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Abstract: The Michael addition reactions of B-nitrostyrenes 1 with 4-pentene-1-magnesium bromide
2a or 3-butene-1-magnesium bromide 2b generated nitronates 3 or 4. Medium to high yields of
isoxazolidine derivatives 9 and 10 were abtained when nitronates 3 or 4 were treated with ethyl
chloroformate and catalytic amount of 4-dimethylaminopyridine (DMAP) at room temperature in one-pot
and the ratios of trans-9:cis-9 were from 1:3.00 to 1:4.06 and the ratios of #rans-1 0:cis-10 were >99.1.
The formation of compounds 9 is proposed to proceed through intramolecular nitrile oxide-olefin
cycloadditions (INOC) because compounds 14a-d, obtained from the trapping of the nitrile oxides by
ethyl chloroformate, could be isolated. The mechanism of the generation of compounds 10 is proposed
to proceed through intramolecular alkoxycarbonyl nitronate-olefin cycloadditions (IAOC) to form

intermediates N-(ethoxycarbonyl)isoxazolidines 13 and then eliminate EtOH and CO, (or EtOCOZH) to
yield the final products. © 1999 Elsevier Science Ltd. All rights reserved.
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nucleophiles in the conjugate addition due to the high electron density on carbon. «,B-Unsaturated ketones,
aldehydes, esters, nitriles, and nitro or sulfonyl compounds are the substrates most often used in this type
reaction. Nitro olefins are useful intermediates in organic synthesis.! Due to the strong electron-withdrawing
property of the nitro group, conjugated nitroalkenes are excellent Michael acceptors and the nitro group can be
further transformed into a host of reactive intermediates, including silyl nitronates,? nitrile oxides, and
hydroximoyl chlorides.* Intramolecular 1,3-dipolar cycloadditions have been proved to be useful in synthetic

utility.> Among these reactions, intramolecular nitrile oxide-olefin cycloadditions (INOC),35 intramolecular silyl
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nitronate-olefin cycloadditions (ISOC),? and intramolecular oxime-olefin-cycloadditions (I0OC)? are useful
methods to generate [n.3.0] bicyclic compounds which can be converted into different products.

0040-4020/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
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Reactions of conjugate nitroalkenes with Grignard reagents to generate nitroalkanes or aldehydes have

been reported.” Our previous study found that medium to high yields of nitroalkanes can be generated when
nitronates were added to the dilute aqueous acid solution and high yields of hydroximoy] halides, nitrile oxides or
carboxylic acids can be obtained when the same intermediates were treated with ice-cold concentrated aqueous
hydrohalic or sulfuric acid solution.® The application of the use of nitrile oxides and olefin to undergo inter- or
intramolecular 1,3-dipolar cycloadditions to yield [4.3.0] and [3.3.0] bicyclic products also has been reported in
these studies.® In 1997, Hassner also have reporied that the same five- and six-membered carbocycles can be
prepared by treating the same nitronates with di-fert-butyl dicarbonate [(t-buOL )»O] and 4-
dimethylaminopyridine (DMAP) or with trimethylsilyl chloride.?

Nitrile oxides are important intermediates in the synthesis of isoxazoles and of many five-membered

m

heterocyclic system via 1,3-dipolar cycloaddition reactions.> Two most widely used mi
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oxides are: (1) reaction of aldoximes with oxidizing agents!® or halogenating species!! and (2) reaction of

primary nitroalkanes with dehydrating agents,? e.g. aromatic isocyanates in the Mukaiyama-Hoshino method 32 or

membered carbocycles fused to isoxazolines from the reactions of B-nitrostyrenes 1 with alkenyl Grignard

reagent 2a or 2b to generate nitronates 3 or 4 and then treat 3 or 4 with ethyl chloroformate and catalytic amount
of DMAP in one-pot.

Results and Discussion
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nitro olefins can proceed fairly smoothly.g’ Reaction of fS-nitrostyrene ia (1 equivalent) with 4-pentene-1-

magnesium bromide 2a (2 equivalents) in THF at -10 °C generated nitronate 3a. When 3a was dropwise added
to the ice-cold concentrated hydrobromic acid (48%) solution, 95% (NMR vyield) of hydroximoyl bromide 5a an
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trace amounts of frans-9a and cis-9a were generated. Similar result was also observed when 1a reacted

butene- 1-magnesium bromide 2b under similar conditions to generate 93% of 6a (Scheme 1 and Table 1).8

