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ABSTRACT - The conformation of the hexahydrocannabinol derivative (-I- 
(6~,9R.10aR)-6.6,9-trimethy1-6e.7,8.9.10,10a-harahydro-6H-dib~so[~,~]pyran 
(HHC) has been determined by l- and 2-D NOR experiments. the latter obtained 
with a pulse sequence which strongly reduces the contribution of the main 
diagonal. 

lJCH and 3J H have been measured in heteronuclear J-resolved 2-D 
spectra obtain s both with the gated decoupling technique, and with "spin- 
flip" of directly attached protons ("semiselective" 2-D J-spectroscopy). 

Gn the baais of the NGR effects, it can be concluded that the 
conformation of the pyran ring is essentially half-chair. This result is 
consistent with the 3JaI s measured between the geminal methyl carbons at 
C-6 and H-6a; at leaat one of the two couplings appears to be sensibly 
lowered b thenearby oxygen. 

Tbe J 
5' 

s appear to be directly related to the proton geomstry. e.g. 
they are 12 .7 Ha for the three equatorial protons at sites 7, 8 and 10 (see 
Fig. 1). and range between 123.4 and 124.8 Hs for the corresponding axial 
protons. 

The attempt of determining structure and conformation of small molecules by NMR is hampered by 

a number of difficulties, mainly because highly crowded spectra with many overlapping resonances 

often remain unresolved, even at high magnetic fields. 

Significant improm ts of resolution can be achieved by spreading the spectra in a second 

dimsnsion. Yet, conventional CGSYl or DQF-CGSY2. etc. have not enough resolving power when the 

signal degeneracy is too severe. The resolution achieved by introducing an isotope other than 

proton in the second dimension has proved to be quite useful, especially when good senaitivity and 

digital resolution are still possible, as it is the case for hetero-correlated 13~-1~ spectra 

obtained via proton detection and Polaris&ion transfer 34 * . - 
However, alao in homonuclear 2-D experimsnts a number of pulse sequences have been proposed in 

recent years, which improve the spectral appearance and the resolution that can be achieved, 

particularly for coupled resonances close to each other, whose cross-peaks are easily obscured by 

the msin diagonal. 

Proton-carbon coupling constants are sensitive to structure and conformation. The vicinal 

3JcE exhibits the -1 angular dependence5-9 , although the effect of substituents is not comple- 

tely clarified to date, which often prevents a clear interpretation of the data. 

lJa is highly influenced by the hybridization of the carbon and by the stereochemistry of the 

coupled proton. In particular, in alicyclic compounds the heteronuclear coupling constants haa 

been found to be slightly different for axial and equatorial protonslo. 

lJCR and 3J~ can be measured by l- and 2-D NMR expertits, e.g. INEPT or DRPT spectra 

without proton decoupling during acquisition11*12, heteronuclear J-resolved 2-D spectra obtained 

either with the gated decoupling technique, or with the so-called "spin-flip" method13. 
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While any of the first three experimsnts proves to be suitable for evaluating the long-range 

l%-l~ coupling constants and the hateronuclear interactions across one bond for CB and CB3 groups, 

the last one appears to be unique in order to measure the ~.IcR in mathylene groups. In fact, 

second order effects complicate the appearance of CB2 multiplets in undecouplad 13C spectra to the 

estent to prevent any significant evaluation of the heteronuclear interactions. A variation of the 

"spin-flip" method first introduced by Bax in 1983l4 and then reproposed by Rutar in 1984 with 

minor modifications15 (semiselective 2-D J-spectroscopy) makes it possible to ramove the long-range 

couplings from the spectrum, which causes great spectral simplification. disappearance of second 

order effects. and evidentiation of a possible difference between the two lJCR in methylene groups. 

An alternative way of separating the two 1JCBl.s is to look at the 13C satellites of the lH 

signals, provided the geminal protons are separate enough in the spectrum. For complicate spectra 

this be.comes completely unfeasible, but an elegant evolution of the experiment is to spread the 

satellites in a second dimension according to the carbon chamical shifts, by mean of the so-called 

reverse detection techniques3r4. 

