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Abstract: fl-Nitrostyrenes 1 react with various stabilized nucleophiles to generate hydtoximoyl 
chlorides and nit~-~alkargS after workup with ice cold concentrated hydtochlccic acid. One-pot synthesis 
of bicyclic woducts from the Michael addition of dLffetent nucleophfles with fl-nitrostyrenes l is 
~ .  © 1998 Elsevier Science Ltd. All rights reserved. 

I n t r o d u c t i o n  

Nitro olefms are useful intermediates in the synthesis of some biological active natural products.l Due to 

the strong electron withdrawing property of the nitro group, conjugated nitroalkenes are excellent Michael 

acceptors with a variety of nucleophiles. The nitro group of the molecules thus formed can be transformed to a 

variety of functionalities. These include silyl nitronates, 2 nitrile oxides, 3 and hydroximoyl chlorides. 4 

Intramolecular 1,3-dipolar cycloadditions have been proved to be practical methods in synthetic utility, s Among 

these, intramolecular nitrile oxide-olefm cycloadditions (INOC), 3'5 intramolecular sflyl nilronate-olef'm 

cycloadditions (ISOC), 2 and intramolecular oxime-olefm cycloadditions (IOOC) 6 are valuable methods for the 

generation of [n.3.0] bicyclic compounds which can serve as versatile fragments in organic synthesis. 

Our previous study found that hydroximoyl halides or nitrile oxides can be generated when fl- 

nitrostyrenes react with nonstabilized nucleophiles such as Grignard or organolithium reagents. 7 Meanwhile, 

based on our observations and others, t'7 the reactions of fl-nitrostyrenes 1 with stabilized nucleophiles generate 

nitronates in high yields. 8 In this paper, an improved one-pot synthesis of bicyclic compounds involved the 

addition and chlorination to generate hydroximoyl chlorides, nitrile oxides is reported. 

0040-4020/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved. 
PII: S0040-4020(98)00883-7 
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Resul ts  and  Discussion 

(a) Carbon nudeophiles 
First we tried to add ~nitrostyrene l a  to a diethyl malonate anion solution, prepared from diethyl 

malonate [CH2(COOEt) 2 = CH2E2] and sodium hydride, in THF at room temperature (eq 1). After the starting 

material had disappeared, the nitronate was slowly added to an ice cold concentrated hydrochloric acid solution. 

The blue or green color was observed as previously described. 7'8 Hydroximoyl chloride 2a was obtained (75%) 

together with nitroalkane 3a (20%) after flash column chromatography purification. The stz~ctures of 

compounds 2a and 3a can be assigned according to their mass, 1H- and 13C-NMR spectra analysis. The 

formation of these products indicates that a proton from the hydrochloric acid solution can attack the oxygen of 

the nitro group to yield hydroximoyl chloride 2a or the wcarbon to generate nitro compound 3a. The 

mechanism was proposed to be similar to what we observed before. 7 

a: Ar = Ph, R = H e: Ar = 2-thienyl, R = H 

PRr~.~_~ H b: Ar = 4-MeCsH4, R = H f: Ar = 2-furyl, R = H 

NO2 c: Ar = 4-CF3OCsH~ R = H g: Ar = Ph, R = Ph 

1 d: Ar = 4-FCsH 4, R = H 

H R ~ N O  2 
+ CH2E2/Nail coned. HCl(=,q) NOH 

E = COOEt 
+ E ~ E  NO2 (1) 

i s  ~ ~s%) ~ (2o . )  
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Hydroximoyl halides and nitrile oxides are important intermediates in organic synthesis. 2" When 

compound 2a reacted with phenylacetylene in the presence of triethylamine at room temperature for 3 hr, 75% 

of 1,3-dipolar cycloaddition product 4 was isolated (eq 2). After refluxing for 3 hr, only 20% of the same 

product 4 was generated and 75% of unreacted starting material was recovered when pure nitroalkane 3 reacted 

with phenylacetylene in the presence of phenylisocyanate and triethylamine (Mukaiyama-Hoshino method). ~ 

Et3N 
N O H  + R-, - -  H ,,. 

Ph 

2a 4 (75*/.) 

(2) 

It has been reported that bicyclic heterocyclic products can be prepared from the reactions of unsaturated 

nitro compounds with phenyl isocyanate and triethylamine to generate nitrile oxides (INOC) in a one-pot 

synthesis. 2~ Alternatively, reactions of unsaturated nitro compounds with chlorotrimethylsflane in the presence 

of triethylamine yield silyl nitronates (ISOC) in a multiple-step sequence. 2c On the basis of equations 1 and 2, 

we also have succeeded in the preparation of the similar heterocyclic compounds from the reactions of /3- 

nitrostyrenes l a - l f  with [H2C=CH-CH2CH(COOEt)2, E=COOEt] employing sodium hydride as a base. 

Treatment of the resulting hydroximoyl chlorides with triethylamine generated nitrile oxides which underwent 

intramolecular cycloaddition to give heterocyclic products as a mixture of cis- and trans-isomers 5a-f  (eq 3). 

This reaction failed when substrate lg  reacted with the same nucleophile under similar conditions (entry 7). The 

presence of the two bulky phenyl groups that retard the attack of nucleophile might account for the result. 

H NO2 

la-f 

concd. HCl(aq) 
= 

A r ' ~ N  0 H 

E 

Et3N 
A~\ e e EX/~/"-N-O 

2 

cir. 5a-f 

He, r 

+ E " X . - I . . ~  

trans. 5a-$f 

(3) 
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The ratio of cis- and trans- diastereomers generated by the reactions mentioned above is similar to what 

literature reported. :° The configuration of the trans-5a isomer was determined by 200 MHz NMR. The C3a 

methine proton of the trans-5a appeared at 4.60 ppm compared with that of 3.82 ppm in the cis-isomer. This  

might due to the deshielding effect of the phenyl group. The ratios of the cis/trans isomer ranging from 2.5/1 to 

7.5/1 indicate that the steric factor of the aryl ring might play an important role to control the formation of the 

diastereomers. Electronic effect in the benzene ring apparently does not show much influence on the selectivity 

but actually has influence on the reaction rates. Compared with substrate l a  (30 min at 0 °C), l c  and l d  

reacted much faster (10 min at -78 °C) (entries 1, 3 and 4). In the cases of the heterocyclic rings l e  and I f  the 

diastereomeric ratios are somewhat low while the reaction rates are fast (entries 5 and 6) compared with those of 

la .  

Table I One-pot synthesis of [3.3.0] bicyclic products 5a-f from the reactions of fl--nitrostyrenes la-g 

with (H2C=CH -CH2)CH(COOEt)2/NaH 

entry fl-nitrostyrene condition product yield (%) cis : trans 

1 la 0 °C, 30 rain 5a 68 7.5 : 1 

2 l b  r.t., 5 min 5b 85 7.5 : 1 

3 lc  -78 °C, 10 min 5c 90 5.0 : 1 

4 l d  -78 °C, 10 min 5d 56 5.5 : 1 

5 le  -78 °C, 10 min 5e 77 3.5 : 1 

6 I f  -78 °C, 10 min 5f 85 2.5 : 1 

7 lg  r.t., 10 hr - - - 

(b) Oxygen nucleophiles 

It has been reported that unsaturated nitroalkyl ethers can be converted into cyclic ethers by 

intramolecular nitrile oxide-olefin cycloadditions (INOC) or intramolecular silyl nitronate-olefm cycloadditions 

( ISOC))  c'9 When compounds l a  reacted with propargyl alcohol and followed by workup with an ice cold 

concentrated hydrochloric acid solution, hydroximoyl chloride 6a and nitroalkyl ether 7a were isolated 

separately. However, none of the bicyclic product 8a was observed (eq 4). Similarly, 9 was also observed in 

the crude proton NMR when fl-nitrostyrenes 1 reacted with allyl alcohol. However, hydroximoyl chloride 9 

was relatively unstable to silica gel and always underwent dehydrochlorination to generate bicyclic products 1 0 

or went to decomposition directly. To solve these problems, we decided not to isolate the reactive intermediates 

6 and 9 and just to treat the hydroximoyl chlorides with trielhylamine directly. To our surprise, moderate to 

high yields of bicyclic products 8 and 10 were obtained (eqs 5 and 6). 
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1. Propargyl alcohol, Nail A Ar~,F,"~NO 2 
Arx.__ ~ 2. concd. HCI (aq) N O H + / 

H~N02 " 0., , . , , , . . .~ 0 - . , . . , I ~  

l a  6==:68% 7a : 30% 

ld  61):75% - 

(4) 

1. Propargyl alcohol, Nail [ r ~  ] H A ~ N  O 
t LHr'X)'~/H" "NO 2 2. concd. HCI (aq) J , .  [ A O.,,,,,.,,~N O H Et3N ,,. 

