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One-Pot Synthesis of the Hydroximeoy! Chlerides and [3.3.0] Bicyclic
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Abstraci: j3-Nitrostyrenes 1 react with various stabilized nucleophiles 0 generaie hydroximoyi
chlorides and nitroalkanes after workup with ice cold concentrated hydmchloric acid. One-pot synthesis
of bicyclic products from the Michael addition of different nuclcophiles with S-nitrostyrenes 1 is
reported. © 1998 Elsevier Science Ltd. All rights rescrved.
Introduction
Nitro olefins are useful intermediates in the synthesis of some biological active natural products.’ Due to
th term la~tran wurithdeaurin . ety £ tha niten oy o +. mitennll-ana ~ Avrallant AMihan
31 1 Un 11

variety of functionalities. These include silyl nitronates,” nitrile oxides,” and hydroximoyl chlorides.*
Intramolecular 1,3-dipolar cycloadditions have been proved to be practical methods in synthetic utility.’ Among
these, intramolecular nitrile oxide-olefin cycloadditions (INOC),”® intramolecular silyl nitronate-olefin
cycloadditions (ISOC),* and intramolecular oxime-olefin cycloadditions (I00C)® 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 S-

itrostvrenes react with nonstabilized nucleonphiles st as Grignard or organolithium reagents.” Meanwhile
mtrostyrenes react with nonstabilized nucicophiles such Gmgnard or organolithium reagents.” Meanwhile
hacad an ane nhearvatinne and nthare 17 tha raactinng nf Anitractyranae 1 with ctahilizad niclannhilac oanarata
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nitronates in high yields.” In this paper, an improved one-pot synthesis o

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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Results and Discussion

(a) Carbon nucleophiles

First we tried to add B-nitrostyrene 1a to a diethyl malonate anion solution, prepared from diethyl
malonate [CH,(COOQE}1), = CH,E,] 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.”® Hydroximoyl chloride 2a was obtained (75%)

together with nitroalkane 3a (20%) after flash column chromatography purification. The structures of
AAAAAAAA cigned arcnrding to thaie smace TT_ and 130N analuoio A
LUilqullub Ad auu Jd Caii UC aaalgur;u alLufuliby o uicl iasdysd, 11 diid - 1VJ.V.L[\ bptl«ud alldly sis. 11C
formation of thesc producis indicaies that a proton from the hydrochioric acid solution can attack the oxygen of
the nitro group to yield hydroximoyl chloride 2a or the a-carbon to generate nitro compound 3a. The

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

a: Ar=Ph,R=H e: Ar=2-thienyl R=H
A"j o :H b: Ar=4-MeCgH4, R=H f: Ar=2-furyl R=H
R NO> ¢: Ar=4-CF30C¢Hs R=H g: Ar=Ph,R=Ph
1 d: Ar=4-FCgH,, R=H

—~
~—"
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Hydroximoyi halides and nitriie oxides are important intermediates in organic synthesis.** 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).™

cl N Ph
Ets
MNOH +  Pr—=—H E\i/\,a'\. (,2)
l E .
EE {
2a 4(75%)

synthesis. * Alternatively, reactions of unsaturated nitro compounds with chlorotrimethylsilane in the presence

PUNCIPS TR PR U, JE IS T ~ ITONN

of iriethylamine yield silyl nitronates (ISOC) in a muitiple-step sequence.” On the basis of equations 1 and 2,
we aiso have succeeded in the preparation of the similar heterocyclic compounds from the reactions of f3-
nitrostyrenes 1a-1f with [H,C=CH-CH,CH(COOE?t),, 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 1g 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.

|
I[ Ar\TiN(‘)H 1! EtaN l{ .-Ar\__._%,_g ‘! o
e A
L = J L |
-—Ar"-.E: 1 :H";\ ' .
/NA2 = "N\
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The ratio of cis- and irans- diasicreomers generated by the reactions mentioned above is similar i0 whai

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 1a (30 min at 0 °C), 1c and 1d
reacted much faster (10 min at -78 °C) (entries 1, 3 and 4). In the cases of the heteroc yclic rings le and 1f the

diagtersomeric ratio
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Table 1 One-pot synthesis of [3.3.0] bicyclic products 5a-f from the reactions of f-nitrostyrenes 1a-g

with (H,C=CH-CH,)CH(COOEt),/NaH

entry [-nitrostyrene condition product yield (%) cis : trans
1 1a 0 °C, 30 min Sa 68 75:1
2 1b r.t., S min 5b 85 75:1
3 1c -78 °C, 10 min Sc¢ 90 50:1
4 id -78 °C, 10 min 5d 56 55:1
5 le -78 °C, 10 min Se 77 35:1
6 if -78 °C, 10 min Sf 85 25:1
7 ig r.t., 10 hr - - -
(b) Oxygen nucleophiles

It has been reported that unsaturated nitroalkyl ethers can be converied into cyclic ethers by
intramolecular nitrile oxide-olefin cycloadditions (INOC) or intramolecular silyl nitronate-olefin cycloadditions
(ISOC).*® When compounds 1a 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 [-nitrostyrenes 1 reacted with allyl alcohol. However, hydroximoyl chloride 9
was relatively unstable to silica gel and always underwent dehydrochlorination to generate bicyclic products 10
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 triethylamine directly. To our surprise, moderate to
e ra a o~ PN P P L ¥ + Y EPU- SUY o ~
high yields of bicyclic products 8 and 10 were obtained (eqs 5 and 6)
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1. Propargyl alcohol, NaH AF Ar.
A 2.cond Holg \I/&N oH + Y 'No, @
o PN O A o\_&\_-
H NO, = S
1a 6a:68% Ta:30%
id 6b . 75% -
1. Propargyl alcohol, NaH r Cl 1 H, 'N N
A __NH 2. concd. HCl (aq) Ar NOH BN o )
H®  NO, N A/
L PN _|
1 6 8
A 1. Allyl alcohol, NaH [ N ! 'l o %
r>ﬁ\H 2. concd. HC (aq) NOH ta ~ N, 5 ®
H NO> I 6\v/\\_ l \-\/‘\/
L = ]
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.”® The different ratios of the cis/trans isomers between 10a (1:1.6) and 5d (5.5:1) may be

