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Abstract =~ Thermal rearrangements aof 4~1soxdzalines from L ,N-daphenyl-
nitrone and supnstituted alkynes have been directed towards the formation
of substituted i1ndoles. Detection and isolation of the intermediates of
the proces, eilucidate the reaction pathway. The appropriate cheice of

substituents and experimental conditions has allowed the control of the

single steps involved in the total process.

The primary product of nitrones cycloaddition to aliynes is represented by

thermally iabile 4-isoxazolines' . The known reactivity of the N-0 functional group

-5

flanked by a w system2 induces the formation of a number of rearranged products

from the i1nitial cyclt:ufu:idl.u:t'_-'.i—4'6_'5

via one of the possible i1ntermediates 2~4
reported 1n Scheme 1. A suitable choice of both experimental conditions and
degree of substitution at the initial cycloadduct ] may allow the control of some

of the steps invoived in the rearrangement of the primary adduct, thus provading a

powerful tool for the synthesis of target compounds.
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C,N-diphenylnitrons 5 meets all the requirements to serve as versatile dipole
when the synthetic approach above déscrlbed has to be applied. In fact, it 1s
available 1n buld quantities by a straightforward procedurew and the phenyl ring
at the nitrogen atom provides a good stabilization of the posit;ve charge which

develops in the azomethine ylid 3 (Scheme 1) eventually formed., The choice of the
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dipolarophile, moreover, allows the centrol of the equilibrium reported in
Scheme 1. It has been clearly established, in fact, that the relative stability of
isomers 1-4 is controlled by the nature of the substituent at C-4 of both

heterocyclic compounds' .

RESULTS AND DISCUSSION

CyN-diphenylnitrone 5 and ethyl phenylpropiolate 6a afforded high vyield of
4-carboxyethyl-2,3,3-triphenyl-4-isoxazoline la when they were allowed to react in
a 1t1 ratic at room temperature, in dry tetrahydrofuran, for 48 h. Similarly, good
yields of 4-isoxazolines lb-d were obtained by cycloaddition of nitrone 5 to
alkynes QQ:Q‘ (Scheme 2); the regiochemistry of the cycloaddition process has been
determined in terms of FMO apprnach‘. The cycloadduct la bears a substituwent in the
position 4 of the nucleus and this accounts for the relative stability of the
otherwise reactive five-membered ring. However, it should be possible to i1nduce the
rearrangements reported in Scheme 1 either by changing the experimental conditions
of the cycloaddition reaction or by proper treatment of the 4-isoxaroline ja-d

itself.
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Furthermore, recent literature data' suggest that it could be passible ta i1nduce
reaction pathways alterpnative to those reported in Scheme 1 by conducting the
cycloaddition or the rearrangement of the system 1 in wet solwvents.

When S and &a were allowed to react in 98% tetrahydrofuran—-water (v/v) for & h at
&5%E, the anilino—kstone 7a was cobtained in a yield of 95% together with traces of

the substituted indole 8a (Scheme 3).
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Compounds 7a and Ba could derive from one of the stable intermediates which
characterize the well-accepted synthetic cycle reported in Scheme 1. While it was
not possible to isolate the eventually formed aziridine 2518, the initial cyclo-
adduct 1la was qﬁantitatively converted, by refluxing in tetrahydrofuran for 2 h,
into the vylid 3Ja. The latter afforded the same product 7a and 8a reported in
Scheme 3, with similar isolated yields, after refluxing for 3 h at 60 °C in 98%
tetrahydrofuran/water. The rearrangement of la was clearly accelerated by addition
of catalytic amounts of HCl; the conversion to 7a in this case was nearly complete
tn 2 h.

These results suggest therefore that the rearrangement process starting from the
initial 4-isoxazoline cycloadduct can be controlled and directed towards the novel
route. The formation of 7a and Ba, in the reaction reported in Scheme 3, can likely
be explained by taking into account that at &0 °C, in the adopted experimental
conditions, the 4-isoxazoline l1a is a transient intermediate which, by thermal
effect, isomerizes via valence rearrangement to the not isclated Z-acylaziridine;

this compound gives ring opening to the ylid Za, which, in the presence of water,
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undergoes hydrolytic fragmentation to the amine 7a (Scheme 4}, with removal of
benzaldehyde also detected in the reaction mixture.