{4.3.0] Bicyclic compounds frans-9a and cis-9a (88%) were generaied and the ratio of trans-9a:cis-9a
approximately equal to 1:4.50 according to the crude NMR and/or gas chromatography analysis when 3a was
workup with ice-cold concentrated hydrobromic acid solution and then the dichioromethane extract was treated
with triethylamine at room temperature. Similarly, 80% of [3.3.0] bicyclic compounds trans-10a and cis-10a
were produced and the ratio of frans-10a:cis-10a was 2.45:1 (GC analysis) when 4a was treated with

hydrobromic acid and triethylamine as described above (Table 2).8
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Scheme 1

Table 1. Reactions of Nitro Olefins with Grignard Reagents 2a or 2b in THF and Workup with Ice-Cold
Concentrated Aqueous Hydrobromic Acid Solution

entry substrate g;i;:rir (21 products );Zl\ds"
1 1a 2a 5a 95b.c
2 1d 2a 5d 93?
3 1a 2b 6a 93
4 1g 2b 6g 90

4 Yields were measured by 'H NMR from integrations with a known amount of internal standard.
b Reference 8. ¢ Product 5a (90%) and trace amounts of trans-9a and cis-9a were isolated.
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Tahle 2. Reactions of Nitro ngfms 1a-g with Grignard Reagents 2a or 2b in THF and Workup with
Ice-Cold Concentrated Aqueous Hydrobronnc Acid Solution and then Triethylamine to Generate
Products 9 or 10

Grignard yields” trans:cis®
entry substrate rangant Y compounds PPON o
IDGEUIIL r+ xr (‘70) 9 Or 10
1 1a 2 Q92 88 1:4.50
2 ib 2a 9b 98 1:3.84
3 1c 2a 9¢ 95 1:445
4 id 2a 9d 85 1:1.00
5 le 2a 9¢ 94 1:341
6 1f 2a 9f 92 -
7 Ig 2a 9g 98 1:3.37
8 1a 2b 10a 80 245:1
9 1b 2b 10b 80 2.16:1
10 1c 2b 10c¢ 60 224 :1
11 1d 2b 10d 70 2.69:1
12 le 2b 10e 55 2.80:1
13 1f 2b 10f 95 -
14 1g 2b 10g 73 240:1

4 Yields were measured by 'H NMR with a known amount of internal standard.
b Gas chromatography analysis.

The formation of the different isomers 9 and 10 can be explained by the generation of the nitrile oxide 7
or 8 to undergo intramolecular cycloaddition with olefin (INOC) to yield the final products as previously reported

and the mechanism is shown as Scheme 1.8

When ethyl chloroformate (CICOOE) and catalytic amount of DMAP were siowly added to nitronate 3a at room
temperature and stirred for 10 hours, 95% of 9a were generated and the ratio of trans-9a:cis-9a was 1:4.06
(Table 3, entry 1). Not only 75% of 9b but aiso 20% of 14a and 14b (aimost equal amount) couid be isolated
when nitronate 3b reacted with the same reagents (Table 3, entry 2). Similarly, 56% of 9¢ and 30% of 14¢ and

14d (approximately equal amount) were generated when 1c¢ was used (Table 3, entry 3).
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After obtaining high yields of products 9, we also tried to react 4a with ethyl chloroformate and DMAP as
described above. Only trans-10a was isolated in 75% yield (80% NMR yield) and none of cis-10a was isolated
after column purification (Table 3, entry 8). The crude NMR or gas chromatography analysis also indicated none
of cis-10a could be detected. Similarly, only trans-10b-g (48-95%) were isolated when 1b-g, respectively,
reacted with 2b under similar conditions and all the experimental results were shown in Table 3 (entries 9-14).

Table 3. One-Pot Reactions of Nitro Olefins 1a-g with Grignard Reagents 2a or 2b in THF and then Ethyl
Chioroformate and Cataiytic Amount of DMAP Were Slowly Added to the Solution to Generate
Drnr‘nnhz Q or 10

Fap v S1eie)

entry substrate g’:gg:rir (21 compounds );i;l)ds“ tr;er:;_- ;:;b
1 la 2a %a 95 1:4.06
2 1b 2a 9b 75¢ 1:4.00
3 1c 2a 9c 564 1:3.00
4 1d 2a Sd 97 i:3.i0
5 le 2a 9e %6 1:3.00
6 1f 2a 9f 95 -
7 Ig 2a 9% 96 1:3.13
8 1a 2b 10a 80 >99:1
9 1b 2b 10b 80 >99:1
10 ic 2b idc 60 >99:1
11 1d 2b 10d 70 >99:1
12 le 2b 10e 48 >99:1
13 1f 2b 10f 95 -
14 Ig 2b 10g 60 >99:1
* Yields were measured by 'H NMR with a known amount of internal standard

b Gas chromatography analysis.
¢ About 20% of 14a and 14b were isolated.

