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Abstract: P-Functionalized oximes derived from phosphine oxides 5, phosphonates 8 and
phosphonium salts 10 are easily obtained by simple addition of hydroxylamine compounds 210
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the synthesis of c.,B-unsaturated oximes 1, and isoxazole derivatives 13.
© 1997 Elsevier Science Ltd. All rights reserved.

Oxime derivatives are of significant interest not only for their synthetic value as intermediates in organic
synthesis, ! but also for their industrial applications in the areas of agrochemicals,?2 medicinal chemistry2b and
in the preparation of cephalosporin derivatives with potent antibacterial activity.2¢:d Furthermore, the usefulness
of the a,B-unsaturated oximes is particularly significant as a result of their activity as insecticides, 3a
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vasodilators,3P antimicrobial agents,3¢ selective inhibitors of fatty acid activation prolems3 and starting
maierials in the synthesis of the dipeptide Radiosumin®? and in the preparation of a wide range of acyci
compounds, such as carbonyl derivatives,*® acetylenes,* allylic nitro compounds,*d unsaturated sugars,*¢
a-aminoacids# as well as heterocycles such as pyridines, Sab pyrimidines, 5¢ oxazoles, 4 pyrazoles,
quinolines>f and azepines.># In this context, it is noteworthy that recently o, B-unsaturated O-silyloximes have
been used, for the first time, as siloxy-activated 1-azadienes in an elegant and short route to the synthesis of the

antitumor antibiotic Lavendamycin, and pyridine derivatives.6P

y synthesized by the condensation reaction of carbonyl

ompounds with hydroxylamines! (carbon-nitrogen dou nd formation, heme 1, route a). However,
Bio siininninaf o of ook oo io Far £ 3ea a 1n h £ i dL h
ihe preparation of such compounds is far from simple and, especially in the case of conjugated ketones, the

Michael addition may occur.” On the other hand, a very specific example of Wittig olefination of phenanthren-9-
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functionalized carbonyl compounds containing the oxime group, (se
our interest in the synthesis and reactivity of 2-azadienes? and activated 1-azadienes,!0 we have used B-

e Scheme 1, route b). In connection with

functionalized phosphonium salts, phosphine oxides and phosphonates as synthetic intermediates in the
preparation of hydrazones, 102 allylamines!12 and aminodienes.11b In this context, it is noteworthy that we have
recently used phosphorus compounds as homologation reagents1? for the conversion of carbonyl derivatives
into o, B-unsaturated oximes with the introduction of two additional carbon atoms in the resulting chain. Here
we aim to extend this methodology to the synthesis of a wide range of o,8-unsaturated oximes 1 and to explore
the synthcuc use of phosphorylated oximes in the preparation of acychc oximes and 1soxa701<:s In our case, we
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oxides, phosphonium saits, and phosphonates with carbonyi compounds (carbon-carbon dou
formation, see Scheme 1, route c).
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Scheme 1

RESULTS AND DISCUSSION

Synthesis of § functionalized phosphine oxides 5. phosphonates 8 and phosphonium salts 19.

The preparation of phosphine oxide derivatives 5 was accomplished very easily and in very high vields by
means of simple addition of hydroxylamine (2, R! = H), O-methyl hydroxylamine (2, Rl = CH3), and O-si
hydroxylamines (2, R! = Me3Si, ‘BuMe;Si) to substituted
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chlaoroform (see Scheme 2 tahle 1)
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Compounds § were characterized on the basis of their spectroscopic data, which indicate that they are isolated

/hen hydroxylamines 2 were used (see tabie 1). Thus, the 3/P-NMR
1 5a showed iwo different absorptions at ép 28.4 and 28.7 ppm in an approximate isomer ratio
50:50 as evidenced by the relative peak areas for each compound, in which the high-field chemical shift
corresponds to the E-isomer 5a. In the /H-NMR spectrum of 5a, the methylene proton resonates at 8y 3.59

ppm as a well resolved doublet with coupling constant of 2Jpg 15.0 Hz, and the methyl group gives a singlet at
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to the carbon bonded to the phosphorus aiom and the methyl group of the E-isomer. Conversely, the Z-isomer
5a showed clearly different absorptions, namely a doublet at éy 3.29 ppm (2Jpy 14.0 Hz) for the methylene
protons as well as a high-field signal for the methyl group at 8z 1.96 ppm, while in the /3C-NMR spectrum the
methylene group resontes at 8¢ 28.9 ppm ({Jpc 64.5 Hz) and the absorption of methyl group is shifted to a
lower field (8¢ 19.5 ppm) relative to that of the E-isomer. This steric compression shift of about 5.9 ppm, in
which the signal of the methyl group is shifted to a higher field for the E-isomer, is similar to that previously
reported in other oximes.13.14 The scope of this reaction for the formation of B-functionalized oximes 5 through

simple addition of hydw ylamines 2 to allenes derived from phosphine oxides 3 is quite general, given that the
method is applicable no ly hydroxylamine (table 1, entries 2, 3 and 4) but also to O-methyl (table 1
eniries 5 and 6) and O- siiyi substituted hydroxylamines (table 1, entries 4, 7, 8, 9 and 10).
H;N— OR' i
2 TUSNE 4 RO, o
_— 2 u _— i ﬁ
- A r M
PR, B
Ve——4
R2
3 R=Ph 4 R=Ph 5
6 R= OEt 7 R= OEt 8
Scheme 2
Table i. B-oximophosphine oxides 4 and 5 prepared.
Entry Compound R1 R2 Yield (%2  Z/Eratio® m.p. (°C)
1 4a SiMe>'Bu -(CsHjyp)- 90 0/100 oil¢
2 Sa H H 80 50/50 190-192
3 5b H CHj3 74 /100 150-152
4 Sc H 4-Me-CeHy 85 28/72 155-157
5 5d Me H 67 45/55 65-67
6 Se Me Me 70 67/33 88-91
7 5f SiMe3 H 75 60/40 157-159
8 5¢ SiMey’Bu H 84 36/64 oil¢
9 5h SiMe)’Bu Me 86 26/74 oil¢
10 5i SiMey’Bu 4-Me-CgHy 80 90/10 oil¢

2 Yield of isolated purificd product. P ZZE ratio determined by 3/ P-NMR. € Crude purified by flash chromatography.
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It is well known that for the construction of carbon-carbon double b
derivatives (Horer reaction) but aiso pnosp'nonium saits (Wiitlig reaction) and phosphonates (Wadsworth-
Emmons reaction) are very useful reagents. Therefore, taking into account our results in the preparation of f§-
oximo derivatives §, we tried to extend this reaction and to explore whether other allenes such as allenes derived
from phosphonates 6 as well as the allenes derived from phosphonium salts (or their synthetic equivalent, the
commercially available propargyl phosphonium salt!02 9) showed a similar reaction pattern to that observed in
the case of allenes 3 leading to new B-functionalized phosphorus compounds 8 and 10 in a similar way to that
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previously reported for hvdrazines. l(h Thus, the allene derived from phosphonate ester 6 reacted with silylated
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2, entries 1-5) in a similar way to that reported in the case of phosphine oxide derivatives 3. Compounds 8
e basis of their spectroscopic data, which indicate that they are also isolated as the Z-
and E-isomer.

On the other hand, addition of trimethylsilyl hydroxylamine (2, R! = Me3Si) to commercially available
propargyl phosphonium bromide 9 in refluxing chloroform (TLC control) led to a mixture of Z- and E-
functionalized enamines 10a (see Scheme 3 and table 2, entry 6) whereas using bulky silyl hydroxylamines
such 0—tert-butyldimcthylsilylhydroxylamine, E-B-oximo phosphonium salt 10b (Scheme 3, table 2, entry 7) is
exclusively obtained in excellent yield. C()mnuunds 10 were characterized on the basis of their spectroscopic
data. Examination of the /H and 13C-NMR spectra i
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t. In the {H-NMR qnpmrnm nf 10a, the vinylic
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with coupling constant of 2Jpy 13.2 Hz, and the m thyl group gives a singlet at 5y 1.70 ppm, while the ! 3C-
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NMR shows absorptions at §c 55.2 ppm ({Jpc 118.1 Hz) and 16.5 ppm (3Jpc 5.1 Hz) assignable to the

~,

carbon bonded to the phosphorus atom and the methyl group of the E-isomer. 102,16 Conversely, for 10a the Z-
isomer showed clearly different absorptions, namely a doublet at 8y 4.37 ppm (?Jpy 14.4 Hz) for the vinylic
proton as well as a low-field signal for the methyl group at 8y 1.8 ppm, while in the /3C-NMR spectrum the
absorption of the methine carbon is shifted to a higher field (8¢ 54.0 ppm) with a higher value for the
phosphorus-carbon coupling constant (!Jpc 123.8 Hz) relative to those of the E-isomer. Vicinal 13C-31p
coupling constant (3Jpc 12.3 Hz) showed that the methyl group and the phosphorus atom in the B-enamino
compound 1 re relate grcms_ld&w