Although cannabinoids have bean the subject of clinical, pharmacological and chemical studies 

for many years, a fuller understanding of their activity requires more information than is 

presently available. It is generally recognieed that a precise knowledge of the electronic and 

conformational features of a molecule can provide an insight into its biological mode of action. 

In a previous paper, we discussed the structure and the stereochemistry of the hexahydro- 

cannabinol derivative shown in Fig. 1 (RRC), mostly on the basis of carbon-carbon (ZD-INADEQUATE) 

and proton-carbon connectivities obtained with proton detection16. 

Fig. 1: Molecular model of RX. 

In the present c ommunication we focus on the conformation of the pyran ring in ERC and on the 

orientation of the cyclohexane protons, presenting additional 2-D experiments, such as NCESY 

spectra obtained with a pulse sequence which strongly reduces tha contribution of the main 

diagonal, hence the Tl noise from the intense methyl psaks17. and carbon-proton heteronuclear 

J-resolved spectra, with and without interactions across more than one bond14-15. 

While the values of the heteronuclear coupling constants appear to ba related to the axial or 

equatorial geometry of the C-H bonds, the NOFSY experiments suggest that the pyran ring is 

predominantly in the half-chair conformation. 

The results are compared with those published by other authors on similar derivativeslg,lg. 

ExFmI.mNTN. 
The source of (-~-~6aR,9R.10aR)-6.6,9-trimethy1-6a,7.8.9,10,10a-haxahydro-6H-dibanzo[~,~lpyran 

(RRC) was described prq~foualy~~. 
RRC solutions in C HC13 and C52HgN were 20 and 5 mH, respectively. All NMR experiments were 

perform& on a Bruker AU-270 spectrometer, equipped with an Aspect-3000 computer. Transient NOE 
experiments were performed by inverting the selected signal applying the decoupler frequency for 45 
me. with 40 dB attenuation, then allowing the system to evolve for 0.9 s before sampling. 
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The 2-D NOESY experirmnts were obtained with the. procedure described by Denh et al.1'. based on 
the difference mathod first suggested by Bodenhausen and Ernst21. in which two scans corresponding 
to the conventional NOFSY are co-added, followed by subtraction of two transients which contain 
only the contribution from the diagonal peahs. Carrier frequency and sweep width were chosen to 
cover only the aliphatic region of the spectrum; 128 tl increments were impl-ted over 512 data 
points in t dinension; mixing time was 0.6 s. 

d 
Spectra were collected in the phase-sensitive mode, 

using the PI sequence. Fourier transform was performed after applying a line broadening of 4 Hs 
to the raw data in both dimensions, and zero-filling the data matrix to 1024x512. 

Heteronuclear J-resolved spectra were recorded either with the g&ad-decoupling technique22, or 
with spin-flip on directly attached protons14-15. As for the NOESY, only the aliphatic region wa* 
observed, iepl-ting 256 tl increments on 4K data points with a sweep width of 2146 and 220 HE in 
P2 and Pl dimensions. respectively. The data estrix was zero-filled to 1K in Pl and a gaussian 
window was applied in both dimensions before Fourier transforpurtion. J-resolved contour plot and 
sections are all presented in the phase-sensitive mode. 

The spectral sinulation shown in Fig. 8 was performed with the PANIC program (Bruher Aspect- 
3000 Software Pa&age); a Gaussian lineshape was used, in order to account for the resolution 
enhancement routine applied to the experimental spectrum. 

The models shown in Fig. 1 and Fig. 4 were obtained with the SCHAKAL program (by B. Keller) 
and with the STICK program (M.R.), respectively. 

