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Abanct-Piperidine and dimcthylamine are shown to react with the isoxazolinopyridinium cation 1 
to ykld Zscaminobutadknyl-ixazolinu of type III. The amino adducts undergo protonation to 
yield at kast three and probably four distinct protonate specks (XIV, XV, XVI and XIIIa) under 
difkrcnt conditions of acidity. The structures and further transformations of these species are deter- 
mined by a combination of NMR, UV and IR spectroscopy. Hydrogenation of the adducts results 
in compkx mixtures from which two components have been isolated and identifkd. 

I II III 

F~OEKELHEIDE et al.1*P investigated the behaviour of the isoxazolinopyridinium cation 
I with bases, and found that reaction with piperidine yielded two crystalline products. 
They suggested that these were formed by initial deprotonation of I and reaction of the 
intermediate IV to give the N-oxide V and the adduct II. In connection with our 
previous interest in the reactions of 1-alkoxypyridinium salts? we have reinvestigated 
this reaction. We obtained the product with the properties described by the previous 
workers for structure II, but we now show that this should be formulated as the ring- 
opened derivative III& = (CHJJ, although it is probably formed uia II as an 
intermediate. A similar derivative III (R -= Me) is obtained by reaction with dimethyl- 
amine. 

NMR and UV Spectra of initial adduces. The NMR spectra of the dimcthylamine 
VI (Fig. 1) and piperidine adducts VII, measured at 60 MC/S in (CD&SO as solvent 
offer convincing evidence for their structures. In particular, the values for the vinyl 
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l Part XXX in the series N-Ox&&s and Related Compowdr-Part XXIX. hl. loncscu, A. R. 
Katritzky and B. Ternai. Tefmhea?on U.3227 (1966). 

’ V. Boekelhcidc and W. Fecly. J. Am. Cium. Sot. IKbo. 2217 (19S8). 
* V. Boekelheide and R. scharrer. 1.0~. Chem. 26.3802 (1961). 
* R. S. Eiscnthal and A. R. Katritzky. Tctmkdmn 21, 2205 (IWS) and Refs. therein. 
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proton coupling constants are in good accord with the results of Bothner-By and 
Harris,’ who examined frans-truns butadienes and quote J 13.1-17.7 c/s for the fauns 

double bonds and J 104-11~3 c/s for the 2,3-single bond (cf. Refs 5-7). They are 
clearly not compatible with a structure of type IV (for which VIII” and Iv are useful 
models), and also eliminate structures X and XI for which rational mechanisms of 
formation can also be derived. 
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l A. A. Bothnr-By and R. K. Harr&,l. Am C&m. Sbc. 87,344s. 3451 (196s). 
a J. A. Elvidgc and P. D. Ralph, J. C&m. Sbc. C, 387 (1966). 
a R. Braimlcy and M. D. Johnson, 1. Chrm. Sx. 1372 (1965). 
’ B. J. Huckings and M. D. Johnson, /. Chcm. Sot. B, 63 (1966). 
* M. Saunders and E. H. Gold. J. 0~. Chcm. 27, 1439 (1962). 
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The UV spectra are in good agreement with structures VI: (1-x 247, 341 rnp; 
.s 3020, 45800) and VII: (I-, 238, 343 rnp; emax 2900, 43ooO). Thus glutaconic 
dialdehyde sodium salt has Lu 363 and a further model is XII with & 343: In 
contrast, (unconjugated) 1,2dihydro-1-methyl-2-phenylpyridine has Lu 286 m,u.O 

I 
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FIG. 1. NMR spectrum (60 MC/S) of dimcthylammc adduct m d,-dimcthylsulphoxid. 

Reocrions o/uddctcrs ~‘ifh acidr. Reaction of the adducts Ill with acids eventually 
yields the cyclic cation I together with piperidine or dimethylamine. For the reaction 
of the piperidine adduct with hydrobromic acid, this was proved by the isolation of the 
cyclic cation I as the perchlorate and piperidine as the hydrobromide. This result is 
confirmed by the NMR and UV spectra as is discussed below. The complex course 
of the cyclization has been investigated spectroscopically and our interpretation is 
summarized in Reaction Scheme A. 

