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25-8; 4, x = H, 707-98-2; 4, x = CN, 21708-27-0; 6, 
n = 2, 21708-28-1; 6, n = 3, 21708-29-2; 6, n = 6, 
21708-30-5; 7, n = 3, 21708-31-6; 7, = 6, 21708-32- 
7; 10, n = 2, 21708-33-8; 10, n = 3, 21708-34-9; 10, 
n = 6,21708-35-0; Ad-C3-NAn, 21708-36-1; DMNAn- 
C3, 21708-37-2; NA.n-C3-NAn1 21708-38-3; DMNAn- 
C1-TMB, 21708-39-4; DMNAn-C2-TMB, 21708-40-7 ; 
DMNAn-C2-Ind, 21708-41-8; DMNAn-Cs-Ind, 21708- 
42-9; 9-benzylisoalloxazine1 21708-43-0; 9-(3-bromo- 
propyl)adenine, 21.708-44-1 ; 9-[3-(3,4-dimethylani- 
lino)propyl]adenine, 21766-51-8; 9-[3-(3,5-dimethoxy- 

anilino) propylladenine, 21708-45-2; 9- [3-(aden-9-yl)- 
propyl]isoalloxazine, 21708-46-3. 
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3,3-Disubstituted 2,4pentanediones reacted with hydroxylamine to give good yields of novel 2-isoxazolin-5-ols. 
3,4,4,5-Tetramethyl-2-isoxazolin-5-ol ( 5 ) ,  prepared in this manner, underwent ring opening on treatment with 
excess hydroxylamine, forming 3,3-dimethyl-2,4-pentanedione dioxime (3). By contrast, all efforts to isolate a 
dioxime by hydroxylamine treatment of the 4,4-dipropargyl analog (7) of 5 failed. 3,5-Dimethyl-4,4-di(2- 
propynyl)-2-isoxazolind-ol (7) reacted with alcohols, in the presence of acids, to form the corresponding 5-alkoxy 
derivatives. Dehydration of 7 by treatment with thionyl chloride and pyridine gave a 5-methylen~2-isoxazoline 
(15) whose high stability contrasts markedly with analogous ezo-methylene enamines of the related pyrazole series. 
Upon heating to 145", 15 underwent exothermic isomerization to an allene, 5-(2,3-butadienyl)-3-methyl-4-(2- 
propyny1)isoxazole (16); a novel Claisen-Cope-type rearrangement is evidently involved. Attempted puri- 
fication of 16 by alumina column chromatography caused an unexpected isomerization to a new, highly cross- 
conjugated sllene, 5-( l13-butadienyl)-3-methyl-4-( 1,2-propadienyl)isoxazole (18), in near-quantitative yield. 

Our interest in simple derivatives of 3,3-disubsti- 
tuted 2,bpentanediones led to a study of their reaction 
products with hydroxylamine. Gnichtel and Schon- 
herr have reported' that 3,3-dimethyl-2,4-pentane- 
dione (1) and 3,3-diethyl-2,4-pentanedione (2) react 
with hydroxylamine to give the expected dioximes 3 
and 4. This contrasted with our observation of cyclic 
(pyrazole) products resulting from reaction of 3,3-di- 
substituted 2,4-pentanediones with methylhydrazine, an 
isostere of hydro~ylamine.~. At the same time, we em- 
ployed approximately equimolar amounts of diketones 
and methylhydrazine whereas Gnichtel and Schonherr 
used a substantial excess of hydroxylamine. Some 
other standard carbonyl derivatives of 3,3-disubstituted 
2,4-pentanediones have been r e p ~ r t e d ~ - ~  although it  is 
not evident, in all cases, whether cyclic or acyclic deriv- 
atives were obtained. 