Molecular geomatry and NOB calculations were performed with the KKFINK program23. The gentry 
of conformer I (half-chair) was obtained by minimizing the conformational energy, starting from the 
X-ray coordinates20, available for the analog substituted in positions 1 and 3 of the armtic ring 
with one OH and one CH3 group, respectively. To obtain the geometry of the half-boat conforaurtion, 
approximate coordinates measured in a Dreiding model were introduced in the RXPlNB propam and then 
adjusted until minimieation was achieved. 

The NOR's quoted in Table 1 were calculated for the two conformations according to Nogqfa and 
Schinmr24, in a procedure essentially identical to that described by Brisson and 
isotropic rotational correlation tima rc was varied until the calculated Tl ~alues~~~ 4 

arver . The. 
' matched the 

experimental ones, measured by the inversion-recovery technique. 
The final value was rc - 0.4x10-10 s. 

KFSULT!l AND DISCUSSION 

1. lsoE axperirente and conformation of tba pyren tins 

The structural foraula of HHC is shown in Fig. 1. The c-late ossiwt of the lH MR 

spectrum of HHC in C2HC13 was reported in a preceeding paper16. 

A 
1 I 
2.5 20 1.5 10 Pm 0!5 

Fig. 2: lH NMK spectra of 
HHC at 270 l4Hs: aliphatic 
region in (A) C2HC13, (B) 

C5HgN. Dotted line5 
connect shifted resonances 
between the two solvents. 

Fig. 2 shows the aliphatic region of the lli NMR spectrum of HEC in solution of deutereted 

chloroform (A) and pyridine (B). As indicated by the dotted lines, a n&r of resonances exhibit 

shift variations from one solvent to the other, removing degeneracies which would mahe ambigous the 

interpretation of NOB effects in only one solvent. For example, the E-9 multiplet is neatly 

isolated in chloroform, whereas it partly overlaps with CH3-8 in pyridine. and the opposite occurs 

for 8-6~4. which resonates at the ssme frequency as CH3-8 in chloroform, but in pyridine is separate 

enough to distinguish its NOB effects from those of the methyl group. 

Fig. 3 shows 1D transient NOK effects between aromatic and aliphatic protons, obtained for HHC 

in pyridine (see experimental section). Inversion of the armtic proton E-l c*uses a strong NOE 
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Fig. 3: 1-D transient NOE 
experiments on HfIC in pyridine. 
(A). reference spectrum. 
difference 
irradiation of protons indi- 
cated by the bent arrows. 
Positive NOB effects appear as 
positive peaks in the diffe- 
rence spectra. 

to H-lO,q at the cyclohexane ring (B). Conversely, irradiation of H-10eq perturbs H-l and also its 

geminal H-10, (C). Finally, H-10, gives a strong NO8 only to the geminal II-1Oeq (D). No NOE is 

observed betweem E-l and E-10,. by irradiating eitherone (B.D). By inspection of the molecular 

models (Pig. 4). it is seen that this is consistent with the half-chair conformation of the pyran 

ring, in which only B-10eq is close to the aromatic proton H-l. while in the half-boat situation 

both H-10eq and H-10, would be close enough to E-l to give NOE. 

II 

Pig. 4: Possible conformations for the pyrsn ring in EEC: helf-chair (I) and half-boat (II). 

The mnodimsnsional experiment is eatisfectory as long as the signals are well separate, but it 

lacks of selectivity in crowded spectral regions (such as that betwean 0.8 and 1.3 for HHC in both 

solvents, see Fig. 2). where neither the perturbed, nor the affected signals can often ba 

established to a degree of reliability. A two-dimensioual NOR experiment (NOESY) often provides 

the resolution required. However. the NOggY spectra of HBC is particularly critical, as the 

methyl resonences are extremely intense when compared with the nearby multiplets (they have been 

cut-off in Figs. 2 and 3). and Tl noise is so severe to prevent the detection of any significant 

cross peak in a wide spectral region (not shown). Fig. 5 shows two NOFSY experiments on HAC in 

C2HC13 (A) and C52E5N (B), obtained with a pulse sequence proposed by Denk et al. in 198517, which 

eliminates most of the contribution of the main diagonal to the spectrum, hence reducing to a 

negligible extent the Tl noise from intense peaks. The remainders of the main diagonal are however 
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of opposite sign when cqared with the positive NOB's observed, and, aa it can be seen in Pig. 5, 

in the "positive levels" representation only small wings are left, indicated by the dotted lines, 

representing the out-of-phase ccqmnents of the spinning side bands. 