1 6 8 

(5) 

E I 2coo .o,,.q, . A N o .  E , 3 ,  I,,) 

02 0 , , , ~  H 

1 9 10 

The ratio of the cis/trans isomers of 10a is about 1:1.6 (table 2, entry 4) which is consistent with the 

literature report. 2c'9 The different ratios of the cis/trans isomers between 10a (1:1.6) and 5d (5.5:1) may be 

attributed to the longer bond length of C-O, leading to a less constrained transition state during the INOC 

cyclization process. It has been reported that the MM2 calculations predicts an energy difference of 0.96 

kcal/mol in favor of the t rans  isomer of 10. 9a'c 

Table 2 One-pot synthesis of [3.3.0] bicyclic products from the reactions of ]~--nitrostyrenes I with 
propargyl or aUyl alcohol and Nail 

entry ~-nitrostyrene alcohol condition 7 (%) 8 or 10 (%) cis : trans 

1 la  H ~ C C H 2 O H  0 °C, 3 hr - 8a (60) - 

2 ld  HOECCH2OH -78 °C, 25 min - 8b (60) - 

3 lg  HC=CCH2OH 0 °C, 1.5 hr 7b (15) 8e (60) - 

4 ld  HaC=CHCH2OH -78 °C, 20 min - Ilia (61) 1:1.6 

5 lg  H2C=CHCH2OH 0 °C, 30 min 7c (30) 10b (64) - 
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(c) Sulfur nucleophiles 
It has been reported that unsaturated nitro alkyl sulfides can ~ synthesized from the reactions of 

nitroalkenes with unsaturated mercaptans or from the reactions of aldehydes or ketones with nitromethane in the 

presence of unsaturated thiols. 2c,10 The unsaturated nitro sulfides are converted into tetrahydrothiophenol[3,4- 

c]isoxazoles or thiopyrans 2c,10 by intramolecular nitrile oxide-olefin cycloaddition with phenyl isocyanate and 

triethylamine (Mukaiyama-Hoshino method). 3a According to equations 1-6, we also tried to react substrate I g 

with ethanethiol or allyl mercaptan and to add the nitronates to an ice cold concentrated hydrochloric acid solution. 

Not only hydroximoyl chloride 11 but also nitrile oxide 12 was isolated when ethanethiol was used (eq 7). The 

isolation of the nit_rile oxide 12 indicates that the presence of the two phenyl groups increase the steric hindrance 

to retard the reactive intermediate to form the furoxane, the dimer of the nitrile oxide. Moderate yields of bicyclic 

or tricyclic compounds 13 (50%) and 14 (35%) were obtained when substrate I g reacted with allyl mercaptan 

and 3-acetylmercaptocyclohexene, respectively, in one-pot reaction (eqs 8, 9). 

1. Ethanethiol, Nail CI (~ .~) 
Ph H 2. Concd. HCl(aq) F ~ .  : , ~ N  
I :~/X~NO2 " Ph NOH + 

S v M e  S v M e  

lg 11 (68*/.) 12 (11%) 

(7) 

1.ymercaptan N. • [ 
x ~ H  2. Concd. HC (aq) N O H 

NO2 S - v " ' ~  

lg 

Et3N 

13 (50%) 

O 

+ Me S 
F~ NO2 [ ~  

lg 

1. Concd. HCl(aq) 
2. Et3N 

= 

+ EtONa 

Fh Ph 

S ~ 0 
H H 

14 (35%) 

(a) 

(9) 
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(d) Phosphorus nucleophiles 
It was in 1987 that the synthesis of (diethoxyphosphoryl)acetonitrile oxide and its subsequent reactions 

with olefins to prepare 3,5-disubstituted 2-isoxazoles were reported by Tsuge et al. ]1 The strategy is to a'eat N- 

[2-(diethoxyphosphoryl)ethylene]hydroximoylamine, prepared from (diethoxyphosphoryl)acetaldehyde and 

hydroxyamine, with N-bromosuccinimide (NBS) to generate hydroximoyl bromide according to the Steven's 

methodJ 2 The hydroximoyl bromide is not isolated but is dehydrobrominated with triethylamine to generate 

nitrile oxide in situ (eq 10) which can react with various dipolarphiles. According to equations 1-9 and tables 1 

and 2, we anticipated that similar intermediates could be prepared from the reactions of the conjugated 

nitroalkenes with diethyl phosphite. As expected, good to excellent yields (70-95%) of hydroximoyl chlorides 

15a-c were obtained when ~nitrostyrenes 1 reacted with diethyl phosphite in the presence of sodium hydride 

at -78 °(2 followed by the treatment of concentrated hydrochloric acid solution (eq 11). 

(~ NH20 H (~ 
EtCr. ~ . , /C H 0 " Et O " ~ N  0 H 

OEt 

NBS 
0o) 

~) r 

" E t O - ~ o  

1. (EIO)2POH Nail 
Ar H 2. Concd. HCl(aq) Ar N 0 H 
" R ~ N 0 2  " O=~-OEt 

OEt 

1 15 

a: Ar=Ph, R=H 

b: Ar = 4-MeCeH4,  R = H 

g: A r = P h ,  R = P h  

a: A r =  Ph, R = H (75%) 

b: Ar = 4 -MeCeH 4, R = H (98%) 

c: Ar = Ph, R = Ph (95%) 

(11) 

(e) Enolate nucleophile 
One-pot synthesis of 1,4-diketones from the addition of lithium enolate of ketones to rtitroalkenes and in 

situ hydrolysis of the resulting lithium salts of aci-nitro compounds with 10% aqueous hydrochloric acid in THF 

have been reported. 13 On the basis of the literature report and our study, ]3'7 we predicted that different products 

could be generated when different concentration of a hydrochloric acid solution was used. As expected, when 

the lithium enolate of acetophenone which was generated from the corresponding ketone with lithium 

diisopropylamide (LDA) in THF at -78 °(2 reacted with ~-nitrostyrene la  followed by workup with concentrated 

hydrochloric acid solution, 60% of hydroximoyl chloride 16 was isolated after flash column chromatography 

purification (eq 12). 
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1. PhC(O)CH3, LDA Phi" 
,,H 2. Coned. HOl(aq) . OH 

=C~No 2 L,~F~ 
0 

la 16 

(12) 

Conclusion 

In summary, an efficient synthesis of hydroximoyl chlorides from the reactions of the fl-nitrostyrenes 1 

with various nucleophiles has been developed. We also had demonstrated the utility of this method for the 

synthesis of bicyclic or tricyclic compounds in a one-pot synthesis process. Compared with the literature 

procedures, several advantages are as follows: (a) the fl-nitrostyrenes are easily synthesized or are commercially 

available, (b) the hydrochloric acid is inexpensive, and (c) the workup procedures are simple, the intermediates 

need not to be isolated, and the fmal products are easily purified. Fmdaer study using other nitroalkenes, 

nucleophiles and other reagents are now under investigation. 

Experimental Section 

General. All reactions were performed in flame or oven-dried glassware under a positive pressure of nitrogen. 

Air and moisture sensitive compounds were introduced by the use of a syringe or cannula through a rubber 

septum. Diethyl ether and THF were distilled from sodium/henzophenone ketyl. Analytical thin layer 

chromatography was performed with E. Merck silica gel 60F glass plates and flash chromatography by the use 

of E. Merck silica gel 60 (230-400 mesh). GCMS were recorded on a HP 5890 GC/HP 5970B MSD, MS or 

HRMS were measured by Jeol JMS-D300 or Jeol JMS-HXII0 spectrometer. Elemental analysis were 

performed by a Perkin-Elemer 2400 instrument. IR spectra were recorded on JASCO Fr/IR-5300. IH- and 

~3C-NMR spectra were recorded on Jeol Ex-400 or Varian Gemini-200. All NMR data were obtained in CDC13 

solution and chemical shifts (5) were given in ppm relative to TMS. All melting points were determined on a 

MEL-TEMP II melting point apparatus and were uncorrected. 