Results 
Reaction of a 1: 1 mol ratio of hydroxylamine with 

3,3-dimethyl-2,4-pentanedione (1) afforded the novel 
3,4,4,5-tetramethy1-2-isoxazolin-5-01 (5 )  in 61% yield. 
Treatment of 5 with excess hydroxylamine then gave 
Gnichtel and Schonherr's dioxime 3 in a yield of 48% 
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(Scheme I). The reaction of 3,3-di(2-propynyl)-2,4- 
pentanedione (6) with hydroxylamine was then studied 
under various conditions. Treatment of 6 with a 4: 1 
mol ratio of hydroxylamine in refluxing aqueous eth- 
anol produced only the 2-isoxazolin-5-01 (7) in yields as 
high as 85%. Examination of 7 showed it  to be an 
acid, soluble in aqueous NaOH, and recoverable as an 
insoluble precipitate on adjustment to pH 6. Use of 
Gnichtel and Schonherr's conditions (2.88 mol of hy- 
droxylamine hydrochloride in ethanol-pyridine) gave 7 
(29%) along with its ethoxy derivative 8 (32%) 
(Scheme 11) but not the dioxime. On the other hand, 
reaction of 6 with a high (1O:l) excess of hydroxyl- 
amine gave 7 along with a minor unidentified impurity 
appearing, in the nmr spectrum, as a singlet at  6 1.8 
ppm. Such a resonance is about what would be ex- 
pected for a methyl group of the unknown dioxime of 6. 
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Nevertheless there is a clear divergence here between 
the behavior of 1 (and 2) and 6 which has no ready ex- 
planation. While one would expect bulky R substit- 
uents to shift the equilibrium, below, to the right (the 

9 10 

“gem” effectg) i t  is not evident, assuming that such an 
equilibrium is important, why R = propargyl should 
stabilize the heterocycle 10, with respect to 9 (or the 
corresponding dioxime) more than would methyl or 
ethyl groups. 

Formation of 5-alkoxy derivatives of 2-isoxazolin-5- 
ols, such as 8, is facilitated by the expected ability of the 
C-5 ring position to accommodate a positive charge. 
Compound 7 reacted with alcohols, in the presence of 
HC1, giving 5-alkoxy-2-isoxazolines, exemplified by 1 1 
and 12, in fair to good yields. 

11, R = n-C4HS 13 14 

12, R = - C H , C H , N ~  

Preparation of 2-isoxazolin-5-01s from 3,3-disubsti- 
tuted 2,4-pentanediones and hydroxylamine contrasts 
sharply with the behavior of these diketones with meth- 
ylhydrazine. The latter reactions did not give isolable 
5-hydroxypyrazolines (13) but, instead, either 5-meth- 
ylene enamines (14) or pyrazoles were formed, de- 
pending upon the C-4 substituents.2 It was of interest 
then to note that 7 can be dehydrated by treatment 
with thionyl chloride in pyridine to give the stable exo- 
methylene-2-isoxazoline 15. The methylene protons of 
this compound lie in nonequivalent magnetic environ- 
ments and appear as an AB pattern of doublets (nmr in 
CDCP), J = 3.5 Hz, centered at  6 4.30 and 4.72. Com- 
pound 15 proved relatively inert toward water at pH 7 
and 25” but addition of acid to an aqueous slurry caused 
rehydration to 7. Although 15 is stable and can be 
stored at  room temperature, heating to ca. 145’ caused 
exothermic rearrangement to the air-sensitive allene 16 
in 77% yield. The ir and uv spectra of 16, 6.11 and 
6.28 p and A, 220 (E 6680), are characteristic’o of the 

(9) G .  Hammond, “Sterio Effeots in Organio Chemistry,” M .  8. Newman, 

(10) W. L. Meyer, R.  W. Huffman and P. G. Schroeder, Tetrahedron, 34 
Ed.. John Wiley & Sons. Ino., New York, N. Y., 1958. 