The adducts Ill may be considered as a type of dienamine. Opitz and Merz’O 
showed that dienamines with strong acids gave bprotonated cations XXI (sometimes 
via N-protonation, XIX). However, weak acids caused initial protonation at the ,9- 
position, the /%protonated cation XX then isomerizing more slowly to XXl.lO Other 
workers have reached similar conclusions with regard to the protonation of steroidal 
dienamines” and of the dienamine chain in dihydropyridines.‘* 

Preferential initial protonation at the /I- rather than the &position by a catalytic 
amount of sulphuric acid (conditions of weak acidity) was demonstrated by treating 
the piperidine adduct Ill with 0.14 equivalent of 2+8N deuterosulphuric acid 
(D,SO,-D,O) in perdeuterodimethylsulphoxide: the observed spectrum (Fig. 2) 
may be compared with that of the piperidine adduct itself (Fig. 2A) (cf. structure VII) 
and indicates formation of the monodeutero compound XXII. 

’ R. Grashcy and R. Huisgcn. Chcm. fkr. 92.2641 (19S9). 
‘* 0. Opitz and W. Merz, Lid@ Ann. 652,139. 158. 163 (IWZ). 
I1 J. A. Marshall and W. S. Johnson, 1. 0~. C&m. 28,421 (1963). 
I* P. S. Anderson and R. E. Lyk. Two/w&on larrrrr 153 (1964). 
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Rcacfion Scheme A 
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Fm 2. NMR spectra (60 MC/S) of pipcrid.inc adduct in d&mcthylsuQhoxidcide: 
(A) bcforc addition of 015 cquiv of dcutcrosulphuric acid; (B) after addition of 

O-1 S cquiv of dcuterosulphti acid. 

The reaction path was further elucidated by following the NMR spectrum of the 
piperidine adduct in an excess of 24JN deuterosulphuric acid. The initial spectra 
(Fig. 3A) disclosed the formation of the trideuterated cation XXIII with assignments 
as shown. Compared with VII, the considerable downfield shift of the a-piperidine 
proton is noteworthy, whereas the isoxazoline protons are but little displaced, 
indicating that protonation of the isoxazoline nitrogen is not important at this acidity 
[according to QuilWJ 24soxazolines are weak bases, only slightly stronger than the 
corresponding isoxazoles (p& -2 to i-i)]. The assignment of a cation of a structure 
of type XV rather than XIV is based on the low field shift of both the vinyl protons. 
On standing, the spectrum gradually changed to that (Fig. 3B) of a mixture of the 
selectively dideuterated bicyclic cation XXIV and pi~~dinium cation XXV. 

71 55 trf 
72-b 

XXIII 

lb A. Quiko, Fice and Six Membered Conywands with 

p. 102. Interscience, London (1962). 
Nirrqm and OxMen (Edited R. H. Wiky) 
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In 50% deuterosulphuric acid formation of XXIV and XXV was rapid and their 
NMR spectra were observed at once. In 50% sulphuric acid or trifluoroacetic acid, 
the spectra of the bicyclic cation I and XXV were disclosed. It was found that solutions 
of the bicyclic cation as a bromide I showed identical NMR spectra in 50% sulphuric 
acid and 50% dcuterosulphuric acid, and that deuterium exchange of the bicyclic 
cation did not occur under these conditions. 

However, behaviour in 98 % sulphuric acid was again different. When the adduct 
III was added slowly in the absence of moisture to the concentrated acid, the NMR 
spectrum formed (Fig. 4) was that of the diprotonated species XXVI. This structural 
assignment is supported by comparison of the spectrum with that of the intermediate 
XXIII obtained by reaction with 2.8N sulphuric acid, and is confirmed by the UV 
spectra reported below. The NMR spectrum of XXVI does not change appreciably 
with time (Fig. 4) indicating that, as would be expected, the dication XVI is resistant 
to cyclization. 