Entry  Compound Rl R2 Yield (%)2  Z/E ratiob m.p. (°C)
1 8a SiMe3 H 55 55/45 oil¢
2 8b SiMe/Bu H 65 25/75 oil
3 8c SiMes Me 80 70/30 oil¢
4 8d SiMeyBu Me 68 50/50 oil¢
5 8e SiMe3 4-Me-CgHy 70 55/45 oilc
6 10a SiMe3 H 95 55/45 190-192
7 10b SiMey/Bu H 90 0/100 205-207

a Yield of 1solated punﬁed product, b Z/E ratio determined by 31p.NMR. € Oils isolated after “trap to trap” high vacuum
distilled (1073 torr).
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Alkyl halides react with ambident oxime-anions on O, N, and C atoms and therefore selective alkylation of
oximes is not an easy process.! In our case, the presence of an anion stabilizing group such as phosphine oxide
could control the deprotonation at the internal less-substituted carbon. Thus, when functionalized oxime § was
treated with lithium diisopropylamide (LDA) followed by addition of methyl iodide and aqueous work-up, C-

methylated oxime 11 derived from phosphine oxide was obtained (Scheme 4). However, the use of natrium
hydride as a base followed by addition of allyl bromide or tertbutyldimethylsilyl chlonde allows us the synthesis
of O-substituted oximes 12 in a selective fashion. (Scheme 4).
R'O 1 3
N O 1. LDA RO, 1. HNa RO
, o 2. CH;l N9 2. R’X N
—_—
R PP, RY JLV PPh; ~ z\/JLv PPh;
I R!='Bu Me,Si R'=H
CHj
11 5 12
Scheme 4

{3 Oximo phosphme oxides 5 could be suitable to efficiently achieve the homologahon of oximes into their
vinylogous compounds. Phosphine oxides 5 were treated with a base, 17 followed by addition of aromatic,
heteroaromatic and aliphatic aldehydes and ketones (see Scheme 5, table 3) leading to 1-azadienes 1 with high

chromatography. The structure of compounds 1 was assigned on the basm of their spectroscopic data, which
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indicaie ihat they ar lwia d as a mixture of Z- and E-isomers. Thus, +>C-NMR spectrum of 1a shows
absorptions at 8c 9.7 and 16.7 ppm for the methyl group of the E- and the Z-isomer in accordance with

previous reported data.” Vicinal 3Jgy coupling constants in the range of 16-17 Hz between the vinylic protons
of 1 (R4 = H) are consistent with the E-configuration of the carbon-carbon double bond. Therefore, this
procedure is highly stereoselective affording the E-stereoisomer exclusively.
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This olefination reaction is not restricted to oximes 5, and can be extended to oximes derived from
phosphonates 8 and enamines derived from phosphonium salts 10 (Scheme 5). Methyllithium was the base
chosen in the case of phosphonates 8, whereas a weaker basc such as potassium carbonate would suffice for
enamines derived from phosphonium salts 10 probably owing to the partially stabilised nature of the
phosphorus ylides generated . The use of this base requires no special precautions ar
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d nrovides excellent yields,
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(Scheme 5, Table 3). It is noteworthy that the preparation of a,f3-unsaturated oximes 1 does not require the
. . o £ R v .
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reaction from either allenes derived from phosphine oxides 3 and phosphonates 6 or from the commerciaily
available propargylphosphonium bromide 9, when these enamines S, 8 and 10, after evaporation of the
solvent, were directly treated with the adequate base with subsequent addition of carbonyl compounds. Finally,
this route used for the preparation of o,3-unsaturated oximes can also be applied for five membered
heterocycles formation when oximes 1 (Rl1= H) are used. Heating 1 (R1=R2=R4= H) at 110°C in toluene
causes intramolecular Michael addition and gives isoxazoles 13.
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Table 3. a f-unsaturated oximes 1 obtained
Entry Comp. R! R2 RS R6 Yield (%)2 ZE  mp.(°C)
. ratiod

1 la H H H  CH,CH(CH,)CH, 81 33/67 oile
2 1b H H H 3-CsH4N 72 0/100  124-125
3 1c H H H 4-CH30-CeHy 79 0/100  139-140f
4 1d H H CeHs CeHs 80 56/44 oile
5 le H H -(CHp)s- 74 /100 oile
6 f H Me H CH,CH(CH,)CH, 77 74126 oil¢
7  1g Me H H 4-CH30-CgHy 75 45/55 oile
8  1ih Me H H CeHs-CH,-CH; 70 50/50 oile
9 1i Me Me H  CH,CH(CH,;)CH, 65 40/60 oil®
10 1j Me Me H 2-(5-Me-furyl) 60 40/60 oile
11 1k  SiMeyBu H H 4-CH3-CgHy 807578 (/100 oile
12 11  SiMeyBu H CeHs CeHs 62 70/30 oile
13 1m SiMeyBu Me H CgHs-CHa-CHj 71 0/100 oile
14 1n  SiMeyBu Me H 4-CH3-CgHa 65 0/100 oile
15 1o  SiMerBu Me -(CHp)s- 60 50/50 oile
16 1p SiMeyBu -(CsHjp- H 4-CH3-CgHy 80 A0/60 oile

a Yields of isolated compounds from phosphine oxides. P Yield of isolated compounds from phosphonates. € Yield of isolated
compounds from phosphonium salt. 4 Z/E ratio determined by 3/P-NMR. € Purified by flash chromatography- f(E): 140-14119

In conclusion, we describe a new strategy for a simple and general method for the synthesis of a broad
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reaction conditions. Azadienes 1 are useful compounds in organic chemistry not only for their application in
organic synthesis#-6 but also for their biological activities3 while isoxazoles are very useful in medicinal

The present work has been supported by the Direccién General de Investigacién Cientifica y Técnica
(DGICYT, PB96-0252) and by Gobierno Vasco (GV, PI 96-36). I. M. de los Santos and E. Rodriguez thanks
the Consejerfa de Educacion del Gobierno Vasco and the Ministerio de Educacion y Ciencia, respectively, for a
predoctoral Fellowship.



606

F. Palacios et al. / Tetrahedron 54 (1998) 599-614

EXPERIMENTAL SECTION

General. Melting points were determined with a Buchi SPM-20 apparatus and are uncorrected.

Analvtical TLC was performed on 0.25 mm cilica oel nlatas (Merck). Visnalization was accomnlished by UJV
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light and iodine. Solvents for extraction and chromatography were technical grade and distilled fmm the
indicated drying agents: CH;Clz (P205); n-hexane and dlethyl ether (sodium benzophenone ketyl); ethyl acetate
(K2C03). All solvents used in reactions were freshly distilled from appropriate drying agenis before use:
acetonitrile (P20s); CHCl3 (P305s). All other reagents were recrystallized or distilled as necessary. Column
(flash) chromatography was carried out on silica gel (Merck, 70-230 mesh). Mass spectra were obtained on a
Hewlett Packard 5890 spectrometer. Infrared spectra were taken on a Nicolet IRFT Magna 550 spectrometer.
{H-NMR spectra were recorded on a Varian 300 MHz spectrometer using tetramethyisilane (0.00 ppm) or
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with chloroform (77.0 ppm) as an internal reference in CDCI3 solutions. 3/P-NMR spectra were recorded at
120 MHz with 85% phosphoric acid as an external reference. Elemental analyses were performed in a Leco

CHNS-932 instrument. Chemical shifts are given in ppm (§); multiplicities are indicated by s (singlet), d
(doublet), dd (double-doublet), t (triplet) q (quadruplet) or m (multiplet). Coupling constants, J, are rcported in
hertz. Infrared spectra (IR) were obtained as neat liquids, or as solids in KBr. Peaks are reported in cm™1. Mass
spectra (EI) were obtained with a ionization voltage of 70 eV. Data are reported in the form m/z (mtensny

relative 1o bage = IM\ All reactions were nerformed in gven (17< ("\ or flame-dried U]Aeswarp under an inernt
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atmosphere of dry N.

General Procedure for the Preparation of the (-Hydroxyenamino and/or §-

Hydroximinoalkyldiphenylphosphine Oxides 4 and 5, and diethyl f-
Hydroxyiminoaikyiphosphonates 8. A dry flask, 100-ml, 2-necked, fitted with a dropping funnel, gas

1nlnt and magnetic chrrpr wag charged with S mmol of allene derivatives ’! & or9and f"H("la l')( ml \ A
SRART ERANA & b A%il o/ 1ki111VJA

solution (5 mmol) of hydroxylamme or hydroxylamine hidrochloryde (in this case (6 mmol) of tnethylamme
was added) and CHCl3 (10 mL) was added over a period of 10 min. The mixture was stirred and refluxed until

TLC indicated the disappearance of the ailene derivative (i day to 3 days). The mixiure was concentraied and
the crude product was purified by recrystallization (hexane/CHCl3). In the case of hydroxylamine
hydrochlorhyde the mixture was diluted with water (50 mL) and extracted with CH>Cl> (3 x 25 mL) The
CH;Cl; layers were washed with water. The combined organic layers were dried over MgSOy, filtered, and

concentrated. The crude product was purified by recrystallization (hexane/CH>Cly).

