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Abstract-Routes to dihydrojasmone and y-keto-aldehydes and an alternative procedure for a key 
intermediate in our prostaglandin synthesis are described. 2-Isoxazolines are useful intermediates for a 
preparation of a variety of classes of compounds. A novel route to pyrroles is established. 

In connection with our studies of prostanoid syn- 
thesis it was of interest to prepare 
5-formyl-2-isoxazolines (1) which conceivably could 
give 2-hydroxy-4-keto-aldehydes (3) on reduct- 
ion with Ti”, and subsequently Chydroxy- 
cyclopentenones (4) on base catalyzed cyclization, 
eqn (I), in analogy with the reactions of other 
5-acyl-2-isoxazolines.’ Contrary to expectation, 1 
could not be obtained by dipolar addition of silyl 
nitronates to acrolein, nor was 1 obtained by addition 
of nitrile oxides prepared in situ to acrolein. Whilst 
the addition of silyl nitronates to acrolein diethyl 
acetal proceeded in poor yield the nitrile oxides 
reacted in good yields to form 5-diethoxy- 
methyl-2-isoxazolines (Za+) (eqn 2) 2f was obtained 
in ca 40’7” yield from the silyl ester of nitromethane 
and acrolein diethyl acetal after 8 days. This is in 
agreement with our earlier experience with the reac- 
tivities of silyl nitronates and nitrile oxides. Thus, the 
nitrile oxides react with unactivated double bonds, 
such as mono alkyl and certain dialkyl substituted 
olefins,’ whereas silyl nitronates react sluggishly or 
not at all.’ 

Only one formyl compound of type 1, 
3-phenyl-5-formyl-2-isoxazoline, but several 
5-acyl-2-isoxazolines, obtained from the reaction of 
vinyl ketones with silyl nitr0natesl.j or nitrile ox- 
ides,“’ are known. A facile cleavage according to eqn 
(3)’ could explain the instability of the 5-formyl 
derivatives. 

The present paper deals with the synthesis and 
some reactions of 5-diethoxymethyl-2-isoxazolines 
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(2). and the synthesis of a few other substituted 
2-isoxazolines by the nitrile oxide route, of particular 
interest for syntheses of dihydrojasmone and pros- 
taglandins9 Finally a novel route to pyrroles is 
worked out. 

Reactions of the 2-isoxazoline acetals, 2. Synthesis 
of 7-keto aldehydes. The isoxazolines 2 (Table I) 
were synthesized in 2678% yield by 1,3-dipolar 
addition of acrolein diethylacetal to nitrile oxides, 
generated in situ from hydroxamic acid chlorides and 
triethylamine. ‘J’J’ The hydrolysis of the acetals into 
aldehydes proceeded poorly under a variety of condi- 
tions. Small amounts, ca IO%, of the corresponding 
formyl derivatives were detected in the product mix- 
ture by ‘H NMR spectroscopy. When the acid cata- 
lyzed hydrolysis of 2a was carried out in the presence 
of o-phenylenediamine, the quinoxaline derivative 7 
was obtained, indicating that the aldehydes are 
cleaved easily also under acid conditions according to 

eqn (3). 
The planned reaction (eqn I) was therefore aban- 

doned and reduction of 2b and M, directly with Ti-‘+ 
in a weakly acidic solution, was attempted. Contrary 
to expectation, no hydroxy derivate of type 3 was 
formed. The main products were the -J-keto al- 
dehydes 5b and Sd (ca 30%). The base catalyzed 
cyclization of 5d gave in our hands poor yields (see 
Ref. 12) of 6 but 71% yield has been reported in the 
literature for this step in a synthesis of dihydro- 
jasmone (Ilb).” Reaction, eqn (2). may be of some 
interest in connection with the preparation of y-keto 
aldehydes for which there exists only a limited syn- 
thetic methodology. An alternative route to dihydro- 
jasmone is described in the next section. 

Synthesis of dihydrojmmone, 1 lb. The facile addi- 
tion of nitrile oxides to vinyl ketones was confirmed 
and substantiated by the preparation of 8a and 8b. 

