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Abstract-The reaction of achlorooximes or the isomeric nitrosochlorides with keto-stabilized dimethyl- 
sulphonium or triphenylarsonium ylides affords rranr-S-acyl-A*-isoxazolines (VIIa-m) in good yields. 
The NOCl adducts of ethylpropenyl ether and ethylstyryl ether on reaction with dimethylsulphonium 
phenacylide lead directly to the corresponding 3-substituted-5-benzo)h,oxazoles. Dimethylsulphomum 
carbetboxymethylide on reaction with 2chloro-2-phenylacetone oxime affords the oxime of B-acetyl- 
cinnamic acid ethyl ester, while on reaction with 2-chlorocyclooctanone oxime leads to the thioether IXd. 

FOLLOWING OUR RESEARCH ON THE REACTION BETWEEN SULPHONIUM OR ARSONIUM 

ylides and a-isonitrosoketones which led to 5hydroxyisoxazoline or to the corres- 
ponding isoxazoles’ we have investigated the reaction of sulphonium and arsonium 
ylides on a-chlorooximes. These compounds, like a-isonitrosoketones, have an 
electrophilic centre three bonds away from the nucleophilic oximic oxygen and in 
principle should give A’-isoxazolines when reacted with ylides according to the 
scheme : * 

Cl 
+ R--CH-z+ - - 

\ 
OH ‘0- 

Z : SMe, or AsPh, 

We have reported that a-chlorooximes, or the isomeric nitrosochlorides, on reac- 
tion with dimethyloxosulphonium methylide (IV, R” = H, Z = SOMe,) normally 
give a-methylene oximes and occasionally minor amounts of A2Tisoxazolines3*4 

Table 1 shows that a-chlorooximes (II) or the isomeric nitrosochlorides (I) afford 
A2-isoxazolines in good yield without formation of a&unsaturated oximes when 
reacted with keto-stabilized sulphonium ylides (IVa and IVe). Since a-chlorooximes 
and nitrosochlorides are easily obtained from olefines, this reaction offers a valuable 
two-step synthesis of A2-isoxazolines: 

II 
NOH 

II 

R-CHCI-CSR’ 
NH,OH 1 

l For a general scheme for the synthesis of heterocycles by ylides see Ref lb and 2. 
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TABLE 1. A2-Isoxllzo~~~ FROM a-cHLmtooxtbms AND NtTROSOCHLORIDm BY xntWS’r~~~Ltzr~ SULPHON~~M 
YLIDE5 

R-CHCI-C-R R-CHCI-CH-R 

?OH 
I 

R”-CH<Me, 
“-“F-fi-” 

NO 
IV R”HC,G ,N 

R R R” 
Yields % 

from II from 1 

: FCH)- 
Me 

: 
-KH:):- 
--WH,),- 

F: 
Ph Me 
Ph Me 

S 
p*MeOC6H4 Me 

H Ph 
i H PhCO 

PhCO 62 55 
PhCO 77’ 
PhCO 63 98 
PhCO 17 
Me&CO 45 
PhCO 61 71 
PhCO 85 
PhCO 69 
PhCO 86 

’ In a different run, after the basic solution of the isoxaxoline had been kept for a long time before 
extraction, the yield was much lower and benzonitrile and 3-phcnylpropandione were obtained, due to the 
basic fission of the isoxamline, according to the trend observed by Griinangcr et al.’ for 5-acylisoxamlines. 

b IIh, Br instead of Cl. 

