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Abstract - New methodology, based on the chemistry of silyl ni- 
tronates, nitrile oxides (hydroxamic acid chlorides), and deri- 
ved 2-isoxazolines, is developed for the preparation of the 
title compounds. 

In an earlier paper the addition of nitrile oxides to acrolein and acrolein di- 

ethyl acetal was investigated.' It was found that the +formylisoxazoline was un- 

stable and was formed in poor yield, but the acetal 1 was well characterized and 

could be synthesized in reasonably good yield. The reduction of 2 with titanous 

ions to the expected 2-hydroxy-4-oxoaldehyde 2 was unsuccessful# cleavage of the 

C5-0 bond occurred and the 4-ketoaldehyde 3 was isolated in 20-30 % yield. Inview 

of the general synthetic value of compounds of type 3, e.Q. for synthesis of hete- 

recycles and cyclopentenones, we investigated the behaviour of 1. towards selective 

reduction. Catalytic hydrogenation over Raney-Ni in ethanol2 cleaved the N-O bond 

smoothly and selectively and 5 was formed nearly quantitatively (Scheme 1). 

The acetal _ 2d was obtained by reacting acrolein 

thane, trimethylchlorosilane, and triethylamine for 6 

Catalytic reduction gave J&, the half acetal of malic 

3 
(traces) 

diethyl acetal with nitrome- 

days in acetonitrile/benzene. 

dialdehyde, a compound synth- 

esized earlier in a different way for the synthesis of tropinone.= The structureof 

x was proved by its conversion into pyridazine @ with hydrazine sulfate.Reaction 

of z with hydrazine sulfate gave 'j-hexylpyridazine &. 

When J&,2 were treated with catalytic amounts of dry hydrogen chloride in etha- 

nol, generated by addition of acetyl chloride, they rearranged practically quanti- 

tatively to the y-ketoesters 2,~. The ease of the rearrangement is rather surpris- 

ing because it is usually not observed in carbohydrate chemistry, where glycosides 

contain the same structural entity. The unsaturated Y-ketoacetals 8b,c are not on 

the reaction path, since they do not give 'ib.2 under the same experimental condi- 

tions. This constitutes a novel synthesis of Y-ketoesters which are valuable synth- 

1085 



1086 K. K. SHARMA and K. B. G. TORSSJZLL 

etic intermediates.4 

Compounds s,b,c were converted into a,@-unsaturated y-ketoacetals &,b,c 

by heating with acetic anhydride and sodium acetate. The corresponding cc,&unsatu- 

rated Y-ketoaldehydes yb,c were obtained from &,c by treatment with PPA in aqueous 

acetone. 

(EtO)zH n R 

PhCO 0 

lOb,c 

A 

PhCOCl 

PY 

R 

&b,c,d 
RaNi,He 
EtOH 

+F (EtO),HC 
0 

: 

Compounds Jb,c gave the benzoates lOb,c on treatment with benzoyl chloride in 

pyridine which were transformed into the cr-benzoyloxy-y-ketoaldehydes llb,c with 

formic acid in carbon tetrachloride. Thus, by changing the reaction conditions 

slightly it is possible to obtain a number of useful synthetic intermediatesfrom5. 

R 
HCOOH, 
cc14 

NHeNHe 

&,l?,c 

I 

PPA 

0 

/N 

c” \ 
R 

6b,d 

Et006 - 
Z.bC 

5% R = CHe 

2, R = CsHls 

29 R = (CHs),COOCH, 

2, R=H 

SCHEME 1 

Having access to compounds of the general structures _5 or 11, an attempt was 

made to convert them into cyclopentenones. According to the literature5-e and our 

experience"" the conditjons for base-catalyzed cyclizatio.. of the 4-ketoaldehydes 

3 are much more critical than those for 1,4-diketones. Derivatives of type 9 have 

been cyclized in methanol to the corresponding methoxycyc1opentenones.e When $J& 

was cyclized according to this method, the 'H NMR spectrum of the product indicat- 

ed the formation of a mixture of 12 and 12. Compound & gave likewise a mixture of 