(I) 
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28-f Sb. R=CH(CHh 

I 
Sd. R=(CHXHt 

T Ti@, He 

3 

6. R=(CHXHx 

(3 

(3) 

7 (R'=H) 

These were reduced by Ti’ + to the corresponding the Ti'+ reduction of 2-isoxazolines causes fission of 
alka 1,4-dion-2-01s (9a,b) which were cyc1ize.d to the the C4 bond. When this reduction was applied to 
3(2H)-furanones (lOa,b) by heating with acetic acid 8a, 12 was obtained which on cyclization gave dihy- 
and sodium acetate.‘.” 9a was cyclized to lla by drojasmone, lib, and a novel, facile route to this 
treatment with aqueous sodium hydroxide. compound can now be added to the many others 

As noted earlier,’ the presence of metallic zinc at previously published.‘s~‘6 

Table I. Isoxazolidines (2) from acrolein diethyl acetal and nitrile oxides 
Or 

R Yield 
bp.; 'H NM" values, 6, 2 Hz 

m"l3 (cm,) 

za C’% 26 

G (C”3)sC” 39 

2 (C”, ),C”, 41 

a (C”:, )b C”3 78 

2 ce”6 55 

2f ” 38 

68-761 

0.05 
1.18 (3”,t,d7), 1.21 ;Wit, 

J7), !z:,~,;l”i;“3.f3.7’~4”;m), 1.97 (3”tbr.s 

. . ,m - 
82-90/ 1.16 (6”,d,J6.6), 1.20 

0.1-0.15 (3H,t.j7), 1.23 (3”,t, 
Z7), 2.5-3.1 (?H.m), 3.4- 
3.9 (4H,m), 4.3-4.6 (2”. 

m) 

120/o. 1 y;3m\3”.t.u’6), 1.0-2.0 

2.9: (hi,d.J7.6), 2.35 (ZH,br.t,J8), ‘3.4-3.9 
(4”,m). 4.2-4.7 (2H.m) 

132/ 0.87 (3H,t,d6), 1.0-2.0 
0.02 (14H,m), 2.35 (2H,br.t,J8), 

2.94 (2H,d,J7.6), 3.4-3.9 
(4H,m), 4.2-4.7 (2H.m) 

140-150/ 1.13 (3”,t,J7), 1.19 (3”,t. 
0.15-0.20 J7), 3.1-3.9 (6H.m). 4.4- 

4.8 (ZH,m), 7.2-7.8 (5H.m) 

‘WO.2 1.19 (3",t,J7). 1.23 (3H,t 
J7), 3.02 (2”,d,J8), 3.3- 
3.9 (4H,m), 4.3-4.7 (ZH,m), 
7.10 (lH,t,Jl) 
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Synthesis of 3 - (w - methoxycarbonylheptyl) - 5 - 
(3 - methyl - 2 - butenoyl) - 2 - Loxazoline, (15). This 
compound was of interest to us as a starting material 
for our prostaglandin synthesis.‘*9 The lower homo- 
logue, the 3 - (w - methoxycarbonylhexyl) - 5 - (3 - 
methyl - 2 - butenoyl) - 2 - isoxazoline was prepared 
by the silyl nitronate procedure, but we found it more 
convenient to pre$are 15 by the alternative less 
expensive route, eqn (4). By standard procedures, 
oleic acid was oxidized,” and cleaved’* to methyl 
9-oxo-nonanoate (13). Oximation and chlorination 
gave (14) which finally was converted in situ into the 
nitrile oxide and added to 3-methyl-1-propenyl vinyl 
ketone to yield 15. The lower homologue has already 
been converted into a prostanoid, and by having 
access to 15 a route to PGE, is opened.‘q9 

Syntheses of pyrroles. The nitrile oxides, generated 
in situ, add to ally1 acetate and ally1 acetamide giving 
the functional&d 2-isoxazolines 16a-c. They are 
reduced by T?+ to the corresponding /?-hydroxy 
ketones 17a-c. These reactions are of interest in 
connection with synthesis of polyols and amino alco- 
hols. 17b,c can be cyclized to 18 and 19 by heating in 
acetic acid with sodium acetate as catalyst, which 
constitutes a novel pyrrole synthesis (eqn 5). 

EXPERIMENTAL 
5-Dkvhoxytnethyl-2-ioxazoline, 2f was obtained in 

3&40% yield from a equimolecular mixture of nitro- 
methane, triethylamine, chlorotrimethylsilane and acrolein 
diethyl acetal in benzene:acetonitrile, 2: I. The solution was 
stirred at 25’ for IO days, filtered, washed with water, and 

8a.b 

a. R = (CH,),CH. 

