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Comparison of the C(3), C(1), and C(8a) chemical shifts in hexahydro-3H-oxazolo[3,4-a]pyridine with those in 
methyl substituted derivatives suggests its existence in solution a t  n.m.r. probe temperature as a cis __L trans 
equilibrium mixture containing 73-78% of the trans-fused conformation ; T - H  coupling constants involving 
the C(3) protons are dependent upon the orientation of adjacent heteroatom lone pairs. 

lH N.M.R. spectroscopy has been used extensively in the 
conformational analysis of cyclic compounds and 13C 
n.m.r. spectroscopy 3 is now providing additional 
information. The 13C n.m.r. technique, however, as 
applied to conformational problems, is largely based on 
the magnitude of the chemical shifts 4 and although the 
value of these parameters can never be overestimated, 
the amount of information obtainable from n.m.r. data 
should be greatly increased by the availability of values 
for the coupling constants. 

In natural abundance 13C n.m.r. spectroscopy, the 
spectra are normally recorded with proton-noise de- 
coupling to increase the peak intensity by combining 
otherwise split peaks. This enhancement is, however, 
achieved at the expense of valuable 13C-lH coupling 
constant data. This difficulty has now been consider- 
ably, if not completely, overcome by the development 
of the 13C Fourier transform n.m.r. t e~hnique .~  The 
purpose of this paper is to demonstrate the utility of 
13C n.m.r. parameters to conformational problems. 

The compounds selected for this purpose are hexa- 
hydro-3H-oxazolo[3,4-a]pyridine (1) and some of its 
monomethyl derivatives (2)-(5). Compound (1) is 
expected to exist as an equilibrium mixture of the 
trans- and cis-ring fused conformers (la and b). For 
monomethyl derivatives, e.g., 6-methylhexahydro-3H- 
oxazolo[3,4-a]pyridine, two racemic epimers, trans- 
(6-H,Sa-H)- (2) and cis(6-H,8a-H)-6-methylhexahydro- 
3H-oxazolo[3,4-a]pyridine (3), are possible, and each 
epimer may exist as an equilibrium mixture of cis- and 
trans-fused species. For the 7-methyl and %methyl 
derivatives, only one of the epimers, i.e. cis(7-H,8a-H)- 
7-methyl- (4) and cis (8-H,Sa-H)-S-rnethyl-hexahydro- 
SH-oxazolo[3,4-a]pyridine (5), will be discussed. 

The conformational analysis of these compounds has 
been studied6 by lH n.rn.r. spectroscopy and inter alia 
on the basis of the n.m.r. parameters of the 3-methylene 
protons (2) has been assigned a predominantly trans- 
fused ring conformation (2a) ( J p m  -0.8 Hz, Amf-ql 
0-79 p.p.m.) 7 and (3) a predominantly cis-fused ring 
conformation (3a) ( J p m  -5.0 Hz, A~l-q~O.19  p.p.m.). 

Aazr-ept is the difference in 
chemical shift between the pseudoaxial and pseudoequatorial 
protons on C(3). 

1 Preliminary communication, Y. Takeuchi, P. J. Chivers, and 
T. A. Crabb, J.C.S. :hem. Cornm., 1974, 210. 

Conformational Analysis,' Academic Press, 
New York, 1971. 

t JBm is assumed to be negative. 
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Whereas (2) adopts almost exclusively the trans-fused 
conformation (3) appears to exist in solution at  room 
temperature as ca. SOY' cis-fused ring conformation (3a) 
in equilibrium with (3b) since a Jgem for the 3-methylene 
protons of -6.0 Hz is the most reasonable value for 
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(3a).' Comparison of these values with those €or 
compound (1) ( J p m  -2.4 Hz, Aazp-eq* 0.58 p.p.m.) 
shows (1) to exist in solution at room temperature as an 
equilibrium (la) +. (lb) containing cn. 68% (la). A 
similar analysis of lH n.m.r. parameters of (4) and (6) 
reveals that (4) adopts predominantly the trans-fused 
ring conformation while (5) adopts the cis-fused ring 
one; thus compounds (2)-(5) all exist predominantly in 
conformations in which the methyl group occupies an 
equatorial position. 