4 About 30% of 14c and 14d were isolated.

Structure and stereochemistry of compounds 9 and 10 could be assigned by comparing the spectrum with

the literature data.3:? The formation of compounds 9 is proposed to proceed through the generation of the nitrile
oxides 7 as intermediates to undergo INOC reactions to yield the final products (Scheme 2). The following
observations evidently support this proposed mechanism. First, the isolation of products 14a-d, obtained from



the trapping of the nitrile oxides by ethyl chloroformate, ! is the significant evidence to support this assumption.
Second, the ratios of trans-9:cis-9 which were observed by treating nitronates 3 with ethyl chloroformate and
DMAP (Table 3, entries 1-7) were very close to the ratios of frans-9.cis-9 when the same nitronates 3 were
treated with concentrated hydrobromic acid solution and triethylamine (Table 2, entries 1-7). On the contrary, the
generation of product 10 is proposed to proceed through ITAOC step because only the trans isomers are formed
under similar condition. The stereochemistry of the ethoxycarbonyl nitronate cycloaddition is proposed to be
similar to the analogous nitrone and silyl nitronate cycloadditions because in these cases the transition states

leading to N-substituted isoxazolidines can be assumed to have similar geometries.?13:14
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generated when nitronate 3a was treated with di-fer-butyl dicarbonate and DMAP.® Based on above results, we
found ethyl chloroformate is a better reagent than di-fers-butyl dicarbonate to undergo nitronate transformation in
one-pot condition. All experimental data also indicated that we have developed an improved, easy, and efficient

method to synthesize high yields of five- and six-membered rings by using B-nitrostyrenes, alkenyl Grignard

reagents, ethyl chloroformate and DMAP in one-pot. The advantages of this method are (a) the starting materials
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such e and DMAP are easily prepared or commercially available, (b) the use

uch as S-nitrostyr
of the highly toxic and cancer suspect reagent such as HMPA or flammable and corrosive reagent such as TMSCI

is avoidable,? (c) the reaction conditions are mild, for example, the transformation of the nitronates into
ethoxycarbony!l nitronates and the entire sequences of IAOC or INOC reactions proceed smoothly at room
temperature, (d) the experimental and workup procedures are simple and easy compared to the literature
procedures, and (e) the yields of the products are excellent and the products are easily purified because the major
byproducts such as CO, and EtOH (or EtOCOOH) are gas or soluble in water during the workup procedures.

Conclusion
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measured by JEOL JMS-D300 or JEOL JMS-HX110 spectrometer. 'H and '°C NMR spectra were recorded
with a Varian Gemini-200 or JEOL EX-400 instrument. All NMR data were obtained in CDCl3 solution and

s

chemical shifts (8) were given in ppm relative to TMS.

Materials. Compounds 1la-e, 5-bromo-1-

WEIE preparca accoraing to th



and INOC Reac ion by use of Concenirated Hydr €
(Tables 1 and 2):® To a stirred solution of the Grignard reagent 4-pentene-1-magnesium bromide 2a (4.0
mmol), prepared from 4-pentene-1-bromide (4.0 mmol) and magnesium (4.0 mmol), in dried THF 20 mL was
added B-nitrostyrene 1a (2 mmol) in THF 20 mL at -10 ©C. After the starting material 1a had disappeared by

che(,kmg with TLC plate, the nitronate 3a was slowly added to 100 mL of the ice-cold concentrated hydrobronnc
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solution under similar experimental conditions and procedures (Table 1, entry 3). [4.3.0] Bicyclic products
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eaperature ana tie l'dll() OI frans- Yd ClS-’tl was 1:4.0U (1abie £, CIIly 1) aliCr workup [2.2.U] BICYCIIC
products trans-10a and cis-10a (80% NMR yield) and the ratio of rrans-10a:cis-10a was 2.45:1 when 4a was
workup with hydrobromic acid and triethylamine (Table 2, entry 8). The sp I data of compounds Sa, 5d,

trans-9a-b, trans-9d, 9f, cis-9a-b, cis-9d, trans-10a-b, 10f, and cis-10a-b are all consistent with the

2-Phenyl-6-heptenohydroximoyl Bromide (5a):3® Brown liquid. 1H NMR (200 MHz,
3.86 (t,J

£)

0
"

(m, 4H), 1.50-1.26 (m, 2H). 13C NMR (50 MHz, CDCl3) 139.0, 138.6, 138.1, 128.5, 128.1, 127.4, 114.9,
4. MS m/z (relative intensity) 283 [(M+2)™, 2], 281 (M*, 3), 202 (60), 185 (24), 170
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2-(2-Thienyl)-6-heptenohydroximoyl Bromide (5d):8® Brown liquid. 1H NMR (200 MHz,

