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As part of an investigation2 of the isoxazolium salt 
method of peptide ~yri thesis ,~?~ we have found methods 
for preparing two new types of isoxazolium salts, those 
bearing aryl and t-butyl groups on the quaternary 
nitrogen atom. 

The route to N-arylisoxazolium salts, illustrated by 
the conversion of 3-(N-hydro::yanilino)acrylophenone 
(1)5,8 to the S,5-diphenylisoxazolium cation (11), 
resembles the synthesis of 5-isoxazolones from 0- 
keto esters and phenyl- or methylhydr~xylamine,~~* 
in that the substituent is attached to nitrogen prior to 
ring formation. Cyclization of I is effected simply 
by dissolving the compound in concentrated sulfuric 
acid, The ultraviolet maximum of the solution is a t  
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328 mp, in the range anticipated for 11. On dilution 
of the reaction mixture with ice, the bisulfate salt of 
I1 precipitates in good yield. Alternatively, the less 
soluble perchlorate salt can be obtained by further 
dilution with enough water to redissolve the bisulfate 
of I1 and addition of sodium perchlorate solution. 

N-t-Butylisoxazolium salts can be obtained by the 
usual tactic of alkylating the isoxazole ring. The 
t-butylation of isoxazoles is readily achieved with t- 
butyl alcohol and perchloric acid, as shown by the 
preparation of the K-t-butyl-5-phenylisoxazolium cat- 
ion (111) from the ieoxazole IV. The perchlorate of 
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I11 precipitates in 90% yield from a mixture of IV 
and t-butyl alcohol with excess 70% perchloric acid. 

Both preparative procedures should have broad ap- 
plicability, in the former case because compounds of 
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the type I are obtainable by condensation of various 
hydroxymethylene ketones with N-arylhydroxylamines 
(from reduction of the readily available aromatic nitro 
compounds). The generality of these reactions and 
use of the product isoxazolium salts in peptide synthesis 
are under investigation. 

The N-t-butylisoxazolium cation I11 and related 
cations have been proposed by Eugster, Leichner, 
and Jenny as intermediates in the reaction of 3-un- 
substituted isoxazoles with various carbonium ion 
precursors in concentrated sulfuric acidag However, 
these authors isolated, rather than the isoxazolium 
salts, products that would be expected from the 
established3 ring-opening mechanism for 3-unsubsti- 
tuted isoxazolium salts, followed by hydration (Scheme 
I). These authors considered the established mecha- 
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nism, since it involves hydrogen abstraction by some 
base, unlikely in their acidic reaction media. Instead, 
they proposed an alternative ring-opening mechanism 
for 3-unsubstituted isoxazolium salts in concentrated 
sulfuric acid. 

It seemed more likely to us that destruction of the 
isoxazolium salts occurred in the work-up method 
used by Eugster, Leichner, and Jenny, because the 
reported procedures include neutralization of the re- 
action mixtures, an operation fraught with peril for 
base-sensitive isoxazolium salts. To test this possi- 
bility we have repeated one such experiment, omitting 
the neutralization step. 

Cautious neutralization with bicarbonate of a sul- 
furic acid solution of 5-phenylisoxazole and mesityl 
oxide, extraction with dichloromethane, and removal 
of the organic solvent was reportedg to give an oil in 
60% yield (based on IV) ,  which afforded the keto 
amide VI on purification. However, when we merely 
diluted a similar reaction mixture with water, washed 
the solution with dichloromethane to remove any 
neutral organic impurities, and added sodium per- 
chlorate solution, we obtained the perchlorate salt 
of the isoxazolium cation V. Isolation of the is- 
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oxazolium salt confirms the proposed alkylation of 
isoxazoles under these conditions and shows that the 
destruction of the isoxazolium cations took place 
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during neutralization by the usual mechanism, rather 
than by a new ring-opening reaction in concentrated 
sulfuric acid. 