E-2-(N-*butyldimethylsilyloxy)enamino-2-cyclohexylethenyldiphenylphosphine oxide
(4a). 2047 mg (90%) of 4a as a yellow oil (Rf = 0.50, ethylacetate). Data for 4a: IH-NMR (300 MHz) 0.05
(s 6H, CH3Si), 0.87 (s, 9H, CH3'Bu), 1.00-1.96 (m, 12H, CH»), 3.58 (d, 2Jpy = 14.0 Hz, CH-P), 7.23-

7.80 (m 10H, arom); {3C-NMR (75 MHz) -3.6 (CH3Si), 18.2 (C-Si), 25.7 (CH3'Bu), 25.4- 304 (CH;)_)

pC 108.0 Hz, CH-P), 128.2-131.8 (C-arom), 152.5 (C=N); 3!
S
F4

.5
BT
j

(K B2\ QY& QKL 14 AE 1104, { N AT WA+ C'\ln,\_t'Dn 1 Amal MalA~ '~y
s I \DDT) , Z7&U, 4030, 1495, 110U, Mo \ID1) J41 (Uvl -51vIC2° DU, 12). Alldl. caiC 10
Co6H3gNO2PSi: C, 68.57; H, 8.54; N, 3.15. Found: C, 68.80; H, 8.40; N, 3.20.

Z- and E-hydroxyiminopropyldiphenylphosphine oxide (Sa). 1092 mg (80%) of Sa as a white
solid. Data for Sa: mp 190-192°C ; {H-NMR (300 MHz) 1.94 and 1.96 (s, 3H, E- and Z-CH3), 3.29 (d,
2H,2Jpy = 14.0 Hz, Z-CHy), 3.59 (d, 2Jpy= 14.8 Hz, E-CHy), 7.26-7.48 (m, 10H, arom), 9.09 and 9.34 (s,
1H, OH); 13C-NMR (75 MHz) 13.6 and 19.5 (E- and Z-CH3), 28.9 (d,/Jpc = 64.5 Hz, Z-CHy), 35.3
(d,!Jpc = 66. 4 Hz, E-CH3), 126.8-132.8 (C-arom), 145.6 and 147.4 (E- and Z-C=N ); 3/ P-NMR (120 MHz)

e

i77, MS (ED) 273 (M*, 30). Anai.

AD s

28.4 and 28.7 (Z- and E-isomers); IR (KBr) 3163, 3061, 2856, i43
P: C, 65.93: H, 5.86: N, 5.13, Found:

¢ '}
o
o
=
(SR

37 (q, 2H 3JHH =
NMR (120 MHZ) 29.4 IR (KBr) 3187 3066 2874 1440 1175 MS (EI) 287 (M+, 8) Anal CalCd for
CigH1sNO2P: C, 66.87; H, 6.32; N, 4.86. Found: C, 67.02; H, 6.41; N, 4.91.

Z- and E-3-p-tolylhydroxyiminopropyldiphenylphosphine oxide (Sc). 1543 mg (85%) of Sc
as a white solid. Data for Sc: mp 155-157°C; {H-NMR (300 MHz) 2.23 (s, 3H, CH3), 3.10 (d, 2H,2Jpy =
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13.6 Hz, Z-CH2-P), 3.40 (d, 2Jpy = 15.0 Hz, E-CH3-P), 3.51 and 3.72 (s, 2H, E- and Z-CHy), 6.97-7.76
(m, 14H, arom), 8.89 (s, 1H, OH); I3C-NMR (75 MHz) 21.0 (CH3), 29.2 (d,!Jpc = 64.6 Hz, Z-CH3), 33.8
(Z-CHy), 34.8 (d,/Jpc = 67.4 Hz, Z-CH3-P), 40.5 (E- CH2—P), 128.4-136.1 (C-arom), 152.1 and 152.2 (&-

A AN . 3D ATALID 19N MALTN A0 1 and ’1(\ ‘: (T and 7 A Aro D (DR 2UYT 1441 1170 1NQQ
and L-UTINY , 50 =IVNVIR 1L\ IVID1L) L7.1 allU £7.0 \L- Al £~ buulcx ), U\ (8D7) 32U7, 1471, 1117, iUTT,
MS (EI) 363 (M*, 9). Anal. Calcd. for (‘nnnnnNnnp‘ C, 72.72; H, 6.10: N, 3.85. Found: C, 72.87; H, 6.21;
. S ). SARAIRA. NAREVME. AUR N LLAXLLANNI LR - Ry ,.-..—,- eaXSy 2Ny

N, 392

Z- and E-2-(N-methoxy)iminopropyldiphenylphosphine oxide (5d). 961 mg (67%) of 5d as
a white solid. Data for 5d: mp 65-67°C; /H-NMR (300 MHz) 2.04 and 2.05 (s, 3H, E- and Z-CH3), 3.27 (d,
2Jpy = 14.0 Hz, Z-CHy), 3.51 (d, 2Jpy = 15.2 Hz, E-CH3), 3.51 and 3.70 (s, 3H, E- and Z-CH3-0), 7.26-
7.81 (m, 10H, arom); I3C-NMR (75 MHz) 15.8 and 21.7 (E- and Z-CH3), 32.6 (d, /Jpc = 64.1 Hz, Z-CHy),

38.4 (d, ‘Jpc 66.4 Hz, E-CH>), 60.8 and 61.4 (E- and Z-CH3-O ), 128.3-131.9 (C-arom), 153.3 and 155.6

(E- and Z-C=N); 3/P-NMR (120 MHz) 28.2 and 29.3 (Z- and E-isomers); IR (KBr) 3065, 2960, 2900, 1446,
1202: MS (EI) 287 (M+, 8). Anal. Calcd. for C1sHgNO,P: C, 66.90; H, 6.27: N, 4.88. Found: C, 67.07; H,

L lu\Thesy AVENT \RuA ] ki3] \1VA 4 ©3J. 1 MAEGRA. B, LV \_,IQAAIBA‘\JLA . UVl Uy iy Uikl gy & UALANE .

6.42; N, 4.74.

Z- and E-2-(N-methxy)iminobutyldiphenylhosphin 3 Se). 1053 mg (70%) of Se as a
white solid. Data for Se: mp 88-91°C; TH-NMR (300 MHz) 1.01-1.09 (m, 3H, Z- and E- CH3) 2.39-2.43 (m,
2H, Z- and E-CHjy), 3.25 (d, 2Jpy = 13.8 Hz, Z-CH3-P), 3.50 (d, 2Jpy = 14. 8 Hz, E-CH>-P), 3.48 and 3.65
(s, 3H, E- and Z-CH3-0), 7.41-7.81.(m, 10H, arom); {3C-NMR (75 MHz) 10.0 and 10.8 (E- and Z-CH3),
22.6 and 28.6 (E- and Z-CH3), 31.0 (d, iJpc = 64.15 Hz, Z-CH»-P), 36.0 (d, 1Jpc = 66.4 Hz, E-CH3-P),
60.7 and 61.3 (Z- and E-CHj3-0); 128.1-131.0 (C-arom), 153.3 and 155.6 (E- and Z-C=N ); 3/P-NMR (120

) V. & PAY O N (7 need I tnenn s D._-\ AINCL INAN N0 1A 1420 11072, ALCT (TIN AN AE4 NN
IVII1L ) LO 1 auu 47 U (L~ allld - .lb 111 lb}, Dr) JOULL, 4794, L0144,

i n 14
Anal. Caled. for C17H2oNOP: C, 67.77; H, 6.64; N, 4.65. Found: C, 67.92; H, 6.78; N,
h

vidinhoanvinhnen
BpLIUI I

ra
36, 1153, MO (E1) UL (M7, 2).

E
.76.
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Z- trimethylsily ninopropyldipheny i
(75%) of Sfas a whne solid. Data for 8f: mp 157-159°C; /H-NMR (300 MHz) 0.04 (s, 9H, E- and Z-CH3Si),
1.93-2.07 (s, 3H, E- and Z-CH3), 3.32 (d, 2Jpy = 14.2 Hz, Z-CH-P), 3.59 (d, 2Jpy = 15.0 Hz, E-CH;-P),
7.61-7.81 (m, 10H, arom); {3C-NMR (75 MHz) 15.7 and 21.2 (E- and Z-CH3), 32.1 (d, {Jpc = 64.0 Hz, Z-
CHy), 38.6 (d, {Jpc = 66.4 Hz, E-CH3), 128.3-131.7 (C-arom), 155.2 and 155.3 (E- and Z-C=N); 3/ P-NMR
(120 MHz) 28.6 and 29.1 (Z- and E-isomers); IR (KBr) 3171, 3055, 2894, 1443, 1198, 815; MS (EI) 345
(M*, 64). Anal. Calcd. for C1gH24NO,PSi: C, 62.61; H, 6.96; N, 4.08. Found: C, 62.92; H, 6.86; N, 4.14.