attributed to the lnnoer bond 1enmh of C-0, leadm_n to a less constrained transition state dunng the INQC
rucrlizatinn nroacseg Tt ag hoon rannrtad that tha NMNMM? calrnlatinne nradinte an anaraov diffaronca nf QR
\.«J&umu\ul lll\l\t\.{ﬂn’. AL 1143 UwALILL lh}l\llwu IEGL WL AVALIYAL VAW UIAGLILVIILD yl\/ul\/l-o €AIF wiivad J VIS AW AW § LIRSS AV AN g
kcal/mol in favor of the trans isomer of 16.7*°
Table 2 One-pot synthcs1s of [3.3.0] bicyclic products from the reactions of J—nitrostyrenes 1 with
propargyl or allyl alcohol and N'"I-x
entry f-nitrostyrene alcohol condition 7 (%) 80r10 (%) cis: trans
1 1a HCG=CCH,0H 0°C,3hr - (60) -
2 1d HG=CCH,OH -78 °C, 25 min - 8b (60) -
3 1g HC=CCH,0H 0°C,1.5hr 7b (15) 8¢ (60) -
4 1d H,C=CHCH,0OH -78°C,20min ~ — 10a (61) 1:1.6
5 1g H2C=CHCH20H 0 °C, 30 min Tc (30) 10b (64) -
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(¢) Sulfur nucleophiles
It has been reported that unsaturated nitro alkyl sulfides can be 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. 210 The unsaturated nitro sulfides are converted into tetrahydrothiophenol{3,4-

vranc2610 hy intramolecular nitrile oxide-olefin cveloaddition with nhenvl isocvanate and
yrans ntramolecuiar nitnie oxide-eleNnn Cych ainon ny! 1socyanate ang

) AaiuiQuan aidas aiiuxd Is L2808 AR ¥V aiix plamn

triethylamine (Mukaiyama-Hoshino method).3@ According to equations 1-6, we also tried to react substrate 1g
with ethanethiol or allyl mercaptan and to add the nitronates to an ice cold concentrated hydrochloric acid solution.
Not only hydroximoy! chloride 11 but also nitrile oxide 12 was isolated when ethanethiol was used (eq 7). The
isolation of the nitrile 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 1 g reacted with allyl mercaptan
and 3-acetylmercaptocyclohexene, respectively, in one-pot reaction (egs 8, 9).

1. Ethanethiol, NaH Cl g
Ph,  H 2. Coned. HCligq) Pk Ph 3%‘ o
e ml NoW oo YT
[xll NU o vae ] SVMG
1g 11 (68%) 12(11%)
o]
1. Allyl mercaptan, NaH I_ Ph ]
Ph H 2. Concd. HCI T
— |y o |
Ph NO2 | S\/\ |
L Jd
g
® 8 P
EtsN [ N ] v N
S I G e ¢ T
L S\,/\ 1
13 (50%)
0
P H Me” S
>=< + l + EtONa
P NO»
|
g
pn Ph
1. Concd. HCl, =N,
2. EtN e s o) ©

MEE

14 (35%)
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(d) Phosphorus nucieophiies

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.'' The strategy is to treat N-
[2-(diethoxyphosphoryl)ethylene]hydroximoylamine, prepared from (diethoxyphosphoryl)acetaldehyde and
hydroxyamine, with N-bromosuccinimide (NBS) to generate hydroximoyl bromide according to the Steven’s
method."” 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
s i A A -~ n wrinlds ("IN QKOLN £ herdenwirmngl Al Adas
nitroalkenes with diethyl phosphite. As expected, good to excellent yields (70-95%) of hydroximoy! chlorid

by
1’
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C when [-niirostyrenes 1 reacied with diethyl phosphiie in the presence o
at -78 °C followed by the treatment of concentrated hydrochloric acid solution (eq 11).

‘TPT’\/CH o _NHOH o’g\/\ NBS o
|
Eto’éEt EtO"L =" TNOH

1.
A’>___g* 2. Concd. HCl(aq) Ar%N OH a1
, O=R—OEt

R NO, =0
OEt
1 15
a: Ar=Ph,R=H a: Ar=Ph R=H (75%)
b: Ar = 4-MeCgHy4, R =H b: Ar=4-MeCgHy, R=H (98%)
g: Ar=Ph, R=Ph c: Ar=Ph,R=Ph (95%)

(e) Enolate nucleophiie

One-pot synthesis of 1,4-diketones from the addition of lithium enolate of ketones to nitroalkenes and in
situ hydrolysis of the resulting lithium salts of aci-nitro compounds with 10% aqueous hydrochloric acid in THF
have been reported.”* On the basis of the literature report and our study,'>’ 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 °C reacted with ﬁmtrostyrene 1a followed by workup with concentrated

hyudrachlinm

taTed
Ly UL av



14004 K.-H. Kao et al. / Tetrahedron 54 (1998) 13997-14014

P —~a Cl
1. PhC(O)CHa, LDA '
[o N 11 2 Ccncd HC!. N ’:“’\ /k, .....
r'r§:= C:n . . (aq) H NOH (12)
H NO, Ph
0
1a %
Conclusion

In summarv, an efficient svnthegig of hvdr ximoyl chlorides from the reactions of the B-nitrostvrenes 1
SWIIlEIAL ¥y GQal VALAVIVIIL SYIUSLS UL L UIUARIU YL VIRV LS Ll AL AUALWVIIS UL WAV iU VS aUARS &

with various nne leonhiles has been develoned. We also had demonstrated the utility of this method for the
Wwilll vaiious nuciCopnucs nas occil GCVEIOPEa. w<e ais0 naa GCmMOnSwaicad ne Uliily O Uis meuida 107

synthesis of bicyclic or tncyclic compounds in a one-pot synthesis process. Compared with the literature
procedures, several advantages are as follows: (a) the f-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 final products are easily purified. Further study using other nitroalkenes,
nucleophiles and other reagents are now under investigation.

