Vaax (KBr) 2916, 1609, 1568, 1463, 1429 em™; 8y (CDCl) 1.99 (s, 3H, ME H), 2.25 (s, 3H, ME H),

5; N, 8.19. Cy3HzoN,O requires: C, 81.15; H, 5.92; N,

@R\ =73 == 3 Ty ST =275
2.41 (s, 3H, ME H), 497 (d, 1H, J = 11 Hz, DHI Hy), 6.19 (d, 1H, J = 11 Hz, DHI Hy), 6.66 (s, 1H, MES H),
692 (s 1 MESH) 695(dd. 1H J=78.1 z. PHE H,) 7.04 (dd. 1H J=78 44 Hz PHE H,). 7.44 (dd
SAES, RAR, AV 2L, VLSS W, 225 PV 2 228, AN 223, VTS, 2259 25 234, DI A3, vl
1H, J = 7.8, 4.4 Hz, PHE H;), 8.07 (m, 1H, J = 7.8, 1.6 Hz, PHE H;), 8.07 (m, 1H, J = 4.4, 1.6 Hz, PHE H),),
QREIM 1TH T=44 166Hz PHE H)Y 8. /(CDCLY 1002 1082 21 02 ME Y 51 R0 (MHT CA 76 01 (DU
O.0U UL, 111, J T, U M4, Ul KaB), UC \(WAsuil ) 17.VUL, 17.00, LE. VA VI ), J1.07 (L7111 4y, 1V.Z1 (asii
CNY 179707 122 A1 17972724 124 88 126 A1 129 28 179242 172 87 12 2N 128 Q1 128 O1 126 £2 127 27
Us), 124.77, 143.01, 143.00, 129.33, 140.01, 128.53, 18.96, 1£06.335, 146.0V, 133.01, 133.71, 139.03, 13/.51,
127 Q7 11074 144 N8 14201 18NN 180 1Q 2ad 181 10 7ADR ) 180 24 /MLIT £\ wane 2 /e 241 AN 20C
137.00 107.49%, 1940.VDY, 1140.01, 1OV VL, 1oV 10 AHU 1J1. 07, AN L), 100,65 (211 U3 ), LD, /4 291 \Uvl ), 240,
310, 180.

rr - P LU s -

crystals from ethyl acetate (Found: C, 7737; H, 5‘57; N, 12.29. CptoN30 requires: C, 77.40; H, 5.6i; N,
12.31%); Vimax (KBr) 2960, 1609, 1593, 1577, 1429 cm™; 8y (CDCls) 1.42 (s, 3H, ME H), 2.23 (s, 3H, ME H),
2.46 (s, 3H, ME H), 5.18 (d, 1H, /= 10.7 Hz, DHI Hy), 6.21 (d, 1H, J = 10.7 Hz, DHI Hs), 6.99 (s, 2H, MES
H), 7.26 (m, 1H, PHE H3), 7.38 (m, 1H, PHE Hy), 8.08 (m, 1H, PHE Hy), 8.32 (s, 1H, PHE H,), 8. 70 (s, 2H,
PHE H, and Hs); 8¢ (CDCls) 19.30, 20.82, 21.01 (ME C), 65.84 (DHI C,), 78.90 (DHI Cs), 122.31, 123.39,
128.22, 128.77, 132.65, 136.82, 137.51, 137.96, 138.64, 149.97, 150.11, 150.63, (AR C), 158.15 (DHI C5);
ms: m/z 341 (M), 325, 310, 180.

3-Mesityl-3a, 11b-dihydroisoxazolof4,5-f][1,7 [phenanthroline (5d). Yield 11.3%; mp 226-228 °C, white
crystals from ethyl acetate (Found: C, 77.46; H, 5.63; N, 12.27. C;HsN;O requires: C, 77.40; H, 5.61; N,
12.31%); Vmax (KBr) 2959, 1610, 1593, 1579, 1430 cm™; 8y (CDCl3) 1.45 (s, 3H, ME H), 2.28 (s, 3H, ME H),
2.45 (s, 3H, ME H), 5.10 (d, 1H, J = 11.5 Hz, DHI H,), 6.18 (d, 1H, J = 11.5 Hz, DHI H;), 6.71 (s, 1H, MES
H), 6.92 (d, 1H, J= 7.5 Hz, PHE H), 6.95 (s, 1H, MES H), 6.98 (t, 1H, PHE H), 7.48 (t, 2H, PHE H), 8.57 (d,
1H, J=3.5 Hz, PHE H), 8. 81 (d, 1H, J= 3.5 Hz, PHE H) 8.89 (d, 1H, J = 7.5 Hz, PHE H); &c (CDCl;) 19.23,
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2004 2114 (ME C) 8215 ¢ TCHY 7752 (DHI C) 12340 124728 12404 122921 192 £7 1124 2%
vvvvv y .1 \iVEES S gy Ch i \AARRL gy, Ok AL N5, 1&D.T7, 1LTLG, 14LT.TR, 14041, 14004, 13%.L0,
13624 13700 13805 13049 14854, 148 81 15029 15031 (AR ) 158726 (DHI C.) ms: mi/z 241 (D
. > . . » . ) N 1, 1JV.L7, 1JV.J1, \AAN L), 17,20 (UKL U3, | nvée 2% uvl ),