The reaction pathway has been examined with other 4-iscoxazolines; compounds 1b-d
gave in similar conditions, with different reaction times, the above described
rearrangement starting from the initial cycloadduct and leading to the cor-
responding ylids 4b-d and amino derivatives 7b-d.

8.1

Literature precedents indicate a sequence of thermal reactions, available to

4-igoxazolines 1 , which leads to 4-oxazolines through aziridine derivatives. With
the present compounds aziridines were detected only in traces as intermediates'® ’

but further reactions of ylids 3a-d to give 4-oxazolines 4a-d was not observed.
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The structures of isolated products were assigned on the basis of analytical and
spectroscopic data (see Experimental). 1In particular, for ylids 3, the strong

absorption hands near 1580 e’ , assignable to enolate innzo_az,

together with the
positive color reaction with ferric chloride, suggest the proposed structures. Ms
and nm data further confirmed the attribution. Structures were also unequivocally
established on the basis of chemical data ; in fact ylids 3 showed i,3-dipolar

activity towards alkynes with formation of 1:1 cyclaadductszs.

Compounds 7 exist in the enolic structure % stabilized by the hydrogen bonds, as
HO

]
Ph—Ne Z—R
!
(6N
Rl
9

confirmed by the resonance in the range 6.70-6.95 § of the methine proton as a
doublet (J=11 Hz) for the coupling with the hydroxylic proton at 4.27-6.50 &. By
exchange with D0, the same proton resonates as a singlet. Ir and Ms data support
the structure: besides the molecular ion, the interested fragmentation was observed
from the molecular ion by loss of the radical COR. Moreover the presence of the
intense fragments at m/z 104, for the PhﬁECH ion, evidently confirms the assigned
structure'’" 30
The formation of the indole nucleus (Scheme 3) could be of synthetic interest since
this heterocyclic ring characterizes the core of many natural products such as the
indole alkalnids24 «» The 1,3-dipolar cycleaddition route to indole has been

exploited with alkynesm'miand substituted alleneésds;xn the case here reported, the
formation of the heterocaromatic nucleus should occur by acid catalyzed condensation

of the keto-aniline 7a, according to Scheme S.

H R + F
},’ _H, + HO
N~ —R N "’Rl
H # n M
7 B
-~ Sehema S-

The very low yields of 8a, obtained during the cycloaddition process described in

Scheme 3, have to be ascribed therefore to the acidity of the reaction wmedium,
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which controls the preequilibrium of the condensation reaction described in
Scheme 4. This proposed mechanism was experimentally proved; in fact, the amine 7a
gave after 20 h 40% isolated yields of indole Ba, by refluxing in tetrahydrofuran
in the presence of catalytic amounts of 98% sulfuric acid.

The results discussed above show that a very simple entry to indoles can be devised
by 1,3-dipolar cycloadditions. In fact, when the 4-iscoxazolines la-d were refluted
1 tetrahydrofuran containing a catalytic amount of H2 SD‘ for 24-32 h, good
1solated vyields of the expected indole were obtained. Moreover, the synthesis of
the 1ndoie nutleus, according to the Scheme here proposed, can be carried out in a
cne-pot  reactian. In a typical experiment, in fact, the cycloadd:ticn of
CyN~diphenylnitrone § and ethyl phenylpropiolatse &3 (Scheme 7} was performed at
room temperature i1n dry tetrahydrofuran. After the disappearance of the nitrone,
momitored by tlc, the resulting solution was treated with a catalytic amount of
%8 % sulfuric acid. Tlc analysis showed that approximatively BOXL of amine 7a and
20% of indole Ba were present after 10 h of refluxing, while &0% isolated vyields
of 8a were obtained after 28 h, in the same euperimental conditions.

The applicability of this synthetic procedure was checked with other different

alkynes. Good conversions to 1ndoles have been obtained, as reported in Table 1.