Experimental Section

General. All reactions were pc,,ormcd in flame or oven-dried gla“sw.,e under a positive pressure of nitrogen.
Air and moisture sensitive compounds were introduced by the use of a syringe or cannula through a rubber
cantiin MNiarhe,l Im-u- and TLILD wara Aiotillad fram on At thanrrnnbhanAanas .l Asmnlerinal thie Toncran
oL piulll. iJiICUlyl Cuiv alld 111t wll ULSLLIIC il aumuuuucuz.upucuuuc lkC yl Adlalyutldl Ul 3471

RSN - a

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 IMS-D300 or Jeol JMS-HX110 spectrometer. Elemental analysis were
performed by a Perkin-Elemer 2400 instrument. IR spectra were recorded on JASCO FI/IR-5300. 'H- and
BC-NMR spectra were recorded on Jeol Ex-400 or Varian Gemini-2(X). All NMR data were obtained in CDCI,
solution and chemical shifts () were given in ppm relative to TMS. All melting points were determined on a

MEL-TEMP II melting point apparatus and were uncorrected.

Ta_.a war
1

a nrcahnaoad fe
a-¢ were vV u u

Urcnasc
prepared by modifying or according to the literature report.’”* 3- Acetylmeruaplocyclohexene was prepared from
3-bromocyciohexene and thiolacetic acid according to literature procedures.

1. Typical experimental procedures for the synthesis of compounds 2a and 3a (equation 1):
Starting material 1a 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. Afier
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the starting material disappeared by checking the mixture with TLC plate, the solution was slowly added o a 50
mL ice cold concentrated hydrochioric acid solution and the biue or green color was observed during addition.
The solution was stirred 30 minutes then poured into brine and extracted with dichloromethane, dried over
MgSO,, 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-Diethoxycarbonyl-2-phenylpropanohydroximoyl  Chloride (2a): This compound was
recrystallized from hexane and ethyl acetate solution and had mp 79-82 °C. 'H NMR (200 MHz, CDCl,) 8.72
(s, 1H), 7.32 (s, 5H), 4.51 (d, / = 12.0 Hz, 1H), 435 (d, J = 12.0 Hz, 1H), 4.33-4.18 (m, 2H), 391 (g, / =
7.2 Hz, 2H), 1.27 (1, J = 7.2 Hz, 3H), 0.94 (t, J = 7.2 Hz, 3H) “C NMR (50 MHz, CDCL,) 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,;H,,O,NCI: C, 54.97; H, 5.54; N, 4.27. Found: C, 55.01; H, 5.29; N, 4.31.

3,3-Diethoxycarbonyl-1-nitro-2-phenylpropane (3a): 'H NMR (200 MHz, CDCl,) 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 (g, 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) "C NMR (50 MHz,

CTYM™M Y 1A7 8§ 1660 1262 1720 17272012 199N 7298 £21 A1 Q SA4AQ A2 0 12 Q 12 A NC /o
LaAcdyy 107, 1007, 1JU.J, 140.7, 140.0, 1&40.U, 70.J, O4L.0, UL.06, J%.7, 94.7, 13.0, 13.0 VLS TV
fanmd ol m amdman ~Za:Y DTN RAT 12N ALY OV 1E0 M) 1N 710NN Y SL LN TINRACO 717N L omanl o Vosad £
UClI¢ C UHRCISIY ) J1U (M1, 10, £Z03 (Y7 ), 107 (&&), 1UD (1WA)), /7 (DO} NRIVID (B1) vz CalCuldica 101
C,H,;O.N: 309.1213. Found: 309.1211. Elemental analysis calculated for C,;H,,O,N: 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

2% ottt ITi AR L (13 L1 LS LIei sy L ALl XA

nurified hy chromatogranhy hvnee of h
ym ALAWAS ll] WwERL LJALIKARAI N x s O UL I

pnenylaccwxene in the presence of pnenyusocyanate and memylamme under reflux for 3 hr.

3-(2,2-Diethoxycarbonyl-1-phenylethyl)-5-phenylisoxazole (4): mp 116-118 °C (hexane-ethyl
acetate). 'H NMR (200 MHz, CDCL,) 7.72-7.67 (m, 2H), 7.42-7.24 (m, 8H), 6.30 (s, 1H), 4.86 (d, /= 11.8
Hz, 1H), 445 (d, J = 11.8 Hz, 1H), 4.21 (g, J = 7.2 Hz, 2H), 3.94 (q, / = 7.2 Hz, 2H), 1.24 (¢, J = 7.2 Hz,
3H), 0.96 (1, J = 7.2 Hz, 3H). ’C NMR (50 MHz, CDCl,) 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 /7 (relative intensity) 393 (M*, 13), 320 (26), 274 (100), 245 (12), 105 (24), 77 (28). HRMS (ED) m/z

VIS 2 A JCIAUVE HRCHOSIY ) 270 W2 , 12, 2480 (L0 t), 8 ARivia (1)
~ralanlatad fae- M 1T M AT 202 188Q Enn A- 202 1§77 Elamantal analycic salonlaind far £ O YN O
CarxCliaica 101 Ug3lipg\Jgl 575.1350. rUOuUilil. 575.151717 CaCITICHwdL dllaiyS1is Cauiaicl 1UL U gpgliy\JgiN. L,
e 7 AY na Ty re 1’\. T b B~ ™ _ Y o] e 7AW AY T & NN T b V4]
AV i, 0.15] , DD rounda: C, /U.Ul; , 2.70; N, 2.02
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3. Typicai experimental procedures for
(equation 3 and tabie 1) : Starting maierial ia 10 mmol was dissoived in 40 mi. THI and was added io a~
C(CH,-CH=CH,)(COOEL), solution which was prepared from 15 mmol CH(CH,-CH=CH,)(COOEY), and 15
mmol NaH in 60 mL THF at 0 °C. After the starting material disappeared, the solution was slowly added t0 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 MgSQ,; filtered and the solvent was evaporated to

