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Mmhct-Conformational equilibria and nitrogen iaversion barriers in some tetrabydro-1,2J-oxadiazioes have 
been io~estigated by ‘H NMR spectroscopy and by chemical equilibration. The conforoMional free energy 
diEerences ohaioe&are: Cmethyl~ 1.2 + O.Zf &hopbenyl, 1.42 0.2 kcal mok-‘. Barr& to inversion of the N 
atom at oosition 2 are ia the region 14.1-15.6 kcal mole-‘. The conformational behavioor of the tetrahydro-l&5- 
oxadii& ring is &own to be composed of aspects of the behaviour of the tetrahydro-l&and lf-ox&ine I&S. 

The conformational analysis of saturated heterocyclic 
systems comaining three heteroatoms is proving to be a 
matter of considerable interest and fascination.’ This is 
particularly true where the new heterocyclic ring con- 
tains fragments from other heterocycles whose con- 
formational analysis is well documented, because the 
diierent conformational tendencies of these fragments 
must be reconciled in the new heterocyclic system being 
studied. This proved to be the case in the tetrahydro- 
1,4,2dioxazine series (1) where the conflicting confor- 
mationai properties of the tetrahydro-1,2- and l$-oxax- 
ine&‘O rings (2 and 3) were shown to combine together.’ 
Another closely related case is the tetrahydro-lJZ- 
oxadiaxine series (4) where comparison with the same 
two simpler heterocyclic systems should permit interes- 
ting and instructive comparisons to be drawn. 

slow exchange must be 5s t Sb (major set)=5e (minor 
conformer). By going into the axial position the N-5 Me 
group in k can relieve the guvchc interaction present in 
Sd. The free energy difference for an N-Me group in 
tetrahydro-l&oxaxine is co. 0 kcal mole-‘, therefore this 
change here relieves the gauche interaction at little, if 
any, extra cost in energy. 

Previous preliminary reports of the tetrahydro-12,5- 
oxadiaxine ring have been made by ourselves”‘” and the 

. Norwich gro~p.‘~*‘* The activation parameters for in- 
version of the 2-N-Me group were found to be AH+ 
14.4 -c 0.1 kcal mole-‘, AS* - 1.2cal mol-’ K-‘, AGZ 
14.7 kcal mole-’ (t 22”). 

The synthesis of the compounds reported here were all 
carried out by previously outlined procedures.“-‘4 ‘H 
NMB data at various temperatures are reported in Table 
1. 

For comparison, the corresponding conformational 
free energy ditlereace in 4-methyltetrahydro-Q-oxax- 
ines (ZI=Zb) is 1.7 f 0.2 kcal mole-‘.‘” The free energy 
d#erence in our system might have been expected to be 
greater than this due to the shortening of the C-4 to C-6 
distance by replacing two C-C bonds with shorter C-N 
bonds. When allowance is made for the gauche inter- 
actions present in 4a and 4b, but not in 4c this is indeed 
seen to be the case. Taking 0.8 kcal mole-’ as the value 
of the go&e interaction one can estimate a free energy 
difference for the 4Me group in the absence of the 5-Me 
group of 1.2 t 0.8 = ca 2.0 kcal mole-‘. 

The 2,4,%imethyl derivative (5) shows the expected 
but somewhat broadened spectrum at ambient tem- 
perature. Gn lowering the temperature certain 
resonances broaden further, notably the lower-field C-6H 
doublet. By -50” this resonance has resharpened into 2 
doublets in the ratio ca. 14:l (60“ = 1.2 kO.2 kcal 
mok-‘). Maximum broadening of the doublet occurs at 
t 15 2 5” (AG* cu. 15.5 kcal mole-‘). The coupling con- 
stant in the minor doublet is 10.8 f 0.3 Hz and that in the 
major doublet is 9.2 20.2 Hz. The corresponding coup- 
lings in the tetrahydro-lJ-oxaxines (3) are 7.5Hz (N- 
alkyl equatorial) and 10.5 Hz (N-alkyl axial),’ and in the 
tetrahydrol,4,2dioxaxines (1) 8.3 Hz and 11.2 Hz (equa- 
torial and axial respectively).’ It seems clear that in our 
compound the minor conformation has its S-N-Me hu- 
gely axial whilst the major conformational set contains 
both equatorial and axfal5-N-Me groups. 