The earlier workers reported *** that the addition of dilute mineral acid to the adduct 
III in ethanol irreversibly destroyed the UV spectrum and caused a new maximum at 
248 rnp (E 15,000). We find that this maximum does appear, and assign it to species 
XV. l-(Piperidin-1-yl)buta-1Jdienc hydrochloride*O has a large Lu at 250 rnp 
(e 8,900). In O*ZN-(Fig. 5), 2N-(Fig. 6) and 14N-(Fig. 7) sulphuric acid the extinction 
at 248 rnp fell away at a rate which increased with acid concentration as was also 
shown for mixtures of ZN-and 14N-acid with ethanol (Fig. 8). to give final spectra 
which were those of the cyclic cation I (Fig. 7B). However, in 98 ‘A sulphuric acid the 
248 rnp peak persisted: we attribute this behaviour to the formation of the diproton- 
ated species XVI in agreement with the NMR results discussed above. Further, in 
mixtures of O*OlM-acetate buffer of pH 4.9 and ethanol the initial spectrum showed, 
in addition to a strong maximum at 247 rnp a small peak at 290 rnp, which rapidly 
decreased with an increase of the 247 rnp absorption maximum (Fig. 9). The maxi- 
mum at 290 m,u probably corresponds to the transient existence of the N-protonated 
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(B) 
FIG. 3. NMR spectra (40 MC/S) of reaction of p&&dine adduct with cxas 2*8N 

dcutcrosulphuric acid after (A) 10 min; (B) 21 hr. 

species XIIIa; thus, the ketone CH,CH:CH.CH:CH.COCH, has llmu 271 rnp, 
and by analogy with the aryl series, I4 the corresponding isoxazolinc would be expected 
to absorb at ca. 20 rnp longer wavelengths than this. 

The development of a peak at ca. 290 rnp was also observed in mixtures of @2N 
H$O, with ethanol (and also in dioxan), where its formation was associated with an 
initial abnormally fast decline in the absorption at 243 rnp, followed by the usual 

14 Z-Y. Kyi and W. Wilson, 1. C/em. Sot. 798 (1953). 
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1 

i’ 
FIG. 4. NMR spectra (60 MC/S) of pipcridine adduct in cone sulphuric acid after 

(A) 1 hr; (B) 44 hr; (C) 24 hr. 

slow fall (Fig. 8). This behaviour may also be associated with the establishment of 
the initial protonatioa equilibrium. 

The increased rate of formation of I as acid strength increased probably reflects 
the mechanism of the final rate-determining elimination (XVIII + V) which occurs 
through a small concentration of the diprotonated species XXVII. The rate slows 
down again at very high acid concentrations becauseof the formationof largeamounts 
of XVI. 
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FIG. 6. W spectra of pipcridtne adduct (4.3 x IO-%) in 2N H,!GO, after (A) SO min; 
CR) 14 hr. 

R Em A. R. KAINIZKY and E. LUXT 

250 300 350 

wuuENGTn 

300 350 

FIG. 7. W spectra of: (A) pipcridinc adduct (4.6 x IO-&M) in 14N HSO, after 
30 min; (B) 2,3-dihydroisoxazalo[2.3-a]-pyridinium perchlorate (2.91 X IO-%) in 

water. 
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FIO. 8. Dozrcau of absorbance at 247 rnp with time for pip&line adduct in: a D q 
14N H&O,-EtOH (2:l); 000 2N H,.SO,EtOH (2:l);. . . @2N H&II,-EtOH 
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FIG. 9. UV spectra of pip&dim adduct (1.03 x 10-W) in OQIM acetate butTeeEtOH 

(2:1)aftcr(A) 9Oscc; (B) llmio. 
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Hydrogenation ofthe adducts. Boekelheide and Feely’ hydrogenated the piperidine 
adduct III in ethyl acetate over Adams catalyst, found an uptake of four molecules 
of hydrogen, and isolated a product (GH,,NO), b.p. 130’/1 mm, which was not identi- 
fied. In our hands, the hydrogenation product under these conditions was a complex 
mixture. The lower boiling fraction was shown to be essentially homogeneous by 
TLC and yielded a crystalline (--)-di-O-@-toluoyl)+tartrate (diptolate), and a 
dibenzoyl derivative. The NMR spectra of the crude base (IO%, benzene) showed 
that the piperidine ring had been removed by hydrogcnolysis, and that the isoxazoiine 
ring had been reduced and opened. Multipiets at T 6.15 (2H) and T 7.8 (1H) were 
observed together with a singlet T 7.35 (3H) and a complex multiplct at T 84-9.3. 
[In tetrachloroethylene (20% soln) the corresponding peaks were at ~6.34 (2H). 
T 7~18 (IH), T 6.70 (3H) and T 8-l-9.33. 