CDCl3) 8.35 (s, 1H), 7.23 (d, J = 3.4 Hz, 1H), 6.97 (dd, J = 3.4, 2.6 Hz, 1H), 6.95 (d, J = 2.6 Hz, 1H),
5.81-5.74 (m, 1H), 5.05-4.96 (m, 2H), 4.15 (dd, J = 6.8, 6.4 Hz, 1H), 2.22-1.84 (m, 4H), 1.52-1.36 (m,

Vilk, 1R2), \ii &£11) 2L, 221/, &&&72.07 2,

7, 1247, 115.0, 48.6, 33.5, 33.2, 26.7.

+

). *"CNMR (50 MHz, CDCl3) i42.4, 138.0, 137.8, 126.7, 125.
MS m/z (relative intensity) 289 [(M+2)*, 5], 287 (M ™, 5), 272 (7), 270 (7), 256 (7), 254 (8), 220 (13), 218
(14), 208 (55), 177 (29), 149 (38), 138 (85), 123 (65), 108 (26), 97 (100). HRMS calcd for CjH4BrNOS

[(M-]Y*'] 286.9980), found 287.0002



Frﬂ/—vf\n EY t nz{o

7.36-7.22 (m, 5H), 5.8 8 (m, 1H .
NMR (50 MHz, CDC]3) 138.9, 138.3, 137.4, 128.6, 128.2, 127.5, 115.6, 53.3, 3
CioH4BINO [(M+2)*] 270.0317 , found 270.0300; calcd 268.0337 (M*), found 268.0

2-(2-Phenylethyl)-5-hexenohydroximoyl Bromide (6g): This compound was brown liquid and
unstable during the flash column purification and underwent dehydrobromination to generate compounds trans-
and cis-10g. The crude NMR data were described as the following. IH NMR (200 MHz, CDCl3) 8.07 (s

[e o
& auu Lo ivavisN G

br, 1H), 7.32-7.14 (m, 5H), 5.86-5.66 (m, 1H), 5.05-4.92 (m, 2H), 2.70-1.39 (m, 9H). 13C NMR (50 MHz,
CDCl3) 141.5, 140.1, 137.6, 128.4, 126.0, 115.3, 46.1, 34.7, 33.0, 32.1, 30.8.

trans-3,3a,4,5,6,7-Hexahydro-7-(4-fluorophenyl)cyclohexa[clisoxazole (trans-9c):
Colorless liquid. IH NMR (200 MHz, CDCl4) 7.31-7.21 (m, 2H), 7.09-6.97 (m, 2H), 4.51 (dd, /= 10.6, 7.8
Hz, 1H), 4.21 (d, J = 5.0 Hz, 1H), 3.87 (dd, J = 9.8, 8.0 Hz, 1H), 3.27-3.08 (m, 1H), 2.59-2.47 (m, 1H),

2.15-1.26 (m, 5H). C NMR (50 MHz, CDC13) 161.7 (d, J = 244.3 Hz), 161.2, 134.4 (d, /= 3.1 Hz),
128.8 (d, J= 7.6 Hz), 1155 (d, J = 21.3 Hz), 73.7, 45.7, 37.1, 32.7, 29.9, 20.0. GCMS m/z (relative

intensity) 219 (M*, 39), 188 (70), 161 (55), 147 (26), 135 (44), 109 (100), 96 (30), 67 (55). HRMS calcd for
Cy3H4FNO 219.1059, found 219.1057.

cis-3,3a,4,5,6,7-Hexahydro-7-(4-fluorophenyl)cyclohexafclisoxazole (cis-9c):
Colorless liquid. 1H NMR (200 MHz, CDCl3y) 7.32-7.22 (m, 2H), 7.06-6.94 (m, 2H), 4.55 (dd, /= 10.6, 7.8

Hz, 1H), 3.85 (dd, J = 10.6, 7.8 Hz, 1H), 3.52 (dd, J= 12.2, 4.6 Hz, 1H), 3.36-3.17 (m, 1H), 2.25-1.3

6H). 13¢ NMR (50 MHz, CDCl3) 162.3, 161.8 (d, J= 244.0 Hz), 135.5 (d, J= 3.1 Hz), 129.7 (d, J= 7.6
5.0 (d J=21.3 Hz), 73.6, 49.0, 43.7, 34.7, 32.0, 24.6. GCMS m/z (relative intensity) 219 M, 21D,

trans-3,3a,4,5,6 7—Hexahydro-7-(N-phenyl-3-indolyl)cyclohexa[c]isoxazole (trans-9e):