Two different pathways are possible for the reaction of compounds of structure I 
or II with sulphonium ylides. A reasonable scheme is illustrated in Chart 1: 

R-CHCI-CH-R’ 

I 
NO 

I 
- HCI 

\ 

CHART 1 
R-CHCI-C-R 

IV 

H 
I “*.* 

R- C?C-R’ 
k II 

R”-CH N 

&-A 
+ 

V 
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R-CH-C-R’ 

VI 
when R” = H 

and Z = SOMe, 

VII 
when R” = aryLC0, alkyl-CO 

and Z = SMe, 

First the attack of the ylide (IV) on the chlorooxime (II) or nitrosochloride (I) leads to 
the betaine (V) probably through an intermediate nitrosoalkene (111)6* *. Then V can 
undergo either a b-elimination affording the c&unsaturated oxime VI (path A, when 
R” = H and Z = SOMe,), or the A?-isoxazoline (VII) can be formed by an intra- 
molecular nucleophilic displacement of sulphide (path B, when R” = aryl-CO or 
alkyl-CO and Z = We,).? 

The different results obtained by dimethyloxosulphonium methylide with respect 
to carbonyl-stabilized ylides suggest that the basicity of the ylide is the main factor 
in determining the fate of the betaine (V). It is interesting that when the chlorooximes 
(IIe and IId) were reacted with the ylide ester (VIII) which is more basic than the 
keto-ylide (IVa),s though less basic than dimethyloxosulphonium methylide, no 
isoxazoline could be obtained: IIe alTorded the a&unsaturated oxime (VIe)$ accord- 
ing to path A (chart 1) while IId afforded the thioether (IXd). This thioether arises 
from the intermediate betaine (Vd) through a demethylation of the sulphonium group 
by a base, a process already observed.in other similar cases.‘v9 

R-CHCI-C-R 

II 
NOH + EtOOCzH-iMe, + Vd, e 

IId, e VIII 

d: R-R’ = (CH,), 
e: R’ = Me, R = Ph 

R-CA-R 

COOEt 
R-CH------C-R’ 

COOEt 
IXd 

Apart from basicity, other factors, such as the configuration of the oximate anion in 
V and branching at the a-carbon in the chlorooxime or in the ylide should govern the 
fate of the betaine V. A change of the solvent does not affect greatly the course of the 
reaction, since dimethyloxosulphonium methylide on reaction with IIc affords the 
corresponding a-methylene oxime VIc [R-R’ = (CH,),, R” = H], either in THF 

l Two moles of ylide are. required, the lirst one to dehydrohalogenate I or II, the second one for the 
l&attack on the nitrosoalkene. 

t The formation of VII by cyclization of VI seems unlikely in view of the findings of Scott et 01.’ 
$ Both cis and frw1.5 isomers. 
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or in the strongly polar DMSO, 3*4 while the stabilized ylide (IVa) upon reaction with 
UC, affords only the isoxazoline (VIIc) in either solvent. 

Table 1 shows that, while R” should be an electron withdrawing group (from a 
stabilized ylide), R and R’ can be either hydrogen, an alkyl, an aryl or an acyl group? 
Also two unstable and highly reactive a-alkoxy-a-chloronitroso compounds (Ij, k), 
obtained in situ from the enol ethers Xj, k and NOCl according to the procedure 
of Ogloblin,“* l1 led to the expected 4-alkoxy-A’-isoxazolines (VIIj, k) which during 
the work up underwent loss of alcohol to give the corresponding isoxazoles (XIj, k) 
in an overall yield of 5 % and 50 % respectively; 

R’--CH==CH-OEt -t!%&. EtO-CH-CH-R 

X 

“F;- fi”’ 
Ph-CO-C, ,N 

0 

IVa EtO- 
7 - - 5 --R’ -EtOH 

7. 
Ph-CO-HC, ,h 

0 

j:R’=Me 
k:R’= Ph 

VII 

X1 

An interesting product, the cyclopropane XIII has been isolated from the reaction of 
Ij with IVa in 20% yield. Its formation can be examined by substitution of both 
chlorine and ethoxyl in the nitrosochloride by two moles of IVa$ followed by cycliza- 
tion and demethylation of the resulting cyclopropyl sulphonium salt (XII). 