Experimental Section 

Melting points were taken on a Kofler hot-stage microscope, 
calibrated with melting point standards from Arthur H. Thomas 
Co. Ultraviolet spectra were run on a Cary 14 spectrophotom- 
eter and nmr spectra on a Varian A-60 spectrometer. The nmr 
data refers to deuteriochloroform solution, and chemical shifts 
are in T values relative to tetramethylsilane as an internal stand- 
ard (T  10.00). Elemental analyses were performed by Scan- 
dinavian Microanalytical Laboratories and Dr. C. Daessle 
of Montreal. 

N,5-Diphenylisoxazolium (11) Bisulfate .-Concentrated sul- 
furic acid (12 ml) was stirred in an ice bath while 2.4 g (10 mmoles) 
of I was added. When the solid had all dissolved, the reaction 
mixture was poured. over 50 g of ice. The precipitate was 
filtered with suction, washed three times with acetone, and air 
dried in the funnel, giving 3.0 g (94'3 of yellow solid: mp 
114-117°. The crude product was dissolved in 45 ml of absolute 
ethanol and precipitated with 180 ml of ether. The precipitated 
yellow needles of the bisulfate weighed 1.7 g (50%): mp 115- 
117". The light-sensitive compound was stored in the dark. 

Anal.  Calcd for C15H1zN05S: C, 56.41; H, 4.10; X, 4.39; 
S, 10.04. Found: C, 56.36; H, 4.29; N, 4.39; S, 10.00. 

The ultraviolet spe'2trum of the bisulfate salt contained Ai::;" HC' 

220 mp ( e  7400) and 320 m r  ( e  22,500). 
N,S-Diphenylisoxa:iolium (11) Perchlorate .-Concentrated sul- 

furic acid (60 ml) was stirred in an ice bath while 12 g (0.05 mole) 
of I was added. When the solid had all dissolved, the reaction 
mixture was poured over 250 g of ice. Addition of 1 1. of water 
and stirring redissolved the bisulfate of 11, and the solution was 
filtered. Next, a sol.ition of 14.0 g of sodium perchlorate mono- 
hydrate (0.10 mole) in 20 ml of water was added with stirring. 
The cream precipitate was filtered, washed three times with 
water, and air dried in the funnel, giving 15 g of crude product, 
decomposing to dark tar a t  159-160". Precipitation from 150 
ml of acetonitrile with 4.50 ml of ether gave 14 g (8870) of pale 
yellow crystal:!: dec pt 159-160'. The perchlorate salt did not 
detonate wher. tiny :iamples were heated to 250", pounded, or 
ground. When heated in an open flame, the compound burns 
with a flash, bnt the small samples used did not explode. The 
light-sensitive componnd was stored in the dark. 

Anal.  Calcd for C15H12C1NOo: C,  56.00; H,  3.76; C1, 
11.02; N,  4.35. Found: C,  56.03; H, 3.97; C1, 10.71; N, 
4.54. 

The ultraviolet splxtrum of the perchlorate salt contained 
A:::' HC1 222 mp ( e  7400) and 320 mp (e 23,000). 

N-t-Butyl-5-phenylisoxazolium (111) Perchlorate.-A mixture 
of 14.5 g (0.10 mole) of 5-phenylisoxazole (Is') and 7.4 g (0.10 
mole) of &butyl alcohol was stirred in an ice bath, and 42.3 g 
(0.30 mole) of 71% perchloric acid was added dropwise. A 
white precipitate formed during the addition. When all the 
acid had been added, the precipitate gradually thickened as 
stirring was continued. After 12 hr at room temperature, the 
mixtiire had solidified. About 100 ml of water was added, 
the suspension was stirred until homogeneous, and the solid was 
filtered. Washing with water, air drying, and washing with 
dichloromethane left 27 g (90%) of the crude perchlorate salt, 
decomposing at ca. 170" (turns yellow). Precipitation from 
300 ml of acetonitrile with 600 ml of ether gave 24 g (80%) of 
colorless rods, decomposing to yellow oil at 170-175" on rapid 
heating. When heated above the melting point, the substance 
darkened to a black tar and bubbled, but did not detonate up 
to 250'.  The light-sensitive compound was stored in the dark. 