- and E-2-(N-‘butyldi methylsnlyloxy)lmlnopropyldlphenylphosphlne oxide (Sg) 1625
a P Y snr AW o4 Try ayn 2T /7ANN L ITY

emymcetd[e) Data for Dg H-INMK (DU Ml‘lZ) -0.06 and -0.04
N

= U.00, K
N QA (¢ (] EF.and 7Z.0I.Mn 1 04 nnzi TN e 27 I7 wd 7 M,
U.0U \3, Fi1, i~ a;ua\.,xxj uu;, 1.70 diild 2.u1 O, Or1, & auua'\/xxjj

3.29 (d, 2Jpy = 14.1 Hz, Z-CHjy), 3.59 (d, J = 15.2 Hz, E-CHy), 7.42-7.75 (m, 10H, arom); {3C-NMR
(75 MHz) -5.2 and -5.4 (E- and Z-CH1Si), 15. 6 and 17.7 (E- and Z-CH3), 18.1 (C- SI) 25.8 and 25.9 (E- and
Z-CHj3!Bu), (d,!Jpc = 65.2 Hz, Z-CH>), 37.7 (d, {Jpc = 66.4 Hz, E-CH>), 128.2-133.4 (C-arom), 152.5
and 154 8 (E- and Z-C-N), 31 P-NMR ( 120 MH7) 28 6 and 29 O (Z- and E-isomers) IR 3065 2960 2861

- and E-2-(N-‘butyidi memylsuymxy)lmmonutylmpnenylpnospmne oxide (5h). 1724 mg

£ &b no o All~ ~sl /DL Tarnatatal Matn Ffae Ehe JTIFT ATALD 2NN ANALTN NN nA nna £
1 JI ay a )’CILUW Ol \ny = U Ul cmymu:tatc; Ldata 101 Ok, “[I-IVYIVIIN \O\WN\) IViQ1L4) -\U. Ul ang u. D 0

and Z-CH3Si), 0.78 and 0.85 (s, 9H, E- and Z-CH3'Bu), 0.80-0.99 (m, 3H, Z- and E-CHs), 2.39-
2.46 (m, 2H, Z- and E-CHy), 3.25 (d, 2Jpy = 15.4 Hz, E- CHy-P), 3.53 (d, 2Jpy = 14.3 Hz, Z-CH,-P),
7.35-7.76 (m, 10H, arom); 13C-NMR (75 MHz) -5.2 and -3.4 (E- and Z-CH3Si), 9.98 and 10.8 (E- and Z-
CH3), 18.2 (C-Si), 22.7 and 28.5 (E- and Z-CHy), 25.8 and 26.0 (E- and Z-CH3'Bu), 30.2 (d, !Jpc = 65.5

Hz, Z-CHy), 36.0 (d,/Jpc= 67.5 Hz, E-CH)), 128.5-131.9 (C-arom), 153.1 and 160.1 (E- and Z-C=N); 3/ P-
NMR (120 MHL) 29.8 and 30.1 (Z— and E-isomers); IR 3065, 2940, 2854, 1439, 1203, 841; MS (EI) 401
PSi: C, 65.84; H, 7.98; N, 3.49. Found: C, 65.70; H, 8.15; N, 3.56

oy L1y i.70 ~ - 4 Uuix Ny U [AVERE Y .1y 1%y JadU

Z- and -2-(1\/-5butyld1methylsuyloxy)lmmo -3-p- tolylprop iphenylphosphine oxide
mg (80%) of 5i as IH-NMR (300 MHz) -0.02

1di
yellow oil (Rf = .52, ethylacetaie). Daia for 5i: {H-
), 2.17 and 2.30 (s, 3H, E- and Z-
,3.75 and 3.91 (s, 2H, E- and Z-

1). T Sa
and 0.01 (s, 6H, Z- and E-CH3Si ) 0.91 and 0.92 (s, 9H, Z- and E-CHngu
5

607
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CHy), 7.05-7.78 (m, 14H, arom); {3C-NMR (75 MHz) -5.3 and -5.6 (Z- and E-CH3Si), 18.2 (C-Si), 21.0 (Z-
and E-CH3), 25.6 and 26.0 (E- and Z-CH3Bu), 30.1 (d, 2Jpc = 64.9 Hz, Z-CH-P), 34.2 (Z- and E-CHy),
34.8 (d, 1Jpc = 66.6 Hz, E-CH3-P), 128.2-138.1 (C-arom), 156.7 (C=N); 3/P-NMR (120 MHz) 28.2 and

. ID ANE? A027 1424 1100 QA2 AMC (BIN A77T (M+ 1Y Anal Caled for
» AR JUJD, 4LID4&, 1404, 1177, 04, VIO \LLLl) S/ 1 (Vi ,1). Muaai. waivu. 1ul

1, 7.55; N, 2.94. Found: C, 70.62; H, 7.40; N, 3.05.

Z.and E- 2- (M-f—i mathwleilvlavvlimin nnrnnvllhnfl\ osfonate {Rn\ 773 me (ﬁﬁ%\ of 8a as

AV SR ARERCSRA Y SIRN JAUA Y JIRMMASIVA U y SWSV RR iigsionat P )

a colourless oil. Data for 8b: {H-NMR (300 MHz) 0.10-0.11 (s, 9H, CH381) 1. 21 1.30 (m, 6H, Z- and E-
CH3), 1.92 and 1.93 (s, 3H, E- and Z-CH3), 2.70 (d, 2Jpy = 21.6 Hz, Z-CH2-P), 2.98 (d, 2Jpy = 23.4 Hz,
E- CH-P), 4.00-4.09 (m, 4H, Z- and E-CH-0); {3C-NMR (75 MHz) 1.2-1.8 (CH3Si), 16.2-16.3 (E- and Z-
CHj3), 26.8 (d, 1Jpc = 135.2 Hz, Z-CH>- P) 33.6 (d, 1Jpc = 138.2 Hz, E-CH3-P), 62.1 and 62.8(Z- and E-

CH>-0), 149.9 and 150.1 (E- and Z-C=N); 3/ P-NMR (120 MHz) 23.5 and 24.9 (Z- and E-isomers); IR 2885,

1455, 1202, 1025, 978; MS (EI) 281 (M+, 11). Anal. Calcd. for C1oH24NO4PSi: C, 42.69; H, 8.60; N, 4.98.
Found: C, 42.89; H, 8.72; N, 5.05.
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Z- and E-2-(N-*butyldimethyisiiyloxy)iminopro ylmemyu sfonaie (8b). 1050 mg (65%)

ntf @k ac a'“n“y nil Nata far She lui)\H\lD 200 MH2Y 0 NA I‘l NN (c Ku 7. and F.CHAC1) 070 :znrl
VL OV QA VEHUW Ull. L/7/Qia 1l oW, ALTLIVIVIIN \JUVYU V11 14L) U UL Ty ULRy &7 QLI 24N AL 308 )y Vel 7 AN

0.80 (s, 9H Z- and E-CH3'Bu), 1.21-1.26 (m, 6H, Z- and E- CH3) 1.87 and 1.92 (m, 3H, E- and Z- CH3),
2.67 (d, 2Jpy = 21.9 Hz, Z-CH>-P), 2.97 (d, 2]_})_[-_] 23.4 Hz, E-CH)-P), 3.99-4.08 (m, 4H, Z- and E-CH>-
0); 13C-NMR (75 MHz) -5.5 and -3.8 (Z- and E-CH3Si), 15.8 and 15.9 (E- and Z-CH3), 18.2 (C-Si), 25.5
and 25.8 (Z- and E-CHj3'Bu), 26.4 (d, {Jp¢ = 135.8 Hz, Z-CH»-P), 33.5 (d, {Jpc = 137.2 Hz, E-CH3-P),

61.9 and 62.7 (Z- and E-CH2-0), 154.2 and 154.4 (E- and Z-C=N); 3/P-NMR (120 MHz) 23.7 and 24.8 (Z-

and E- 1somers) IR 2989, 2856, 1496, 1256, 1024; MS (EI) 308 (M"' CHs3, 2). Anal. Calcd. for
C13H3gNO4PSi: C, 48.30; H, 9.29; N, 4.33. Found: C, 48.50; H, 9.40; N, 4.25.
s T

o

TRaT

-

7T and I7 3 (NS bwivmantbeeloil nuu\-m'nn ntuldiathuvlfacfanata (a4) 119N ma (NN Af 8~ ac
L= a2PU o™ L iV¥™Ri llllclll]lall: UAJ’ Janunuvou _yluncul: LUDLURIALT 1oL ). 110V llls \OV /) Uil oL ad
a yellow oil. Data for 8¢: {H-NMR (300 MHz) -0.04 and 0.02 (s, 9H, Z- and E-CH3Si), 0.99-1.28 (m, 9H,

7) 2 ,
Z- and E-CH3y), 1.69-1.73 (m, 4H, Z- and E-CHp»), 2.62 (d, 2H, ZJPH 21.9 Hz, Z-CH»-P), 2.96 (d, 2H,
2Jpy = 23.7 Hz, E-CH3-P), 4.00-4.13 (m, 4H, CHy); I3C-NMR (75 MHz) 3.4 and 3.5 (CH3Si), 16.2 and
16.3 (E- and Z-CH3), 25.6 (d, !Jpc = 136.5 Hz, Z-CH-P), 27.7 and 27.8 (E- and Z- CHy), 31.3 (d, 1Jpc =
138.7 Hz, E-CH-P), 62.7 and 62.8 (E- and Z-CH»-Q), 152.3 and 154.5 (E- and Z-C=N); 3Ip_.NMR (120

e o ANnAA ~e e~ P I ok e e YA V4

MHz) 23.5 and 23.9 (Z- and E-isomers); IR 2992, 1461, 1232, 1024, 978; MS (EI) 295 (M*, 12). Anal.
Calcd. for C11Hp6NO4PSI: C, 44.74; H, 8.87; N, 474 Found C 44.92; H, 896 N, 4.81.

