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Abstract - The tautomerism between hydroxy Schiff basea, 
~-cs~4~~=Nc~~~~~~~ (R=H, 245, C&H~; X is a range af ~~b~tit~~~t~} 
and X-C6H~~=~sH,(~CH20B), and trhe ~r~~~p5~d~~g ring ~15s 
8yetems, oxazolidines and dlhydrobenzoxazines, has been invest- 
igated. In all cases where equilibria can be determined the 
process is IBM to be exttemely facile, despite the fact that 
~al~~na~ rules are contravened. ~~~o~tion ahout the strut- 
ture of some of these moleculea in the crystalline state is 
provided by solid state NMR, Previous work on the eguilibratian 
of 1-methyl-1,3-oxazolidine and its imi~i~ tau~omer in tri- 
ffuoroacetic ercid is shown to be ~~~p~icat~d by t~if~~~r~~~~t~t~ 
formation, but the overall conclusion that this 9-endo-tri 
process is also rapid, appears to be correct. SomEi& an Rq stie 
consequences of these deductions are discussed. 

XNTRODUCTXON 

It has been realized for s5me time that oxazalidines exist in equilibrium with 

hydroxy Schiff base open chain forma (1 *_3) in ~~~ro~imately equal amounts. 

1 1 

This 5-endo-tria, process is formally ~~~a~~~~e~~~ and t~~re~~~~ attai~~~t of 

equilibrium should be relatively very slow. An early, extensive, review* gave no 

evidence that such a process was measurably slow, however, and more recent 

reports 3,4 also sppear.to reveal a low energy barrier for the.reaction, He have, 

therefore, synthesised a series of such compounds to see if systematic structure 

ot solvent variation would alter the rate at which equilibrium was attained, and 

thus enak.kle its ~~~~~~~~t* The situation in the: pure form of such ccxupmmds is 

also of interest - does the attainment of equilibrium in solution invalve a slight 

variation of a t~uto~~~~rn for which both qmcies are present to a sig~ifl~a~t 
extent in the pure foml or does it involve equilibration from a solute existing 

initially predominantly in one form? Related problems are also of interest, in 

particular, the eituatian for ring closures to the imi~i~ bond C*6< t and for the 
corresponding 6-endo-triq mode, where previous studies straw that the character 

of the connecting chain between reacting centres may influence the "allowedness" 



af a reaction, 5 

S-Endo-triq closures to imine bonds The following series of compounda were synth- 

NMe2: b, &+X&i: G, j@@, dt @J&; e, E; f, e-F; gr @ZJ.; h, EJFJ 

i, II@~; j, RJ-B~; k, g-NOZr I8 @W+ 

3 e 

'3C-high resolution solid &ate NMR were recorded for 2~ and & For 30~ the off 

resonance spectz~~ as well as the .selectian uf quaterna carbons shied two non- 

ewfvalent methyls (20.3, 26.5 ppm), well resolved quaternary aliphatic (61.17) 

and b~d~ox~~~y~ ~6~.~~~ 8 an4 five aromatic reso~a~~~s, one ocrres 

carbons. The ~~oma~~~ peak t highest fr~~~~y (f33,Wf was the 

carbon attach to the methyl group. The remuinfng peak correeponided to the 

-CH=N- carbon, Its chemical, shift, (158.25), together with the absence of any 

peaks other than those list&I above, showed the compound was at least 98% in the 

ornate form* e ~~te~~~~at~~~ of the spwtra of 23 is similar, the ar~ly diffes- 

he aromatic zagfork where the peaIss Waft liless w&.-t rescr3.ved and the 

quaternary selc;ction experiment did not shcw &he Br-bonded carbon, probably due t(s 

the quadrupolar 79 Br and *'Br nuclei, We conclude that compounds 2 exist in the 

imine form in the solid state, This generaUsation fs mqpxted by 5R data, 

which in all eases show broad hydroxyl pea 
-1 

d mr discs) 3500-3W3Q cm I 

59 1st ~~~~~r~~~t~ cm 2s in v~~~~u~ soEvents showed e~~~~b~~t~~~ bet- 

ween imfne and oxazofidfne occurred very raipidly, within 18s, i.e. with a half- 

life of at most 6s. Since [ring closed]/[ring openJ r (RI ~1, and kobs; 0.11~1~ 

the rate constant for uni;arolecular ring closure is grsatal: than 0,06 s . 
This rapid e~~~~~~~t~~~ was ~u~th~~ confined over a wide range of sub- 

~t~t~e~ts and a~~ve~ts as f~~~ows~ The ~~~~~~r~~ ratio for each ~orn~~~d was 

measured immediately on d~s~~~~t~on in a large number of solvents. Zn each easel 

the data gave good linear plots following aqn {II6 ITable 1). 