Materials. Compounds l a - e  were purchased from Aldrich Chemical Co. Starting materials l f - g  were 

prepared by modifying or according to the literature report. ~4 3-Acetylmercaptocyclohexene was prepared from 

3-bromocyclohexene and thiolacetic acid according to literature procedures. 15 

1. Typical experimental procedures for the synthesis of compounds 2a and 3a (equation 1): 
Starting material l a  5 mmol was dissolved in 20 mL dry THF and was added to the diethyl malonate anion 

which was prepared from 10 mmol diethyl malonate and 10 mmol sodium hydride in 30 mL THF at rt. After 
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the starting material disappeared by checking the mixture with TLC plate, the solution was slowly added to a 50 

mL ice cold concentrated hydrochloric acid solution and the blue or green color was observed during addition. 

The solution was stirred 30 minutes then poured into brine and extracted with dichloromethane, dried over 

MgSO4, filtered and the solvent was evaporated to obtain an oily mixture. The crude products were purified by 

flash column chromatography by use of hexane-ethyl acetate (95 : 5) as eluent to obtain pure compounds 2a 

(75%) and 3a (20%). 

3 ,3 -Die thoxycarbony l -2 -pheny lp ropanohydrox imoyl  Chloride (2a): This compound was 

recrystaUized from hexane and ethyl acetate solution and had mp 79-82 °C. IH NMR (200 MHz, CDCI3) 8.72 

(s, IH), 7.32 (s, 5H), 4.51 (d, J = 12.0 Hz, 1H), 4.35 (d, J = 12.0 Hz, 1H), 4.33-4.18 (m, 2H), 3.91 (q, J = 

7.2 Hz, 2H), 1.27 (t, J = 7.2 Hz, 3H), 0.94 (t, J = 7.2 Hz, 3H) ~3C NMR (50 MHz, CDCI3) 167.4, 167.3, 

140.7, 135.1, 128.8, 128.4, 62.1, 61.8, 55.9, 52.4, 13.8, 13.5. IR (cm -~, neat) 3387, 1740. MS m/z 

(relative intensity) 329 ((M+2) ÷, 9), 327 (M ÷, 29), 237 (36), 168 (28), 77 (100). Elemental analysis calculated 

for C~sHIsOsNCI: C, 54.97; H, 5.54; N, 4.27. Found: C, 55.01; H, 5.29; N, 4.31. 

3 ,3 -Die thoxycarbony l - l -n i t ro -2 -pheny lp ropane  (3a): ~H NMR (200 MHz, CDC13) 7.37-7.21 (m, 

5H), 4.94 (dd, J =  13.0, 5.6 Hz, 1H), 4.85 (dd, J =  13.0, 8.6 Hz, 1H), 4.29-4.17 (m, 3H), 4.00 (q, J =  7.2 

Hz, 2H), 3.82 (d, J = 9.2 Hz, 1H),1.26 (t, J = 7.2 Hz, 3H), 1.04 (t, J = 7.2 Hz, 3H) m3C N-MR (50 MHz, 

CDC13) 167.5, 166.9, 136.3, 128.9, 128.3, 128.0, 78.5, 62.1, 61.8, 54.9, 42.9, 13.8, 13.6. MS m/z 

(relative intensity) 310 (M ÷, 13), 263 (97), 159 (22), 103 (100), 77 (66). HRMS (EI) m/z calculated for 

CjsH1906N: 309.1213. Found: 309.1211. Elemental analysis calculated for C~sH1906N: C, 58.25; H, 6.19; N, 

4.53. Found: C, 58.02; H, 6.07; N, 4.55. 

2. Typical experimental procedures for the synthesis of compound 4 (equation 2): Triethyl 

amine 2 mmol was dissolved in 10 mL dichloromethane and was slowly added to a 10 mL dichloromethane 

solution which contained hydroximoyl chloride 2 (1 mmol) and phenylacetylene (2 mmol) at room temperature. 

The solution was stirred for 3 hr and the solvent was evaporated to obtain the crude product. The mixture was 

purified by chromatography by use of hexane-ethyl acetate (95 : 5) as eluent to obtain pure compound 4 (75%). 

Only 20% of 4 was generated and 75% of unreacted starting material was recovered when compound 3 reacted 

phenylacetylene in the presence of phenylisocyanate and triethylamine under reflux for 3 hr. 

3-(2,2-Diethoxycarbonyl-l-phenylethyi)-5-phenylisoxazole (4): mp 116-118 °C (hexane-ethyl 

acetate). 1H NMR (200 MHz, CDC13) 7.72-7.67 (m, 2H), 7.42-7.24 (m, 8H), 6.30 (s, IH), 4.86 (d, J = 11.8 

Hz, 1H), 4.45 (d, J = 11.8 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H), 3.94 (q, J = 7.2 Hz, 2H), 1.24 (t, J = 7.2 Hz, 

3H), 0.96 (t, J = 7.2 Hz, 3H). ~3C NMR (50 MHz, CDC13) 170.0, 167.7, 167.5, 164.7, 137.7, 130.2, 128.9, 

128.8, 128.7, 127.9, 127.4, 125.8, 99.5, 61.8, 61.4, 56.3, 43.8, 13.9, 13.6. IR (cm ~, neat) 1752, 1736. 

MS ngz (relative intensity)393 (M ÷, 13), 320 (26), 274 (100), 245 (12), 105 (24), 77 (28). HRMS (EI) m/z 

calculated for C23H23OsN: 393.1558. Found: 393.1577. Elemental analysis calculated for C23H23OsN: C, 

70.04; H, 6.13; N, 3.55. Found: C, 70.05; H, 5.96; N, 3.62. 
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3. Typical experimental procedures for the synthesis of compounds cis. and trans-Sa.f 
(equation 3 and table 1) : Starting material l a  10 mmol was dissolved in 40 mL THF and was added to a 

C(CH:CH=CH2)(COOEt)2 solution which was prepared from 15 mmol CH(CH2-CH--CH~)(COOEt) 2 and 15 

mmol Nail in 60 mL THF at 0 °C. After the starting material disappeared, the solution was slowly added to a 

50 mL ice cold concentrated hydrochloric acid solution and the blue or green color was always observed as 

previously described. The solution was stirred for 30 min, poured into the brine, and extracted with 

dichloromethane. After treating the solution with excess amount of triethylamine, the dichloromethane solution 

was washed with distilled water (50 mL x 3), dried over MgSO 4, filtered and the solvent was evaporated to 

obtain oily mixture. The mixture was purified by flash column chromatography by use of hexane-ethyl acetate 

(95:5) as eluent to obtain pure compounds cis-5a (60%) and trans-5a (8%). 

cis .5,5.Diethoxycarbonyl .3a,4.dihydro-6.phenyl .3H,6H-[3,4-c]isoxazole (cis-5a): ~H NMR 

(200 MHz, CDCI3) 7.31-7.26 (m, 5H), 5.02 (d, J = 1.0 Hz, IH), 4.65 (dd, J = 9.4, 8.0 Hz, 1H), 4.38-4.18 

(m, 2H), 4.10 (dd, J =  12.2, 8.0 Hz, IH), 3.96-3.64 (m, 2H), 3.41 (dq, J = 11.0, 7.2 Hz, 1H), 2.71 (dd, J =  

13.4, 11.0 Hz, 1H), 2.56 (dd, J =  13.4, 8.0 Hz, 1H), 1.27 (t, J =  7.2 Hz, 3H), 0.78 (t, J=7.2  Hz, 3H). 13C 

NMR (50 MHz, CDCI3)171.1, 171.0, 168.1, 135.7, 130.0, 128.1, 127.9, 75.1, 70.1, 62.4, 61.6, 51.8, 

46.4, 35.2, 13.9, 13.2. IR (cm -~, neat) 1730. MS m/z (relative intensity) 313 (M ~, 66), 258 (100), 143 (18), 

115 (37), 77 (12). HRMS (EI) m/z calculated for CtsH2~OsN: 331.1419. Found: 331.1429. Elemental 

analysis calculated for C~sH2~OsN: C, 65.24; H, 6.39; N, 4.23. Found: C, 64.88; H, 6.44; N, 4.12. 

trans-5,5-Diethoxycarbonyl ,3a,4.dihydro-6.phenyl-3H,6H.[3,4.c]isoxazole (trans,5a): ~H 

NMR (200 MHz, CDCI3) 7.27-7.21 (m, 5H), 5.02 (s, 1H), 4.73-4.49 (m, 2H), 4.40-4.15 (m, 2H), 3.91 (dd, 

J = 11.0, 7.0 Hz, 1H), 3.69 (dq, J = 11.0, 7.0 Hz, 1H), 3.32 (dq, J = 11.0, 7.0 Hz, 1H), 2.87 (dd, J = 12.8, 

7.0 Hz, 1H), 1.80 (dd, J = 12.8, 11.0 Hz, 1H), 1.28 (t, J = 7.0 Hz, 3H), 0.74 (t, J = 7.0 Hz, 3H). ~3C NMR 

(50 MHz, CDC13) 171.3, 170.3, 169.5, 136.8, 128.8, 128.3, 127.7, 75.1, 71.3, 62.0, 61.5, 55.3, 45.7, 

36.5, 13.9, 13.1. IR (cm x, neat) 1728. MS m/z (relative intensity) 313 (M ÷, 34), 258 (100), 185 (19), 173 

(80), 143 (30). HRMS (EI) m/z calculated for C~sH21OsN: 331.1419. Found: 331.1415. 

cis .5 ,5-Diethoxycarbonyl .3a,4 .dihydro,6. (4 .methyiphenyl) .3H,6H,[3,4 .c] isoxazole  (cis. 