Z- and E-2-(N- Dutyldimetnylsilyloxy)lmmobutyl(lletnyltosmnate (8d). 1146 mg (68%) of
QA ~c n wallas: i1 Tatn Fae @A, JIT ATAS wd T OLI-C3Y NT7Q N QY
Oou ad> a4 YCLUW Ull. L/alad 1U1 ol. ﬂ'lVlVlﬂ \DUU 1v1nz,} 'U \IU \ U \l‘f} uu, ()n, L’ anda E'Lﬂ}\)l} U./70-VU.74 ({11,
12H, E- and Z- CH3 and CH3!Bu), 1.27-1.37 (m, 6H, Z- and E-CHj), 1.77-1.81 (m, 2H, Z- and E-CH>),

2.69 (d, 2H, 2Jpy = 21.6 Hz, Z-CH;-P), 3.08 (d 2H 2Jpy = 23.7 Hz, E-CH3-P), 4.06-4.20 (m, 4H, E- and
Z-CHpy); 13C-NMR (75 MHz) 3.5-3.6 (CH3Si), 10.5 (E- and Z-CH3), 16.2 and 16.3 (E- and Z-CHp), 18.3
(C-Si), 25.6 (d, 1Jpc = 135.7 Hz, E-CH-P), 25.6 (CH3Bu), 31.4 (d, IJpc = 137.2 Hz, Z-CH-P), 61.8 and
62.7 (Z- and E-CH3-0); 3/P-NMR (120 MHz) 23.7 and 24.7 (Z- and E-isomers); IR 2985, 1441, 1236, 1025,

978; MS (ED) 337 (M*, 20). Anal. Calcd. for C14H32NO4PSi: C, 49.83; H, 9.56; N, 4.15. Found: C, 50.05;
H, 9.66; N, 4.21.

Z- and E-2-(N-trimethyisilyloxy)imino-3-p-tolyipropyidiethyifosfonate (8e). 1298 mg
(70%) of 8e as a yellow oil. Data for 8e: /H-NMR (300 MHz) 0.03 (m, 9H, CH;3Si), 1.18-1.36 (m, 6H, Z-
and E-CHa1), 2.25 and 2.28 (s, 3H, Z- and E-CH3»), 2.62 (d, 2H, 2Jpy = 21.9 Hz, Z-CH2-P), 2.90 (d, 2H,
2Jpy = 23.7 Hz, E-CH3-P), 3.60 and 3.61 (s, 2H, E- and Z-CHj), 4.05-4.14 (m, 4H, E- and Z-CH>), 7.01-
7.23 (AA'BB' system, 4H, arom); /3C-NMR (75 MHz) 1.9 (CH3Si), 16.2 (Z- and E-CH3), 20.9 (Z- and E-
CH3), 24.2 (d, {Jpc = 134.7 Hz, E-CH-P), 31.1 (d, {Jpc = 136.8 Hz, Z-CH-P), 39.9 (Z- and E-CH>),
61.3-62.3 (Z- and E-CH-0), 128.1-136.4 (C-arom), 151.7 and 151.8 (E- and Z- C-—- ); 31p.NMR (120 MHz)
23.2 and 24.9 (E- and Z-isomers); IR 2980, 1445, 1202, 1024, 970; MS (EI) 371 (M™, 9). Anal. Calcd. for

C17H3gNO4PSI: C, 54.97; H, 8.14; N, 3.77. Found: C, 55.12; H, 8.19; N, 3.83.

General Procedure for the Preparation of the PB-(N-alkylsiloxy)emaminoprop-1-
enylphosphonium Bromides 10. A dry flask, 100-ml, 2-necked, fitted with a dropping funnel, gas inlet,
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and magnetic stirrer, was charged with (5 mmol) of propargyltriphenylphosphonium bromide 9 and CHCI;.
(25 mL). A solution (5 mmol) of hydroxylamine and CHCI 3. (10 mL) was added over a penod of 10 min. The
mixture was stirred and refiuxed untii TLC indicated the disappearance of the phosphonium sali 9 (1 day o 3
days). The mixture was concentrated and the crude product was purified by recrystallization (CHCls/ethyl

acetate).

—~ - wv m rmy < _ — P . PR 5 & ¥iVaY N10L

Z- nu E-2-(N-irimethyisiiyloxy)enaminoprop-i-enyiphosphonium bromide (10a). 21066

P LT A 102 a0 2 white s6lid Data for 18a° mp 190-102°C: 1H_NMR (300 MHZ) -0.22 (s, 9H, Z- and-E-

lllg 7o ﬂ?} AVUa &S 4 wiiite SO114. waia 107 1va. Iy 13U-174 \, AL-IVIVIIN \JUV 1Vi114) nhike \3y TRy A RAISTES

CH3Si), 1 7 (s, 3H, E-CH3), 1.80 (s, 3H, Z-CH3), 437 (d, 2Jpy = 14.4 Hz, Z-CH), 4.81 (d, 2Jpy = 13.2
Hz, E-CH), 7.57-7.85 (m, 10H, arom), 9.42 (s, 1H, Z- and-E-NH); 13C-NMR (75 MHz) -1.0 (Z- and-E-
CH3Si), 16.5 (d, 3Jpc = 5.1 Hz, E-CH3),21.5 (d, 3Jpc= 12.3 Hz, Z-CH3), 54.0 (d, 1Jpc = 123.8 Hz, Z-
CH), 55.2 (d, 1Jpc = 118.1 Hz, E-CH), 128.4-135.0 (C-arom), 147.6 (Z- and-E-C=N); 3/P-NMR (120
MHz) 21.8; IR (KBr) 3056, 2825, 1444, 1260, 852; MS (EI) 317 (M+-Br-OSiMej3, 2). Anal. Calcd. for
Co4H29NOPSIBr: C, 59.27; H, 5.97; N, 2.88. Found: C, 59.52; H, 6.09; N, 2.90.

E-2-(N-'butyldimethylsilyloxy)enaminoprop-
(90%) of IOb as a white solid. Data for 10b: mp 205-207°

s s atd

ylphosphonium bromide (10b). 2375 mg
H-NMR (300 MHz) 0.00 (S 6H, Lﬂ3b1 ), 1. 54
(s, SH, CH3'Bu), 1.97 (s, 3H, CH3), 4.75 (d, 2Jpg =1 3. z, CH-P), 7.58-7.80 (m, 10H, arom), 9.05 (s,

1H, NH); 3C-NMR (75 MHz) 2.0 (CH3Si), 15.6 (d, 3Jpc = 6.5 Hz, CH3), 18.0 (C-Si), 31.4 (CH3/Bu),
54.5 (d, 1Jpc = 121.8 Hz, CH), 130.0-135.0 (C-arom), 147.9 (C=N); 3/P-NMR (120 MHz) 21.2; IR 3140,

L0 RREG Ral)y A SVUT AU (TR 2487 VAT RS

2865, 1588 1434 1112; MS (EI) 333 (M*-Br- SlMG?'Bu 12). Anal. Calcd for C27H25NOPSlBr C 61.37;
H, 6.63; N, 2.65. Found: C, 61.52; H, 6.49; N, 2.70.
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Synthesis of a-methyl 2-(N-‘butyldimethylsilyloxy)iminopropyldipheny lphosphine

——_t 2_ 9 B __A_-B Rt ___ _ 4% __B_°B__BE_ ___®___ _ . i —— | Map——] | S ——

oxide i1 from A-u-'nul)ﬁtumemyls: yinya uxylmuwprupylmpnenylpnuapnule oxide 5g. A dry
flask, 100-ml, 2-necked, fitted with a dropping funnel, gas inlet, and magnetic stirrer, was charged with §
mmol of lithium dusopropylam1de (LDA) and THF (45 mL) The temperature was allowed to descend to -78°C
and a solution (5 mmol) of phosphine oxide Sg was then added. The mixture was allowed to stir for 1 h at
room temperature. Then a solution (5 mmol) of alkyl halide in THF (10 mL) was added at -78°C. The mixture
was stirred and refluxed until TLC indicated the disappearance of compound 5g (3 days). The mixture was
washed with water and extracted with CHCl. The organic layers were dried over MgSQ0y, filtered, and

concentrated.

