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Abstract—We have studied the behaviour of 2-acetoxy-nitroethane derivatives in the presence of triethylamine and of an azomethine ylide
generated also by the action of this base in the same reaction mixture. Under these conditions the nitro-olefins are generated and react in situ
with the corresponding dipoles, giving pyrrolidine derivatives in moderate to good y@I2800 Elsevier Science Ltd. All rights reserved.

The potential of the simplest nitro-olefin, nitroethylene as a noticed serious difficulties in the synthetic applications of

versatile reagent for organic synthesis has found limited oxindole nitroethylene derivatives which also readily

application. Nitroethylene, which was first described early polymerize in the presence of nucleophiles.

this century by Wieland and Sakkelartois known to

polymerise readily in the presence of any trace of water In order to avoid the difficulty in handling and storing these

and reacts violently with base. This behaviour prevents its nitroethylenes, we considered the possibility of employing

use in many types of reaction. In spite of this sensitivity some more convenient surrogates. We describelhére

nitroethylene itself has been applied as a very electron-tandem in situ generation of azomethine ylides and

deficient and highly reactive dienophile in Diels—Alder nitroethylene. This process leads in one stereoselective

reactions with electron-richor unactivated dienes, and  step to 3-unsubstituted-4-nitropyrrolidine cycloadducts.

also as a useful acceptor for nucleophilic radiéals.

wide variety of nucleophiles have been used in conjugate

additions to nitroethylen®. Avoiding the facile base- Results and Discussion

mediated polymerisation in these cases is crucial to the

successful application of these additions in the synthesisThere are many reports in the literature on the base-

of important natural producf&:"® catalysed formation of azomethine ylidés? In contrast,
only a few reports on the thermal in situ generation and

Nitroethylene is also a good dipolarophile in 1,3-dipolar reaction of nitroethylene are known; from 2-nitroethyl

cycloadditions, but only a few examples have been phenyl sulfoxide’® 2-benzyloxy®™™ or 2-acetoxy-nitro-

published to date; reaction with 9-diazafluorene led to a ethané®® and from 2-nitroethanol in the presence of

nitrocyclopropane derivative, whilst the reaction with dehydrating agent?

1-azidoadamantene gave ld-1,2,3-triazol& by the further

reaction of the original cycloadduct in both cases. An inter- First we decided to study the behaviour of 2-acetoxy-

esting observation, which can be rationalised from FMO nitroethane in the presence of triethylamine and of an

considerations, is that the regiochemistry of nitroethylene azomethine ylide generated also by the action of this base.

reactions with nitron€sand nitrile oxide¥is often reversed  Under the basic reaction conditiong;elimination of the

from those observed with less electron deficient alkéhes. acetate group would generate the required nitroethylene in
situ, and the concentration of the latter could be maintained

However there is no report on the cycloadditions of the sufficiently low to minimise base-induced polymerisation.

azomethine ylides or nitrile ylides to nitroethylene. Presu- The imine precursors for the dipoles were prepared using

mably this is mostly due to the base-related generation of the standard methdtifrom aromatic aldehydes and glycine

these unstable species. During our earlier worke also ester, while the 2-acetoxy-nitroethane was obtained by the
acylation of 2-nitroethanol with acetic anhydritfe.

K %ﬁiﬁ;ﬂ;ﬁ;‘ﬁg iﬂ'fg%ﬁgﬁg‘ﬂ'fﬂg_ség'fgi%f ompounds. The cycloaddition reactions were carried out in dry toluene

e-mail: nyerges.oct@chem.bme.hu in the presence of silver acetate as a catalyst, to avoid
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Table 1. Results of the cycloadditions under different conditions

Entry Base Temp. Nitroethylene Product Yield®
(equiv.) precursor (equiv.) (%)

1 EN (2) o°C 2b (1) 3a 42

2 EN (2) —78C 2b (1) 3a 22

3 EN (2) 0°C—rt 2b(1.2) 3a 55

4 EtN (1) 0PC—rt 2b(1.2) 3a 8

5 EN (2) rt 2a(1) 3a 15

6 EN (2) o°C 2a(1.5) 3a 12

7 EN (2) o°C 2b (2.5) 3a 44

2|solated yield after column chromatography.
P R'=R*=R°=H.

formation of the isomeric azomethine ylides and the regioisomer. Thesyrnazomethine ylide reacted with the
Michael addition products obtained in previous investi- nitroethylene through the preferrethdotransition state to
gations (Scheme 1). give the alleis cycloadduct (Table 3).