It has been suggested,8 however, that Jsem and Aa5p-ept 

values for protons adjacent to heteroatoms in saturated 
8 J. B. Stothers, ' Carbon-13 N.M.R. Spectroscopy,' Academic 

4 D. Wendisch, H. Feltkamp, and M. von U. Scheidegger, Org. 

5 T. C. Farrar and E. D. Becker, ' Pulse and Fourier Trans- 

6 T. A. Crabb and R. F. Newton, Tetrahedron, 1968, 24, 1997. 
7 T. A. Crabb and M. J. Hall, J.C.S. Perkin 11, 1974, 1419. 
8 P. J. Halls, R. A. Y. Jones, A. R. Katritzky, M. Snarey, and 

Press, New York, 1972, chs. 5 and 7. 

Magnetic Resonance, 1973, 5, 129. 

form N.M.R.', Academic Press, New York, 1971. 

D. L. Trepanier, J .  Chew. Soc. (B) ,  1971, 1320. 
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heterocyclic systems are not suitable parameters on 
which to base quantitative estimations of conformational 
equilibria. With this in mind, and in order to obtain 
independent evidence for the conformational preferences 

( 4 )  (5) 
of these compounds, 13C n.m.r. spectra of (1)-(5) were 
determined with proton-noise decoupling (to assess 
chemical shifts) and without (to assess coupling con- 
stants). 

Assigitmetzt of C(1), C(3), C(5), and C(Sa) Sign&.- 
The chemical shifts (6 from Me,Si) and ' lJ ' values 
(line separations) recorded for (1)-(5) are given in 
Table 1. The assignments were made as follows. It 
is known that carbon nuclei adjacent to nitrogen 

of (2) and (3) since these two compounds constitute a 
diastereoisomeric pair. The value of S[C(6)] is the 
same for (2) and (3) since the effect of the side chain at 
C@a) is negligibly small.ll In  addition, the effect of 
the side chain attached to nitrogen is expected to be 
equal for (2) and (3) whatever ring fusion is adopted, 
because this side chain is always equatorial to the 
piperidine ring. On the other hand, the effects of 
axial and equatorial inethyl groups upon the carbon to 
which the methyl is bonded are significantly different. 
Thus, in the case of the methylpiperidines, Booth9 has 
proposed chemical shift parameters * ae (3) and a, (3) 
of 5.3 and 1.9 respectively. Thus, the identity of 
S[C(S)] €or (2) and (3) indicates the same orientation of 
the methyl groups in both compounds; (2) and (3) 
must exist in either conformations (2a) and (3a) or 
(2b) and (3b). 

Perhaps the most remarkable features of the un- 
decoupled spectra of (2) and (3) are the differences in the 

TAULE 1 
hesahydro-3H-oxazolo[3,4-n] pyridines (1)-(5) 

' J '  - . __ - __-- 
_I___~-_ 7 

a In 2.p.m. from Me,Si. b Line separations (Hz) 

absorb at lower field, and exhibit higher values of lJ 

than in all-carbon analogues. These effects are expected 
to be larger for carbon nuclei adjacent to oxygen; in 
fact 6 and lJ values for C(3) and C(2) in morpholine are 
67.2 and 45.7 and 140 and 132 Hz lo in contrast with the 
corresponding values, 6 27-7 and J 125.0 Hz, for cyclo- 
h e ~ a n e . ~  Thus values of both 6 and lJ are expected to 
lie in the order C(3) > C(l )  > C(5), C(Sa), and C(5) and 
C(8a) may be differentiated since the signals arising 
from these appear as a triplet and a doublet, respec- 
tively, in the undecoupled spectrum. For compounds 
(2)-(5), the carbon atom carrying a methyl group will 
absorb as a doublet, and the methyl carbon itself as a 
quartet, when undecoupled. Thus C(1), C(3), C(5), 
and C(8a) may be assigned unambiguously. For 
C(S)-C(S), however, the situation is not so clear, and 
this will be discussed later. 

Co.lzfoorunational Analysis of Compounds (2)-(5) .- 
For this purpose it is convenient to compare the spectra 

* In the nomenclature of Dalling and Grant l1 ue (3) is the 
effect on the shift of the carbon a to the substituent, caused by 
replacement of a 3-equatorial hydrogen by a methyl substituent. 

t Throughout this paper J refers to the observed J ' a C - ~  split- 
tings which may not equal the actual J values. This may explain 
the observation of triplets for the C(5) nuclei, since the differing 
orientations of HSaz and Hjep with respect to the nitrogen lone 
pair should result in different ' J  values. The values of the 
splittings have therefore not been used in the estimation of the 
position of conformational equilibrium (la) + (1 b) . 