This pattern is believed to arise from the structure XXVIII, 3-aminoheptan-l-ol, 
in which the 3H singlet at 7 7.35 results from the rapid exchange of the amino and 
hydroxyi protons. This is supported by the disappearance of the 7 7.35 peak on 
deutcration and on formation of the diptotate, and by the observation of similar 
behaviour in 3-aminopropan-I-oi, which shows (25x, CHCI,) a triplet (2H) at T 6.3, 
a quintet (2H) at T 8.33 and a triplet (2H) at T 7.12 on which is superimposed the 
singlet (3H), 7 7.18, which disappears in D,O. 

The higher boiling fraction of the hydrogenation mixture was shown by TLC to 
contain at least four components, two present in major amounts. One of the major 
components could be isolated by chromatography on silica gel, and was characterized 
as the picrate and diptolatc. Analysis of these derivatives indicated that the CO~TC- 

sponding base had the structure XXIX, and this was supported by the NMR spectra 
of the base, as indicated. 

EXPERIMENTAL 

M.ps arc uncorrcctui. IR spectra were measured as smears (liquids) or Nujol mulls (solids) using 
a Perkin-EImcr 237 spectrometer. W spectra were recorded with a Pcrkin-Elmer 137 W spcctro- 
photometer. Proton chemical shifts arc expressed in 7 units and were measured with a Perkin-Elmer 
40 MC/S instrument oraPerkin-ELmerRIO Mc~s)imtrument asindicated. TMS,!ctramethytio- 
nium sulphate (TNIAS) or /?-trimcthylsilyl propionic acid sodium salt (TMPSA) were used as internal 
references. 

2,3- Dih~~roicoxalo(2.3-alp).ridinium bromide (I) 

This was prepared as previously described. 1 It had m.p. 149-lu)‘, from EtOH (lit. lS2-155”). 
The compound was shown to bc pure by TLC (McOH- kicsclgel G). 

Theprrchloratc had m-p. 159-160” from EtOH. (Found: C, 37.8; H. 4-2; S, 6-6. C,H,CINO, 
requires: C, 37-P; H, 3.7; N, 6.3x.) 
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3-(4-Pip&fin- 1 ‘-yl- 1,3-butadienyl)24soxuwhke (VII) 

Preparation of this compound’ was found to give low and variable yields (l&41%), so the 
following prcccdurc was adopted. The bromide I (St g) and pipcridinc (2SO ml) wcrc hcatcd on a 
boiling water-bath with occasional shaking for 1 hr. The mixture was allowed to cool slowly and 
kept at 0” overnight. Dilution with ice-water (500 ml). followed by cooling in iccsalt gave W9 g 
(58 %) of the addoct VII. m.p. 12&121”. Dilution to 1 I. and keeping at 0” gave a small further amount 
(1.85 g. 3.S%). m.p. 119-121”. Repeated crystallization from EtOH to constant m.p. gave material 
m.p. 121-122” (lit.’ 124-126”). 

3-(4- Dimethy~amino-I .3-huradi~n~~2-isoxatoline (VI) 

This was prcparcd by heating I (8.0 g) and 25 % aqueous dimcthylaminc soln (I 75 ml) for a short 
time on the water bath. The mixture was allowed to stand overnight. then cookd in kc-salt and 
trcatcd as dcscribcd for the pipcridino compound IO give. after crystallization from AcOEt and EtOH. 
653 mg of the dimrrhylaminc adduct. m.p. 12@121”. (Found: C. 64.7; H. 8.6; N. 16.7. C,H,,N,O 
rquirrz: C. 650; H. 8.5; N. 16.9”,:.) 

Acid dqra&rion of adducr (Vll) 

(a) UV SII&T. (i) A wcighcd quantity of the adduct (ca. 0.015 mrnol) was dissolved in the 
appropriate acid (20 ml). the soln diluted rapidly with the acid (I :20) and the UV spectrum taken 
at mtcrvals. 