Any influence of 
time scale would 

wi3 Kx = cf+p + log KXsH (1) 

a kinetic sffects resulting in a slow a flibEation on the R.MR 

lead to a sysi;ematic varfatfon fn these plots, As V&_ble 1 showal 

none was detected. The accaracy of this technique ia maximised by the fact that 

in nearly all Eorrelations the "half-way" point was abut K=l. 

ft is, perhaps, surprfsing that t&a bettel‘ ~~~~~~ati~~ stao 

with 6' with such a small p value: the ~~~~r argues for ~~ta~siv~ d~~~cal~s~t~o~ 

of the form zt and the la~t~~ against it. 



Hyd~~syWi~Fbue-exu&Jimtsutoiu&m 5921 

TABLE 1. Application of egn ($1 to tautomerism ratios 1 4 at 3S* 

Solvent Substituent P P 
conatanta 

%RC 

CC14 

=2 

C2HC13 

CDC13 

C3D60 

CD3CR 

CD30D 

ICD312SOe 

a 
+ 

a 

a 
+ 
a 

a 

a+ 

u 

c+ 

(I 
+ 
5 

a 

a+ 

a 
+ 
a 

a 
+ 
a 

0.63t0.08 0.968 

0.50*0.03d 0.988d 

0.83iO.08 0.976 

0.50f0.02 0.992 

0.77f0.10 0.923 

0.52fO.04 0.975 

0.69kO.07 0.952 

0.4'7f0.02 0.993 

0.61f0.08 0.922 

0.42f0.03 0.980 

0.56f0.08 0.919 

0.39f0.03 0.978, 

0.60f0.07 0.939 

0.41f0.02 0.989 

0.68f0.11 0.913 

0.4810.09 0.877 

2.26 (1.88) 

1.86 11.72) 

1.95 

1.59 

0.45 (0.42) 

0.67 

0.39 

0.11 (0.10) 

a Ref. 6. b Correlation coefficient. c [ring closedl/[ring open]; values in 

brackets are those given prevlouslyq3 Values of KS are, roughly, inversely 

proportional to AE,8 in keeping with the suggestion3 that hydrogen bond 

accepting solvents stabilise the open chain form. a Previous workers4 give 

p = -0.54f0.01 (0.999): we found 7k and 31 too insoluble to measure in this _- _- 
solvent. e Correlations inaccurate because the ring open form was in large 

excess for all compounds. 

Such types of correlation are not however unprecedented. 7 

Presumably the substituent influence on the stability of Q is negligible, 

the main effect being increasing stabilisation of 1 with electron donation by 

through conjugation. This stabilising effect on the open chain imine form was 

further exemplified by measurements on 2 g-i in trifluoroacetic acld(TFA), where 

the compounds were found to be entirely in iminium form, thereby enhancing through 

conjugation, and also by measurements on compounds g, which proved to be in open 
1 form entirely in both CDC13 and TFA, as demonstrated clearly by Ii t@lR measure- 

ments. 

5 (X = NMe2, one, Me, B, Cl, N02) 
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A number of acetophenone (2) and benzophenone (2) derivatives were also pxepaxed 

in further structural modifications designed to slow down ring closure. ,These 

were generally liquids (even at -78"), difficult to prepare (presumably due to 

reduced electrophilicity of carbonyl and steric hindrance to approach of the 

nucleophilic nitrogen in Schiff base formation) , and to purify (see EXPERIMENTAL). 