The cycloadditions gave the expected products in all casesThe cycloadducts are prone to epimerize at position 4 upon
as a single isomer in moderate yield. The results are standing in solution, due to the strongly activated nature of
summarised in Tables 1 and 2. Lower temperatures the proton adjacent to the nitro-group. After several days all
decreased the yield (Table 1, entry 2) while excess of dipo- of the cycloadducts had epimerized to give a 1:1 mixture of
larophile (Table 1, entry 7) reduced the amount of poly- theendoandexoproducts, shown by the two sets of signals
meric by-products arising from the anionic polymerisation in the carbon spectra.
of the nitroethylene. These impurities and the unreacted
imine were easily separated, in all cases, by column We have investigated the use of this methodology for the in
chromatography. The use of different nitroethylene situ generation of nitroethylene in the presence of another
sources (entries 5 and 6) or other bases (DABCO, dipole derived from isoquinolinium saltéa and 4b by
DBU) did not improve the results. The substituents on deprotonation with triethylamin® When the suspension
the aromatic ring do not have any significant effect on of 4a or 4b was treated with base in dichloromethane in
the yield (Table 2). the presence d the reaction mixture soon became homo-
geneous and after the usual work-up resulted ineghdo
The structure and stereochemistry of one cycloaddBgt (  cycloadduct$aand5b (Scheme 2). The stereochemistry of
were confirmed by HH-COSY and n.O.e. experiments, the cycloadducts was again determined by n.O.e. studies
which showed clearly the formation of the ‘normal’ (Table 4).

Table 2. Results of the cycloadditions described in Scheme 1 We next started to investigate the possible replacement of
- the nitromethylene-oxindol® in similar base mediated

Entry Product R R? R® Yield?® (%)

1 3b H H OMe 56 Table 3. Selected'H and*C NMR chemical shifts, H—H couplings and

2 3c Cl H Cl 64 measured n.0.e. interactions for compodad

3 3d H H CHs 54

4 3e H H cl 55 S [Jun (H2)] H{*H} n.0.e? 8¢

5 3f H H CF; 62

6 3g CHs H H 58 H-4 544dd J~=2.4 H-5,H-3 C-4 862

7 3h OMe OMe H 54 H5 4.85dd J,=6.4 Ar-6H, H-4,H2 C5 645

8 3i NO, H H 35 H-2 4.04dd J=6.3and9.4 H-3,H-5 C-2 584

|solated yield after column chromatography. @Entries are for n.0.2:2%; entries in bold for n.0.2:5%.
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cycloadditions. This nitroethylene, prepared from isatin in
three steps (Scheme 3), was used in Diels—Alder and
1,3-dipolar cycloadditions only under neutral conditions.
From this valuable nitro-olefin, complex spirooxindolo
compounds could be obtained in one cycloaddition step.

The chloro derivative8, a known intermediate for the
preparation of9, did not serve as a precursor for the in
situ formation of9. However, treating the mixture of iso-
quinolinium salt4 and7 in toluene with two equivalents of
triethylamine at room temperature gave the five membered
heterocycle 10 stereoselectively and in good yield

Table 4. SelectedH NMR chemical shifts, H—H couplings and measured
n.O.e. interactions for compourih

S [Jun (H2)] *H{'H} n.0.e?
H-1 5.48 dt J1=2 Hz H-10, H-10b, H-5
H-10b 4.84d Jiop,=6.5 Hz H-10, H-1
H-3 428t Js=7.1Hz H-2,H-5

2Entries are for n.0.e:2%; entries in bold for n.0.2:5%.

(Scheme 4). The structure and stereochemistry of these
cycloadducts were suggested by comparison of the results
the '"H NMR experiments ofl0a with our earlier data®
Besides the clear stereochemical relationship of the pyrro-
lidine ring protons, the different regioselectivity compared
to the cycloadditions to 3-(methoxycarbonyl-methylene)-
1,3-dihydro-H-indol-2-oné? in this case seems to be
strongly supported by the intense n.O.e. of the H-4 and
H-4’ signals obtained by the irradiation of H-@able 5).

In conclusion, the method reported here provides a fairly
general and mild method for the tandem in situ generation of
1,3-dipoles and nitroethylenes for the preparation of 4-nitro-
pyrrolidines, although the yields rarely exceed the modest.