Z- and E-2-(N-'butyldimethylsilyloxy)imino-1-methyl-propyldiphenylphosphine oxide
(11). 1343 mg (67%) of 11 as a yellow oil (Rf = 0.70, ethylacetate). Data for 11: TH-NMR (300 MHz) 0.02
and 0.06 (s, 6H, E- and Z-CH3Si), 0.90 and 0.91 (s, 9H, E- and Z-CH3!Bu), 1.22-1.39 (m, 3H, E- and Z-
CHq) 1.96 and 1.97 (s, 3H, E- and Z-CH3), 4.65-4.70 (m, 1H, E- and Z-CH), 7.24-7.37 (m, 10H, arom);

a2y = w XYY ~ Yy rdV et &1 Y

I3C_NMR (75 MHz) -5.0 and -4.9 (E- and Z-CH3Si), 10.7 and 10.8 (E- and Z-CHj3), 18.2 (E- and Z-CH3),
26.2 and 26.4 (Z- and E-CH3’Bu), 32.4 (d,/Jpc= 67.6 Hz, E-CH), 40.7 (d,/Jpc= 67.1 Hz, Z-CH), 128.2-
132.5 (C-arom), 158.5 and 160.5 (E- and Z-C=N); 3Ip.NMR (120 MHz) 28.7 and 29.2 (Z- and E-isomers);

L. s al ot 170, Qa8 1DV, A &ns aYaA L), ALTRSUVIRIRA S/,

IR 3052, 2851, 1413, 1199, 847, MS (EI) 401 (M+, 2). Anal. Calcd. for Cy2H37NO> S1. C, 65.84; H, 7.98;
N, 3.49. Found: C, 66.03; H, 7.92; N, 3.50.

General Procedure for the Preparation of O-substituted oximes 12 from oxime S5a. A dry
flask, 100-ml, 2-necked, fitted with a dropplng funnel, gas inlet, and magnetic stirrer, was charged with NaH
(6 mmol) and THF (30 mL). A solution of oxime 5a (5 mmol) was then added. The mixture was allowed to stir

for 1 h. A solution (5 mmol) of ’butyldlmethylsﬂyl chloride or allyl bromide in THF (10 mL) was added at
room temperature. The mixture was stirred until 7LC indicated the diS&ppé‘;ﬁf&ﬁCG of the oxime (6 h to 1 day).
The mixture was washed with water and extracted with CH2Cl». The organic layers were dried over MgSQOy,

filtered, and concentrated.

E-2-(N-!butyidimethyisilyloxy)iminopropyldiphenyiphosphine oxide (12a). 1741 mg
(90%) of 12a as a yellow oil. Data for 12a: same as E- isomer of 5g.

Z- and E-2-(N-alyloxy)iminopropyldiphenylphosphine oxide (12b). 1308 mg (80%) of 12b
as a ow oil (Rf = 0.60. ethylacetate). Data for 12b: {H-NMR (300 MHz) 0.96-1.04 (m, 3H, Z- and E-

s WAL ARVUIGLIT j. ASGLG AV [BAVAT IR\ S B Y S BT AN S22y L

nil (
oW 011 { .
.27-2.46 (m, 2H, Z- and E-CH»), 3.22 (d, 2H, 2Jpy= 14.4 HL Z-CHp»), 3.45 (d, 2H, Z‘IPH— 15.0 Hz,
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E-CHj), 4.16-4.36 (m, 2H, Z- and E-CH>),4.92-5.22 (m, 2H, =CHj), 5.62-5.75 (m, 1H, HC=), 7.22-7.84

(m, 10H, arom); {3C-NMR (75 MHz) 10.2 and 11.1 (E- and Z-CH3Si), 28.8 and 29.4 (E- and Z- Hz) 312
(d, 1Jcp= 64.1 Hz, Z-CH2), 36.2 (d, 1jpc= 67.1 Hz, E-CHy), 74.4 (CHp), 117.5 (=CHy), 128.2-135.0 (C-

arom) 153.7 and 156.0 (E- and Z-C=N); 31P-NMR (120 MHz) 28.7 and 30.8 (Z- and E-isomers); IR 3067,
2082, 1649, 1446, 1200; MS (EI) 327 (M*, 7) . Anal. Caled. for C1gH2oNO2P: C, 69.72; H, 6.73; N, 4.28

T Qduy LUT LTU, L&\UNsy VI \AsA) Jiei \UVR MUV LUR N YRR JANNI LR - ey UL 7y 2

Found: C, 7002 H, 6.83; N,4.35.

Generai Procedure for the Preparaiion of the Azadienes 1 from Functlionalized
Phosphine Oxides 5 or from Phosphonates 8. A dry flask, 100-ml, 2-necked, fitted with a dropping
funnel, gas inlet, and magnetic stirrer, was charged with 5 mmol of compound 5a and THF (30 mL). The
temperature was allowed to descend t0-78°C and a solutlon of methyl lithium in THF was then added The
mixiure was allowed io sur for 1 h. A solution (3 mmol) of car u()ﬁ'y‘l Cﬁmpﬁ‘uﬁu in THF uu mu} was added at
this temperature. The mixture was stirred until 7LC indicated the disappearance of the carbonyl compound (12 h
to3 days) The mixture was washed with water (50 mL) and extracted with CH3Cl; (3 x 25 mL). The organic
layers were dried over MgS0y, filtered, and concentrated. The crude product was purified by flash-

Pt P u 1y anl Mavanmaldiatheal athlha. "lI1\

uumuatug;dpu_y’ on bul&d 42 \uc)mu\':luxcmy cuKl, /71,

Z- and E-6-methyl-3-hepten-2-one oxime (1a). 570 mg (81%) of 1a as a yellow oil (Rf = 0.40,
ethylacetate/hexane, 1/3). Data for 1a: {ZH-NMR (300 MHz) 0.89-0.93 (m, 6H, CH3), 1.67-1.73 (m, 1H,
CH), 2.00 (s, 3H, E- andZ-CH3), 2.03-2.13 (m, 2H, CHj), 6.04-6.09 (m, 3H, E-CH=CH and Z-CH), 6.83
(d, 1H, 3Jyy = 16.0 Hz, Z- =CH); I3C-NMR (75 MHz) 9.7 and 16.7 (E- and Z-CH3), 22.3 (CH3), 28 3

(CH), 42.1 and 42.4 (E- and Z-CH,), 135.2 and 139.3 (E- and Z- =CH), 153.1 and 156.3 (E- and Z-C=N);
IR 3202, 2962, 2869, 1648, 1468, 1372; MS (EI) 141 (M*, 31). Anal. Calcd. for CgHisNO: C, 68.03; H,
10.71; N, 9.92. Found: C, 67.86; H, 10.68; N, 9.95.

-1-(3-pyridil)buten-3-one oxime (1b). 580 mg (72%) of 1b as a white solid. Data for 1b: mp

124—125GL {H-NMR (300 MHZ) 2.09 (s, 3H, CH3), 6.77 (d, 1H, ?Jgy = 16.5 Hz, HC=), 6.89 (d, 1H, >Jyy
= 16.5 Hz, =CH) 7.20-7.29 (m, 1H, arom), 7.61-7.86 (m, 1H, arom), 8.44-8.50 (m, 1H, arom), 8.64-8.68
(m, 1H, arom) 1 (s, 1H, OH); I3C-NMR (75 MH/) 9.6 (CH3), 119,0-149.5 (C-arom and C=C), 156.1

: 54, 3026, 2858, 1475, 1427, 1025; MS (EI) 16 :

I 4
C, 66.63; H 622N1728 FoundC6648H624N 17.24.

E-1-(p-methoxyphenyl)buten-3-one oxime (1c). 790 mg (79%) of 1c as a white solid. Data for
1c: mp 139-140°C; {H-NMR (300 MHz) 2.07 (s, 3H, CH3), 3.74 (s, 3H, CH3-0), 6.67 (d, 1H, 3Jyy= 16.4
Hz, HC=), 6.76-6.83 (m, 3H, arom and =CH), 7.07 (AA'BB' system, 4H, arom), 7.68 (s, 1H, OH); i3C.-
NMR (75 MHz) 9.8 (CH3), 55.3 (CH3-0), 114.2 (HC=), 123.6 (C-arom), 128.2 (C-arom), 129.2 (C-arom),
133.0 (=CH), 156.9 (C-arom), 159.9 (C=N); IR (KBr) 3203, 3032, 1603, 1511, 1420, 1244; MS (EI) 191

(M*, 41). Anal. Calcd. for C11H13N>20: C, 69.08; H, 6.86; N, 7.33. Found: C, 68 89: H, 6.94; N, 7.35.
Z- and E-1,1-diphenylbuten-3-one oxime (1d). 950 mg (80%) of 1d as vellow oil (Rf = (.34,

Sl yione LA C A A \OV Ji 14U 4o Jaid

ethylacetatelhexane 1/3). Data for 1d: {H-NMR (300 MHz) 1 43 and 1.86 (m, 3H, E-and Z-CH3), 6.58 (s,
1H, HC=), 7.13-7.34 (m, 11H, arom and OH); I3C-NMR (75 MHz) 14.1 and 30.9 (E- and Z-CH3), 125.1-
130.5 (C- arom), 140.2, 142.5, 146.8, 157.5 (C=N); IR 3082, 3062, 1601, 1496, 1447; MS (ED) 237 (M+,

EWaY4 Y

1), Anal. Calcd. for L161’1151VU L l’SUyI l'l 036 .N 5.91. Found: L, 80. I4 I'l 6.36; N 5.89.