14 and 12. This route was therefore abandoned. Attempts to prepare 16 and 12 bycon- - 

trolled acid-catalyzed hydrolysis of the acetals 2,~ to the corresponding aldehy- 

des in aqueous acetone at 25°C and subsequent treatment of the crude product with 
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base were unsuccessful. Compound rs was isolated in a low yield (ca.20 $) bytreat- 

ment of llb with 4 M sodium hydroxide in-a water:ether two-phase system, but sur- 

prisingly 'lJ could not be detected in the reaction mixture when llc was reacted 

with base under the same conditions. We therefore investigated the acid catalyzed 

cyclization of 5 and J'J and these effortsproved somewhat more successful. A 3:l 

22 
oHe ~ C,o&yocHs CHsO~coocH3 

CHsOH 

- 

n 

OH 

18 R = CsHl, 
E R = (CHe)eCOOCHs 

mixture of 18:16 (ca. -- 40 $) was obtained by heating 2 with PPA in acetone:water 

at 50 "C for 20 hours. The yield was slightly improved (50-55 $) by heating x un- 

der the same conditions for 22 hours. Compound 18 was converted quantitatively in- 

to _& by treatment with A1eOo.e Unfortunately the carbomethoxy-functionalized der- 

ivates 2 and llc did not behave - according to expectations. Onlyatrace of the de- 

sired prostaglandin intermediate 'lJ was detected. Very recently" it has been re- 

ported that a mixed acid-base ion exchangerI could effect the cyclization of 2 

to the cyclopentenone derivative. The methyl acetal corresponding to z was also 

converted into a prostanoid by a slightly different route. 

In conclusion, isoxazolines of type 2 and their reduction products are useful 

intermediates for the preparation of y-ketoesters and a variety of functionalized 

aldehydes. Furthermore, it is possible to convert them into 2-substituted 4-hydrox- 

ycyclopentenones under carefully controlled conditions. 

H,COO 

20a R = CsH1e 21a 
20b R = COOEt 

- 

Condensation of nitrile oxides with methyl 3-butenoate gives methyl isoxazol- 

ine-5-acetates 20a,b, substituted in the 3-position. These give rise to P-hydroxy- 

6-ketoesters, e.g. G, on reduction which are possible precursors for P-pyrones 

and phenols by controlled cyclization. 

EXPERIMENTAL 

Methyl +hydroximinononanoate was obtained by stirring methyl 9-oxononanoate'3with 
hydroxylamine hydrochloride (1.1 eq.) and sodium bicarbonate (1.3 eq.) in an aque- 
ous two-phase system for 24 h. The oxime precipitated as white oily crystals which 
were filtered and dried, mp. 47-49": (from petrol ether), yield 70 46. The oxime 
was sufficiently pure for the further reactions. 
cribed ear1ier.l 

The preparation of g,b,cJ is des- 
~-(W-Methoxvcarbonylheptyl)-5-diethoxymethyl-2-isoxazoline 2cwas 

synthesized from methyl 9-hydroximinononanoate according to the same method, bp.o.e 

17O"C, yield 46 %. 'H NMR (CDCls): 6 1.0-1.9 (lOH,m), 1.18 (3H,t,J 8 Hz), 1.21 (3H, 
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t,~ 7 Hz), 2.30 (4H,br.t), 2.95 (2H,d,J 7 Hz), 3.4-3.9 (4H,m), 3e63 (3H~s), 4*3- 
4.7 (2H,m). MS: 298 (M+-OQHs), 

Catalytic reduction of 2a-d to 5a_d was carried out at room temperature in 95 % 
ethanol over Ra-Ni ( 

-_ 
commercial, active, in HeO) at atmospheric pressure. One mole 

of hydrogen was absorbed after ca. 3-4 hrs. The reduction of 2d was rapid, andcom- 
plete in half an hour. Filtration of the catalyst and evaporazon of the solvent 
gave 5a_d in practically quantitative yield. The crude product was used directly 
for the further conversions. 'H NMR (CDCla): 2: 6 1.21 (6H,t,J 7 Hz), 2.19 (3H,s), 