9a.b 

b. R = (CH,),CH 

1Oa.b 

lla R=OH 
Ilb R = H. Dihydrojasmone 

F- 
12 

SC. J.r 

Oleic acid - OHC(CHMXKKH, - HON=CCl(CH&COOCH,: 

13 14 

(4) 

a. H,O,, H + , b. CH,OH, H t, c. Pb(OAc),, d. NH,OH, e. C12, f. NEt,, 3-methyl-1-propenyl 
vinyl ketone. 

16a R’ = (CHMH. R’ = OAC 
16b R’ = (CH,),CH. R’ = NHAc 
16~ R’ = CHJCH,).. R’= NHAc 

17a R’ = (CH,),CH. R’ = OAc 
17b R’ = (CH&CH, R’= NHAc 
17c R’ = CH,(CH,),. R’ = NHAc 
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17b,c *o*c 

dried over sodium sulfate. Distillation gives 2f, b.p., ,60-63”. 
MS (MC + I) 174. 

General procedure for preparation of 2-isoxazolines from 
aldoximes and alkenes. Cl, was pasmd through a soln of the 
aldoxime (0.03 mole) in chloroform (30 ml) at - 30-35”. The 
solution turned blue but after a while the blue colour faded 
and shifted to green (marking the end point of the chlo- 
rination). Excess Cl, was purged by N,. ‘H NMR showed 
characteristic peaks from the CH-N=OH group at around 
6 = 7.0 were no longer present. The hydroxamic acid chlo- 
ride formed was added dropwise to a mixture of the oletin 
(0.04 mole) and triethylamine (0.04 mole) in chloroform 
(IO ml) at l&20”. After 30 min the solution was washed with 
water, dried (Na,SO,), evaporated, and the remaining 
2-isoxazoline was distilled in vacua or recrystallized. The 
crude 2-isoxazolines are often sufficiently pure for direct 
further use. This procedure was used for the acetal deriva- 
tives, Zn-e, Table I, for the acyl derivatives 8a,b, 15, and the 
functionalized derivatives 16pe 

Synthesis of the y-ketoaldehydes Sb and sd. The pH of the 
aaueous acid Ti’+ solution (IOml. I M) was adjusted to cu 
t&2.5. Acetic acid (30 ml), water (20 ml), and O&t mole of 
2b or &I is added. The mixture was stirred at 25” for 3-4 days 
under nitrogen and decolotized slowly. After addition of 
water (IO ml) it was continuously extracted with chloroform. 
Evaporation of solvent and purification by TLC gave the 
y-ketoaldehvdes Sb and 5d in ca 30X yield. ‘H NMR 
(CDCI,), Sbi 6 I .03 (6 H, d, J 7 Hz), 2.58 (I H, hept, J 7 Hz), 
2.6Of4H.si.9.6411 H.sl.56:60.83(3H.br.t). l&I,9(8H, 
m), 2.23 (2H, br.t), 2.58 (4H, s),‘9.6l (I’H, s). !5d‘was 
cyclized’* to 6 in IO-20% yield (spectroscopical). 

2-Uefhylquinoxaline (7). 2a (180 mg) was heated with one 
equivalent of o-phenylenediamine in formic acid (0.5 ml) at 
80” for Smin. The formic acid was evaporated in vacua. 
Methylene chloride (3-4ml) was added and the solution 
was extracted with an aqueous sodium bicarbonate solution. 
Purification of the product by TLC (CHCI,, 5% ethyl ace- 
tate) gave 7 (30 mg, 21%). ‘H NMR (CDCI,): 6 2.73 (3 H, s), 
7.1-8.1 (4 H, m), 8.63 (1 H. s). MS: (M t) 144. 

8a. From methyl vinyl ketone and hexane-l- 
hydro~midoyl chloride. B.p. 118”/0.02 mmHg. Yield 68%. 
MS (M 7) 197. ‘H NMR (CDCI,): 6 0.90 (3 H, br.t, J6 Hz), 
l.l-1.7(8H,m),2.23(3H,s),2.30(2H. t,J7Hz), 3.09and 
3.12(2H,ABspectrum,J6.9, 10.2, 16Hz),4.76(1 H,dd,J 
6.9, 10.2 Hz). 

8b. From methyl vinyl ketone and propane-t 
hydroximidoyl chloride. Bp~6&62”/0.15-0.20 mmHg. Yield 
49X. ‘H NMR (CDCI,): b 1 .I7 (6 H. d. J7.2 Hz), 2.29 (3 H, 
s);i.71 (I H,h&J7:iHz),3.i (2H,d, J9Hzj,4.79(1 H, 
dd, J 7.3, 9.9 Hz). 