Compound R R Reaction Time Yield

(h) (%)

8a Ph OEt 28 60

ab H OMe az 58

8¢ H Ot 32 59

ad H Me 29 65
Table 1

CONCLUSION

The thermal rearrangements of 4-isoxazolines (Scheme 1) can be controlled in the
direction of producing good yields of target compounds. The hydrolytic quenching of
the vylid intermediate 3 {(Scheme 1) allows the obtainment of quantitative yield of
aminoketones of type 7 (Scheme 3) and, more interestingly, goeod vyield of

2-substituted indoles (Scheme 4). The cycloaddition route to indocles here reported
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differs from that recently publishedzs, where the presence of a sulphonyl group in

the reacting intermediates markedly affect the observed rearrangement.

EXPERIMENTAL

Mps were determined on a Kofler hot-stage apparatus and are uncorrected.
Ir spectra were recorded for nujol mulls in the case pf solids or for thin films
in the case of liquids, using a Perkin-Elmer 2235 spectrophotometer. Nmr spectra
woere measured with a Bruker WP 80 S8Y spectrometer in éDCI3 solutions with TME as
internal standard. Microanalyses were performed on a Perkin-Elmer 240 elem;ntal
analyzer. Mass spectra were determined with a Varian Mat CH-5 DF instrument.
Reaction mixtures were monitored by tlc on silica gel GF 254 (Merck) and analyzed
by BGC-Ms measurements, using a HP 5890 A instrument.

4—-lsoxazolines lb—d were obtained by cycloaddition reaction of nitrone 5 to alkynes

ab-d 3°,

2.5-Diphenyl-4-gthoxycarbonyl -4-igoxazoline (1a).

A solution of C,N~diphenylnitrone § (0.985 gy 35 mmcl) and ethyl phenylpropiolate
(&a) (1.05 g, & mmol}) in anhydrous THF (30 ml) was stirred at room temperature for
48 h until tl¢ on silica gel in 733 hexanefsether i1ndicated the disappearance of the
starting nitrone. The reaction mixture was then evaporated and the residue
triturated with ether to give the isoxazoline 1id (BS % yield) as white crystals,
mp 87-88° C (from ether)j; ¥ max 1700, 1640, 1400, 1540, 1490, 1450, 1390, 1370,
1330, 1300, 1280, 1240, 1080, 1030 cm'1;1H nmr & (CDC1g) 1.02 (t, JH, CH,, J=7.03),
4.02 (g, 2H, CH,, J=7.05), 5.72 (s, IH, CH), 7.02~-8.10C {(m, 15H, aromatic protons)i
m/z 371 (M*,10), 298 (S), 294 (10}, 280 (10), 279 (27), 2&&6 (12}, 251 (2, 248 (D),
238 (3, 223 (3, 220 (3), 208 (3>, 205 (3, 194 (9), 193 «(23), 192 (&, 191 (),
190 (3), 180 (3}, 178 (3), 167 (12), 166 (T), 1&5 (iB), 152 (5), 135 (93, 11& (&),
115 (3, 107 (12), 106 (T}, 105 (100}, %1 (4), 90 (10), B9 (40), 7% (&), 78 (&, 77
(64). (Found: G, 77.5; H, 5.B; N, 3.80 % . Cp4Hp NO; requires C, 77.61; H, 5.70;
N, 3.77 %),

A solution of C,N-diphenylnitrone 5 (0.98 g, 5 mmol) and ethyl phenylpropiolate éa
(1.05 g, & mmel) in 98% THF/H,0 (30 ml) was refluxed (&5* C) for 10 h until tlc on
silica gel (hexane/ether 7:3 as eluent) indicated the disappearance of the star-
ting nitrone. After the removal of the solvent, the crude reaction mixture was