Experimental

Column chromatography was performed using Merck
Kieselgel 60, 70—-230 mesh, TLC on aluminium sheets
coated with Kieselgel 60 %, IR spectra were measured

ON O,N O,N
. Vi
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Scheme 3Reagents and conditionf) SOCL; (ii) AcCl; (iii) Et 3N, 0°C, 1-5s.
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Table 5. SelectedH NMR chemical shifts, H—H couplings and measured
n.O.e. interactions for compourid®a

O J(Hz) "H{*H} n.O.e. interaction’
H-3' 5.66 d 7.0 H_4’ H-4/
H-3d 5.19d 7.0 H-4, H-1'
H-1 4.34s - H-34

aEntries are for n.0.e:2%; entries in bold for n.0.2:5%.

on NICOLET FT-IR and Shimadzu IR-435 instruments.
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159 (16), 147 (88), 132 (35): IR (KBr, cnl): 2982, 2923,
1731, 1547, 1439, 1377, 1262, 1121 (Found: C, 57.24; H,
6.02; N, 9.55. GH1gN-O5 requires C, 57.14; H, 6.16; N,
9.52).

Ethyl 5-(2,4-dichlorophenyl)-4-nitropyrrolidine-2-carboxy-
late (3c). White powder, mp 9%; H NMR (CDCl,
200 MHz): 7.41 (d, 1HJ=8.1 Hz, Ar-6H), 7.40 (d, 1H,
J=2.0Hz, Ar-3H), 7.26 (dd, 1H,J=2.0 and 8. 1Hz,
Ar-5'H), 5.44 (td, 1H,J=2.4 and 6.5Hz, H-4), 4.85
(d, 1H, J=6.4 Hz, H-5), 4.33 (q, 2H,J)=6.1 Hz, OCH),

Low resolution electron impact mass spectra were obtained4.04 (dd, 1HJ=6.3 and 9.4 Hz, H-2), 2.81 (m, 2H,,F8),

on Varian CH5-D and GCMS-QP5050A mass spectro-

1.35 (t, 3H, CH); **C NMR (CDCk, 75MHz): 171.9

meters. NMR spectra were recorded on Brucker 250 and (C=0), 135.1 (q), 133.7 (q), 131.1 (q), 129.3 (CH), 127.9

Brucker AM-200 instruments at 30; chemical shifts are
given relative tod1ys=0.00 ppm.

1,3-Dipolar cycloadditions between ethyl (arylideneamino)-
acetates and nitroethylene generated in situ—general
procedure

Ethyl (arylideneamino)acetate (10 mmol) and 2-acetoxy-
nitroethanol (12 mmol) were dissolved in dry toluene
(50 mL), then AgOAc (2.5 g, 15 mmol) and MS 4Were
added. The reaction mixture was cooled € @nd triethyl-
amine (2.8 mL, 20 mmol) was added slowly to the well
stirred reaction mixture. After 10 min at© the reaction
mixture was allowed to warm to room temperature. When

(CH), 127.6 (CH), 86.7 (C-4), 64.5 (C-5), 61.7 (OgQb8.4
(C-2), 35.0 (C-3), 14.2 (CH; MS mv/z (relative intensity,
%): 333 (M', 3), 286 (8), 259 (60), 212 (100), 185 (42), 177
(45), 149 (14), 115 (16); IR (KBr, citt): 3344, 2981, 1734,
1588, 1552, 1468, 1429, 1373, 1309, 1292, 1209, 1148,
1095 (Found: C, 46.75; H, 4.12; N, 8.36438:4CI)N,04
requires C, 46.87; H, 4.24; N, 8.41).

Ethyl 5-(4-methylphenyl)-4-nitropyrrolidine-2-carboxy-
late (3d). White powder; mp 67TC; *H NMR (CDCl,,
200 MHz): 7.19 (d, 2H,J=7.6 Hz, Ar), 7.14 (d, 2H,
J=7.6 Hz, Ar), 5.16 (td, 1HJ=3.0 and 5.7 Hz, H-4), 4.54
(d, 1H,J=5.7 Hz, H-5), 4.32 (g, 2H]=7.1 Hz, OCH), 4.02
(dd, 1H,J=6.7 and 9.0 Hz, H-2), 2.70 (m, 2H,,B), 2.32

the reaction was completed (judged by TLC), saturated (s, 3H, Ar-CHy), 1.34 (t, 3H, CH); **C NMR (CDCk,
aqueous ammonium chloride (25 mL) was added, the 75 MHz): 172.0 (GO), 138.1 (Ar-4C), 131.1 (Ar-1C),
precipitate was filtered off and the residue was extracted 129.1 (Ar-2 and 8C), 125.9 (Ar-3 and 3C), 89.2 (C-4),

with ether. The combined organic fractions were dried

68.1 (C-5), 61.4 (OCH, 59.0 (C-2), 35.8 (C-3), 20.9

over magnesium sulfate, evaporated and the residue wafAr—CHjs), 14.0 (CH); MS mvz (relative intensity, %):

purified by column chromatography to yield the cyclo-
adducts.