;:2; [;;:;:$ :,~,~~);.6~;2~,~;q"5(~~i~r;"~~ 

MS: 215 (M+-OCeHs). 2: o 1.20 (6H,t,J 7 Hz) l.O- 
2.6r(2H,d,J 5.5 Hz), 3.61 (3H,s), 3.4-4.3 (5H,mj, 

3-Hexyloyridazine (&) was obtained as an oil in 85 s/ yield by heating crude z 
with hydrazine sulfate in a ueous methanol at 45 "C for 24 hrs." 
6 0.87 (3H,br.t.), 

'H NMR (CDCla): 
1.0-2.0 2.97 7.2 

J 3.6 Hz). 
4 8H,m), (PH,t,J Hz), 7.35 (2H,m),8.98 (lH,t, 

Pyridazine (s) was obtained in SO % yield by heating crude x with hydrazine sul- 
fate in aqueous methanol at 50 "C for 18 hrs. The solvent was evaporated in vacua 
and the residue was purified by preparative TLC (SiOe, CHC13). 

Ethyl 4-oxodecanoate acetal 2 (80 mg) in abs.alcohol (2 ml) was treated 
with acetyl chloride 25 "C for 4 hrs. Chloroform was added and the soiu- 
tion was washed with aqueous sodium bicarbonate. Evaporation of solvent and purifi- 
cation of the remainder by TLC (silica, CHCla) gave 30 mg of pure 
and a second, slightly impure fraction of 2 (30 mg). lH NMR (CDCle 
br.t) 1.0-1.9 (llH,m), 2.46 (PH,t,J 7 Hz) 
215 (:I+-OCTHE). g (film): 

2.65 (4H,m), 4.13 (2H,q,J 7 Hz). MS: 
1725(s), 175O(sj cm-'. 

Diethyl 4-oxo-1.12-dodecanedioate was obtained in 76 % yield by heating 2 for 2 
hrs at 70 "C in abs.alcohol with a small amount of acetyl chloride added. Transes- 
terit'ication to the diethyl ester occurred at 70 "C. If the rearrangement was car- 
ried out for 60 hrs at 25 "C, the methylethyl ester 
diethyl ester) :6 1.24 (6H,t,J 7 Hz), 

was obtained. 'H NMR (CDCla 

4.09 (4H,q,J 7 Hz). MS: 301 (p+ l), 
2.1-2.5 (4H,m), ;r.64 (4H,mj, 

Synthesis of the acetals 8a,b,c. 0.5 mmol of &,b or 2, sodium acetate (60 mg) and 
1.5 mmol of acetic anhydrze were heated at 100 F for 1% h. Chloroform was added 
and the mixture was washed with aqueous sodium bicarbonate, dried over Na,SO,, and 

Compounds 9b,c were prepared by heating S&c (5 mmol) in acetone:water, 2:l (22 ml) 
with polyphosphoric acid (120 mg) at 50 C for 23 hrs. Evaporation of most of the 
acetone in vacua and extraction with methylene chloride gave 
were purified by TLC (silica, CHCla). The yield of 2 was 48 

liquids. They 

NMR: &: 6 0.88 (gH,br.t), 
of s 68 %. lH 

l.O-I.9 (SH,m), 2.69 @H,t,J 7 Hz), 6.77 (2H,m), 9.74 
(1H,dd,J 5.2 and 2.2 Hz). &: 1.0-1.9 (IOH,m), 2.34 (2H,t,J 7 Hz), 2.71 (2H,t,J 7 
Hz), 3.67 (3II,s), 6.80 (2H,m), 9.75 (lH,dd,J 5.2 and 2.5 Hz). 

HenzoYlation of 5b,c. To 10 mm01 of 2 or 2 in dry pyridine (12 ml) 18 mmol ofbenz- 
oyl chloridewere added slowly with stirring and cooling with ice-water. The mixture 
was stirred for 50 hrs at 25°C. Carbon tetrachloride (20 ml) was added and the mix- 
ture was extracted twice with water and then with 4 M hydrochloric acid until the 
pH of the aqueous phase is slightly acid. Drying over sodium sulfate and evaporati- 
on of the solvent gave the benzoates IOb og IOc which were purified by chromatogra- 
phy on silica CHCl a:cc14, 2:3). The yield wT70-80 % of light yellow, viscous li- 
quids. lH NMR CC14): 