5h): ~H NMR (200 MHz, CDCI~) 7.17 (d, J = 8.4, 2H), 7.08 (d, J = 8.4, 2H), 4.98 (s, 1H), 4.63 (dd, J = 

9.4, 7.8 Hz, 1H), 4.40-4.18 (m, 2H), 4.08 (dd, J =  12.2, 7.8 Hz, 1H), 3.93-3.67 (m, 2H), 3.45 (dq, J = 

11.0, 7.2 Hz, 1H), 2.69 (dd, J = 13.4, 11.0 Hz, IH), 2.54 (dd, J = 13.4, 8.4 Hz, 1H), 2.29 (s, 3H), 1.27 (t, 

J = 7.2 Hz, 3H), 0.81 (t, J = 7.2 Hz, 3H). ~3C NMR (50 MHz, CDCI3) 171.1, 168.2, 137.6, 132.7, 129.8, 

128.8, 75.1, 70.1, 62.3, 61.5, 51.8, 46.2, 35.2, 21.0, 13.9, 13.2. IR (cm ~, neat) 1727. MS m/z (relative 

intensity) 345 (M ÷, 63), 272 (100), 224 (18), 169 (8), 91 (16). HRMS (EI) m/z calculated for CI9H23OsN: 

345.1576. Found: 345.1596. 

trans-5•5-Dieth•xycarb•ny•-3a•4-dihydr•-6-( 4-methy•pheny•)-3H•6H-[ 3•4-• ]•s•xaz••e 
(trans.Sb): tH NMR (200 MHz, CDCI3) 7.12 (d, J= 8.4, 2H), 7.06 (d, J = 8.4, 2H), 4.97 (d, J = 0.4 Hz, 

IH), 4.71-4.47 (m, 2H), 4.40-4.14 (m, 2H), 3.90 (dd, J =  11.6, 6.7 Hz, 1H), 3.70 (dq, J =  11.0, 7.2 Hz, 

1H), 3.37 (dq, J =  11.0, 7.2 Hz, 1H), 2.86 (dd, J =  12.8, 7.2 Hz, IH), 2.29 (s, 3H), 1.78 (dd, J =  12.8, 

11.0 Hz, 1H), 1.28 (t, J= 7.2 Hz, 3H), 0.77 (t, J= 7.2 Hz, 3H). t3C NMR (50 MHz, CDCI3) 171.3, 170.4, 

169.5, 137.3, 133.7, 128.9, 128.7, 75.1, 71.2, 62.0, 61.5, 55.3, 45.4, 36.4, 20.9, 13.9, 13.1. IR (cm ~, 
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neat) 1728. MS m/z (relative intensity) 345 (M ÷, 52), 272 (100), 224 (15), 169 (11), 91 (8), 77 (8). HRMS 

(El) m/z calculated for CI9H23OsN: 345.1576. Found: 345.1573. 

cis-5,5.Diethoxyearbonyl .3a,4.dihydro.6-(4. tr i f luoromethoxyphenyl)-3H,6H-[3,4-  

e]isox~u~ole (e/s-5e): ~H NMR (200 MHz, CDC13) 7.40-7.13 (m, 4H), 5.04 (d, J = 1.2 Hz, 1H), 4.66 (dd, 

J = 9.6, 8.0 Hz, 1H), 4.39-4.18 (m, 2H), 4.09 (dd, J = 12.2, 8.0 Hz, 1H), 3.92-3.67 (m, 2H), 3.45 (dq, J = 

10.5, 7.2 Hz, 1H), 2.86 (dd, J = 13.4, 10.5 Hz, 1H), 2.55 (dd, J = 13.4, 8.0 Hz, 1H), 2.29 (s, 3H), 1.27 (t, 

J =  7.2 Hz, 3H), 0.79 (t, J =  7.2 Hz, 3H). ~3C NMR (100 MHz, CDC13) 170.7, 170.1, 168.1, 148.8 (q, J =  

1.8 Hz), 134.2, 131.5, 120.7, 120.5 (q, J = 258.2 Hz), 75.3, 69.8, 62.5, 61.8, 51.6, 45.8, 35.3, 14.0, 13.2. 

IR (cm l, neat) 1730. MS m/z (relative intensity) 415 (M ÷, 68), 370 (4), 342 (100), 268 (15), 127 (11). 

HRMS (El) m/z calculated for C~gH2oO6NF3: 415.1242. Found: 415.1243. Elemental analysis calculated for 

C~gH2oO~NF3: C, 54.94; H, 4.85; N, 3.37. Found: C, 55.04; H, 5.17; N, 3.22. 

trans- 5•5-Dieth•xy•arb•ny•-3a•4-dihydr•-6-( 4-trif•u•r•meth•x ypheny• )- 3H•6H-[ 3•4- 

e]isoxazole (trans-5e): ~H NMR (200 MHz, CDC13) 7.37-7.28 (m, 2H), 7.14 (d, J =  8.6, 2H), 5.02 (s, 

1H), 4.73-4.48 (m, 2H), 4.41-4.14 (m, 2H), 3.98 (dd, J = 12.6, 6.6 Hz, IH), 3.73 (dq, J = 10.8, 7.2 Hz, 

IH), 3.38 (dq, J = 10.8, 7.2 Hz, 1H), 2.86 (rid, J =  12.8, 7.4 Hz, 1H), 1.80 (dd, J = 12.8, 11.2 Hz, 1H), 

1.27 (t, J = 7.2 Hz, 3H), 0.77 (t, J = 7.2 Hz, 3H). 13C NMR (100 MHz, CDC13) 170.7, 170.1, 169.2, 148.7 

(q, J =  2.3 Hz), 135.7, 130.4, 120.8, 120.4 (q, J =  255.7 Hz), 75.1, 71.3, 62.1, 61.6, 55.1, 45.0, 36.4, 

13.7, 13.0. IR (cm -t, neat) 1728. MS m/z (relative intensity) 415 (M ÷, 36), 370 (4), 342 (100), 268 (29). 

HRMS (El) m/z calculated for C19H2006NF3: 415.1242. Found: 415.1250. Elemental analysis calculated for 

C~gH2oO6NF3: C, 54.94; H, 4.85; N, 3.37. Found: C, 54.75; H, 4.97; N, 3.04. 

cis- 5,5.Diethoxyearbonyl.  3a,4-dihydro.6.(  4.f luorophenyl )- 3H,6H-[ 3,4.e ]isoxazole ( cis- 5d ) : 

~H NMR (200 MHz, CDC13) 7.34-7.27 (m, 2H), 7.02-6.94 (m, 2H), 5.02 (s, IH), 4.66 (dd, J = 9.6, 8.0 Hz, 

1H), 4.38-4.18 (m, 2H), 4.10 (dd, J = 12.0, 8.0 Hz, 1H), 3.91-3.70 (m, 2H), 3.47 (dq, J = 10.8, 7.2 Hz, 

1H), 2.69 (dd, J = 13.4, 10.8 Hz, IH), 2.55 (dd, J = 13.4, 8.0 Hz, 1H), 1.27 (t, J = 7.2 Hz, 3H), 0.85 (t, J = 