Colorless liquid. ‘H NMR (200 MHz, (,U(,l3) 7.87-7.82 (m, 1H), 7 7.13 (m, 9H), 4.56 (d, /= 4.6 Hz,
1H), 4.45 (dd, J= 10.6, 8.0 Hz, 1H), 3.90 (t, J = 8.4 Hz, 1H), 3.43-3.24 (m, 1H), 2.65-2.54 (m, 1H), 2.20-

1.36 (m, SH). 13C NMR (50 MHz, CDCly) 161.6, 139.7, 136.3, 129.7, 128.4, 126.5, 125.3, 124.4, 122.8,

120.3, 120.2, 115.2, 110.5, 73.6, 46.1, 33.1, 31.7, 30.9, 20.8. MS m/z (relative intensity) 316 (M™*, 100),
285 (45), 259 (64), 258 (57), 217 (55), 204 (69), 193 (39), 165 (24), 128 (39), 115 (54), 77 (74). HRMS

caled for Cy HygN-oO M M) 316.1576, found 316.1567. Anal. caled : C, 82.28; H, 6.91; N, 5.05. Found: C,
82.72; H, 6.73; N, 4.79.

cis-3,3a,4,5,6,7-Hexahydro-7-(N-phenyl-3-indolyl)cyclohexa[clisoxazole (cis-9e):
Colorless liquid. 1H NMR (200 MHz, CDCl3) 7.87-7.82 (m, 1H), 7.57-7.13 (m, 9H), 4.58 (dd, /= 10.6, 8.0

»
(3]
L8]
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46-3.28 (m, 1H), 2.44-2.16 (m, 1H),
.5, 128.2, 126.2, 126.0, 124.3,

<7 & &; 2&VY; L5

Hz, 1H), 3.91 (dd, J = 10.6, 8.0 Hz, 1H), 3.90 (d, J = 7.0 Hz, 1H),
2.05-1.41 (m, SH). 13C NMR (50 MHz, CDCI 7

122.4, 120.0, 119.6, 115.7, 110.7, 73.6, 49.4, 35.6, 34.8, 32.5, 25.0. MS m/z (relative intensity) 316 (M,
100), 285 (33), 259 (28), 258 (27), 217 (21), 204 (29), 193 (12), 165 (8), 128 (14), 115 (17), 77 (22). HRMS

calcd for C21H29N20 M™) 316.1576, found 316.1578. Anal. calcd : C, 82.28; H, 6.91; N, 5.05. Found: C,
82.50; H, 6.79; N, 4.84. -

trans-3,3a,4,5,6,7-Hexahydro-7-(2-phenylethyl)cyclohexa[clisoxazole (trans-9g):

PR T n M o TN N NQ (- &I\ A 2Q 711 1 INA 7Q LY 11 \ o wm FAA
1C58 11quid. 1 INIVIK (LUV VINLZ, l_,UL,l3) Vo (1, on), 4.0 (44, v = 1V.4, /.0 , 111), \uu,
8

id Hz
= 9.2, 7.8 Hz, 1H), 3.11-2.92 (m, 1H), 2.88-2.65 (m, 2H), 2.33-1.02 (m, 9H). 1 C R (50 MHz,

CDCl3) 162.3, 141.9, 128.0, 1279, 125.3, 72.7, 48.8, 36.8, 32.9, 32.7, 32.6, 32.2, 24.0. MS m/z (relative
intensity) 202 (100), 201 (69), 171 (60), 170 (52), 143 (29), 115 (14), 103 (9), 91 (23). HRMS calcd for

<H:oNO (MY) 229.1467, found 229.1465.
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oXa
0.4, 8.0 Hz, 1H), 3. 2(dd = 9.6,

8.0 Hz, 1H), 3.33-3.14 (m, 1H), 2.95-2.88 (m, 1H), 2.79-2.50 (m, 2H), 2.17-1.23 (m, 8H). 13¢c NMR (50
MHz, CDCl3) 162.2, 141.6, 128.5, 128.3, 125,9 73.3, 45.3, 33.7, 33.5, 32.8, 32.6, 31.2, 19.7. MS m/z
5

(relative intensity) 202 ( 100), 201 (69), 171 (60), 170 (52), 143 (29), 115 (14), 103 (9), 91 (23). HRMS calcd
Py o r AT I\‘+\ NYY 1T ALT £acca d DYDY 1AED
for C5H1gNO (M™) 229.1467, found 229.1459

trans-3a,4,5,6-Tetrahydro-6-(4-fluorophenyl)-3H-cyclopentajcjisoxazole (frans-10c):
Colorless liquid. 11 NMR (200 MHz, CDCly) 7.29-7.19 (m, 2H), 7.07-6.95 (m, 2H), 4.66-4.51 (m, 1H),
4.01-3.80 (m, 3H), 2.91-2.75 (m, 1H), 2.35-2.12 (m, 2H), 1.70-1.49 (m, 1H). 13C NMR (50 MHz, CDCl3)