. 1 

20 15 1.0 ppm 

8. / 
0' - 6/, 

s%-'ax 
Seq-gax 

u?x 

P 

o&q-9 

Although most of the NOB's in Fig. 5 are of structural origin, 

Fig. 5, 2D-NOESY experiments 
on HBC in (A) C%C13, (B) 
C52+& aliphatic region; 
contour plot of positive 
levels. The pulse sequence 
employad causes a strong 
raduction of the main diagonal 
contribution to the spectrum 
(see text). The most 
significant cross peaha are 
assigned in both spectra. The 
NOB's related to the 
conformation of the pyran ring 
are underlined. The two 
parallel dotted linea show 
residual spinning aide bands 
of the main diagonal. 

those between H-10a and CH3-a 

andbetween H-7eq and CE3-8 (underlined) are related to the conformation of the pyran ring. 

Moreover. such NOB's provide also the stereochemical aasignmant of the geminal methyl groups. NOB 

between H-1Oa and CE3-a is possible only in the half-chair confomtion, in which they are in ~yn- 

perinlanar orientation, while H-7eq would transmit Nog to the equatorial methyl, i.e. to CE3-g in 

the half-chair and to CE3-a in the half-boat conformation. Hence, the observation of a neat NOE 

affect between H-1Oa and one methyl group at C-6, both in chloroform and pyridina, sets for the 

half-chair conformation and assigna the higher field methyl singlet to the axial CIi3-a. and that at 

lower fields to the equatorial CE3-8. 

The NDE affect between one methyl singlet and H-loo was observed on a similar derivative by 
18 continoua wave techniques , which already in 1970 mxggeated the predcainance 

conformation. 

of the half-chair 

Owing to the time-scale of the NHli exparimants, the present results muat be interpreted in a 

more flexible way, in that a ~11 fraction of the half-boat form In rapid axchange with the 

predominant half-chair situation cannot ba excluded. It could be objected to our conclusions that 

the preaance of NOB's characteristic of the half-chair is not sufficient in order to assess that 

such conformation is the nost populated. as NOB effects can be observed also for a relatively low 

conformer population. Cln the other hand, if the half-boat conformation would be present in a 

significant molar fraction, its own characteristic NOB's should appear in the spectra, such an that 

between H-10, and the aromatic proton H-l, which is not observed. 

A more rigorous interpretation of the NCR data was made possible after calculation of the 

theoretical NOB's for the HHC wlacula in the two confoxuntions of tha pyran ring. By uaing the 

well-known exprassion from Noggle and SchirmrZ4. NC% affects were calculated fraa the molecular 

gec=try. as described in the expsrimantal section. Conversely. experimental NOB's were measured 

in l- and 2-D spectra with standard area and volume integration, respectively. The results are 

compared in Table 1: it is unqueationabla that only the half-chair conformation (I) is consistent 
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with the experimental NOE's: besides the already discussed NOB's between Ii-1Oa and CH3-a and those 

between H-l and HC-10eq or H-10,, the presence of other intramolecular contacts, such aa that 

between fi-7,q and CH3-g, or the absence of dipolar interactions due only in the half-boat, like the 

one between Ii-7,q and CH3-a, reinforce the hypothesis of the predominance of the half-chair 

conformation. 