7 35 (2H,t,J7 Hz), 

lob: 6 0.86 (3H,br.t), 1.16 (6H t,J 7 Hz) 0.9-1.6 (8H,m), 
2.77(2H,d,J 6 Hz), 3.2-3.6 (4H,mj, 4.57 (l&,d,J 4 Hz), 5.31 

*;H,dt,J 4 and 6 Hz), 7.3 (SH,mT, 7.8 (2H.m). 100: 6 1.15 (6H,t,J 7 Hz), 1.0-1.9 
lOH,m), 2.0-2.6 (4H,m), 2.75 (PH,d,J 6 Hz), 3.3-3.8 (hH,m), 3.53 (3H,s), 4.56 (IH, 

d,J 4 Hz), 5.32 (lH,dt,J 4 and 6 Hz), 7.3 (3H,m), 7.9 (2H,m). 

The aldehydes Ilb and Ilc. 2 mmol of the benzoate IOb or IOc was vigorously stir- 
red in a mixture of 6 ml carbon tetrachloride and 2 x of formic acid for 
35 min at 25 "C. Water (1 ml) was added and the organic phase was separated, washed 
rrith 2 ml of saturated sodium bicarbonate solution, and dried over sodium sulfate. 
Evaporation of the solvent gave Ilb and E, respectively, - sufficiently pure for 
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further reactions. The yield was ca. 80 46. The aldehydesllb,c could be purified by 

TLC (SiOa, CHCl, : Ccl+, 3:2). 'H m (CHCls): llb: 6 0.8773H,br.t), 1.0-2.0 (8H, 

(2H,t,J 7 Hz), 3.15 (2H d,J 5 Hz), 
6 1.0-1.9 (lOH,mj, F.O-2.6 

5.48(lH,t,J 5 Hz), 7.4 (3H,m), 8.0 (PI, 
(4H,m), 3.02 (2H,d,J 5 Hz), 3.57 (3H,s), 

Hz), 7.3 (3H,m), 7.9 (2H,m). 

Cyclization of llb to 16. The aldehyde xb_ (140 mg) was vi orously stirred in atwo- 
PhasesystemofThz 5 ml) and aqueous sodium hydroxide 2 ml, 10 $) under nitro- 
gen for 15 min. The aqueousphase was separated and extracted with ether (5 ml).The 
co~~~bined ether phases-were dried over sodium sulfate, evaporated, and chromatograph- 
ed (TLC, silica, CHCls, 10 '$ ethyl acetate). 15 mg of 16 (liquid) was isolatedfrom 
a band ca. 2 cm from the starting line. 'H NMR (cc14):-F 0.89 (gH,br.t), 1.0-1.8 
(6H,m), 2.09 (2H,br.t), 2.16 (lH,dd,Jl8and-x),2.58 (lH,dd,J 18a Hz), 3.3 (OH,br. 
e), 4.74 (lH,m), 6.99 (lH,br.s). 

Cyclization of IOb to 16 and 18. The acetal lob (500 mg) was heated at 55-60 "C - - -- 
for 22 hrs in acxo-z 711 ml), water (4 ml) containing 1.4 g of polyphosphor- 
ic acid. Part of the acetone was evaporated and the remainder was extracted with 
methylene chloride, which was dried and evaporated. The crude product, which con- 
tained small amounts of 9& and traces of 2. was chromatogrinhed as above. A 3:l 
m*xture of 18:16 was isolated in a yield of 55 o/p. The ketone 18 was rearranged -- - 
into 16 by absorption on basic alumina, Brockmann, grade III for 16 hrs.sExtraction 
with zthanolic chloroform gave pure l6, the 'H NMR spectrum of which was identical 
with that above. 'H NMR 

t 

Ccl*): 18: 6 0.90 (3H,brx), 1.0-1.7 (8H,m), 2.5 (1H,m), 
ca. 4.2 (lH,br.s), 4.50 lH,br.sx 5.99 (lH,d,J 6 Hz), 7.37 (lH,dd,J 6 and 2 Hz). 