subjected to chromatography on a silica gel column, using hexane/ether 7:3 as
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gluent. The first fractions gave 7a as white crystals (90 % yield}, mp 93-95° C
(fraom ether}; » max 3420, 3380, 1740, 1495, 1605, 1585, 15I5, 1510, 1455, 1440,
1400, 1378, 1290, 1230, 1180, 1160, 1100 em™' ; 'H nmr & (CDCl,) 1.08 (t, 3IH, CH; ,
J=6.90 Hz), 4.04 (q, 2H, CH,, J=6.90 Hz), 5.03 (b, 1H, exchangeable MNH}, 3.562 (s,
1H, exchangeable OH}, &.40-B.20 {m, 19H, aromatic protons); m/z 2837 (MY, 30), 210
(15, 209 (113, 193 (28), 180 (5, 179 18}, 178 {100}, 150 (5), 133 (3, 132 (4,
122 (50, 121 (b)), 120 (32}, 119 (1O, 106 (15}, 105 (98), 104 (&00, 9T (18&), 92
(100, 91 (3), 88 (3), 78(1&), 77 (95). (Founds L, 72.2; H, 5.9; ‘N, 5.0 %. T,y Hyy NO,
requires C, 72,07; H, 6.05; N, 4.94 ).

Further elution gave Ba (8 % yield) as a white solid, mp 137-138° C (from
methanol?, which was identified by comparison with an authentic ﬁamplez’.
Rearrangements of isoxazoline 1a.

A solution of isoxazoline 1a (0.371 g, 1 mmol) in anhydrous THF (20 ml) was
refluxed for 2 h, After the removal of the solvent, ether was added to the residue
to give azomethine ylid 3a as a yellow solid, mp 105-107° C; v max 1740, 1490, 1405,
1585, 1500, 1450, 1430, 1390, 1370, 1280, 1220, 1180, 1140, 1100, 1020 cm™'; 'H amr
& (CDCly) 1.17 {t, 3H, CHy, J=7.20 Hz), 4.25 (q, 2H, CH,, J=7.20 Hz}, &.64 (s, 1H,
CH), &4.80-8,.30 (m, 15H, aromatic protons). (Found: C, 74.5; H, 5.8; N, 3.6 Z .
CpaHp NOy reguires €, 74.37; H, 5.70; N, 3.77 %).

A solution of isoxazoline fa (1 mmol) in THF (20 mly containing a catalytic
ampunt of HC1l 1:! was refluxed for 2 h. In these experimental conditions, the
residue obtained after the remaval of the solvent, triturated with ether, gave the
aming derivative 7a with a yield of 95 %.

Direct conversion of azomethine ylid 3a into compound 7a was performed by heating
a THF solution of 3a additionated of a catalytic amount of HC1 1:1. The hydrolysis
was nearly quantitative in 2 h,

A solution of C,N-diphenylnitrone 5 (0.1%97 g, 1 mmol} and ethyl phenylpropiolate
(0.194 g3 1 mmol) in 10 ml of THF was refluxed faor & h until tlc!monitoring showed
the disappearance of starting nitrone. Then a catalytic amount of 98% sulfuric acid
(0.5 ml) was added and the solution further refluxed for 20 h. After the removal of
the solvent, the crude mixture was triturated with ether to give the indole %a
(624 yield) as white solid, mp 137-138° C; v»max 3380, 1740, 1693, 1405, 1585, 1510,
1450, 1430, 1400, 1370, 1280, 1230, 1180, 1100 cm~'; 'H nar & (CDCl4) 1.40 (t, 3H,

CHa, J=7.0 Hz}, 4.46 (g, 2H, CH,, J=7.0 Hz}, 7.10-7.80 (m, $H, aromatic protons},
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B.10 (s, 1H, NHY; m/z 265 (MY, 43y, 237 (i1}, 236 (&), 221 (19), 220 (100}, 174
9y, 193 (S5&), 191 (21), 190 (1&), 180 (4), 1&& (7), 165 (43), 164 (11D, 143 (B,
152 (3), 140 (%), 139 (4, 115 (3, 110 (4}, 95 (1), B% (&), 87 (D), 77 (1M,

The residue chromatographed on a silica gel column (hexane/ether 7:3 as eluent),
gave amine ga (10 % yield’.

Indole Ba was also obtained in a similar yield by refluxing for 20 h a THF
solution of amine 7a to which a catalytic amount of 98% H,504 had been added. 8a
was isolated after the normal work-up of the residue obtained after the removal of
the solvent.