$H3 CH3 

xc6H4c=Y s== HO 

xC6ti4$ -N 

0 _-Y 

:! s 
a,-X = npMe; b, E-Me; c, E-Me; d, H; e, E-F; f, pC1; g, pBr; h, m-Br; 
f, IJ-NO~; jr k-NO2 

xc6H4 
;C=N 

c6H4HO_)< =F=+ 

“sH4y-NH 
c6H4’f 2 

0 
2 111 

a, X=Ii: b, X=E-Me 

21 was a crystalline solid. l3 C NMR spectra in the solid state showed three non- 

equivalent methyls (27.41, 29.75, 33.05 ppm),a quarternary carbon at 59.74 (bound 

to two methyl groups), a methylene carbon at 77.80, and four aromatic resonances 

between 146.54 and 157.12. The remaining signal, that of the quarterna.ry carbon 

bound to oxygen and nitrogen, was at 97.80, cf 158.25 for &, and the spectrum 

thus indicates that the compound is in the oxazolfdlne form 81. 13C and 'Ii NNR 

spectra for compounds &-1 in the solvents given in Table 1, and for compounds 

&-A as neat liquids, showed they existed as the ring closed form g in all cases: 

the distinctive features in the 'H NNR spectra being the AB system for the geminal 

protons on the secondary carbon bound to oxygen* and the two non-equivalent 

signals from the methyl groups in the adjacent carbon atom. Confirmatory evidence 

was obtained from IR spectra, which showed no C=N absorption. More difficulty is 

experienced in analysing the 'Ii NNR for system S+iQ. 'For lOa the methyl and -Z-. 
phenyl groups are equivalent, and while the spectrum displayed singlets for both 

CH2 and C#ie)2, showing the compound existed in only one form, it was not possible 

to say what that form was. In an attempt to release the limitations imposed by 

the symmetry of the molecule, z& was synthesised, but the proton NNR showed the 

same features as the unsubstituted derivative. However, the 13C NNR of both 

compounds (CDC13) showed the singlet for C-2 at 99.8 ppm, and this leads us to the 

conclusion that again these compounds are in the cyclic form IQ. 

6-l&do-trig closures to imfne bonds Molecular rnplti revealed that, by analogy 

with the hydroxy-chalcone flavanone equilibrium, the 6-endo-trig mode in compounds 

11 would be disallowed by virtue of the sp2 bonding in the connecting aide chain. 

11 12 - 



Proton NHR measurement showed compounds 11 to be predominantly in d%hydrobenzoxazine 

f8 form fs. 4:t (I&#,, 2O:l Q&J), cl+,,, in an equilibrium whose rate of attain- 

ment was again inrmeasurably fast using NMR techniques, This matches the results 

of McDonagh, ' who has demonstrated that equilibria Jta$_$ are also set up rapidly. 

X 
-r 

a, X=NMeZ, CHNe2, H, Br, NO2 

5-Rndo-trig closures to iminium bonds The non-applicability of Baldwin's rules 

for closure to the imine bond prompts questions with regard to closures to the 

iminium bond. Lambert" has shown for equilibrium lzWf$ in TFA that the ring- 

closed compound appears to be in rapid equilibrium with a small amount of the ring 

open form. 

OaMe + HOJm ~ 
CF3C=o,\+ 

0 NMe 
\ 

Some doubt arises however over this interpretation, because it seems likely 
11,12 

that I$ would react with TFA to yield 12, and such an additional reaction might 

complicate interpretation of the situation. To check this possibklity, 2-(methyl- 

aminolethanol and 2-amino-2-methylpropanol, whose OH groups, in the protonated 

form of the CornpOunds, should have a reactivity very similar to that of 19, were 

dissolved in TFA in an NMR tube, and the spectrum taken at appropriate intervals. 

These showed a decrease in intensity of the signals, together with concomitant 

appearance of corresponding signals, to an extent downfield proportional to the 

proximity of the OH group, and of an intensity Rroportional to the loss of inten- 

aity of the original peaks. The kinetics of this triffuoroacetylation were 

measured, and are recorded in Table 2. 