Anal.  Calcd for C13H16C1?J05: C, 51.75; H, 5.35; C1, 11.75; 
X, 4.64. Found: C, ,51.90; H, 5.49; C1, 11.90; N ,  4.52. 

The ultraviolet spectrum of the perchlorate salt contained 
A,,, 296 mp ( e  21,800). 

N-( 2-Methyl-4-o:uopent-2-y1)-5-phenylisoxazolium (V) Per- 
chlorate.-A mixture of 7 g of 5-phenylisoxazole and 5 g of 
mesityl oxide a a s  added dropwise very slowly to 20 ml of con- 
centrated sulfuric acid, which was stirred in an ice-salt bath. 
The viscous orange solution was allowed to stand 2 days in a 
refrigerator, diluted with ice and water to 250 ml, washed 
with three 25-ml po-rtions of dichloromethane, and filtered. 
Addition of a dut ior i  of 14 g of sodium perchlorate monohy- 
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drate to the aqueous phase precipitated a yellow oil. The oil 
was taken up in dichloromethane, and the aqueous solution 
was washed with more of the organic solvent. The organic ex- 
tracts were washed with dilute hydrochloric acid, dried over 
sodium sulfate, and filtered. Removal of the solvent under re- 
duced pressure left 14 g (80%) of a yellow-brown, viscous oil, 
which partly crystallized in the deep freeze. The crude ma- 
terial was mixed with 50 ml of ether, and acetone (ca.  50 ml) 
was added at  the boiling point, until all but a few seed crystals 
had dissolved. Chilling in the deep freeze overnight gave 7 
g of large, colorless crystals. A second crop, 3 g, was collected 
by saturating the mother liquor a t  the boiling point with more 
ether. The two crops were ground together: mp 81-83'. 
For further purification the product was dissolved in acetone 
( 5  ml/g) and precipitated in an ice-salt bath by slowly adding 
ether (10 ml/g, crystallization induced by scratching at  the 
cloud point) : mp 82-83". 

Anal.  Calcd for ClsHl&lNO6: C, 52.40; H, 5.28; C1, 
10.31; N, 4.08. Found: C, 52.33; H, 5.26; C1, 10.37; N, 
3.98. 

The ultraviolet spectrum of the perchlorate salt contained 

The nmr spectrum contained signals at T 8.10 (singlet, 6.1 
H), T 7.85 (singlet, 3.1 H), T 6.53 (singlet, 1.9 H), T 2.73 (dou- 
blet, J = 3 cps, 1.1 H), T 2.66-2.00 (complex, 4.9 H), and T 

0.76 (doublet, J = 3 cps, 0.9 H).  

Amax CHzCIz 298 m r  ( e  22,400). 
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The conformational preference of the hydroxyl group 
in cyclohexanol and related compounds has been de- 
termined in many ways, including nmr spectroscopy. 
The nmr spectral parameters which have been used to 
diagnose conformational equilibria include the chemical 
shift of the a  proton^^-^ (0-C-H), the chemical shift 
of the hydroxyl protons,5 and vicinal, ring proton- 
protoq coupling constants.6 We mould like to suggest 
that an additional parameter, the vicinal coupling 
constant between the hydroxyl proton and the a pro- 
ton, J c H o H ,  may be used as a conformational probe.' 

The hydroxyl group in cyclohexanol can readily 
equilibrate among its possible rotomeric conformations 
within the lifetime of either of the two chair cyclo- 
hexanol conformations.8 An equatorial hydroxyl group 
probably partitions itself among the three rotomeric 
conformations which may be identified by their aver- 
age dihedral angle (e) between the 0-H/C-H bonds 
of 60, 180, and 300". An axial hydroxyl group prob- 
ably has only two important rotomeric conformations, 
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