(18), 5959 (1968). 

isoxazole ring and, along with the nmr data, are also in 
accord with the spectral features of the conventionally 
prepared model isoxazole 20. Except for lack of an 
CHaN signal the nmr spectrum of 16 is almost identical 
with that of the pyrazole analog 19.2 The energetics of 
the 15 + 16 conversion, presumably a novel type of 
Claisen-Cope rearrangement, differ markedly from 
those of the pyrazole series, however. By contrast, re- 
arrangements of 4-propargyl-5-methylene-2-pyrazolines 
(14, R or R’ = CH2C=CH) occur fairly rapidly even at 
O o ,  hampering isolation of these enamine intermedi- 
ates. 2, l1 

Further characterization of 16 was obtained by cat- 
alytic hydrogenation into 5-butyl-3-methyl-4-propyl- 
isoxazole (17) and by an unexpected isomerization into 
the cross-conjugated allene 18 (Scheme 111). This 
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step occurred in nearly quantitative yield upon at- 
tempted purification of 16 by alumina column chro- 
matography at 25”. The polyene 18 is a white crystal- 
line solid which undergoes fairly rapid polymerization 
on storage, a t  temperatures as low as -25”, with rela- 
tively little change in appearance. The nmr spectrum 
of 18 shows the eight protons lining the conjugated 
chains as a series of lines a t  6 5.05-7.10 (Figure 1).  

CH3 
I 

I t ~ =  CH-CH =CH, ‘ 3 3  a b c d  
20 18 

~ ~~ 

(11) The less facile rearrangement of 16, compared with the 2-pyrasoline 
analoga. probably reflects a decreased capacity for electron donation from 
the more electronegative oxygen (as in 16A) cornpared with donation from 
nitrogen in the corresponding pyrasoline enamines. 

C H , m C H  
CH,CZCH 

I +  I%* 6- 
15A 
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Figure 1.-The 100-Mc spectrum of 5 4  1,3-butadienyl)-3-methyl-4-(1,2-propdienyl)isoxazole (18) in CDCls solution. 
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Figure !2.-The 100-Mc spectrum of 4,4-di(2-butynyl)-3,5-dimethyl-2-isoxazolin-5-ol (21) in CDCL. 

Proton Hb of the butadienyl group is farthest downfield 
(6 6.93) appearing as a doublet of doublets; J b a  = 16 
Hz, Jbe  = 10 Hz. Rather surprisingly Ha appears up- 
field (6 6.40) as a doublet, J a b  = 16Hz. Unlike 16, the 
model compound 20 showed only a trace of propargyl + 

allene isomerization upon contact with alumina under 
identical conditions. l 2  

The nmr spectra of 7 and particularly of 21 reveal 
magnetically nonequivalent protons, both between and 

CH2CmCCH3 
0 CH&=CCH, 

CH3 &: 21 a’ a 

within the methylene groups. Examination of 21 in 
deuteriochloroform at  100 Mc (Figure 2) revealed mag- 
netically nonequivalent butynyl methyl groups as a 6 H 
pseudoquartet of overlapping triplets at 6 1.78. The 
methylene protons (b, b’) are spin coupled with the 
methyl protons (a, a’) and are also present in unlike en- 
vironments with one methylene appearing as a quartet 
at 6 2.63. While the geminal protons of both methy- 
lene groups are diastereotopic,la only the protons of the 
high field group display internal nonequivalence and 
appear as an AB pattern of quartets (geminal and long- 

(12) We have noted that 5-(2,3-butadienyl)pyrazolaa analogous to 18 
are stable to alumina chromatography under these conditions. 

(13) K.  Mislow and M. Rsban, in “Topics in Stereochemistry”, Vol. 
I, N. L. Allinger and E. L. Eliel, Ed., Interscience Publishers, New York, 
N. Y., 1987. 
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range methyl coupling) centered at  about 6 2.43. One 
outlying quartet falls beneath the 2 H quartet of the 
low field CH2 at  6 2,,63 increasing its apparent magni- 
tude.14 A scan in benzene-& showed similar meth- 
ylene resonances but the a, a' proton lines were shifted 
upfield to 6 1.48 with a remarkable maintenance of the 
pseudoquartet pattern. 