Table 1. Comparison between experimental and theoretical NDE effects between protons in 
HE. NOB's were calculated for two different conformations, according to Noggle and 
SchirmerZo (see experimental section). Both experiaental and cslculated NOB's have been 
normalised to the highest value, i.e. to that between geminal protons at C-7 and C-g, 
taken as 100. Only NOg effects related to the conformation of the pyran ring are 
reported in the table. Experimental values are averaged between l- and 2-D spectra (see 
text). 

proton pair 
conf. (I) 
half-chair 
calculated 

experimental 
conf. (II) 
half-boat 
calculated 

E-l 56 
H-l II-10eq H-10, 0 
H-6a a3-P 4 
II-1Oa CH3-a 24 

a3-8 28 
CH3-a 0 
CH3-a 8 
E-l 0 
E-l 132 

56 41 
0 

NO* 
15 
15 

27 0 
21 0 

0 31 
ND* 15 
0 36 

103 102 

* While "0" mans that no NOE was observed, "NO" indicates that no NOB could be observed 
for technical reasons, e.g. because the involved proton resonances were too close in 
the spectrum. 

2. 3JcH* s and conforvtion of the pyrm ring 

The predominance of the half-chair conformation of the pyran ring should manifest also in the 

values of the 3J a's wasured between the geminal methyl carbons at C-6 and H-6a. Fig. 6 shows a 

contour plot of a heteronuclesr 13C-lH J-resolved spectrum obtained with the "gated-decoupling" 

technique22. The reference spectrum on top labels the carbon resonances. Fig. 7 contains the 2-D 

45 40 35 30 25 2,o oom 
, 

I I 

I II I J J ; 

Fig. 6: 13C-lH Heteronuclear J- 
resolved spectrum of HHC 
obtained with the "gated- 
decoupling" technique, contour 
plot of the aliphatic region; 
the 13C reference spectrum is 
shown above. with the resonance 
assignmsnts. 
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matrix coluams corresponding to the methyl resonances. The fine structure of the quartet 

components, due to heteronuclear coupling constants across more than one bond is neatly resolved 

for u and B methyls at C-6, whereas the y mathyl at C-9 

fact. the CH3-a carbon is coupled to the CE3-B protons 

two methyl carbons are also coupled to H-6a via a 3Ja. - 
across two bonds and to H-8,. H-8 eq, H-10, and H-10eq 

broader appearance of the y methyl resonances in Fig. 7. 

The CE3-a multiplats in Fig. 7 appear as a quintet 

quartet of the sass 4.2 Es spacing, further doubled by 

present5 scarcely resolved multiplats. In 

across three bonds and viceversa, and the 

On the other hand, cH3y is coupled to E-9 

across three bonds, which accounts for the 

of 4.2 Hz spacing, and the CH3-8 as a 

a 2.5 Hs splitting. The interpretation is 

quite simple. as the 4.2 Hs coupling is from Cli5-a carbon to CE3-S protons and viceversa. and the 

further splitting, i.e. again 4.2 Es for CE3-a and 2.5 Es for CE3-B carbons, is due to the 3Ja to 

H-6a. The latter coupling is directly related to the conformation of the pyran ring. 

As most coupling constants scross three bonds, also 3Ja depends on the dihedral angle between 

carbon and proton. Xarplus-type equations obtained by INDO HO calculations on propaneif, 

3JcIi * 7.12 cosz 6 - 1.00 cos e + 0.70 He (1) 

or by fitting experimental J values in systems of known geometry, such as the alumichroma peptide8. 

3JcH - 10.2 cos2 e - 1.3 cos e + 0.2 Es (2) 

both lead to values of 3Ja for pure svnclinal and antineriplanar orientation of = 2 Es and L 8 

Hs, respectively. 

The major problem in this approach is the effect of substituents on the coupling constants, 

which can be rather strong and is not easily quantified. As known by a number of studies on sugars 

and sugar derivatives, the values of the 3JcH1 s are strongly influenced by the presence of the 

oxygen in the ring; 35 a values of 4-5 Hs were maesured for e and 5 2 IIs for &au&e orientation 

in sugars28*29. This is consistent with the J values of 2.5 and 4.2 He measured for EEC. as in the 

half-chair conformation the methyl groups at C-6 are approximately in sntinerielanar and synclinal 

orientation with respect to R-6s. 