+SMt, +SMe, 

iv + IVa - 
,JH - CO-Ph 

Me-c-CH 
,!TH-CO-Ph 

= Me-C-CH 

L 

MeS CO-Ph 

I 
OH XIII 

II ‘SCH-CO-Ph II 
N N 

‘$- CO-Ph 

I 
O- 

+SMCr 
J 

I 
,CH-CO-Ph 

-.K 
Me-i--C? 1 

-BMc C-CO-Ph 
N I 
I 
OH 

+SMe 

XII 

*The reaction of 2,4,4-trimethyl-Z-chloro-3-nitrosopcntane (Me,CCI-CHNO-CMe,) with IVa 
affords the corresponding u-methyieaeoxime (CH, = CMti(NOH)-CMeJ by a &elimination of 
HCL A similar trend has been observed for nitrosochlorides (with the chlorine on a tertiary C atom) on 
reaction with the Corey reagent.’ 

t Probably through a double elimination-addition process. 
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With the aim of extending our comparative studies on sulphonium and arsonium 
ylides,‘, I2 we have reacted some ketostabilized triphenylarsonium ylides (XX, 
R” = MeCO or PhCO or p a MeC,H,CO) with three different halooximes (IIf, d, h). 
As in the case of dimethylsulphonium ylides, A2-isoxazolines were obtained as the 
main product, though in less satisfactory yields. 

R-CHX-C-R’ 

+ R”-CH-As+Ph, - R-H7- fi-“’ 

I 
OH 

?cx 
R-HC,O,N 

IId, f, h VII 

R R R” Yields % 

f Ph Me PhCO 34 

h H Ph PhCO 50’ 

1 +CH,),- p. MeCC,H,CO 62 

m -(CH,),- MeCO 20 

In contrast, the reaction between IIe and triphenylphosphonium phenacylide 
afForded a complex mixture of compounds which was not resolved. Here again 
arsonium ylides behave as sulphonium rather than phosphonium ylides.‘, 12, I3 

Structures 
The structural assignment of the A2-isoxazolines has been made on the basis of 

their NMR spectra (Table 2). In the case of 4-substituted isoxazolines, which can 
exist in two configurations, only the more stable trans isomer was obtained, though 
no attempt has been made to identify any small amount of the cis isomer. 

In Table 2, the value of J,, 5 (6-8 Hz) offer a certain degree of ambiguity (cis against 
tram) if compared with the data available for A2-isoxazolines.14S15 In fact for these 
compounds J,,, is usually in the range between 3 and 8 Hz, while J,, is between 8 
and 15 Hz. To make sure, we synthetized the trans-3-methyl4phenyL5-benzoyl-A2- 
isoxazoline from acetonitrile oxide and trans chalcone. Its identity with VIIf obtained 
from If(or IIf) and IVa proved the correctness of the structural assignment. By analogy 
we have assumed that all our isoxazolines have the transt configurations. 

The cinnamic ester (Vie) has been obtained in both cb and trms form$ (Vie and Vie). 
The two isomers (spectroscopic data in Tables 2 and 3) show the OH signal in the NMR 
spectrum, taken in DMSO-d,, at m 11.0 and 11.8 ppm, in agreement with the values 
given in the literature for oximic protons. I6 The vinnylic proton of both isomers falls 
very close to 6.3 ppm. Larger differences are found for other protons. 

The crude ester IXd, as obtained by chromatography in form of a sticky material, 

l During the work up part of the isoxazoline spontaneously underwent basic fission’ giving 3-phenyl- 

propandione (cfr footnote a under Table 1). 

t Recent NMR studies on many acyl substituted A2-isoxazolines by Prof. P. Vita Finzi support our 
assumption. We thank Prof. P. Vita Finzi for this kind information. 

$ The possibility of a sy-ti isomerism due to the oximic group, though less likely, cnn not be completely 
discarded. 
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on the basis of its NMR spectrum appeared as a mixture of two diastereoisomers (or 
perhaps sin-anti isomers). The most abundant isomer could be obtained in pure form 
on crystallization from pentane. Its NMR spectrum in CDCl, shows the MeCH, at 
1.28 (t, J 7 Hz), the MeS at 2.08 (s), the CHS at 3.18 (d, J 11 Hz) and the CH,Me at 4.19 
ppm (q, J 7 Hz). The mass spectrum shows peaks at 273 (M+), 256 (M’-OH), 226 
(M’-SMe), 200 m/e (M+-COOEt). 