Experimental Section 
Nuclear magnetic resonance spectra were determined with 

Varian A-60 and HA-100 instruments employing TMS as the 
internal reference. An Aerograph Model 202 B dual-column gas 
chromatograph was used for vpc analysis. Molecular weight 
determinations were performed either by a modification of Neu- 
mayer's thermistor rnethodI6 or by mass spectrometry, employing 
a Bendix Model 12-101 time-of-flight instrument. All melting 
point values are corrected. Boiling points are not corrected. 

Preparation of 3,3-Disubstituted 2,4-Pentanediones.-Alkyla- 
tion of 2,4-pentanedione by previously described methodsaJe 
provided 3,3-dimethyl-2,4-pentanedione (I)? 3,3-di(2-propynyl)- 
2,4-pentanedione (6),17 and 3,3-di(2-butyny1)-2,4-pentanedione.l6 
3,3-Di(l-butynyl)-2,4-lpentanedione had mD 40-41 O .  

Anal. Calcd for  ClaHle02: C, 76.44;- H, 7.89. Found: 
C. 76.13: H.  7.69. 

.3,4,4,5-Tetramethyl-2- isoxazolin-5-01 (5) .-A mixture of 3,3- 
dimethyl-2,4-pentanedione (12.1 g, 0.094 mol), hydroxylamine 
hydrochloride (6.1 g, 0.094 mol), sodium acetate (7.32 g, 0.089 
mol), ethanol (100 ml), and water (100 ml) was refluxed for a 5-hr 
period. After evaporation of the volatile constituents from the 
mixture, the reaction residue crystallized upon storing a t  0-5'. 
Recrystallization from hexane gave 7.0 g of 5, mp 52-54', and a 
1.23-g second crop (61%): ir (KBr) 3.05 (0-H), 6.15 (C=N), 
8.9 I.( (t-C-OH); nmr (CDCh) 6 0.97 and 1.12 (two singlets, 6, 

(s,1, exchangeableOH). 
Anal. Calcd for Cd1sN02: C, 58.72; H ,  9.15; N, 9.78. 

Found: 
3,3-Dimethyl-2,4-pentanedione Dioxime (3).-A mixture of 5 

(1.40 g, 0.01 mol), hydroxylamine hydrochloride (2.0 g, 0.029 
mol), pyridine (2 ml), and ethanol (2 ml) was refluxed for 3.5 
hr and then evaporated to dryness under reduced pressure. The 
residue was water washed and dried and then recrystallized from 
ethanol giving 0.75 g (47.5%) of 3: mp 183-186O (1it.I mp 
188"); ir (KBr) 3.05 (0-H), 6.01 (C=N), 10.75 f i  (N-OH); 
nmr (deuterioacetone) 6 1.20 (s, 6, CHaCCHa), 1.65 (s, 6, 2CH3- 
C=N). Location of the exchangeable oxime protons was not 
established. 

Anal. Calcd for C7HI4N2O2: N, 17.71. Found: N, 17.71. 
3,5-Dimethyl4,4-di(2-propynyl)-2-isoxazolin-5-ol (7).-A mix- 

ture of 3,3-di(2-propynyl)-2,4-pentanedione (8.81 g, 0.05 mol), 
hydroxylamine hydrochloride (13.9 g, 0.20 mol), sodium acetate 
(16.7 g, 0.20 mol), ethanol (70 ml), and water (45 ml) was re- 
fluxed for 8.25 hr and the solution was then evaporated to near 
dryness. The solid residue was collected, water washed and 
recrystallized from benzene giving 6.47 g (67.7%) of crystalline 
7: mp 111.8-113°; ir (IKBr) 2.95 (COH), 3.11 (C=CH), 4.76 
( R C d X ) ,  6.15 (C=N), 8.60 (1-COH); nmr (CDCl,) 6 1.63 (s, 
3, CHDCO), 2.05-2.15 (overlapping triplets, 2, 2C=CH), 2.06 
(s, 3, CHaC=N), and 4.06 (s, 1, exchangeable OH). The four 
propargyl methylene doublets appeared at  6 2.30, 2.47, 2.58, and 
2.76 (J = 2.6 Hz). 