7.2 Hz, 3H). 13C NMR (50 MHz, CDC13) 170.9, 170.7, 168.2, 162.4 (d, J = 246.2), 131.8 (d, J = 8.4), 

131.3 (d, J = 3.4), 115.0 (d, J = 21.7), 75.2, 69.8, 62.4, 61.7, 51.6, 45.7, 35.1, 13.9, 13.3. IR (cm -~, neat) 

1728. MS m/z (relative intensity) 349 (M ÷, 34), 276 (100), 246 (24), 173 (16), 145 (68). HRMS (El) m./z 

calculated for C~sH~oOsNF: 349.1326. Found: 349.1326. Elemental analysis calculated for C~sH2oOsNF: C, 

61.88; H, 5.77; N, 4.00. Found: C, 61.56; H, 6.04; N, 3.98. 

trans- 5•5-Dieth•xy •arb•n y•- 3a•4-dih ydr•-6-( 4-f•u•r•phen y• )- 3•••6H-[ 3•4-c ]is•xaz••e 

(trans-5d): IH NMR (200 MHz, CDCI3) 7.28-7.20 (m, 2H), 7.02-6.93 (m, 2H), 4.99 (s, 1H), 4.73-4.48 

(m, 2H), 4.41-4.15 (m, 2H), 3.92 (dd, J = 11.6, 7.2 Hz, 1H), 3.74 (dq, J = 10.7, 7.2 Hz, IH), 3.41 (dq, J = 

10.7, 7.2 Hz, 1H), 2.86 (dd, J = 12.8, 7.2 Hz, 1H), 1.80 (dd, J = 12.8, 11.6 Hz, IH), 1.28 (t, J = 7.2 Hz, 

3H), 0.81 (t, J = 7.2 Hz, 3H). 13C NMR (50 MHz, CDCI3) 171.1, 170.2, 169.4, 162.3 (d, J = 245.8), 132.5 

(d, J = 3.5), 130.6 (d, J = 8.3), 115.1 (d, J = 21.2), 75.1, 71.3, 62.1, 61.6, 55.2, 45.0, 36.4, 13.9, 13.2. IR 

(cm ~, neat) 1728. MS m/z (relative intensity) 349 (M ÷, 52), 276 (6), 184 (13), 154 (8), 127 (11). HRMS (El) 

m/z calculated for ClgH2oOsNF: 349.1326. Found: 349.1321. 

cis.5,5.Diethoxyearbonyl .3a,4.dihydro.6.(2. thienyl) .3H,6H.[3,4.cl isoxazole (cis-Se): ~H 

NMR (200 MHz, CDCI3) 7.21 (dd, J =  5.0, 4.0, IH), 7.11 (dd, J =  4.0, 3.6, 1H), 6.94 (dd, J = 5.0, 3.6, 

1H), 5.28 (s, 1H), 4.65 (dd, J =  10.0, 8.0 Hz, 1H), 4.43-4.20 (m, 2H), 4.12 (dd, J = 12.2, 8.0 Hz, IH), 

3.95-3.79 (m, 2H), 3.65 (dq, J = 10.0, 7.2 Hz, 1H), 2.66 (dd, J = 13.8, 10.0 Hz, 1H), 2.51 (dd, J = 13.8, 
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8.0 Hz, 1H), 1.30 (t, J =  7.2 Hz, 3H), 0.91 (t, J = 7.2 Hz, 3H). ~3C NMR (50 MHz, CDCI3) 170.5, 170.0, 

168.1, 136.3, 128.3, 126.4, 125.6, 75.6, 69.8, 62.4, 61.9, 51.1, 42.0, 34.5, 14.0, 13.5. IR (cm ~, neat) 

1727. MS m/z (relative intensity) 337 (M ÷, 100), 264 (83), 191 (11), 96 (56), 91 (40). HRMS (El) m/z 

calculated for CI6HIgOsNS: 337.0984. Found: 337.0966. Elemental analysis calculated for Ct6H19OsNS: C, 

56.96; H, 5.68; N, 4.15. Found: C, 56.98; H, 5.65; N, 4.12. 

trans-5,5-Diethoxycarbonyl-3a,4-dihydro-6-(2-thienyl)-3H,6H-[3,4-c]isoxazole ( trans.5e):  

tH NMR (200 MHz, CDC13) 7.20 (t, J = 3.4, IH), 6.94 (d, J = 3.4, 2H), 5.17 (s, 1H), 4.72-4.46 (m, 2H), 

4.40-4.17 (m, 2H), 3.91 (dd, J = 12.0, 7.2 Hz, 1H), 3.82 (dq, J = 10.7, 7.2 Hz, 1H), 3.63 (dq, J = 10.0, 7.2 

Hz, IH), 2.90 (dd, J = 13.2, 7.2 Hz, 1H), 1.85 (dd, J = 13.2, 10.7 Hz, 1H), 1.30 (t, J = 7.0 Hz, 3H), 0.91 

(t, J = 7.0 Hz, 3H). ~3C NMR (50 MHz, CDC13) 170.0, 169.0, 137.8, 128.3, 127.0, 126.7, 125.2, 75.4, 

70.8, 62.1, 61.8, 53.8, 41.4, 35.7, 13.9, 13.3. IR (cm ~, neat) 1728. MS m/z (relative intensity) 337 (M ÷, 

94), 264 (86), 218 (100), 191 (13), 91 (23). HRMS (El) m/z calculated for C16HIgOsNS: 337.0984. Found: 

337.0988. Elemental analysis calculated for C16HI9OsNS: C, 56.96; H, 5.68; N, 4.15. Found: C, 56.97; H, 

5.50; N, 4.03. 

c i s -5 ,5 -Die thoxyca rbony l -3a ,4 -d ihydro -6 - (2 - fu ry l ) -3H,6H-[3 ,4 -c ] i soxazo le  (cis-5f):  *H 

NMR (200 MHz, CDCI3) 7.34 (d, J =  1.2 Hz, IH), 6.35 (d, J =  3.0 Hz, 1H), 6.31 (dd, J = 3.0, 1.2 Hz, 1H), 

5.13 (d ,J  =0.4 Hz, 1H), 4.63 (t, J =  8.8 Hz, 1H), 4.38-4.19 (m, 2H), 4.12-3.91 (m, 2H), 3.88-3.70 (m, 

2H), 2.68 (dd, J = 13.4, 10.8 Hz, IH), 2.52 (dd, J = 13.4, 8.0 Hz, 1H), 1.28 (t, J = 7.2 Hz, 3H), 1.02 (t, J = 

7.2 Hz, 3H). 13C NMR (50MHz, CDCI3)170.4, 168.9, 167.7, 148.7, 142.4, 110.4, 109.7, 75.2, 68.7, 

62.5, 61.9, 51.3, 40.4, 34.9, 13.9, 13.6. IR (cm ~, neat) 1730. MS m/z (relative intensity) 321 (M ÷, 100), 230 

(18), 175 (12), 146 (16), 91 (19). HRMS (El) m/z calculated for C16HI906N2 321.1212. Found: 321.1208. 

t r a n s - 5 , 5 - D i e t h o x y c a r b o n y l - 3 a , 4 - d i h y d r o . 6 - ( 2 . f u r y l ) . 3 H , 6 H . [ 3 , 4 . c ] i s o x a z o l e  ( trans-5f):  ~H 

NMR (200 MHz, CDC13) 7.32 (dd, J = 2.0, 0.8 Hz, 1H), 6.30 (dd, J = 3.4, 2.0 Hz, 1H), 6.23 (dd, J = 3.4, 

0.8 Hz, 1H), 5.04 (s, 1H), 4.66 (dd, J = 10.0, 7.2 Hz, 1H), 4.56-4.40 (m, 1H), 4.35-4.17 (m, 2H), 4.06- 

3.86 (m, 2H), 3.82-3.66 (m, IH), 2.99 (dd, J = 13.0, 8.4 Hz, 1H), 1.81 (dd, J = 13.0, 10.0 Hz, IH), 1.27 

(t, J =  7.2 Hz, 3H), 1.01 (t, J =  7.2 Hz, 3H). ~3C NMR (50 MHz, CDCI3) 169.7, 168.6, 168.1, 149.1, 

142.3, 110.5, 108.7, 75.4, 68.8, 62.2, 62.1, 53.6, 40.2, 35.5, 13.9, 13.6. IR (cm ~, neat) 1730. MS m/z 

(relative intensity) 321 (M ÷, 65), 248 (100), 230 (27), 175 (18), 91 (35). MS m/z (relative intensity) 321 (M ÷, 

100), 230 (18), 175 (12), 146 (16), 91 (19). HRMS (EI) m/z calculated for Ct6HI906N: 321.1212. Found: 

321.1210. 