The structure of the cyclopropane XIII was inferred mainly on the basis of its 
NMR spectrum (in DMSO-d,) which shows two Me singlets at 2.01 and 2.04 ppm. 
The two cyclopropane ring protons appear as two doublets at 3.20 and 3.98 ppm. The 
J value (65 Hz) shows a trans relationship between these two protons.” The sharp 
ness of all signals and m.p. exclude the possibility of a mixture of diasteroisomers. 
The mass spectrum shows peaks at 353 (M+), 336 (M+-OH), 306 (M+-MeS), 248 
(M+-PhCO), 105 m/e, base peak (PhCO). 

EXPERIMENTAL 

The chlorooximes and nitroso chlorides used, unless otherwise stated, were prepared in a pure state by 

known procedures. ‘*. i9 The sulphonium and arsonium ylida were obtained by basic treatment from the 

corresponding salts.9.20 All solvents were dried: DMSO over CaH,, THF and ethyl ether over LAH. 

Physico-chemical data for new compounds are reported in Table 3 and NMR data for A*-isoxazolines are 

reported in Table 2. M.ps are uncorrected IR spectra were measured, in nujol when solid, neat when liquid, 

with a Perkin-Elmer Mod. 137 Infracord spectrometer. Only prominent peaks are reported (cm-‘). 

NMR spectra were recorded on a Varian A-60 instrument; chemical shifts (6, ppm) were measured from TMS 

as internal reference. Mass spectra were taken on a Hitachi-Perkin-Elmer RMU 6D (single focusing 

spectrometer at 70eV. Column chromatographia were performed on silica gelO.O5Q2O(Merck-Darmstadt). 

General procedurefor the reaction between chlorooximes (II) or nitroso chlorides (1) and carbonyl stabilized 

dimethylsulphonium (IV) or triphenylursonium methylides (XX). The ylide (W35 moles) in THF (100 ml) was 

added to a soln of the chlorooximes (@015 moles) or nitrosochlorides in THF (50 ml) while stirring and 

cooling with an ice-water bath. The mixture waskeptunder N, at room temp overnight and, after liltration 

of the sulphonium or arsonium salt which separated, poured into ice-water. After neutralization with dil 

HCI the liquor was extracted with ether, the extracts were washed with water and dried over NazSO, 

The crude product obtained after evaporation of the solvent was purified by crystallization or by chroma- 

tography on silica gel using hexane-ether 90/10 as eluent. 

Reaction of a-chlorocycloheptanone oxime (11~) with dimethylsulphonium phenacylide (IVa) in DMSO. 

A soln of IIc (1.3 g; OW8 moles) in DMSO (20 ml) was added under stirring and cooling to a soln of IVa 
(3 g; 0.016 moles) in DMSO (40 ml). After 15 min the mixture was worked up as described and the 3.4penta- 

methylen-S-phenacyl-A’-isoxazoline was isolated in 95 “/, yields. 

Reaction ofa-chlorocylopheptanone oxime (11~) with dimethyfoxosulphonium methylide in THF. A soln of 

Ilc (I.3 g; OW8 moles) in THF (50 ml) was added to a soln of dimethyl-oxosulphonium methylide (0.02 
moles) in THF (200 ml).” The mixture was stirred overnight at room tern and, after the usual work up, 

gave the a-methylencycloheptanone oxime, @74 g (68 % yields), identified by IR and NMR comparison with 
an authentic sample.4 

Reaction of a-chlorocylooctane oxime (IId) with dimethylsulphonium carbetossymethylide (VIII). A 

soln of IId (3.5 g; 0.02 moles) in THF (20 ml) was added to a soln of V111z2 (6 g; 004 moles) in THF (40 ml). 
The mixture was left at room temp under N, for 36 hr and worked up as above. Compound IXd was 

isolated by silica gel chromatography (hexane-ether 85/l 5) as a mixture of two diasteroisomers (see general 
section), 3.2 g (72% yields). The isomer m.p. 64” was isolated in pure form by crystallization of the mixture 

from pentane in the cold. 
Reaction of I-chloro-I-phenylacetone oxime (IIe) with dimethylsulphonium carbethoxy methylide (VIII). 