(ii) A soln of the adduct (1 ml. ca. 1 x 10.‘M) in 95% bcnzcnc-free EtOH was added to the 
appropriate acid or buffer wln (2 ml), mixed rapidly, and the spectrum obsctvcd at intervals. 

(b) Rracfion in hjdrobromic acti. A solution of the adduct VII (I g) in HBr (IO ml. SO% w/w) 
and water (10 ml) was allowed to stand at room tcmp for 4 days. The mixture was evaporated to 
dryness under reduced press. the rcsiduc rccvaporatcd with water (3 x 100 ml). dissolved in water 
(IO0 ml) and dccolorizd with charcoal. The soln was trcatcd with Arnbcrlite IR-46 resin (OH- 
form; 2 g) and the soln and washings evaporated to give a syfup which slowly crystallized (1.6 g). 
Rccrystallintion from acctonitrik gave pipridine hydrobromide (0.33 g, 41%) m.p. 232-234”. 
which after repeated crystalliration from McOH+sthcr and isopropanol had m.p. 23S-236” (lit.” 
235”). and was identical (mixed m.p. and IR spectrum) with an authentic sampk. 

The filtrate from the acctonitrilc crystallization gave with ether 1% g of a mixture (as evidenced 
by TLC and NMR) of approximately equal parts of pipcridinc hydrobromidc and I. This mixture 
in water (5 ml) was trcatcd with an equal volume of sat NaClO, aq, the soln cc&xl to 0” and further 
NaCIO, added to precipitate the pcrchlorate of I (@37 g, 3S %), which after repeated crystallization 
from EtOH had m.p. 159-160” and was identical (mixed m.p. and IR spectrum) with an authentic 
sample. 

HjdfcptaIion of adduct (WI) 

The adduct (10 g) in purified (acid-free) AcOEt (120 ml) was hydrogenated with FtO, catalyst 
(I g) at 2s” and 60 Ibs/in’ until uptake of H had ccascd (94”/0 uptake for 4H,). Evaporation of the 
tiltercd reaction mixture gave a sy~p (9.1 g) which on distillation gave a fraction (A), b.p. 72’/@3 mm 
(0.62 g), a fraction (B). b.p. 118-128”/0.3 mm (2.05 g>, and much higher boiling material (b.p. 128- 
230”/0+3 mm) (2.7 g) and a non-distillable &due. 

Fraction (A) contained substantially one component (by TLC) and on reaction with (- )-di- 
(O-ptoluoyl)o-tartaric acid” in ether, followed by crystallization from EtOH, gave 3-aminohcpran- 
I-o/( -tdi-O_(proluo)~D-farrrafe, m.p. 19S-1%“. (Found: C, 62.4; H, 6.8; N. 2.71. C,,H,,NO, 
rquircs: C, 62-6; H, 6.8; N, 2.71%.) 

Reaction with BzCI-NaOH followed by chromatography on silica gel and crystallization from 
cyclohcxane gave the N,O-dikuoy/ dcriv of 3-aminohcptan-l-01. m.p. 97-99”. (Found: C. 73.85; 
H. 8.0; N. 4.07. CllHuNO, rquira: C. 74.3; H. 7.45; N. 4*13x.) 

The fraction (B) by TLC on Kicsclgcl G-mcthanolk ammonia showed 4 components (2 major and 

I1 C. A. Bischoff, &r. Drsch. Chcm. Ges. 31. 2839 (1898). 
i* D. A. A. Kidd. 1. Chrm. Sot. 4675 (1961). 
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2 minor). Chromatography (1.85 g) on silica gel furni&d on elution with 1% mcthanolic ammonia. 
a fraction (0.52 g) consisting of one of the major components contaminated with a small amount of 
a minor component. ‘IIG fraction gave 3-@-pfpda%8e-l-yl tx1tyl)2-i.wxuzoline picrate, m.p. 141.S 
142.5”. from EtOH. (Found: C. 49.4; H. 5.7; N, 159. C,,H,,N,O, requires: C. 49.2; H, 575; 
N, 159%) and the corresponding ( -)-diO-(profcoyl)-D-farrrorc, m.p. 13&131’ from AcOEI. 
(Found: C, 64.2; H. 6.7; N, 4.37. C,,H,.N,O, requires: C. 64.4; H, 6.8; N, 4*70/,) 
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