For the 6-p-nitrophenyl derivative (6) a broadening 
and resharpening of resonances was observed on cooling 
the sample. At - W a small peak has appeared cu. 
0.46ppm to low field of the main C-6H resonance. For 
reasons similar to those outlined above for 5 we attribute 
this signal to the minor conformer (6a) with the 6-aryl 
and S-methyl groups axial. The free energy ditference is 
found to be 1.4 f 0.2 kcal mole-‘. The corresponding free 
energy difference for a 6-Me group in the If-oxaxine 
series is 2.4 20.4 kcal mole-‘. Again we might have 
expected a higher value in the oxadiaxines due to shor- 
tening of trans-annular distances. However relief of the 
gauche interaction and the possibility of phenyl going 
axial more readily than Me,” account for the lower value 
observed. The free energy of activation for the observed 
process (equatorial aryl+ axial aryl) is 15.6 2 0.4 kcal 
mole-‘. 

When 2,4,5-trimethyl-+nitrophenyltetrahydro-1,2,5- 
oxadiazine (7) is made under kinetically controlled con- 
ditions a roughly equimolar mixture of cis and tmns 
isomers is formed. These isomers are separable by pre- 
parative tk on sodium hydroxide treated plates. Normal 
untreated phrtes catalyse the epimerisation of the tnurs to 
the cti isomer. 

The route map for conformational inversion of 5 is The cis isomer (7a) shows no evidence of any kinetic 
shown in Scheme 1. Since the process we observe cor- process in its ‘H spectrum between t 60” and -60“ 
responds almost certainly to slowing of inversion of the although there is some evidence of viscosity broadening 
hydroxylamine nitrogen (N-2) the observed species at at the lower temperatures. This is good confirmatory 
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Tablel. 'H NMRdatat 

Compound No. Temp. (@C) N2Me NSMe C6H C4Me 

5 +64 2.56 2.26 

-40 2.66 
Major 

2.28 
Major 

6 

la 
7b 

+35 
-30 

t30 
t56 
-45 

2.68 2.07 
2.73 2.02 

major major 
2.65 1.93 
2.64 2.29 

4.21 
4.44 
J-9.0Hz 
4.32 
4.46 Major 
J = 9.2 
4.94 lowfield 

doubkt 
J = 10.8 of minor 
5.07 
4.98 major 
5.44 minor 
5.05 
5.66 
5.56 
5.83 

1.09 

1.10 major 

1.17 
1.31 
1.12 
1.15 

Khemical shift data in ppm downfield from TMS for co 10% w/v solutions in CDCJ,. 
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Scheme 1. 

evidence that the process observed in 6 is not from an 
axial-equatorial equilibrium of the 2-N Me group. Had 
this been the case it should have been observed in 7~ 
alSO. 

The truns-isomer (7b) shows a kinetically broadened 
spectrum at ambient temperature. The spectrum 
broadens further on lowering the temperature and the 
CdH sin@et splits into an approximately equal doublet 
(Tc + 6 f 3’; AGf 14.1 k 0.3 kcal mole-‘). A8ain we believe 
that the process being ‘frozen out” is slowing of in- 
version at N-2 separating 7bt from 7Mt. The ap- 
proximately equal amounts of both conformers arise 

tThe principal assumptions are that As-0 in alf cases, that 
conformational eneq$es m-e additive, sad thst therefore eaergies 
can be transposed from tri- to tetra-substituted rim. 

because of the near equality of the conformationai free 
energy diEerences for 6Me and 6-p-nitrophenyl groups 
in this system as shown above. 

solutions of either isomer in CDCL equilibrate slowly 
at + 36” fTIn < 24 hr). When equilibrium was approached 
from both sides at +36” both samples gave solutions 
containing a cis: tmns ratio of 6.82 (+I): 1 (AG” 1.18-c 
0.10 kcal mole-‘). Assuming that the cis-, rrans free 
energy difference arises solely from changing the 4 or 6 
sub&rents from equatorial to axial a cis: tmns ratio 
of 4.13:1 may be calculated from our conformational 
free energy data. Taking the upper error limits on the 
free energy dBerences of the 4-Me and &try1 sub- 
stituents the ratio would be 5.X:1 and AG” 1.07 kcal 
mole-‘. In view of the approximations and assumptionst 
involved the agreement is very satisfactory. 



Conformational equilibria and nitrogen inversion in tetrahydro-1,2$oxadiiines 1313 

Me 

(20) 
NOn 

0. 
Me 

‘N & 
L k 

he 

(2b) 

Me Me 

tie . 

(tbil) 
(70) 

(tbil 

-AL 

N - Methyl - N - (2 - methylnminoethyl) - hydmxylamine. A 
sok of N-methylhydroxykmke (2.13 g), N-methykxiridine 
(2.58g) and ammonium cMoride (loOme) in MeOH (20 ml) was 
maintained at room temp. for 48 hr. The solvent was removed by 
rotary evanoration and the residue distilled to give N-methyi-N- 
(2-methyk&inoethyl)-hydroxykmine (1.45 g; 39%) b.p. 
W/5.5 mm. 