Curves based on experimental points for uridine5r6 and 13C-labelled carbohydrates9 have been 

also published, although in both cases the poor scattering of data did not allow to extract an 

analytical expression as those mentioned above, since e.g. the g-tries corresponding to 9 values 

ranging between 0 and 40 degrees were not represented by any experimental point. 

Eventually, a further Xarplus-type curve was proposed, based on 13C NHR and X-Ray crystal- 

lographic data for a derivative of nmthyl 5-cellobioside30. 

Table 2 lists the coupling constants from CE3-a and CH3-I3 carbons to H-6s. and to CH3-a and 

CH3-B protons, calculated using equations (1) and (2). or estimated from the curves of referen- 

.es6,9.30, in which the 8 angles correspond to the geometry of the half-chair (I) and of the half- 
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conformation (II). 

Table 2. Heteronuclaar 
for the half-chair (I) 3”F (HE) of CH3-a and CH3-g in HHC: experimental, and calculated 

an the half-boat conformation (II) using equations (1) and (2) or 
curves from references 6.9 and 30. The dihedral angles S(deg) were calculated from the 
coordinates of the half-chair (I) and of the half-boat (II) conformers (see text). 

T (half-phair) 

e(deg) 

=xp 

J(Hz) 

(1) (2) ref. 6 ref. 9 ref.30 

11 .nn 

CB-C6-C6a-H6a 74 2.50 0.96 0.60 0.5 1.5-2.5 0.8 

Co-C6-Cg-H3 
* 

4.25 4.26 5.30 =3.5 3-5 23.5 
Cg-C6-Ca-H3 * 4.25 4.26 5.30 c3.5 3-5 r3.5 

II (half-boat) 
S(dag) 

exp 

J(Ha) 

(1) (2) ref. 6 ref. 9 ref.30 

Ca-C6-C6a-H6a 131 4.25 4.43 5.45 3 31 2 
Cg-C6-C6a-H6a 13 2.50 6.47 8.60 >4 >4 5 

Ca-C6-Cg-H3 * 4.25 4.26 5.30 23.5 3-5 s3.5 
Cg-C6-Co-H3 * 4.25 4.26 5.30 23.5 3-5 =3.5 

* averaced bv free rotation. 

As expected, owing to the presence of the oxygen in the pyran ring, the values obtained from 

(1) and (2) are higher than those experimentally observed, and no half-boat/half-chair ratio can 

account for the experimental couplings. Interestingly, we notice that the carbon-proton couplings 

measured between a and D methyls are identical to those predicted by eq. (1); this is probably due 

to the fact that for such interaction the oxygen is completely off the coupling path. 

The 3Jcg values calculated from references 6, 9 and 30 for the half-chair are in much better 

agreement with the experimental values, especially those extracted from the curve of Schwartz and 

ParUng. Unfortunately, if we reverse the assignment of a and S methyls in Table 2. the 

calculated J-values for the half-boat conformation are also in satisfactory agreement with the 

experimental values. Since the assignment of the methyl carbons is achieved via proton NOE and - 

heteronuclear correlated spectra16. we conclude that the 3JCH' s measured between the methyl carbons 

at C-6 and H-6a are not per se sufficient to establish the conformation of the pyran ring. 