Anal. Calcd for CllHr13N0z: C, 69.09; H, 6.85; N, 7.33; 
mol wt, 191.2. Found: C, 69.17; H ,  7.03; N, 7.41; mol wt, 
186. 

A small sample of 7 proved to be readily soluble in concentrated 
aqueous NaOH. Adjustment of the solution to p H  6 with HCl 
caused precipitation of 7, unchanged as indicated by comparative 
ir spectra. Subsequent preparations of 7 afforded yields as high 
as 85.0%. 

CHsCCHs), 1.46 [s, 3, CHsC(OH)], 1.88 (s, 3, CHsCrN) ,  4.33 

C, 58.46; H ,  9.19; N, 10.09. 

(14) The 100-Mc spectrum of the dipropargyl analog 7 shows a similar 
In this case, long range coupling situation at the propargyl CHz groups. 

splits the lines into doublets. 
(15) J. J .  Neumayer, Anal. Chim. Acta, 30 (e), 519 (1959). 
(16) A .  W. Johnson, E. Markham, and R.  Price, Oru. Sun.. 43, 75 (1962). 
(17) K. E. Schulte, J. Reisch. and A.  Mock, Arch. Pharm. (Weinheim), 

196, 627 (1962). 
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Action of Excess Hydroxylamine on 6 .  A. Employing Con- 
ditions of Gnichtel and Sch6nherr.-The diketone 6 (17.7 g 
0.1 mol) was treated with NHZOHsHCl (20.0 g, 0.29 mol) in 
60 ml of ethanol-pyridine (1: l )  as described by Gnichtel and 
Schonherr.' Evaporation of the reaction mixture and water 
washing of the resulting residue gave 13.1 g of a pale yellow oil. 
When this was stirred with petroleum ether, 7.1 g of a solid, mp 
87-115', separated. The nmr spectrum (deuterioacetone) 
of this material showed it to be 7 (28.9%) containing the 5-ethoxy 
derivative 8 as an impurity. The content of 8 was estimated as 
20 mol % from the integral of the ethoxy CH3 triplet. Evapora- 
tion of the above petroleum ether wash solution left 5.4 g of 8, 
mp 47-55.5". The total yield of 8 was 31.8%. Recrystalliza- 
tion from hexane gave 4.4 g of analytical material: mp 55-.58O; 
nmr (CDC18) 6 1.10 (t, 3, J = 7 Hz, CHsCHt), 1.53 (s, 3, CH3CO), 
2.03 ( s ,  3, CH&=N), 2.03-2.16 (m, 2, 2C=CH), 2.26-2.80 
(series of doublets, 4, 2CHzC=C), 3.43-3.74 (m, 2, CH2CHs). 
The series of doublets a t  6 2.26-2.80 was similar to that shown 
by 7. 

Anal. Calcd for C~H17N02: C, 71.20; H,  7.81; N, 6.39. 
Found: 

B. With a 1O:l Hydroxylamine-6 Ratio.-A mixture of 6 
(17.7 g, 0.1 mol), NH2OH.HCl (69.5 g, 1.0 mol), sodium acetate 
(83.5 g, 1.02 mol), and 250 ml of ethanol-water (1:4) was re- 
fluxed for 3 hr after which the volatile constituents of the mixture 
were evaporated and the organic residue taken up in methylene 
chloride. The solution was dried (MgSO4) and freed of solvent 
giving 20.1 g (105%) of crude product, mp 88-97', shown by 
comparative nmr spectra to be 7 with a small amount of unknown 
impurities. An 18.1-g sample was dissolved in ether and chro- 
matographed on alumina, successively eluting fractions with ether, 
acetonitrile and methanol. Work-up of these fractions gave only 
7 along with an 3.5-g fraction of oil whose nmr spectrum (CDCI3) 
was that of 7 with an unknown substance having a band at 6 
1.8 ppm. Assuming the impurity to be the dioxime of 6, its 
integral corresponded to ca. 35 mol % concentration. 