4. Typical experimental procedures for the synthesis of hydroximoyl chlorides 6a, 6b, and 
nitro ether 7a (equation 4) : Starting material l a  10 mmol was dissolved in 40 mL dry TI-IF and was 

added to the propargyl alcohol (15 mmol) and sodium hydride (15 mmol) in 60 mL THF at 0 °C. After starting 

material disappeared, the solution was slowly added to a 50 mL ice cold concentrated hydrochloric acid solution 

and the blue or green color was always observed. The solution was stirred for 30 min, poured into brine, and 

extracted with dichloromethane. The dichloromethane solution was washed with distilled water (50 mL x 3), 

dried over MgSO4, filtered and the solvent was evaporated to obtain an oily mature. The crude products were 

purified by flash column chromatography by use of hexane-ethyl acetate (95:5) as eluent to obtain pure 

compounds 2-phenyl-2-propargyloxyethanohydroximoyl chloride 6a (68%) and 1-nitro-2-phenyl-2- 

propagyloxyethane 7a (30%). 
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2 -Pheny l -2 -p ropargy ioxye thanohydrox imoyl  Chloride (6a): XH NMR (200 MHz, COCl3) 8.55 (s 

br, 1H), 7.47-7.28 (m, 5H), 5.49 (s, 1H), 4.26 (d, J = 1.6 Hz, 2H), 2.49 (t, J = 2.4 Hz, 1H). ~3C NMR (50 

MHz, CDCI3) 141.5, 135.8, 128.8, 128.6, 127.0, 79.9, 78.4, 75.7, 56.2. IR (cm -~, neat) 3293, 2120. MS 

m/z (relative intensity) 225 ((M+2) ÷, 1), 223 (M +, 3), 206 (10), 145 (100), 188 (70), 77 (100). HRMS (EI) 

m/z calculated for C,H~0OENCI: 223.0400. Found: 223.0388. 

2 - (4 -F luoropheny l ) -2 -p ropargy loxye thanohydrox imoyl  Chloride (6b): IH NMR (200 MHz, 

CDC13) 8.08 (s br, 1H), 7.47-7.40 (m, 2H), 7.12-7.03 (rn, 2H), 5.47 (s, 1H), 4.32 (dd, J = 17.0, 2.4 Hz, 

ill), 4.22 (dd, J = 17.0, 2.4 Hz, 1H), 2.51 (t, J = 2.4 Hz, IH). ~3C NMR (50 MHz, CDCI 3) 160.3 (d, J = 

246.6), 141.5, 131.7 (d, J = 3.0), 128.8 (d, J = 8.4), 115.5 (d, J = 22.0), 79.2, 78.3, 75.8, 56.3. IR (cm -~, 

neat) 3391. MS m/z (relative intensity) 243 ((M+2) ÷, 1), 241 (M ÷, 3), 224 (3), 206 (13), 186 (26), 163 (76), 

95 (25). HRMS (EI) m/z calculated for CI1HgOENFCI: 241.0305. Found: 241.0298. Elemental analysis 

calculated for CHHgO2NFCI: C, 54.67; H, 3.75; N, 5.80. Found: C, 54.59: H, 4.15; N, 5.85. 

1-Nitro-2-phenyl-2-propagyloxyethane (7a): tH NMR (200 MHz, CDCI 3) 7.40 (s, 5H), 5.34 (dd, J = 

9.8, 3.6 Hz, IH), 4.69 (dd, J = 12.8, 9.8 Hz, 1H), 4.43 (dd, J =  12.8, 3.6 Hz, 1H), 4.18 (dd, J = 15.8, 2.4 

Hz, 1H), 3.93 (dd, J =  15.8, 2.4 Hz, 1H), 2.45 (t, J =  2.4 Hz, 1H). ~3C NMR (50 MHz, CDC13) 135.1, 

129.4, 129.1, 127.1, 79.9, 78.2, 76.8, 75.3, 56.3. MS m/z (relative intensity) 205 (M ÷, 1), 159 (8), 158 (20), 

145 (100), 105 (20). Elemental analysis calculated for CHHHO3N: C, 64.38; H, 5.40; N, 6.83. Found: C, 

64.31: H, 5.53; N, 6.67. 

2,2-Diphenyl-l-ni tro-2-propargylethane (7b): tH NMR (200 MHz, CDC13) 7.40-7.29 (m, 10H), 5.32 

(s, 2H), 4.07 (d, J =  2.2 Hz, 2H), 2.42 (t, J =  2.2 Hz, 1H). ~3C NMR (50 MHz, CDC13) 140.1, 128.6, 

128.5, 126.9, 82.5, 80.4, 79.3, 74.2, 52.5. MS m/z (relative intensity) 281 (M ÷, 1), 165 (33), 154 (4), 152 

(26), 77 (60). Elemental analysis calculated for C17H1503N: C, 72.58 ;H, 5.37; N, 4.98. Found: C, 72.32; H, 

5.29; N, 5.12. 

2 ,2-Diphenyl- l -u i t ro-2-a l ly loxyethane (7c): ~H NMR (200 MHz, CDCI3) 7.35-7.25 (m, 10H), 6.02- 

5.84 (m, 1H), 5.40 (dt, J = 3.4, 1.6 Hz, 1H), 5.34 (s, 2H), 5.31 (dt, J = 3.4, 1.6 Hz, 1H), 3.92 (t, J = 1.6 

Hz, 1H), 3.89 (t, J =  1.6 Hz, 1H). ~3C NMR (50 MHz, CDC13) 141.1.1, 133.9, 128.4, 128.1, 126.7, 116.5, 

81.7, 80.4, 64.6. MS m/z (relative intensity) 283 (M ÷, 1), 223 (27), 104 (25), 89 (5), 77 (30). Elemental 

analysis calculated for C17HI703N: C, 72.07; H, 6.05; N, 4.94. Found: C, 71.97; H, 5.96; N, 4.99. 

5. Typical experimental procedures for the synthesis of hydroximoyl chloride 8 and bicyclic 
compound 10 (equations 5, 6 and Table 2) : Starting material la  10 mmol was dissolved in 40 mL dry 

THF and was added to the propargyl alcohol (15 mmol) and sodium hydride (15 mmol) in 60 mL THF at 0 °C. 

After starting material disappeared, the solution was slowly added to a 50 mL ice cold concentrated hydrochloric 

acid solution. The solution was stirred for 30 min, poured into brine, and extracted with dichloromethane. The 

dichloromethane solution was treated with excess amount of triethylamine, washed with distilled water (50 mL x 

3), dried over MgSO4, filtered and the solvent was evaporated to obtain an oily mixture. The crude product was 

purified by flash column chromatography by use of hexane-ethyl acetate (95 : 5) as eluent to obtain pure 

compound 8a (60%). Similar procedures were repeated when substrate ld  reacted with allyl alcohol at -78 °C 

to obtain 61% of 10a and the ratio ofcis/trans was 1:1.6. 
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6-Phenyl-4H,6H.furo[3 ,4-c] isoxazole  (8a): IH NMR (200 MHz, CDCI3) 8.04 (dd, J = 1.4, 1.2 Hz, 

1H), 7.48-7.25 (m, 5H), 6.11 (dd, J = 0.8, 0.6 Hz, 1H), 5.03 (ddd, J = 12.0, 1.4, 0.6 Hz, IH), 4.95 (ddd, J 

= 12.0, 1.4, 0.8 Hz, 1H). 13C NMR (50 MHz, CDC13) 172.3, 148.1, 137.8, 128.6, 128.4, 126.2, 122.9, 

76.3, 63.9. MS m/z (relative intensity) 187 (M ÷, 43), 130 (12), 105 (100), 78 (8), 77 (28). HRMS (EI) m/z 

calculated for CHHgO2N: 187.0633. Found: 187.0631. 