Ethyl 4-nitro-5-phenylpyrrolidine-2-carboxylate (3a).
White powder, mp 77-7€; 'H NMR (CDCl,
200 MHz): 7.32 (s, 5H, Ph), 5.18 (td, 1HI=3.2 and
5.5 Hz, H-4), 4.55 (d, 1HJ=5.6 Hz, H-5), 4.30 (g, 2H,
J=7.2 Hz, OCH), 4.04 (t, 1H,J=8.4 Hz, H-2), 2.95 (br s,
1H, NH), 2.51 (m, 2H, H-3), 1.33 (t, 3H, CH); **C NMR
(CDCl;, 75MHz): 172.0 (&0O), 134.2 (Ph-1C), 128.6
(Ph-2 and 8C), 128.5 (Ph-&), 126.1 (Ph-3and 3C),
96.7 (C-4), 68.5 (C-5), 61.6 (OGH 59.2 (C-2), 35.9
(C-3), 14.1 (CH); MS m/z (relative intensity, %): 265
(M*, 5), 218 (4), 191 (36), 144 (100), 177 (28), 91 (10),
77 (10); IR (KBr, cnr?): 2984, 2928, 1730, 1547, 1436,
1372, 1261, 1201, 1111 (Found: C, 59.17; H, 6.19; N,
10.51%. G3H16N,0,4 requires C, 59.08; H, 6.10; N, 10.60).

Ethyl 5-(4-methoxyphenyl)-4-nitropyrrolidine-2-carboxy-
late (3b). White powder, mp 82—8€; 'H NMR (CDCl,,
200 MHz): 7.24 (d, 2HJ=8.9 Hz, Ar-2H and 6H), 6.87
(d, 2H,J=8.9 Hz, Ar-3H and 8H), 5.15 (td, 1HJ=2.8 and
5.6 Hz, H-4), 4.54 (d, 1HJ=5.4 Hz, H-5), 4.32 (g, 2H,
J=7.0 Hz, OCH), 4.05 (dd, 1H,J=6.4 and 9.3 Hz, H-2),
3.79 (s, 3H, OCH), 2.74 (m, 2H, H-3), 1.35 (t, 3H, CH);
13C NMR (CDCl, 75 MHz): 172.1 (G-0), 159.7 (Ar-4C),
127.2 (Ar-2 and 8C), 122.1 (Ar-1C), 114.1 (Ar-3 and
5'C), 89.3 (C-4), 68.3 (C-5), 61.7 (OGH 59.3 (C-2),
55.1 (OCH), 35.9 (C-3), 14.2 (CH); MS m/z (relative
intensity, %): 294 (M, 7), 247 (35), 221 (62), 174 (100),

278 (M, 5), 232 (7), 205 (56), 158 (10r(])1|), 143 (18), 131
(63), 115 (15), 91 (19), 79 (26); IR (KBr, cm): 3309, 2981,
2927, 2867, 1728, 1549, 1437, 1375, 1263, 1203, 1115,
1038, 919 (Found: C, 60.25; H, 6.63; N, 10.1,4€;gN,O,
requires C, 60.42; H, 6.52; N, 10.07).

Ethyl 4-nitro-5-(4-trifluoromethylphenyl)pyrrolidine-2-
carboxylate (3f). White powder; mp 78; 'H NMR
(CDCls, 200 MHz): 7.61 (d, 2H,J=8.4Hz, Ar), 7.46
(d, 2H, J=8.4 Hz, Ar), 5.25 (td, 1H,J=3.6 and 5.6 Hz,
H-4), 4.63 (d, 1HJ=5.6 Hz, H-5), 4.32 (q, 2HJ=7.2 Hz,
OCH,), 4.07 (t, 1H,J=8.6 Hz, H-2), 2.76 (m, 2H, K3),
1.34 (t, 3H, CH); **C NMR (CDCk, 75 MHz): 171.9
(C=0), 138.5 (Ar-1C), 130.7 (quartet)=32.5 Hz, Ck),
126.8 (Ar-3 and 5C), 126.2 (Ar-4C), 125.6 (Ph-2and
6/'C), 88.9 (C-4), 67.7 (C-5), 61.8 (OGH 59.1 (C-2),
35.7 (C-3), 14.1 (Ch); MS nvz (relative intensity, %):
332 (M', 1), 286 (3), 259 (19), 212 (100), 185 (20), 172
(9), 115 (11); IR (KBr, cm?Y): 3323, 2991, 2908, 1740,
1620, 1555, 1420, 1373, 1330, 1209, 1166, 1125, 1069,
1017 (Found: C, 50.74; H, 4.57; N, 8.41,8:5FsN,0,
requires C, 50.61; H, 4.55; N, 8.43).