9a and 9b were obtained as oils by reduction of #In and 
Sb with Ti3 + (2.5 equiv) in aqueous acetic acid solution (I : I) 
for 3 days under nitrogen. The pH of the acid titanous 
solution was tint adjusted to ca 2.5 with solid sodium 
bicarbonate before addition of acetic acid. Usual workup 
gives 9a and 9b in ca 60-70% yield, purified by preparative 
TLC. ‘H NMR (CDCI,) 9a: 6 0.90 (3 H, brt), l&l.8 (8 H, 
m), 2.25 (3 H. s), 2.48 (2 H, br.t), 2.90(2 H,d, J5.2 Hz), 4.34 
(l’H,br.~,J5.2Hz),5~0(1 H,br.s).!& l.l0(6H,d,J;Hz), 
2.27 (3 H. sf. 2.62 (I H. hem. J 7 Hz). 2.93 (2 H. d, J 5 Hz), 
4.33 (I Hi t, J SHz), 6.1 (I H, br.sj. 

The 3(2 H)-furanones 1Oa and lob were obtained as oils 
by refluxing !?a and 9h in acetic acid with sodium acetate as 

Q I I 
I *’ 
COCHS (4) 

18 R’ = (CH,),CH 
19 R’ = CH.(CH,)< 

catalyst.’ ‘H NMR (CDCI,) 100: 6 0.90 (3 H, br.t), 1.0-1.9 
(8 H. m), 1.42 (3 H, d, J 7.2 Hz), 2.49 (2 H, br.t), 4.46 (I H, 
q, J 7.2 Hz), 5.36 (I H, s}, MS (M ? ) 182. IR (film): 1700 (s), 
IS90 (s) cm I. lob: 1.25 (6 H, d, J 7 Hz), 1.45 (3 H, d, J 
7Hz), 2.71 (I H, hept, J 7Hz), 4.48 (I H, q. J 7Hz). 5.37 
(1 H, s). MS: (M : ) 140. 

2 - Pentyl - 3 - methyl - 4 - hydroxy - 2 - cyclnpentenone 
(lln). 9a (IOOmg) was treated with aqueous sodium hy- 
droxide (4 ml, lo”/,) for 3 h at 25”. The reaction mixture was 
neutralized with dil HCI and extracted with ether. Evapo- 
ration of the solvent and purification of the remainder on 
preparative TLC (CHCI,, I% CH,OH) gave 11s as an oil 
(40 mg, 48%). ‘H NMR (CDCI,): 6 0.90 (3 H, br.t), 1.0-1.8 
(6 H, m), 2.09 (3 H, s), 2.1-3.0 (5 H. m), 4.71 (I H, br.d, J 
6Hz). MS: (Mt) 182. 

Reduction of & IO 2,5-dioxoundecane (12). 8a (975 mg) 
dissolved in methanol (40 ml), and diluted hydrochloric acid 
(25 ml, 4 M) was reduced with Zn-powder (4.5 g) which was 
added in small portions at intervals. Titanous chloride 
(0.5 ml, 1 M) was added. After I8 h the solution was extrac- 
ted with methylene chloride giving 1. I3 g of crude 12 which 
was sufficiently pure for the subsequent cyclization to 
dihydrojasmone. ‘H NMR (CDCI,): 6 0.90 (3 H, br.t), 
I.&l.9 (8 H, m). 2.11 (3 H, s). 2.37 (3 H, br.t), 2.58 (4 H, s). 

Dihydrajasmone (llb) was synthesized by relluxing the 
crude 12 for 4 h in 3% ethanolic sodium hydroxide.i9 The 
yield of 1 lb was 62%. b.p. l213122’/l2 mmHg. The spec- 
troscopic data of llb agree with those in the literature. 

14 was prepared according to standard procedures (eqn 
4) 17.18 

IS was prepared in 84% yield from 14 and 
3-methyl-I-propenyl vinyl ketoneZO according to the general 
procedure. ‘H NMR (CDCI,): 6 1.1-1.8 (IOH, m), 1.97 
(3H. s), 2.17 (3H, s), 2.1-2.5 (4H, m), 3.15 (2H, d, J 
9.4 Hz), 3.66 (3 H, s), 4.85 (1 H, dd, J 5.3 and 3.9 Hz), 6.45 
(1 H, br.s). MS: (M ‘) 309. 1R (film): 1740 (s), 1635 (s), 1615 
(s). 