N - Methyl - N - (2 - methylaminopmpyl) - hydmxylamine. This 
compound was prepared as above from N-methylbydroxykmine 
(1.98). N-methylpropykneimine (2.8s) and ammonium chloride 
(IiXImg) in MeOH (2Oml). yield (2.19g: 47%) b.p. 14tY/12mm. 

2.5 - Bmethyltetmhydm - 1,2J - oxodiazinr (4). N-methyl- 
N-(2-methykmino-ethyl)-hydroxykmine (666 mg) and parafor- 
maldehyde (200 mg) in dry benzene (5 ml) was heated under 
refkx for 1 hr. Careful distilktion gave 2Jdimethyltetrahydro- 
1,2,5oxadkxke (556 mg; 75%), b.p. 149-5W5t.I mm. (Found: M+, 
116.6954. C&N20 requites: M+, 1 i6.9950). 

2.4,s - Ttimethyltetmhydm - I,25 - oxadiazine (5). This 
compound was prpared as above from N-methyl-N-Q-methyl- 
aminopropyi)-hydroxykmine (656 mg) and paraformaldebyde 
(2tNI mg) in dry benxene (5 ml), yktd (496 mg; 68%), b.p. !W 
95YloOmm. (Found: M+, 130.1139. C&&O requires: M+, 
130.1167). 

2.5 - &ethyl - 6 - p - nitmphenyktmhydm - 12.5 - 
oxadiezine (6). A soin of N-methyl-N-(2-methykminoethyl)- 

hydroxykmine (866mg) and p-nitrobenxaldehyde (l.lSg) in dry 
benzene (10 ml) was beated under regux with axeotropic removal 
of water for 1 hr. The dark-red oil obtained on removal of the 
solvent was puri6ed by thick layer chromatography on silica gel 
(46% EtOH, 69% petrokum ether) to give 2Jdimethyl-6-p- 
nitropbenyl-tetrahydlt1J-oxadiazine (72omg; 49%) as a light- 
yellow gum which rapidly darkened on standing in air. (Found: 
M’, 237.1106. CIIHISNSO~ requires: M’, 237.1114.) 

cis- and tram - 2,4,5 - Trimethyl - 6 - p - nitmphenyl - 
tetmhydm - 1,2J - oxudiazine (78) and (7b). A soln of N-methyl- 
N-(2-methykmiaopropyi)-hydroxykmine (Ct.57 g). p-nitroben- 
xahkbyde (0.73 g) and toiuene-p-sulphonic acid (5 mg) in dry 
benzene (15mi) was heated under retlux for 0.5 hr and 
evawrated to give a red oil. The ‘H NMK soectrum of this crude 
material indii that it was a mixture of “cis” and “tmns” 
isomers in the approximate ratio of 1:l. Separation was achieved 
by thkk layer chtomatogmpby on silka imtuegnated with KOH 
(KOH: silica= 1:13) and developed with a miture of EtOAc 
(47.5%). netrokum ether (47.5%) and triethvkmine (5%). Visu- 
alisatkn under UV revealed two bands. The lower band was 
stripped with a mixtme of diihloromethane and trkthykmke 
and the solid residue obtained on evaooration was recrWdk3ed 
twice from petroleum ether to give &s- 7a (0.32g; 26%) m.p. 
6661’. (Found: M’, 251.1244. C,,H,,NXOX reauires: Id’. 
25i.mo.j 

. _ . _ _ _ 

The higher running band yielded tmns- 7b (0.18g; 15%) as a 



1314 F. G. WODELL and E. S. Tuttunx 

pale-yelIow pm. (Found: M+, 251.1272. Cr2HI,N30~ requires: *F. G. Rid&U, P. Murray-Rust and J. Murray-Rust, Tetmhedmn, 
hf+, 251.1270.) 39, 1087 (1974). 

Equilibmtion of 7a and 7b. Solns of each isomer in CDCI, (ca. 
19% w/v) were allowed to stand in the sample preheatin block 
of the NMR spectrometer at 36”. The progress of the equili- 
bration was followed by NMR spectroscopy. After one week 
both samples had reached the same equilibrium position fT,m< 
24 hr). Plan&try of the C(6) II sitptals allowed measurement of 
the equiIibrium constant (K = 6.82 * 1 for tmns g cis). 

NMI? spectm. NMR spectra were run on a standard Perkin 
Elmer R32 spectrometer as described previously.’ 
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