Ethyl 5-(2-methylphenyl)-4-nitropyrrolidine-2-carboxy-

late (3g). White powder; mp 9%C; *H NMR (CDCl,,

200 MHz): 7.33-7.17 (m, 4H, Ar), 5.25 (td, 1H=2.6
and 6.4 Hz, H-4), 4.70 (d, 1H)=5.8 Hz, H-5), 4.31 (q,
2H, J=7.1 Hz, OCH), 4.01 (dd, 1H,J=4.2 and 7.8 Hz,
H-2), 2.78 (m, 2H, HB3), 2.39 (Ar—CH), 1.35 (t, 3H,
CHs); *C NMR (CDChk, 75 MHz): 172.7 (G0), 137.8
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(9), 135.7 (q), 130.7 (CH), 128.1 (CH), 128.1 (CH), 126.4
(CH), 90.7 (C-4), 66.5 (C-5), 61.8 (OG} 58.8 (C-2), 35.7
(C-3), 19.3 (Ar—CH), 14.1 (CH); MS nvz (relative inten-
sity, %): 278 (M', 5), 231 (5), 205 (50), 158 (100), 143 (16),
131 (53), 115 (17), 91 (17), 78 (24); IR (neat, tm 3349,

643

55.9 (OCH), 55.6 (OCH), 52.2 (CH0,C), 45.8 (C-5), 33.5
(C-2), 27.8 (C-6); IR (nujol, cm?): 1727, 1606, 1542, 1508,
1211, 1116, 1012; MSnwz (relative intensity, %): 337
(M™,100), 321 (9), 306 (10), 292 (37), 192 (72), 114 (65),
85 (58), 57 (67) (Found: C, 63.27; H, 6.48; N, 9.25.

2982, 2935, 1738, 1552, 1462, 1371, 1209, 1130, 1034 C,¢H,0N,Op requires C, 63.14; H, 6.62; N, 9.20).

(Found: C, 60.29; H, 6.67; N, 10.12.,41,gN,O, requires
C, 60.42; H, 6.52; N, 10.07).

Ethyl 5-(2,3-dimethoxyphenyl)-4-nitropyrrolidine-2-car-
boxylate (3h). pale yellow oil; *H NMR (CDCl,
200 MHz): 7.02—6.82 (m, 3H, Ar), 5.27 (dt, 1H=2.5
and 5.3Hz, H-4), 4.74 (d, 1HJ=5.3 Hz, H-5), 4.27
(g, 2H, OCH), 4.12 (dd, 1HJ=6.5 and 9.1 Hz, H-2), 3.93
(s, 3H, OCH), 3.84 (s, 3H, OCH), 2.75 (m, 2H, H-3), 1.29
(t, 3H, CHy): °C NMR (CDCk, 75 MHz): 172.0 (G-0),
151.9 (q), 146.2 (q), 127.3 (q), 124.0 (q), 117.1 (CH),
112.8 (CH), 88.3 (C-4), 63.5 (C-5), 61.8 (C-2), 60.6
(OCH,), 58.7 (OCH), 55.7 (OCH), 36.3 (C-3), 14.1
(CHg); MS mvz (relative intensity, %): 324 (M, 13), 277
(15), 251 (52), 204 (100), 189 (27), 177 (15), 162 (32); IR
(neat, cm~): 3343, 2989, 2938, 1739, 1554, 1463, 1377,
1207, 1132, 1031 (Found: M 324.1323. GsHyN,Og
requires 324.1321).