172 4 1
173.59, 1

55.6, 38.8, 38.7, 28.1. MS m/z (relative intensity) 205 (M™, 74), 174 (48), 147

QA T 442 LT 124812 74

&1 - T =72 \
1.7 (G, v = 244,05 11Z), 150.5 (4, v = 5.1 riZj,
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(
(76), 96 (41), 75 (27). HRMS caled for CoH ,FNO (M*) 205.0903, found 205.

Colorless liquid.
4.01-3.80 (m, 3
173.4, 161.9 (d,
54.5, 39.9, 37.8,

(31), 75 (27). HRMS calcd for C1H 1,FNO (M*+) 205.0903, found

N

05.0902.

trans-3a,4,5,6-Tetrahydro-6-(2-thienyl)-3H-cyclopentajc]isoxazole (trans-10d):
Colorless liquid. I NMR (200 MHz, CDCl3) 7.20 (dd, J = 2.4, 1.8 Hz, 1H), 6.97-6.92 (m, 2H), 4.66-4.50
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(m, 1H), 4.19 (1, J= 8.0 Hz, 1H), 4.02-3.80 (m, 2H), 2.92-2.76 (m, 1H), 2.46-2.12 (m, 2H), 1.68-1.48 (m,
1H). 13C NMR (50 MHz, CDCl2) 170.8, 142.1, 125.5, 122.8, 122.7, 73.6, 52.7, 37.3, 33.5, 26.2. MS m/z

ATAVAMN \ WV ATAL by ANl g Admns anly Adwidess Dy b odewdasi Pl NPy ke d PPty Lll.da

(relative intensity) 193 (M¥*, 100), 162 (42), 136 (36), 122 (25), 110 (74), 96 (68), 91 (29). HRMS calcd for
CyoHNOS (M) 193.0561, found 193.0558.

cis-3a,4,5,6-Tetrahydro-6-(2-thienyl)-3H-cyclopenta[clisoxazole (cis-10d): Colorless
liquid. NMR (200 MHz, CDCl3) 7.20 (dd, J = 5.2, 1.4 Hz, 1H), 7.05 (dd, J= 3.4, 1.4 Hz, 1H), 6.96 (dd, J
= 5.2, 3.4 Hz, 1H), 4.68-4.52 (m, 1H), 4.28 (dd, J H 82-2.63 (m

, =100, 6.0 Hz, 1H), 4.00-3.78 (m, 2H), 2.
1

trans-3a,4,5,6-Tetrahydro-6-(N-phenyl-3-indolyl)-3H-cyclopentalc]lisoxazole (trans-
10e):8> Colorless liquid. 'H NMR (200 MHz, CDCl3) 7.67-7.16 (m, 10H), 4.72-4.50 (m, 1H), 4.35 (dd, J =
10.2, 6.2 Hz, 1H), 4.06-3.87 (m, 2H), 2.95-2.75 (m, 1H), 2.51-2.34 (m, 1H), 2.25-2.06 (m, 1H), 1.80-1.65
(m, 1H). 13C NMR (50 MHz, CDCl3) 173.0, 139.7, 136.7, 129.5, 128.1, 126.3, 125.9, 124.3, 122.6,

1 11

1AN 01 116 4 110 . At 1Ny
12U.1, 11Y.5, 110.4, 11VU.

.1, 32.0, 26.1. MS m/z (relative intensity) 302 (M™, 100), 273
(35), 244 (18), 232 (37), 219 (65), 206 (18), 165 (14), 115 (39), 77 (29). HRMS calcd for CyoH | gN,O M™)
302.1419, found 302.1409.
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/ /

™

~re £2A N ~
, 13.3, 54595, 3

cis-3a,4,5,6-Tetrahydro-6- (N-phenyl-3-indolyl)-3H-cyclopenta[c]isoxazole (cis-10e):
iquid. 'H NMR (200 MHz CDCl3) 7.76-7.12 (m, 10H), 4.68-4.48 (m, 1H), 4.25 (t, J = 8.0 Hz