Similarly, the isoxazoline 1a in acidic THF solution (0.5 ml of 98% HpS0, } at

reflux for 24 h was converted into indole Ba with an 1sclated yield of &0 %.

2-Methyl 2-anilino-3-hydroxyacrilate 7b.

A solution of C,N-diphenylnitrone 5 (5 mnol) and methyl propiclate &b (5 mmol) in
98% THF/H,0 (30 ml) was refluxed (65° 0) for 30 h. After the removal of the
solvent, the crude reaction mixture was chromatographed on a s:lica gel columo.
First eluted fractions gave 7b as white crystals (90 % yield), mp 71-74°C {(from
ether); »max 3410, 3340, 1730, 1480, 1440, 1600, 1530, 1500, 1460, 138C, 1345,
1270, 1240, 1200, 1155, 1120, 10BO cm'; "H omr § (CDCl,) 3.81 (s, 3H, CHy), 5.34
th, 14, NH}, &.54 <(d, 1H, OH, J=12.0 Mz), 7.16 (d, 1H, CH, J=11.0 Hz), 6&.&7-7.70
(my SH, aromatic protons); m/z 193 (MY, 29, 163 (3, 187 (5), 134 (4y, 133 (44),
116 (3), 1046 (11), 105 (&B8), 104 (100}, 79 (4), 78 (220, 77 (38). (Found: C, &2.3;
H, 3.8 N, 7.4 %L . CyoH,;; ND3 requires C, &2.17; H, 5.74; N, 7.25 ¥%).

Further eluted fractions gave, after the removal of the solvent, indole 8b as a
white solid, (9 % yield)!, mp 151-152° C (from methanol), identified by comparison

with an authentic samplezs.

A solution of i1soxazoline 1b (0.281 g, 1 mmol) in anhydrous THFE (20 ml) was
refluxed for 22 h, The selvent was removed by evaporation at reduced pressure, then
the addition of ether to the residue gave stomethyne ylid Jb as a yellow solid,
mp 78-81° C; »max 28B40, 2720, 1735, 1495, 1420, 1400, 1580, 1500, 1455, 1430, 1245,
1195, 11&0, 1130, 1100 em i H nar (CDC1,4) *.91 (s, 3H, CHz), 6£.350-8.02 {m, 11H,
CH and aromatic protons), 10.13 (s, 1H, aldehydic proton). (Found: C, 72.4; H, 5.37;
Ny 5.1 % . Cy7HygNO3 requares C, 72.58; H, 5.38; N, 4.98 %).

A solution of 1soxazpline la (1 mmol} in THF (20 ml) was additionated of a

catalytic amount of HCI 1:1 and refluxed for & h. After the removal of the salvent,
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the residue was triturated with ether to give the aminoderivative 7b with a vyield
af 3 %.

Azomethyne ylid 3b was directly converted i1nto 7b by refluxing for & h a THF
solution of ylid, acidified with a catalytic amount of HC1 131 (95 % yield).

2-Methoxycarbonylindole 8b.

A solution of C,N-diphenylnitrone (1 mmol} and methyl propiclate 6b (! mmol) in
30 ml of agueous THF was refluxed for B h until TLC indicated the disappearance of
the starting nitrone. After addition of a catalytic amount of 98 % H,;50, (0.5 ml),
the solution was maintained at reflux for 26 h. Then the solvent was removed and
the residue treated with ether to afford indole Bb (&0 % yield); mp 151-152°C; v max
480, 14695, 1612, 1330, 1375, 1340, 1230, 1200, 1132, (1t?, 1103, 1005 cm‘1;1H nmr
& (CDEY4Y 3.96 (s, 3H, CHy), 7.05-7.85 (m, SH, arnmati; protons), 9.20 (s, 1H, NH):
m/e 17S (MY, 3T, 163 (), 146 (3), 143 (12}, 144 (100}, 117 (9}, 116 (282, 115(48),
i14 (4, 10Z (o), 100 (5), 98B (&), 91 (5, B? (25), 8B (&), 85 (4, 78 (4), 77 (&6).
The same vield of indole Bb was obtained by refluxing for 26 h a THF solution of
amino derivative 7b, additionated of a catelytic amount of 9B % H,50, , after the
narmal work-—up.