Ethyl  4-nitro-5-(2-nitrophenyl)pyrrolidine-2-carboxy-
late (3i). Pale yellow oil;*"H NMR (CDCl;, 250 MHz):
8.19 (s, 1H, Ar-2H), 8.12 (d, 1H,J=8 Hz), 7.64 (d, 1H,
J=8 Hz), 7.48 (t, 1H,J=8 Hz), 5.23 (dt, 1H,J=2.5 and

6 Hz, H-4), 4.66 (d, 1H,J=6 Hz, H-5), 4.27 (g, 2H,
J=7 Hz, OCH,), 4.04 (dd, 1H,J=4 and 7 Hz, H-2), 2.76
(m, 2H, H-3), 1.26 (t, 3H, Ck); °C NMR (CDCk,
75 MHz): 171.9 (&0), 148.5 (q), 137.3 (q), 132.5 (CH),
130.1 (CH), 123.9 (CH), 122.3 (CH), 89.0 (C-4), 67.4 (C-5),
62.1 (CH), 59.2 (C-2), 35.6 (C-3), 14.3 (GH IR (neat,
cm b): 3326, 2998, 1741, 1622, 1557, 1425, 1379, 1201,
1167, 1069, 1030 (Found: M 309.0964. GgH1sN3Og
requires 309.0961).

1,3-Dipolar cycloadditions of isoquinolinium salts 4a and
4b and nitroethylenes generated in situ—general pro-
cedure

Methyl  8,9-diethoxy-1,2,3,5,6,18-hexahydro-1-nitro-
pyrrolo[2,1-alisoquinoline-3-carboxylate (5b2. Yield:
66%; pale yellow powder; mp 121-1Z3 "H NMR
(CDCls, 250 MHz): 6.60 (s, 1H, H-10), 6.59 (s, 1H, H-7),
5.46 (dt, 1H, J=6.6 and 2.0Hz, H-1), 4.82 (d, 1H,
J=6.6 Hz, H-1M), 4.28 (t, 1H, J=7.1 Hz, H-3), 4.04
(m, 4H, 2XCH,CHj3), 3.77 (s, 3H, CHOOC), 3.30-3.18
(m, 1H, H-2), 3.09-2.94 (m, 1H, H-2), 2.90-2.50 (m, 4H,
H-5 and H-6), 1.42 (t, 6H,J=7.5Hz, 2CH,CHy);
C-NMR (CDCk, 75 MHz): 173.3 (G0), 148.1 (C-8),
146.9 (C-9), 128.5 (C-1®), 122.5 (C-&), 113.3 (C-7),
112.0 (C-10), 89.3 (C-1), 64.9 and 64.753(&nd 1),
64.8 and 64.4 (Ch, 52.3 CH300C), 45.9 (C-5), 33.6
(C-2), 27.9 (C-6), 14.9 (C}CH,), 14.8 (CHCHy); IR
(nujol, cm™%): 1725, 1543, 1385, 1378, 1300, 1332, 1254,
1216, 1152, 1117; CIM3nz (relative intensity, %): 365
(M™, 100), 349 (11), 337 (13), 320 (29), 305 (10), 291
(10), 220 (30) (Found: C, 59.44; H, 6.60; N, 7.49.
C1gH24NL-06 requires C, 59.33; H, 6.64; N, 7.69).

Methyl 5/,6'-dimethoxy-3'-nitro-2-oxo-1,1',2,2,3,3a,8,9'-
octahydro spiro[indolo-(3,2)-pyrrolo[2,1a]isoquinoline]-
1-carboxylate (10a).Yield: 73%; pale yellow powder; mp
207-209C; *H NMR (CDCls, 250 MHz): 8.90 (s, 1H, NH),
7.52 (d, 1H,J=7.5 Hz, H-4), 7.24 (t, 1HJ=7.5 Hz, H-5),
7.03 (t, 1H,J=7.5 Hz, H-6), 6.88 (d, 1HJ=7.5 Hz, H-7),
6.66 (s, 1H, H-4), 6.63 (s, 1H, H-7, 5.66 (d, 1HJ=7.0 Hz,
H-3), 5.19 (d, 1H,J=7.0 Hz, H-3), 4.34 (s, 1H, H-1),
3.86 (s, 3H, OCH), 3.76 (s, 3H, OCH), 3.29 (s, 3H, CHO),
3.50-3.08 (m, 2H, Ch), 2.91 (t, 1HJ=11.7 Hz, CH), 2.46
(d, 1H,J=16 Hz, CH); 13C NMR (CDCk, 75 MHz): 175.9
(ester G-0), 168.7 (C-2), 148.5 (Cp 148.3 (C-B), 141.6
(C-7a), 130.4 (C-6), 127.6 (Cb3), 126.9 (C-&), 125.9 (C-
4),123.4 (C-&’), 123.2 (C-5), 111.8 (C{y, 110.4 and 108.9
(C-7 and C-4), 94.9 (C-3), 67.6 (C-&'), 59.9 (C-1), 59.3
(C-3),56.1 (XOCHg), 52.1 (CQCHjy), 45.3 (C-9), 22.9 (C-