5-Butoxy-3,5-dimethyl-4,4-di(2-propynyl)-2-isoxazoline ( 11 ). 
-A stream of anhydrous HCl was bubbled, for a I-min period, 
into a mixture of 7 (3.00 g, 0.0157 mol), butanol (10 ml), and 
100 ml of benzene after which the resulting solution was refluxed 
under a Dean-Stark trap. Formation of water ceased after 37 
min and the reaction solution was stripped of the volatile con- 
stituents leaving a syrupy residue. This was taken up in ether 
and extracted with cold,'saturated aqueous NaHC03 and the ether 
solution dried (MgSOc) and evaporated giving 3.43 g (88.3%) 
of 11. Vacuum distillation gave an analytical sample: bp 
108-111° (0.6 mm); 12% 1.4786; ir (KBr) 3.07 (C=CH), 
4.74 (C=C), 6.15 (C=N), 9.0.5 and 9.20 p (COC). 

Anal. Calcd for ClaH21N02: C, 72.84; H,  8.56. Found: 
C, 72.54; H,  8.44. 

3 ,S-Dimethyl-5-(2-pyrrolidinoethoxy)-4,4-di(2-propynyl)-2- 
isoxazoline (12).-Into a mixture of 7 (5.0 g, 0.026 mol), N-(2- 
hydroxyethy1)pyrrolidine (3.02 g, 0.026 mol), benzene (65 ml), 
and dioxane (50 ml) was passed a stream of dry HCl until the 
precipitate, initially formed, became a dense oil. The mixture 
was then refluxed for ca. 17 hr under a Dean-Stark trap. Upon 
cooling, 5.5 g of a deliquescent solid was recovered after washing 
with hot benzene and drying. The solid was dissolved in water 
and the pH adjusted to ca. 12 causing separation of an oil which 
crystallized. This material, apparently a hydrate of 12, lique- 
fied upon vacuum drying resulting in 1.64 g of crude product. 
This was purified by repeated cycles of cold water washing (con- 
version to solid hydrate), followed by vacuum drying with a final 
drying over PtOs giving a pale yellow syrup: ir (KBr) 3.0 
(CECH), 3.58 (OCHz and NCHZ), 4.7 (C=C), 6.16 (C=N), 
9.05 and 9 . 2 4 ~  (COC). 

Anal. Calcd for C1?Hz4N202: C, 70.80; H, 8.39; N,  9.71. 
Found: 

4,4-Di(2-propynyl)-3-methyl-5-methylene-2-isoxazoline (15). 
-To a stirred solution of 7 (4.79 g, 0.025 mol) and pyridine (4.35 
g, 0.055 mol) in 150 mi of benzene was added 3.21 g (0.027 mol) 
of thioriyl chloride over 11 min, maintaining a temperature of 
6-8" by external cooling. The reaction mixture was allowed to 
warm, slowly, to room temperature, stored overnight and the 
resulting white solid collected and washed repeatedly with hot 
benzene. Evaporation of benzene from the filtrate gave 4.0 g 
of crude 15, mp 78-85", Two recrystallizations from toluene 
gave 1.0 g of large, flat plates: mp 84-86..?'; ir (KBr) 3.03 
(C=CH), 4.7 (C=C), 5.94, 6.03, 6.13 (C=C, C=N), 10.85 
p (C=CH,); nmr (CDCl3) 6 2.10 (s, 3, CHsC=N), 2.16 (t, 

C, 70.89; H ,  7.72; N, 6.47. 

C, 70.31; H,  8.42; N, 9.71. 
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2, J = 2.7 HI, P G C H ) ,  2.55 and 2.70 (overlapping AB pair, 4, 
J = 2.7 Hz, 2CHzC%C), 4.30 (d, 1, J = 3.3 Hz, =CH,Hb), 
4.72 (d, 1, J = 3.3 Hz, =CH&); uv (C&) Am., 274 (e 170). 