> -
-
-
[,
»
‘gt
-
-
-

—athvl acetate
¢yl aceaic

cis-5,5-Diethoxycarbonyl-3a,4-dihydro-6-phenyl-3H,6H-[3,4-clisoxazole (cis-5a): 'H NMR
(200 MHz, CDCl,) 7.31-7.26 (m, 5H), 5.02 (d, /= 1.0 Hz, 1H), 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, 1H), 3.96-3.64 (m, 2H), 3.41 (dg, 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 (1, J = 7.2 Hz, 3H), 0.78 (t, / = 7.2 Hz, 3H). "C
NMR (50 MHz, CDCl,) 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, 139, 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 C18H210 N: 331.1419. Found: 331.1429. Elemental

M KARQ- T K AA- N A l’)
w, U O.9%, Iy, .
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ot
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!<l
—-
]
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uh
&
N

.49 (m, 2H), 4.40-4.15 (m, 2H), 3.91 (dd,
.0 Hz, 1H), 3 69 (dq J =11 () 7.0 Hz, lH) 3.32 (dq, =11.0, 7.0 Hz, 1H), 2.87 (dd, J = 12.8,
7.0 Hz, ]H), 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). C NMR
(50 MHz, CDCl,) 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, 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,(H,,O,N: 331.1419. Found: 331.1415.

cis-5,5-Diethoxycarbonyl-3a,4-dihydro-6-(4-methylphenyl)-3H 6H.[3 4-clisoxazole (cis-
gh): ! NMR 200 MH» Y1) ’71’7{rl I—R4 7HY 708 (d T=R4 27HY 400 (¢ 1HY 4K (dd T —
R Fe A2 LNIVRAN \&WN7 AVERBAuy NoRSNR3) T k0 \By Y V.57, &LLij, 1.0 \UQ, v — U.5v, LLi), 7.0 O, 111j, F.UJ Uu, 4 -~
9.4, 7.8 Hz, 1H), 4.40-4.18 (m, 2H), 4.08 (dd, J = 12 67 (m, 2H), 345 (dq, J =

.2, 7.8 Hz, 1H), 3.93-3,
11.0, 7.2 Hz, 1H), 2.69 (dd, J = 13.4, 11.0 Hz, 1H), 2.54 (dd, J = 13.4, 8.4 Hz, 1H), 2.29 (s, 3H), 1.27 (1,
J =7.2 Hz, 3H), 0.81 (, J = 7.2 Hz, 3H). *C NMR (50 MHz, CDCl,) 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 C ,H,,O,N:
345.1576. Found: 345.1596.
trans-5,5-Diethoxycarbonyl-3a,4-dihydro-6-(4-methylphenyl)-3H,6H-[3,4-clisoxazole

(trans-5b): 'H NMR (200 MHz, CDCl,) 7.12 (d, J = 8.4, 2H), 7.06 (d, J = 8.4, 2H), 4.97 (d, J = 0.4 Hz,
1H), 4.71-4.47 (m, 2H), 4.40-4.14 (m, 2H), 390 (dd, 7 =116, 6.7 Hz, 1H), 3.70 (dq, J = 11.0, 7.2 Hz,
1H), 3.37 (dq, /= 11.0, 7.2 Hz, 1H), 2.86 (dd, J=12.8, 7.2 Hz, 1H), 2.29 (s, 3H), 1.78 (dd, /= 12.8,
1i.0 Hz, 1H), 1.28 (1, J= 7.2 Hz, 3H), 0 Hz, 3H). “C NMR (50 MHz, CDCl,) 171.3, 170.4,
1

9.5, 137.3, 133.7, 128.9, 128. 2, 62.0, 61.5, 55.3, 454, 36.4, 209, 139, 13.1. IR (cm",
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\1 ..................... Y

~ s ]
eat) 1728. MS m/z (telative intensity) 345 (M", 52), 2

\f‘\

1N
< (1WJ), <
o 1o

(m) m/z caicuiated for C,,H,,0,N: 345.1576. Found: 345.1573.
cis-5,5-Diethoxycarbonyl-3a,4-dihydro-6-(4-trifluoromethoxyphenyl)-3H,6 H-[3,4-
clisoxazole (cis-5¢): 'H NMR (200 MHz, CDCl,) 7.40-7.13 (m, 4H), 5.04 (d, J = 1.2 Hz, 1H), 4.66 (dd,
J =96, 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 (,
= 7.2 Hz, 3H), 0.79 (1, J = 7.2 Hz, 3H). "C NMR (100 MHz, CDCl,) 170.7, 170.1, 168.1, 148.8 (q, J =
.8 Hz), 134.2, 131.5, 120.7, 120.5 (g, J = 258.2 Hz), 75.3, 69.8, 62.5, 61.8, 51.6, 45.8, 35.3, 14.0, 13.2.
ntensity) 415 (M*, 68), 370 (4), 342 (100), 268

SiJ [ava LAY,V P At

3 &
o

1
1 Y) 7
ala N NE - A18 174" Dannds A18 1741 Elamarntal arnalyg
cuiateq ior U ohig Uiyl 4101242, rOUNGI 413.12445. DO ahidry

C,,H,,O.NF,: C, 54.94; H, 4.85; N, 3.37. Found: C, 55.04; H, 5.17; N, 3.22.
trans-5,5-Diethoxycarbonyl-3a,4-dihydro-6-(4-trifluoromethoxyphenyl)-3H,6H-[3,4-
clisoxazole (trans-5¢): 'H NMR (200 MHz, CDCl,) 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, 1H), 3.73 (dq, J = 10.8, 7.2 Hz,
1H), 3.38 (dq, J = 10.8, 7.2 Hz, 1H), 2.86 (dd, J = 12.8, 7.4 Hz, 1H), 1.80 (dd, /= 12.8, 11.2 Hz, 1H),
1.27 (t, J = 7.2 Hz, 3H), 0.77 (t, J = 7.2 Hz, 3H). '°C NMR (100 MHz, CDCl,) 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’, neat) 1728. MS m/z (relative intensity) 415 (M*, 36), 370 (4), 342 (100), 268 (29).