3 O
s AR * TAES VW ATRELAEY AT - bl b } \&aady K&a) W M s A ’
1H), 4.08-3.84 (m, 2H), 3.10-2.72 (m, 1H), 2.55-2.35 (m, 1H), 2.29-2.12 (m, 1H), 1.82-1.74 (m, 1H). 3¢
NMR (50 MHz, CDCl3) 173.3, 139.6, 136.7, 129.6, 127.7, 126.4, 124.6, 124.3, 122.9, 120.3, 119.8, 116.2,
110.7, 74.9, 54.8, 37.1, 31.7, 28.1. MS m/z (relative intensity) 302 M, 100), 273 (359), 244 (18), 232 (37),

219 (65), 206 (18), 165 (14), 115 (39), 77 (29). HRMS calcd for C20H18N2O (M™*) 302.1419, found
302.1419.

trans-3a,4,5,6-Tetrahydro-6-(2-phenylethyl)-3H-cyclopentajc]isoxazole (trans-10g):
Colorless liquid. 14 NMR (200 MHz, CDCl3) 7.33-7.14 (m, SH), 4.59-4.43 (m, 1H), 3.90-3.68 (m, 2H),

2.86-2.60 (m, 3H), 2.57-2.39 (m, 1H), 2.13-2.00 (m, 1H), 1.96-1.70 (m, 1H), 1.54-1.34 (m, 1H) 13¢
A at] VAl \*22s 73 ey 7y e - At} 7

NMR (SONMHz CTM'1-) 1742 1418 19RF 12784 172960 748 850 613 384 117 280 GOMS m/>

INIVAR AV VIIRZ, i F) 1750, 1717, 1400, 140.9, 14UV, 7.0, JJ.U, JU.J, J2.5, JJ.7, &40.v NI AVAT T4,

cis-3a,4,5,6-Tetrahydro-6-(2-phenylethyl)-3H-cyclopentajc] xazole (cis-10g)
CAalarlage lisniAd H NMD O MU YOI 7227 1A (v STV A SQ A A1 (v 1TLIN 12 Q77 2 L& (e LI
LCO10Css 11ula [LINIVIR 2V AE, LLALLY) 7.00- 114 T, O11), 4.006-4.41 0, 10), 5.6/-5.00 (I, 211),
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14H17NO (M%) 215.1311, found 215.1304.
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1-Chloro-1-(ethoxycarbonyldioxyimino)-2-(4-methoxyphenyl)-6-heptene (14a):

Colorless liquid. 'H NMR (200 MHz, CDCl3) 7.25 (ddd, J = 8.6, 2.0, 1.0 Hz, 2H), 6.87 (ddd, J = 8.6, 2.0,
1.0 Hz, 2H), 5.76 (ddt, J = 17.0, 10.4, 6.6 Hz, 1H), 5.06-4.92 (m, 2H), 4.35 (q, J= 7.2 Hz, 2H), 3.96 (t, J =
7.6 Hz, 1H), 3.80 (s, 3H), 2.21-1.84 (m, 4H), 1.48-1.34 (m, 2H), 1.37 (t, J= 7.2 Hz, 3H). 13C NMR (50
MHz, CDCl3) 159.3, 152.9, 152.4, 138.1, 129.7, 129.3, 115.0, 114.1, 65.3, 55.2, 51.1, 33.2, 31.2, 26.3,
14.1. GCMS m/z (relative intensity) 341 [(M+2)1, 6], 339 (M*, 19), 252 (5), 250 (17), 182 (15), 180 (35),

147 (49), 146 (100), 134 (52), 121 (69), 91 (11), 77 (6). HRMS calcd for Cj7H,pCINO4 [(M+2)*] 341.1208,
found 341.1193; caled (M) 339.1237, found 339.1248

y!r_lmxy- mino)-2-(4-methoxyphenyl)-6-heptene (14b):

)
Colorless liquid. 1H NMR (200 MHz, CDCl3) 7.25 (ddd, J = 8.6, 2.0, 1.0 Hz, 2H), 6.87 (ddd, J = 8.6, 2.0,

1.0 Hz, 2H), 5.76 (ddt, J = 17.0, 10.4, 6.6 Hz, 1H), 5.06-4.92 (m, 2H), 4.35 (g, J= 7.2 Hz, 2H), 3.98 (t, J =
7.6 Hz, 1H), 3.80 (s, 3H), 2.27-1.83 (m, 4H), 1.48-1.34 (m, 2H), 1.38 (t, J= 7.2 Hz, 3H). 13C NMR (50
MHz, CDCl3) 159.2, 152.9, 146.8, 138.1, 129.8, 129.4, 115.0, 114.1, 65.4, 55.2, 52.8, 33.2, 31.8, 26.2,
14.1. GCMS m/;

( 4 (
(10), 77 (5). HRMS calcd for C7HpoBINO,4 [(M+2)*] 385.0712, found 385.0706; calcd (M™) 383.0733,
found 383.0720