Similarly, indole B8b was obtained (42 % yield) by refluxing an acidic solution of

1so0xazoline 1lb for 30 h.

Ethyl 2-anilino—-3-hydroxyacrilate 7c.

The cycloaddition reaction of 3 and ethyl propiolate &c, performed as previously
indicated (30 h of reflux), gave, after chromatographic separation, compound 7¢
{22 % yield) in the first eluted fractirons; white crystals, mp 25-98* C (from
etherl; wvmax 3440, 3340, 1680, 1&&60, 18605, 1535, 1510, 1445, 1430, 1380, 1350,
1270, 1240, 1210, 11706, 1120 cm'1;1H nmr & (CDC13) 1.249 {(t, TH, CH,, J=7.0 Hz},
4.20 {(q, 2H, CHp, J=7.0 H=}), 5.20 (b s, 1H, NH), &.27 (d, t'H, OH, J=11.0 Hz), 6.95
{d, 1H, CH, J=11.0 Hz), 6.72-7.34 (m, SH, aromatic protons); a/z 207 (M+, 15y, 178
4y, 177 (3, 162 (2), 134 (3, 133 (31}, 1046 (8), 105 (52), 104 (1000, 79 (3), 7B
(1&), 77 (47). (Found: C, 6&3.63 H, &4.4; N, 6.7 % . Cy; HygND; requires C, 63.74;
Hy, 6.325 N, 6.76 %.

Indaole Bc was eluted successively, (8 % yieid); mp 125-126® C (from methanol},

identified by comparison with an authentic samplezs.

]

earrangements of isoxazoline 1ic.

A solution of i1scoxazoline 1c (1 mmol) in 20 ml of anhydrous THF was heated at

reflux for 24 h. After the removal of the seolvent, addition of ether to the residue
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gave azomethine ylid 3c as a yellow-orange solid, mp B80-82°C; » max 2820, 2740,
1730, 1670, 14600, 1580, 1500, 1440, 1410, 1380, 1370, 1240, 1205, 1100, 1030 el
M nmr & (CDC13Y 1.25 (¢, 3H, CH,, 6.9 Hz), 4.22 (q, 2H, CH,, J=6.9 Hz), 6.60-7.98
(m, 11H, CH and aromatic protons), %.93 (s, 1H, aldehydic proton). (Found: C, 77.0;
Hy, 5.9 N, 4.9 4 . CygHy7 NO3 requires C, 73.20; H, 5.80; N, 4.74 %).

A solution of isoxazoline ic (1 mmol? in 20 ml of THF, additionated of HC1 1:1
(1 ml) was refluxed for & h to give, after removal of the solvent and treatment
with ether, amino derivative 7¢ (88 % yield),

Direct conversion of 3c i1nto 7¢ was performed by refluxipng for & h a THF solution
of isoxazoline acidified with a catalytic amount of HC! 1:1.

2-Ethoxyecarbonylindole Bc.

An equimolar solution of nitrone § and ethyl propiolate &4¢ in aqueous THF was
refluxed €for B h. The reaction was monitored by tlc up to disappearance of the
starting nitrons. 98 % H,80, (1 ml) was then added and the mixture was refluxed for
24 h. By the usual work-up, indole 8¢ was obtained (&5 %) as white erystals, mp
125-126° € (from methanoll; w»max 3460, 1705, 1430, 1£00, 1545, 1393, 1780, 1320,
1270, 1240, 1190, 1150, 1130, 1100, 1020 cm";'H nmr & (CDC1l3) 1.40 (t, 3H, CHj,
J=7.4 Hz}, 4.43 {(q, 2H, CHp, J=7.4 Hz}, 6.95-7.82 (m, SH, aromatic protons}), 9.4&0
(sy 1H, NH}; m/z 1B% (M*, 29}, 174 (4}, 164 (15}, 145 (111, 144 €100, 132 (3, 117
(11), 114 (22), 115 (S), 114 (3, 90 (3, 89 (19, 88 (3, 77 (3.