The ketones 16 and 18 were obtained as a I:2 mixture when 2 was heated with PPA 
x50 C for2rhrsinaqueous acetone as above. The total yield was ca. 40 "/o. We 
were not able to isolate 12 or 1p from the reaction mixture, when _& or G was 
treated with PPA under the same conditions. 

The 2-isoxazoline (20a) was prepared from methyl 3-butenoate and heptanehydroaxamic 
chloride; bp.o,ls IF-l32 "C. Yield: 37 9. 'H NMR CDCls): 6 0.89 (gH,br.t), 1.0-1.9 
(8H,m) 2.34 (2H,br.t), 2.4-3.3 (4H,m), 
228 (d+l). 

3.69 (gH,s), 4.85 (lH,br.quint,J 7 Hz). MS: 

The compound 20b was prepared from methyl 3-butenoate and ethyl chlorooximinoace- 
tate. The nitrile oxide was generated by slow addition of triethylamine, diluted 
in chloroform, over a period of ca. 2 hrs, at room temp. This procedure gives a 
pure product, yield 93 $. 'H NMR (CDCls): 6 1.35 (3H,t,J 7 Hz) 2.3-3.6 (4H,m), 
3.68 (3H,s), 4.32 (2H,q,J 7 HT 5.10 (fH,br.quint). MS: 216 (?+1), 170, 142. 

Methyl 3-hydroxy-5-oxoundecenoate (ala) was obtained by reduction of 16 with tita- 
nous ions for 3 days in aqueGce= acid according to the usual procedure. The 
yield of purified product 
6 0.88 (3H,br.t), 1.0-1.9 

silica, CHCls, 5 % ethyl acetate) is 52 '$. 'H NMR (CDCls) 

(lH,quint,J 6.3 Hz). MS: 231 
2.3-2.7 (6H,m), 3.3 (lH,br.s), 3.67 (3H3, 4.48 

Acknowledgement - We wish to thank DANIDA for a fellowship to K.K;S. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

REFERENCES 

Mukerji,S.K., Sharma,K.K. and Torssel1,K.B.G. Tetrahedron 39, 2231 (1983). 

Huisgen,R., Grashey,R., Hauck,H. and Seidl,H. Chem.Ber. 101, 2548 (1968). Tors- 
sel1,K.B.G. and Zeuthen,O. Acta Chem.Scand. m-1978). Das,N.B. and Tors- 

sel1,K.B.G. Tetrahedron 39, 2247 (1983). Curran,D.P. 
(1983). Kozikowski,A.P. and Adamzcyk,N. Tetrahedron Lett., 

Stoll,A., Becker,B. and Jucker,E. He1v.Chim.Act.a 35, 1263 (1954). 

The reaction is reminiscent of the acid catalyzed ring Opening of certain fUran 
derivatives which also leads to y-ketoesters. Marckwald,W. Chem.Ber. 21 398 
(1888) and studies of later date, e.g. Clauson-Kaas,N. and Nielsen,J.r Acta 
Chem.Scand. 2, 475 (1955). Luceg,R. and &?ogl,J. Col1.Czech.Chem.Commun.x 
2238 (1961). 

Cavill,G.W.K., Goodrich,B.S. and Laing,D.G. Austr.J.Chem. a, 83 (1970). 

Shono,T., Matsumura,Y., Hamaguchi,H. and Nakamura,K. Chem.Letters, 1249 (1976). 

Floyd,M.H. J.Org.Chem. 42, 1641 (1978). 

Piancatelli,G. and Scettri,A. Tetrahedron Lett. 1131 (1977). 

Piancatelli,G., Scettri,A. and DlAuria,M. Tetrahedron 36, 661 (1980). 

Andersen,S.H., Das,N.B., Jergensen,R.D., Kjeldsen,G., Knudsen,J.S., Sharma,S. 
C. and Torssel1,K.B.G. Acta Chem.Scand_. a, 1 (1982). 

Curran,D.P. Tetrahedron Lm. ZZk, 3443 (1983). 

Stowel1,J.C. and Hauck,Jr.,H.F. J.Om.Chem. 46, 2428 (1981) 

Nowak,L., Baan,G., Marosfalvi,J. and Szantai,G. Chem.Ber, 117, 2939 (1980). 