MS (BETY /> calenlatad for ¢ H O NE - 4185 1749 Found: 4185 1280 Elamantal analucic palenlat, rl fnr
X RANIYELY \Xul ) I vAIVULAUAS LUL \/191.‘20\}61 i 3. TLJ. IL'TLI 4 UULIML, Tl V. 140\, LLAVdIViiual mlmy\)ll) UaJ.L/ula

TYF MR . 7 CANDA ET A OC: AT 227 Thasend. £V EA A, IY AOA. AT A NA
UgMUglNEy. L, 094.74, I, 4.00, IN, 3.5/, rOund. ©, J4./0, s 4.J1, IN, D.U4

~ ,

cis-5,5-Diethoxycarbonyi-3a,4-dihydro-6-(4-fluorophenyi)-3H,6 H-[3,4-c]isoxazole (cis-5d):
'H NMR (200 MHz, CDCl,) 7.34-7.27 (m, 2H), 7.02-6.94 (m, 2H), 5.02 (s, 1H), 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, 1H), 2.55 (dd, J = 134,80 Hz, 1H), 1.27 (t, J=7.2 Hz, 3H), 085 (1, J =
7.2 Hz, 3H). "C NMR (50 MHz, CDCL,) 170.9, 170.7, 168.2, 162.4 (d, J = 246.2), 131.8 (d, J = 8.4),
1313 (d, J=3.4), 1150 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 (rclative intensi sity) 349 (M*, 34), 276 (100), 246 (24), 173 (16)

AR =T MUy (d

calculated for C, H. O NF: 349 1324  Fgund: 340 1326. E

GivUIGT LUL SeqgllgglsgiNi’. JF7.1 0240 ivu \.l [ S8

61.88; H, 5.77: N, 4.00. Found: C, 61.56; H, 6.04; N, 3.98.
irans-5,5-Diethoxycarbonyi-3a,4-dihydro-6-(4-fiuorophenyi)-3H,6H-{3,4-cjisoxazoie
(trans-5d): 'H NMR (200 MHz, CDCl,) 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, 7 = 11.6, 7.2 Hz, 1H), 3.74 (dq, J = 10.7, 7.2 Hz, 1H), 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, 1H), 1.28 (t, J = 7.2 Hz,
3H), 0.81 (1, J = 7.2 Hz, 3H). ")C NMR (50 MHz, CDCl,) 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, 139, 132. IR

(cm, neat) 1728. MS m/z (relative intensity) 349 (M*, 52), 276 (6), 184 (13), 154 (8), 127 (11). HRMS (EI)
m/z calculated for C ;H,,O,NF: 349.1326. Found: 349.1321.

e/l VAL BAGITU 1V N gddgpgns panr At
ih o~ {ric

leﬂUAal;U L AL
10 ¥

, 1H), 6.94 (dd, J=5.0, 3.6,
12 (dd, J =122, 8.0 Hz, 1H),
Hz, 1H), 2.51 (dd, J =13.8,

(200 MHz, CDCl,) 7.21 (dd, J
, 5.28 (s, 1H), 4.65 (dd, J = 10.0, 0
3.95-3.79 (m, 2H), 3.65 (dg, J = 10.0, 7.2 Hz, lH), 2 66 (dd J =138,

O‘—"c\
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O N Y¥_ 1IT\ 1 2N (e T 7T IT. 2ATIN N D1 4s Y _ T 1IT.. AALIN 13f" WIRAD /&N RATT.. ATV 17T & 171N N
8.0 1z, 1), 1.30 ({,y =72 nZ 5n), VYl ({{,J = /.2 Oz, >Nn) C NMR (53U Mmnz, COCLj 1740.5, 1704,
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’, neai)

1727. MS m/z (relative intensity) 337 (M*, 100), 264 (83), 191 (11), 96 (56), 91 (40). HRMS (ED) m/z
calculated for C,(H,,O,NS: 337.0984. Found: 337.0966. Elemental analysis calculated for C,;H,,O,NS: 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):
'H NMR (200 MHz, CDCl,) 7.20 (t,J = 3.4, 1H), 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 (dqg, J = 10.7, 7.2 Hz, 1H), 3.63 (dq, / = 10.0, 7.2

Hz, 1H), 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

ARE, axay v G2 uay, Axdiy, xRy, 2.V Ny, v

(t, J= 7.0 Hz, 3H). "*C NMR (50 MHz, CDCl,) 1690 137.8, 128.3, 127.0, 126.7, 125.2, 75.4,

L 7a Y] o £2 0 R a1 S %) 2V &1

70.8, 62.1, 61.8, 53.8, 41.4, 35.7, 13.9, i3.3. 1 (c , neai) 1728. MS m/z (relaiive iniensity) 337 (M,
94), 264 (86), 218 (100), 191 (13), 91 (23). HRMS (EI) m/z caiculated for C,;H,,O,NS: 337.0984. Found:
337.0988. Elemental analysis calculated for C,;H,;;O,NS: C, 56.96; H, 5.68; N, 4.15. Found: C, 56.97; H,
5.50; N, 4.03.

cis-5,5-Diethoxycarbonyl-3a,4-dihydro-6-(2-furyl)-3H,6 H-[3,4-c]isoxazeole  (cis-5f): 'H
NMR (200 MHz, CDCl,) 7.34 (d, J = 1.2 Hz, 1H), 6.35 (d, / = 3.0 Hz, 1H), 6.31 (dd, / = 3.0, 1.2 Hz, 1H),
, 3.88-3.70 (m,

, 175 (12) 146 (16) 91 (19) HRMS (EI) m/z calculated for CmngO N:321.1212. Found: 321.1208.

trans-5,5-D1ethoxycarbonyl-3a,4-d|hydro-6-(2-furyl)-3H,6H-[3,4-cllsoxazole (trans-5f): 'H
NMR (200 MHz, CDCl,) 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, 1H), 2.99 (dd, J = 13.0, 8.4 Hz, 1H), 1.81 (dd, J = 13.0, 10.0 Hz, 1H), 1.27
(t, J=7.2 Hz, 3H), 1.01 (1, J=7.2 Hz, 3H). ">C NMR (50 MHz, CDCl,) 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",