C(6)--- 
C(8a) Methyl C(1) C(3) C(5) C(8) C(8a) Methyl 
60.1 146 155 132 128 132 
61.4 19-1 148 148 132 128 130 125 

57.3 19.3 148 157 135 128 136 126 
61-2 18.9 149 149 133 128 129 125 

63.0 17.5 148 157 135 128 136 125 

158 

159 

c Square brackets indicate substituted carbon. 

values of lJ[C(3)] and lJ[C(Sa)] 7 between the two 
compounds. The C(3) signals of (2) form a quartet, 
indicating two couplings of unequal magnitudes (148 and 
158 Hz) to be involved while (3) shows a triplet, in- 
dicating two couplings of equal magnitudes (167 Hz). 
A remarkable difference (6 Hz) in the magnitude of 
1J[C(8a)] for (2) and (3) is also observed. 

These observations are most reasonably explicable in 
terms of the difference in the dihedral angle between the 
nitrogen lone pair and the C-H bond involved. In 
aziridines,12 imidazolidines,13 and oxaziridines l4 where 
there is a large difference in I J  depending on whether 
the proton involved is cis or trans to the nitrogen lone 
pair the larger coupling constant has been assigned to 
the proton cis to the lone pair. In  the Figure, the 
geometrical relationships of the lone pair with 3-H and 
with 8a-H for the trans- and cis-ring fused conformers 

H. Booth and D. V. Griffiths, J.C.S. Perkin 11, 1973, 842. 
lo Y.  Takeuchi, unpublished data. 
l1 D. K. Dalling and D. M. Grant, J .  Amer. Chein. SOC., 1967, 

89, 6612. 
l2 T. Yonezawa and I. Morishima, J .  MoZ. Sfiectroscop.y, 1968, 

2'7, 210; T. Yonezawa, I. Morishima, K. Fukuta, and Y. 
Ohmori, ibid., 1969, 31, 341. 

l3 J. P. Albrand, A. Cogne, D. Gagnaire, and J. B. Robert, 
Tetrahedron, 1971, 27, 2453. 

l4 W. B. Jennings, D. R. Boyd, C. G. Watson, E. D. Becker, 
R. B. Bradley, and D. M. Jerina, J .  Amer. Chem. SOC., 1972, 94, 
8601. 
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are illustrated.* In the tram-fused conformer, 3,-H is 
trans to and near coplanar with the lone pair and 3,-H 
is cis, while in the cis-fused conformer, both protons are 
cis. On this basis (2) may be assigned the pre- 
dominantly trans-fused conformation (2a) with 
lJ[C(3) - - - H(3,)] 148 and 1J[C(3) . H(3y)] 158 Hz, 
and (3) the predominantly cis-fused conformation (3a) 
with lJ[C(3) H(3,)] = l J [ C ( 3 )  - - - H(3,)] = 157 Hz. 
Similarly it can be concluded from the J values for C(3) 
and C(8a) that (4) adopts the trans-fused conformation 

trans- ‘0 
fused 

Relationships of the nitrogen lone pair with 3-14 and with 
8a-H for trans- and cis-fused hexahydro-3H-oxazolo[3,4-a] 
y yridine 

(4a) and (5) the cis-fused one (5a). All the compounds 
(2)-(5) possess an equatorial methyl group in their 
most st able conformations. These conclusions are in- 
dependent of, but in accord with, that obtained from 
lH n.m.r. spectroscopy.6 

Assignment of C(6)-C(8) Signals.-As mentioned 
above, there remains some uncertainty in the assignment 
of C(6)-C(8) signals (except for the methyl-substituted 
carbon) in the spectra of (2)-(5) .  For example, two 
alternative assignments are possible for C(7) and C(8) 
of (2) and (3). If 
corrections for the effect of the methyl group are made 
with the aid of Booth’s parameters 4 3 )  = 5.3, 
pe(3) = 7.1 (for 2-H), Pe(3) = 8.9 (for 4-H), and ye(3) = 
Se(3) = 0, considering compounds (1)-(5) as piperidine 
derivatives, the observed 6 values for (2) are converted 
to 23.6 and 26.0 for C(7) and C(8) respectively. Such 
6 values are reasonable for (la) which in turn should not 
differ greatly from the observed 6 values of (1). On the 
contrary, if the assignments are reversed, i.e. if S[C(7)] 
and S[C(S)] are 26.0 and 32.5, respectively, the corrected 
6 values will be 17-1 and 32.6, which are out of the 
‘ normal’ range for these carbon nuclei. Thus, with 
the assumption that if proper corrections are made for 
the effect of the substituent methyl group the corrected 
6 values of (2) and (4) should give 6 values of (la) while 