TABLE 2 Reaction of NHMeCH2CR2OH and Me2CBB2C!R20fi with TFA' 

compoundb trifluoroacetateIc 
alcohol] 

105kf/s-' 105kr/a-' 105kobs/s-' 

N?lHeCH2CH20H 

He2CNR2CH20H 

aTemperature 34.5O. 

first order. = At 

2.36 17.4 7.4 

6.60 8.98 1.36 

bConcn. 0.1 g in 1 ml TRA, conditions 

equilibrium. d Ralf life 46 min. e 

therefore pseudo 

Half life 112 min. 
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Investigation of the time variant spectrum of 12 in TFA showed the aame charactet- 

istics as previously reported.lO Xowever, on standing for several hours the low 
field broad signal at 68.30 was augemented by a second at 68.30, and this we 

believe is due to trifluoroacetylation to yield Q, which pulls the CH = resonance 

slightly downfield.'3;14 
2 

These spectral changes are iflustrated in Fig. 1. The 

low field peaks in these spectra were so close together that accurate kinetics for 

the trifluoroacetylation reaction were unobtainable. However, the measurements 

given in Table 2, and time scale for conversion of spectrum a to spectrum'b in 

Fig. 1 suggest that equilibrium 12 a$$ is set up more rapidly than can be 

measured by NHR change, while the equilibration of I$ and 12 takes several hours. 

Figure 1. 60 mHz Spectra of I-Methyl-1,3-oxazofidine in TFA. (a) 15 min after 

making up the solution (b) after standing for about 72 hr. 

b 

a 

Thus, although we suggest that a modification of Lambert's interpretation 
10 

is required, we agree with his overall conclusion that the ring opening process 

between ;s and Jfr is rapid. We find no evidence for attack of TFh on the iminium 

bond: 

f 
-_N= 

I 
TFA _ 

rc 
-N-CW20COCF3 
I 

even though Norman,has demonstrated such a reaction for C-C double bonds. 
14 

Examination of the NMR spectra of imines XC6H4C?i=NtBu (X=H, p-Me, pOMe, XJ-NO~) 

in TFA also appeared to demonstrate absence of any significant amount of this 

reaction. Probably there would be a low energy barrier to this acetoxylation, 

but the reverse reaction, elimination, is even more facile. 

CONCLUSION 

The observation of the large reaction window " for approach of the oxygen 

nucleophile to the imine bond concomitantly reveals for the reverse reaction (1s) 

the ability of nitrogen atom lone pairs to Interact with non-anti- or non-synperi- 

planar orbitals. 



HydcwyScUiEbV’ * 5925 

Thio ability has been remarked on.previously: l6 rates of hydrolysis of'compounds 

T8“' 29 '8 and 2r1g all reveal strong stabilisation of the cprbentum ion inter- 

mediate ior the nitrogen containing species, by comparison with the carbocyclic 

systems, and in the case of ;I9 and 32, the oxygen analogues. 

GN 

X 

f vfo 
ms 

‘9X = N, CH XX = 0, ‘X2, 
??Me 

21 X = 0, cH2, m 

Moreover, mechanistic rationales that require'non-availability of the nitrogen lone 

pairs for interaction with non-anti- or non-synperiplanar bonds might also perhaps 

be reoeived with caution. For example, Perrins' suggestion, 20 that cyclic hemf- 

orthoamide 22 breaks down in the.direction shown because the alternative mode 

would not be able to utilise the non-antiperiplanar lone pair ,on the ring nitrogen 

atom, may not be entirely justifiable. However, it would seem a reasonable assump- 

tion that an anti-periplanar nitrogen lone pair should be more available than a 

lone pair deviating from planarity, with a cleaving bona, if a choice was avail- 

able. 

Similarly, it might be wrong to assume that the Pictet-Spengler reaction goes via - 
intermediate'@ fn'order to avoid the formally disallowed 5-endo-trig attack of 

the nucleophilic oentre on the iminium bond.2? In the case of the alternative 

direct 6-endo-trig ring closure process as suggested by other workers, 
22 

however, 

the attainment of the chair-like transition state I&$ isfacilitated by the sp3 

hybridised carbon atoms in the linking chain. 

C02Et MS (@-&$&$ tip.. cfy 
he$ 2 

23 P k - 

J 

3 

Ru catalyst 
. 



ated and the 
ethanol ox ethyl acetatr% ta constant XIL+D. 