325, 310, 180

2 AAncitrsd D 1IR Aidesiduvmionsesmn Il A & LIT A TToslesssostlli . £ W11 OECO/. cne TPIA 1717 O __ L

I=IVIESHYi-O0U, 1 1 U-QIryaGrGISOX O3,/ [1 9,/ [prendrrnrodne (4€7. Yi1€1a J.o0vVe, Mp 1/U-172 "L, wWiite
mrrodmle L bl aoa AT 2. Y I AAL XY A LO. AT 1A AR N YT OWNT Y Y £\ M a4~ YY & s AT
Crysiais 1rom €yl aClai€ (rounda: L, 7/7.44, I, 4.08, N, 12.4/. UpiljolN3U requires. C, //7.4U; H, 3.0, N,
1T~ ’\19/\ " JIZII_\ AnAN 11N 1T AN 1411 "l < f'falaYal BRNE re ~T T - -
1£.3170); Vmax { ) 4¥24, 101V, 1493%, 141l cm | O (LDUI3) 1. 25 (S, 3511, ME 1'1), 2.24 (S ()H ME H) 5.28
(d, 1H,J = 11 Hz, DHI Hy), 6.20 (d, 1H, /= 11 Hz, DHI Hs), 6.72 (s, 1H, MES H), 6.85 (s, 1H, MES H), 7.25
(m, TH, PHE Hy), 7.45 (m, 1H, PHE H,), 8.15 (m, 2H, PHE H, and Hy,), 8.32 (d, 1H, J = 4.6 Hz, PHE Hj),

8.87 (m, 1H, J = 4.6 Hz, PHE H;); dc (CDCl;) 19.11, 21.12, 29.65 (ME C), 55.83 (DHI C,), 80.06 (DHI Cs),
122,97, 124.21, 125.56, 125.85, 128.26, 128.85, 130.50, 130.91, 132.24, 137.73, 138.57, 148.21, 149.62,
150.01, 150.65, (AR C), 158.64 (DHI Cs);, ms: m/z 341 (M"), 325, 310, 180.

3,6-Dimesityl-3a, 13c-dihydro-3bH-isoxazolo[5,4-a][1,2,4]oxadiazolo[5,4-c ][4, 7 [phenanthroline (6).
Yield 7.2%; mp 278-280 °C, yellow crystals from ethyl acetate (Found: C, 76.52; H, 5.99; N, 11.11. C3,H3N4O,
requires: C, 76.47; H, 6.02; N, 11.15%); v (KBr) 2918, 1612, 1587, 1490, 1422 cm™; 8y (CDCL) 1.88 (s,
3H, ME H), 2.33 (s, 3H, ME H), 2.36 (s, 3H, ME H), 2.42 (s, 6H, ME H), 2.45 (s, 3H, ME H), 3.59 (dd, 1H, J
= 8.0, 9.2 Hz, DHI Hy), 5.93 (d, 1H, J=8.0 Hz, DHI H;), 6.11 (d, 1H, /= 9.2 Hz, DHO Hy), 6.69 (d, 1H, J =
9.5 Hz, PHE Hs), 6.83 (s, 1H, MES H), 6.98 (s, 2H, MES H), 7.08 (s, 1H, MES H), 7.64 (m, 1H, PHE Hy),
8.03 (d, 1H, PHE Hg), 8.84 (s, 1H, PHE Hy), 8.85 (s, 1H, PHE H,o); 8¢ (CDCl;) 19.34, 19.85, 20.20, 21.17,
21.18 (ME C), 50.91 (DHI C,), 75.20 (DHI Cs), 90.61 (DHO Cs), 114.33, 119.60, 122.55, 124.82, 128.98,
129.27, 136.44. 137.18, 138.33, 139.57, 141.58, 145.38(AR C), 150.83 (DHO C;), 159.948 (DHI C;); ms: m/z
502 (M"), 473, 457, 444, 357, 340,

3,5-Dimesityl-5-{4,7 Jphenanthrolin-3-yl-4, 5-dihydro- 1, 2, 4-oxadiazol-4-ol (9). Yield 5.1%; mp 163-165 °C,
vellow crystals from ethyl acetate (Found: C, 76.41; H, 6.05; N, 11. 09 C3;H30N,O; requires: C, 76.47; H, 6.02;

] =3

N, 11.15%); v (KBr) 3382 (br), 2919, 1611, 1589, 1491, 1473 cm’; 8y (CT) '13) 2.26 (s, 3H, ME H), 2.31 (s,