* In reality the hexahydro-3H-oxazolo[3,4-a]pyridine ring 
system must be deformed compared with decalin so that the 
dihedral angles shown in the Figure will not be exactly ir or x / 3 .  
Differing orientations of the oxygen lone pairs may also affect J 
but 1H n.m.r. work on this system suggests the influence of the 
nitrogen lone pair to  be dominant. 

One possibility is given in Table 1. 

those of (3) and (5) would lead to 6 values of (lb), 
assignments should be made so that the observed 8 
values of (1) are weighted averages of the estimated 6 
values for (la) and (lb), i.e., the corrected 6 values of 
(2) and (4) and (3)  and (5), respectively. In a similar 
manner, assignments were made for (3) and (5) so that 
tlie corrected 6 values fall in the ‘ reasonable ’ range. 
These corrected values for C(5)-C(8) and C(8a) of 
(2)-(5)  based on the assignments in Table 1 are sum- 
marised in Table 2 and the observed 6 values for (1) are 
included for comparison purposes. 

- 7  

~ A E L E  2 
Corrected 6 values of C(5)--C(8) and C(8a) for (1)---(5) 

C(5) (76) C ( V  C(8) C(8a) 
46.9 24.4 21.9 25.1 60-2 
47-5 24.0 23.6 26.0 61.4 
47-3 24-8 18.6 22.5 67.3 
46.8 23.2 23.4 26.0 61.2 
46.8 24-1 18.3 24.2 55.9 

( I )  
( 4 
(3) 
(4 
( 5 )  

a Corrections were made with the aid 01 Booth’s pararne 

The corrected 6 values for C(7), C(8), and C(8a) are 
seen to be dependent upon the conformation with 6 
values for these carbons always large for the tram-fused 
conformers. With the aid of these parameters, it is 
now possible to eliminate the remaining uncertainty in 
the assignment of signals in the spectrum of (1). Thus, 
the 6 values of (1) should be identical with those of 
others [for C(S)] or, when 6 values are conformationally 
dependent, the intermediate values of the tram- and 
cis-fused conformers [for C(7) and C(S)]. 

Conformational Analysis of Compowd (1) .-Compari- 
son of 6 and lJ values of (1) with those of (2)-(5) clearly 
indicates that (1) is an equilibrium mixture of (la) and 
(lb). With the usual assumptions, and accepting the 
lH n.m.r. result of SOYo (3a) in the (3a) (3b) 
equilibrium, the population of (la) in tlie equilibrium is 
estimated from the 6 values of C(3), C ( 7 ) ,  C(8), and 
C(8a). The results are summarised in Table 3. The 
conclusion that 73-780/, of (1) is in the tvans-ring fused 
conformation compares with the estimate based on lH 
n.m.r. spectroscopy of 6804,. 

T A B L E  3 
Conformational equilibriuin of liesahydro-3I~-osazolo- 
[3,4-a]pyridine (1) estimated by 13C n.m.r. parameters 

Parameter used S[C(3)] S[C(7)] 6[C(8)] 8[C(8a)] 
trans- 78 73 79 76 

Conformation (%) 

These results demonstrate the power of 13C I1.In.r. 
spectroscopy for the conformational analysis of com- 
pounds of this type, particularly when both 6 and J 
values are available. Further work along these lines 
is in progress. 

EXPERIMENTAL 

The preparation of t h e  hcxali~-clr0-3H-o~;azoto/3,4-aJ- 
pyridines (1)--(5) has already been described.6 
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The I3C n.m.r. spectra of these compounds were obtained 

on a Varian XL-100-FT spectrometer operating at  25.2 
accumulated 10&500 (decoupled) or 10,000--16,000 (un- 
decoupled). 

MHz. Samples were dissolved in equal volumes of CDC1, 
which also acted ;ls the internal lock signal. Spectral 
width 2500 HZ with 4096 memory points; acquisition 

We thank Professor A. R. Katritzky for his interest in 
this investigation and for the use of the instrument. 

time 0.8 s ;  pulse width 25 ps; number of pulses [4(1385 Received, 9th July, 19741 