3 - Isopropyl - 5 - acetoxymethyl - 2 - isoxazoline, 16% 
b.p.,, 90-94”. yield 67%. ‘H NMR (Ccl,): S 1.16 (6 H, d, 
J 6.8Hz), 2.01 (3H, s), 2.43.1 (3H. m), 3.99 (2H. d, J 
5.0Hz), 4.58 (1 H, m). MS I86 (M + I)-. 

3 - Isopropyl - 5 - acetylaminomethyl - 2 - isoxazoline, 16b. 
b.p.,, IW, yield 19%. ‘H NMR (Ccl,): d 1.14 (6H, d, J 
6.8 Hz), I.91 (3 H, s), 2.4-3.1 (3 H, m), 3.2-3.6 (2 H, m), 4.56 
(I H. mh 6.9 (1 H. br.s). MS: 185 (M + I)+. 

3 - H&y1 -‘5 - ~~ety~am~ometh~l - 2 -‘i~oxazaline, 16c, 
m.p. 88” (ethanol), yield 44%. ‘H NMR (Ccl,): 6 0.89 (3 H, 
br.t), 1.0-1.7 (8H. m). 1.97 (3H. s), 2.1-2.5 (2H, m), 
2.7-3.0 (2H, m), 3.2-3.5 (2H, m), 4.6 (I H, m), 6.2 (I H, 
br.s). MS: 227 (M + I) t. 

16n,b,c were reduced by Ti’+ in aqueous acetic acid for 
3 days to the corresponding hydroxyketones l?a,b,c. They 
were purified on preparative TLC. (Silica, CHCI,, 0.5% 
methanol.) It was later found that the reduction can be 
carried out practically quantitatively by catalytic reduction 
over RaNi (commercial, active, stored under H,O) in eth- 
anol. 

I - Acefoxy - 4 - kefo - 5 - methyl - 2 - hexanol, 17~. 
liquid. ‘H NMR (CDCI,): 6 1.10 (6H, d, J 6.8Hz). 2.08 
(3H. s). 2.4-3.0 (3H. m), 4.W.4 (3H, m), 5.8 (I H, br.s). 
MS: 189(M+l):. 

I - Acetylamino - 4 - kefo - 5 - methyl - 2 - hexanol, 17b. 
liquid. ‘H NMR (CDCI,): 6 1.12 (6 H, d, J 6.8 Hz), 2.00 
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(3 H, s), 2.3-2.9 (3 H, m), 3.1-3.5 (2 H, m), 3.9-4.3 (2 H, m), 
6.6 (I H, brs). 

1 _ A~etyl~ina - 4 - keta - 2 - decanal, l?c, liquid. ‘H 
NMR (CDCI,): 6 0.89 (3 H, br.t), l&i.8 (8 H, m), 1.99 
(3 H, s), 2.43 (2 H, t, J 7 Hz), 2.59 (2 H, d, J 6 Hz), 3.1-3.4 
(2H, m), 3.9-4.3 (2H, m), 6.4 (1 H, br.s). MS: 230 
(M + I)?. 

I -Acef~l-2-isaprap~lrrale, 18. 17b (90 mg) was heated 
with sodium acetate (I 90 mg) in acetic acid (I ml) for 3.25 h 
at IO@ . Chloroform was added and the solution was washed 
with water and aqueous sodium bicarbonate solution, dried 
and cvauorated to give 18. 60 ma. 80% ‘H NMR (CCL): 6 
1.20 (6 fi, d, J 7 Ha, 2.49 (3 H,;), 3.5”fi H, hept.,‘J 7 Hz), 
5.98 (2H, m), 6.84(1 H, dd, J3.4, IhHz). MS: I51 (Mt). 

I-Aceiyl-2-hexy~~yrrafe, 19, was obtained according to 
the same method as 18, yield 76%. ‘H NMR (CDCI,): S 0.89 
(3 H, br.t), 1.i -1.9 (8 H, m), 2.51 (3 H, s), 2.90 (2 H, t, J 
7Hz), 5.98(1 H, brs), 6.12(1 H,t,J3.3Hz), 6.98(1 H,dd, 
J 3.3, 1.6Hx). MS: 193 (M ‘). 
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