A soln of IIe (2g; O-01 1 moles) and VIII (63 g; m25 moles) in THF (60 ml) was stirred overnight at room 

temp under N,. After the usual work up and a silica gel chromatography of the residue (,hexancether 90/10), 

@85 g (34% yields) of Vie M.S. 233 (M+), 216 (M+-OH, 188 (M+<zH,O), I60 (M+-C,H,OCO), 
102 m/e (C,H,CCH) and 0.42 g (17% yields of Vie, liquid MS.: 233 (M+), 216 (M+-OH), 188 (M+- 

C,H,O), 160 (M+-CzH,OCO), 102 m/e (C,H,CCH) were obtained. 
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Reaction ofbenzoylethylene with NOCI and dimelhylsulphonium phenacylide (IVa). NOCI (046 g; 0@07 

moles) was added, while stirring and cooling with an ice-water bath to a soln of benzoylethylene (093 g; 

O+lO7 moles) in ether (50 ml).” A soln of IVa (4.3 g, @024 moles) was added to the suspension of the adduct. 

The mixture was left at room temp overnight and, after the usual work-up, gave 1.7 g (86% yields) of VW, 

m.p. 83” (benzenohexane). 
Reaction o/ethyl propenyl ether (Xj) with NOCI and dimethylsulphonium phenacylide (IVa). NOCl(24 g; 

004 moles) was absorbed into a soln of Xj (3.45 g; 094 moles) in ether (70 ml) at - 75”, under stirring. A soln 

of IVa (11 g; (0% moles) in THF (50 ml) was added afta 30 min. The mixture was stirred in the cold 
( - 70, -40 “C) overnight, then poured in water, neutralized with dil HCI and extracted with ether. The 

extracts, after the usual work-up, gave after silica gel chromatography (hexane-ether 95/15) 200 mg (5 % 

yields) of XIj, MS.: 187 (M+), 105 m/e (C,H,CO) and 0.78 g of XIII. 

Reaction of p-aceloxystyrene (Xk) with NOCl and dimethylsulphonium phenacylide (IVa). NOCI (1.3 g; 

@02 moles) was added with stirring to a soln of Xk (3g, 0.02 moles) in ether (50 ml) at - 70” under N,. A soln 

of IVa (6 g: w5 moles) in THF (50 ml) was added to the suspension of the nitroso chloride. The mixture 

was left at -40” stirring for 40 min. After the usual work up 2.3 g (45% yields) of Xlk were obtained, 
purified by silica gel chromatography (hexane-ether 95/S) and identified by IR and NMR comparison with 

an authentic sample.‘* 
Reaction of acetonilrile oxide with trans-c/&cone: trans-3-methyl4phenyl-5-benzoyl-A’-isoxuokline. 

A soln of I-chloroacetaldoxime (1.2 g; @012 moles) in ether (30 ml) and a soln of triethylamine (1.21 g; 

O-012 moles in ether (20 ml) was added simultaneously to a soln of lrons-chalcone (2.3 g; Ml 1 moles) in 
THF (80 ml). The mixture was left a few hr at room temp and after the usual work up gave a residue 

from which by silica gel chromatography VIIf(@75 g; 28 yiels) was isolated together with 0.42 of unreacted 

chalcone. NMR and IR spectra were identical to those of the samples obtained from the reaction of If and 

IIf with dimethylsulphonium phenacylide. 

Acknowledgements-Financial support by the Italian National Research Council (Contratto N. 71.01586.03) 

is acknowledged. 