E-cyclohexylidenpropen-2-one oxime (le). 570 mg (74%) of 1le as a yellow oil (Rf = 0.43,
ethylacetate/hexane, 1/3). Data for 1e: /TH-NMR (300 MHz) 1.38-2.35 (m, 10H, CH>), 1.90 (s, 3H, CH3),

A K"l fe T NI & AQ /e 11T _LIN. ij‘ ATAAD (& AT\ 18 1 (LI IO 1 ’.1(\") I7ai® P ’7() ") I @ 2 PR
U/ W, 111, vil), J.40 o, 111, ~LI11), Cmdvdvaan \/0 IVMI1L) 10.1 \X13), cL.1-07.4 \CX lz}, -4 \1134),

123( 1C=), 147.7 (=C), 154.8 (C=N); /R 3281, 2931, 2854, 1710, 1660, 1451; MS (EI) 153 (M+, 68).
Anal.

r-—.;

L. Ay ARV, 2 2 YA A1) 22

Calcd. forC9H15NO C, 7054 H 987 N, 9.15. Found: C, 70.36; H, 9.89; N 9.12.

Z- and E-7-methyl-4-octen-2-one oxime (1f). 600 mg (77%) of 1f as a yellow oil (Rf = 0.69,
ethylacetate). Data for 1f: {H-NMR (300 MHz) 0.88-0.92 (m, 6H, CH3), 1.05-1.23 (m, 3H, E- and Z-CH3),
1.69-1.74 (m, 1H, CH), 2.02-2.12 (m, 2H, CH>), 2.36-2.53 (m, 2H, Z- and E-CHp), 6.01-6.03 (m, 2H, E-

HC=CH), 6.17 (d, 1H, 3Jyy= 16.2 Hz, Z- HC=), 6.76 (d, 1H, 3Jyy = 16.2 Hz, Z-CH=); {3C-NMR (75

AT 10 Q and 171 (E_and Z0HIY 178 and M 1 (E_ and Z_0HIAY 99 2 (LI I and 97 2 (7. and E_
1ViL1L) 1VU.7 Aallu 1401} \LJ il Ls \./llj}, L/7.0 ailu L*r. 1 \Ll aiiu L~ \.—llz}’ Py oren ) \bllj} 0.4 Al &40.J \ L7 Allg 1

CH), 42.1 and 42.5 (CHj), 119.6 and 127.1 (Z- and E-HC=), 134.6 and 138.4 E -and Z- =CH), 156.8 and
160.7 (E- and Z-C=N); IR 3221, 2961, 1649, 1467; MS (EI) 155 (M*, 54). Anal. Calcd. for CoH17NO: C,
69.62; H, 11.04; N, 9.03. Found: C, 69.46; H, 11.17; N, 9.01.
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Z- and E-1-(p-methoxyphenyl)buten-3-one O-methyloxime (1g). 769 mg (75%) of 1g as a
yellow oil (Rf = 0.42, ethylacetate/hexane, 1/3). Data for 1g: IH{VMR (300 MHz) 2.05 Et_xg 2;98 (’s,gli, nZ:
and E-CH3), 3.80 and 3.91 (s, 3H, E- and Z- CH3-0), 3.86 and 3.94 (s, 3H, Z- and E-CH3-0), 6.65-7.84
(m, 6H, arom and HC=CH); 13C-NMR (75 MHz) 10.0 and 16.7 (Z- and E-CH3), 55.1 and 55.4 (E- and Z-
CH2-0), 61.4 and 61.7 (E- and Z-CH3-0), 114.2-135.7 (C-arom and HC=CH), 152.4 and 155.6 (E- and Z-
C=N).; IR 3221, 2933, 1614, 1466, 1059; MS§ (EI) 205 (M*, 8). Anal. Calcd. for C12H15NO»,: C, 70,24; H,
7.32; N, 6.83. Found: C, 70.53; H, 7.20; N, 7.02.

Z- and E-6-phenyl-3-hexen-2-one O-methyloxime (1h). 710 mg (70%) of 1h as a yellow oil
(Rf = 0.90, ethylacetate). Data for 1h: /H-NMR (300 MHz) 1.85 and 1.92 (s, 1H, Z- and E-CH3), 2.67-2.79
(m, 4H, CHy), 3.81 and 3.87 (s, 3H, Z- and E CH3 O) 6.12-7. 21 (m, 7H arom and HC—CH) i3 NMR
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C13H17NO: C, 76 81; H, 8.
Z- and E-7-methyl-4- nr__ n-3-one O-m t!ly! 3

= (.83, ethylacetate). Data for li IH-NMR (300
1.61-1.70 (m 1H, CH), 1.97-2.05 (m, 2H, CHj),

CH3-0), 5.93-6.59 (m, 2H, HC=CH); 13C-NMR (75 H ( Hy), 22.3 (CH3) 24.2 (CHy), 28.2
(CH), 42.4 (CHp), 61.2 (CH3-0), 119.6-138.3 (C=C), 156.6 and 160.4 (E- and Z-C=N); IR 2954, 2821,
1656, 1480, 1066; MS (ET) 169 (M+, 100). Anal. Calcd. for C1oHigNO: C, 71.00; H, 11.24; N, 8.28. Found:

C, 7127 H, 11.36; N, 8.35.
Z- and E-1-[2-(5-methylfuryl)]l-penten

yellow oil (Rf = 0.83, ethylacetate) D for 1j: /H-NMR (300 MHz) 1.

and 2.30 (s, 3H, E- and Z—CHg), 2.41-2.51 (m, 2H, CHj), 3.90 (s, 3H .

Z- =CH-CH), 6.62 (d, 1H, JJHH 16.6 Hz, CH=), 7.12 (d, IH 3Ty =16.5 HZ, CH=);
g ]

ll lnnrl 174 (F. and 7.0, 12 4 anAd I’lﬁl?_nnrl | ol @ § 1777 and 72 nmd 7 MY £1
QLU 1457 \L” allu LIl 7, 1J0.9 allu 10,7 (4L~ alu L~ \,11_5), 17.1 g AJO\D aina Z-L }, Ule-llu ULJ

(E— and Z-CH3), 107.8-152.8 (C—CH-CH—C and HC=CH), 156.2 and 160.1 (E- and Z-C N); IR 2940,

2821, 1740, 1467, 1382; MS (EI) 193 (M*, 100). Anal. Calcd. for C1gH19NO: C, 68.39; H, 7.77; N, 7.25.
Found: C, 68.52; H, 7.83; N, 7.33.

E-1-p-tolylbuten-3-one O-‘butyldimethylsilyloxime(1k). 1156 mg (80%) of 1k as a yellow oil
(Rf = 0.78, ethylacetate/hexane, 1/1). Data for 1k: /H-NMR (300 MHz) 0.34 (s, 6H, CH3Si), 1.09 (s, 9H,
CH3/Bu), 2.19 (s, 3H, CH3), 2.42 (s, 3H, CH3), 6.94-7.46 (m, 6H, AA'BB' system and HC—CH) 13C-
NMR (75 MHz) -5.0 (CH3Si), 10.1 (CHj3), 18.1 (C-Si), 21.4 (CH3), 26.3 (CH3/Bu), 125.2-138.

nnd — LI\ 18£ 72 /M_N\. ITD 29N\2 NQLO 1A£7 11NL . 2 o2 oY ﬂon FRAL AN A
L, IVID (1) 407 \VM1', Z2). A

) 1
.20; N, 4.95.

'

[ & fal
alld 11C =L Il), 1J0.0 \=IN), IN D4VD, 4700, 140/, 14

O
C17H7NOSI: C, 70,59; H, 9.34; N, 4.84. Found: C, 70.83;

...... NP R g e . as

Z- and E-1,1-diphenylibuten-3-one U -*butyi
as a yellow oil (Rf 0.46, ethylacetate/hexane, 1/3) Dat
13 3H, E- and Z-CHzs), 6 74- 7 ’%7

w

(m, 11H, arom and HC= ) 13C NMR (75 MHz) 5.1 (CH3SI), 14.1 (C ,'), 18.4 (C-Si), 26.1 (CH3tBu),
126.0-130.3 (C-arom and C=C), 160.9 (C=N ); IR 3073, 2940, 1460, 1263, 849; MS (EI) 351 (M*, 4). Anal.
Calcd. tor C2pHpoNOSI: C, 75.21; H, 8.26; N, 3.99. Found: C, 75.52; H, 8.16; N, 4.05.