Anal. Calcd for CuHl1NO: C, 76.27; H ,  6.40; N, 8.09. 
Found: 

A second crop of product, 1.32 g (mp 75-82'), brought the total 
yield to 53.6%. A yield of 67.2% was obtained in a subsequent 
preparation. 
Action of Water on 15.-A 170-mg portion of 15 was ground 

with 20 drops of water a t  25", allowed to stand for 5 hr, then col- 
lected and air dried. The material melted a t  ca. 72-80' or close 
to that of the starting material. Sublimation occurred on vacuum 
drying and the ir spectrum of the sublimate was identical with 
that of 15. 

Another portion (200 mg) of 15 was stirred for 10 hr a t  25- 
30' with 10 ml of water containing 5 drops of 5% HCl. The 
suspended solid was collected, water washed, and air dried giv- 
ing 90 mg of 7, mp 110.5-113.5°, as indicated by the comparative 
ir spectra. 

5- (2,3-Butadienyl)-3-methyl-4- (2-propyny1)isoxazole ( 16) .- 
A 6.1-gsampleof IS was heated under nitrogen a t  140-145' for 15 
min during which time a vigorously exothermic reaction required 
application of cooling for control. The resulting 16 was distilled 
through a short-path system to give 4.7 g (77.0%) of product, 
bp 96-97' (0.4 mm). Redistillation through a short column 
gave a 1.9-g main fraction: bp 106-107' (1.2 mm); ir (KBr) 
3.06 (C=CH), 4.74 ( W C ) ,  5.11 (C=C=C), 6.11 and 6.28 
(C=C, C=N), 11.7 p (=CHI allene wagging); nmr (CDCh) 

(d, 2, J = 2.8 Hz, CHzCzC), 3.35-3.60 (m, 2, CH,C=C=C), 
4.65-4.90 (m, 2, C=C=CHz), 5.04-5.50 (m, 1, CH=C=C<); 
uv (acetonitrile) hx 220 (e 6680). 

Anal. Calcd for ChH11NO: C, 76.27; H, 6.40; N, 8.09. 
Found: 

The distilled product discolored rapidly on exposure to air. 
In  large-scale preparations of 16 it proved advantageous to con- 

duct the rearrangement in xylene solution to enable control of the 
strongly exothermic process. 

5-Butyl-3-methyl-4-propylisoxazole (17).-A solution of 2.0 
g (0.0115 mol) of 16 in 50 ml of ethanol was hydrogenated a t  25' 
and ca. 1 atm in the presence of 5% Pd on carbon (0.1 g)  for a 
period of 5 hr after which the residue was distilled through a 
short column. The main fraction was found to consist of two 
principal components by vpc analysis, suggesting incomplete 
hydrogenation. Hydrogen treatment was therefore continued, 
as above, for an additional 6 hr giving, on distillation, 1.2 g 
(57.6%) of 17: bp 89" (1.0 mm); 98.7% pure by vpc; nmr 

(m, 6, CHZCHzC=C, CHzCH&H&=C), 2.18 (s, 3, CHaC=N), 
2.20-2.75 (m, 4, CH2C=CCH2). 

Anal. Calcd for ChHIgNO: C, 72.88; H ,  10.56; N, 7.73. 
Found: 
5-( 1,3-Butadienyl)-3-methyl-4-( 1,2-propadienyl)isoxazole (18). 

-A solution of 16 (lL1.1 g, 0.064 mol) in 250 ml of ether was 
passed, a t  room temperature, through a 23 X 1.25 in. column 
of aluminum oxide (Merck, Reagent Grade) and the effluent liq- 
uid evaporated, giving 10.4 g (93.8%) of crystalline 18 in frac- 
tions of varying purity, melting from 62 to 79.5'. Analytical 

C, 76.49; H, 6.52; N, 7.82. 