REFERENCES 

’ ’ P. Bravo, G. Gaudiano and C. Ticozzi, Tetrahedron Letters 3223 (1970); 

* P. Bravo, G. Gaudiano and C. Ticozzi, in press 

2 P. Bravo, G. Gaudiano and A. Umani-Ronchi, Tetrahedron Letters 679 (1969) 

’ P. Bravo, G. Gaudiano, C. Ticozzi and A. Umani-Ronchi, Chem. Comm. 1311 (1968) 

* P. Bravo, G. Gaudiano, C. Ticozzi and A. Umani-Ronchi, Gazz. Chim. Ital. 99, 549 (1969) 

s G. Bianchi, R. Gandolfi and P. Griinanger, J. Heter. Chem. 5,49 (1968) 

6 ’ A. Dornow and H. D. Jordan, Chem. Ber. 94,76 (1961); 

b U. W. Pritzkow, H. Shaefer, P. Pabst, A. Ebenroth and J. Beje, J. Prakt. Chem. 29, 123 (1965); 

’ M. Ohno, N. Naruse, S. Torimitsu and M. Akamoto. Bull. Chem. Sot. Japan 39, 1119 (1966) 

’ ’ F. L. Scott, J. C. Rio&n and A. F. Hegarty. Tetrahedron Letters 537 (1963); 

b F. L. Scott and R. MacConaill, Ibid. 3685 (1967) 

* A. W. Johnson and R. T. Amel, J. Org. Chem. 34, 1240 (1969) 

9 T. Durst, Advances in Organic Chemistry (Edited by E. C. Taylor and H. Wynberg) Vol. 6, Interscience, 

New York (1969) 
lo K. A. Ogloblin and D. M. Kunovskaya, Zh. Org. Khim. 4,917 (1968); Chem. Abstr. 69, 18512 (1968) 

” K. A. Ogloblin and V. P. Semenov, Zh. Org. Khim. 1,401 (1965); Chem. Abstr. 63, 1691h (1965) 

” P. Bravo, G. Gaudiano, P. P. Ponti and M. G. Zubiani, Tetrahedron Letrms 4535 (1970) 
I3 S. Trippet and M. A. Walker, J. Chem. Sot. C, 1114 (1971) 

‘* M. C. Aversa, G. Cum and M. Crisafulli, Garz. Chim Ital. %, 1046 (1966) 
” S. Minami and J. Matsumoto, Chem. Pharm. Bull. 15, 366 (1967) 

I6 P. Bravo, G. Gaudiano, P. P. Ponti and A. Umani-Ronchi, Tetrahedron 26, 1315 (1970) 
” P. Bravo, G. Fronza, G. Gaudiano, C. Ticozzi and M. G. Zubiani, Ibid. 27, 3563, (1971) 

I8 a L. J. Beckman, W. A. Fossler and M. A. Kise, Chem. Rev. 48.319 (1951) 

* P. A. Smith, The Chemistry of Open-Chain Organic Nitrogen Compounds vol. II, pp. 382-383. Benjamin, 
New York, N.Y. (1966); 

’ P. P. Kadayanskas and N. Zefirov, Russ. Chem Rev. 37.543 (1968) 



3854 P. BRAVO, G. GAUDIANO, P. P. Porn and C. Tmzzt 

I9 M. Masaki, F. Fukui and M. Ohta, J. Org. Chem. 32,3564 (1967) 
2o A. W. Johsnon, Ylid Chemistry pp. 310 and 288. Academic Prws, New York, N.Y. (1966) 

” E J. Corey and M. Chaykovsky, J. Am. Chem. Sot. 87.1353 (1965) 

22 G. B. Payne, .I. Org. Chem. 32,335l (1967) 

23 K A. Ogloblin and A. A. Potckhin, Zh. Obsch. Khim. 34,2688 (1964); Chem. Abstr., 61, 14519 (1964) 

24 P.‘Vita-Find and M. Arbasino, Ann. Chim. Rome 54, 1165 (1964) 