The corresponding acetoxy-nitroethylene (1.5 mmol) and 8'); MS nvz (relative intensity, %): 454 (M, 100), 407 (19),

isoquinolinium salt (1 mmol) were dissolved in dry toluene 264 (22), 218 (25), 204 (15), 192 (80), 161 (54); IR (nujol,
(8 mL) and dry triethylamine (2 mmol) was added dropwise cm™Y): 3304, 1760, 1735, 1617, 1553, 1540, 1469, 1453,
with good stirring. After 1 h at room temperature ether 1402, 1367, 1333, 1306, 1257, 1204 (Found: C, 61.07; H,
(10 mL) and saturated aqueous ammonium chloride solu-5.01; N, 9.27. GH,3N3O; requires C, 60.92; H, 5.11; N,
tion (20 mL) were added. The organic layer was dried 9.27).

over magnesium sulfate, filtered and evaporated to yield
the cycloadducts, which were purified by recrystallisation. Methyl 5’,6'-diethoxy-3'-nitro-2-oxo-1,1,2,2,3,34,8',9'-
octahydro spiro[indolo-(3,2)-pyrrolo[2,1a]isoquinoline]-
1-carboxylate (10b). Yield: 75%; pale yellow powder;
mp 183-185C; 'H NMR (CDCl;, 250 MHz): 9.00 (s, 1H,
NH), 7.55 (d, 1H,J=7.5 Hz, H-4), 7.26 (t, 1HJ)=7.5 Hz,
H-5), 7.05 (t, 1H,J=7.5 Hz, H-6), 6.90 (d, 1HJ=7.5 Hz,
H-7), 6.69 (s, 1H, H-9, 6.66 (s, 1H, H-7), 5.66 (d, 1H,
J=7.3 Hz, H-3),5.21 (d, 1HJ=7.3 Hz, H-&'), 4.37 (s, 1H,
H-1'), 4.10 (q, 2HJ=7.0 Hz, CH), 3.98 (q, 2H,J=7.0 Hz,
CH,), 3.31 (s, 3H, CHO,C), 3.41-3.14 (m, 2H, C}), 2.91
(t, 1H,J=13.5 Hz, CH), 2.47 (d, 1HJ=16 Hz, CH), 1.46
(t, 3H, CH), 1.39 (t, 3H, CH); **C NMR (CDCk, 75 MHz):
175.9 (ester €0), 168.8 (C-2), 148.2 (CZj 148.1 (C-5),

Methyl 8,9-dimethoxy-1,2,3,5,6,16-hexahydro-1-nitro-
pyrrolo[2,1-aJisoquinoline-3-carboxylate (5a).Yield: 63%;
pale yellow powder; mp 88-9Q; H NMR (CDCl,
250 MHz): 6.58 (s, 2H, H-7 and H-10), 5.48 (dt, 1H,
J=6.5 and 2.0 Hz, H-1), 4.84 (d, 1H=6.5 Hz, H-1D),
4.28 (t, 1H,J=7.1 Hz, H-3), 3.84 (s, 3H, OCH) 3.83 (s,
3H, OCH), 3.77 (s, 3H, CHO), 3.31-3.18 (m, 1H, H-2),
3.08-2.95 (m, 1H, H-2), 2.90-2.51 (m, 4H, H-5 and H-6);
3C NMR (CDCL, 75 MHz): 173.1 (G-0), 147.9 (C-8),
147.2 (C-9), 128.2 (C-1), 122.4 (C-&), 111.3 (C-7),
109.4 (C-10), 89.2 (C-1), 64.8 and 64.7 (C-3 and ®)10
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141.6 (C-7a), 130.4 (C-6), 127.7 (®'3, 127.0 (C-&), 5. (a) Feuer, H.; Hirschfeld, A.; Bergmann, E. Detrahedron
1259 (C-4), 123.4 (C4&), 123.2 (C-5), 113.8 (C47, 1968 24, 1187. (b) Flaugh, M. E.; Crowell, T. A.; Clemens,
111.1 and 110.3 (C-7 and C)494.9 (C-3), 67.7 (C-3a), J. A.; Sawyer, B. DJ. Med. Chem1978 22, 63. (c) Confalone,
64.9 (CH), 64.7 (CH), 59.9 (C-1), 59.4 (C-3), 52.1 P. N.; Lollar, D. E.; Pizzolato, G.; Uskokovic, M. R. Am. Chem.
(COCH3), 45.3 (C-9), 23.0 (C-8); 14.9 (ChH), 14.8 S0c.1978 100, 6291. (d) Confalone, P. N.; Lollar, D. E.; Pizzolato,
(CHy); CIMS nvz (relative intensity, %): 482 (M, 100), G.; Uskokovic, M. R.J. Am. Chem. Socl98Q 102 1954. (e)
466 (6), 435 (15), 292 (12), 220 (44); IR (nujol, chy: Ranganathan, D.; Ranganathan, S.; Rao, C. B.; Kesavan, K.
1760, 1718, 1615, 1565, 1513, 1254, 1227, 1203, 1142, Synthesis198Q 884. (f) Barco, A.; Benetti, S.; Pollini, G. P.;
1103 (Found: C, 62.18; H, 5.77; N, 8.71.,88,7N30; Spalluto, G.Synthesis1991 479. (g) Barco, A.; Benetti, S.;