AL 711£°N 710N TIDAC /TOT . /o anlalagad o M W, 2791 171 B
40 (1V), 71 \1Z7). TIIRNIVIO \L4) N4 CaiCuiatca 101 k,l5n]9U61‘ DLl 1l L. FUUJ]U

4. Typical experimental procedures for the synthesis of hydroximoyl chlorides 6a, 6b, and
nitro ether 7a (equation 4) : Starting material 1a 10 mmol was dissolved in 40 mL dry THF and was
added 1o 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

o
e cted with dichloromethane. The dichloromethane solution was washed with distilled water (530 ml. x '2\
extracted with dichloromethance, 1he dichioromethane solnfion was wash: distiied ter (30
Ariad avar MaQN  filtarad and tha enlunant ad 1 nhtain an nily mivfiira  Tha cmida mreaducte wara
aried over MgosQ,, fiitered and the soiventl was evaporated {0 ootain an Oily mixture. ine Crude proGucts 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 I-nitro-2-phenyl-2-
propagyloxyethane 7a (30%).
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2-Phenyl-2-propargyloxyethanohydroximoyl Chioride (6a): 'H NMR (200 MHz, CDCl,) 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). )C NMR (50

MHz, CDCl,) 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,,O,NCI: 223.0400. Found: 223.0388.

2-(4-Fluorophenyl)-2-propargyloxyethanohydroximoyl Chloride (6b): 'H NMR (200 MHz,
CDCl,) 8.08 (s br, 1H), 7.47-7.40 (m, 2H), 7.12-7.03 (m, 2H), 5.47 (s, 1H), 4.32 (dd, 7 = 17.0, 2.4 Hz,

1H), 4.22 (dd, J = 17.0, 2.4 Hz, 1H), 2.51 (1, J = 2.4 Hz, 1H). "C NMR (50 MHz, CDCl,) 1603 (d, J =

246 &) 141 5 1 T(d IT=23M0M 1IRR(d T =AY 1I§K(d T=722M TQY T2 7SR K&K IR fom!

LTV Sy BT LTy X I \\y Ty LAG.O U4y I O.57)y 11J.Jd MYy J = &by 7.4y, 10.J0,y iJ.0, JU.J. LI\ VLt ,
3 (M+2)", 1), 241 (M*, 3), 224 (3), 206 (13), 186 (26), 163 (76),

NAAann

NFCI: 241.0305. Found: 241.0298. Elemental analysis
5.80. Found: C, 54.59; H, 4.15; N, 5.85.

31
neat) 3391. MS m/z (relative intensity) 24

5 IRMS (EI) m/z calculated for C,,
calculated for C,,H,0,NFCI: C, 54.67; H, 3.75; N,

1-Nitro-2-phenyl-2-propagyloxyethane (7a): 'H NMR (200 MHz, CDCl,) 7.40 (s, SH), 5.34 (dd, J =
9.8,3.6 Hz, 1H), 4.69 (dd, J = 12.8, 9.8 Hz, 1H), 4.43 (dd, /= 12.8, 3.6 Hz, 1H), 4.18 (dd, /= 158, 2.4
Hz, 1H), 393 (dd, J = 15.8, 2.4 Hz, lH) 2.45 (t, J= 2.4 Hz, 1H). "C NMR (50 MHz, CDCL,) 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 ana lysis calculated for C, H,,O,N: C, 64.38; H, 5.40; N, 6.83. Found: C,
64.31; H, 5.53; N, 6.67.

s 2o TR 3 V1T TR | RS J N — o /. iy aTRATDY sANN RATT_ AT A - o~ -~
2,2-Dipheiyl-1-nitr A-prupargyleulane L/D): NMR (200 MHz, CDCl,) 7.40-7.29 (m, i10H), 5.32

(s, 2H), 4.07 (d, J = 2.2 Hz, 2H), 2.42 (1, J= 2.2 Hz, 1H). C NMR (50 MHz, CDCl,) 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 C,;H,;O,N: C, 72.58 :H, 5.37; N, 4.98. Found: C, 72.32; H,
5.29; N, 5.12.

2,2-Diphenyl-1-nitro-2-allyloxyethane (7c): 'H NMR (200 MHz, CDCl,) 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, /=34, 1.6 Hz, 1H), 392 (1, J=1.6
Hz, 1H), 3.89 (t, /= 1.6 Hz, 1H). '*C NMR (50 MHz, CDCI. » 141.1.1, 1339, 128.4, 1281, 126.7, 116.5,

J 114 BA AP LN LY B4 1, 122, Ty 201

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

'~ £ LT ANT. LI £ NAE. NT A NOA | P I . .
T .00, 7\;31\ C, 7207 H, 6. U3, N, 4.4, round: L, /1.9/7; n, 3.50; N, 4.99Y.

5. Typical experimental procedures for the synthesis of hydroximoyl chloride 8 and bicyclic
compound 10 (equations 5, 6 and Table 2) : Starting matcrial 1a 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 mlL. x

3), Neaal v R4y 2 [+3 313 ay Qo v p W 1% O i1l fais ALy 1k J g u i
purified by ﬂash column chrcmatogr“phy by use of hexane-ethyl acetate (95 : 5) as cluent to obtain pure
compound 8a (60%). Similar procedures were repeated when substrate 1d reacted with allyl alcohol at -78 °C

to obtain 61% of 10a and the ratio of cis/trans was 1:1.6.
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£ WO oo ATY LAT L a2 A oV mnar = 111 NTRAD /9N RALLS 7TW™M Y O NA 7AA JF - 1 A 17 >
o-rnenyl-ﬂn,on-lurula clisoxazole (od; 1 INMIN (LUU MIZ, CUALL) 6.U4 (GG, v = 1.4, 1.2 117,
1H), 7.48-7.25 (m, 5H), 6.11 (dd, J = 0.8, 0.6 Hz, 1H), 3.03 (ddd, / = 12.0, 1.4, 0.6 Hz, i1H), 4.95 (ddd, J