6 2.14 (t, 1, J = 2.8 Hz, CECH), 2.26 (s, 3, CHaC=N), 3.28 

C, 76.06; H ,  6.17; N, 7.89. 

(CDC13) 6 0.82-1.05 [ t ,  6, CHa(CHz)2, CHa(CH2)s], 1.13-1.83 

C,73.05; H, 10.54; N, 7.92. 

data was obtained for a white crystalline fraction: mp 77-79.5O; 
ir (KBr) 5.12 (C=c=C), 5.5 (11.02-p overtone), 6.11, 6.17, 
6.3 (C=C, C=N), 11.05 (CH=CHz wagging), 11.6 p (=CHe 
allene wagging); uv (benzene) Am, 312 (e 43,200); m/e 173 (par- 
ent). The nmr spectrum of 18 is described in Figure 1 and in the 
above discussion of results. 

Anal. Calcd for C11HlINO: C, 76.27; H, 6.40; N, 8.09. 
Found: C,76.01; H,6.50; N,7.83. 
A sample of 18, recrystallized from isopropyl ether, had an 

initial mp 78-40'. After standing 6 days the material was un- 
changed in appearance but melted above 250" and was insoluble 
in chloroform. 

3 ,5-Dimethyl-4- (2-propyny1)isoxazole (20) .-A 27.6-g (0.2 
mol) sample of 3-(2-propynyl)-2,4-pentanedione was treated 
with a slight excess of hydroxylamine hydrochloride under con- 
ditions similar to those used in preparing 5. Distillation of the 
solvent-free reaction residue gave 15.9 g (58.8%) of 20: bp 
51-52' (0.6 mm); ir (KBr) 6.06 p (C=N or C=C); nmr (CDCla) 

3, CHaC=C), 3.22 (d, 2, J = 2.6 Hz, CHZC=C); uv (aceto- 
nitrile) Amax 218 (e 4500); m/e 135 (parent). 

Anal. Calcd for C~HSNO: N,  10.36. Found: N, 10.05. 
An ethyl ether solution of 20 was chromatographed on an 

alumina column as in the isomerization of 16 into 18. Infrared 
examination of the principal fraction of eluted material showed 
it to be unchanged 20 containing a trace of an allene as indicated 
by a weak band a t  5.24 p.  
4,4-Di(2-butynyl)-3,5-dimethyl-2-isoxazolin-5-01 (2 1 ).-A 20.4- 

g (0.10 mol) sample of 3,3-di(2-butynyl)-2,4-pentanedione was 
refluxed with a 300% excess (0.40 mol) of hydroxylamine in 
aqueous ethanol in a manner similar to the preparation of 7. 
The stripped organic residue was dissolved in benzene and chro- 
matographed on alumina. After unreacted diketone was re- 
moved by washing with benzene, methanol elution gave crude 
21, mp 80-88', which was crystallized from isopropyl ether to  
give 10.7 g (48.8%) of white crystals: mp 87.5-88.5'; ir 
(KBr) 2.95 (COH), 4.5 ( C r C ) ,  6.15 (C=N), 8.56 p (COH). 

Anal. Calcd for C13H1vN02: C, 71.20; H, 7.81; N, 6.39. 
Found: C,70.88; H,  7.74; N,6.56. 

6 2.06 (t, 1, J = 2.6 Hz, G C H ) ,  2.23 (s, 3, CHaCzN), 2.33 (s, 

Registry NO.-$ 5363-39-3; 5, 21708-01-0; 7, 
21708-02-1; 8,  21708-03-2; 11, 21708-04-3; 12, 
21708-05-4; 15, 21708-06-5; 16, 21708-07-6; 17, 
21708-08-7; 18, 21708-09-8; 20, 21708-10-1; 21, 
21708-11-2; 3,3-di(2-butynyl)-2,4-pentanedione, 21708- 
12-3 ; hydroxylamine, 7803-49-8. 
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