6-(4-Fluorophenyl)-4H,6H-furo[3,4-e] isoxazole  (Sb): IH NMR (200 MHz, CDCI3) 8.07 (dd, J = 

1.4, 1.2 Hz, 1H), 7.47-7.40 (m, 2H), 7.12-7.02 (m, 2H), 6.11 (dd, J=  0.8, 0.6 Hz, IH), 5.03 (ddd, J = 

12.0, 1.4, 0.6 Hz, 1H), 4.95 (ddd, J = 12.0, 1.2, 0.8 Hz, 1H). 13C NMR (50 MHz, CDCI3) 172.3, 162.9 (d, 

J =  246.6 Hz), 148.4, 133.7 (d, J =  3.1 Hz), 128.3 (d, J =  8.3 Hz), 123.0, 115.6 (d, J =  21.2 Hz), 75.8, 

63.9. MS m/z (relative intensity) 205 (M ÷, 10), 148 (7), 123 (100), 107 (8), 95 (25). HRMS (El) m/z 

calculated for CHH~O2NF: 205.0539. Found: 205.0542. Elemental analysis calculated for CHHsO2NF: C, 

64.39; H, 3.93; N, 6.83. Found: C, 63.76; H, 4.18; N, 6.81. 

6,6-Diphenyl-4H-furo[3,4-e]isoxazole (8e): ~H NMR (200 MHz, CDCI3) 8.31 (s, IH), 7.39-7.31 (m, 

10H), 4.19 (s, 1H), 4.18 (s, 1H). 13C NMR (50 MHz, CDC13)166.6, 156.9, 143.1, 128.2, 128.1, 128.0, 

127.8, 127.2, 118.1, 77.9, 53.9. MS m/z (relative intensity) 263 (M ÷, 20), 234 (4), 183 (16), 151 (7), 77 

(41). HRMS (El) m/z calculated for C~THI302N: 263.0946. Found: 263.0938. 

c i s -3a ,4-Dihydro-6- (4 . f luoropheny l ) ,3H,6H. furo[3 ,4 .c] i soxazo le  (cis.lOa): IH NMR (200 

MHz, CDCI3) 7.48-7.40 (m, 2H), 7.14-7.03 (m, 2H), 5.59 (s, IH), 4.71-4.58 (m, IH), 4.50-4.29 (m, 2H), 

4.14-3.91 (m, IH), 3.89-3.82 (m, IH). 13C NMR (50 MHz, CDCI3) 170.4, 162.9 (d, J = 245.8 Hz), 133.0 

(d, J = 3.0 Hz), 128.4 (d, J= 8.4 Hz), I15.6 (d, J = 22.0 Hz), 74.2, 72.6, 69.2, 55.9. MS m/z (relative 

intensity) 206 (M ÷, 23), 177 (6), 123 (100), 107 (8), 95 (36). HRMS (El) m/z calculated for CIIHIoO2NF: 
207.0696. Found: 207.0704. 

t rans-3a ,4-Dihydro-6 . (4 . f luoropheny l ) -3H,6H. furo[3 ,4 .c] i soxazo le  (trans.lOa): IH NMR 

(200 MHz, CDCI3) 7.45-7.36 (m, 2H), 7.13-7.02 (m, 2H), 5.58 (s, 1H), 4.66 (dd, J = 8.6, 7.4 Hz, 1H), 

4.43 (td, J = 8.0, 0.8 Hz, 1H), 4.33-4.14 (m, 1H), 4.07 (dd, J = 12.0, 7.4 Hz, IH), 3.81 (dd, J = 9.0, 8.0 

Hz, 1H). 13C NMR (50 MHz, CDC13) 170.3, 162.8 (d, J = 246.5 Hz), 133.2 (d, J = 3.0 Hz), 127.6 (d, J = 

7.6 Hz), 115.7 (d, J = 21.3 Hz), 73.6, 72.4, 69.9, 54.4. MS m/z (relative intensity) 206 (M ÷, I0), 177 (48), 

123 (100), 107 (8), 95 (39). HRMS (El) m/z calculated for CI1H~O2NF: ((M-l) ÷ ) 206.0617. Found: 
206.0615. 

3a,4-Dihydro-6,6-diphenyl-4H-furo[3,4-e]isoxazole (10b): mp 69-70 °C (hexane-ethyl acetate). 
IH NMR (200 MHz, CDCI~) 7.58-7.20 (m, 10H), 4.62-4.50 (m, IH), 4.50-4.17 (m, 2H), 4.07-3.88 (m, 2H), 

13C NMR (50 MHz, CDC13) 171.6, 141.3, 141.2, 128.6, 128.4, 128.2, 127.7, 126.4, 125.8, 82.4, 74.1, 

68.2, 55.7. MS m/z (relative intensity) 265 (M ÷, 1), 235 (18), 206 (15), 115 (2), 77 (37). HRMS (El) m/z 

calculated for CtTHIsO2N: 265.1103. Found: 265.1110. Elemental analysis calculated for C17HlsO2N: C, 
76.96; H, 5.70; N, 5.28. Found: C, 76.99; H, 5.61; N, 5.60. 

6. Typical experimental procedures for the synthesis of hydroximoyl chloride 11 and nitrile 

oxide 12 (equation 7) : Starting material lg  5 mmol was dissolved in 20 mL dry THF and was added to 

ethanethiol (10 mmol) and sodium hydride (10 mmol) in 30 mL THF at -78 °C. After the starting material 

disappeared, the solution was slowly added to a 50 mL ice cold concentrated hydrochloric acid solution. The 
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solution was stirred for 30 min, poured into brine, and extracted with dichloromethane. The dichloromethane 

solution was washed with distilled water (50 mL x 3), dried over MgSO4, filtered and the solvent was 

evaporated to obtain an oily mixture. The crude product was purified by flash column chromatography by use 

of hexane-ethyl acetate (95 : 5) as eluent to obtain pure hydroximoyl chloride 11 (68%) and nitrile oxide 

12.(11%). 

2,2-Diphenyl-2-ethylthioethanohydroximoyl Chloride (11): mp 108-109°C (hexane-ethyl acetate). 

~H NMR (200 MHz, CDCI3) 9.02 (s, 1H), 7.51-7.25 (m, 10H), 2.26 (q, J = 7.6 Hz, 2H), 1.05 (t, J = 7.6 Hz, 

3H) 13C NMR (50 MHz, CDC13) 145.2, 139.9, 129.5, 128.1, 127.8, 67.3, 26.0, 12.8. IR (cm -j, neat) 3337. 

MS m/z (relative intensity) 307 ((M+2) ÷, 3), 305 (M +, 9), 270 (20), 244 (29), 151 (70), 77 (11). HRMS (EI) 

m/z calculated for C~6HI6C1NOS: 307.1105. Found: 307.1098. 

2,2-Diphenyl-2-ethylthioethanenitrile Oxide (12): mp 104-105 °C (hexane-ethyl acetate). ~H NMR 

(200 MHz, CDC13) 7.56-7.25 (m, 10H), 2.20 (q, J = 7.2 Hz, 2H), 1.23 (t, J = 7.2 Hz, 3H). ~3C NMR (50 

MHz, CDC13) 139.2, 128.9, 128.6, 127.4, 57.2, 26.7, 13.0. IR (cm -~, neat) 2288. MS m/z (relative intensity) 

269 (M ÷, 25), 253 (74), 239 (41), 227 (25), 208 (100), 192 (21). HRMS (EI) m/z calculated for C~6H~sNOS: 

269.0400. Found: 269.0395. 

7. Typical experimental procedures for the synthesis of cyclic compounds 13 and 14 

(equations 8, 9) : To 30 mL of THF was added 2 mL absolute ethanol and 0.23 g (10 mmol) of metallic 

sodium. When the reaction was completed, 10 mmol of 3-acetylmercaptocyclohexene was added and the 

reaction mixture was brought up to reflux for 15 min. The solution was then cooled to 0 °C and 5 mmol l g  in 

20 mL THF was added. After the starting material disappeared, the solution was slowly added to a 50 mL ice 

cold concentrated hydrochloric acid solution. The solution was stirred for 30 rain, poured into the brine, and 

extracted with dichloromethane. The dichloromethane solution was treated with excess amount of triethyl amine 

then washed with distilled water (50 mL x 3), dried over MgSO,, filtered and the solvent was evaporated to 

obtain an oily mixture. The crude product was purified by flash column chromatography by use of hexane-ethyl 

acetate (95:5) as eluent to obtain 14 (35%). 

6,6-Diphenyl-3,3a,4-trihydrothiopheno[3,4-c]isoxazole (13): mp 132-133 °C (hexane-ethyl 

acetate). ~H NMR (200 MHz, CDC13) 7.57-7.00 (m, 10H), 4.70-4.50 (rn, 1H), 4.32-4.12 (m, 2H), 3.18-3.08 

(m, 1H), 3.00-2.91 (m, 1H). 13C NMR (100 MHz, CDC13) 170.0, 142.0, 141.0, 129.0, 128.7, 127.9, 127.8, 

127.5, 75.5, 61.4, 55.8, 30.5. MS m/z (relative intensity) 281 (M ÷, 31), 251 (15), 217 (45), 204 (21), 77 (8). 