12.0, 1.4, 0.8 Hz, 1H). ’C NMR (50 MHz, CDCl,) 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 C; H,O,N: 187.0633. Found: 187.0631.
6-(4-Fluorophenyl)-4H,6H-furo[3,4-clisoxazole (8b): 'H NMR (200 MHz, CDCl,) 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, 1H), 5.03 (ddd, J =

12.0, 1.4, 0.6 Hz, 1H), 4.95 (ddd, J = 12.0, 1.2, 0.8 Hz, 1H). "*C NMR (50 MHz, CDCl,) 172.3, 162.9 (d,
J = 246.6 Hz), 148.4, 327 (d, J=3.1 Hz), 1283 (d, 7 = 8.3 Hz), 123.0, 115.6 (d, J = 21.2 Hz), 75.8,

05 (M*, 10), 148 (7), 123 (100), 107 (8), 95 (25). HRMS (ED m/z
. Found: 205.0542. Elemenial analysis calculaied for C,\H,O,NF: C,
, 6.83. Found: C, 63.76; H, 4.18; N, 6.81.

6,6-Diphenyl-4H-furo[3,4-c]1soxazole (Sc). '"H NMR (200 MHz, CDCL,) 8.31 (s, 1H), 7.39-7.31 (m,
10H), 4.19 (s, 1H), 4.18 (s, 1H). >C NMR (50 MHz, CDCl,) 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 (D), 77

(41). HRMS (EI) m/z calculated for C,;H,,0,N: 263.0946. Found: 263.0938.

intensity) 206 (M*, 23), 177 (6), 123 (100), 107 (8), 95 (36). HRMS (EI) m/z calculated for C, H,,0,NF:
207.0696. Found: 207.0704.

trans-3a,4-Dihydro-6-(4-fluorophenyl)-3H,6H-furo[3,4-clisoxazole (trans-10a): 'H NMR
(200 MHz, CDCl,) 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),
443 (td, J = 8.0, 0.8 Hz, 1H), 4.33-4.14 (m, 1H), 4.07 (dd, /= 12.0, 7.4 Hz, 1H), 3.81 (dd, J = 9.0, 8.0
Hz, 1H). >C NMR (50 MHz, CDCl,) 170.3, 162.8 (d, J = 246.5 Hz), 133.2 (d, /= 3.0 Hz), 1276 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*, 10), 177 (48),
177 (10 1N7 QY OK 20 IIDAAC /CT\ .en /e alrnlatad fae 0 LT Y N J/RA 1IN ) MNLE NE17T T |
143 (1UVU}, LU/ \0}, FD \J?}. NRMDS (£1) #/z cailcuiatea I U guyINeD (\Vi-1) ) 2U0.ulL 7. Found:
206.0615.

3a,4-Dihydro-6,6-diphenyl-4H-furo[3,4-clisoxazole (10b): mp 69-70 °C (hexane-ethyl acetate).

'H NMR (200 MHz, CDCL,) 7.58-7.20 (m, 10H), 4.62-4.50 (m, 1H), 4.50-4.17 (m, 2H), 4.07-3.88 (m, 2H).
“C NMR (50 MHz, CDCl,) 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 (EI) m/z
calculated for C,H,;O,N: 265.1103. Found: 265.1110. Elemental analysis calculated for C,;H,;O,N: C,
76.96: H, 5.70; N, 5.28. Found: C, 76.99; H, 5.61; N, 5.60.

=)

T '\:l‘
oxide 12 (equation 7) : Starting material 1g 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 materiai

disappeared, the solution was slowly added to a 50 mL ice cold concentrated hydrochloric acid solution. The
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soumon was wasneu Wlll'l 01&[11160 walicr l\JU mL X J3), dllCU OVl MgDU‘, luwlw anag ui bUlVCllt 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%).

-t

2,2-Diphenyl-2-ethylthioethanohydroximoyl Chloride (11): mp 108-109 °C (hexane-cthyl acetate).
'H NMR (200 MHz, CDCL,) 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) “C NMR (50 MHz, CDCl, ;) 1452, 1399, 1295, 128.1, 127.8, 67.3, 26.0, 12.8. IR (cm™, neat) 3337.

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

POy SRS PO s B e MIATMNC. ']n 1 1Ng Tahannds 207 1000
m/Z CaxCuaieda ior L16n16\_.ll‘\}0 AU /. 11UD. Oullld, Ju/.1U>o.

2,2-Diphenyl-2-ethylthioethanenitrile Oxide (12): mp 104-105 °C (hexane-ethyl acetate). 'H NMR
(200 MHz, CDCl,) 7.56-7.25 (m, 10H), 2.20 (q, J = 7.2 Hz, 2H), 1.23 (1, J = 7.2 Hz, 3H). "“C NMR (50
MHz, CDCl,) 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,;H,;NOS:
269.0400. Found: 269.0395.

7 Tvnical exnerimental nrocedures for the cvnthesis of cvelic comnonnde 13 and 14

fypical experimental procecqures Ior fthe synihesis of cyclic compouncs 123 ang 14
(anmatinne 2 0O) Tha 2N mT Af THE wae addad 7 el ahanhbiin athnanal and 072 o 710 mm £ matallin
\CI’I‘.IIUIID Gy 7 AU JVU 1i1Ls UL 11117 WAoo auulll 4 1lli, ADdVIULWL CULaliv) aliu V. 4L \l 1 1ucmuu,

£ ©
E
£
@)
=
@]

as added and the
reaction mixture was brought up to reflux for 15 min. The solution was then cooled to 0 °C and 5 mmol 1g 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 min, 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 usec of hexane-ethyl
acetate (95:5) as eluent to obtain 14 (35%).