] S AE Yy THAK SR 2 7 STV E VR S22 2225 2LV bRt THR Gl 5 =22y

H, ME H), 2.42 (s, 6H, ME H), 6.90 (s, 2H, MES H), 6.95 (s, 2H, MES H), 7.59 (dd, 1H,J=4.0and8.0Hz,

PHE H)) 761 (dd 1H J=40and 80 Hz PHE Hy) 780 (s. 1 hvdroxvl HY. 821 (¢, 1H. PHE H.) 8 86 (d
anas L3y, 1.91 86, 115, J .voanl 8.8V 114, TIRD I1g), 7.0V \9, 183, RYQIOAY: I3, .41 5, 143, ¥l fig), 8.80 (G,
TH 7=80H> PHEH) R04(d 1TH /=40H> PHEFH) 9014 1 J=QOH> P HYOonN4d 1 J
lll’ v w.wv llL’ LS @ § ) lll}’ .7 \u, Lll, v T.WV LILA, A ALERa ‘.31’ A 8 \\-l, Lll’ (74 v.v Ll“, [ 9 ¢ Y lllu” NI \u’ 1“.’ o
— AN L DLIDC I\ & /CTYWIN1Q 17 2N T8 2N Q1 21 N MMAE Y 1NR 18 19D A8 19722 1792 Q4 1970 71
.V 1 5 L 11y 113}, vC \bu\/l:{} 10,17, &VJ. 717, L4J. 71, L1.YVO \lVlL \..-}, IVO. 17, 1£L4.VY7, 144.09, VL0V, 14L7.40,
129.98, 130.59, 131.07, 131.64, 133.19, 135.40, 137.03, 137.86, 139.66, 144.08, 150.58, 153.33, 159.58 (AR
N ITNTTO NN “c 2as /e NV IR AT £Q AAN noo AN
L), (UAU L3), MS. /2 JUL (V1 3

N

~
~

1 Y4 - 7 7 /20y 7

Mesityl(3-mesityi-2, I 1b-dihydroisoxazolo[4,5-f]{4,7 [phenanthrolin-2-yljmethanone oxime (18). Yield
3%, mp 268-270 °C, white crystals from ethyl acetate (Found: C, 76.46; H, 6.01; N, 11.16. C;3H;3N4O;
requires: C, 76.47; H, 6.02; N, 11.15%); vma (KBr) 3281 (br), 2918, 1553, 1517, 1441, 1407 cm’ , & (CDCls)
1.47 (s, 3H, ME H), 2.28 (s, 6H, ME H), 2.33 (s, 6H, ME H), 2.50 (s, 3H, ME H), 5.85 (s, 1H, DHI Hs), 6.77
(s, 1H, MES H), 6.91 (s, 2H, MES H), 6.96 (s, |H, MES H), 7.28 (m, 1H, PHE H), 7.47 (m, 1H, PHE H), 8.22
(t, 1H, PHE H), 8.31 (d, 1H, J = 3.4 Hz, PHE H) 8.74 (d, 1H, J = 3.4 Hz, PHE H), 8.86 (bs, 1H, oxime H); dc
(CDCl;) 18.47, 20.28, 20.94, 21.20 (ME C), 58.94 (DHI Cs), 118.56, 120.98, 124.73, 124.81, 126.58, 128.18,
128.69, 128.96, 130.24, 131.01, 131.67, 135.09, 136.50, 137.40, 137.60, 149.42, 150.41, 151.11 (AR C),
156.51 (DHI C3), ms: m/z 502 (M"), 485, 472, 446, 367, 341, 296, 207, 196.

General procedure for cycloaddition reactions of Aza-PHEs 2a-e with 3b under microwave irradiation
and neat conditions. a) Microwave irradiation conditions: an Aza-PHEs 2a-e (8 mmol) and two equivalents of
3b were mixed in a pyrex vessel and irradiated in a microwave oven at 650 W for 5 min. b) Neat conditions: an

Aza-PHEs 2a-e (8 mmol) and two equivalents of 3b were mixed in a pyrex vessel and placed into a silicon oil
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bath preheated to 180 °C until 3b was consumed (5-10 min).
Cycloadducts which were the same of those obtained under the above conditions, were isolated by flash
chromatography of crude mixiures and identified by their physical and spectral data. Their yields were very

similar to those obtained in benzene solutions.

Competition experiments. For competitive experiments between 1 and 2c-e, a solution of these latter (2
mmol each one) with 3b (2 mmol) in dry benzene (10 ml) was refluxed with stirring for 24 hours. The yields of
the two cycloadducts were determined by GC analysis of three different reaction mixtures following the method
of internal standard. The maximum deviation from the average of triplicate runs was + 3%.

Method of calculations. The calculations were performed by means of the semiempirical PM3 meth
available in the MOPAC computation package distributed by QCPE (QCPE program n. 455, version 6.0).
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