3. 

to 

lJCH' s and proton orientation 

Fig. 8-I shows the 2-D matrix columns extracted from the contour plot of Fig. 6, corresponding 

methylene carbons C-7, C-8 and C-10. Despite the resolution enhancement applied to the spectrum. 

extensive coupling prevents from extracting any significant information relative to the JCH across 

more than one bond. As to the lJCHl s, an accurate detection is made difficult by (i) the resonance 

spread due to long-range couplings and (ii) second order effects transmitted to the carbons from 

strongly coupled protons. This latter phenomenon is particularly evident for C-7, whose resonance 

pattern is highly asymmetrical, and could be checked by simulating the proton-coupled carbon 

spectrum (see experimental section) as an eight spin system, containing 13C-7 and all protons 

coupled across one (H-7, and H-7eq), two (H-8,,, H-8eq and H-6a) and three bonds (H-9 and H-lOa). 

with their relative chemical shifts and coupling constants. Starting values of the 'JCH's were 

obtained from our previous work16; the JCH'S across more than one bond were slightly varied until 

the matching between experimental and calculated was satisfactory. The simulated spectrum of C-7 

is shown in the top trace of Fig. 8-I. 
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Fig. 8: (I), selected columus of the 2-D epectrua shown in Fig. 6, corresponding to the three 
methylene carbons C-7, C-8 and C-10; (II), sama, but obtained with the "spin-flip" technique on 
directly attached protons. The top trace in (I) is the computer simulation of C-7 (see text). 

It is clear from Fig. 8-I that a possible, small difference between the two lJ,% in cE2 

groups is not likely to be detected in high resolution, proton-coupled carbon spectra, such as t%e 

heteronuclear J-resolved 2-D spectra obtained with the gated decoupling technique. In a recent 

communication on a csnnebinol derivative similar to the one which is the subject of the present 

paper, by performing selective CW hetaronuclear decoupling experimanto. the authors detected a 

difference of 9 Ke between lJ(C-lO--E-lO,) and lJ(C-lO--B-lOeq), while the corresponding 

coupling constants for C-7 and C-8 could not ba di~t~~~i=~lQ, probably because the chemical 

shift between the gaminal protons in both canes was too -11. 

We find that nowadays the so-called “semisslectiva J-resolved spectroscopy"14*15, baaed on 

spin-flip methods, proves to be quite convenient for precise maasur-ts of 'Ja in CE2 groups, as 

it provides a way of selecting between one-bond and long-range hetaronuclear interactions. 

Pig. S-11 show the same resonances as Fig. 8-I, in a J-resolved apsctnnn obtained with spin- 

flip on attached protons and consequent rwval of carbon-proton couplings across mora than one 

bond. The carbon resonance8 of the three methylene groups in positions 7, 8 and IO are all neatly 

resolved into doublets of doublets. This indicates tvo distinct lJags for aach CE2, hence, a 

definite dependence of the heteronuclaar coupling constants on the proton orientation. 

Table 3. ~etaronuclear 'Jr;a (Hz) in HHC, as measured in J-resolved 2-D experiwnts vith 
spin-flip on directly attached protons. 

C-6a c-10 C-1Oa C-8 C-9 C-7 C-a C-8 C-y 

Gi (axial> 122.9 124.8 124.8 124.8 123.8 123.4 
iii (equatorial) 127.6 127.6 127.6 
methyls 125.7 126.2 124.3 

All lJ~1's for EEC are quoted in Table 3; the assignment of axial and equatorial interactions 

i8 from ref.16. As previously observed in ~yclohexane~~, there is a definite correlation bet_ 
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the magnitude of the coupling constants and the orientation of the involved protons, as the lJCR's 

for equatorial protons are always bigger than those for axial protons. We detect a lower value for 

‘Jmu of C-7 (123.4 HE) in comparison with those measured for C-8 and C-10 (124.8 Hz). On the 

other hand, we do not find the big difference between ‘Jaiax =d lJcHeq of C-10 measured for the 
analog subject of the paper by Hoffe-n et a1.19. The high value of lJCReq of C-10 (133 Hz) in 

that derivative could be ascribed to the fact that the beneene ring is replaced by the uracilic 

moiety. 

Dr. Dine Perro is gratefully acknowledged for helpful discussions concerning the calculations 
performed with the RRFINR program23. 
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