HRMS (EI) m/z calculated for CI7HlsONS: 281.0874. Found: 281.0887. Elemental analysis calculated for 

C~7HlsONS: C, 72.57; H, 5.37; N, 4.98. Found: C, 72.52; H, 5.37; N, 4.81. 

(14): 1H NMR (200 MHz, CDCI3) 7.55-7.16 (m, 10H), 4.82 (dt, J = 10.6, 6.6 Hz, IH), 4.25 (dt, J = 10.6, 

8.6 Hz, IH), 3.50 (dt, J = 6.6, 8.6 Hz, 1H), 2.12-1.16 (m, 6H). ~3C NMR (100 MHz, CDCI3) 169.7, 143.7, 

142.1, 129.0, 128.6, 128.0, 127.6, 127.5, 127.3, 79.8, 61.2, 57.3, 39.8, 32.6, 28.4, 18.9. MS m/z (relative 

intensity) 321 (M +, 94), 250 (55), 217 (45), 200 (17), 165 (100), 121 (68), 77 (45). HRMS (El) m/z 

calculated for C2oHIgNOS: 321.1187. Found: 321.1189. 
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8. Typical experimental procedures for the synthesis of hydroximoyl chloride 15 (equation 
11): Starting material l a  (4 mmol) was dissolved in 20 mL dry THF and was added to the diethyl phosphite (8 

mmol) and sodium hydride (10 mmol) in 30 mL THF at 0 °C. After the starting material disappeared (10 rain), 

the solution was slowly added to a 50 mL ice cold concentrated hydrochloric acid solution. The solution was 

stirred for 30 min and extracted with dichloromethane. The dichloromethane solution was washed with brine, 

dried over MgSO4, filtered and the solvent was evaporated to obtain solid product 15a (75% of the NMR yield 

and 70% of the isolated yield) directly. After washing the crdue product with cold hexane, the solid was 

recrystallized from hexane and ethyl acetate solution to obtain colorless crystal. 

2-(Diethoxyphosphinyl)-2-phenylethanohydroximoyl Chloride (15a):  mp 117-118 °C (hexane- 

ethyl acetate). ~H NMR (400 MHz, CDCI 3) 11.58 (s br, IH), 7.44-7.33 (m, 5H), 4.24 (dq, J = 7.2, 1.0 Hz, 

2H), 4.20 (d, J = 26.4 Hz, IH), 4.07-3.89 (m, IH), 3.88-3.69 (m, IH), 1.32 (t, J= 7.2 Hz, 3H), 1.09 (t, J = 

7.2 Hz, 3H). ~3C NMR (I00 MHz, CDCI3) 133.0, 131.9 (d, J = 7.3 Hz), 129.8 (d, J = 5.5 Hz), 128.7 (d, J = 

2.3 Hz), 128.3 (d, J = 2.3 Hz), 63.8 (d, J = 6.9 Hz), 63.6 (d, J = 6.9 Hz), 53.3 (d, J = 139.6), 16.3 (d, J = 

5.5 Hz), 16.0 (d, J = 5.5 Hz). IR (cm -I, neat) 3177. MS m/z (relative intensity) 307 ((M+2) +, 3), 305 (M +, 9), 

270 (6), 91 (I00), 89 (70), 77 (48). HRMS (El) m/z calculated for C~2H~704NPCI: 305.0550. Found: 

305.0559. Elemental analysis calculated for C~2H~704NPCI: C, 47.15; H, 5.61; N, 4.58. Found: C, 47.25; H, 

5.46; N, 4.59. 

2-(Diethoxyphosphinyl)-2-(4-methylphenyi)ethanohydroximoyl Chloride (15h) : mp 162-163 

°C (hexane-ethyl acetate). ~H NMR (400 MHz, CDCI~) I 1.78 (s br, 1H), 7.30 (d, J = 7.8 Hz, 2H), 7.16 (d, J 

= 7.8 Hz, 2H), 4.25-4.20 (m, 2H), 4.16 (d, J =  24.0 Hz, 1H), 3.99-3.93 (m, 1H), 3.86-3.82 (m, IH), 2.34 

(s, 3H), 1.31 (t, J = 8.0 Hz, 3H), 1.11 (t, J = 8.0 Hz, 3H). ~3C NMR (100 MHz, CDCI3) 138.1 (d, J = 3.7 

Hz), 133.2, 129.6 (d, J = 5.5 Hz), 129.4, 128.7 (d, J = 7.3 Hz), 63.8 (d, J = 5.5 Hz), 63.5 (d, J = 7.3 Hz), 

53.0 (d, J = 141.5), 21.1, 16.4 (d, J = 7.3 Hz), 16.2 (d, J = 5.5 Hz). IR (cm -~, neat) 3175. MS m/z (relative 

intensity) 321 ((M+2) ÷, 28), 319 (M ÷, 84), 302 (100), 284 (54), 274 (18). HRMS (El) m/z calculated for 

ClaHIgO4NPCI: 319.0740. Found: 319.0737. Elemental analysis calculated for ClaHIgO4NPCI: C, 48.84; H, 

5.99; N, 4.38. Found: C, 48.95; H, 5.89; N, 4.44. 

2-(Diethoxyphosphinyl)-2,2-diphenylethanohydroximoyl Chlor ide  (15c):  mp 167-168 °C 

(hexane-ethyl acetate). ~H NMR (400 MHz, CDC13) 7.65-7.64(m, 4H), 7.38-7.31 (m, 6H), 4.05-4.00 (m, 

4H), 1.06 (t, J = 7.3 Hz, 6H). ~3C NMR (100 MHz, CDCI3) 137.7, 136.2 (d, J = 5.5 Hz), 130.7 (d, J = 5.5 

Hz), 127.8, 64.7 (d, J = 136.1 Hz), 64.3 (d, J = 5.5 Hz), 16.0 (d, J = 5.5 Hz). IR (cm ~, neat) 3160. MS m/z 

(relative intensity) 383 ((M+2) ÷, 1), 381 (M+, 3), 345 (9), 208 (84), 178 (85), 77 (7). Elemental analysis 

calculated for C~sH2~O4NPCI: C, 56.63; H, 5.54; N, 3.67. Found: C, 56.35; H, 5.20; N, 3.63. 

9. Typical experimental procedures for the synthesis of hydroximoyl chloride 16 (equation 
12): To a solution of LDA (10 retool) in THF, prepared from BuLl and diisopropylamine in THF (20 mL) at 

-78 °C, was added dropwise a solution of a acetophenone (10 mmol) in THF (10 mL) over I0 mm at the same 

temperature under Ar. After stirring for 30 min, a solution of a fl-nitrostymne l a  (5 mmol) in THF (20 mL) 

was added over a period of 10 mm and the resulting mixture was stirred for an additional 2 hr at -78 °C, then 

wanned to 0 °C 1 hr. The mixture was added to an ice cold concentrated hydrochloric acid solution. The 

solution was stirred for 30 min, poured into brine, and extracted with dichloromethane. The dichloromethane 
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solution was washed with distilled water (50 mL x 3), dried over MgSO4, filtered and the solvent was 

evaporated to obtain an oily mixture. The crude mixture was purified by chromatography to obtain pure product 

16 (60%) 

2-Acetophenonyl-2-phenylethanohydroximoyl Chloride (16): mp 117-118 °C (hexane-ethyl 

acetate). IH NMR (200 MHz, CDC13) 8.04 (s br, 1H), 7.70 (d, J = 7.4 Hz, 2H), 7.58-7.33 (m, 8H), 4.56 

(dd, J = 8.4, 5.6 Hz, 1H), 3.92 (dd, J = 17.6, 8.4 Hz, 1H), 3.30 (dd, J = 17.6, 5.6 Hz, IH). t3C NMR (50 

MHz, CDCI 3) 197.1, 142.6, 138.8, 136.5, 133.4, 128.9, 128.6, 128.1, 128.0, 127.7, 48.1, 42.4. IR (cm -~, 

neat) 3511, 1686. MS m/z (relative intensity) 287 (M ÷, 1), 251 (11), 235 (50), 105 (100), 77 (100). HRMS 

(EI) m/z calculated for C16Hx402NCl: 287.0713. Found: 287.0706. 
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