41 

59 

56 
56 

61 

59 

73 

65 

75 

48 

49 

50 

65 
75 

66 

62 

77 

91 

126 

60 



Yield/% b-p. hn E&4) AtWyeia 

112(2) Found: c, 70.44; H,.8.5'3~ N, 6.33. 

116(a) 
~~~~~~"D~,r~~~i;~"~~,~~~~9~,R~,~~~O' NI 6.33%. 

116(3.5) 
C12H 6NOF 

d 
requires C, 68.90; B, 7.66~ N, 6.70%. 

Foun 8 C, 63.901 H, 7.21; N, 6.34r Cl, 15.64. 
63.87~ H, 7.101 N, 6.21; 

zs 54 121(S) C, 53.65; H, 5.77; N, 4.96; Br, 29.38. 
53.35; H, 5.93: N, 5.19; 

ZQ 38 132(12) C, 53.66; H, 5.84; N, 4.88; Br, 29.52. 
;:2H#o;f requires C, 53.35I H, 5.93; N, 5.19; 

I2 59 m.p 83 Fo&dt C, 61.01, H, 6.85; N, 11.82. 
$2: 6N203 

d 
requires C, 61.02; H, 6.80; N, 11.86%. 

$?e 73 m.P.67 : C, 80.39; H, 7.63; N, 5.54. 
",J;," TWO 

d 
requires C, 80.63; H, 7.51; N, 5.53%. 

29 66 142(0.5) C, 80.612 H, 7.98: N, 5.71. 
C18H21No requires C, 80.90; II, 7.87; I, 5.24%. 

For &G,Q,i, yields and b.p's (mm Hg) were respectively 51, 135(20); 63, 104(3.5); 
45, 102(3.5~~ 48, 138(1.5); however, analyses were repeatedly just outside 
accepted error limits. 
reasonably pure. 

WWR (see RESULTS and DISCUSSION) showed compounds to be 

Substituted N-benxvlidene-o-aminophenols (6) 

3. 
Prepared by the same procedure as given agx48for benzaldehyde derivatives 

= &p's agreed with those previously reported. 

Substituted N-benzylidene-o-amino benzvl alcohols (II) dihydrobenzoxarines (12) 

Equimolar amounts of o-amino benzyl alcohol and the appropriately substi- 
tuted benzaldehyde were dissolved in toluene (except $tdt where toluene-dichloro- 
methane (1:l) was used) and allowed to stand overnight over fresh1 activated (600°1 
4A molecular sieves. 
cryatallfsed. The solution was fi4 l47-151V); lla m.p. 147-15OV (lit. 

tered, evaporated and t e residue re 

2s, CH 0 ring a&-chain forms], 3.1-4.4 (br s 
B NWE &13I 6 3.8 (&I 

chain orms), z 5.5 (s, N-CH, ring form), 6.6-8.0 
-NH), 4.6-5.1 (2H, m, CA2 ring and‘ 
@H 

recrystallised from hexane (64%)., m.p. f 15-116'C; 
m, arom), 8.45 (8, N=CH). 

'H NWR 
Ub 

2.40 (s, CH 
2.36 (a, CH3 ring form), 

forms), 5.4 z 
chain form), 3.7-4.2 (br s -NH), 4.6-5.2 (PH, m, CR2, rfng and chain 
(s, N-CH, ring form), 6.5-7.8 (8H, m, arom), 8.40 (s, N=CH chain 

form). Found: C, 79.71; H, 6&7; N, 
N, 6.21%. 31~ m.p. 119-721°C; (lit. 

requires C, 79.961 H, 6.721 
H NIUi 6 4.5-5.2 (2H, m, CB2 

ring and chain forms), 3.6-5.3 (br s NH), 5.6 (s, N-CH ring form), 6.5-8.1 (9A, m, 
arom), 8.5 (br s N=CH chain form). 
116-118Y~ 

ald recrystallised from hexane [78%), m.p. 
H NWR 6 3.8-4.3 (br s -NH), 4.6-5.2 (2B, m, CH2, ring and chain forms), 

5.6 (s, N-CH ring form), 6.8-8.3 (8H, m, atom), 8.5 (s, N=CH). Found: C, 65.53: 
H, 4.711 N, 10.8.3. Cl4Wl2N2O3 requires C, 65.61; H, 4.73; N, 10.93%. 
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