From the residue amine 7c was separated (9 % yield), after the chromatographic
treatment.

The same vyisld of indole Bc was obtained by heating at reflux for 24 h a THF
solution of amino derivative Bh, acidified with a catalytic amount of 98 % Hp50,4.
Similarly, indole B8c was obtained by refluxing an acidic solution of isoxazoline 1c¢
for 30 h. The normal work-up gave Bg with a 60 % yield.
2-Anilino-i-hydroxy=3-buten-Z-one 7d.

An equimolar solution of S and &d in 30 al aof 98 % THF/H3D was heated at reflux for
30 h. After the chromatographic separation, amino derivative 7d was obtained in the
first eluted fractions (90 % vield), white solid, mp 122-125° C (from ether}); »max
3375, 3310, 14690, 1600, 1385, 1545, 1520, 1500, 1460, 1445, 1400, 1380, 1350, 13430,
1280, 1250, 1210, 11535, 1090, 1030 ca! ;1H nmr & (CDCly?) 2.45 (s, 3H, CHz), 6.46
(by, 2H, ‘exchangeableiNH and OH), 7.27 (d, 1H, CH, J=12.0 Hz}, &6.94-7.467 (m,JSH,
aromatic protons); m/z 177 (M*, 48), 1462 (3, 148 (3), 134 (22), 133 (3, 130 &),
11& (5), 107 (B), 1046 (100}, 104 (3I7), 93 (21), 79 (10}, 78 (12), 77 (38). (Found:

C, 47.9; H, 6.45 N, 7.8 %' . CygHy NO, requires C, &7.78; H, 6.265 N, 7.90 %).
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Indole 8d was the successively eluted product (6% yield), mp 120-3* C (from ether).
Rearrangements of isoxazolipe 7d.

Thermal treatment of isoxazoline ld in anhydrous THF solution, for 24 h at reflux,
gave azomethine ylid 3d, as yellow solid, mp 77-80° Cjivymax 2820, 2720, 1705, 1470,
1600, 1580, 1530, 1460, 1280, 1355, 1330, 1290, 1270, 1215, 1180, 1160, 1140, 1095,
1070, 1030 cm '3 'H nmr & (EDCly) 2.39 ts, 3IH, CHy), &6.73-8.00 (m, 1iH, CH and
aromatic protons), 10.40 (s, 1H, aldehydic protons). (Found: C, 77.10; H, 5.&0;
N, 5.4 % . CypHysND; requires C, 76.96; H, 5.70; N, 5.28 %).

Rearrangement of i1soxazoline 1d in THF solution acidified with t ml of HC1 1:1,
at reflux for B h, gave the aminoderivative 7d (95 % yield}.

Direct conversion of ylid to aminaderivative was nesrly guantitative after 8 h  of
reflu: of an acidic solution of 3d.

The cycloaddition reaction between 5 and &4d was performed in agueous THF at reflux
for 8 n. After the addition of 1 ml of 98% Hp50,, the mixture was refluxed for 28 h
to give, after the usual work—up, indole B8d, as white crystals (&2 % yield),
120~-1237° O (from ether); rmax 3420, 1730, 1890, 1410, 1550, 1400, 1370, 1320, 12580,
1150, 1120, 1080, 1020 em '; H NMR & (CDCl3) 2.52 (s, 3H, CHy), 7.0-7.85 (m, SH,
aromatic pratons), %.93 (s, 1H, NH); m/z 159 (M*, 15), 144 (80), 117 (B}, 116 (4%,
115 (&), 114 {3}, 98 (7}, 74 (3), 93 (4), 91 (D), 77 (3). (Found: C, 75.4; H, 5.8;
N, B.8 Z . CipHg NO requires C, 75.45; H, 5.70; N, B.79 %}.

Indole 8d was also obtained by refluxing for 22 h an acidic THF solution of
aminp derivative Bc¢.

Similar vyield (42 %) was obtained by direct conversion of isoxazoline td in acid
THF solution at reflux for 32 h.
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