requires C, 62.36; H, 5.65; N, 8.73). De Risi, C.; Pollinii G. P.; Romagnoli, R.; Zanirato, V.
) ) ) Tetrahedron Lett.1994 35, 9293. (h) Barco, A.; Benetti, S.;
3-Acetoxy-3-nitromethyl-2,3-dihydroindol-2-one (7) 3-Hy- De Risi, C.; Pollinii G. P.; Romagnoli, R.; Zanirato, V.

droxy-3-nitromethyl-2,3-dihydroindol-2-one 6 (2.08 9, 10 Tetrahedron Lett1996 37, 7599. (i) Barco, A.; Benetti, S.; Pollini,
mmol) was heated under reflux in acetyl chloride (20 ML) G, p.; casolari, A.; Spalluto, G.; Zanirato, ¥.Org. Chem1992,

overnightin Ar atmosphere. After the removal of solventthe 57 6279, (j) d’Angelo, J.; Cave, C.; Desmaele, D.; Gassama, A.;

remaining solid was triturated with e}her to yield a white  thominiaux, C.: Riche, CHeterocycled998 47, 725. (k) Posner,
powder (2.32 g, 93%); mp 136—1%7, "H NMR (DMSO- G. H.; Crouch, R. DTetrahedron199Q 46, 7509. (I) Dugat, D.;
dg, 250 MHz): 7.35 (d, 1HJ=7.5 Hz, H-4), 7.32 (t, 1H, Benchekroun-Mounir, N.; Dauphin, G.; Gramain, J.C.Chem.
J=7.5Hz, H-5), 7.00 (t, 1HJ=7.5 Hz, H-6), 6.89 (d, 1H, Soc., Perkin Trans.,11998 2145. (m) Li, C.; Yuan, CSynthesis
J=75 Hz, H-7), 5.20 (d, 1H]=12.9 Hz, CH), 506 (d, 1H, 1993 471, (n) Flintoft, R. J; Buzby, J. C.; Tucker, J. A.
J=12.9 Hz, CH), 2.06 (s, 3H, CH); ~C NMR (CDCL, Tetrahedron Lett1999 40, 4485.

75 MHz): 172.1 (ester €0), 168.0 (C-2), 142.9 (C4&), '
130.9 (C-6), 124.3 (C-4), 123.9 (3B 122.1 (C-5), 110.4
(C-7), 77.9 (CH), 76.5 (C-3), 20.3 (CH); IR (nujol, cm Y):
3348, 1754, 1731, 1614, 1548, 1318, 1231, 1040, 964; MS
m/z (relative intensity, %): 251 (M, 4), 191 (34), 174 (5),
161 (15), 146 (40), 61 (100) (Found: C, 52.88; H, 4.04; N,
11.27. G4H1gN,Os requires C, 52.80; H, 4.03; N, 11.20).

6 Ranganathan, D.; Ranganathan, S.; Bamezaife®ahedron
Lett. 1982,23, 2789.
7. Ranganathan, D.; Rao, B. C.; Ranganathan, S.; Mehrotra, A. K.;
lyengar, R.J. Org. Chem1980,45, 982.
8. Sasaki, T.; Eguchi, S.; Yamaguchi, M.; EsakiJTOrg. Chem.
1981,46, 1800.
9. Padwa, A.; Fisera, L.; Koehler, K. F.; Rodriguez, A.; Wong, G.
S. K.J. Org. Chem1984,49, 276.
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