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

...... l 2 Ve A bl el il -,._L.._‘.r’) ) [Py {12\, —.— 177 1217 o g NPy R |
u,u-unpncuy =J,3d,4-~irinyarowuiiopne ul.),-r-l,]nuxaauw (19): mp 154-135 U (néxanc-Cunyi
acetate). 'H NMR (200 MHz, Cl,) 7.57-7.00 (m, 10H), 4.70-4.50 (m, 1H), 4.32-4.12 (m, 2H), 3.18-3.08

(m, 1H), 3.00-2.91 (m, 1H). 13c NMR (100 MHz, CDCl,) 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 (telative intensity) 281 (M*, 31), 251 (15), 217 (45), 204 (21), 77 (8).
HRMS (EI) m/z calculated for C,H,,ONS: 281.0874. Found: 281.0887. Elemental analysis calculated for
C,;H,;ONS: C, 72.57; H, 5.37; N, 4.98. Found: C, 72.52; H, 5.37; N, 4.81.

7.0,

intensity)
calculated for C,(H,,NOS: 321
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o [ (U T N iy . [ frw tha cuymthnoic nf houde~e femnawl Ahlasidsa 18 (ammatian
O. pLypicai expcrimciniai pr ULI:UUI €3 105 LG DYIILHOID Ul HMYUIUAIIMUYE LIMUISUL 10 (Ljuaiaurn
i1): Starting material ia (4 mmol) was dissolved in 20 mL dry THF and was added io ihe diethyl phosphiie (8

mmol) and sodium hydride (10 mmol) in 30 mL THF at 0 °C. After the starting material disappeared (10 min),
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 MgSO,, filtered and the solvent was cvaporated (o 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-

mtmas) 1T TR ATY /AN L ATY 11 1T 'l\ "'l AA ™ AN s E&IT A "l -~ [ B4 90 &

eihyl awuu:) "H NMR (400 MHz, CDCl,) 11.58 (s br, 1H), 7.44-7.33 (m, 5H), 4.24 (dq, J = 7.2, 1.0 Hz,
2H), 4.20 (d, J = 26.4 Hz, 1H), 4.07-3.89 (m, 1H), 3.88-3.69 (m, 1H), 1.32 (t, J= 7.2 Hz, 3H), 1.09 (t, / =
7.2 Hz, 3H). C NMR (100 MHz, CDCl,) 133.0, 131.9 (d, J = 7.3 Hz), 129.8 (d, /= 5.5 Hz), 128.7 (d, J =
2.3 Hz), 128.3 (d, /= 2.3 Hz), 63.8 (d, J = 6.9 Hz), 63.6 (d, /= 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™, neat) 3177. MS m/z (relative intensity) 307 (M+2)*, 3), 305 (M", 9),
270 (6), 91 (100), 89 (70), 77 (48). HRMS (EI) m/z calculated for C,,H,ONPCl: 305.0550. Found:
305.0559. Elemental analysis calculated for C;,H,,0,NPCI: C, 47.15; H, 5.61; N, 4.58. Found: C, 47.25; H,

5.46; N, 4.59.

2-(Diethoxyphosphinyl)-2-(4-methylphenyl)ethanohydroximoyl Chloride (15b) : mp 162-163
°C (hexane-ethyl acetate). '"H NMR (400 MHz, CDCL,) 11.78 (s br, IH), 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 =240 Hz, 1H), 3.99-3.93 (m, 1H), 3.86-3.82 (m, 1H), 2.34
(s, 3H), 1.31 (1, J = 8.0 Hz, 3H), 1.11 (1, J = 8.0 Hz, 3H). "C NMR (100 MHz, CDCl,) 138.1 (d, J = 3.7

Hz), 133.2, 1296 (d, J = 5.5 Hz), 129.4, 128.7 (d, 7= 7.3 Hz), 63.8 (d, J = 5.5 Hz), 63.5 (d, /=173 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 (EI) m/z calculated for
C;H,,O,NPCI: 319.0740. Found: 319.0737. Elemental analysis calculated for C,,H ,O,NPCI: C, 48.84; H,
5.99; N, 4.38. Found: C, 48.95; H, 5.89; N, 4.44.

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

(havana _athvl arataral Lt NAMD /ANN NI TN\ 7 L8 7 KAfenn ALTY 77 2Q_ 7 21 fova LIV A NKE_ A O {onn
Uivaaii"uudiys avolais). 11 INLIVIIN \TUV 1'111& A3 ) L0970, *E1 ), (.00 7.010 (i, UIl), 4.U0-4.UU 1,
AYIN 1 NL £+ T __ 77 1T, £ITL 34N ATRATY 710N MATT TN/ N 127 7 1AL A 731 T oz e A7 I 4 a4
4r1), L.UO (L, J = /.0 I1Z, O1n). L NMIK (1 112, CLUL) 107./7, 150.2 (4, J = 3.0 HZ), 15U.7 (4, J =D

Hz), 127.8, 64.7 (d, J = 136.1 Hz), 64.3 (d, J = 5.5 Hz), 16.0 (d, 7 = 5.5 Hz). IR (cm, neat) 3160. MS m/;
(relative intensity) 383 ((M+2)*, 1), 381 (M*, 3), 345 (9), 208 (84), 178 (85), 77 (7). Elemental analysis
calculated for C,(H,,O,NPCI: 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 mmol) in THF, prepared from BuLi and diisopropylamine in THF (20 mL) at

-78 °C, was added dropwise a solution of a acetophenone (10 mmol) in THF (10 mL) over 10 min at the same
tomneraiire nndar Ar Aftar ctirring for 2 min 2 enhitinn Af 2 R nitracturanas 1a (& mmal) in THE /9% mI )
WPl Gt L uniuct Ak, Al Stiiidly 1V SV I, a SUUUUIl U1 a iidUSyiciiC 1@ (J iiiio1) o nr (v i)

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

warmed 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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Mad ratar 780 T <+ 2% A
soluiion was washed wiih distilled water JuU L X 5), Qiich

16 (60%)

2-Acetophenonyl-2-phenylethanohydroximoyl Chloride (16): mp 117-118 °C (hexane-ethyl
acetate). 'H NMR (200 MHz, CDCl,) 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, 1H). '*C NMR (50
MHz, CDCL,) 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

AAas; S22, AVOU. ATARIAVL 22230228235 AAYR Jy &J1 22/, &I AV, VS LYY LAV BRIV

(EI) m/z calculated for C,;H,,O,NCI: 287.0713. Found: 287.0706.
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