1-Chloro-1-(ethoxycarbonyldioxyimino)-2-(4-fluorophenyl)-6-heptene (14¢):  Colorless

liquid. 1H NMR (200 MHz, CDCly) 7.36-7.28 (m, 2H), 7.09-6.98 (m, 2H), 5.76 (ddt, J= 17.2, 10.4, 6.6
Hz, 1H), 5.06-4.93 (m, 2H), 4.35 (g, J = 7.2 Hz, 2H), 3.96 (t, J= 7.8 Hz, 1H), 2.23-1.84 (m, 4H), 1.48-

1345 \113; <22 s 134, LI, J.F O LiL, 113/, &ud

137.9, 133.5 (d, J = 3.1 Hz), 129.7 (d, J = 7.6 Hz), 115.6 (d, J = 21.2 Hz), 115.1, 65.4, 51.2, 33.1, 31.2,
26.2, 14.1. GCMS m/z (relative intensity) 329 [(M+2)*, tr], 327 (M™, 1), 294 (tr), 292 (1), 240 (16), 238
(49), 202 (42), 187 (5), 186 (15), 185 (8), 175 (19), 170 (11), 169 (17), 160 (20), 150 (13), 147 (29), 146 (7),
143 (22), 135 (45), 134 (51), 133 (19), 122 (38), 109 (100). Anal. calcd for C1gHqCIFNO5: C, 58.63; H,
5.84. Found: C, 58.81; H, 5.78.

1-Bromo-1-(ethoxycarbonyldioxyimino)-2-(4-fluorophenyl)-6-heptene (14d):  Colorless

liguid. 1H NMR (200 MHz, CDCls) 7.36-7.25 (m, 2H), 7.09-6.98 (m, 2H). 5.76

...... SYAIR ALY VRIRL, LARaT \Ldly &dkJy (VI TULFU 111y LX),

ddt, J=17.2, 104, 6.6

{
\
Hz, 1H), 5.07-4.93 (rn, 2H), 4.36 (q, J = 7.2 Hz, 2H), 4.02 (t, J = 7.8 Hz, 1H), 2.24-1.83 (m, 4H), 1.52-

131 (m, 2H), 1.38 (t, J = 7.2 Hz, 3H). 13C NMR (50 MHz, CDCls) 162.4 (d, J = 245.8 Hz), 152.8, 146.2



J.-T. Liu et al. / Tetrahedron 55 (1999) 7115-7128 7127

(d J=15SH2). 1380 1337(d. J=30H2 1200(d J=83HA 1156(d J=2158 Hz) 11582 K55

Ay v = 2.0 X2LJy; 2I0U, 20007 (U, v GV AR )y AT T \My Y O/ Lh&)y LAV A3y Al AREJy R K Tedey U,
10 A A 1 Fan L PR T AoA

53.0, 33.2, 31.9, 26.2, 14.1. GCMS m/z (relative intensity) 373 [(M+2)*, tr], 371 (M*, tr), 284 (14), 282
(13), 203 (24), 202 (29), 175 (13), 160 (18), 151 (11), 147 (28), 135 (19), 134 (52), 133 (14), 122 (27), 109
(100). Anal. caled for CygH gBrFNO5: C, 51.63; H, 5.14. Found: C, 51.80; H, 5.08.

Typical Experimental Procedure for the One-Pot Grignard Addition to Nitro Olefins and
IAOC Reaction by Using Ethyl Chloroformate and in the Presence of Catalytic Amounts of 4-
Dimethylaminopyridine (DMAP) (Table 3): To a stirred solution of the Grignard reagent 2a (4 mmol),

prepared from 4-pentene-1-bromide (4.0 mmol) and magnesium (4.0 mmol), in dried THF 20 mL was added -

nitrostyrene 1a (2 mmol) in THF 20 mL at -10 °C. After the starting material 1a had disappeared, ethyl
chioroformate (4 mmol) and catalytic amount of DMAP (0.2 mmol) were added to the solution and stirred for 10
hours at room temperature. The soiution was poured into the brine and extracted with dichloromethane, dried
over MgSQ0y, filtered and the solvent was evaporated to obtain 95% (the yield was determined by NMR) of frans-
-9a and cis-9a and the ratio of trans-9a:cis-9a was 1.00:4.06. Purification of the products was carried out by
flash column chromatography (5-20% ethyl acetate/hexane) to obtain 85% of pure trans-9a and cis-9a. Similar
procedures were repeated when substrate 1a reacted with 2b to obtain 80% (NMR yield) of trans-10a only and
all the experimental results were shown in Table 3.
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