E-7-phenyl-4-hexen-2-one O-fbutyldimethylsilyloxime (1m). 1179 mg (71%) of 1m as a
yellow oil (Rf = 0.88, ethylacetate). Data for 1m: {H-NMR (300 MHz) 0.20 (s, 6H, CH3Si), 0.99 (s, 9H,
CH3Bu), 1.05 (1, 3H,3Jgy = 7.5 Hz CH3), 2.49-2.53 (m, 4H, CHg) 2.80 (q, 2H, 37yy = 7.2 Hz, CHp),
6.11-6.14 (m, 1H, =CH), 7.21-7.40 (m, 6H, arom and HC=); /3C-NMR (75 MHz) -5.0 (CH3 Si), 11.4
(CHa), 18.1 (CHp), 18.4 (C-Si), 26.3 (CH3?Bu), 35. 1 (CH2) 35.8 (CHy), 126.2-141.7 (C-arom and C=C),
164.9 (C=N); IR 3039, 2933, 1747, 1473, 947; MS (EI) 317 (M+-CHj3, 4). Anal. Calcd. for C1gH3;NOSi: C,
71.92; H, 9.78; N 442 Found: C 72. 24 H, 9. 67; N 4 47.

E-1-n- I lnnn ten-3-one O thnf Idlmpth Isilvloxime (In), 985 mg (65%) of In as a }’5"0‘"

—=acy w AsN " T AR W ey EANEE SRR YA ARy EUARE \NABRje TOU g \V

oil (Rf = 0.84, ethylacetate/hexane 1/1). Data for ln 1H NMR (300 MHz) 0.19 (s, 6H, CH3Si1), 0.95 (s,
9H, CH3'Bu), 1.10 (t, 3H,>Jyy = 7.5 Hz, CH3), 2.33 (s, 3H, CH3), 2.61 (g, 2H,3Jyy = 7.8 Hz, CHy), 6.73
(d,3JHH = 16.5 Hz, HC=), 6.84 ( d, 3Jyy = 16.8 Hz, =CH), 7.12-7.38 (AA'BB' system, 4H, arom); 13C-
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NMR (75 MHz) -5.2 (CH3Si), 11.3 (CH3), 18.1 (CHj), 18.2 (C-Si), 21.3 (CH3), 26,6 (CH3'Bu), 124.6-
138.1 (C-arom and C=C), 156.2 (C=N); IR 3203, 2968, 1473, 1256, 954; MS (EI) 303 (M*, 5). Anal. Calcd.
for C1gH2oNOSi: C, 71.29; H, 9.57; N, 4.62. Found: C, 71.03; H, 9.40; N, 4.67.

Z- and E-cyclohexylidenbuten-2-one O-‘butyldimethylsilyloxime (10). 843 mg (60%) of 1o
as a yellow oil (Rf = 0.93, ethylacetate). Data for 1o: /H-NMR (300 MHz) 0.19 and 0.20 (s, 6H, E- and Z-
CH3Si), 0.98 and 0.99 (S, 9H, E- and Z- C‘Hﬁ?u), 1.04-1.14 (m, 3H, E- and Z- C‘H'_;), 1.60-1.63 (m, 2H, E-
and Z-CH»), 2.21-2.50 (m, 10H, E- and Z-C -CH2), 5.42 and 5.56 (s, 1H, E- and Z- =CH); 13C-NMR (75
MHz) -5.15-(-5.13) (E- and Z-CH3Si ), 10.4 and 11.6 (E- and Z-CH3), 18.4 (C-Si), 22.6-37.3 (E- and Z-
CH»), 26.1 and 26.3 (E- and Z-CH3/Bu), 113.7 and 116.9 (E- and Z-=CH ), 147.0 and 148.6 (E- and Z- =C),

162.0 and 163.5 (E- and Z-C=N ); IR 3281, 2931, 2860, 1655, 1467; MS (EI) 281(M*, 41). Anal. Calcd. for
C16H31NOSI: C, 68.33; H, 11.03; N, 4.98. Found: C, 68.52; H, 11.17; N, 5.07.

Z- and E-3-cyclohexyl-1-p-tolylpropen-3-one O-’butyldimethylsilyloxime (1p). 1428 mg
(80%) of 1p as a yellow oil (Rf = 0.91, ethylacetate). Data for 1p: /H-NMR (300 MHz) 0.00 (s, 6H, CH3Si),
0.74 and 0.75 (s, 9H, Z- and E-CH3/Bu), 0.97-1.94 (m, 10H, CHj), 2.11 and 2.13 (s, 3H, Z- and E-CH3),
6.93-7.27 (m, 6H, arom and HC=CH); /3C-NMR (75 MHz) -5.2 (CH38Si), 18.0 (C-Si), 21.3 and 2i.4 (Z-

and I _MNIY. Va1l and VE 2 (T ond D N 1D, 74 ‘J AL O /LT N\ 200 (AOLIN 116877 LIM_Y 1240 /_MLIN
Qg £~ L,llj} LU, 1 allU 4U.0 (L alid ﬂ"‘\—ﬂ3 Du}, AV, I0-2J.7 \Lﬂz}, J7.0 (vIl), 1107/ \IIL=), 104.4 \=_1I11),

126.1-129.4 (C-arom), 153.2 and 156.6 (E- and Z C=N); IR 3026, 2939, 1696, 1252, 951; MS (EI) 357(M*,
6). Anal. Calcd. for C22H35NOSi: C, 73.95; H, 9.80; N, 3.92. Found: C, 73.72; H, 9.93; N, 4.02.

wrue

1 n imethyloxime ik from Functionaiized Ylide 10b.
A dry flask, 100-ml, 2-necked, fitted with a dropping funnel, gas inlet, and ma gnetic stirrer, was charged with

e e Bt di s b di b dedidat S b b e b i b DI o sl Bl ~23 p=- 2 bt Bt s RANASAN iFaLs hiaadih bttt ~hnd
(5 mmol, 0. 69 g) of E-2-(N-fbutyldimethylsilyloxy)enaminoprop-1- enylphosphomum bromide 10b, (5 mmol)
of potassium carbonate (X 2C03) and dried DMF (30 mL). The mixture was allowed to stir for 1 h at room
temperature. Then a solution (5 mmol) of aldehyde in DMF (10 mL) was added at room temperature. The
mixture was stirred until 772.C indicated the disappearance of the aldehyde (1 day to 3 days). The mixture was

A RAA.

washed with water (50 mL) and extracted with CHCl> (3 x 25 mL). The organic layers were dned over MgSOy,

txtllﬁred and concentrated. The azadiene 1k was purified by flash-chromatography on silica gel (hexane/diethyl
ether, 7/1).

General Procedure for the Preparation of Isoxazoles 13 from o,f-unsaturated oximes 1.
5 mmol of a,B-unsaturated oximes 1 were heated at 100°C in Toluene (15 mL) until TLC indicated the
disappearance of the compound 1. The mixture was concentrated and the crude product was purified by flash-

chromatography on silica gel (hexane/dlethyl cther, 10/1).

3-methyl-5-p-methoxyphenylisoxazol (13a). 280 mg (30%) of 13

......................... 7B ) L0V 1L \w v/

a
13a: mp 107- 109°C 1H- NMR (300 MHz) 2.25 (s, 3H, CH3), 376( 3H, CH3-0), 6 (s 1H CH) 7. 29
(AA'BB' system, 4H, arom); /3C-NMR (75 MHz) 11.5 (CH3), 55.4 ( 3-0), 98.8 (CH) 114.3-132.0 (C-
arom), 160.3, 160.9; IR (KBr) 1619, 1514, 1258, 836, 796; MS (EI) 189 (M*, 100). Anal. Calcd. for
C11H11NO9: C, 69.81; H, 5.86; N, 7.41. Found: C, 69.94; H, 5.84; N, 7.39.
3- methyl S-p-tolylisoxazol (13b). 220 mg (26%) of 13b as a yellow solid. Data for 13b: mp 123-
125°C; {H-NMR (300 MHz) 2.34 (s, 3H, CH3), 2.39 (s, 3H, CH3), 6.31 (s, 1H, CH), 7.45 (AA'BB'

system, 4H, arom); /3C-NMR (75 MHz) 11.5 (CH3), 21.2 (CH3), 99.5 (CH), 125.7-140.2 (C-arom), 159.8,
161.7; IR (KBr) 1624, 1509, 1267, 844; MS (ED) 173 (M+, 100). Anal. Caled. for C11H11NO: C, 76.26; H

A a.i, 2A% A2V LIVT,y 2T \Aosbh) LI « iaaicaz. . LUL \41111111‘\1 TXJ. N7y 51,

6.41; N, 8.09. Found: C 76.50; H 640 N, 8.07.
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